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FOREWORD

The ISABELLE Summer Workshop, held at BNL from July 20 through July
Jlk. waa attended by 259 physiclets representing 72 institutions. The
discussions covered experimcntal areas, large detectors and detector
technology, with a primary emphasle on physica opportunities, both with a
phased and a full luminosity ISABELLE.

There waa a consensus that phyeics with Phase I (E.p ~ 700 GeV and
L~ 2 x 103/en?/gec, vith bunched besms) was feasible, important and
exciting. It hus been known for years that the orthodox gauge theories
will be critically tested by studying the W, z° and Mgh p, phenom-
ena. The 2° has a veasonable chance of being found at the fp colliders
if luminoaities reach 103°lcm2lsec, but its properties will be difficult
to decipher. Seeing the wi's or new heavy quarks 1s less probable and
measuring their properties is even less likely. At ISABELLE these phe-
nomena can all be studied with high precision. But the more exciting
conclusion which emerged from the workshop was related to the question of
what generates the ~ 100 GeV masses of the W's and Z2's. The answer could
lavolve Higga, technicolor, or other particles with masses ranging from
10.8 GeV to 1 TeV, with an intermediate mags scale of 200-300 GeV being a
possible region of strong interest .‘ Some of these models predict spec-
tacular experimental signatures. It 1is clear that only ISABELLE with
L~ 1032 < 1033, has an opportunity of addressing and resolving such
quesationa.

The great interest in ISABELLE physics was also evidenced by the
variety of large detectora (6 to date) that have evolved - character-
ized by magnetic field configurations vanging froa eol!inoid through
dipole and toroid to no field at all. The ability to extract the physics
was re-examined, leptons and y's being straightforward, with greater
attention being paid to analyzing jet and multijet events and defining
their properties, maases, P, » etc. Many advances were also reported in
detector R&D, for example, imaging Cerenkov counters, precision drift
chambers, scintillating optical fibers. Although there were many prob-
lews to be solved, auch as data handling and vertex detectors, there was
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more confldence and less apprehension about our ability to solve them.
Rxperiﬁéﬁtal, areas look fine except for the rerouting of some trenches
and exchanging areas #10 and #12 to more easily accomodate the ep option.
The question of options was dlscussed at length and in quite some
depth. 1t seems natural te dugment ISABELLE with an ep capability,

er i1y with aseparate ring. Electron energles of 10-20 GeV with lum-
Labtas of 103} < 1032 100k achievable and have stimulated gly"eat
ttetes «  The addition of a booster, Phase 11, would also naturally al-

W f the study of heavy lon interactions for which enthusiasm seems to
be growing, especially in the light of ISR results.

In summary, the Workshop was a very upbeat, enthusiastic, and suc-
cesaful meeting. With the 6ppuftm1ties for carrying out high energy
experiments being limited at present and more so in the future, the com-
munity is beginning to reaffirm even more strongly the.great physics
potential of ISABELLE. The consensus is to get on with the project, get ;
it done and perform the physics. A turn-on in '86 or '87 is what is
desired.

N,P, Samios
S.C.C. Ting
Co-Chairmen
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INTRODUCTION

The Workshop and thes= proceedings were organized into five parts:

Organizers

l. Lectures Ling-Lie Chau
2. Physics M.A.B. ug
Ling-Lie Chau
V. Fltch
A. Mann
3. Experimental Areas R. Lanou
: S. Aronson
4. Large Detectors C. Baltay
H. Geordon
5. Detector Research and W. Carithers
Development T. ludlam

During the tuo weeks of the Workahop authors gave us their drafts
and figures. These were put into final form by BNL typists and drafts-
men. Under the extremely tight time constraints we could not guarantee
that everything has come out perfectly - we did the beat job we could.

The Workshop and Proceedings were truly a herculean job and could
not have been accomplished without the gracious help of many people.

Kit McNally and Joyce Riceiardelli ceordinated the Workshop from its
inception. During the Workshop, they were joined by Penny Baggett and
Pat Tuttle at the conference desk. The various amenities were organized
by Pat Glyan, Bill Love, Mike Schmidt, Tom Rizzo, Larry Trueman and Peter
Yamin. ‘

For the Proceedings, Ken Foley served as managing editor, organizing
the entire production in less than a month. The sections were ordered
and edited by Ling-Lie Chau, Bob Lanou, Sam Aronson, Tom Ludlam and Frank
Paige. We had an army of hard-working typists: Donna Early, Judy
Ferrero, Barbara Gaer, Rae Greenberg, Isabell Harrity, Pat Knisely, Pat
Lebitski, Sharon Smith, Kathy Tuohy, Pat Valli, and Diana Votruba.
Drafting the myriad of figures was skillfully accomplished by Randy
Bowias, Rip Bowman, Kathy Brown, Bill Dieffenbach, Sal Morano, and Sue
Norton. The enormous job of copy preparation was done by Fern Coyle, Liz
Russeil ind Joyce Ricclardelli, None of this would have been possible
without the complete support of the Technical Photography and Graphic
Arts Division.

Neill Baggett deserves special mention for his incomparable efforts in
making this Workshop successful.

Howard A. Gordon

Editor-in—Chief
novhle 21 August 1981
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CXPERIMENTAL AREAS GROUF

S. H. Avonaon, Brookhaven National Labaratory
R.E. Lanou, Brown Universty

INTRODUCTION AND SUMMARY

In thia section we present the papera which resulted from work in the
Enperimental Areas portion of the Workshop.

We took as the immediate task of the group to address three topics. The
topica were dictated by the present atate of ISABELLE experimental areas
construction, the possibility of a phased ISABELLE and treads in phyeics and
detactors. Previous summer studiea and planning by ISABELIE Experimental
Facilities Division had recommended and carried out a construction program for
enperimental areas which can best be seen by reference to Fig. 1. In it we
have a plan view of ISABELLE with the areas placed in a clockwise, hourly
sense: Area 2, the narrow angle hall (intended* for low p physics and
containing a "atub" for use as a test beam or spectrometer); Area &; an "open'
or blockhouse area (intended for small or modest, demountable experiments);
Area 6, the wide angle hall (intended primarily for large p physics; it also
contains beam extraction pipes): Area 8, a major facility hall (intended for a
very large, general purpose detector); Area 10, recommended sa a second major
facility hall; and Area 12, recommended as a second open area. At the time of
this wortihop, Areas 2,4,6 and B vere well under construction each to serve ‘
the purpose indicated above. Drawings of the areas appear as Figs. 1-4 in the
report of the Area Upgrades Group, in these proceedings. However, all of ‘
the planned features had not actually been included in the construction
contracts and thus one of the tasks to be addressed in this workshop was,
given present knowledge, to develop an ordered list of items needed to bring
areas 2,@,6 and 8 to an adequate level of usefulness for experiments
generally. This list to serve as a guide for further construction after
action by a Program Committee studying experimental proposals.

*Procecdingn of the 1975, 1977 and 1978 1ISABELLE Summer Studies provide a more
detailed discussion of the conaiderarions and recommendations made prior to
thia one.
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The second task concerned Areas 10 and 12. The construction of these
areas had not begun, They were reserved for construction at a time closer to
the ISARELLE caomplction date when more current knowledge of physics trends and
detector developments might recommend new choices. Hence, the present time
was deemed appropriate to raise the queation: What should be done with Areas
10 and 12 now or in the near future?

The third task was to evaluate what the implications were for the present
and ftuture experimental areas if a Phase Il booster or an electron-proton
option were to be adopted.

A group of physicists (see Table 1) volunteered to work on these tasks.
Three aubgroups were formed, referred to as the “Upgrade" Group {Areas 2,4,6
and 8), the 10 and 12" Group (Areas !0 and 12) and the “e-p Option Group".
Several questions, such as the implications of a booster generally were
handled by discussions among all of the subgroups.

In order to inform ourselves on several specialized topics and experience
at other laboratories we had several talks early in the workshop by experts -
some of these very helpful talks are included in this portion of the
Proceedings.

Reports, with their recommendations, were completed by each of the
working subgroups and these reports immediately follow.

These repbrts contain the gpecifics concerning each task but we attempt
to briefly summarize here their main points, points of contact between them,
and some more general ideas they raise.

1. 1t was recommended not to begin construction of Arecas 10 and 12 until
experimental proposals are received and acted upon by the Laboratory. For a
msjor detector hall, it was felt that the shorter construction time and
smaller cost of the hall rzlative to those of the detector it would house and
possible special properties of the detector recommend this policy., For
experiments more appropriate to an open area, Areas 2,4,6 and 8 might suffice
at turn-on and if not there is still time to construct an appropriate area

after atudy of experimental proposals by a Program Committee.
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2, Cryogenics and other permament utilities should not be placed under
enperimental floors. Evidence is mounting that beam to floor height may be a
problem in present and future areas requiring greater freedom for detectors in
the vertical depth. Future options for a booster or e-p collisions alse
recommend this.

3. Complications of the vacuum pipe (such aa a third pipe) in
interaction regiona should be avoided. They add ko the cost of detectors
which must surround them and they provide the potential for compromising
experiments. For this reason, placement of e-p options, placement and
transfer from a booater, and the extraction/dump syatem should be carefully
considered or reconsidered,

4, Several general purpose improvements of Areas 2,54,6 and 8 (such as
some additions of asmembly, counting and cryogenic space and addition of crane
capacity or coverage) witl insure that these areas serve as the locus of a
varied experimentel program at early turn-on and will provide flexibility for
theice future utility.

5, For the asaembly a1d preparation of detectors for the first round
some attention should be given several matters. How and where will detectors
be assembled and transported to arcas which will not have their own assembly
area or building? Will the first ISABELLE ring to be commissioned with
circulatiag protons be capable of sending high energy particles down the
“stub-test beam" for use in early detector checkout?

6. At the time of construction for the next major detector hall, choice
should probably be made to place it at Area 12 rather than Area 10 rince
present indicationa are that a booster or ep option might affect Area 10.

In addition to the considerations which led to thy above commsnts and
recommendations, discussion was begun (through a set oi: informal lunch
disitussions) by the Areas Group as a whole on planning and funding for an
experimental program: for example, level and modes of support on
construction, instaliation and operation of detectors in these ISABELLE
experimental areas. This is a topic of grest concern to the experimental

community and it deserves the widest posaible discussion.
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TABLE 1
EXPERIMENTAL AREAS WORKING SUBGROUPS

Morking Gri&
Name Areas 10=12 tlUpgrade e-p

————

ARONSOR, S, BNL - X
ASRFORD, V., BNL
" BRCRER, U., MIT
BRANSOB, J., MIT
FOLEY, K., BPNL X
GOLLON, ©,, BNL E X
GRANNIS, P,, SUNY - Stony Brook
JENSEN, D., Univ. of Maasachusetts
KANTARDJIAN, G,, CERN

LANOU, R., Brown Univeraity X X

3 M

o

LOWENSTEIN, D., BNL X»

LUCREY, D,., MIT X

MATSUDA, T., MIT X

MILLER, D., Northeastern University X X
KEMETHY, P., LBL X

PAAR, H., NIKHEF X*
- BOPE, B., Princeton Univecsity X*
STEVENS, A., BNL X
TRERIOT, D., FRAL o ) X

TING, S., MIT X

WALKER, W., BNL X X

*Working Group Convener

FIGURE CAPTIONS

Fig. 1. ISABELLE site plan showing location of the experimental areas..
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REPORT OF THE SUBGROUP ON EXPERIMENTAL AREA UPGRADES

S. Aronson, RNL D. Miller, Northwestern
P, Gallon, RNL B, Pope, Princeton

G, Kantardjf{an, CERN D, Theriot, FNAL

R, Lanou, Brown W. Walker, BNL

l.  INTRODCTION

Four of ISABELLE's six experimental'areas are in an advanced stage of
construction. These are

1. Area 2 (Small Angle Hall - seec Flg. 1)

2. Area 4 (Open Area - see Fig. 2)

3. drea 6 (Wide Angle Hall - see Fig. 3)

4, Area B (Major Facility Hall - see Fig. 4)

This subgroup has been charged with the task of reconsidering these areas
from the point of view of useability in the ISABELLE experimental program. As
a result we have developed an ordered list of suggested improvements to each
of the areas. The list is presented area-by-area below, after some
{niroductory remarks on the design considerations behind the present areas.
The purpose of the list is to indicate the eventual scope of ISABELLE
experimental areas, not to suggest that these ngrades should be put {n plare
now, Indeed, although most of these additions will be needed regardless of
which experiments are carrlea out, we think it prudent to wait for experiw;nt
approvals before final design and installation of the suggested tmprovements.

The designs far the four present areas were fixed in the 1978-1980 pei:iod
subject to a number of constraints:

1. Fixed scope and budget (roughly $8 M in FY79 dollars) for all
experimental areas, including support buildings.

2. All six areas to be developed for physics; four completed buildings
plus 2 open areas.

3. A varied experimental program to be carried out in specialized areas.

4, Areas limited by the proximity of injection, extraction and cryogenic
equipment.
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The Ixperimental Areas Divisfon of ISABELLE supplied physics related
design criteria for each of these areas. These were developed from the work
of previous summer studies and from the output of the Experimental Areas
Discussion Group,* which considered experiments for each of the areas
in some detail. Table 1 liasts the experiments considered for each area and
the written output (Proceedings of the 1978 ISABELLE Summer Workshop and
ISABELLE Technical Notes) on each. Table 11 lists the dimensions of the
resulting deslgné. '

Much criticism of the existing halls has surfaced in regard to their
overall dimensions; These grievances may be redressed in the two remaining
areas or, at some future date and with sufficient physics justification, by
ma jor reconstriiction of the present areas.

However, fn this subgrour we have ztayed more or less within rhe
framework of the four existiné areas which we regard as useful for much of the
early physfcs at ISABELLE, and have Sought to optimize them.

II. AREA 2 (SMALL ANGLE HALL) .
At present, thare 1s we assembly building foremeen for this area. While

it {8 possible that the first round detector(s) can be constructed in the
research area, any major aodifications to these or any second-round experiment
would need an assembly building. The logical-place for such a building (area
cosparable to that of the research building) would be on the hardstand {n
front of the deuountable wall. This would imply severely restricted access
for the cranes needed to dismount the wall for apparatus moving. Consequently
the assembly area could sutround the demountable wall and tnclude a 20-ton
crane that would construct the shieXd(hg wall.

The 20-ton crane in the research area is thought to be adequate for the
types of exper{ments to be enployed fin this orea. However, the cryogenics pit

"S. Aronson, V., Ashfard, A. Carroll, G. Danbky, R, Engelmann, K. Foley, .
E. Fowler, B. Gibhard, D. Jensen, H, Jostlein, K. Lai, T.Y. Ling, M, Marx,

R. McCarthy, F. Paige, B. Pope, L. Read, T. Romanowsk{, A. Thorndike, and
W. Walker
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under the concrete floor {8 thought to be an unnecessary impediment to future -
enpansion of the area and it {s recommended that the cryogemics line he run
over the roof of the ‘rasearch bullding.

The amall angle n:ub ia envisaged as an eutronoly uneful test beam
facility at 1SABELLE and it is recommended that the area at its end be
developed {n the following manner: hardstand should be added to the cut in
the berm at this point (elevation 62') and an EEBA-style building (40' x 40
area) should bé erected over the area. A support area equivalent to 2
portakamps or trailers would satisfy experimenters requirments. Access to
this stub is possible from both Sixth Avenue or Railroad Avenue.

111. AREA 4 (OPEN AREA)

Area 4 has been designed such that a number of experiments can be

contained within a large quantity of shielding blocks. These experiments
would tend to be small, and to be of finite lifetime. This results in a
configuration of shielding blocks that will change as a function of time. On
the basis of the experience of the AGS neutrino experiment E734, {t is thought
that an EEBA-style building covering the area 18 not necessary. A flexible
blockhouse can be made from the shielding blocks and weatherproofed (with
polyurethane‘(oam). Changes in the configuration of detectors or suielding
will be made with an external movable crane. .

The flexible nature of the area has several {mplicattons. Tae hardstand
area which at present will cover only 115' along the beam direction should be
extended to the full 188' between the berm retaining walls. A fixed assembly
building is not thought to be recessary in Area 4 and it is suggested that the
experimental support groups investigate the possibility of assembling
equipment in buildings such as the EEBA building at the AGS. Similarly the
ezperiment suppoct buildings (counting rooms) would most appropriately be
housed in several movable trallers such that they can be placed as close as
posible tpkthe experiment.

A major lack of flexibility to area 4 (as area 2) is the presence of the

cryogenics pit under the area. We propose that the cryogenice line be routed
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outside of the beam tunnel (at the present elevation of 753'-79') and either
taken around the edpe of the hardstand on stancheons of hefght 13* or taken
further awav uncil the slaping berm reaches this elevation, The detailed
rauting of the cryvogenics depends on whether truck access is required to ares
4 from the outside of the Cings. The presently exlsting cryogenics pit is
ltkely to prove invaluable as a flexible means of running cable between the

research area and the support buildings.

[v. THE 6 O'CLOCK AREA

Recause of its constructlion with shielded walls, area 6 contains the
largest volume presently planned for a research arca but with no provision for
an assembly area. It is recommended that an assembly area of comparable size
(at the minimum) be added on the inside of the rings. A 25' x 25' opening in
the north wall of the present research area would le.d to the assembly area.
This opening could be closed with shielding blocks. The assembly area should
be cquipped with a 40 ton crane and thus would permit the assembling of the
first round detector while the machlne is being built, A second round
detector (or extensive additions to the first) could be built while ISABELLE
is in operation.

The 20=ton crane for the research area is thought to be inadequate and,
as the present rails are rated for 40 tons, it should be replaced with a 40
ton crane (or, at least, another 20 ton crane should be added to the rails).
1t is unfortunate that the existing structure does not allow continuous crane
coverage between the research hall and the propngsed assembly area.

We have compared the presently available space in the support building
(1200 sq. ft.) with needs for similar areas at the ISR, AGS and FNAL and find
it to be somewhat small. An additional 500-1000 sq. ft, would improve the
support area considerably and, {f two experiments were attempting ta co-exist
in area 6, much more space would be required. Note that = 1000 square feet
could be obtained by adding a balcony to the existing building.

We note that it is likely that an experiment using area 6 would use a
superconducting magnet and thus will need a building for a heat
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exchanger/refrigeracor (perhaps 20' x 20'). This building should not he toa
close to the support area because of noise and vibration problems and
therefore fairly long lines will be raquired.

lastly, we feel that it ls appropriate to mention an extremely important
upgrade that is poaskible for area 6. At present, it {s foreseen that this
area contains the vacuum pipes for the beanm extraction and dumping system. 1t
is certainly possible that the resulting hackground radiation will reader area
6 unusable for any kind of physics. The 6 o'clock hall is a well defined
(i.e. existing) area for wide-angle physics while some other areas are not yet
defined (or bullt!). One or more such areas could even be left unused in the
early running. 1t is our opinion that any scenario of ISABELLE utilizatisn
consider the possibility of'moving the extraction system to another straight
section.* It any case, it seems to us impossible for an experiment to be set
up {n this hall during the fitafﬁrhnhing of ISABELLE. Many measurements of
particle flares and of induced radiation will have to be made before the

effects of beam extrvaction and dumping are understood.

Ve AREA 8 (Major Facility Hall)
Based on experience at PEP and on the CDF hall design for Bf at FNAL, the

worry was expressed that the assembly building presently béing constructed in
this area is too small. It is probably adequate for first round construction
of the detector, assuming a tight-fitting shielding tunnel is built around the
beams. It may not, however, be sufficient to house the detector plus its
attached electronics house when they are retracted from the beam: This
depends on the experiment actually appraved, of course; still we recommend
looking at the problem of expanding the assembly area in the future. Assembly
areas for the apparatus to go into the forward areas should also be
considered. }

We assumed that the magnet(s) for the approved experiment would be
cryogenic. There is no proViaion for housing the required
refrigerator/compressor/heat exchanger complex. A plan for locating this
facility could be wurked out before its actual configuration is known.

'For additional details on this possibility see P,J. Gollon and A.J. Stevens,
e these proceedings.
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We believe (agaln informed by experience elsewhere) that any large
experiment or facility in this area will requive more than the 1200 sq. ft. of
experimental support space provided. A cheap way to augment this would be to
add a mezzanine in the exiaring support building, A better way would be to
enpand the present building toward the ring road.

With regard ro cranes, it was noticed that the high crane in the assembly
building is not part of the contract; it must be bought before the shield wall
is needed. As far as the main (40-ton) crane is concerned, it should he
mounted on 1ta rails so as to give maximum coverage at the back wall of the
research hall.

817



Summary of Experiments

For

Table 1.
Studled in Evaluating Hall Designs
Areas 2, 4, 6, 8

Area Ref.

2 1978 Summer Study
p.303
Tech Note 125 (1979)

4 1978 Summer S:udy
p.295
Tech Note 113 (1979)

6 1978 Summer Study
p.278

8 Tech Note 141 (1979)

Experiments

single-arm epectrometer for large xp
inclusive reactions - stub design

high energy test beam

41 g.. detector

coulomb-riuclear interference measurement
of p

diffraction dissociation experiment

(including neutron and n° detection)

intermediate angle (50~250 mrad) spectrometer
“rapidity plateau” spectrometer (lyl < 3,
p; £1 GeV/c)

4n ar detector

4n optical chamber (early topology survey)
intermediate angle spectrometer

inclusive n and V° spectrometers

quark search

large p; e€, Y, ©° spectrometer pair

large p, hadron and jet spectrometer pair with
particle identification

BNL dipole

UAL, UA2

Toroidal magnet spectrometer (Pope)

SREL cyclotron detector

R807

SPS multimuon proposal (Becker)

FNAL design study (pre-CDF)

Assorted "large" devices conceived at ISABELLE
Summer Studies (1977 and 1978)
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Table 11

Summary of Hall Dimensions (m)

Beam Hook He/
Area Length Width Height Cap. (t)
2. Small Angle
Central Hall 28 12 1.7 6.1/20
Forward Experimental Building 68 7.9 1.7 Sa3%
“Stub" 91 2.4 1.0 2.0%
4. Open Area & 57F Tt 2.2 —
6. Wide Angle 16 32 4,3 10/2x20
8. Major Facility
Central Hall 19 15 5.2 11/40
Forward Experimental Buildings (2) 16 9 3.3 6.6%
Assembly Building 19 19 5.2 11740 + 14/7.5-

*No crane - celling height given
+Pad dimensions given

FIGURE CAPTIONS

Fig.
Fig.
Fig.
Fig.

1.
2.
3.
4,

Area 2 (Small Angle Hall)
Area 4 (Open Area)

Area & (Wide Angle Hall)
Area 8 (Major Facility Hall)
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REPORT QF EXPERIMENTAL AREAS 10 AND 12 GROUR

S. Aronson, BNL R.E. Lanou, Brown University
V. Ashford, ENL D,1. lowenatein, BNL

U, Becker, MIT D, Luckey, MIT

J. Branson, MIT S.C.C. Ting, MIT

P, Grannis, SUNY Stony Rrook W, Walker, BNL

The question that has been put forth is how to proceed with the last
two undeveloped experimental areas, G and 12. This has been reviewed
with the boundary cdnﬁltieas”dfﬁa 1986 or a 1988 ISA turn-on date and the
possible opricns of a booster and an additional electron ring. In all
cases, the final counclusion is to do the min{mum required for the comple-
tion of the accelerator and wait until the approval of the first round of
experiments to design and construct the experimental areas,

It is presently envisaged that at least one of the two areas would
contain a "major” de:ec:ai.~ The concept of "majer” is defined to be a
large detector of greater than $=3x105. Up to date costing of detectors
that are ﬁreueﬁtiy under construction at other accéleraturs or under
design fer ISABELLiibéar out this scale. Thus, the still unconstructed
ma jor detector region is presently expected to be as large as or larger
than any preseﬁi colliding beam experimental area, with a construction
cost of the arﬁer of 55106, Siallariy, the physical size of these detec=
tors 1s seen to be pushing the limits of present hall sizes and therefore
the next large hall at 1SABELLE sheulc be larger than Area 8. The criti-
cal parameters such as the beam helght, which was reported to us to have a
mu jor lmpact on the cost, and the shielding required, can only be dete:: lned
after one knows what experiment has been approved for this area. We have
discussed most of the existing as well as proposed large detectors and for
the moment, the M.1.T. milt{mu.: device is the one tbat makes the greatest
demands on the physfcal size. Specifically, ft needs a large expanse of
floor approximately 7 meters below the beam tube. On the other hand, this
device might be economical on the shlelding demands since a good fractfon of
it s self shieldlng. A buflding destgn shauld incorporate this feature if
the experimernt were approved.



Since the last ISABELLE Workshop in 1978, there has been a change in
the physics emphasis and much additional experience in the construction and
running of large detectors at PEP, PETRA and CERN. We therefore decided to
reevalvate several previous assumptions and design considerations and we
here review their validity in the light of new data. The first of five ’
polnts is that up to now, few major detectors have been dismantléd prior o
the cessation of aperationa of the colliding beam machine. Major detectors
are typically not moved, they are medified and accumulate more components.
Thus, a major detector hall should be basically built to accommodate this
one device for the life of the machine. The second point is that a majeor
detector hall is very expensive, In absolute terms, $5x108 is a lot of
money but the hall cost will be only 10-152 of the entire detector., This
tella ug that one should not rush into putting up halls until the experiment
i{s approved. Ome should optimize the costs of the hall and detector as a
package, It is expensive to modify these areas once built, The third point
is that it has been standaxd dogma that the routing of cryogeﬁic transfer
lines was a critical path in the accelerator construction. We do not find
this to be the case. A temporary line can always:be installed for example
directly under the machine vacuum pipe, soc as not to interfere with the
declsion of the experimental floor height. We lament the fact that one was
too hasty to position the cryogenic transfer trench beueath the beam line
of Area 4. The fourth point {s that we have more than enocugh time to
approve and construct the major detectors. We believe this is not so. For
the 1986 turn-on, we should have already approved some experiments and for
the 1988 turn-on, one should be considering proposals now. The very large
detectors will require the order of 5-6 years to design, construct and
debug, Thus, the hall construction will have little impact upon the machine
turn-on. The fifth point was that a third pipe for electrons or a booster
passing through » major detector area designed for p-p physics would be a
small complication. This, we feel, is not the case, The response 18 that
this would seriously compromise most dedicated p-p experiments. Foy
example, the multimuon detector appears to be incompatible with a third
pipe. Given the present knowledge of detector configurations and in the



absence of an explicit design for a booster or an e-p machine inside the
ISABELLE tuanel, the oniy sure way to avoid interference at p-p interaction
regions is to have these options in a four or five~fold by-pass or separate
tunnel.

The question of the second area was also investigated. There seems to
be no danger in letting future proposals determine what ahould be done in
detail with this area, It is quite conceivable that this area just be
initially an enlarged version of the ring atructure to house a class of
small experiments that can be done quickly during the first twe years of
aoperation. For example, total rate and small angle scattering, and quark
search experiments might require no more than an enlarged beam tunnel.

The questién of a machine phyaics intersection reglon for the first
year of aperation was brought up. We have been told by machine physicists
in ISABELLE that this is not necessary and that we may look forward to
phyaics experiments in all six areas.
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THE IMFACT OF THE e-p OPTION ON ISABELLE EXPERIMENTAL AREAS

K.l. Foley, Brookhaven National Laboratory
G. Kantardjian, CERN

R. Lanou, Brown University

H, Paar, NIKHEF

A. Stevens, Brookhaven National Laboratory

1. INTRODUCTION

There have been many suggestions for the expansicn of existing or
planned storage rings to include high energy e-p collisions. We will not
digcusa the physics potential here, but there is a general concensus that
a facility with protons colliding with electrons and positrons of seiec-
tible helicity would provide great insight into weak interactions, fucleon
structure, etc., in a way not duplicated at e+e « PP, NOT pp mach1nes
In this report we will comment on some aspects of the additlon of a 10-20
GeV electron ring to Isabelle.

11, ASSUMPTIONS o

As a model fox the electron xing we have used a machine radius of
360 m and have added straight sectisns of * 125 m about the e-p inter-
action point for the beam gymnastics needed to rotate the electron polari-
zation from the natural transverse orientation to the desired longitudinal
direction, ‘

We have assumed that Isabelle is primarily a p-p collider whose
prolific physics output will deter long shutdowns. In considering possible
ep collision points we have avolded the existing large facility hall at
8 o'clock, since that gﬁll c¢learly contain a relatively permanent setup,
and the wide angle hall at six o'clock, aince in that area the experiments
would be severely limited by the uieed to dump the Isabelle proton beaus.
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1I1. LOCATION OF THE ELECTRON RING
There are at least three pogsible locations for the electron ring:
A. Located in the same tunnel as the pp rings, providing the
poaaibility of ep collisions at any interaction regiom,

B. Located in a separate tunnél outaide the main tunnel,
providing ep collisions at oné interaction region only.
The two possible locations are the 2 and 4 o'clock areas
as shown in Fig. 1, }

C. located in a separate tunnel tangent to the main ring, at
two atraight sections. The arcs joining the two straight
sections can be either within or outside the region
enclosed by the ISABELLE tumnel.* The interaction regions
are at 4 o'clock and 10 o'clock as shown in Fig. 2.

Each of these has advantages and disadvantages. We just mention
those that affect the ISABELLE experimeﬁtal areas design:

1. Option A allows up to 6 ep interaction regions and areas,
option B just one and option C up to two. -

2. Option A constrains the design of ep interaction region
severely, in particular the straight sections with the
pqlarizatibn rotators must be accommodated within the
straight section of the ISABELLE tunnel. Options B and C
with the outside arcs do not have this constraint,

1. Option A has an extra beam pipe, containing the stored
electron beam, passing through pp interaction regions.
This is at least a nuisance for the pp detectors. We know
of one solution where the electron beam passes through each
pp interaction diamond. Its beam can be within the con-
fines of the pp vacuum pipe at least over the length of a
central detector. Figure 3 gives a three dimension impres-
sion of this arrangement.

* In order to reduce the interference with the pp rings, the ring totally
inside has a radius of 300 m with 200 m straight section. The outside
version has a radius of ¥ 600 m with 300 m straight sections.
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4. Option A would have the most interference between the
electron ring and the proton rings during installation and
operations. Option C has less interference, and option B
has the leaat.

5. Option C underlines the desirability of moving the second
major facility hall, now planned for 10 o'clock, to 12
o'clock in order to leave 10 o'clock avallable for ep
physics.

IV. THE ep INTERSECTION

It has been recently proposed (BNL Proposal: Electron-proton Inter-
action Experiment by Y. Cho et _al., May 198)) that the electron beam
croas over in vertical plane (see Figure 4). Near the ep interaction

point, a zero-degree crossing angie is establishad by means of vertical
bending magnets. Strong quadrupoles produce the low B necessary for hign
luminosity. Further away from the intersection point, a spin rotator is
prasent at each side. They rotate the electroms spin from transverse

as it leaves the arc, to lomgitudinal at the intersection and back to
transverse upon entering the next arc. The total length is about 250
meters or 125 meters on each side of the interaction region. The position
of the magnets is totally antisymmetric with respect to the intersection
region, This means that the electron beam is below the proton beams upon
entering the straight section and above it upon leaving it (or above it
upon entering and below it upon leaving). The maximun excursions are 1
meter in the vertical and 0.5 m in the horizontal plane vhile in the arcs
the electron beam is at least 0.3 m above or below the protor beams.
These are only estimates since the final design of the spin rotators is
not yet avaiiable. The final design should be taken into account in

determining the elevation of the proton rings in order to avoid later
excavatfon.

V. EXPERIMENTAL HALLS FOR e-p COLLISIONS

In order to estimate the size of the hall we have examined earlier
proposals for ep experiments, in particular the most recently proposed
ep detector (Fermi Lab Proposal 659). In all cases the apparatus would
fit coufortably in the lsabelle straight sections and the length of any
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exlating hall is adequate though if the small angle hall is used, tha
larger section should be in the direction of the protons. The typical
radius of the apparatus i{s 3-4 m so g decper floor would be required
(maybe 5 m below the beam) " ..> exists in the aveas at 2 and 4 o‘clock,
The ep detectors avre no siticrent in this chan the pp centralﬁdetuctara.
The polarization rotati : are located within the 1SABELLE tunnel. It
should he noted that the ¢ coraiderations are independent-of actual
location of the electron ring: that is, independent of which option of
Section 1II is chosen. With this in mind we suggest very strongly that
any machine plumbing and electrical connections he kept well away from
the beam region -- for example, the existing trenches in the open arca
aust not be uzed for permanent connections.

Vi, SUMMARY
The ep option should be kept im mind at all phases in the construction
of ISABELLE. The following points are immediately obvious:
1. The second open area should be moved from 12 o'clock to
10 o'clock. ’ .
2. The location of the proton beam should be compatible with
the spln rotators. A
3, For the ep detector, the floor should be ¥ 5 m below the
beam.
4. Permanent plumbing and cabling should not be close to the
intersection points.
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LARGE EXPERIMENTAL HALLS
David Luckey, Massachnsetts Institute of Technology

1f 100 GeV physica has such particles as the z, with a narrow width and
low multiplicity decays then some detectora will need resolutions of the order
of this width (1X). 1In constrast to recent hadronic physics, we will have to
measure high momenta well, and this will be a major challenge to detector
designers in terms of BLZ and mechanical accuracy.

Large detectors last as long as or lomger tham the accelerators at which
they are built and are not likely to be replaced., This is particularly true
of the large magnets involved.

1 see no reason tc make a univeraal building but would rather minimize
the coat of experiment plus building taken a whole. It will be necessary to
commission a detector at the same time as the accelerator, so it is necessary
to the detector at physics turn-on time. The mechanics of this will be made
difficult if complicated mechanical drives are necessary from differeat floor
levels and from floor depth. Since a large detector will take longer to build
than a building, one should pick some of the building parameters after the
proposal acceptance and after the mechanical support is designed. One could
then pick just the right floor level.

A large detector will take much assembly area and one will need large
areas at BHL for the superconducting coil and central drift chamber, Ideally,
one should mot try to do them at the experimental hall, but rather transport
them at the appropriate time.

The initial design of the MIT multi-muon detector could bhe assembled in
an area with the same square footage as the major hall, but needs about 7
meters from beam to floor. Various building designs have shown that it costs
about IM$ per meter of floor depth below the "standard" 8 o'clock hall, so one
should find the economic minimum of detector support vs building cost. Given
early proposal approval, this should not cause excessive delays in building

construction.
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CLEANING UP AREA &
Peter l. Collon and Alan J, Stevens, Rrookhaven National Laboratory

The poasibility of a booster at & c'clock has resulted in expressiona of
concern by some experimenters who [ear that the presence of the ring there
will "ruin another area for physics". The physics at & o'clock is already
compromiged, it is said, by the scraping and extraction svatems, zo & o'clock
should be protected at all costs, We raise the question here ~ but do not
angwer it = of'v.»ﬂhether that argument should be turned around. If the
usefulneas of the otherwiase very nice Wide Angle Hall is compromised by the
extraction and scraping systems, maybe they should be moved somewhere else.
The most logical alternate locations are an undeveloprd 10 o'clock area, or &
o'clock if that location in to be encumbered with a r raton booster. The
choice hetween these locations need not be made yet.

What are the physical and radiation safety considerations regarding the
locations of thege systems? First, they must be located in one or more of the
atraight sections. There is simply not enough drift space in the arcs to fit
them in,

_ Second, the dumps fit much more convenieatly at an outward moving
intersection (2, 6, 10) than at an inward moving one (4, B, 12). This is a
simple vesult of the geometry. The extraction is downward, and the extraction
line should continue, with the minimum length and number cf magnets, umtil it
extends out past the tunnel floor, where the dumps will go. This
consideration favors area 10 over area &, but does not rule the latter out.!

Third, because of the reduced energy of an ISABELLE using Fermilab
magnets, the existing muon shielding lobes will be quite adequate for
extraction septum losses? of 0.1%2. ‘This is true even for Phase 11 ISABELLE,
and for the dumps in any location. (It is not true for some locations for a
400 GeV machine.d)

Fourth, the reduction in ISABELLE energy with Fermilab magnets also
provides an improvement of a factor of 20 to 40 in the offsite muon dases for
a given beam losa.% This factor, combined with the results of Ref, 3 indicate

the maximum allowed scraping loss at area 10 in the clockwise direction to be
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3%. Thia is lesa than the 10% acraped at the ISR, (At 400 GeV the pcraping
limit for the same location would be 0,075%.)

Fourth, for a 400 GeV ISABELLE, a 6 o'clock location for scrapers is even
more marginal for environmental reascas than 10 o'clock scrapers at 3%% Gev,
since only 0.18X scraping is allowed there in the clockwise direction.’ of
courae, one can always add more sand to the shields of area 10 or 6 to gain
from absorption what is not provided by distance. Thus, if the scrapers
receive any significant use at full machine energy they will be a worse
environmental problem than the extraction lines to the dumps. However, they
may not he aa bad as is feared by the experimenters, since (a) they iavalve no
extra beam pipea; (b) only one tenth of the particles being scraped interact
in the finger upatream of the crossing region, with the remaining protons
striking a collimator downstream uf the experimentd; and (c) experimenters
should have advance warning of scraping operations in order to reduce high
voltages on PMT'a and chambers.

1t is clearly a little too early to decide where, if anywhere, to move
the dump and scraper systems, but nobody is happy with them at 6 o'clock. We
should not immediately exclude the seemingly diatasteful possibilities of
putting the scrapers and dumps in the different straight sections, and even of
locating the two scrapers in different straight sections. Each solution has
its drawbacks, whether of an en&ironmental. experimental, or financial nature.
There will be lots of complaints no matter what location is chosen. What must
be done in the next 6 months or so is to decide if the presemt location is
still the “best' one, although “best" will depend on the realities of machine

operation and will not be known until turn-on.
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It is worth pointing out that the preferred method of injection is into
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LIMITATIONS OF & “SELF-SHIELDING" E¥PERIMENT

Peter J. Gollon, Brookhaven National Lahortorv

1t has been suggestcd several times that one or another particularly
massive (and expensive) experiment might he abie to economize on shielding by
getting recognition for the shi:lding provided by the apparatus itself. Let
us see ynder vhat circumstances this may be done. ‘

Figure 1 shows an erperimental arrangement in which the interaction
region is surrounded by many interaction lengths of calorimeter or magnet
yoke. The detector D does provide norerthtn enough attenustion of high energy
particles originating from beam-beam interactions at the crossing point.
However, it provides essentially no attenuation for the spray of secondaries
coming from othef beam-loss locations such as the quadrupole Q.

One solution to this problem is to place portable shielding around the
beamline on either side of the central detector (left side of Fig. 2), : This
particular arrangement minimizes the amount of shielding used, but is must be
unstacked to open up the ends of the detector. The shielding arrangement of
the right side of Fig. 2 avoids this difficulty at the cost of using more
concrete blocks. Probably neither of these schemes would appear attractive
compared to a fully shielded hall if the concrete block shirlding weren't
considered “free" because it already exists. (Of course, the existing
inventory of concrete blocks will go only so far, after which additional
blocks must be bought with real money.)

The scheme shown in Fig. 3 attains a "self-shielding" configuration
without lots of stacked concrete by placing everything but the massive c#:-ntul
detector in widened zxctions of the machine tunnel. It saves the expensé of
stacked shielding by limiting the room for growth of the experiment, and ‘f‘by
providing no access to the ends of the detector. Proponents of the MIT
derector would not be happy with a scheme such as this, which would force them
to move the entire detector out of the beam in order to remove an endcsp to
gain access to the central calorimeter and chambers, A differently desigtied
massive detector, with access from the side rather than the end, would be .a
better candidate for a self-shielding layout. ‘
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REViEW OF THE EXPERIMENTAL AREAS AT CERN COLLIDERS

G. Rantardjian, CERN

Thia note is an attempt to give an overall picture of experimental areas
for the various CERN colliderat
1. ISR with a long experience on proton-proton colliding beams but which
had valso successes with other particles such as deuterons, alphas
and very recently antiprotonsj
2. 8PS which ia just now operating as a proton-antiproton collider;
3, LEP, an electron-poaitron atorage ring project, which the conatruc-

tion is expected to start very soon,

T. ISR EXPRRIMENTAL AREAS

Out of the 8 intersecting regions 6 are allocated for physics experi-

ments, one for beam dumping (number 3) and one for analyses of beam conditions
(number 5); Matter of fact, a small set up for monopole research has also
been inatalled in the latter region (number 5).

The ISR has four different types of configuration of the experimental
halls,

Intersection 1 is surrounded by a larger hall but enclosed in a shielding
conatruction made of removable concrete blocks for the walls and concrete
beams for the roof. The cuter wall (thickness = 4.8 m) has not yet been
demounted. The inner wall (thickness = 3.2 m) was demounted and remounted sev-
er/ . times (about 2 days for each operation) for the installation, repair or
~einstallation of the superconducting solenoid (weight «* 70t) and for the con-
struction of transmission lines chanmels. The introduction of large equipment
up to A0t is possible by removing the concrete beam of the roof (which is 1.5
day of work). Smal! equipment but not hand-portable can be introduced via In=~
tersection 2 or 8, B

The intersecting region separates the large hall in two nonsymmetric
halls. The smaller looking towards the center of the ring houses the cryo-
genic system and the assembly area for the superconducting solenoid as well as
the counting room. The hall looking towards outside the ring is divided in
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areas for assembly of experimental equipment, small workshep, unloading area,
pover suppliea and teat of magnets.

At Intersections 2 and 8 the tunnel is wider by 3 meters looking towards
the inside. But no crane capability is aﬁailnblé in the extra region and many
ad-hoc lifting equipment had to be invented in order to install equipment im
Intersection 8 (calorimeters and cerenkov counters for experiment R807) or In-
tersection 2 (20 kA power iupplies for the system magnets of experiment R201).

These two intersections have a large pit, the floor being at 3.86 m below
the beam height. Nevertheleas special pits have been dug in Intersection 2
(for access to the bottom equipment of experiﬁent R209) and in Intersection 8
(for the supporting jscks of the magnet for experiment R807).

Intersection 6 has a very large hall as well as an assembly hall which
was created for the conatruction of the 1,000 ton magnet called SFM. Due to
space and crane capabilities (see table below) the installation of large and
heavy experimental equipment is easier and quicker than in the other
intersections.

Intersections 5, 6 and 7 have the same width as the normal ISR tunmel (15

meter). The floor is only at 1,46 m for the beam height which has been a con-
stant drawback. To meet the requirements of the various experiments in Inter-~
section 6 we had to dig special pits. The same operation had also to be
carried out in Intersection 7 in order to locate the bottom streamer chamber
of experiment R703T-UAS.

Normal ISR tunnel: long spectrometers up to 40 m were installed along-
side or above the ISR magnets (see experiments R201, R202, RB802).

Counting rooms: except for Intersection 1 which was already mentioned
before all the counting rooms are located on top of the tunnel. The elec-

trical and transmission lines for the detectors are installed in the three ver-
tical shafts.

Crane capability: 1Intersection 4 is equipped with a 60 ton crane and 7.5
m hook height above the beam. All the other Intersections are supplied by the
6 standard 30 ton ring cranes allowing a modest 2.5 m hook height above the
beam. A possibility of coupling two cranes exists in order to reach a 60 ton
capacity. Well after the construction of the ISR we had two smaller 2x2 ton

cranes installed which enable us to gain an extra 1.5 m hook height. Due to
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a tack of the averhead cranes coverage and/or capacity we often have to intro-
duce a portable crame in the various aveas. The turn over of the supercon-
ducting solenoid for aasembly of the cryostat is a good illustration.

Access into the eaperimental regions for the equipment: The uneasy situa-
vion of Interaection ! has been discussed earlier. All other intersection
regicns have a A.3 m wide and 4.7 m high shielding door which can be opened
easily in about 5 minutes. Intersection &4 has an extra demountable shielding
wall of 12 m wide and 10 m high. The demounting of the wall takes about 1.5
daya. Only Intersection 1 and 4 have the possibility to roll-in heavy and
large equipment from an asgembly area to a data-taking positiom.

Some commenta: PFrom my experience in preparing and inatalling experi-
ments around the ISR I can utjte that assembly areas attached to the research
areas are indispenaable. Spacially now when the detectors are becoming more
and move complex. We would save time, unnecessary failures due to transport
and panie on the first daya of a shut down period.

Also the floor should be at 5 m below the beam height. If this distance
is less than A m a atrang risk exists having to do civil engineering work
which is really not recommended when the machine is already operating.

And last, as scme equipment has to be carried over the machine or the ex-
perimental aset-up quite often it is necessary to have a good crane clearance,
7 metera of hook height above the beam lime seems reasonable.

11. EXPERIMENTAL AREAS AT SPS-pj COLLIDER

Two underground halls have been constructed around the middle point of
two long straight sections of the SPS which are called LSSA and LSSS.

Underground ares of LSS 4: This underground hall located at about 61 m
below the ground level has a cylindrical shape of 21.4 m in diameter and s
total length of about 44 meters divided in 11 o for the research area. 5 m of
demountable shielding ~ 21 m of assembly area and ? m for counting room
purposes. The useful floor width is 15.5 meters its level situated at 5.5 m
below the beams level. The maximum height of the hall equals 18 m and the
crane hook height is 13 m above the floor level.

There are two accessea. The firat is a 8 m diameter vertical shaft for
the tranaport of heavy and large equipment. The second vertical shaft of
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%1 m diameter in equipped with a 1ifr for personnel and small equipment
(i), Inside the amsembly area a 40 ton crane is available and a mmaller
crane of 10 ton capacity ia apanning the interacting areh.

Underground Avea L83t The floor level of L3383 underground area is aitu-
ated at about 28 m below the ground level. The interaction hall haa a verti-
cal ahaft form of 20 m diameter terminated by a dome. The experimental
equipment has a atand-by location which is also a verticnl’nhnlt of 20 diame~
ter. . Thia large shaft ends up directly in the surface hall and the transpor-

tation of the equipment from the surface hall to the underground area is made
through the vertical shaft., A rectangular passage joing the two quasi-
circular surfaces. The total lenath of the underground ﬂoor' adds up then to
about 47 meters. The useful height and floor width for rolling in equiment
are veapectively about 3.8 m and 13.2 m. The mounting and demounting of the
shielding wall is carried out through a special reciangular chimney.

The floor level is 6.3 m below the beams height. The interaction area

has a rotating overhead crane.

111. EXPERRIMENTAL HALLS FOR LEP

LEP a e”e™ colliding machine will provide eigh;intetaction regions to be
reached by experimental areas.  The floor level of the eight experimental
halls will varv between 40 m and 600 m below the grouwd level., Three of these
regiona will be ‘'very deep underground and access will only ba posaible by long
horizontal tunnels (about 1% slope). The other five halle will be'accessible
by vertical shafta as the LSS4 underground area described under section 11},
The following table summarizes the position and acness of the eight experimen-
tal halls as well as their description.

Underground Hall

A underground hall will have a cylindrical form of 21.4 m in diameter and
55 m tong. The useful floor width will be about 15.5 m. The maximum height
of the hall will reach about 18 m and the crane hook height above the floor is
foreseen to be between 12 and 13 meters. The floor level will be 5.5 m below
the beams line. The total length is divided between the interaction region,
some shielding (equivalence of 1,5 m of concrete), the assembly area which

should be free of the overhead vertical shaft, and counting rooms purposes.
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There will be a vertical shaft of 9 m in diameter for the irtroduction of the
enperimertal equipment. Transport of the equipment inside the hall will be by
means of a 40 ton overhead crame. A separate vertical shaft is also designed
for the introduction of the machine element and access to the LEP tunnet.

A marage to introduce or remove large detectora (inastallation of central
detectora inte solenoids) ia foreseen in the assembly area.

Tateraection 1 will probably be dedicated to two-photon experiments. To
accommodate the forward detectors two extensions along the beam will be
needed, This experimental area could be extended in the direction transverse
to the beam later, if needed.

Deep Underground Halls

The areas 3 and 5 will look much like the underground areas which are

deaceribed above. The main difference concerns the horizontal access tunnels
of ahout &4 m in diameter which replace the vertical shafts.

Interacting area 4 will have the longest accesas tunnel of about 3,000
meters. This hall will be algso cylindrically shaped but momehow reduced in di-
ameter to about 15 meters. The length of the experimental hall will be S5 m
from the beam line to the far end of the counting room area.

The diameter of the access tunnel will omly be 3 meters which will pre-
vent the introduction of very large pieces of equipment. The experimental
set-ups which will be installed in Imteraction rvegion 4 will have to be
designed in modular and compact units. Due to this specific reduced and
remoted access space a long technical support hall im present at the far end
of the access tunnel before reaching the experimental hall. Its diameter will
also be of 15 meters and its length should approximately be 70 meters.
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Tnbie of ISR Experimental Areas

Crane
hook
Beam above
Length  Width Height Theight  beam Crane
Areas (m) (m) {m) (m) (m) capacity
Inner 11 hall 48 10 25 11 40 tons
Intersection 1 12 15 10 5.06 2.5 30 tons, 2x2
and 40 tons
if roof is
removed.
Outer 11 hall 50 22 25 11 40 tons
Intersection
248 32 18 8.9 31.86 2.5 30 tons, 2x2
tons
Aagembly hall 14 45 14 10 5.06 3.5 40 tons
Tntersection 4 70 25 17.6 5.06 7.5 60 tons
Intersection
S, 6 and 7 1SR 15 6.5 1.46 2.5 30 tons, 2x2
tunnel tons B
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Table of LEP Experimental Halls

RRGIONS

DEETH BRLOW
GROUND LLVEL
(m}

ACCHSS TO
THE HALL

DESCRIPTION

& 5t

+ 150

600
«+ 300

Vertical Shaft

Vertical shaft
Tunnel v650 m long

Tunnel #3000 m long
Tunnel »300 m long

Vertical Shaft
Vertical Shaft

Vertical Shaft

See underground hall
apecial area for 2-y
physica/also ep option
See underground hall

See deep underground hall

See deep underground hall
See deep underground hall

See underground hall
See underground hall

See underground hall
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FIGURE GAPTIONS

Fig. 1 Plan view of intersection 11 at the ISR.

Fige 2 Plan view of intersectlions 12, 5, 6, 7, 8 at the ISR.
Fig. 3 Plan view of intersection I4 at the ISR.

Fig. 4 Side view of intersection LSS4 at the SPS.

Fig. 3 Plan view of intersection LSS4 ac the SPS.

Fig. 6  Slde view of intersection LSS5 at the SPS.

Fig. 7 Plan view of intersectlion LSS5 at the SPS,

Fig. 8 Layout of the interaction reglons at LEP.

Fig. 9 Proposal for a LEP experimental hall.
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EXPERIMENTAL AREA FOR THE FNAL COLLIDER DETECTOR FACILITY

D. Therlot, Fermilab

The Fermilab Collider Detecktor Facility is a Fermilab-based consortium of
national laboratories and universities from the United States, Japan and Italy
currently engaged in the design of a general purpose detector to be used in ;p
collisions at 2000 GeV in the center of mass at the Fermilab Tevatron
accelerator. The detector uses a 1.5 T superconducting solenoid, 3.0 m in
diameter, 5.0 m long for a central magnet, This is filled with a cylindrical
drift chamber and surrounded by electromagnetic calorimeters, hadronic
calorimeters, and muon detection, 1 will give a brief overview about the CDF
detector (for details on detector see H. Jensen in these proceedings), but
will concentrate on the experimental area itself and the interaction of the
CDF detector and the experimental area.

A side view of the central detector is shown in Fig. 1. The calorimeters
are divided into tower structures which point back to the interaction point.
This is shown schematically in the upper right quadrant of the detector.

Figure 2 shows a side view of the backward arm (p direction) of the CDF
detector, The two large toroidal magnets are used for triggering and
measuring the momenta of muons emerging in this direction. The large toroid
close to the central detector covers an angular region between 10° and 30°.
The rear toroid covers between 2° and 10°. Located hetween these two toroids
is a set of calorimeters to measure both the electromagnetic and hadronic
components emerging from the central detector end plug below 10°. Figure 3
shows an isometric view of the entire assembled apparatus in position in the
collision hall. 1In addition to the components previously discussed, a set of
calorimeters has been added in the forward (p) direction.

Figure 4 shows a craoss section of the CDF experimental area. This area
is located at straight section B-P of the Fermilab Tevatron., Physically this
is one sixth of the way around the ring from Wilson Hall, the high rise office
building, near the present industrial buildings. The experimental area
consists of three parts: an underground collision hall located around the

acceleratecr, an assembly area located in a pit whose floor is the same level
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as the collision hall, and a ground level service area. A ground level
building cavers both the assembly area and ground level service area. The
collision hall is caruected to the assembly area by a tunnel 34' x J4' square
and 38" long which is plugged with l4*' of shielding during accelerator
operations. The lowest level accupied by the central detector is 706' above
sea level, The forward and backward detectors rest at 710'. The assembly
area has floors at both of these levels alsa. The surface service area is at
743*, ‘The counting raoms are located on two levels of the three level
structure which is located between the collision hall and assembly pit over
the connecting tunnel.

Figure 5 shows a plan view of the CDF experimental area with the floor
loadings and crane coverages. The collisfon hall is 100' long with the
central 50' being 50 wide and two end regions each 25' long and 36' wide for
a total of 4300 sq. ft., At the preseant time we have no plans far a crane in
the central region. The forward-backward reglons may be serviced by small
cranes. All major servicing of the detector i{s planned tu be done in the
assembly area. The central detector can move directly out to an alternate
location for servicing (shown in the assembly area). The end detectors move
in and out of the collisicn hall on equipment transporters which make up the
difference in floor heights (706' to 710') aud have capacity to carry the
units. The assembly and surface service area are covered by a 50 T cranc.

It is envisianed that the magnet yoke for the central detector will be
built in place in the assembly area, a pit roughly 73' wide and 87°' long. The
calorimeters for the central detector will be built elsewhere and installed in
the assembly area. The central calorimeter modules (see Fig. 1) form free
standing arches which can be assembled anywhere in the assembly area and
rolled into place onto the magnet yoke. The backward toroids and the forward
and backward calorimeters will be constructed in the assembly area and moved
into the callision hall on the equipment transporters.

In the event that the magnet i8 not ready when collisions are available,
the central calorimeters and forward-backward calorimeters can be assemhled
in a nonmagnetic configuration for early detectar operations.

A tentative sehedule is given in Table 1 which shows first operations in
July 1984
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Table 1
Tentative Schedule tgr COF Experimental Area

July 15, 1981 ~ 70% Title I

Auguat 31, 1981 - Final Title 1

October 1, 1981 - Site Preparations
December 1, 1981 - Assembly Area Started
June 1, 1982 = Collision Hall Started
January 1, 1983 - Occupancy

July 1, 1984 - pp Collisions at 2 TeV
July 1, 1985 - Complete Detector
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EXPERIMENTAL AREAS: THE PEP EXPERLENCE
Peter Nemethy, LBL

1 will take a before and after look at the PEP interaction regions. We
had to design the experimental areas before the submission of proposals and
the approval of experiments. The design started from the experimental ideas
of several summer studies. Although the experiments finally approved did not
much resemble the summer study ines, the fit of the experimental halls to the
experimental program turned out to be surprisingly good.

Figure 1 shows our "standard” experimental area; 4 out of 6 halls are
like this. The heavv part of the huilding is built into a hillside which
provides shielding but prevents access from one side. A shielding wall
separates thie beam crossing region from the assembly area, a light steel
frame building. The two regions are serviced by a single cranc and share a
common reinforced concrete floor.

Table I lists the interaction recgion halls and the experiments. Two
experiments, the time projection chamber and 2 photon, coexist in IR-2 (Fig.
3). 1IR-6 is a nonstandard push/pull area; the terrain allowed access to both
sides here. This hall was occupied by the free quark search (FQS) until this
summer., We are in the midst of a changeover to the high resolution
spectrometer (HRS), our heaviest PEP detector. The nther special area, IR-10
is deep underground with access only through the machine tunnels. It contains
the Monopole search experiment.

Figure 2 shows the typical dimensions of a standard area (they vary
slightly from one to another) with a detector and its movable counting house
in the “on-beam" and "service" positions. The chosen floor area is a good Fit
to all our experiments, although it is very crowded in IR-2 where TPC and 2
have to coexist (Fig, 3). At times the logistics of assembly got very
difficult with all parts of the floor occupied.

The standzrd beam height of 4m (except in IR-10, not meant for
experiments originally) was needed for all experiments, including the smaller

ones. A small central trench was needed to accommodate the magnet yoke of the
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HRS. Ameng the twenty proposed experiments only one wnuld have gotten us into
trouble with a much greater beam height requirement,

The only case, perhaps, of overkill was the insertion length, chosen as
* 9 m on the basis of the summer study result that experiments could not
pousibly exist with less free length.s For the impressive benefits of mini-
beta, a solutiorn was found for bringing the first injection quads to £ 6&m Fig.
4} compatible even with the 2y experiment. We are implementing the change
this summer.

Our standard crane capacity af 50 tons (100 tons for HRS) was quickly
saturated, like any new urban highway. All experiments are using the full
crane capacitv; sometimes the needs exceed it by (L + €).

Rapid equipment access to detectors is very desirable in a colliding
ring, where work an one detector requires the shutdown of the entire ring.
Figure 5 shows our solution, a concrete precast shielding curtain riding on
rails and spanning our standard IR above a stacked shielding wall. The
curtain {s moved by coupling it to the crane. This scheme has worked very
well, allowing crane lifts across the shielding within a half-hour of shutting
down the ring. 1In our open IR-6 we have a concrete blockhouse with a concrete
beam roof enclosing the beam crossing region. 1In IR-10, originally meant for
machine physics only, the lack of access caused difficulties even for the
“totally passive” monopole search setup.

Our movable counting houses (of the order of 1000 sq.ft,) contain the
front-end, parallel electronics. The fixed counting houses, with 2400 sg.ft.
on 2 floors, house the back-end electronics and data acquisition computers
very comfortably for 1 experiment/IR and somewhat tightly for 2 experiments in
IR=2.

We had decreed that all experimental setups must be movable without
uncabling 10* parallel cables, for fast removal from the beam line to deal
with any serious repairs. The design goal was 24 hours for removal and 48
hours for reinstallation to match the ring pumpdown time of about a day.
However, all initlal experiments chose, understandably, to set up directly on
the beam line, so that we did not have a test of this "rapid deployment"
concept until recently. However, we have just performed the first push/pull

changeover between two experiments i{a IR-6, replacing FQS with HRS during this
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summer's shutdown (Fig. 6). We spent 2 1/2 single~shift days to remove all
shielding, then 2 1/2 single-shift days to roll in the 2000 ton HRS detector
on its multi-ton rollers and with its attached counting house,

The switch went without difficulties and in much less time than
scheduled, coufirming our belief in the efficacy of the prewired
detectar/attached movable house scheme. To our consternntion.rhowever, the
slight floor sag under the weight of HRS tilted our shielding buttresses
enough to require our giving a close shave to the shielding house roof
blocks.



Table I
Specificatiaons for Experimental Areas

Loading Access

yard

yard

AREA
SPECIFICATION 12 2 4 [ 8 10
length (m) 20 20 16 20 20 20
Width (m)
Inside 17 7 6 20 10 3.5
Qutside 24 24 22 20 31 3.5
Height (m)
Maximum crane hook clearance
above beam 6.5 6.5 6.5 645
Beam elevatlon above flcor 4 4 4 4 4(6) 2
Maximum height of detector
(curtain shear line)@ 4(5) 4(S5) 45 4(3)
Crane (tons) 40(50) 40(50) 40(50) No 40(50) No
Nearby Space for Counting 9x1l 10x12 9x22.5 9.5x15
House (mxm) 410x12  +10x12 “Fe°r #2120 No
Alcove Yes Yes No No Yes o
Tength (GW) (m) 20 20 20
Width * (m) 3.5 3.5 3.5
+ (m) 3 3 3
Helght
= (m) 2 2 2
Power (MW)
JAt 12.4 kv ® 5 5 5 5 5 5
Installed cooling capacity 1 1 1 1 1 0
House power (480 V 3 4) 0.9 0.9 0.9 0.9 0.¢%

outside outside outside both outside beam
tunrel sides

yard tunnel

31f more than 4 m are needed, a special curtain may need to be designed.
Maximum overall limit on 12.4 kV from experimental areas is 15 MW.
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FIGURE CAPTIONS

Fig. l. Standard PEP interaction regpion hall

Fig. 2, Standard hall size with a detector in in and out position
Fig. 3. Our crowded IR=2

Fig. 4. Original and revised position of last insertion quad

Fig. 5. Shielding curtain scheme

Fig. 6. Push/pull exchange of FQS for HRS
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SUMMARY OF THE LARGE DETECTORS GROUP

H, Gordon, BNL
C. Baltay, Columbia Univeraity

This group examined the existing designs and plans for large deteckors
at 1SABELLE. Various working subgroups formed., Here we will outline the
topics as presented in the following papers. One subgroup tried to identify
the physics strengths of each detector and to evaluate whether important
physics could be done with them in the proposed Phase I luminosity of
2 x 1031 cm‘z sec‘l. A survey of various rignetic field configuratiomns was
made. Another subgroup analyzed the effect of the bunch structure on these
detectors, One working group conasidered how to handle the Phase II lwain-
osity. A group also studied the :mportant subject of calibration and on
line monitoring.

At first we had a series of talks outlining the large detectors in the
design stage for ISABELLE as well as those under construction for the pp
colliders at CERN (talk by Sumorok) and at Fermilab (talk by Jensen).

U. Becker presented the detailed design of the BNL/MIT/NIKHEI/Beijing
group fur a detector which focuses on measuring muons with excellent momen-
tum resolution. This is achieved by having a hadron calerimeter closec to
the beam pipe followed by precision drift chambers in a superconducting
soleneid, Some details of this detector will be found in other reports of
these proceedings, for example, S, C. C. Ting's paper, page 134, papers by
Paradiso and Becker.

The BNL/Columbia/Pennsylvania group has concentrated on achieving
excellent electromagnetic and hadron calorimetry by using uranium plates in
a dipole magnetic field. This ficld allows detection of particles both
forward and sideways while providing an open geometry, The calorimeter is
segmented g0 us to allow good reconstruction of multijet events, as dis-
cusged in a paper by Gordon, Stumer and Benary. Swmith and Gordon consider
several calorimetric triggers.

The BNL/Browm/Stony Braock group has chosen a limited aperture detector

+
in order to focus on electromagnetic particles: no, vy and e« The use of
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lead glass will optinize the enetiy resolution as is detailed in the
"Lapdog" paper presented by P. Grannis,

Chen explores the notion nf a large detector filling a 10 meter cube,
Since the quality of a magnet dipends on BLZ, thie design emphasizes the
lengrh by having a low fleld far from the intersection region.

ypsilantis presents the cbncep: of uring a spherical ring imaging
E;rankov counter for the purpose of excellent particle identification in
a weak magretic field. '

The working group organized by Abe considered what capabilities will
be required in the détectors in order to pursue specific physics goals.

Abe discusses how well the jet-jet invariant mass can be measured by a
calorimeter. Cuorna atudies the inclusive lepton and hadron spectra from
QCD jets so as to measure semileptonic branching ratios and ¥ind signatures
of new flavors. Bacon suggests the requirements necessary to be able to
detect multiple vertices in an event.

A review of the strengths and weaknesscs of solonoids vs, dipoles vs.
solenvids by the subgroup chaired by Pope precedes the section on magnets,
Littenberg presents the progress on the design of a large dipole magnet.
Bregman re&iews why the dipole is preferred by that group. Grannis shows
how the idea of the magnet for Lapdog evolved. Luckey nndifing discuss the

~ use of conventional magnets in, for example, the Magnetic Hall Detector
mentioned by Chen. Pope explains the virtues of a toroidal magnetic fleld
for many different detectors. The torold field has no effect on the beams
and is closed so that no flux return {s required. However, the coils may
obastruct a fraction of the solid angle and need quite strong support.

The main effect of the bunched beams is to give 30X of the events
which occur with another event in the same bucket. The report of the work-
ing group headed by Blumenfeld points out that experiments may need to
distinguish these multiple events by using time differences, by reconstruct-
ing the vertices, or by finding too much energy via calorimetry, Johnson
comments on how to try to resolve multiple interactions,

The next working group led by Morse studies whether detctors that are
degsigned for Phase I luminvsity :an be upgraded to handle the Phase 1I
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luminosity. Johnson shares some lessons learned at the AGS in aun experi-
ment that operated at rates of'lOTIsecbnd. Bozoki reminds us that the
machine magnets must be quite reliable in order to do any physics.

Finally, a group headed by Sumorok reviews varlous calibratlon and
monitoring schemes that have been used in large detectors, They then recom-
mend some principles that should be followed in the coming designs.

We concluded that all of these detectors could de important physics
in Phase I. A detailed study of 2% and W productidn wonld be possible, as
well as a search for higher mass Z's or W's. Bound new flavor states will
be locked for with mass above 40 GeV, The Higgs or technicolor production
might b2 secn. Large transverse momentum jers would be studied to test
QCh. We concluded that the development of a high precision vertex detector
to allow the direct detection of the decays of charm or bottom particles

would be most useful,
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HADRON CALORIMETRY AT ISABELLE

H.A. Gordon, 1. Stumer, BNL
0. Benary, Tel-Aviv University

1. _INTRODUCTION

At very high energies, calorimetric methods have become increasingly more
essential for measuring hadronic energ&. We present here a study of thc capa-
bilities of calorimetry at /s = 800 GeV at 90° \\

The rising multiplicity and comp?m(ity of the new physics can be easily
exemplified by the event in Table I where a pair of tt quarks are produced at
Y3 = 800 GeV in a pp interaction. Fach outcoming quark has a P = 100 GeV and
emerges at y = 0. We are u'ﬂng for this study a an Monte Carlo program writ-
ten by F. Paige and S. Protopopescu.l ‘

The two beam fragments will be contained mostly in the beam pipes, hut a
non-negligible fraction of their particles will contaminatc the physical mca-
surements cven at 90° (see S,D, Smith and H, Gordon ).

In the second section we describe our "idealized-realistic"” detector and
the showers' parameterization.

In the third section we will try to identify jets by calorimetry; e. g.

mass, width, ‘
The fourth section will deal with a “real" problem: can one select Z
events, when 2° decays into two hadronic jets ‘amid the much higher backgrqqund

of two back-to-back jets produced at /s = 8OO CeV. ‘

II. THE CALORIMETER, ENERGY DEPOSITION, JET RECONSTRUCTION

Figure 1 shows an axial view of the trajectorics of the particles from a
decaying into tt. The layout of our calorimeter is the following: ! there
are 8 units arranged in an octogonal cylinder around the beam pipes which are
perpendicular to the plane of the paper. The front face of each unit is }2.0
meters from the beams. Each of these units is segmented into 20 cm x 20 cm
towers uhlgh are seperately read out. Each unit covers +65° in theta which is

equivalent to a rapiditv coverage of -2<y<2 out of a maximum of +6.7 for va =
800 GCev.
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The magnetic field was of the solencidal type with a constant BZ =10
KGauss. The neutral particles are represented by dashed lines.

Figures 2 and 3 display the energy deposition of the jets in our octants.
There are 8 towerxs acrxoss and 40 towers along the heam directiona.

Figure 2a shows the points of incidence of different particles on the
face of our calorimeter. '

Each tower consists of 2 mm uranium plates as an absorbef, sampled with
2.5 mm scintillator plates which are read out by Havelength'shifters.3

Our calorimeter is 1.1 meters deep and has a total of 5.8 absorption
lengths and 56.6 radiation lemgths,

The energy deposition in each tower is subdivided into two signals: an
“electromagnetic' part (pulse height in the first 10 radiation lengths of
depth) and the total "“hadronic" part. o

We have assumed that each hadron (photon) interacts after a distance, Z,
the probability distribution of which is given by

£(2) = /) exp(-Z/2)
where 2 is the nuclear interaction (radiation) length. Once the particles
interact we have used the mean longitudinal parameterization suggested by
R. Bock et al.a

The energy deposited, E, as a function of S is given by
dE/dS = £(S)

normalized in such a way that a fully contained shower should deposit all of
its incident energy, E:

=

F £(S)ds = E,

o

For an clectromagnetic shower of energy, E, at 3 depth, X, cxpressed in
radiation lengths such as: X = B(S/X)), the energy deposited will be:

x
I'(a)
where o = 2,236 * 0.7136 log E (E in GeV),

B = 0.5607 + 0.0093 log E.

a-1 -x
dE = E X e dx
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The longitudinal profile of a hadronic shower which starts at a depth,

8, was parameterized by a two compenent expression of the form:
-1 - [P, G

where E {s the inclident energy, X = BE-(S-SO)'XO is the number of radiation
lengths accumulatet since the start, So. of the shower multiplied by a dimen-
sionless cocfficient By, y = B," (S-S ¥A is the number of absorption lengths
accumulated since the start of the shower multiplied by another dimensionless
coefficient, Bll‘ C represents the “electromagnetic component” of the hadronic
shower (0 < C = 1).

We used the values fittwd to the UAL calorimeters after special precau-

tions were taken to insure lincar response for hadrons below 2 GeV and photons
below 0.5 GeV:

C = .4634

Uy = 0.6165 + 0,3183 log E (E in GeV)
BH = (0,9099 - 0,0237 log E

e

3!: = 0.2198.

For the lateral development of the showers, we have used a two=d imension-
al gaussian distributjon where the variance, o, was r.aken‘ to be equal to one
half of one “equivalent absorption (radiation) length" for hadrons (photons).
fne equivalent absorption length in our real calorimeter is defined as the
total depth of the calorimeter, 110 cm divided by the total of 5.8 A; for
the hadronic component: % % 19 cm; for the clectromagnet ic component of the
hadron shower and for plotons and electrons: e T 2cem,

We bave also assumed that the scintfllators will react only to the “visi-
ble energy" which was taken to be 90% out of the P_lectrom;ugnetic showers and
70% of the hadronic showers.

We have assumed that the pulse heights of the scintillators and the wave
length shifters do not suffer from attenuation length problems.

We assume a AE/E = 0.40//E as a hadronic resolution and a AE/E =
0.15/V/E as an clectromagnetic shower resolution. Those values are actually

about 10% worse than the measured ones in similar uranium-scintillator calor-
R 5
imeter.
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No other shower development-depasition fluctuations were used for
this atudy.

Figures 2b and 3b display the energy deposition in two of the occtants of
Fig. 1. The energy deposited in each tower is repregented by a vertical line.
The scale is indicated by the vertical line in the lower left corner of the
figure. All of these energies are projected onto the front face of the cal-
orimeter ard a one to one correspondence with the point of incidence displayed
in Figs. 2a, 3a should be visible. Sometimes the energy in a tower appears
as a double width line: the left part is proportional to the energy deposited
in the “elevtromagnetic floor" {first 10 radiation lengths); the right line
represents thoe total energy of the tower.

The histograms of Figs. 2b and 3b show the energy deposition when one
projects all the towers on the two directions. The dashed histograms repre-
sent the enexgy accumulated in the “electromagnetic floor" only.

in this particular shower simulation, all the geometrical effects were
taken {nto account: non normal incidence, side and back leakage.

Pattern Recognition

A rather sophisticated pattern recognition program was made. The program
is able to identify subclusters of energy deposited within a jet.

For this paper we have used a simplified pattern recognition program in
which every jet was treated as a single cluster and all the energy deposited
in the calorimeters was assigned to our fets. This approach should be equiva-
lent to some on-line fast processor pattern recognition to be used in a possi-
ble multi~jet trigger. Ei is the summed energy deposited by all the particles
into an individual tower. From each hit tower a vector wasg congtructed from
the center of the intersection region towards the center of the tower on the
calorimeter face, defining a four vector (Ei‘ai)‘

This procedure introduces numerous approximations and systematic bilases:

1. The front face of the calorimeter does not represent the “effective
plane' where the center of gravity of the shower should be located.

2. The positioning of the shower in the center of the tower doeg not
give the best estimate of the direction of the particles. (Improvementsa
could be done by smaller tower cross sections, by balancing two independent
left-right readout of the pulse height of a particular tower, or by
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conafdering the pulse height in adjacent towers to the one struck.)
3. The fact thar no mass is assignoed to each tower in forming the four
vector could bias the measirement of the jet mass.

I11. IDENTIFICATION OF JETS VIA CALORIMETRY

Fh‘styyue will address the question of how the magnetic field will affect
aur meaéurnents of the properties of the jet, 40 GeV u quark jets were gen-
erated in ISAJET and projééted into our calorimeter. The mass of the jet
calculated from ISAJET was m = 12,5 * 4.8 GeV. In Fig. 4a we show the mea-
sured mass in the calorimeter as a fuhctlon of the magnetic field. For Bz =
0 KGauss we obtain m = 10,9 : 3.1 GeV.

One can obgerve that the mass of light quark jets is independent of the
strength of the magnetic {leld applied. In fact it is also independent of
the direction of the fieid as well. .

Of course these statements rely heavily on the way we agssume that the
quark materializes into hadrons. The total momentum of the jet is affected
by the intensity of the magnetic field arnd this can be seem in Fig. 4b.
Nevertheless, for Bz = 0 KGauas the calorimeter measures a momentum of 39,3
*+ 4.6 GeV to be compared with a momentum calculation of 39.4 * 1,0 GeV from
ISAJET. ‘ ,

The shift in mass as calculated by calorimetry in compar ison with the
direct calculation in ISAJET is most probably due to the hiases (1) and (3)
ment ioned at the end of the previous section. We slzo remark that the per-
centage error in the measurement of the mass wis hnt increased by the cal-
orimetric method.

Ome of the most interesting quéstions for the future physics is: can one
identify the quark by measuring the jet mass? We have assumed a fixed decay
chain for the t quark ard changed its mass in steps up to 25 GeV. The solid
dots in Fig. 5 represent the mass of 4D GeV t jets calculated in ISAJET as a
function of the quark mass for B, = 0 KGauss. The triangles and the X in the
same figure show the calorimetric calculated mass for two different accep-
tances of the calorimeter: |Ay| < 2 and |Ay| < 1, respectively. Cne can ob-
serve that when the mass becomes non negligible in cmnpar:laon'with the
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me entum of the jet, the acceptance of the calorimeter should be maximized,

QCD predicts at y = 0, p = 40 CeV, a ratio of 1/1000 for t quarks versus
all the other light partons: u, ¢, 8, g. For a calorimeter with a |Ayl <2
the calorimeter measures m{u jet) = 10.9 * 3.1 GeV and m(t jet) = 18,6 ¢ 4.5
GeV (for a t quark mass of 20 GeV). 1If one selects only jets with a mass
bigger than a certain mass, m, we have calculated by how much the t jers/all
jets ratio will increase. For example, let us assume that a very sharp trig-
ger threshold can be applied on the mass of the jets. If one accepts only
jets with a mass bigger than 18 GeV, onlv ~ 17 of the light constituent jets
will survive and we will loge ~ 48% of the t quark jets. Now the ratio t jets/
all jets lus bécome approximately 4%, This ratio 1s displayed in Flg. & as a
dashed line as a function of the mass cut, m. If one assumes that the t
quarks are produced in pairs (i.c. back-to-back t,t jets), the rejection
over the regular constituent jets is much bigger and the ratio of tt jets/all
jets can be ~ 90% (sce solid line in Fig. 6).

In the 1SAIET Program the mass of the jet increases when the momentum of
the jet increases, New technicolor states, like Ny may have masses of v 200
GeV and sizable branching ratios I{nto tt pairs., That will require jet identi-
fication for momenta of 100 GeV/c. Figure 7a(b) shows the mass of the u(t)
quark jet reconstructed through calorimetry when those jets were generated
at momentum of 100 GeV/e. One obtains m Jet™ 21.0 ¢ 5.3 GeV and m, jet-
28.7 ¢+ 5.1 GeV for a t quark of mass 20 GeV. Now, the power of rejection by
jet-mass selection against regular constituent jets has become not useful,

In conclusion, the jet-mass should provide a useful tool in selecting
heavy quark-antiquark states at y = 0. A& calorimeter with good solid angle
coverage |dy| < 3 could do the.job for masses of the quark of the order cf
20 GeV and P, of the order of 50 GeV. We estimate that an increase of the
p, to 100 CeV/c or a measurement of the jet at higher rapldity will make the
jet-mass {dentification less useful.

IV. Di JET MASS - IDENTIFICATION OF 2°

To approximate the detectfon of the z° + un or -+ tt, we generated events

with the transverse momentum of each jet set to 50 GeV/c and reconstructed

889




the dijet mass in our calorimeter, The results are shown in Fig. 8. The uu
spectrum {s much sharper than that from the tt. The reason can be found in
the reconstructed momenta spectra, Fig. 9. The low tail in the momentum
spectrum in the t(t) case occurs because of missing the energy of neutrinos
and'muonn. For t Jjets the average' number of nau:ﬂnolypet 'jct is 0.81 and
the average number of muons per jet is (,4) vith mean momentum of 4.3 Gev/e
when the jet is at 40 CeV/c. The mass resolutions are shown in Table II.

Other Methods of Differentiating Jets

We studied a variety of other methods of diatinguishing jet flavors by
constructing simple moments. Some of these are shown in Fig. 10 for v and ¢t
iets. Events were generated in ISAJET. Each moment was calculated from the
four-vectors assuming a perfect detector. We define

LE B“
11

<™= aJi -®"
}::i

1
wvhere l".i is the energy of the ith particle in the jet and 81 is the angle be-
tween the ith particle and the jet axis. It is clear that <¢> gives a better

separation between the u and t jets than <82> or <83>.

Wa also tried various moments involving

n
: 21191‘:
<Zp“p m =l -

where z1 is the fraction of the total jet momentum the ith

th

particle has, and

Py is the transversc momentum of the 1~ particle from the jet axis.

<Zp12=~ gave the largest sepsration of all those tried » about 10:1 re-
jectir at the cut shown.
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Table I
Tve 90° Jets of t,t Quarks with 106G Gev p, Fach at ¥s = 8OO GeV

t
-
P pi Beam jet 2 ; Beam jet 1
r
(D % K T
L (ub)*wonon—n'non'np-.-
L (ub)y
N
b kO tr®n®r”
T (sE)nK*nwouw‘n°w+p+n‘
. u \A_u,,(d!-n.\*mwén'
L by + v

L F-1r+1r°ﬂ+1r-

L*KOK-W+WDW-

o + 0 -4 - +

beam jet 1: Ap mntnp p o owp
LR IR I

beam jet 2: npuwp pppo ™

Table IT

Central Values and Sigmas for Momentum and
Invariant Masses Calculated from the Calorimeter
P

L
(of each jet
generated in Gel/c) Pj et(Gerc) mj et (GeV) ™4 14 et(GeV)

ua 100 99.0 + 4.8 21,8 ¢+ 5,2 202,5 * 6,3
50 49.5 t 3.4 13.7 * 3.1 102.6 & 4,7
tt 100 88.6 *11.7 28.7 ¢ 5.9 185.7 #17.9
50 41,7 + 7.4 20.9 * 5.0 93.4 $10.8

3
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Fig.
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Fig.

Fig.
Fig.
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Fig.

Fig.
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FICURE CAPTIONS
Axial viewof a z° » tf as scen In the specific calor=
imeter descriked in the text,
Energy diatributions and trajectories projected to the front face
of the calorimeter in actant 3 for the event in Figure 1.
Energy distribut lons and trajectorics pridjected to the front face
of the calorimeter in octant 6 for the ejfvenr in Figure 1.
a) Mass of the jet measured in the caldrimeter versus the magnet ic
field strength; b) Momentum of the jct:‘imeasured in the calorimeter
versus the magnetic field strength.
Mass of the jet for various masses for the t-quark.
Ratio of the number of t jets to all jets observed as a function of
the lower limit of quuark mass accepted. At m = 0 this implies no
mass cut so the value of 0.001 is the ratio of the ezspectt\l number
of t quarks to all quarks produced.
a) Mass distribution of u quarks with momentum of 100 GeV¥/c; b)
Mass distributions of t quarks with momentum of 100 GeV/c,
Dijet invariant mass distributions reconstructed from the calor-
imeters for a) uu and b) tt events with 100 GeV invariant mass.
Momentum distribution for 50 GeV/c, a) u and b) t jets, recon-
structed from the calorimeter.

Var{ous moments for u and t jets = se¢ text for details.
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SIMPLE CALORIMETRIC TRIGGERS FOR PHASE 1 OPERATION

S. 0. Smich and H. Gordon, BNL

We would llke to evaluate the usefulness of varlous analog calorimeter
sums as triggers in Phase I. In particular, we are concerred about the
effects of muleiple minimum bias events within the same RF bucket which we
would like to select against. Here, we define minimum bias events as those
interactions comprising the hulk of the 50 mb total cross section which de
not have high transversc momentum jet structure. If we further define
Phase T to be L = 2,7 x 107} ca™2

immediately sce that the mean number of events/crossing is .3 and the prob-

sec-l with a 220 ns hucket spacing we can

abilitles of sceing €, i, 2 or 3 events in any single bucket is

n P Erequency (Mc)
0 -741 -

1 .222 1.01

2 0333 «13

3 .00033 <015

For this study we will imagine a hadron calorimeter which covers the full
27 of azimuth and the entire rapidity interval between y = %4 2.1° <0<
177.9°). We will consider neither the effects of calorimeter resolution nor
those of a magnetic field.

First of all, energy sums which are not weighted according to the €
position of the calor{meter elements do not scem to be useful to us as thay
will be dominated by swall sin9 low transverse momentum cvents. 1f we think
that large trangverse momentum characterfzes interesting events we should,

accordingly, make sums over the calorimeter elements such as

N
Ez P E; sing ~ t  Igl.
i=l particles
dere the sums go over the entire solid angle coverced by the calorimeter,
We were ahle to generate distribtution for ET =

patEicles ‘ﬁ.i during
the workshop using Frank Paige's Monte Carlo event generation programs for
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both minimum bias and QCD jet events. Figure 1 showa the resules for the
minimum bias case. Typically a minimum bfas event has 20-30 particles in
the calorimeter depositing only about 8.3 GeV for E’t’ The E,,r disgribution
appears surprisingly gausaian with o v 2,6 GeV. The d{stribution arising
from 2 and 1 simultanecus events is alge shown,

In Figure 2 we compare the E‘.T distributions of QCD jet events with
thar resulting from the minimum bias events. Note that at this choice of
Iuminosity and crossing frequency that events containing jets of LA 20
GeV/c have an E’l‘ distribution well above that of the minimum blas events,
If the mean number of interactions per crossing is increused the minimun
bias digstribution will flatten out.

It ix likely that if the existence of jets is clearly established
a more seiective jet trigger would be desired. To this end, we imaginc a
series of overlapping calorimeter sums each of which covers only a limited
range in az{muth and zapidity.. Aftcr an initial trigger resulting from
Quy ET sum, We mig};: checli to see if the largesat of these more restricted
aums (defined as ET). is greater than some threshold value. We would Like
each A¢, Ay area summed over to be large enough to efficiently collect the
encergy of a jet centered on it but small enocugh to select against the more
diffuse mivnimum bias events. We have chosen Ad = 45% and dy = 1.

Figure 3 compares the E; spectra for minimum biag (including multiple events)
and QCh jet events having a jet with PL > 10, and 20 GeV, Clearly, the
discrimination against minimum bias events has been greatly tmproved,

In conclusion, the use of sind weighted calorimeter sums would appear

useful for discrimination against minimum bias events and multiple low l’1

interactfonz at Fhase I ISABELLE. In particular, the trpe of restrictad

sum described in the text should make a gouvd jet triggei.. An F‘T threshold
of 25 CeV would result In a counting rate % 10 kc and reasonable signal to

*
noise. E.r trigger thresholds anywhere above 10 GeV appear to completely

suppress the minimum bias events. If one desires to separate multiple events

by detecting a total emergy greater than the available /; a calorimeter

coverage of at least iyl 2 7 isa required. Pseudo-rapidity y = 7 correspouds
to a polar angle, 6 = 1.8 mR.
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Figure 1.

Figure‘z.

Figure 3.

These are the distributiona in ET arislog from one (solid
line), two (dashed line) and three (dottud line) minimum
bias type events occutting in the sameé RF bucket. The

normalizations are correct for L = 2,7 x 1031 with 220 ns

buckei spacing and assuming poissonian statistics.

This graph cowparex the ET counting rate distributions
arlaing from all minimum blas events, including multi-
event buckers (solld curve) wi:h those arising from QCD

jet cvents haviag at least one jet of rozal transverse
momentum greater than 10 GeV (dotted curve), 26 GeV (dashed
curve) and 30 GeV (dash~dotted curve). The QCD jer curves

do not include multiple event effects.

These are the resulting distt;bu:;ons»yhenVphgilatgcst ET~
sum over a limited region (A% = %, &y = 1) is sought for a
trigger. The solid curve arises from all minimum bias evernts
(n < 4) while the dotted and dashed curves are due to the

QCD jet events where at Zeast one jet has a total transverse

momentum greater than 10 or 20 GeV, respectively,
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LAPDOG - A LARGE ANGLE FELECTROMAGNETIC EXPERIMENT FOR ISABELLE

L. Ahrens, S. Aronson, H. Foelsche, B. Gibbard,
P. Wanderer, H. Weiaberg, P, Yamin, BNL
D. Cutts, R. Lanou, Brown University
R. Enge'mann, P. Grannis, J. Kirz, M. Marx, K, McCarthy, SUNY

In the summer of 1980, a group of physicists from Brookhaven, Brown and
Stony Brook held a small workshop to begin development of a propesal for
1SABELLE, aimed at high resolution studies of 7*, v, and electrons. Although
we make no pretensc of predicting which questions willi be most funéamental
when beams begin circulating, it seems a very good bet that the high luminos—-_
ity afforded by ISABELLE, will enable exciting new work in.the realm of short
distance (high mass and high pp) phenonema. With our eye on this kind of
physics, we have focussed on detection of electrons and gammas, feeling that
the widest range of studies can thereby be enabled - without an excessively

large detector.
1. PHYSICS GOALS
There are several specific topics which we have used to develop our

ideas:

1) Dielectron studies ~ Either the 2* and (tt) states will be ‘observed

before ISABELLE or not. 1If not, we would want to be in a position to search
for them, if so we must study their properties. The yield of z"'s is a meas-
urement of QCD scale violations. It will also be crucial to measure the phys-
ical width of the Z® as an indicator of the number of neutrino species and to
search for fine structure in the (tt) production, as observed for:y and T.
This requires good energy resolution for the electrons; calorimet?ic measure-
ment of E is better than magnetic determination of p above some ehergy. We

believe it possible to achieve resolutions good enough for these measurements
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with & syatem hased on lead-glasa shower detectora or the equivalemt.

Other aspects of clactron production intereat ua; study of the continuuwm
(Dreli=Yan) of e*e™ yields important information on hadron structure. Ob=
servation of W' through their leptonic decays is obviously of interest.
Finally, wve would like to be amnsitive to the Niggs boson (or any Goldstone
Boson of similar propertiea). This latter poses a severe experimental chal-
lenge if the boson mass exceeds 20 GeV/c2, A good resolution dilepton ex-
periment may however be sensitive to some possible H* chanmels = vie, H' + y¢
or T, 2"+ H" + maasive e pair or (tt) = W* + Y,

2) High py particle production - With 700 GeV available in the center
of mass we ewpect to be able to get significant counting rates of high pyp
aingle particles out to 60 GeV/c, a factor of four increase over the presently
atudied range. We choose to focus on measurement of 7* and Y, rather than

identify m3/Kk¥/pt for several reasons. We do not feel that comparison

of say wva K producticn at the low Xy available is likely to give any
insight into small diatance phyaica that has not been better measured at fixed
target machines. Charged particle identification is expensive in real estate;
we favor doing a good job on electromagnetic particles, judging that such a
strategy opens more interesting windows than particle identification. As an
example in the high py realkn, with good EM detection we expect to distin-
guish single v from 7*, This is important since current theory suggests quite
different characteriatics and underlying mechanisms for these two. We note
that the precision of SE/E measurement for EM particles improves with energy
vhereas Sp/p measurements from magnetic deflection get worse. For the geome-
try discussed below the cross-over is around 20 GeV.

3) Multilepton atudies - Many sources of multilepton production can be
imagined. Specifically there are the possibilities of Higge bosons, W, new
sequential leptons, neutral heavy leptons or naked top states - each of which
can decay into cascades of ordinary (e,i!) leptons. Thus a detector that has

chosen a focus on electrons in scme portion of its solid angle might very
usefully be augmented with muon detectors over some remaining solid angle and
thereby provide useful information on multileptonic final states. We have not

imagined this class of phyaics to be the main motivation, but rather an inter-
esting area for expansion.
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4) Jet studies - Much attention has been devoted in recent years to jet
production at high pg;, the hope, somewhat fulfilled, has been that jets may
reveal underlying cqnai:ituent structure more directly than iingla hadron pro~
duction. Bxperimnt'elij.y. recovery of a clean jet uigﬁnl awash in a flood of
hadrona has been a maj«‘_)t challenge in hadron-hadron collisions. We may expect
however that at very hi‘igh pr» the iaolatit&n of jets may become simpler. It
is also of great intrinsic interest to study pr and angle dependence of jet
production. It is ptohably true that, ow:.ng to the complexity of the fimal
state, information from several complemenl.ary experiments will be useful, We
have not chosen to optl.mue a detector for jet physics; however we foresee
that many intereating results could be obtained. For example we may want to
compare jets renoilingﬁagainst high pp 7 's and v's to help distinguish
variouas scattering subﬂrocesses. Sensing the absence of recoiling jets for
single ‘;high pr electrons should materially help enhance the Wt gignals.

II. GENERAL DESCRIPTION OF THE APPARATUS

Theie are several j"important congiderations that have colored our discus~
sions and seem to be central to our thinking.

1) Of the many physics possibilities, we feel most excited by the oppor-
tunity to probe the very short distance structure of hadrons and the chance of
studying new massive particle states. A natural avenue that focusses on both
of these areas is a h1gh pr experiument which emphasizes detection of "™,y
and electrons. !

2) We find ther€§ are many reasons to push for the best available energy
resolution of EM partficles. We aim for measurement of the width of the Z° and
resolution within the family of (tt) states. Good energy resolution is also
essential for discriminating 7* from single Y. Thus we envision an electro-
magnetic calorimeter  based uﬁon lead-glass Cerenkov counters =~ or any afford-
able alternative of ¢omparable resblution. We are willing to sacrifice, for
example, full 47 solid angle coverage for the best resolution.

3) For various reasons, we prefer s configurstion thst does a few exper-
iments very well to a global program which can do somwe of everything. This
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atyle of esperiment seems to be favored by all participants in the study to
date. Implied in thia atyle is an intention to resiast designing a gargantuan
apparatus and to be content with the merely huge. Realistic budgets for auch
an experiment are limited to $5 million.

4) We feel rather strongly that good first round experiments will be
moat auccenaful if they are kept relatively simple. Our ideal of course is to
find a design that is simple to calibrate and run and which allows straight-
forward analysis to yield quick physics regultsa, There is some historical
precedent to support the feeling that simple experiments will produce the best
phyeics in the early years of running, A corollary to this simplicity
argument is that it may be more productive to do experiments where trigger
rates can be kept low and thus highly optimized computer analysis is not
required. We have, for example, felt the need for a magnetic fisld but hope
to keep the tracking chambers out of the main magnetic volume. Thus - we hope
~ we pregerve most of the simplicity of straight line pattern recognition and
fitting.

Several tactical decisions have been made following the adoption of the
above conaiderations.

A) In order to discriminate electrons from charged hadrons with good
certainty we need some additional identifying method beyond the energy meas-
urement in the EM calorimeter. We have rejected Cerenkov identification as
unwieldy and space consuming; transition radiation detectors introduce a nom
negligible mass detrimental to et studies. We opted inatead for independent
measurement of momentum with a magnetic spectrometer system. Comparison of
(8/p) with one seems sufficiently powerful to identify electrons reliably,
particularly when coupled with longitudinal shower development information in
the calorimeter. In order to keep the calorimeter site to a minimum, the
field should be as close to the beams as possible.

B) The calorimeter array, in addition to having good energy resolution,
should have reasonably fine position resoclution. Part of the recson for this
is simply the high multiplicity expected at ISABELLE and the need to avoid
spatial overlap of several shower deposits. Fine pegmentation is also neces-
sary for the method we have in mind for distinguishing =* and v. Briefly,
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thia method consiata of running with a radiator foil (“1/3 r.1.) before the
magnetic field. Electron pairs from gammas which convert in the foil are then
aeparated by the field and show up in the calorimeter as two distinct energy
cluatera, 1f the e*e™ pair ia accompanied by another Y (as in7*® or n
decay) we expect tc see a third anergy cluater between the electron hits.
Single Y'z should present a pattern with no third cluster. Our studies show
that for spatial cella in the 5-10 cm range along the bend coordinate, this
method effectively separates 7 and Y, even in the presence of radiative
effects and multiple scattering. The energy resolution of Pb glass plays an
important rele toc, for those cases where the electrons radiate hard Y's and
the effective e*e™v mass muat 50 computed.

C) The magnet, while esseatial to our scheme, is not the most important
feature of the experiment. It must therefore be simple eiough th.it it neither
daminate the budgei nor the effort.

D) We recognize that it is likely to be impossible to build or instru-
ment a detector which covers 47 solid angle and has the desired energy resolu-
tion, keeping within our presumed budget. :

We have discussed at some length a range of comproﬁise solutions in which
restricted coverage is achieved. We conclude that, for a fixed area or solid
anglé affordable, we are better off to keep 2y (or A8) large at the expense
of 44~ rather than the reverse. Thia is dictated by our choice of high pp
phyaics. For example, 2" + e*e” decay is expected to give electrons over
a rapidity range of aﬁou: *2 units with roughly equal probability; the
azimuthal correlation of the two elecrons is great, owing to the large mass
and limited pp of the 2°. Similar conclusions are reached for jet or Wt
atudies. Simply scated, in high pp pair physics one pays once for
restrictior in ¢, but twice for restriction in y.

E} We imagine that our goals can naturally be accommodated in the Wide
Angle Hall scheduled for the 6 o'clock insertion at 1SABELLE; thua we would
like to design a magnet compatible with the beam extraction lines, We also
should keep the magnetic field effect on the intersecting beams to a minimum.

The detector which has emerged from our discussions is briefly described
hars. We chose a magnet which is basically an iron filled toroid with field
lines directed azimuthally. Two open wedges in this magnet of approximately
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+23" aach are made in the horizontal plane and define the azimuthal aperture.
Inner and auter toroid radii are 73 and 175 cm; the field integral i& about
1.3 Tm. Tracking chambers (drift or FWC) are located inside and outside the
magnet for mementum determination and location of particle hit positions at
the EM calorimeter. The Pb glasa calorimerer beging at r = 225 cm and extends
to approximately 300 cm. This calorimeter is built from long rectangular
pieces approximately 6.5 x 6.5 cm? in cross-section. Many layers (8-10) are
then raquired to achieve the necessary depth for shower containment. Photo-
tubes are mounted on the small area cross sections at top and bottom of the
array. At least three PWC's are interleaved in the matrix to give accurate
ghower positions at several depths and for tracking calibration muons through
the array. Sketches of the detector are shown in Figs, la and b.

IIT. MAGNET

The magnet design for this experiment is shown in Figs. 2a and b. It can-
be conasidered as an iron toroid with 2 air gaps or as 2 oppositely directed
dipole fields. 1t has beer chogen to give reasonable momentum resclution over
44 % w/2 and 25° < @ < 165°. For this type of magnet the bend plane
contains the long dimension of the interaction diamond, necessitating chambers
near the beam pipe., Figure 3 shows the field strength vs distance from the ‘
colliaions point, The inner and outer tracking regions contain about BX and
192 of the total field integral respectively. One quadrant of the field con-
figuration is shown in Fig. 4, which indicates that the field on the lead
glass phototubes, or on the beam pipe, can be easily minimized. An attractive
feature of this field is that in the beam view {Figure 4) there is very little
bending, facilitating tracking and/or triggering. 1In order to achieve the
requisite field integral and minimize power consumption, we expect to use
superconducting coils.

This design permits us to retain a great deal of flexibility in the
experiment. The magnet cam be translated down the beam, or left ard right
half split and displaced with respect to each other. There is sufficient iron

in the return to permit slots for possible muon tracking (there is equal JBdl
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in the vertical plane) or even hadron calorimetry. There is sufficient room
ta place tracking chambers above and below the beam pipe.

Coat for this magnet, including transport mechanism ia about $2 million.
Design work of the magnet and transporter have been in progress at Brookhaven
thia year.

IV. ELECTROMAGNETIC DETECTOR

The electromagnetic detector, which is at the heart of this experiment is
designed around lead glass. We will attempt to implement a minimum amount of
glass conaistent with a AE/E = 0.04/VE + 0.006 achieved by Appel et al. 1In
addition we want positional information such that we get good hadron rejection
and directional information,

The resulting design, shown in Figs. la and b is one with all elements
made from blocks 6.5 cm x 6.5 cm x varying length all stacked with the long
axis vertical., The 6.5 ¢m x 6.5 cm size is convenient segmentation for both
phototube size and hadron rejection by lead glass alone.

Magnet dimensions and charged particle tracking constrain the array such
that the first plane of lead glass is 225 cm away from closest approach to
beam line.

Although in principle the coverage in angle can be done in a stack with
blocks all in the same plane, this is more costly in lead glass, The presence
of the wire chambers makes it awkward to "round the corner" near the end of
the magret by the simple expedient of stacking the blocks like a cross-word
puazle - the chamber edges have to be dealt with anyway. Instead, we divide
the detector beyond the magnet end (+2 meters or +36.5" from 90°) by four
smaller “transition" pieces with stacking identical to that of the "barrel"
(see Fig. 1b). These "tranaitions" pieces cover down to @ 325° with a dead
region of about 2.5° at @ =53",

There are eight layers of lead glass. 1In a radial direction at 90" to
the beams this presents 21.5 radiation lengths. Wire planes are placed
between layers 1 and 2, 2 and 3, and between 4 and 5 and after layer 8. These

chambers serve to provide, via their segmentation, several functions: 1)
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determination of correction factor for showera developing late in the stack of
only 21.5%,. 2} greater precision in gamma direction determination than
obtained frow dlocks alone (wires free us from necessity of finding vertical
position via pulae height division in blocks), 3) again, via improved
spatial resolution, they ahould increase our ability to reject hadrons vs
ahowers; and 4) to track muons through the array for calibration. The
placement of the chambers has not been optimized; they are spaced with the
following conaiderations in mind: 1) three z-segmentations seem minimal, 2)
the first two divisions were placed after 2.7X, and 5.4X, to make sure
that the probability of getting an carly sampling of shower development wvas
high. 3) the third division was made as deep into the stack as seems
conzistent with being far emough in for late and/or long shower conversions
and adequate moment arm for direction méasurement but not so far that it was
rarely used to provide the third gegment for hadron rejection and/ or energy
correctiona.

The total weight of lead glass ia 92 tons and consists of 3400 blocks.
In order to contemplate uvsing such a quantity we have embarked on & program to
reduce the cost of lead glass without compromising its performance. So far we
have shown that it iz possible tu use blocks which have not had the four long
sides cut, ground and polished. The untreated surfaces are very smooth, but
in comparison to polished blocks the surfaces are rippled and the corners
round. (Fig. 5) This discovery alone is empected to reduce the cost by a
factor of 2. We are proceeding with other ideas for savings, such as using
blocks that are not "fine" annealed. We have tested an array of 30 of these
blocks to compare resolutions with different orientations and to study how
well the energy apilled out the back of the array can be predicted from an
individual longitudinal shower profile. Preliminary analysis suggests that
energy resolution is as good as, ot nearly so, that achieved in a single
15 % 15 cm? block containing the entire shower. We have also studied pulse
height variation with distance from the phototube for a full length (140 cm)
bar (Pig. 6) and variation with angle of electron incidence (Fig. 7). We be-
lieve that the unifermity of light response is adequate for successful
control. We cdo however feel the need for better energy resolution and cali-
bration studies in high energy electron beama.
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At thia moment we estimate the glass arrvay will coat $2.%M including
glass, phototubes and readout electronics.

The mess resclution for 90 GeV e*e™ states ia wholly dependent on the
energy rasclution of the lead glaxs, 1f we assume resolution of ap/E =
0.006 + 0,042/ & for the eaeryy measurement (0 = 0.9 GaV at E = 90 GeV),
our simulations show that o, for the 2* masa is 0.75 GeV., With energy
resolution Og raised to 1.34 GeV, the masa resolution increases to about 1.0
GeV. The physical 2° full wideh T is expectéd to be about 3 GeV, with an
additional 0.2 GeV added for each new neutrino type, A preliminary estimate
suggests that about 300 2° decays, measured with resolution oy = 1.0 Gev,

will suffice to measure T to the deaired accuracy.

V. TRACKING SYSTEM

We expecc to have a system of drift chambergs around the beam pipe, in
front of the lead glaas and distributed through the lead glass array. While
the momentun measurement ia unneécessary for measurements of the Z°*, it is
ceucial for the single e* physica and will be useful in limited jet studies
and in calibration work. With presently available chamber resolutions we find
&p/p % Cp with € = 1,35 x 1073 (Gev/c)™! at @ = 90° and C = 0.63 x
1073 (Gev/c)~! at @ = 45" which is appronimately equal to the lead
glass renolution for 20 GeV/c €. Designs for this system have not been
completed.

Vi. RATES

e have calculated some rates for the experiment outlined above, using a
lmincéity of 2 x 103! (cm? sec)~l, Using the computed 2° produc-
tion cross-section of Paigel and a branching ratio of 3% inte e*e™, we
find 0.15 z' detected/hour. The acceptance for 2° * e*e” is found from
Monte Carlé simulation to be about 0.04 =~ in part because of the limited A9
coverage {AQ/2r = 1/4) and in part due to loss of electrons near the beam pipe.
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Similarly, for a (Et) bound state at m = 50 GeV we estimate 0.12 detected
eventa per day.

High pr n"'s within the vapidity range [yl < 2.5 occur in detectable
quantity out to pp * 60 GeV/c. Using current QCD prediceionsd we expect
20 events/hour at pp = 20 GeV/c and 0.1 svents/hour at pp = 60 GeV/c.

Single protons can be detected using the technique discussed above, although a
loss in rate is incurred by the need to convert a Y and by trigger selection
cuts. Assuming v/t = 0.1, we find about 2 direct y/hour detectéd at 10
GeV/c, dropping to 0.12 per hour at 20 GeV/c, Our Monte Carlo studies
indicate that 7"'s are miasidentified as y'as about 10X of the time so that
measurement of v/nm of less than 0.1 becomes difficult.

Studies of multilepton rates are less well understood. An estimate has
been made for the case % -~ tt, based upon instrumentation of magnet return
yokes as muon identifiers and muon filters behind the electromagnetic
calorimeters and assuming 10% semileptonic decay branching ratios at each step
of the quark cascades. We find that three lepton events occur about half as
often as detected 2" -+ ¢*e”, whereas four lepton events are geen at about
2% of the 2° - e*e™ events.

Consideration has beea given to some of the backgrounds expected. For
the electromagnetic detector the relsvant question is the probability of
another v* or ¥ hitting a cell already struck by a high pp particle. With
less than one event per bunch crossing, the only hackground, given adequate -
shielding to the beams, im that from the same event. We estimate this
probability to be 2 x 10“3, hence on wéi-nge, an extra 0.5 MeV deposited
in the cell. A mimilar overlap probability may be expected in the tracking
chamber cells. Since this experiment would not place a premium upon
interaction vertex reconstruction, we do not envision particular difficulty
even if the luminosity in bunched beam mode were to rise to give significant
multi~interaction crossings.

In summary, we a‘e enthusiastic about the proepects of early turn on of
ISABELLE with luminosity of 2 x 103! (em? sec)™!. We feel confident
that our major goals of elucidating the vector boson properties and extending
high pr particle production croéi-eections can be achieved. The praposed
esperiment would enable us to lack in previously unexplored regimes of energy,
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maas and transverse momentum. We imagine that interesting work can be done in
examining multilepton events, multigamma production, and in correlation of
jeta with high pp particle production. Higher (unbunched beam) luminositiaes
will greatly aid these studies, but we feel that first round ctudies at the
projected Phase 1 luminosity will ke invaluable in pointing out which aspecta
n0at deserve further study at higher rates.

VIl. REFERENCES
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FIGURE GAPTIONS

Fig. la. Schematic beam's view.

Fig. lb. Schematic plan view,

Fig. 2a. Croas section of split toroid/dipole.

Fig. 2b. Plan view split toroid/dipole.

Fig. 3. Toroid field in median plane.

Fig. 4. Field map for one quadrant of detector.

Fig. 5. Lesd glass blocks used in optical comparisons.

Fig. 6. Observed pulse heieht vs distance from phorotube in a 140 cm long
lead glass bar.

Fig. 7. Variation of pulse height with angle for polished and extruded lead
glaas bars.
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THE MAGNETIC RALL DETECTOR

M. Chen, MIT, C. Cheng, IHEP Beijing, T. Matasuda, MIT,
H.W. Tang, YHEP Beijing, and J. Warnock, MIT

I. INTRODUCTION

The records of high emergy physics in the last decade are full of
suprises and successea. Among these are’the discoveries of new quarks and
leptons and the succesa of gauge theories. The Glashaw - Weinberg - Salem
SU(2)xu(1) model for the electromagnetic - weak interaction and QCD for the
atrong interaction are the highlighta of the latter. However, at present our
scheme has not yet been completed; at least one additional quark is yet o be
obaerved, and the discoveries of one or more 2° and Wt either elementary or
composite, at the mass values either as predicted by rhe standard model or
their absence, will have perfound impact on particle physics. 1f the theory
of maas generation turms out ':o be correct, we have also to find the Higgs par-
ticle (or the technicolored particles). ISABELLE,(U the proton-proton
collider wvhich presumably comes in operation in 1986 with the center~of-mass
energy of 700 GeV and the initial luminosity of 2x1031 cm“zsec'l. will cer-
tainly be one of the best places to study these new phenomena. However, the
ultimate goal of ISABELLE could be still beyond these studies. Because of the
the large center-of-mass energy and the very high luminosity we can expect
brand-new phenomena. Therefore major detectors at 1SABELLE should have enough
flexibility so that they can be modified in the later stage to look for the as
yet unexpected, as well as the capability to study the "standard" phenomena
with high precision at the first stage.

Keeping these points in mind we proposed a high resolution muon/flavor
spectrometer conaisting of a 4KG, large volume (10x10x10 m3) solenoidal mag-
net, high resolution vertex chamber, electromagneric and hadronic calorimeter
and muon chambers as one of the major facilities at ISA.

11. PHYSICS AT 1SA

I1SA will give ua an opportunity to search for new particles at the
highest energy (/a = 700 GeV) with a high luminosity of the order of 2x1031
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cm~2/sec, With the boaster inatalled and with additional superconductive
low-8 quadrupoles closer to the interaection region at the later stage, the lu-
minosity can be further increased to 1033 cm™2/gec. Assuming an integrated lu-
minosity of 1 x 1038 em2 for the firat year and 1090 co~2/year with the
booster, the following physics could result:

This approach that the detector gets more sophisticated as time goes on
matches with the increases of luminoaity.

1) 2%,u® production and the leptonic decays

a) Masaes of 2° and W'

To reveal the nature of the weak force is clearly one of the most
fascinating tasks of high energy phyaics of the '80s. All the experimental ev-
idence from Vp, ve.(n polarized ep(n and recent high energy e*e™ data from
Pctu“) are so far consistent with the atandard SU(2)xU(1) model.

Aftes including the ofa) radiative corrections, the standard

madel predicts the:following values for the W and 2° masses to be(S)

m, = 83.0 ¢ 2.4 GeV . . (1)
m, = 93.8 * 2.0 GeV (2)
with sin? A_ = 0.217 £ 0.012 3

0f course, one cen cbtain sin2f, as a function of wy, or fig. To
determine uinzﬂ,, with a precision better than that given in Eq. (3), ore
should strive to measure m, and m, to within 2GeV. If both are precisely de-
termined, their ratio would show if there is any deviation in the parameter p
WZ

p B amenes—
mzcos 29' (%)

which is predicted to be 1 in the standard model.
b) The 2° Width
Ueing #in6, = 0.217 and m, = 93.8 GeV, the lowest order partial
decay widths of the 2° are predicted to be (in the standard mdel)“’)
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Tot20420) = 0,002 Gev (5a)
To(z0+wVg) = 0.181 Gev (5p)
I'y(2%+hadrons) ¥ 2.109 GeV (5¢)
vhere % is a charged lepton (e,u,T...) and m¢ = 20 GeV has been used in Eq.
(5¢).
Summing over the three lepton species gives

To(20%all) = 2.93 GeV (6

The quantum chromodynamic corrections are the name as those computed for R =

ale*e~*hadrons)/0(e*e™u*u™) if we neglect terms of order m%lmz (mq = gqnark

masa). Such calculations yield(7’8)

T(2%+hadrons) = I'y(2%*hadrons)

2
1. “s(:z) s 1.3 (fs(:z))

m

Using a,(m,) = 0.13 implies about a 4% enhancement in the hadrenic width.
This including radiactive corrections sne finds for the 2°'p predicted tots!
width

I'(29+al1) = 3.02 GeV ()
The result in Eq. (7) is for three neutrino species. If the total width is
found to be larger it could be interpreted as implying the existence of addi-

tional neutrinosa. One finds thav the number of neutrino species, W, is given
by

N, = 5.5 T'(29+a11)/} GeV - i3.7 (8)
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In order to eatimate the accuracy to which l‘z°, the width of the
2%, could be determined from a given numbar of Z%9+u*" eventa, the following
praonedure was adopted. The width was assumed to be 2,9 Gev, and the mass reso-
lution of the detector was taken to be constant at ¢ = | GeV. Purthexmore, it
waa assumed that the cross aection followed the Breiv-Wigner form, and the
background from Drell Yan eventa wag aubtracted out. The Breit?ﬂigner cross
section waa then smeared using a Gausaian function with ¢ = 1 GeV, represent-
ing the masa resclution of the detector. A Monte Catlo(g) was then used to
produce a pair events according tc the resulting curve. The events were then
Rathered into 0.5 GeV hins and the number of events per bin was compared to
the number predicted from the curve used to generate the eventa. A chi .
aquared fit waa carried out; the 2% width used in the Honte'Carlo generation
of the events was varied, vhile holding the Z© width constant in the compari-
son curve. The widths which gave xz value of 1 above the minimum chi square
value were taken as defining the 1o limits on Pz‘ The results were the follow—
ing; with 800 *u”~ events, the width can be measured to 200 MeV; with 300C
u*u" events AT' = 100 Mev. .

The U pair production rate from Z° decays has been calculated
(Fig. 1) to be about 2000 per 1000 hours at a luminosity of %1031 cm~2pecl,
Tha acceptance of any detector for 29+L*L~ as & function of the minimum de-
ection angle is showm in Fig. 2. For a detector covering 30% to 150° the ac~-
ceptance is Y40Z, or a counting rate of 800 U pair events per 1000 hours.

As for the accuracy to which the mass can be measured, the statis-
tical error is given by Mgzo £ (I/2)(1//R) giving Mgy = 50 MeV with 800
| events cbaerved. When systematic errors are included (for example the un-
certainty in the chamber alignment to V100 ym over 5 m diatance in ARG mag-
netic field) Mmy, is estimated to be w200 MeV. This in turn yield sin2f, with
an accuracy of 10.001 in the framework of the standard model.

c) H'-"-hlggtonibv

In order to study the W at ISA with the proposad detector one
would look for the signal from W u*+v. The rate for ﬁ’;u*v is expected to be
18000 per 1000 hours asauming an intial luminosity of 2x1031 m‘zuc"l, and
for W'+u"v the rate ia predicted to be 12000 per 1000h. With a detector
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covaring 30%A<150%, the derection efficiency is w75%. Thig translates into
22500 WX avents per 1000 hr.

The single u spectrum from the WX in pp interactions will show a
signifizant charge asymmetry due to the V-A structure of the Wqq coupling.

The expected asymmetry i3 shown in Fig. 3 as a function of rapidity of the
muon.

There are two major backgrounds for the single lepton from Wiepty
decay. One iz the lepton from 2%+y*y~ decay. The other is from the semilep-
tonic decays from the flavored particies s, ¢, b and t. Their lepton Py spec-
tyum are shown in Fig. 4.

Two signetures vhich can be used to distinguish these events from
the background are the following. Firatly, the presence of a relatively
isalated high Py muon. 1f one looks at the total energy of the hadrons along
the direction of the muon, one can significantly decrease the background due
to the decay of particles with heavy quarks. For the latter type of event,
th§ energy of the hadrons along the direction of the muon is expected to be
!‘iir!y large, since the muon is associated with the hadron jet, whereas in Wi
decays one would usually expect this energy to be smaller. The two distribu-
tions are shown in Fig. 5.

The second signature is a missing Py from the undetected
neutrino. The missing Py distribution from W! decays is compared with that
observed in heavy flavor decays in Fig. 6. Another important source of back-
around muons comes from 2%u*y”~ when one of the muons is mizsed by the detec-
tor. This backaround can be kept small if the detector can identify leptons
in the range 10°¢A<170° (without necessarily measuring their momenta
accurately). Alsa, experimentally measuring the Py distribution of the 2°
allows one to determine the Pp distribution of the W, The distribution
obtained i this way can be compared with the distribution obtained from the
Pp spectrum of the muons from W decay once the background due to heavy flavor
decay and the Z° has been suppressed as discussed above.

The expected u"‘ spectrum from wt decay after one year of running,
are shown in Fig. 7 as function of P for two different values of HH‘ One can
determine the mass of the W: to within 2 GeV from the Pp distribution of the
muons. Thia corresponds *o a A(sinzﬂ\,) of *.02.
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We studied also the possidility of detecting Wretb. A suggee-
ticn of using an R*2* trigger doean't meem fruitful, the effective mass
reconstructed (assuming perfect detection of remaining energy) is so smeared
because of the missing neutrinos that it is impossible to separate this from
tt backaround.

Another possibility is to use charmed particle detection in high
mass jets to enrich the sample of heavy quark jets. 1In Wetb about V40X of
the events have a D (or F) with p> 10 GeV, and 450% have leptons with p > 4
GeV. Assuming one could identify such events one could iilculate the W mass
from the two jets. The present D* lifetime is v5x10~13 sec, for p = 10 GeV/e
¥ +~ 5 meaning Ct <750 1m, sc one needs detectors near the interaction region
that would allow one to reconstruct vertices with g v200 ym in order to select
charm events.

2) New Sequential Lepton

1f a new sequential heavy lepton exists with a mass of less than half
that of the 29, then one can study its properties by looking at events of the
type 29+L'L™. We would require that one of the heavy leptons decays into a
muon and that the other decays hadronica!iy. The expacted rate for this tybe
of event is about 400 per 1000 hours. 1In the detector one would see an
isolated muon opposite to a broad hadron jet. Also one would expect to ob-
serve a relatively large missing P‘l‘ due to the neutrinos produced. The total
width of the Z° would also be increased by the presence of the new heavy
lepton and its associated neutrino; the total coréribution to the width being
about 270 MeV.

1) Search for New Neutral High Mass Leptona

Another possibility is a new heavv neutral lepton with a mass Mzo/2
preduced in the 20 decay; i.e., 2940980, - Assuming that the new lepton cou-
ples with the 2° in the same way that neutrinos do, the width of Z© will be
increased by 180 MeV¥ for each additional type of lepton; which corréspands to
4000 2°2° events. This new neutral lepton could be cbserved by its decay,

e.g., 1%+un, with a mass resolution of better than 1¥ in the proposed detec-
tor.
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4) New Quarks and Onium
1f masaive quarks exist, heavy vector mesons like J or y with new
flavora will be produced in pp colliaione.(‘O) Assuming the Gaisser scaling
law for the heavy vector(") mesone holds and that the ratio of the production
eroas gsection to the Drell-Yan process at mQ6 is the same as that of the J

and x,(u) the vield of such a new quarkonium is calculated as a function of
its mass. The measured width is dominated by the experimental resolutions.
Therefore, the signal-to-noise ratio improves with the mgss resolution, which
we assumed to be mm/m = 1X. As we see in Fig. 8, we can detect such a parti-
~ = 70 GeV at ISA.

2] -
The procesa ZO+tt can be obaerved provided that the mass of the t

cle up to M

quark is smaller than half the mass of the 2°. With an initial luminosity of
2x1031 cm~2/sec, we expect the rate for this type of event to be around 4000
per 1000 hours for mp v20 GeV. The signature for this type of event would be
tvo broad jets witk total invariant mass vm,. Alternatively if we required
that one of these jets contain a muon, these tt events can be distinguished
from the background 2¢wu, dd, §S, cc, bb by looking at the Py of the
muon relative ro the accompanying hadron jet. The tt events can also be
produced directly in pp collisions. The production cross-section as a func-
tion of the mass t-quark is shown in Fig. 9. The tt events give rise to a
higher Py muon on the average than is observed in the events where Z° decays
into lighter flavors and therefore they can be distinguished from each other
as shown in Fig. 10 for my = 20 GeV.

5) Multiple Muon Events

Heavy new flavored particles such as top mesons could be produced at
ISABELLE. Their decay into single high Py muon final states is rather
copious. As discussed earlier, the Py of the lepton with respect to the
hadron jet will be higher for heavy quarks than light quarks. Suck multiple
mion events with multiple secondary vertices will be an important signsture of

the production of heavy flavored particles.(u) Also, if Higgs particles("')

or technicolor particles are prodnced“” at ISABELLE, we could have multiple

muon events through their dominant decays into heavy leptons and heavy quarks.
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6) Lifetime of Long-Lived Particles

The relatively long-lived particleas (10~13 < 1 < 10710 gec) produced
from ¢.g., the 2° decay can be atudied by reconstructing their decay vertices,
making full use of the high spatial resolution and the good track separation
of the time expansion chamber. With a given resolution of o, the vertex poai~
tion along the track direczion ﬁill be determined with a resolution of a/ke.
wheze A ia the angle between the two charged secondaries according to which
the vertex is reconstructed. Since fp,, = 1/y = M/E, the diatance from the in-
teraection point to the decay vertex can be determined with a resolution of
g*y. PFor the sake of simplicity we have aa’aumed,'E 'j: Mz0/2, which strictly is
true only for ¢ and 'high mass leptona. The average decay lengths and resolu-
tiona for varioua particles are showm in in Pig. 11, the distributions of the
vertex distance from the inti&-j;{:étion point are plotted. It is feasible to mea-
sure the lifetimes of ithe particles if they decay into multi-charged final
atates with reasonable hrarching ratios and if their lifetimes are within the
range 10°13 vo 10710 gec.

7) High Masa 20 & w216 )

Although the present data is consistent with the prediction of the
standard model, the intermediate boson atructure to be explored at high
energies ia by no means uniquely determined by what has been observed so far
in the low energy regime. This is why weak boson hunting may still turn out
to be an exciting adventure in the jveuu to come.

The absclute bound on the mean charged boson mass, My 5 178Gev, the
mass relation and the lower bound on neutral beson production represent

roughly everything. an

wvhich can be said about the carriera of the weak force
on fairly general grounds. More detailed predictions in scenarios alternative
to the standard mode! (in the absence of, e.g., a concrote and soluble dy-
namics of subcanstituents) must trely on move specific assumptions, i.e., the
choice of undetermined parameters. A specific two boson scenario was worked
out by Schildkneche and lurodn“a) with Mz = 120CeV (My = 97GeV) and neutral
boson masses ®) = 100 GeV and my = 180 GeV. The higher mass boson may be
consideced as lppro'lilltiﬂ. & possible continuum. For details refer to refer-
ence 18. Pig. 12 shows the production cross aection for pp for the two boson
scenario, & single boson model with Mz = 120 Ge¥, and the standard model.



Experiments at 13A will hopefully decide on the questiomn, whether the
carriera of the weak force are indeed the gauge bosons of the standard model,
or vhether, alternatively, they,fom' a more complex aystem, pérhupl ansociated
with a subatructure of leptons and quarks, quite analogous to the role played
by tha vector muonl“” in QCD. In this case multiple (>2) lepton or quark
jets will provide a dramatic signature vhich can be unambiguously observed by
a detector such as the one proposed hara.

I11. DETECTOR

The detector we propose here conaiats ofg

1) & 4K Gausa, large volume (10x10x10m3) solenoidal magnet,

2) a high resolution vertex chamber,

3) electromagnetic and hadronic calorimeters, and

4) muon chambers inside and outaide the iron return yoke.

At the firat stage of the experiment, only the vertex chamber and muon
chambers will be installed in the mgnetic‘ field. 1In this stage, we will mea-
sure momentum of charged particles, especﬁlly muons, with the resolution of
&P/p = 2%, search for new particles such as 29, wi, toponium, Higgs particles
and the second 2° etc., in their leptenic decay modes, and determine the
masses and the widths of these particles. In the second stage, we will in-
atall the electromagnetic and hadronic calorimeters which will enable us to
measure mi;sing - Pp, energy-flow of hadron jets and lepton-hadron correla-
tions. Thus, as is discussed in the section 11, we can stydy the heavy flavor
productions and search for heavy quarks and leptons in their weak decays, and
alzo Rigas (Technicolor) particles in their heavy particle decay modes.

Beyond thia stage, depending on what kind of new physics might come up at
1SARBLLE At ‘the time, we may modify our detector configuration and add new de-
tector elements in order to identify hadrons, electrons in jets ete., since we
have enough space in the magnet.

The side view and end view of the proposed detector in the second stage
are shown in Pig. 13. .

1) 4K Gauss, Large Volume Solenoidal Magnet _

To. obtain a 4K Gauss, 10x10x1007 solenocidal magnetic field, we plan
to use a conventional aluminum coil magnet. The technical feasibility of this
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kind of large magnet, together with acme options on coil windinge, is dis-
cusaed in ref. 20. The coil has an inner rectangular croas-section of 10x10m?
and a length of 10m. Since power is expensive, we limit it to 2 Mega watts
recuiring the coil thickneas of 40 cm. Total weight of aluminum coil would
be 700 tona. The iron aurrounding the coil has a thickness of 60 cm (3.5 adb-
sorpkion lengtha) to provide for a ncnsaturated return yoke.

The iron end capa completing the magnet will reduce the stray mag-
netic field and will improve the field homogenity. The iron return yoke would
ueighs 42000 tons. Te reduce the conatruction cost, there is a possibility to
use a sodiym conductor as am alternative to aluminum conductor as is discuesed
in ref. 20, Fig. 14 shaus one of the option of coil winding method utilizing
a helix made from aluminum bars welded together at the corners as it is
assembled.

2) Righ Resolution Vertex Chamber

Immediately surrounding the beam pipe, one poesibility is to use a
cvlindrical drift chamber based on the principle of the time expansion
vith a spatial (r¢) resolution of 10 + 30 ym and a double track
separation of 200 un at atmospheric pressure. In the time expansion chamber
the anode signal is kept fast using thin wire and small gap, while the drift
of the electrona praduced by the track is slowed down by using low electric
field. 1In this way it is possible to obtain an anode signal truly reflecting
as a function of time the spatial distribution of the charge density. Meas-
uring the center of gravity of this smignal is equivalent to measuring the cen-
ter of gravity of the spatial distribution which is mostly due to diffusion.
By accepting a large fraction of the ionization of the track, the error due to
diffusion for a given drift length x (e.g., x=l em) is consequently:

ix = 1/a

Oaiff
with Oy the broadening due to diffusion of a single electron, and n the mum-
ber of accepted electrona. With n = 50 and Oyige ™ 50 yn (for x=1 cm), 7 ym is
the contribution to the spatial resolution due to diffesion. Careful measure-
ments in pressurized standard drift chmbera(n)

for the best gas which would in the time expansion mode have a contribution of

found a constant contribution
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Axo = 10 um such that we would expect in the time expansion drift chamber a po-
sition resolution of

S /100 + SOX (em) (ym).

Fig. 19 shows the scheme of the chamber operation. Drift time is measured by
the zero-crosaing of the induced signal on tvo potential wires. The width of
the aignal will give us the information of the track angle. In Fig. 16, the
end view of the practical chamber is shown. The inner and outer radii of the
chamber are 10 cm ani 60 cm respectively and the length is 2 m, The chamber
ia aleetriéally dividied into 30 segments. Each segment has 2 drift regions
and the 40 mplifying cells at the center. The amplifying cell structure ip
gshown in Fig. 17. The drift region is separated from the amplifying regio;\“‘;}
by a carbon-coated nylon mesh which can be stretched accurately to the posi~
tion. Left-right ambiguity is resolved by having two anode wires for each
cell, The z~coordinate isy measured by charge division on tke anode wires,
giving a resolution of o, L8 mn.

The chamber is planned to operate at the drift field of E=0.2 KV/em
for 832 Ar-92 CH‘.-Bz "“z“’c“a)z gas mixture of the normal pressure, a mixture
vwhich has been successfully used in first tests with the time expansion cham-
bar. There are indications of mixtures giving smaller diffusion which will be
inveatigated. The drift velocity is 1 cm/psec, which corresponda to the maxi-
mum drift time of 6 psec for our chamber design. Due to the time expansion
method, we can get a good track separation of v200 ym, which is demonstrated
in Pig. 18. The aystematic acchtacy will be limited by irregularities in:the
flatness of the amplifying plane (nylon mesh) and the cathode plane. To mini-
mige mechanical distortions of the chamber body which cuase displacements of
the meshes, we plan to isolate the chamber in an aluminum vessel under tight
controls of temperature and gas mixture. Several methods of calibration,
including the use of a pulsed X-ray and/or a pulsed laser beam, are now under
consideration.

3) Electromagnetic and Hadronic Calorimeter

We propase to use an electromagnetic and hadronic calorimeter outside

the precision vertex chamber in the second ‘:“fstage of ISA experiment to measure
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the electronmagnetic and hadronic energy of the final states. As an example
the calorimeter can be a multi-plate sampling device with uranivm-tungatun
platea and parallel plate avalanche ehmheu(n) (or "multiplate ion chamber")
{McDonald and Walenta). .

In this device high voltage is applied across adjacent plates to
yield pas smplification of the ionization caused by an electromagnetic or
hadronic shower. Although chaige ia collected during the entire drift time of
electrons and ions across the gap,'s signal rise time of some 10 nsec can be
obtained. Thia is because the largest part of the prompt signal is due to am-
plification very close to the anode of the avalanche initiated by eleéttons
which were liberated near the cathod, and hence have a long path for the ava-
lancha.

In an electromagnetic calorimeter made of 1/2 radiaticn length of
lead or tungsten, the expected energy resolution is o/t "5 22%//E.

In such a hadronic calorimeter the energy resolution is expected to
be o/t % 80%//E (including fluctuations in the ionization and fluctuations
in the muclear losa). The cathode (and anode) planes are easily subdivided
into strips or pads to measure the transverse coordinates of the EM or
hadronic showers.

In Fig. 19 the side view and the end view of the EM and hadromnic
calorimeter covers 45°¢A<135°%, The calorimeter is divided into 8 segments as
shown in Fig. 19.

The front part of the calorimeter ia the electromagnetic calorimeter,
with 4 mmn tungsten piates and 6 mn gas gap for the parallel plate avalanche
chamber. The gas filling is & mixture of Argon + 5% Acetone. There are to~
tally 24 lavers of tungsten plate-chamber sandwich blocks, which has a total
thickness 27 radiation length (thickness 24 cin). The back part of the
calorimeter is the hadrenic calorimeter, which 15 mm tungaten plates and 6 mm
gas gap for the parallel plate avalanche chamber. There are totally 48 layers
of tungsten plate-chamber sandwich blocks, which has a total thickness of 7 nu-
clear absorption lengths (thickness is 1 meter). The total thickness of the
electromagnetic and hadronic calorimeter is 124 cm.

The spatial 'resblution of the calorimeter is detemined by the size
of the chamber cells. If we subdivide the cathode (and ancde) planes of the
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parallel plate avalanche chambera with 4x4 cmz pada, we get % $1.5° and a,
2 4 ¢cm with Z along the heam axis.

The calorimetar is supported by Al mechanical structure. Some parame-
ters are liued' in Table 1.

4) Plane (Muon) Chambers ) ,

Outside the vertex chamber {outside the calovimeter in the second
atage of the experiment), the type of plane drift chambers aimilayr to our pre=-
vigus experiments at ISR (R209) can be used to reconstract the chgrged parti-
cle trajectories (the wmuon trajectories in the second etage) and measure their
momentum. The chambers will be grouped into several layérs to optimige the mo-
mentum resolution and the reconstruction efficiency. Outside the iron refurn
yoke same type of plane chamber {:ill be used to reconstruct the muon trajec-
tory. Eight planes of the outer chamber will be enough to trace the muon
trajectory back into the inner plane »chamﬁers and into the vertex chamher,
thus to obtain a sufficieut hadron réjection vate. The apatiial resolution of
the chamber is 200 um and total area of the chambers would be 1800 m?. The
angular range covered by the muon chambers cutside the iron return yoke is
10%<A<l70®, B

5) Resolution and Acceptance

The momentum resolution obtained by the proposed detector is given by
the following formula:

;2 < 270 :i;ﬂ .p
where L is the track length (m), B the magnetic field (Tesla), o the spatial
resolution of the chamber (m), 8 the polar angle of the particle and P the mo-
mentum of the charged partial (GeV/c). With o ¥ 200 yn (in the plane
chambers) and BL2 a 10'1‘-m2 in the first stage, the formala gives

AP/P = 5.4x10 *eginAeP (in Gev/e)

For Z° decaying into 2 back-to-bhack muons, the mass resclution will be (Fig.
20)
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Conasidering the better spatial resolution (20Y30 lm) and the number of the sam-
pling pointa (W40) in the vertex chamber, the resolution should be substan-
tially improved.

In the second atage of the experiment, after the insertion of
calarimeter counter we will measure charged hadron momentum in the vertex cham-
ber and mucn momentum in the plane chambers outside the calorimeter. 1In the
vertex chamber the momentum regolution is given by the following formulaj

Br ___3a0d -qu
Pr B(X6)L2(cm?) T N+5

where N is the mmber of the sampling points and the other are same as before.

With Oe3x10™° cm, Ne40 and L=40 cm, the formula gives

-;ﬁ- 6.3 x 10
T

3 P.r (GeV/e)

The muon momentum resolution in this stage will be somehow werse by
a factor of 2¥3 than in the first stage because of the shorter lever arm. How-
ever it is atil) sufficient to identify and measure the semi-leptic decays of
heavy flavor particles with m $ 20 Gev.

The detector covers a polar angle range of 10° to 170° to identify
muons. In the angular range of 30°<6<150°, the momentum resolution ia in the
order of .'a.l'mlﬂ_A Pe (GeV). The vertex chamber covers only this angular re-
gion to avoid the high particle production rate in the beam directions.

6) Triggering on High P Muons ‘
In order to take the‘full advantage of the high luminosity of the

1SA, the deteccor will be triggered primarily on high P.r muons. High P‘l‘ mions
can be defined by using

a) scintillation counters D, outside the return yoke, each 60 cm
wide, covering ¥ 100 mr in azimuthal angle 9.
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b} proponionul tubes “i positioned just outside the vertex chamber.
Theare are 1440 such tubes each one with 1 ¢m diameter and two meter long.
Therafore each one covers 16 mr. )

¢} Plane drife chambera can be used to define the trajectory of the
particle and therefore the minimum value of the P'l‘ of the particle.

The trigger can then be achieved in three steps described as follows:

a) Past trigger (» 20 na) consists of a coincidence of muon counter
D with beam gate, i.e. trigger 1 = (wi)'(nem gate).

b) Secondary level tripger (v, 100 ns) consists of a coincidence be-
tween a single muen counter Di with the corresponding proportional tubes in
the same azimuthal angle, i.e.

trigger 2 = D, * (Ai-l At Ai-bl) * Beam gate

¢} Slow trigger (» ps) consists of coincidence of wires of plane
drift chambers in the same azimuthal region, i.e.

iel
i 3= . ™ ICh2, * k A .
trigger F ChlJ x ZJ Ixh 3 H.Thl»J
jmi-1

7) Particle Production Rate, Vertex Reconstruction

The expected luminosity of the phase 1 ISABELLE is 21:103l c:m.z aec-l
which produces about 0.3 interactions per 2ach beam crossing of 220 nsec in-
tervals. Since our time expansion vertex chamber has a averaged drift time
of 3 psec, the probability having more than one interaction for a trigger
would be subatantial. However, the recorded tracks of the particles from the
interactions in the sacond beam crossing will be shifted from the real tracks
by 220 ns = drift velocity closer to the cathode plane. In the time expan-~
sion chamber of the drift velocity of 1 cm/usee, these shifts are in the order

of 2 mm compared to the spatial rgaolution of v30 ym. Therefore, with the
proposed configuration of the chamber, the particles from the second beam
crossing will not form any significant ver:icies. Horeover, in the polar
angle range of 30°¢A8<150°, where the vertex chamber covers, the particle
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(24) is eatimated to be =104 particles/sec/mrad for Ya=800 GeV

and “or the luminoaity of 10‘13 cm-z uec'l (Fig. 21). PFor the phase 1 luminoa-
ity (2010"! 2 gec”!), this estimate gives ¥ particle produced into the

vertex chamber in 3 Usec in average. Therefore either we would not see any

production rate

particle from the second interaction or we would separate two events by the
verticies. '

As the ISAMELLE luminosity increases to 113232 c:lll~2 nec-l, we would
have 10 interactions for a trigger. But again the most of the interactions
are lcw P.r hadric interactions and the number of the particles recorded in the
vertex chamber is estimated to be $ 50 in average. Since the time expansien
chambar has a good track separation of ¥200 um, we could expect that the event
recinatruction and the separation of interesting interactions with high P.r

muons (or hadrona) in the same way in the phase 1 will be possible.

SUMMARY

We have proposed the high resclution muon detector conaisting of a 4K
Gawss, large volume solenoidal magnet, a high resolution verte; chamber and
conventional plane drife chambers. This combination will permit us to make
very accurate momentuw measurement for all charged particles, especially u's,
High apatial resolution together with good multiple-track separation of the
time expansion vertex chamber will enable us to measure secondary verticies of
long-lived particle and will help us to veconstruct the intereating high Py
muon (hadron) interaction among the other imteraction.

Ta the later srage of the experiment, we can add the calorimeter, thus
the detector would stand the higher luminosity and we will be able to study
heavy flavor production, possible technicolor (Higgs) production ete.

Finally one of the advantages of the proposed detector is the flexibility
for the later modification. After all ISABELLE might disclose a brand-new
physica and we should leave some room for it.
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Table 1
W plate gas Total Total
Calorimeter # Layers thickaness gap thickness of W thickness
(o) (om) (em)
EM calorimeter 24 [ [ 27 r.l. 24
(96 mm)
hadronic
calorimeter 48 15 [ 7 ab. length 100
(72 cm)
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Pig-

Fig.

FIGURE CAPTIONS

The eupected dimuon mass spectrum from the decays of 2° produced at
ISA with ¢/ = 700 GeV,

The acceptance of 20 = 'L~ as a function of the cutoff anglc €. of
a detector assuming that leptons are detected in the polar angle
range of B, < A < 180° - A..

do/dy for Wt + u*v at ISA. The charge asyumetry between u* and U~ is
signiiicant.

The Pr distributions of muons from W¥ + y*v (solid curve), z° + u*y~
(slashed curve) and from the semileptonic decays from quarks., Also
shown is the muon spectrum from the semileptonic decays of 8, ¢, b

and t quark after the missing Py cut of 15 GeV/c.

The distributions of Py, y for W ",“#"' and quark jets with 10 < PyM
< 15 GeV/c and with Pg! > 30 CeV/c. Herve Py, y is defined se the aum
of the longitudinal momenta of the hadrons projected along the muon
momentum in the mame hemisphere (30° <hc< 150°); Py = ﬁ i?h-iu.

The diatributions of missing (unbalanced) Py for W + v ana for the
gsemileptonic decays of c, b and t-quark.

The Py distributions of the single muons from Wt + utv with M, = 79.5
GeV and M, = 77.8 Ge¥. The two sets of Monte Carlo data correspond
to 1000 hours of data taking at ISA (L = 2 x 103! cm2 sec™!),

The lepton pair signals of heavy-quark Bound state (QQ) of the mass
Hﬂa = 40, 50, 60, 70, 80 and 110 GeV on the Drell-Yan and 22 produc-
tion "background."” The quark charge € " 2/3 and 1X mass rasolution
are assumed., The indicated numbers of events correspond to 1000
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9

Rig. 10

Fig.

Fig.

Fig.

Fig.

Fig.

1

12

13

14

15

16

17

hourz of data taking at L = 2 x 103 em=2 gec! with the detector
acceptance of 30% < A < 150°,

The calculated production erces section of pep+t+t+X as & fumetion
af the mass of t-quark.

The Pp distributions of the fasteat muons from b and c quark, and
from t-quark (m, = 20 GeV) with reapect to the hadron jet axis in the
same hemisphere (30° < 8 < 150%),

The distributions of the decay distance of various particles from z°
decay. Mean lifetimea ct of 0.08, 0.3, 0.03 and 0.3 are assumed for
T, D*, B and L?, respectively. The mase of LO and the spatial resolu-
tion of the vertex chamber are sssumed to be 10 GeV and 30 jm. Rela-
tive yields are atrongly dependent on the detection efficiency for
each particle.

The muon pair signatures of Z° in the standard model, the single 2°
model with the 20 mase of 120 GeV and the two-Z° model for pp colli-

sions at ¥s = BOD GeV.

a) The aside view of the proposed detector in the second stage.
b} The end view of the proposed detector.

Coil construction from aluminum bar, either welded or bolted at the

corners.
The scheme of operation of the time expansion chamber.
The end view (one quadrant) of the time expansion vertex chamber.

An amplifying cell of the time expansion chamber.
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SPHERICAL RING IMAGING CHERENKOV DETECTOR SYSTEM WITH A WBAK MAGNETIC FIELD

T. Ypsilantis, M. Urban, J. Sequinot
Ecole Polytechnique, Paris, Prance
T. Buelof, CERN

With the successful tests of the Ring Imaging Cherenkov (RICH) photon
drift detector showm in Figﬁie 1, where circular ring images containing ten
points (converted photoelectrons) have been observed (see Fig. 2 and 3), it is
now posaible to emvision a detector aystem for colliding beaws which has many
desirable properties. The photon detector operates with a fused quartz trans-
parent (to 7.5 eV) window with a photoionizing gas TMAER (1 Torr) admixed with
methane (759 Torr) thus it containa no exotic (single crystal) components and
may be considered as “off the shelf." The value of Ny = 81 co~] presently
achieved with TMAE is expected to rise to a value of 125 cm™!, based on labora-
tory measurements of the quantum efficiency Q and the transparency T as shown
in Fig. 4, with technical improvements of the drift detector. Recall that the
number of points on the ring image N = R,L 8in20 where L ia the length of the
radistor (em) and cos 8 = 1/nB where n is the refractive index of the radiator
and 8 the velocity of the charged particle. )

The spherically symmetric detector system is shown in Fig. 5 and is com~
prised of a liquid freon 14 (150°K) radiator and detector inaide the solenoid
wound on an approximately spherical surface. The integrated field between the
vertex point and the coil ia about .2T-m and the magnet consumes only 200 kW
pover. The freon radiator is placed juat inside the coil and is 2 cm thick (X
= ,036X,) going from a radius of .73 m to .75 m with a spherical reflecting
mirror at .73 m radive. Superinsulation separates the liquid freon radiator
from the coil. The detector for the liquid freon radiator is placed between
.51 and .35 m radius corresponding to a 4 cm thick spherical drift volume
filled with CH; + TMAE. Converted photoelectrons drift 20 cm or less along
linea of constant ¢ (azimuthal angle) to a picket fence of radial PC wires
placed along lines of constant § (polar angle). A planar version of such a
drift detector is shown in Fig. 1. The detectors and radiators are enclosed
by spherical quartz windows 2.5 mm thick (X = .02X,) with the cold freon
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radiater (150°) insulated from the warm detector (300°K) by atmospheric pres-
sure, low thermal conductivity, neon gas. The region between the baam pipe

and the photon detectors (.50 m radius) is free for installation of a tracking
detector and/or & high precision vertex detector. The liquid freon has a re-
fractive index of 1.15 at a photon energy of 6.75 eV and so has a threshold of
vy = 2 f{or Cherenkov radiation. The quartz windows (n = 1.6) start radiating
at y= 1.28 and cutoff at y = 2 due to total internal reflection hence the lig-
uid freon-quartz ayétem is continuously sensitive to charged particles above

¥ = .28 (pn = .11 GeV/c).

The number of points on the ring image frem the liquid freon is about 60
(Np = 125 em™!, L = Zcm) and from the two quartz windows is about 38 (L = .5
cm) so pattern xecognition of the circles is possible e¢specially if a tracking
detector provides the direction of the particles gs they enter the radiator,
Thia has been eatablished by Monte-Carlo simulétion of e+e-4qqg jet events at
8 = (50 Gev)2 and S = (100 Gev)2.

The magnetic field lines of force inside and outside the coil are shown
in Fig. 6 at a power of 200 kwatts. The integratgd field going out along ra-
dial lines between O and .75 meters is about .2T-m and outside the coil be~
‘tween 1 and 2 meters about 50 gausa-m. This power and field strength has been
chosen so that the condition for good ring imaging 6p < ABpg (where gp is the
bend inside the radiator and Afhg the multiple scattering in the radiator) is

approximately satisfied. This condition requires

o 23BL 015 /173

% P <pg '10

or

B < +05 (B in tesla, L and L, in meters)

For liquid freomn 14 (L = .02 my Ly = .56 m) the condition is that B > .33T in
the radiator and for Argon gas (i bar; 293°%K, L =1 m, Lo = 118 m) then B < 33
gauss in the radiator. The condition is satisified in the liquid radiator and
nearly so in the Argon radiator.

974



Qutside che goil, for the reasons outlined in the previous paragraps, is
placed a ) meter thick Argon radiator from ! m to 2 m with the detector &
spherical drift detector between .97 m and 1.0! m with a 2,5 mm quartz windaw
separating the Avgon gas from the detector. The threshold of the Arpon gas ra-
diator ia ¥ = 3% and it will produce imagee for a B = I particle wirir 10
points on the circle. The Cherenkov angle for the liquid radiator is 516 my
and for the gss radiator 28.3 mr and these produce images on their respective
detector surfaces of 292 wmr and 28.3 mr respectively. The aberrations of the
ring images have been calculated, from formulas given in reference 1, and are
shown in Fig. 7a and 7t for a liquid neon radiator (2.5 cm thick, o = 1.1} and
for the Acgon gas radiator. The liquid necn and liquid freon have similar re-
sponse and aberrations and was available in graphic form at the meeting. The
freon is preferred for cryogeaic reasons., The corresponding liquid neon
Cherenkav angle (emission) and detection angle are 430 mr and 311 me. As is
seenr from this figure the aberrations for the liquid are dominated by multiple
scattering and chromatic aberrations and at ¥ = 50 give the chromatic limit
48, = 1 mr hence 48,/8 =3 x 1073 which is the accuracy to which the detected
ring rauius can be measured. The corresponding values for A, and f, for the
Argon gas radiator are .4 mr and 28.3 mr hence A6,/6, = 1.5Z. 1In the previ-
cusly mentioned tests with the planar det:ctor and Argon radiator we have
achieved a resolution of 3.0X which, if a more correct fit function is used
(i.e. not a circle) correaponds to the éxpected 1.5% resolution.

The womentum measurement of a Cherenkov radiating particle is illustrated
in Fig. 8 where a spiralling particle in a constant B Field in the 2 direc-
tion is assumed. ¢.nce the position of the ring image is determined only by
the particle direction as it trunsverses the radiator volume the center of the
ring image C and the impact point P of the particle as it transverses the de-

tector will he displaced. The particle bending angle Op due to the magnetic
field is then

eh = 20 o = angle I'C if detection point P at the mirror
* = 4/3a
¥ = 1.60

if detection point P at half radius

if detection point P at photon detector
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This shculd be compared to the clasaicial tracking formula 05 = 8 §/L where 8
is the sagitta of the track and L the chord over which the track is messured.
1t may be noted that the first method is between 4 and 6 times more pracise
for measurement of Ay than the sagitta method for equal accuracy of measure-
ment of afs/L). This is underatandable if one notes that the ring image
mathod measures a point and a direction of a circle (presumably fixed at the
origin = vertex point) where as the sagitta method measures only pointa on the
arc of the circle. Aa shown in Fig. 8 the accuracy expected for this method
ahould give Ap/p2 = ,6%/GeV/c for an integrated field (to .75 m) of .2T-m. In
addition the P dependence of the precision Ap/p2 should vary as 1/8in® (with
the assumad B field in the 2 direction) vhereas for s solenoid the dependence
(outaide che end cap) is 1/8in2+39 hence a much lesa drastic loss of resolu-
tion at small O for the ring imaging wethod. As shown in Fig. 6 the field
lines curve in towsrd the iron at small € and with additional shaping of the
pole piece one may expact to achieve even a smaller dependence than 1/sin
thus approaching isotropic resolution on p. This momenum resolution is quite
conquerable to that expected in TPC where the magnetic field is 1.5T over .8m
hence 1.2 Tm of integrated field (see Fig. 9).

With the curves of Pig. 7 and the momentum measurements shown in Pig. 8
we hsve calculated the precision Ap/p with which p cen be measured by the
Chermu\i ring imaging method and also utilizing the B field. At lov womentum
the B field method is limited by multiple scattering to about 8% and is always
less precise than the ring imaging method (see Pig. 10). At higher momenta
ance again the ring imsging method is alwaye more precise up to 100 GeV than
the B method excep: for M's above 36 GeV/c (ase Pig. 11). Combining the mea-

surements of p and Y (from the ring image) one may calculate the msss resolu-
tion expected

Mni/m = 2.1 (Byy?
° /(APIP) *B—,.[:'l)

The number of staida-d deviations to separate a particle of maas my from a par-
ticle of maas uwy is

o= M, 4]/ 0m
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and this is plotted in Tiga. 12 to 15 for the combinations (mK), (KP), (m),
(we). The hree regions labeled quartz, neon or argon indicate when a given
radiator is acting as a threshold counter (i.e. a 7 counts but the K doesn't)
hence 0 is lsrge. Por the regions in between the ring vadius wmakes the identi-
tication to the indicated number of 0'a. As can be seen from the curves %
separation ia posaible to 78 beV/c (30 level) KP to 53 GeV/e, ﬂuk to about 10
GeV/c and Wt to absut 30 GeV/c. This covers the range expectéd for LEP and a
good fraction of that expected for Isabelle. Note that el hence even more so
e separation is posaible by this method hence the study of direct lepton
processes uwill be facilitated with thisa method. Note also that the numbaer of
O's is large so that a detactor which operates less well than expected still
has a margin of error. To illuatrate with experimental results of the Argon
gas radiator tests a measurement with 6.2 GeV/c beam contnining n's and e's is
shown in Pig. 16. The W radius fit is 17.8 or and the e fit radius is 28.3
mr. The zeparation is clear. This corresponds to the same separation for 22
GeV/c 7's ard K'a. This data was taken under conditions where the impact pa-
ramater of the incident particle was 16 cm from the center curvature of the
mirror (R = 200 cm) hence an impact parameter of 8%. This produces an
eccentricity of the image of about 2.5% which is the largest contribution to
the measured width ot AB/8 = 3T since the fit was made to a simple circle.

Even under these conditions clear separation was achieved.

1) T. Ypailantias, Physica Scripta 23, 723 (1981).
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HOW WELL CAN WE MEASURE THE JET-JET INVARIANT MASS AT ISABELLE?

Kazuo Abe, University of Pennaylvania

We expect that the energy of jeta coming out of ISABELLE interactions
range anywhere from a few tens of GeV to a few hundreds of GeV with the charge
multiplicity of up to 40. The question of how well these jets will be colli-
mated is still unanawered. The QCD makes predictiona of the Py distributions
within a jet, thus it should be straightforward to relate it to the opening
angle of jet cone. Houe\er, it is not well defined so far and we need the
clear definition of the open:lng angle in such a way that experiments should
be able to measure it definitively and it is theoretically meaningful. If we
take the attitude that the average sphericity measured at PETRA has some indi-

cations as to the jer size, then we can obtain the half opening angle def ined

as
T

tang = <——)

They are plotted in Fig. 1 versus the jet emergy which is taken as one half

of the e e energy. We should keep in mind that this angle comes from the
average sphericity including all events and for some events the sharpness of
jet-like behavior is more pronounced. The other expetiment from which we can
guess the jet size is the measurement of large P 7°': at ISR by Lhe ABC group.
Their neasuumenc of ihe average angle of 9 GeV 2°s from the axls on which the
other 9 GeV »° comes out on the other side is the indication of the jet size
measured in terms of w° components of the jet. The rms angle 1s n12°, Very
roughly we can say that the measured 's carry about one half of the jet
energy, so the 18 GeV jet has half opening angle of '\-12°. which is also plotted
in Fig. 1. From these, we can reasonably expect the jet at ISABELLE to have a
half opening angle of 210° or less and up to 40 charged particles within its

cone.

The invariant mass of jet~jet system is expressed as follows,

1
M 1’25122(1-(:059) [}
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where El and Ez are total laboratory energies of the first and the second jet
gnd & is their cpening angle. The error in the mass is expressed as

V- () (a8 -

The factor in fromt of Ae becomes very large for & below 60° and thus, 1in

this 8 region, angular resolution dominates the uncertainty of the mass._‘ Bat
as long as we stay in the region of 8 > 60°. A8 term can be reduced to the
negligible level ﬁy making angular segmentations small. This can be achieved
by finer aegmentation of calorimeter blocks and knowing the interaction point
with the help of tracking chambers.

1n the design of a hadron calorimeter one must optimize i) longitudinal
length for total energy containment, i) sampling thickness, and-iii) mater-
ial. The energy contaimment in the transverse direction does not become a
problen in most colliding beam detectors because théy tend to cover 27 in the
4 direction and large coverage in the & direction. To contain 99% of energy
of a 30 GeV particle, one needs 5.5 absorption length of steel, which is 30%
thicker than the requirement for 952 containment. However iggv‘z should be re-
minded that a loss of 5% energy broadena the energy resolut fon by 25X compared
with the value of full contaimment. Making the sampling thickness finer im-
proves the emergy resolution especially at lower energies, but below 2,5 ch
steel, there is no improvement as long as we are dealing with particles above
10 GeV. .

After the above requirements arc met for the longitudinal containment
and the sampling thickness, the energy résolutin‘l'l is determined by the mater-
1al used for the sampling. The best material so far found is uranium and its
resolution is AE/E = 0,3//E which is a factor of two hetter than most common-
1y used steel.

Among the large detectors proposed mo far, the dipole detector emphasizes
good jet detections using an uranium calorimeter. 1Its anticipated maas reso-
lution at the 2° mass (2° - jet + jet) when the jets opening angle is above
60° is AM/M ~ 3X. The mass resolution of this level wuld make it possible

to sort out new particles decaying into multi jets final states from QCD
backgrounds,
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INCLUSIVE LEPTON AND HADRON SPECTRA FROM QCD JETS

S. Csorna, Vanderbilt University

We have studied incluaive spectra of leptons and hadrons {n order to
1} Better understand the design criteria for

detectors at ISABELLE;

11) Develop o quancitative understanding of how
to measure semileptonic branching ratios of
new flavored bare mesons (if they exist);

{i1) Find signatures for new flavors apart from the
well known dileptons coming from the bound state.

The work done here relies exclusively on the ISAJET monte carlo program.(l)
We generated 1000 1T, BA, CT jets with

50 GeV = (pl) < 150 GeV and -3 < (y)

JET — 3

JET =
in oxder to compare cross sections and momentum distributions for leptons and
hadrons. '

In Table 1 we summarize the cross sections and integrated luminosity for
each kind of flavored jet. Thus, according to theoretical expectations, there
are 2/3 as many TT jets as there are BB or CT jets.

The rumber of leptons that are contained in these jets depends on assump-~
tions about the K.M. angles. 1Iu the prograin we assumed

{: -bh+W 1002

} and 10% semileptonic branching ratios.
b+c+W 100%

The number of leptons associated with each flavor is shown in Table 2, Tius
the production of a new flavor such as TT 1s signaled by the doubling of the
numbers of leptons in the inclusive spectra relative to what would be expected
from the previously known flavors. In Fig. 1 we show the momentum spectrum of
these leptons. What i3 immediately striking is the tremendous increase in low
momentum leptons (p % 5 GeV). The detection of these leptons is clearly im-
portant for measuring semileptonic branching ratios. It appears then that one
really needs a detector such as the dipole facility implemented with an image
drift chamber and dE/dx for particle ID to measure the electron spectrum. It
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would he much more difficult to work with the muons due to the low momentum
range being conaidered.

In Fig. 2 we show 7 and K spectra from TT, BH, CT jets. Again the bulk
of tracks came from a momentum vange of p < 5 GeV, where particle separation
is most conveniently done by dE/dx. The interpretation of these hadron spectra
is clearly difficult, however the monte carlo does predict dramatic increases
in the number of kaons (not the 7/K ratio) from new flavored jers. This is
shown in Table 1.

Our conclusion is (if the theoretical models for jet production and frag-
mentation are to be believed) that a dipole detector implemented with dE/dx and

> 1 m diameter drift chamber would be fdeal for measuring and identifying the

decay products of new flavored jets. Indecd if the predictions for the produc-
tion cross section of bound TT states turns out to be too large, the inclusive
electron spectra may be one of the most important handles for establishing new
flavor production. Due to the suppression of the QQ bound cross sections at
high mass near the Z and above, inclusive studies may be the only way to detect
new flavors (see Fig. 3). . ) 7

We further belleve that to measure these spectra, all that we nced is a
magnet and central drift chamber, the very detector elements which are most
likely to be the first ones working as the facility comes on line.

REFERENCES

1. For a complete description of the ISAJET Program see BNL-29777 written by
Frank E. Paige and Serbair D. Protopopescu. Additional useful calculations
can be found in BNL-27066 (author is Frank E. Paige) and an ISABELLE Work-
shop preprint titled "ISABELLE Physics: Some Useful Calculations" which is
a handy collection of cross sections collected by Frank E. Paige.
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Table 1

a{mb) f&dt for 1000 events (mbd)

TF JET 0.23 x 107 0.44 x 10

(H.r = 20 GeV)

- -7 11

BE IET 0.33 % 10 0.30 x 10

€ JET 0.3 x 1077 0.29 x 10!

Table 2
Ne or Nu

(from 1000 two jet events)

1T JET 782
BE JET 463
cC JET 218
Table 3

K +-0 N +-0

(from 1000 two ier events)
1T JET 28,000 12,000
BE JET 20,000 8,200
GC JET 17,000 7,100
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MILTI-VERPTEX DRTECTION
T. Bacon, Imperial College

There Ar: many postulated smasive objects (Higgs mesons, technions, top
quarhs) vhich, depending on their maases, will decsy predominantly to heavy
flavours. The decay products will form jets which will generally look like
those produced by light quarka. The events involving new objects can be
signal lad by lepton identification ar by multiple jet production. The latter
will require good calorimetry and/or particle tracking, poisibly with particle
identification, ard will be subject to siaeable bachgrounds.

Another signature of heavy flavours and their parents is the wveak decay
of the ground states of hadrons comtaining b, ¢ or t quarks, yielding multiple
vertices within a millivater or sc of each ather. This notei,,up;ests that an
inacr detector of relatively low cost can provide an of f-line filter for the
heavy flavours which would also reduce combinatorial background in
reconstructing the lowest charmed particle states. At present, there is only
an upper limit for the lifetime of the lowest hadrons containing b-quarks of
adout 2 = 2017 geconds (reflecting the spatial resolution of present detec-
tors at e*e” mschines) but the mean life of the D-mesons is known to be about
3 x 10713 saconda.

REQUIRED RRSOLUTION

A secondary vertex may be detected by finding a track (approximately 502
of D decays give only one charged prong) which appears to miss the preduction
vertex by & significant "impact" parameter. With the approximation that, on
average, each decay product carries the same fraction of Pp and Py in the
decay, the mpan impact parameter is approximately ct, (the mean decay distance
R=a ct) essentially indapendent of the inmntum of the D. For the D-
mesons this is about 100 ym. The required resolution should be some fraction
of this so that the mjoﬂty of cherm decays can be detected. Several
mult iprong charm decays, seen with detection probability of about 40Z, were

reported ac the recemt Lisbon conference for a bubble chamber experiment with
about 50 yum resolution.
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INNER DETECTORS

An appropriate inner detector could consist of high precision wire
chaabers of lema than 50 un resolution with anodes psrallel to the beam pipe.
The firat layer would be wrapped closaly round the beam pipe assumad to be of
tadivs § ca. The chnilod particles would be tracked through more chambers out
to about 30 cm radius, vhere the resolution requirements could be relaxed.

For speed, an event would be examined in the ptojectioh,noml to the
ciréul-ting beams (losing thereby a factor of vZ in resolution and mere if
the D-meson is not moving perperdicular to the beams) to reconstruct the
production vertex using several tracks and to search for tracks with
signi ficant impact parsmeters. Unfortunately the lateral dimensions of the
proton bunches are too large to determine the position of the production
vertex with sufficient precision without reconstructing tracks (as is possible
vith e*e” rings). This again réquires some improvement in the required
resolution, dependent on the number of tracks reconstructed,

The length of the inner detector should be at least as long as the
crossing region (approximately 50 cms). The geometrical acceptance will
depend on the particular objects of study but, in the main, these are produced
with high Py and will register in the inner detector. The diffractive chamm
production observed at the ISR will not be observed easily, but is of less
interest than charm production from heavy flavours, ; )

The required resolution is worse than that attainabié with a time
expansion chamber (Approx. 10 ym. See report by Weienta, these proceedings).
Solid state detectors can have similar resolutiow but are not considered here
because, among other thinge, of the large size of- the array required.

BACKGROUNDS

Since it is crucial that the chambera near the beam be free of
background, beam halo should be reduced to a minimum. Also, for ease of
reconatruction of high mltiplicity events it would be best if the chambers
were in a field-free region, avoiding p-0¢ correlations; so that a toroidal
magnetic field or low field magnet would be preferred over a conventional
solenoidal or dipole field. This would probably also reducé detector-
generated background.
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At the luminosity of 1SA phase 1, there will be a 30X chance of more than

ong event per croasing. At higher luminosities, the technique would require
saue ref inament.
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SUBCOMMITTEE REPORT ON THE SHAPE AND STRENGTH OF MAGNETIC FIELDS

B. Pope, Princeton, Chairman

M. Bregman, Columbia

P. Grannia, SUNY at Stony Brook

L. Littenberg, BNL

D. Luckey, MIT

L. Rosensen, MIT

T. Ypsilantis, Ecole Polytechnique

This subcommittee attempted to compare the properties of the canonical

field shapes: dipole, salenoid and toroid. In addition, various options
within each category were examined. For example, the perennial question of
whether a dipole field should be horizontal or vertical was again raised.
(The answer for this year appears to be that it does not make much difference,
see the work of G. Parzen).1 We had considerable difficulty in doing direcc
comparisons of general properties of the magnets and we refer the reader to
the papers of Littenberg, Bregman, Grannis, Luckey, and Pope for their
biased preferenéés for particular magnets.

An example of a calculation that triedto do a general comparison of the

3 field shapes is as follows. Consider a solenoid of field strength B, radius
R and length L. Then the stored energy is

U =1.25 L B2 R? where U 1s in Mega Joules
B in Tegla and Lengths in meters
Similarly for a dipole of field strength B, a square cross section of
ZR x 2R and length L has a stored energy of
U=1.6LB2R2
A toroid of inner field strength Bi’ inner radius Ri’ outer radius Ro and
length L has a stored energy of

= 2 g2
U=2.51L Bi Ri ln(RO/Ri)'

We felt that a general comparison should be made for magnets of the same
stored energy. Thus we can take B = 1.5 T, R = 1.5 m for the solenoid (as in

the CDF detector at Fermilab) and obtain a stored energy per unit length of
6.3 MI/m.

B=1.3T, R= 1.5m for the dipole, and
B, =1.5T, R, =1 m, R =3 m for the toroid
i i 0

give similar stored energies.
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Undex theae conditions, the sagitta for a 30 GaV particle hsa been cal=-
culated for theae 31 fields as a function of the polar angle, 8, and the
aaimuthal angle, ¢. The resulta are shown in Figures 1 and 2 and indlcate
8scme gemexal properties of the field ahapes.

A acmevhat arbitrary and extremaly tentative 1ist of properties of the
3 field shapea is showm in Table 1.

REFERENCE

1. M. Commacchia ard G. Parzen, Effect of a Spectrometer Magnet on the Bean
Beam Interaction, IECE Tranaactions on Nuclear Scieace, Vol. N5-28,
2535 (1981).
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Table 1

PROPERTY MAGNET DIPOLE SOLENOID . TOROID NO FIELD
Options High/low Field High/low Field Continuous inner
Vert/Horiz Field Small/Large Field coil
Lumped inner coil
Resolution in 6 Improves as Constant Improves as
(sin 6)~! (sin 8)7!
:;;;L’Ea‘i‘s"e“f 0 - 180° 26° » 160° 30° » 150° 0 -+ 180°
Resolution in ¢ Dead cone around Uniform Some Ripple
8 = 90°, ¢ = 90° )
fcceprance of Magnet 2 907 of 2r 2n = 70% of 2v 2n
Non-Uniformit 5 52
of Field g (For ghen dipoles) 11X = 3%
Effect on Beams Compensation of Compensation No field on No field on
shielding needed probably ‘ beams beams
"No difference needed
between horiz and
vert Field"
Erom Sect Piper tes M Yo o
Return Yoke Yes Yes No No
Weight Heavy Heavy Not” so heavy Light?
Access ta Good for open Not so good Good Good
Detectors dipoles
Constrxuction Easy, possibly Easy, probably Superconduc-
conventional superconduc- ting. Dif~
coil ting ficult forces
Physics General 4n General 4u Wide anpgles, Energy flow,
Physics, Jets, Physics, Bias single par- Jets, e's,
Bias towards towards wide ticle inclu- ¥'s

high rapidity

angles, up

sive, (Jets?)
uu
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PROGRESS REPORT ON THE DIPOLE DETECTOR MAGNET

L. Littenberg, BNL

Thia is a brief summary of the work done by the magnet design subgroup
of the Dipole Detactor Collaboration. Figure 1 shows the Dipele Detector. The
aubgroup, wlich conaiasta of E. Kelly, J. Kopp, S. Ozaki, A. Prodell, R. Shutt
and myself, is charged with designing a dipole spectrometer magnet which
satiafies the following criteria:

1) A 5.5 m~diameter calorimeter must be accommodated within it.

2) The central fiald should be 3 kgauaa, upgradable to 15 kgauss.

3) There muat be adequate field uniformity within a radius of »1.5 m of
the center of the magnet.

4) Forward going tracks must be unobstructed.

5) Stray fields must be kept within reasonable limits.

6) The magnet must be cryostable.

7) Access to apparatus within the magnet must be possible.

8) The dipole and any associated compensating, forward spectrometer,
etc. magnets must be compatible with the requirements of the ISA.

The last criterion was originally thought to require that the dipole

field lie in the horizontal plane. WHowever, recent calculations(l)

have shown
that up ko an excitation of 15 kgauss the dipole field may juat as well be
orignted in the vertical plane. Each orientation has advantages and at pres-
ent we find the case for neither to be compelling. Thus we have studied bath
cases, and have developed two alternative (although very similar) designs,

A Heluholtz-like coil configuration was proposed with coil of i.d. 6m
and profile 20 x 116 cm, the coils to be aeparated by 220 cm. Early versions
had no iron. The resulting fields as calculated by cnmsnm are those of
Fig. 2. Uniformity is adequate but the fringé fields are rather large (e.g.,
+102 of central field at twice the coil radius). The addition of a shell of
80 cm of iron mndifies the fields to those showm in Fig. 3. HNote that the
fringe field have been nearly eliminated. This thickness of iron is rather
conservative and in fact has a significant effect on the fields even at 15
kgauas (see Figs. 4 and 5). The stray fields are reduced by a factor 2 or 3.
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Other bencfits of the iron are a reduction of the current necessary to reach
S kgauas by 47% and a reduction of the maximum field in the coil by 26%, 1In
addition of course, the iron provides a framework of f which to hang the coils
and the detectors. The iron is in the shape of a closed square box of i.d, 8m
and o.d. 9.6a with 2x2m azimuthal holes at O, 90, 190, and 270°. The end
plakes are also 80 cm thich and are separated by 5.5m (see Fig. 6).

The 80 cm spacing between the outer radius of the coil and the inner ra-
diva of the return yoke was determined via a study of the displacement force
that arises when the coil ia not centered in the iron. The coil is pulled to-
ward the iron nearest it and if it can move in that direct ion, the attraction
incresses, leading to an instability., For an excuaion of 1 inch, which is
sbout the placement accuracy of a coil this large, this force il‘:“a“f\proximtely
20000 lbs. The 80 cm spacing is optimal in the sense that the force decreases
only slowly as this distance is incrcased, but increases rapidly as the dis-
tance is decreased. If the distance:from coil to iron is halved, the force in-
creases by a factor 20. There is alsd'—.n force due to the presence of the
azimuthal holes which tends to pull the coils square. At the 80 cm spacing,
this force represents only a 3% effect.

Fig. 7 gives an idea of the forces involved at the 15 kgauss excitation
(at 5 kgauss they are 5-9 times less). If there were no iroa, the coils would
attract each other with about 5 million pounds force. In the presence of the
iron the coils are pulled in the opposite direction towards the end plates
with a force of around 1 million pounds. This force is in fact the :mall resi-
dua of much stronger compressional forces. The 2nd plates are drawn towards
one another with a force of some 200 psi. There is a radial force on the
coils of V' 4M 1b/quadrant. For compatrison the weights of the various magnet
components are also listed on the figure.

The figure should be rotated through 30° to show the horizontal orienta-
tion. In this orientation supporting the coil and keeping it from distorting
with both field on and the field off while endeavoring to minimize the heat
transfer is quite a challenge. Ralph Shutt worked out a scheme using G-10
straps & la the ISA dipole supports which ssems quite promising. We believe
the cooling load cam be kept to v 200 vat'r.%.
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The forces are, in general, not WG great that the iron cannot be made to
support itaelf. However, wa are constrained hy machining costs, the
relatively amall space available for assembly and the modest crane capacity.
We feel that in the horiacntal orientation, design and assembly of the iren
would be much easier if the return yohe were given a square rather than the
otiainaily envisicned circular cross-section (see Fig. 6). The increased cost
of the iron (¥ 202) should be more than compensated for by savings in the coat
of assembly. We note that in genaral the problems of auémbly and support for
both coil and iron are laas in the vertical than in the horizontal
orientation.

The magnet isx meant tu be crynatable. At present we plan to cool it
with liquid He. Fig. 8§ shows some details of the coil. There ave 44 pancrles
sach of 18 turna (* 1200'). The rize and low proportion of superconductor
(2.2X) are given by the requirementa of cryostability and self support againat
hoop streas. The octagonal croas-section of the conductor is a response to
the horiaontal fisld orientation. It increases the surface area available for
heat transfer ard reduces bubble trapping. We originally thought of the
conduckor as a wwnolith. However, representatives of AIRCO informed us that
this would require a lot of expensive, unnecessary processing of copper. They
suggested instead a kind of composite: a relatively small monolith (or even
a cabl¢) inset inte a channal in pure copper. Such a configuratiom could
easily caery the 5 kA required.

Compensation. Either the horizontal or vertical orientations can use the same
compensatatrsy €cf«y

3 kgauas 15 kgauss
23.2 kCm (0.85 GeV/c) 79.2 (2.38 GeV/e)
Compensator @ 8m =18.7 -52.5
Compensatnr @ 29m 4.5 12.9

The trajectories in the two cases are shown in Figs. 9 and 10. For the
5 wnauss case the compensator @ 3m could be for example a 48DA8. Por the 15
kgauss iase, we are talking about a substantial mmgnet which could be
expenzive. In fact, any realistic acheme requires a good deal more magnetie
volume since it will have to accommodste forward aspectrometry as well as
compensation. Fig. 11 shows a poassible acheme for the 5 kgauss horizontal
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orientation. Calorimeters cover the forward direction down to 24 mr, and
forward going charged tracks with womenta up to 200 GeV/c ara detected, The
firat two supplementary magnets are quite substantial, and considering that
thay will be duplicated on the opposite side of the int2raction region, they
represent A consiinrable investment, even on the ascale of the wain dipole.

While both horizontal and vertical symmetric schemes are acceptable to
the machine physicists there is another set of vertical cmpensatibn achemes
with several attractive features, which is not. This family of asymmetric
compensation schemes throws virtually all the cospensation onto one gide of
the intersection. Fig. 12 illustrates one such scheme. It allous access to
the 0® neutral beam which otherwise is directed right back up the beam pipe,
In additicen forwvard charged tracks are dispersed rather than being refbcussed,
in econtrast to botl{ the horizontal and vertical symmetric schemes. Such
disperaion could be crucial in the measurement of fast forward tracks. It's
clear that thrse features represent physics advantages. For example one can
anviaion situationi wherein it would be very desirable to measure the total
'enetgy and momentum associated with a given class of eventa. One is much more
likely to succeed in doing this with an asymmetric compensation scheme. The
objections of the amchine physicists are based primavily upon the fact that
the crossing angle is changed in asymmetric schemes. Thua it is unlikely that
we could initially turn on in such a configuration. However, after some
expecience in running Isabelle is gained, one would presumubly get braver and
as is the case a the ISR, accept .‘he lower periodicity. 1f the herizontal
orientation is chosen, asymmetric schemes are precluded,

The oost powerful arguments in favor of the horizontal field orientation
have to do vith access. Figure 13(a) gives an idea of the problem., Keep in
mind that what seems to be free space in the figure is likely to be partly
taken up With suppoct systems, light guides, etc. The most difficult problem
would seem to be getting acceas to the drift chambers in a4 reasonable time. In
the horizontal orientation, access could be provided by allowing the two
halves of the system, each containisg one end plate, one coil and one
calorime ter half to be independently dovable. Similar loade (#1800 tons/half)
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have succasffully been made mobile via a syatem of rollers at PBP.(” Simply
moving the tvo aides apart would give access to almost gverything within.

At firat aight accesa in the vertical orientation seems wmuch more diffi-
cult. However, we have found that with alight modifications to the deeign, a
practical if somewhat complicated syatem of access can be envisioned. Fig.
13{a) shows the apectrometer in position in the research hall. - The magnet has
been modified somewhat; the coils have been made detachahle and two opposing
sides of the return iron have been removed. With the remaining two sides
doubled in thickness, this results in only minor changes in the fizld and
forces. Unlike the case of horizontal orientation, mpst of the magnet iron
would stay in place - only the bottom end plate moves, carryﬁng the
calorimeter and the bottom coil with it. This carriage would be loweved about
four feet on hydraulic cylindars to a roiler aystem. In this lowered position
the calorimeter does not quite clear the upper coil. Therefore the upper end
plate (to which he upper coil is affixed) can also be lifted hydrauiically.
The carriage is thenm free to move to one of two remote stations in the
assembly hall (Figs. 13b & ¢). There is a movable 30 foot span gantry frame
with a hydraulic lifting capacity of 700 T. Thus, for example, the top half
of the calorimeter could be lifted off at the first station and the lower half
and lower coil rolled to the second stations. In this way there is coaplete
access to the interior of both halves of the calorimeter. In addition this
schere allgws excellent access to the spparatus while it is still within the
magnet. With the end plate in the low position, the top of the calorimeter is
completely acceesible. 1If the support of the top half of the calorimeter can
be tranaferred to the top end plate, the bottom half of he calorime ter may be
lowered independently exposing its interior and the bottom of the drift
chamber package. 1If the top plate is raised both the inside of the upper
calorimeter half and the top of the drift chamber package becomes accessible.
1f the top plate and coil are raised by themselves, the outside of the upper
calorimeter becotes accessible without the necessity of breaking the beam
pipe. If support of the lower calorimeter half is made transferable to the
top plate, the carriage could be lowered without it, allowng access to the
outside of this half of the calorimeter in situ, Thus almost any recessary
access can be provided.
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Both versions of this deasign meet the criteria lisred above. They are
technologically rather conservative and we foresee no great difficulty in
bui lding eithar one.
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FIGURES
1) Layout of the dipole detector.
2) -'Field given by dipole coils without iron for 5 kgauss central field
valve.
1) Field given by dipole coils with iron for 5 kgauss excitstion.
4) Field giver by dipole coiis without iron for 15 kgauss excitetiom.
5) Field given by dipole coils with iron for 1§ kgauss excitation.
6) 1Iron configuration for (&) horizontal and (b) verticzi field
orientations.
7) Magnetic forces for 15 kgeusa excivation.
8) Details of the coils. 1
3) Cowpensation scheme Ior 15 kgaust horizontal dipole field.
10) Symmetric compeisatioa scheme fev 15 kgauss vertical dipole field,
11) Compensation and forward spectcomstry for the 5 kgauss horizontal B-field
cane. V '
12) Asymmetric compensation for 15 kgauss vertical B-field case.
13) hccess system for vartical field orientation.
a) Spectrometer in position in research hall.
b) Station 1 (in assembly hall).
¢) Station 2 (in ausembly hali).
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SOME THOUGHTS ON A DIPOLE DETECTOR
Mark F. Bregman, Nevis Laboratories

The dipole magnet constdered for a lavge ISABELLE experiment has the
following configuration: the {leld volume conslsts of a cylinder with di~
ameter 5m and length 5m. It is envisioned as belng constructed of two
superconducting Helmholtz coils with a iren return surrcounding them. The
field is oriented perpendicularly to the heam.

The major motivation behind choosing a dipole field came from studying
2° decay. At [SABELLE most objects produced in qa reactions are not pro=-
duced at cest so they tend to decay assymmetrically in the lab frame, Yor
diieptonic events one typically sees one high ecnergy lepton close to the
beam pipe and one of lower cnepgy at a larger angle to the beam (Sce Fig.l).
The dipole field has a great advantage here as it can make a good measure-
ment of both leptons. The dipole is unique in that it has equally good
bending power for all values of 8 (for a giver ¢).

Some more general reasons for considering a dipole are the large
coverage in rapidity that it affords, its good acceptance, and the fact

that the dipole may allow analyslis of the beam jets. Understanding of the
¢
t
that may appear at ISABELLE energies. One expects events at ISABELLE to

be symmetric in azimuth so that the dipole's lack of resolution along

beam jets may be important in searching for the n  and some other states

the field direction (inside of two cones perpendicular to the beam) does
not introduce a bias in the acceptance of the dipole.

The major difficulties associated with the dipole stem from its
strong interaction with the machine lattice. Studies have been made and
at present it appears that the field could be oriented either horizontally
ot vertically. The dipole will require more complicated compensation schemes
than some other magnet configurations, however, this has been studied and
there are a couple of possible schemes. Another problem with the dipole is
that it would probably have to be turned off during filling of the rings.
Studies indicate that about 1.5 hours would be required for charging the
magnet to a field of 15kG. During the early days of operation it is likely
that the storage times of the beams will be shorter than designed. Short storage

1035



times coupled with the charging time of this magnet might seriously reduce
the amount of data taring for an experiment using a dipole, One further
problem that must be faced by experiments using a dipole is that although
the dipole can analyze small angle tracks one may have great difficultles
in looking in this reglon due to the rates involved especially at the
higher luminosities. ’

Finally in considering the dipole field configuration one must ﬁéigh
the advantéges of large acceptance, good resolution for small angle tracks,
and the cpen geometry against the disadvantages associated with the dipole’
interaction with the lattice.

Table 1

Acceptance of a dipole and a solenoid for Z°+£+£-. 8 is the minimum angle
that a £+ or ¢ makes with the field direction. (In the case of a Hipole
there is an additional cut of 5° to the beam pipe).

Dipole Solenoid
<] Acceptance 3] Acceptance
15° 92,4% 15° 74 6%
10° 81.7% 30° 42.0%
45° 65.3% 45° 20.9%
60° 44.1% 60° 8.3%

Note: The cut on § has the effect of requiring that the leptons be more
and more nearly in the bending plane as 6 is increased.
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EVOLUTION OF THE MAGNET DESIGN FOR LAPDOG

L. Abrens, BNL D. Cutts, Brown U.

S. Aronson, BNL R. zanou, Brown U,

H. Foelsche, BNL R. Engelmann, SUNY Stony Brook
B. Gibbard, BNL P. Grannis, SUNY Stony Brook
P. Wanderer, BNL J. Kirz, SUNY Stony Brook

H. Weisberg, BNL M. Marx, SUNY Stony Brook

P. Yamin, BENL R. McCarthy, SUNY Stony Brook

In designing an experiment focussing upen high resolution studies for
electrons and photons, we have considered several possible configurations of
magnetic field. This history, and some indication for the basis of choices
made are given here. It must be realized that several specific constraints
were imposed on this study. We wanted to optimize the energy resolution for
electromagnetic detection and the magnet should dominate neither the effort
nor cost. We did not foresee that we could afford full 4m solid angle cover-
age in EM detector and therefore the magnet need not cover all solid angle
either. We expected to put the EM calorimeter outside the field in the
large angle domain; thus we did not want thick material in the magnet coil
(or return within active aperture).

We have considered both axial and dipole/toroidal field orientations,
although we have never looked at the case of a dipole field on the circulating
beams. We summarize below the advantages and disadvantages of both.

a) Axial field

Several versions have been examined: the original design had two
window=frame magnets next to the collision point, or alternatively a single
window frame magnet with a hole in the pole (sece Figure 1 and Aronson et al.,
lsabelle Summer Study (1978), p 278). The chief advantage of the axial field
is that the bend plane is perpendicular to the circulating beams, giving a
very small source size and enabling one to make fairly precise momentum mea-
surements with chambers outside the field only. The chief disadvantage of
this version on the axial field is the very limited open (i.e., mass-free)
solid angle, expecially in & (or y).

Two other axial fleld configurations which were looked at were a
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long, cantinuoug thin saolencid (see Figure 2) and an open solenoid (or Helm-
heltz coil) magnet (see Figure 3). The drawbacks asgocilated with the contin-
ucus solenoid were its relatively small bending power and the lack of any

open solid angle. The coil was estimated to be " 0.5 radiation lengtha thick
(and much thicker for forward-going particles). 1In the case of the open
solenoid, massive conductors and very high stored energy were required ta
provide reasonable bending power in the open region at @ = 90°. The Helmholtz
coil version was considerably more efficient but still had large coils (and
coil shadows) and very limited & coverage. The chief advantage of the sole-
noid-like axial fields is the "complete" 2 azimuthal coverage at 6 = 90°.

The solenold-type magnets all have circular (i.e., easy to make) coils, al-
though they all operate in the vertical position. Finally, since these mag-
nets do not require momentum-measuring chambers near the collision peint, they
all afford some measurc of contaimment of low-pT charged particles, thereby
reducing the rate-associated problems. (Even for the strongest solenoids
considered, this rate reduction is probably not more than a factor of 3.)

b) Torcid/Dipole field
Two different toroid/dipole field configurations have been considered.

First a 4-fold symmetric toroid, half iron and half air gap was considered.
Later this was reduced to two-fold symmetry, for reasons of distributing a
finite area of detectors more widely in 8. Figure 4 shows a cross-section

of this version and Figure 5 compares the (8,¢) coverage of this magnet with
the Helmholtz magnet discussed above. The two are virtually identical in
s0lid angle, with the toroidal geometry giving less A¢ but more A8 tham the
solenoid.

For this type of magnet, the bend plane contains the long dimension of
the interaction diamond, necessitating chambers near the beam pipe. Once
this bullet is bitten, better momentum resolution can probably be obtained
than in the axial field/external chdmbers case without pushing the state of
the art in chamber resolution. While inner chambers could be employed in the
axial fleld case to improve the momentum resolutlon, this involves tracking in
the full-strength field. The inner and outer tracking regions contain about
8% and 197 of the toral field integral respectively. The total field inregral
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out tay = 280 cm {s 17.8 kG-m. An attractive feature of the toroldal field
arientation ts that the the “end” view (that view corresponding to Figure 4)
the tyacks are very nearly straight {or at least have very little net hending)
through the field, facilitating tracking in this vicw (and perhaps triggering
as well).

Figure 6 shows the same magnet in the beam plane. At approximately 5m
overall length the A-range 25% < B < 165° (=1.5 < y < 1.5) iIs covered with
reasonable bending power. An interesting option to f{nclude in the installa-
tion is the possibility to move the magnet along the heams. Placing the
magnet center 2m downstream of the crossing point, for example, gives # cover-
age in the range 12.5% < p <102.57 (<0.2 < y < 2.2).

Figure 7 shows some of the velevant parameters of the split dipole
torold magnet at 3 different values of central field = 10, 12, and 15 kG.
Using the required current and iron for the 12 kG version we have estimated
the cost very roughly, based on an estimate (by Ralph Shutt) of some possible
general purpose dipoles for ISABELLE experiments (done in 1977). - The required
super conductor amnd {ron for the magnet of Figures 4 and 6 are both scaled
up from the Shutt design by an average factor 1.35. We have thus scaled 211
hardware by 1.35 and kept the same design/fabrication labor costs. The
result for our case is $1150K (including contingency) in 1977 dollars.
Extrapolating to 1982 dollars (the earliest FY in which funds may be allo-
cated) we used an {nflation factor = 1.08 x 1,10 x 1.12 x 1.15 x 1.18 = 1,81,
or a cost of $2070K (FY 82). For discussion purposes it is propused that we
use $2.5m for the total cost of the magnet, including transporter.
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THE USE OF CONVENTIONAL MAGNETS

FOR 100 GEV PHYSICS

David Luckey and Samuel C. C. Ting

Laboratory for Nuclear Science
Massachusetts Institute of Technology

Cambridge, Massachusetts 02139
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M expect the energy range of 100 GeV, saon to be opened up

Some physicists
by new accelerators, to be dominated by vector bosons associated with the weak
interaction. Among these the Zo is expected to have a mass near 90 GeV and a
narrow width ([ = 3 GeV). If so, then new detectors will be hard pressed to
achieve resolutions capable of resolving this width. Resolution will be important
for low multiplicity decays like

ZO - e+ . e-
2 - u+ . u-
(5]
z, + u"*u+ Higgs
where the particles could have momenta up to 45 GeV/c. The existence of a
natural unit of resolution is an important change from recent physics where the
multiplicity is high, and hence most momenta low.

We wish to discuss some aspects of obtaining such resolutions. We begin by
obtaining an estimate of the resolution required. Suppose, by a clever combination
of intrinsic mechanical accuracy, surveying with lasers, alignment with X-rays, and
multiple measurements, etc., we could achieve an accuracy of 150 microns in
measuring the sagitta of a circle. Then a 1% measure would require a sagitta of

15 mm and a Bl..z of 18 Tesla - mz for a 45 GeV/c particle. To set the scale, note
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that the Big Europran Bubble Chamber (BEBC) has a BL of 12T - m® (B = 3.5T and
maximum L could be 1.85 m)(Z). In a practical detector the BL2 would be reduced

to about 8T - m®

because of the beam pipe and supports for chambers. Similar or
smaller numbers result from o!her large bubble chamber magnets. To reach the
Bl...z of 18T - mz requires a radius of approximately 3.5 meters for a B of 1.5T,

A practical detector will have material; before proceeding we calculate how

much material will cause a 150 micron As due to multiple scattering. Using the

formula for a continuous medium

1 . -L014)
8 = A L * Bgevia

where t is the amount of material in radiation lengths, we find L < 10 meter if
v/t =.3 for a 45 GeV/c particle. With the above BLz a useful field would have to be
greater than 0.2 Tesla.

The optimization of a detector includes many non-analytic and perhaps non-
rational choices and judgments. The instrumentation of the outer surface of a
large volume is proportional to Lz. We no.te that many developments for large
detectors have gone on in the past for cosmic ray experiments and recently that
much activity and invention for large detectors is occurring in neutrino

(3

experiments and in proton-lifetime experiments™ . We will assume such
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techniques can be adapted and address ourselves mainly to the problem of obtaining
a field over a lazge volume. We note that if the proton is found to decay, second or
third generation experiments may need a magnetic field to study the various decay
modes and that magnets such as we describe here will be useful.
The "difficulty” of making a magnet is related to the stored energy
E - Bv = B4

or the difficulty ~ %Ewhere R is the resolution = BLZ. This would suggest that a
large volume would be the best choice. There are, however, other limits. For
example, a large superconducting magnet represents difficult transport problems
and would be difficult to assemble in situ; refrigeration costs go as Lz;

2 Jike 18T-m* could cost 16M$ or more. Thus we

superconducting magnets with BL
would like to address the problem of conventional magnets assembled in situ which
are as large as experimental halls, and which perhaps themselves comprise the
experimental hall and the shielding.

In order to get some magnitudes, let us consider a cubic magnet with iron
return yoke as shown in Figure .. We take the side to be of length 2a. We assume a

coil thickness To' assumed small compared to a. We will find that to utilize

conductor we will have to make this assumption true in a real detector.
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From Gauss's law, neglecting the ficld in the iron return,

7

[RBedl = 2Ba = 47N x 1077 T-m?

where NI = number of ampere tums. If p is the resistivity of the coil, thea the

i

powee P = -I(Nl)?' D/To and the coil volume V = lﬁazTo. Combining, we
l/z

> r -
find R = Ba“ k( %}-) wheve k is a constant (785 x 10 7 in metric units).

let a = 3 meters and use aluminum .lm thick. Then the volume of the coil is
15 m3, the mass 40 metric tons, and if we use 2 megawatts, we calculate
B = .27 Tesia and Baz = 24T- mz. The iron rcturn yoke at 1.7 T would weigh

approximately 400 metric tons.

This conclusion is generally truc and

1/z
R = Ba® = H (shape) (B%Y)

where A is the packing factor (the fraction of volume occupied by conductor) and H
is a function of the shape. One can read about these shape functions in

{4)

Montgomery 4 for coils without iron.
Since power is expensive, we keep it constant at 2 megawatts, and try more
conductor. A proper calculation would minimize the overall cost by asking how

long the magnet is run, etc., all worked at long ago by lord Kelvin, We will,

however, assume 660 tons of aluminum available and a volume (like that of the
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proposed LEP hally) of 20 x 10 x 10 meters. We make the field in the difficult
direction (20 m). Then we can obtain a field of .2 T with an aluminum coilof .3 m
thickness and B_Lz of §T - mz. The iron roturn yoke would weigh 2500 tons {for
comparison, the iron shield on BEBC weighs 1600 tons). I we shorten the field to
10 meters we can double the resolution ta the 10 T - mz region. We would require
more iron since it is at a larger radial distance and because there is flux in the coil
which must also be returned. A larger BLz would require a larger L to be efficient
in conductor and iron.

Figures 2, 3, and 4 show some options on winding an aluminum coil. The
current densities we are using are low, so that we need not necessarily use hollow
tubing with the water in direct contact with the conductor.

Figure 2 shows a cross-section of a coil wound from standard aluminum cable.
Here one could either spray water on the outside of the cable, or put cables in a
common water or mud bath with some separate pipes carrying water to a heat
exchanger. For a discussion of such heat exchange in great detail, see reference 5.
The cable supporting structure must be able to cope with the forces of interaction
with the magnet field, and the cables must be carefully located initially. Here one

might use steel reinforced aluminum conductor, as is common for transmission

1053



e For

lines. For a recent discussion of various averhead cables see Ash et al.
assembly in an inaccessihle area this might be the preferred methad.

Figure 3 shows a tape-wound coil. This geometry eould be varied to put
scintillators and wave bar shifters into the coil, thereby making it a shower
counter. Aluminum tape coil can be obtained anudized and hence already insulated
with a tough layer of aluminum oxide.

Figure 4 shows an ecasily constructed helix made from aluminum bar welded
together at the corners as it is assembled. A water cooling pipe could be welded
(or extruded) onto the outer and/or mner edges of the coil. This would most likely
be the cheapest method of construction. Such bars m;gh‘.l also be bolted, if the
surfaces were prepared and protected during assembly. Reference 7 gives
resistance per mmz for various surface preparations and applied loads, and shows
that it would be possible to use such a bolted assembly.

Figure 5 shows a highly schematic view of a long magnet with possible drift
chambers. The inserted iron pieces along the beam cause the field to bend in a
manner that gives more resolving power at small angles (a magnetic bottle).

Figures 6a and 6b point out some possibilities other than solid iron for the

return yoke. Rectangular steel tubing which could hold liquid scintillator or be
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made inta a drift chamber can be used. Much of the retum yoke cauld be made aut
of the steel reinforcing rod used in all concrete buildings. One would simply use
more steel rod and less cement. Handling such rod could be casier than warking
with large steel blocks in inaccessible places. Clearly, there are many choices
more economical than the beautifully machined large pieces of * on we are used to
in experimental magnets,

If one is interested in building the cheapest conventional magnet, then one
should consider sodium as an alternative to aluminum conductor. We would like to
address some of the problems and advantages of using sodium metal.

Sodium has a resistivity ¢ = 5.3 u@-cm at 50°C: '-l.3 uf cm at 0°C and 6.2
nSQ-cm at 96°C, just beluw its melting point of 97.8°C. It has a density of 0.97,
which makes its radiation length 282 mm. Like aluminum, it is produced by
clectralysis, so its price relative to aluminum will remain the same. For the same
number of ampere-turns, sadium is a factor of 2.6 cheaper. Special railroad cars
equipped with exteral pipes for circulating heated oil (so that the molten sodium
can be drawn out by vacuum) can be ohtained in 80,000 b net lots. Prices for raw

material in June, 1981, were 57¢/1b for Na and 78¢/1b for Al.
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insulated alwminum: which cauld be

Figure 7 shaws a coil form of plasti

filled in situ by pumpiag molten sodium into the form. Tside tﬁg form would be 2

(8}

wmumergquné;h =

separate-pipe- for civculation-of conling [luid_snch as ol
"On- the basis of ‘service récord and econcmic merit of sodium metal-(a-factor. of
.6}, sooncr-or later these (sodinm)-cables ate likely to become a. majos factor:in

the underground transmission of electrical energy.® This book describes existing

~sodium power cables and many of the tests made on them with respfct to water

NaK in both fusion and fission reactors. Much is known about the behavior of Na

f ircs(m)

and it may be possible to' construct a'hollow aluminum bar that’could be
holted togother and filled with Na which would be acceptably safe.

- Finally, we would like to_make soine comments about air coil mégnets of

large size. The use of iron gives a saving in ampere-tums pfé factor of about 1.5.

If the increasing amount of iron is the problem, let us just make a massive coil,
2700 ton (metric} of aluminum or 1000:_.‘;113. Using the tables of refercnce 4 we

calculate the central field for a uniform current density solenoid of inside radius

1056 T




.. confuector. elficiently.

An.air coil is atteactive in that the tield c'an’always be raised by adding more

ﬁower. It has many problems; the most imporl;ii\t is the stray field which would

~make operation of electron beam devices like photomultipliers and klystrons .. .

difficult ‘or impossible. ~ A homogencous field can be obtained by suitable -
arrangement of the. coils, and we give a long list of the possibilitics studied by.

{1 1}.,,

. wany éxiieﬁr%’cn lk;l'vp:hysic,i"sg‘s

We conclude that the problem of choosing between superconducting and

conventional magneta will be answered largely by .examining other""boundary

_conditions. If one considers that the magnet structure could be the experimental

hall or that the magnet must be constructed in a remote lecation, th i a’"

conventional magnet system could be the most econamicals
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig- 5

Fig. ba, b

Fig. 7

Fig. 8

a)

b)

FIGURE CAPTIQNS
A cubic magnet with side 2a. The coil thickness 'I‘0 is assumed
small compared ta a.
A possible (low packing factor) conventional cable construction.
Tape-wound aluminum ceoil construction. The winding could be
spaced so that detectors could be inside the coil.
Coil canstruction from aluminum bar, either welded or bolted.
A possible low field detector. The iron poles at small angles
cause the field to bend so that there is more resolving power at
small angles.
Some passible alternatives to large iron pieces in the return yoke.
A casting form which could be filled with sodium metal. It is
shown "exploded” so the winding can be visualized. In practice, it
could be made of heavy-wall plastic pipe.
Resolution vs. radius for air core magnets with various amounts of
aluminum. The length of the coil is taken to 2.4 times the radius.
Resolution is computed as central field times inside radiusz.

Same for sodium conductor,
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A GENERAL PURPOSE TOROIDAL DETECTOR

Bernard G. Pope
Princeton University

Peter Bonanos, Philip Heitzenroeder, Peter Materna
Princeton Plasma Physics Laboratory

In connection with a proposed search for muons and muon pairs at the
I1SABELLE storage rings, a preliminn;y design has been made for a
supercanducting toroidal magnet.* The purpose of a magnet at a colliding beam
facility is to measure the momentum of charged particles by their bending in
the magnetic field. As the momenta of particles produced in the next genera-
tion of colliding beams (protun—antiproton, electron-positron, electron-pro-
ton, as well as proton-proton) will he in the range 10-100 GeV/c, the highest
magnetic fields are cequired, In addition, as the processes of greatest
interest (for example, the production of the intermediate hosons, W and 2°)
arc expected to be extremely rare, detectors must have a large acceptance
(centered at 90° to the colliding beams but extending down to angles of 30" to
each beam). Thus the magnctic field must extend over a large volume.

Toreoidal magnets when used at colliding beam facilities have the
following advantages:

l. 'The magnetic field is always perpendicular to the flight path of the
particles. This results in the field being used with maximum
efficiency over the whole solid angle - no "dead” spots.

2. There is no magnetic €icid on the beams. Thus there is no wasted
field and no perturbation of the beams.

3. There are no end-caps or iron return yokes. In addition to the

saving in iron, (often a dominant factor in the cost and always a

*Proposal for a high sensitivity searc¢h for muons and muon paris using a
toroidal magnet.

(1979).

B.G. Pope, Princeton University Publication C00-3072-97
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dominant factor in weight), this implies relatively wasy access to
the hesm pipe and the poasibility of combining large angle experi-
ments with small angle detectors.

4. A toroid can be moved along the beams (so that the intersection
region ia no longer in the center of the magnet) so that studies can
be made of production at smaller angles. The integrated B.dl will
always be greater than for production at 90°. This advantage is also
true for dipoles but not for solenoids.

S. The bending only changes the polar angle and leaves the original
azimuthal paccern unmixed, allowing for a natural subdivision fov the
tracking chambérs and easing pattern recoguition problems.

In the original ISABELLE proposal that suggested the use of a toroidal
magnet, muont were to have been studied by making use of a dense hadron
absorber (" meter thickness of tungsten) surrounding the interaction region.
The momenta of muons or muon pairs emerging from this absorber could then be
measured with a system of drift-chambers operating inside the magnetic field,
This resvlrs in a sensitive high-resolution apparatus capable of exploiting
the highest energies and luminosities expected ar ISABELLE.

The scops and flexikility of this apparatus can be increased by making
the primary absorber into a calorimeter and adding a high precision drift
chamber array around the interaction region to permit the angles and
multiplicitiers of particles to be measured. The calorimeter would consist of
alternating layers of tungsten and scintillation counters. 1n this way
electrons, protons and hadrons could be distinguished and their energies
measured. In addition, of course, muons would be identified by their ability
to penetrate the calorimeter without interacting.

Clearly, muons, having passed throuph thé dense calovimeter, would not be
affected by passing through the coils of the magnet. However, if the magnet
were constructed such that there was 3 reasonable probability of particles
from the interaction region passing unobstructed between the coils, the
apparatus would become a powerful hadror or electron detector. The ratio of
unobstructed azimuth divided by total azimuth (2-) is referred to as the
transparency of the coils. A reasonable transparency (say 260%) implies that
the magnet could be used in a totally different mode, where the calorimeters
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are removed and the momenta of hadrony and electrons could be measured with
the maghetic apectmmqter{ In this case the clear central bore of the magnet
could be equipped with Cerenkov counters for partii:le identification,

For the ahove reasons a teroidal magnet has been dnianedk with a central
warm bore of 1| meter radius, a bending power of 1.5 Tesla=meter, an ohnr
radiug of less than 5.5 merers (the beam height suggested for the major
facility hail at ISADELLE), a transparency of greater than 602,' and a length
such that a polar anﬁhlqr range 05\30'-150' could be studied.

The principal features of the design are summarized in Taﬁle 1 and Pigs.
I-3.

‘lable 1
Toroidal Superconducting Magnet
Principal besign Features

Bending VPower 3.5 T™-m
Minimum Useful Detection Angle 30
Contral Tranaparuency - 60%
Central Warm Bore Radius L ) . im
Toroidal Warm Volume

Inner Radius 1.8m

Outer Rudius 4.0m

Anial Length 9.3m
Quter Radius 4.9
Overall Length ~35.0m
Total Nl of Turoid ’ 29.6 MAL
Number of Coilas [}
Turns per coll . 420

Turns per pancake 30

Nunber of pancahes 14
BR Product 4.32 T™-m
Deaign Curzent GA0A
‘Potal length of superconductor required 81 km
Suparcaonductor Type FPilamentary NbTL
Stabilirzer Copper
Stabilization Limit 6730A
Ccritical Current @ 57, 4.2°%k ~18,000A
Peak Pield at Superconductor 5T
Cooling Method Pool Boiling
Coil Cavity Area: Conductors, Insulation

and Cryogen 950 sq. cm./coil

ni - 2.7 MAY/coil
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Table | -~ continued

Groag Current Dansity in coil cavity
Electrical Insulation '

Thexmal Insulation

Insulated Surfece Area

Thermal Traasfer Rate: Total
Structural Supports: Heat Lsak
Rlestrical Leads: (8) pairze
Suggested Retrigaraticn Capacity
Suggested Liquatier Capacity

Weighta:

Colla .

Coll Cases

Structures

Total cold mass

Davax :

Total*veight

Manimum Crane Lift Required
Structural Material

Matecial Properties €4.2°K (TP 316 LN)
Ultimate Tenaile Streaa
Yield Stresa (0.)
Fracture Toughnets

2840 v“' ﬁl-

A
Glase-Rpoxy-Cryogenic
Aluninized Kylar and Paper
600 sqg. maters
20 @

TPI04.ox TP3I16 LN
Stainleas Steel

200 Red
125 —_—
150 ksi /in.

Two important features ci the design that are not shown in Table I are

the construction schedule which indicatea a lead time of about 5-1/2 years and
the overall coat which is likely to be in excess of $20M.

This latter figure has suggested that we modify some of our grand
aspirations and we have considered a more modest magnet with parameters as

shown in Table 2,

Table

2
Tinner ® 1 m  royeer * I m
Binner = 20 kG Boutel‘ = 7 kG
outer

B.ude = 22 kGt

13
Nin:-mfo? Ampere turns
Stored energy = 65 MJ

This magnet is illustrated in Piga. & and 5,

Estimated momentum resolution Ap/p = 0.05 p %
Transparsncy : unobstructed aximuth = 752
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Fig. |.
Fig. 2.
Fig. 3.
Fig. 4.

Fig. S.

FIGURE CAPTIONS

Model of a 3.5 T-m superconducting toroidal magnet.
Elevation view of toroid,

Detaila of toroid,

End view of a detector based on a 2.2 T-m superconducting
magnet. )

Cross section of the detector.
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REPORT OF THE WORKING GROUP ON DATA TAKING WITH BUNCHED BEAMS

B. Blumenfe'd, Johna Hopkins S. Kabe, KEK :
R.C. Pernow, BNL M. Marx, SUNY, stony Brook
J.C. Hervera, BNL A. Nappi, PISA

M« Tannenbauw, BNL

The purpose of this working group wis to consider the problems created
far experimenters under the bunched beam running conditions of ISABELLE Phase
I. We will attempt to give some indication of the nature of the problen,
identify the kinds of experiments that will h-vé difficulries, and then
conaider some of the possibilities for dealing with them. )

1. ISABELLE PHASE 1 ENVIRONMENT
Firet. we present the "facts of life” for running at ISABELLE Phase 1
with bunched beams, and some of the implications of this environment.
We assume for purpoees'o'f calculation that each ring is filled with 57
AGS buckets whose centers are 224 nsec apart, and that the buckets are

3~dimenaional gaussian charge distrzibutions with vertical, horizontal and
longitudinal mms distributions of 0.2 um, 0.5 um and 1400 mm respectively.

The crosaing angle is taken as 7 mrad. Presented in Figures 1 and 2 are the
inatantaneous luminosity as a function of time during the beam crossing and
the longitudinal luminosity integrated over time. Both of these distributions
are sharply peaked with rmes widths of 3.4 nsec in time and 11 cm along the
disamond. These widths reflect the assumption of gaussian shape and will
probably vary depending on the actual charge distributions. They do, however,
indicate that resolving multiple interactions in a single bunch-bunch crossing
will be non=trivial.

Ve next consider the probability of getting two or more events in that
single ﬁunch-huuch crossing. This is simply calculated by Poisson statistics.
The probability of having n interactions in a given bunch crossing when you
eéxpect an average u 1s:

"o
Pu(“) = -h-e

Presented in Table 1 as a function of the mean number of events per bunch
collisfon are the average luminosity that correaponds for ISABELLE Phase 1 (50
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ob assuned), the probability of no event uccurring, and the offective avevage
lurincaity which is defined helow.

We firat say that the average numher of "interesting” events per bunch
collision 1s givem by the phyaiew cross-section for that process times the
average luminosity per bdunch croasing:

Miqe = %1ne dc
If, becauae of the nature of the experizent, we must now require that the
1nniuting evant waa the cnly one in ira bunch crossing, we must multiply
Nyne bY probability that it was alome to get Nojegn+ This
probability ia given by

1 = PCY)
Lo B(1) £2«F(2)+3«PF()+ ...
or P(1) e e
z n F(n)
n=l

wheare F(n) {a the Pofsson probability of having n. Thus we have

Nolean ™ Nine &F = Ofne anc ¥

Thus we define the effective average luminosfty as

:ﬁﬂ - L o

Note that ™M {a numerically equal to P{o)}. We see from the table that

the maximun effective luninocaity occurs for u = 1, although the nominal
1SABRLLE Phaae I effoctive luminosity is only wome 30X lower. However, we
aleo note that for u = 1, the cleanliness factor is only 0.37 so that the
observed svents will have to be multiplied by a factor of 2.7 to get the
correct cross-ssction. Rven for u = .33 there is still a 41X correction.
This will make the seasurement of abgolute cross-sections very difficult in as
much as & is continuously changing during one £111 of the machine. 1In
addition, these considerations are in the absence of any trigger dlas effects
which may tand to enhance the number of multiple evants. Thie is because the
high peak luminosity forces extra events to be identically in time. With DC
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beams (and the same average luminosity) the extra events will be mnre spread
out in time so that scintillators can reselve them, drift chamhers will have
extra hits but not extra reconstructable tracks and energy #umped in
calorimeters will be off-center from their gates and so lose some of their
potential for wiking trouble. 'Clearly any step :du@rd DC beams, such as
incrcasing the number of bunchea per beam while reducing the c_hgrgc per bunch,
would de a atcb in the right direction.

In an attempt to compare the effeccive luminosity for bunched beams with
what could be attained ina continuous machine, we also quote in Table 1 the
luninosaity {n an unbunched machine that would yield the same effective V
luninosity{*). This would depend on the resolving time of the ‘
experiment, for which we asgume, as a benchmark figure, 100 usec. We note
that the higheat luminosity attainable with the bunch scheme of Phase I could
be attained in a continuous machine with a lower luminosity (~ factor 2} and
therafore with a bigger “cleanlineas factor™, but with a larger beam current.
We alasoc note that the effective luminosity corresponding to ISABELLE Phase 11
(unbunched) could never be reached uith the duty cycle of Phase 1. A more
detailed comparison of the effective lumincsity in unbunched versus bunched
beams is tried in Appendix I11. Its conclusions are that, for a given average
luminosity, the best effective luminusity corresponds to no bunching,
independent of the detector resolution. 1f, on the other hand, the comparison
1s performed at a given avevage beam current.ytrylng to account for the
dependence of the luminosity on the bunch length, an optimal bunch leagth
exiats. -

Even though the improvements in effective lumihoslty in the case of DC
beams may not appear dramatic, we wish to stress that bunched beams are, in
any case, potentially troublesome compared to DC beams.

11. BXPERIHENTAL SENSITIVITY TO MULTIPLE EVENTS
The amount of trouble raused by the sccurrence of more than ane event in
a bunch-bunch collisien is clearly dependent on the experiment. Since the

vast majority of interact;ons ace diffractive in nature we may expect a shower

of hadrons along the beam direction to accompany a trigger event of any type.

(*)1In a contimuous machine Lege = Le™0k trqq.
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In plinal enperinents vith small angular acceptance away from the forvard
dtyrnum,' single particle expariments at large tranaverse womentum, or
experiments which are only interested in meaauring single particle spectra
will not be hurt by the presence of sultiple events. Experimenta with ér
acceptance or which atteapt to msasure very small angle scattering may have a
serfous problem unless they dn able to know when a aultiple event has
‘eccurred. ‘

Multiple events do not appear to bde a problem for mmat of the progras
with the M.1.T. spectrameter. Tnis detector will be triggered on large p
muona with an inner calorfaeter to absorb hadrons. The major triggering
difficulty say be aceidentals between single muon events and hadron punch
througha faking a wucn pair event. Multiple events could eliminate tracking
inforsation froa the drift chambars since there wuld nv longer be an
unaabi guous uni origin to asasure from. ,

The large dipole chui:tor asy be more susceptible. Here the empha.is 1s
on hadronic jet production and the trigger involves the total energy deposited
in soae region of the caloriueter. The gatc interval is 120 “, to allow
sufficlient time for waveshifting the mcintillator lighi. A setond event would
effectively lover the trigger threshold. Since the p distribation s very
steep thia could lead to a subatantial increase in the trigeer rate. The
angular distribution would also be shifted svay from 90°.

I111. REMOVAL OF MULTIPLE RVENTS
1f ISABELLE operates in a hunched beam mode, there will be multiple
pPraton-praton collisions in one beam crossing. For those experiments that are
sensitive to multiple interactions the problem ariaes as what to do about
them. Although 1t 1s possible in some cases to actually aeparate the
particles coming from multiple avents, it will be assumed that in general the

goal will be to identify the presence of multiple events and then discscd them
all.

The ways that have been suggeated of attacking the problem are the
following:

1. Excelleat time resolution. Because a second event is expected to be

within a couple of nanoseconda of the main event, thia {a not considered to be
of ugnﬂl:im:'hela-

2. Finding multiple vertices in the interaction diamond. This method
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should work in removing wultiple events, however, it han the disadvantage of
being & 'nl-uvcly slow weans of event rejec”ion. In order words, all the
tracks in an event must kh r'-e,onurucnd‘ M, the vertices found bafore the
whole thing is thrown away. This can be a significant waste of ceoamputer
time.

3. Ar hadron celorimetry. This wethod would throw away events with
siguificantly more visible emergy than that available in a single beam-bean
interaction. This appeara to ba relatively fast, but needs detailed study to
deternine the sensitivity ta loss of particles staying in the vacuum pipe.

4. Suoall hadron calorimeters. This method places relatively small
hadraon caloriseters on the downstresn arzs of experiments without general
hadron Eaiorlunry. The idea is to discard events with pniiclu of more
than the single beam energy near the vacuum pipe of either beam. This is
aimilar to the previous method, but makes use of the fact that extra events
will tend to be diffractive in nature, and therefore, of relatively small
angle. N

The last two nmethods also have tﬁe advantage in helping to remove
background due to.beam-gas or beam-wall interactions in coincidence with a
beam—bean event, in as much as these will tend to have extra visible energy
but only a single recomsiructable vertex.
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FIGURE CAPTIONS

Pigure 1.

Flgure 2.

Flgure 3.

Instantanecus luminosity as a function of time.
Integrated luminosity along the length of the diamond.

Geometry of the beam croesing.

APPENDIX FIGURES

Figure A2.

Figure Al.

Probability for an event to come unacrompanied by any other
event within the detector tesolving time, plotted as a function
of resolving time. The full line corresponds to the parameters
of ISABELLE Phase I and C = 50 nb, the dashed 1line to a D.C.
machine with the same luminosity as ISABELLE Phase I.

Rffective lunminosity plotted as a function of the bunch length,
assuning the parameters of the ISABELLE "superbunch” option but
letting the luminosity change inversely with the bunch length.

In the full curve a regsolving time larger than the bunch lemgth

and smaller than the bunch spacing is assumed, in the dashed line
the resolving time is fixed at 100 nsec.
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APPENDIX 1
LUMINOSITY FOR BUNCHED BEAMS

L= 2¢c cuaz
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Figure 3. Geometry of the beam crossing
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AVERAGE_LUMINOSITY (cm > sec”))
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APPENDIX 11
FORMAL DERTIVATION OF EFFECVIVE LUMINOSITY

fac -~ luminoglty per bunch collision

g, = cross section for intcresting event

i
ulifzc = ug - mean number of interesting events/bunch collision
-
Pi(l) =u e L. probability of getting one and only one interesting event
per bunch collision

=0; ¢
P = "1{50 e

(uT = 01) BC ~ mean number of noninteresting events per bunczh colltision
pol

~log=ap) Lpe
P(O) = e - probability of getting zero noninteresting events
per bunch collision

p(l) = Pi(l) P(c)

~9r Agg '
F(1) = oy Qgc e - probability of gathering one interesting event per
bunch collision and nothing else.

ano -« number of bunch collisions per second
“r h“i;c
N, =g, n, f e - mean number of single Interesting events per
i {1 B o BC second

Nl =gy Leff - by definition

L con
S Lgpe =y fni:me ™ %80
Bunched
~9r™ac
Leff - LAV“ - effective average luminosity for bunch beams,
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R resolving time

L, = average dc luminosicy

av

up = c:i Lw T ~ mean mumber of Interesting events ver resolving time.
[

L

" Mav Tk

L
t Bav TR®

- probability of getting one Interesting cvent

Pi(l) =g
per resolving tiwe.

B(Q) = (g, - o,) L,, t, ~ mean number of noninteresting events per resolving
T 17 TAV 'K time
~(oq - a;) Ly

B0y = ¢ R. probabillity of getting zero noninteresting event
per resclving time.

B(1) = P, (1) F(D)
“r bav Tr
B(1) = ¢ Lay R® ~ probability of getting one intrresting event per
resolving time and nothing else.

?l- = nunher of resclving times per second.

R
N, == B
it ¢
~op Lav x
Ni =q I‘A\le - mean number of interesting events per second.
D.C.
Ni =0 l‘eff - by definition
=g, L, T
Leg;.c‘ = LAve TAV R effective averzge luminosity for continuous beams.
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APPENDIX 111
DEAD TIME FROM PILE-UP

We will work in the rather simplified assumptions that:

&. Multiple events occurring within the time resclution of the slowest
detector can be {dentified as such; '

b. events accompanied by other events within the time resclutfion are
dizcarded.

We will try to evaluate how the efficiency connected with this loss of
events depends on the bhunch structure.

Let us aasume that the interaction probability per unit time, as a

function of time is constant during bunch crossing and zero otherwise (Figure
1.)

Ale)4

A A ——]F s {—1

-

4-1;*1-l -
Fig. 1
where
A =q Lpédk
Ton + toff Ela ng = number of bunches
Bt £ = revoluticn frequency

and tonis defined as

r = Mean luminosity ( + )
on Peak luminosity Ton * Toff
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The efficlency that we are rrying to evaluate is given by the probability that
ne cvent occurs in a time t{®} afrer the interesting event, call 1t P(t}.
Therelore

P(E) = ™ during the on Intervals

= const during the off intervals.

If we neglect the displacement of the event time within the bunch, this will
lead to the sclid line in Figure 2, where the parsmetera of ISABELLE phase I
and a cross section of 50 mb are assumed. Alse shewn on the szame figure is
the efficlency for a continuous machine with the same average luminosity.
Note that for tprgg =t {Ton + Torf) the two curves
touch.

Th? efficlency curve for any T, and T .. can be drawn according te
the followi{ng recipe:

as DOraw the efficiency curve for a continuous machine with the same
average luminosity;
b.  the efficiency for treg betwment, +n (T, + T rp) and T oo + T,

Tont 1 (Ton{" Toff) 18 & constant corresponding to the efficlency for a
continuous machine at tpey = Toy + Toep + 0 (Ton + Topgd

c« the efficler ¢ “etween 0 + n (Tyn + Topep) and Ty + 0 (T, + Topg)
{s the line comnnecting *:: polnt at treg = Ty, + N (T, + T () previously
drawn with the point at Tpgq = m (T, + T c) of the coatinuous machine.

1t is clear that, from this point of view, for any resolving tise, a
bunched operation is wurse than continuous operation at the same average
luminosity, except where tpoq = 0t (Tm + 10“). in which case the
efficlency {8 the same.

Hosever & more realiatic comparison of bunched versus unbunched aperation
should take into account the dependence of the luminosity on the bunch
langltudinal size. WNe will sssume that, for a given charge In the bunch, the
luminosity per bunch crossing varies inversely with the longitudinal bunch

width and hence with Tont
B.C. ¢ 1
(*JEqual to the resolving time of the slowest detector.
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A
B.C. k 1
Y & et i o (2)
av ?un T Totr “en Ton M Toff
’8.€. .k
A w oG B (3
L ton ‘oﬁ

Por dounuoneuh we shall assume the parameters of the ISABELLE “superbunch”

option.
ny = 57
R o2 et .
l'nnn = 1.6 2 107 cm © aec Ton + Toee " f“! 225 ngec
. L
-2 -1 mean
L =8 x 107 cn " smec T (v, + : ..) = 39.4 nsec
peak on chlk on ol
The pavameter k in formula (1-31) {8 given by
ko= Ay T2 m oLy 12 =50 x 1077 x 8 x 107 x 25,52 x 107" sec =

« 6.2 x 10°8 sec = 62 nsec.

We further assune (academically) that the bunch length can be varied at wiil
and that the resolving time of the enperiment is alvays between Ton and Ton T
Toﬂ.and coupute the effective luminosity as a function of Tont effeciive
luminosity being defined as average luminosity multiplied by the #fficleacy
computed above. Ve have [ 3

<o (T + 1 44)
- AV ‘'on © Coft k 1 on
Lc(f L“e *Tt
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Lot (1) has a naxinum for t == K", 1n face

41 kit I Y I 1 Y S R M
dt t % "12'?‘ +z‘21 "7 ?'?

The curve Logs (T ) Ia shawn {n Figure 3.

Mpar ISARELLE Phame i k = 3.5 nsec.
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A COMMENT ON RESOLVING DOUBLE INTERACTIONS
AT ISARELLE

R.A. Johnson = BNL

= smallor and smalley cross sections are investigated at Isabelle, back=

grounds frow double interactions become a larger and larger problem. Therc
are two methods of distinguishing multiple interactions in a single hunch
cruossing: resolving the two interaction vertices and/or resclving the dif-
ferent interaction times. The purpose of this note is to show that the two
methods provide orthogonal information and that ‘both should be present in
large Isabelle detectors.

The number of interactions at a given position in the interaction diamond
at a given time is proporticnal to the product of the particie densities in
each bunch ar that point and time

N dx dt « PBea tx. t) P n z(x,t) dx 4dt

m 1 Bea

Taking x = 0 at the center of the interaction region, t = 0 at the center of

the bunch crossing, and the two bunches to be mirror images of each other

| l(x,t) = P(x + Bct) = P (=~ %, ~ t)

Beam Boam 2

then
N dx dt = P(x + Bct) F{= x - fct) dx dt (1)
For purposes of illustration take
P(x,0} = 1 for Ix} <a .
P(%,0) = O elsawhere.

This is the boxcar bunch illugtrated in Figure 1(a). The probability density
is flat over the region outl;ued in Figure 1(b). When this probability dis-
tribution is put into equation (1) and integrated over cither the pasition or
the time, the resulting probability distribution is the triangular distribu-
tion given in Figure 1l(c). Altﬁouqh the two distripbutions look the same, the
peaks come from different events. Events in the peak of the time distribution
come from the entire interaction region while events in the center of the

interaction region come from all times during the bunch crossing. Therefore,
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measurement of both gives two pieces of orthogonal information about the
event. Real i{sabelle bunches will be much more peaked than this aimple ex-
ample making the confusion in either variable, position or time, much greater.
Therefore, measurement of both is much more important.

FIGURE CAPTION

Figure 1. a) Particle density for a boxcar bunch; b) area of constant inter-
acrion probability for crossing of boxcar bunches: and ¢}  interaction prob-

ability distribution as a function of either vertex pesition or interaction
time.
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CAN PHASE 1 DETECTORS BE UPGRADED TO PHASE 11
E. DBeier, University of Pennsylvania
R. Johnaon, BNL
H. Kasha, Yale Univeraity
W. Morse, BNL

The luminosity in phase I will be 2 x 1031-1032 ':m-zsec_l. The beam is
bunched with the bunches separated by approximtely #20ns. Generally there
will be leas rhan two events per beam crossing. It is appealing to optimize
the detector to make use of this time separating events. For example the ion
collection time of the central drift chamber could be equal to the bunch sepa-
ration. This would give drift chamber cells of approximately 1.7 cm x 1.7 cm
and approximately 13000 cells for the 50 layers of the cylindrical central de-
tector suggested by the Dipole design. The drif: chamber cell size could be
larger since the time resolution is very gacd for the "double chamber" design,
hovever this way preclude using the drift chamber information in one of the
levels of triggering. For example if the fast trigger is a large deposit of
energy in the central calorimeter, the drift chamber data would then be
interrogated to make sure the interaction came from the interaction diamond.

Could a general purpose detector optimized for phase 1 be upgraded to
phase II? First of all the new physics results of phase I will almost cer-
tainly suggest changes to be male in the datector. Indeed it may be decided
to completely reconfigure the apparatus to build a new specific purpose detec-
tor, Houever if it is decided to upgrade & general purpose detector to phase
11, som* of the inner tracking drift chambers should probably be replaced with
detectors which can be used in the trigger. One possibility is the
acint{1lating optical fibers being dev:loped by R. Strand and 5. Borenstein.
tt may also he possible to upgrade the drift chamber electronics to accept mul-
tiple hits per cell. Then the central detector will probably be able to accept
phase It liminosities. However the lorward detectors will almost certainly be
unable to accept the highest luminosities of phase 1l.
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Appendix - Myltiple Interaction in a Bunch Crossing

In our discusasion. the probability of multiple interections in o aingle
bunch crossing came up repeatedly. The figure accompanying this appundix was
useful for those discussion. In phase 1 ISABELLE with an average luminosity
of 2 x 103l, 4.2 mhz crossing rate, and a 0 mb croas section, we will expect
«3 interactiona/crossing., Under these conditions we should expect that 74% of
the crosaings will have no interactions and that (and this is wvhat is

frightening) of those that do have interactions 142 will have two
interactiona,.
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SOME LESSONS LEARNED FROM A HIGH INTENSITY
EXPERIMENT AT THE AGS

ReAe Johnson - BNL

In 1974 when the BNL=Princeton=Illinals cellaboration first proposed an
Mo dearch to ghe high envegy advisory committee at Brookhaven, one of our hopes
was that this experiment would provide ap existence proof that photomultiplier
calotimetry could operate i{n high rate environments. That proof was not as
easy as we anticipated. 1In our first run in 1979 rate cffects killed the
experiment for approximately 95% of the time and at the same time killed any
chance we had of measuring small cross sections. [ foresee a similar danger
for first round Isabelle experiments as they try to cope with high intensities.
e this report ! witl discuss some of our problems and solutfons that allowed
us to do calorimetry In ar enviromment of 107 particles/sec In oui second run
In {980. These are presented in the spirit of a warning about arcas of con-
cern and not as the ideai solution for all experiments. There is ne substitute
for actual experience in a hostile enviconment.

Figure | {s a schematic diagram of our apparatus. The afm of the experi-
ment was to measure the exclusive reaction ﬂ-p *nh by detecting the two
phaton decay of the e The fntensity of the plon beam was 16”7 particles/sec.
The counters that encountered the high rates were the following: the beam
counters (Bl‘ BQ. and A?) which detezted the Incident beam particle and
vetoed unfnteracting particles, the segmented scintillator target counter
which indicated where the Interaction occurred, the downstream photon vetoes
(V counters) and the inner cdge of the detector. The beam counters and the
segmented target counters were running at 10 MHz, the photon vetoes (which
were not fn the beam), up to 4 Mz and the Inner edge of the detector, at
approximately 1 MHz,

First and foremost, to do calorimetry at these rates you must have a
photomultiplier base that can supply enough current to the dynodes.

AM. Halling, one of my collaborators at Princeton, designed for us the base
shown {n Figure 2. It {s a transistor base designed for pulsed operation.
Between spills it draws approximately 1/2 ma split equally between the
transi{stors and the resistor string. During the spill the transistors

carrfed up to 7 ma. 1In the laboratory, the base was tested up to 20 ma with
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ne adverse effects. With these currents going through the photomultiplier
the gain was conatantly changing (it normallyv doubled durtng the firast day of
ruanfing and then slowly decreased) making conatant in sfetu calibration nec-
essary. 1 would expect the same to be true at Isabelle.

Mike's base Is by no means the first transistor base!s® nor the best for
the Isabelle. 1t does have the novel feature of using Darlington palrs in
the final stages to direct essentially all of the current into the photo-
multiplier. Bares with this feature would save a great deal of high voltage
power at I[sabelle,

Tne next problem in high rate calorimetry {s transporting the signals
to the electronlcs. When a nice crisp sirnal comes out of (00 m of RGS8, it
has developed a long tall which has amplitudes greater than 1% of the peak
for a few hundred nancscconds. For calorimetry where large dynamic ranges
are tmportant, this is a disaster. The signals must recover to below the
range of {aterest before the next interaction occurs. One method to get
around thiz problem {8 to use better cables. In our case we used RGE which
has approximately 1/53 the attenuatfion at 1 GHz that RG 38 has. With this
additton we¢ were able to use 100 nsec gates on our photon detector elements.
KG8 cable is approximately 5 times as expensive as RG5B and, therefore, is not
the soluti{on for Isabelle. However, RG62, a 93 Q4 cablce, has the same atren-
uation properties as RGH and 1s priced ian the range of RG58. It has the
additional advantage of giving twice the voltage for a given charge. Even
though {t would chatige the standard for the front ends of electronics, ft is
a good chaoice for the cable standard at Isalelle.

For counters running faster than 1 Mz, chauging cables {s not enough.
The signals must be shaped at the photomultiplier to cancel the tail that
dovelops in the cable. Unfortunately, a clip line is not cnough because
it does not provide protection against signals reflected from the electronics.
Back termination ls necessary. Figure 3 shows the shaping network that
AM. Hélling and K.T. McDonald developed. The resistors Rl and R2 and the
capacitor C1 were chosen to match the photomultiplier signal co the cable.

In a typical example, R, =R, = 240 4, C1 = 150 pf, the attenuation through
the shaper was 8 db and the time to return from the maximum pulse height to
1% of that pulse height was reduced from 400 nsec tc 50 nsec.
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Io the " experiment, the most ambitious calorimetry was in determining
the tnteractlon vertex Lo the rarget. Here we were able, with the stiif base
and pulse shaplog. to Eneograte aver a 40 nhcc gate and get only a 10% dig-
tortion from plle up. ‘This {n to be compared with a 35%% Intrinsic width. In
the photon vetoes we were able to fdenctify photons in o dynamic range from 100
MeV to L0 GeV.

Finally, we found tt essential to get timing Informatfun from each
calorimeter element along with pulse hefght information. High rate eaviron-
ments tmply high singles rates which, in turn. Imply bigh nolse levels., In
additfon, in a typtcal event we found remnants of previous events. Timing
tnformation was necessary for sorting the in-time hits from all other extran-
cous fnformation.

What are my recommendat tons for high rate catorimetry at Isabelle? First
and foremost, test the entire system from counters to readout electronics in
an equivalent rate envivonment before final fnstallation. We have shown that
rate problems can be overcome, but the weak links must be ifdentified. Second,
plan':n get adequate informatfon such that the éff-line nnn!yéls can sort out
in-time and out=of=tfme clements. Environments of 107 particles/second are

difffcult, but if great care is taken, they are livable.
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FEGURE CAPTLONS

Figure 1. The apparatus used in the n. search. Bl and B, are buam counters,
The A counters are charged particle anticounters. S and V are photon vetoes.
The elements on the right comprise the photon detector (a lead scintillator
sandwich followed by lead glass).

Figure 2. A transistor base developed by A.M. Halling.

Figure 3. A typfcal pulse shaper for photomultiplier signals into long cables.

1110






Aoy

e teefe j'
) 2

Coonmita

‘uhba

vy ettt Trcanstes Bew S TML MMy boo—d
Teeis sy arg Wameda INGAR
(0 Way Gk gwicy cabintamis Fig. 2

1112




ANODE SIGNAL
9 Ny CABLE

R 7 56 L

10K

Ftg. 3

1113



MACHINE AVAILARILITY VS MAGNET RELIABILITY

G.E. Bozoki, BNL

N 1. INTRODUCTION

The purpese of the present note is to discuss briefly the availability of
ISABELLE for physics experiments. Investigating problems like these is not
too important at conventional accelerators, but its discussion in supercon-
ducting magnet environment seems to be inevitable. Nowadays, laboratories
that are using superconducting magnets for accelerators are having to learn a
completely new set of concepts and methods.

The reason for special attention is the special behavior of superconduct-~
ing magnets. Namely, they become "normal” if small, heat generating
disturbances upset their stabilities, .The disturbances can have various
origins: magnetic field jumps, mechanical motions of the conductdr,
eddy-current heating, coolant warm-up, radiation heatiﬁg, etc.  Such magnet
failures, or quenches, can happen vandomly because: of the ianterplay of the
above sources. Whenever they accur, they represent fatal failures for
continuous machine availibility. 1In other words, the availability of &
machine for physics experiments is inhervently related to the reliability of
its magnets for quenchless operation. Since there are now two types of
magnets under consideration for ISABELLE purposes, it is intercsting to

compare the availabilities of the machines to be built from them.

II. AVAILABILITY CALCULATION

To tteat the problem ax simply as possible, we assume that, except for
the superconducting magrets, all systems and subspstems sf the machine (as
well as the operators) perform without failure during wmlimited operational
time. To characterize the magnet failure-rate, in the present context the

quench rate, we define a M1,z,t,s} quench-rate function. 1t describes a
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prohability X1,s,t,s)at, that a magnet with a given geometry g, aperating up
to a maximum current I watil a time t at a given location a of the machine,
will have a quench during an cperational time interval (¢, t¥ar), We assume
furthermore, that for a “trained magnet" this probability is independent of
time and location.® Since the magnets can recover relatively quickly (vl/4
wr) after a quench, the moat often applied failure density distribution, the
expanential one, can be taken as quench density distributiorn:

G(T.z.t) = A(I.g)e'ku‘“)" (1yan

The magnet veliability i.e., the probability, that a magnet does not
quench during a time interval (0,¢}, is defined as:

t
R(T gt = ‘{ a4(l,g,0)dt = e-l(l.s)t (2)

For exponential quench density distribution, there is a simple relation
betwueen quench rare and mean queich-free time, MQFT(I,g):

MOFT(1,g) = of tqlI.g,t)de = 1"1(1.&)- (3

From the point of view of the machine availability, the magnets are in
“weries" logical convection. 1% means, vhen for any reason, an individual
magnet quenches, the physics experimesnts at the measuring cegivis are
discontinuged.

Assuming that the dipoles and quadrupoles for a given magnet design have
the same quench rate function and they are able to initiate quenches indepen-
dently, the probability that an [SABELLE ring will operate continuously during
a time interval of {0,t], is:

. N
ARING ey 20e) = T R (Lug.e) = o0 RO

(&)
1=l

*Addivional variables like coolant parameters etc., are neglected for the
present considerations.
kkThe emponential quencn density distribution implies that the magnet “does

not age". Presently, rherz im practicaliy no data available sbout the useful
lifevime of superconducting magnets.
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where N iz the number of magnets in a ring. Consequently, the probability
that the whole machine will ba available for physics measurements in a [D,t]
interval, uninterrupted by quenches, is

W 2 _
AOCHINEG 0 = [T A (L0 = RS (5
k=1
where M = 2N is the tocal number of magnets in the machine.

The mean quench-free time for the whole machine ia:

WFT(LLg) = b—]; MQFT(L.8) = oo &

I1f ISABELLE ix built from FNAL magnets the total number of magnets
(dipoles and quads) is MMAL = 984 (renrative value, seel). 1f BNL
magnets are used?, MBNL x [[38. (Superconducting correction magnets,
apoodles, are considered to be failsafe, because they are operated at
relatively low currents.)

Figures | and 2 show the availability of a ring and the whole machine,
tespectively, as a function of quench-free operation time for various
MQET(1,g) values. The broken and solid lines indicate respectively, the
standard ISA-design and the new version. The ring data may represent the
acailability of the ep-option.} The qrench rate functions for the FNAL and
BNL magné:u are different, but taking th;m tacitly to be egual
{i.e. MOFT(1,g = FNAL) = MQFT(1l,g = BNL) © MQFT(1)], the graphs directly
pravide the magnet number dependency.

[tt. DISCUSSTION AND CONCLUSIONS

Comparing the graphs on Fig. | with those of Fig. 2, it is clear that the
availability of a ring for physics measurcments is trivially superior than
that of the whole machine. In other vords the "ep~option” certainly has
definite advantages from the point of view of availability.

For the whole machine, the availability is not entirely favorable. Con-
sider e.g. our chances to run an experiment during a decent 10 hour period un-
interrupted by quenches. As Fig. 2 shows, the requirement to have a 907

chance of success is that the average quench-free time for a magnet should be
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around 12 veara! To achieve such a situation the magnets should be extremely
atable and the machine operating conditions should be absolutely safe, Thus,
it can happen, that the present maximum operating currcnt of the magnets (1),
the temperature of the coolant should be reduced and/or conventional magnets
have to be used at critical beam loss locations of the machine. This
conclusion is valid for any machine version.

The slightly smaller availability of the standard ISA-design compared to
that of the new version reflects the fact that in “hat design there are more
superconducting magnets ("potential time-bombs").

One would get a marked difference, if one could demonstrate, that
MOFT(l,x = FNAL) >> MQFT(l,g = BNL). At present, the validicy of this
condition, can only be guessed at: the better quench-characteristics of the
ENAL magnets compared to those of BNbL-ones-and the bunched beam operation
which results in less beam spill, speak for the validity of the condition,
However, the smaller aperture of the FNAL magnets speaks against it. As
usual, more study is needed to clarify the sictuation.

The obvious advantage of the neu'version, is that fewer maéncts result in
a shorter total time for recycling the machine after quenches. The number of

spare uagnets is also smaller. In other words, the maintainability of the

machine looks better {(at least fram the point of view of quenches). This
condition, results in a larger total useful operating time.

The tesult of the present preliminary and oversimplified availabilicy
estimate illustrates the necessity and usefulness of more detailed operational
anzlyses of machines with superconducting magnets,
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FIGURE CAPTIONS

Fig. L. Availability of an ISA-ring va quench-free operation time.
Purameter: average quench-free time for a magret, MQFT(I). Sclid lines:
ENAL magnets. Broken lines: BNL-magnets.

Fig. 2. Availability of the whole machine vs quench-free operation time,
Parameter: average quench-free time for z magnet, MQFT(I). Solid lines:
FNAL magnets. Broken lines: BNL-magnets.
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RING AVAILABILITY
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CALIBRATTON AND MONITORING OF LARGE BETECTORS

E. Befer, tntv. of Penn. Jo Marraffing, Vanderbilic Univ.
Ve Hagopian, Fla. St Unive H. Sticker, Rockerfeller Univ.
He Jensen, FNAL K. Sumorck, Univ. of Birmingham

e White, BNL

Ts INTRODUCTTION

The general problem of calibration and monitoring of an experimental
setup has become lncreasingly more important and troublesome as detectors have
become larger c¢nd more complex. Nonctheless, the phystcal quantities actually
measured by any detector are simple, namely a charge or pulse height, a time
interval or a position, It may be necessary to obtain either absolute or
relative measurements of these quantities. The problems associated with that
fall under the heading of calibration. It 1s also necessary to measure these
quantities aver an extended time with a presumption of both long term and
short term stability. The establishment of this knowledge falls under the
heading of meniteoring. These twe functions obviously overlap, but the
distinction between them can be kept cl~ar at least in an operational sense.

Cenerally, absolute calibrations are needed only once, or perhaps twice
for cross checking purposes. Such absolute measurements include for example,
magnetic field mapping, deteitor alignment or survey, energy deposition in
calorimeters or shower detectcrs and linearity and resolution of various
detector elements. On the other hand relative calibrations should be made
periodically, with a frequency determined by the stability of both the
detector and the calibratfon device itseli, In this context, it is important
to recognize that the caltbration device (whatever it may be) is not perfect,
but often suffers at least a& many deficiencies as the detector ttself. Some
specific examples of such deficlencies are metitioned below. The advantages of
relative calibratfons are that they need not be made “in place”, are
comparatively quickly performed, may be integrated with the online monitoring
system and are easily related to some small number of absolute standards,

Ideally, monitoring standards should be significantly more stable than

the system betng monitored over the necessary time period. This need ts far



more easily stated than achieved, hut we emphasize its fmportance, It is only
one of many tactical choices to he made early in the design of any large
detectary Another such tact{cal dccision concerans just what to monitor. It
is possible to moniter each individual element, selected individual elements,
logically related groups of elements or global properties of the entire
detector. This choice is closely related to the relative calibration
procedures adopted. That 18, the monitoring and calibration functions overlap
most markedly here, provided the monitoring standard has been calibrated. We
note that the data ictself can be used, as opposed to some other special input
to the system, depending on the sensitivity required, and on the data rate.

In either case, monitoring needs tn be continuous and at a rate commensurate
with a short monitoring time.

If we regard the calibration of a detector as the evaluation of a set of
coefficients which transform measured pérameters such as pulse heights, wire
numbers and drift times into physical variables such as energy and position,
it is convenient to assume that there are two levels of analysis with
different accuracy requirements. For the sake of argument, we take the first
level of precision to be 10% and the second to be 1Z. Then, the first level
is appropriate for use as part of an event trigger or to evaluate gross
features of a large event sample. The transformation of measured parameters
into physical variables at this level of analysis should be linear, e.g.

Energy = slope x (ADC reading - Pedestal)
Time = slope x (TDC reading - to)

For ease of data handling, we furthéer require that the second order
correctiond needed to achieve the 1X precision be factorizable from those used
for the first level. This means that the second order coefficients should be
slowly varying functions of the environmental factors such as temperature,
pressure, voltage, gas mixture, etc, These coefficients should probably be
obtained before and/or after a data taking period in dedicated runs in order
to obtain the required statistics, since they are, by construction, small and
slowly varying. In contrast, the slopes used in the f{rsc level
transformations are strong functions of the environmental factors., For
example, the slope might be a photomultiplier tube gain, or the amplification
on a wire in a gas detector, both of which have exponential dependence on
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apptied volrage. Recause of the complerity and large number of chanpels in
most new detectors, it would seem inad.:-ahble to leave these Rtrong
dependences free, but rather to use some sort of feedback loop svstem to keep
rheas parametark under contral.

II. EXAMPLES OF LARGE DETECTOR SYSTEMS

In order to understand some of the problems encountered by large detector
aystema the calibration systems employed by three different experiments are
described. a) The UAl experiment at the SPS pp collider,! b) £734, Ve P
elastic scattering experiment at BNL, c) The lead glass wall exprriment at
SLAC.? Table | summarizes the systems employed by UAl and Table 2 those used
ia the BRL v experiment.

III. CALIBRAYION SYSTEMS USED BY UAl

I1T.1 Electromagnetic Calorimeters

Electromagnetic calorimeters are all Pb-scintillator sandwiches with &
depth samplings with rotal depths Setween 26 and 30 radiation lengths. They
all employ BBQ readout. The gains of tubes are monitored with a dye laser
system, the light bheing transmitted to the light guide just before the PMT by
an optical fiber. The laser light intensity ig monitured by special PMTx
which also view AM2*! doped Nal crystals. ‘The gains are set by measuring the
salorimeter reaponse to eéither

a. 4.2 Curie Co®0 source

b. 18 MeV Betatron Bremsstrahlumg Beam
vhich has been cross calibrated with calorimeter modules in an e™ test beam.
the finc detailed response over the calorimeter is mapped using the Co®?
source.

The 4.2 Cutie Co®Y source calibration requires the measurement of a de
current in the PMT which needs an additional "picoamplifiet', which in turn
needs cross calibration using an LED systenm.



The hetatron calihearion is done in singtc shots though there are
problems to reduce neise pickup from the hetairun.

[tt.2 Hadron Calovimeter

Thy magnet rotarn voke and the endcap down to 3* are constructed out of
5 em iron plates interspaced with I c¢n thick plexipop scintillator read out
with BEQ waveshifter bars. The energy response is defined in terms of the
ptlse height of a 5 GeV muon per scintillator plate. The number of equivalent
particles per GeV {nep) was found to be 11.2 from measurements in a test beam,
The gains of the PMTa were xet by measuring the response of the calorimeter to
casmic ray muons, and adjusting the high voltage to give the appropriate pulse
height. This gain wvas then recorded by ‘nserting Rul?® 8 sources into the
catorimeter and then measv:ri.g the dc current in the PMT chain with a digital
voltmeter (DVM), Knowing the half !ife of these sources ;n was then possible
to reset the gain at a later date by reinsertion of the same sources. At this
point onwards the laser monitoring system was used to track the gain of the
PMTs. This monitoring system consists of two uv nitrogen lasers (A = 337 nm)
each illuminating =~ 3500 (25m, 200 wn diameter) quartz fibers by means of «
large diffuser box. The light iax therefore transmitted to the center of every
sheet of acintillator where it is absorbed within 1-2 mm of the surface and
remitted isotropically as scintillation light. As there are between 6 and 12
sheets of scintillator viewed by each PMT, there is a corresponding number of
tight fibers and hence a sufficient redundancy in the system to allow detailed
crods chechs between the fibers, The absolute ligii level from the laser is
monitored by special PMTs which alio view Am2“*! dopud Nal crystals. The major
advantage of exciting the scintillator directly is to check the wvhole light
collection chain. The gain of the PMTs may be monitored independent of the
taser intensity by measuring the standard deviation ¢ of the laser
distribution. We then have

# of photoelectrons = (peak/q)?
gain = (peak/#of photoelectrons) = (o2/peak)

I11.3 Central Detector

The central detector used in UAl is a large cylindrical drift chamber
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with image readout.? This means that every 32 na of drift time the total
charge and the curvent division is digitized with flash ADC's. Typical pulses
will be =4 bing wide and the time pick off of the leadfing edre is done by
interpelating to 3 bits precision within the firest bin, f.€., & n8 or ~ 200 &
tn space. For calibration of the flash ADCs, charge is (njected at the foput
of each preamplifier at the end of each wire. In the charge and time
digitization madules (CTDs) the amplifier gains are equalized and the offsets
and levels adjusted untfl the correct responses for given Inputs are

obtained.

In addition to the calibration of the electronfcs two schemes for
producing neutral straight tracks fn the drift chambers are to be used. The
firse will utilize a collimated x~ray beam generated from an x-ray flash tuhe
pulsed at 150 k¥.* Two types of processes accur. Flrstly, there is
approximately 607 photo-ionization which occurs mostly from the Argon K~shell
where the ejected electron carries essentially the initial x-ray energy and is
long ranged. Secondly, the remaining 40% Compton scatter which gives rise to
ejected electrons of low energies and a deflected beam. As these electrons
provide the best localization, a necessary cut is that there should be only
one interaction per drift cell in the chamber. It is therefore necessary to
accumulate many x-ray shots toe define a beam profile, The big advuntage is
that it is possible to link chambers and drift cells over tens of meters.

A second scheme to produce neutral strafght tracks is to use a uv N2
laser. This method has been discussed by several authors® and is currently
Lbeing developed far use fn UVAL. A laser heam fs fired through quartz windows
into the chamber gas volume and can produce tracks of up to several hundred
ion palrs per em. ‘The ionization mechanism would appear to be by double
photon absorption via a metasstable state which saturates during the inieial
passage of the beam giving rise to a linear dependence of the pulse height
with laser latensity. An extramely low level of {mpurity is all that is
required to explain the ohserved phenomena., Tracks with a localization
precision of 50 u should be obtaived in & magnetic field. By splitting the
beam with a prism or a diffraction grating it should be poussible to measure
the drift velocity and drift angle in a magnetic fleld and also study two
track resolutions.b
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The monitaring of the gas gafn is important as the amplification process
has an exponential dependence op the temperature, pressure, applied voltages,
gas mixture, etce While the monttoring of each of these should he done, a
glabal menttorfng using a small chamber and a source provides an easler way to
apply correctlon for the dE/dx measurement. This can alsc be important (f
time stewlng is a serlious problem. For UALl, as with other experiments, two
smoil chambers are used, one on the i{nput to the large chambers and eite on the
outpute Fe®% saurces are painted on the walls of the chamber and the pulse

height aobtained is an absolute monitor of the gaine

IV. THE BXL NEUTRINO EXPERIMENT

This experiment consists of a series of identical modules which are

alternately liquid scintillator calarimeters and proportional drift tube
planes (PDT)¢ The liquid scintillator planes have 32 PMT outputs and energy
anit event time Is measured for each tube. A PDT plane measures x and y
separately with 108 outputs which measure time (positlion) and pulse hefghe.
This experimental system f{s repeated 118 times with independent devices for
photen detection and a muon spectrometer based on the same detecting elements.
This detector is conceptually simple, although the 20K analog elements is a
large number, and {t may be fnstructfve to consider the calibration problems

that occur even in a geometrically straightforward device.

IV.l Calorimeter

A calarimeter wall consiste of sixteen liquid scintfllator cells &m long
and 25 x 7.5 em fn cross scction. Each end i{s viewed by a PMT and each end
may be {lluminated by a light flasher through a permanently fixed flexible
light pipe. There are concerns that the liquid scintillator may deteriorate,
the PMT gain mav change and the electronics may drift i{n gain. The time
constants for each channel must be establishad and monitored to nanosecond
accuracy¥. Tre electronic check is conducted by using a pulser at each

amplifier input, although this is principally used for diagnostic purposes.
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The principal calibrating scurce is the light flasher. The light source is a
spark gap which I8 viewed also by a vacuum photo diode to monitor the
fluctuating amplitude and time of the light pulse after an initiating signal.
These fluctuarions, although remavabte by the vacuum photo dicde signal are
certainly inconvenient. The linearity and pedestal of the system are
determined hy insertfng calibrated filters in front of the light source and
fitting the output data points. Overall calibration, {.e. the transformation
of ADC counts into MeV of deposited energy is accomplished by reconstructing
cosmic ray maons in the detector. We will discuss this further belaw,

1V.2 PUTs

The proportional drift tubes are operated {n a linear gain region so that
an extensive range of dE/dx is measurable. At the front end of each
electranic channel a pulser variable in amplitude and time under digital
control is used for calibration and diagnosis of the data acquisition system.
The pedestals and gain of each channel are determined from this pulser. The
drift time vs position for the appropriate gas mixture hus heen measured in a
test beam, although establishing this function from cosmic ray muons {s
feasible. The gas is circulated rapidly enough that the gas mixture is
expected to be uniform throughout the apparatus. The gas gain of each module
is measured in the production process and controlled to 10X which is adequate
for this experiment,

These PLT planes are &m x 4m and we expect a pogsition resolution of 0.7
mm. The purely geometrical limits on position determinaticen are cantrolled as
follows, The wire spacing and the orthogonality of the x and y measuring
planes are controlled in manufacture to 250 u and 3 urad respectiveiy. Four
fiducfal points are external to the chamber area and are used to theck the
internal dimensions. After {nstallation, the external survey is conducted
also using these fiducial points. The surveys, both internal and external,
are overconstrained reducing the prabability of error remaining.

After individual elements and modules are calibrated the entire detector
is connected using cosmic ray muons. These particles are used to make the
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connection betwcen the constant which describes the gain of each channel and
deposited energy in MeV. The attenuation length of the scincillator cells (s
also derived., Relative timing is also verified with mions,

V.  LEAD GLASS WALL SLAC
This ewperiment consisted of approximately 250 lead glass bloeks in which

the energy measurement was maintained to = 12, This was achleved by ensuring
the following

A. The high voltage of the MTs was kept to * 1 vole by using stable
power supplies and a mdntto;ing computer reading the potential across each
power supply, ’

B. The ¢quipment temperature was stabilized to within  1°C. A
variation of the energy readout of about 1X per °C was observed.

The system was monitored by a system of fiber optlcs and a single LED.
Each lead glass block had one lmm diameter fiber attached via a 45° prism
glued to the block. The LED was monitored by three monitor PMTs which also
vicwed 4m2*! doped Nal crystals. Gain changes of 1% were monitored.

The absolute calibration was achieved by exposure of each lead glass
blocks to an electron beam.

In addition a few of the blocks also viewed'Amz"l doped Nal crystals,
The energy resclution of the system obtained was

2 = (0.84 + 32202 wieh E tn Gav,
Two electron beam calibrations 4 months apart showed that each block was
stable within 12 to 2X.

VI. GENERAL RECOMMENDATIONS

V1.1 Calorimeters
It will not always be possible in these large detectors to put every

calorimeter stack into a particle beam of the type or energy range required.
For calibration other methods of energy deposition will be required. For
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electromignetic calorimeters ¥ sources appear to be the most promising, cof.
PAl who use a 4«2 Curie Co%0l source or an I8 MoV hetatron, For hadronic
calorlmerers mions provide a calibratlon for most devices. Uranlum
calorimeters have the a'antage that they are self calibrating. [f radio-
active sources could be built into other wypes of calorimeters without pre=
senting a safety hazard, or a degeneration of performance, then this would be
a considerable advantage ir calibration,
The monitoring of PMTs used in many of these calorimeters generally rely
on Light flasher systems,
l. LEIR can give satisfa-tory results {f all the environmental factors
ate cacefully monttored,
2. laser systems may he divided lnte two categories,
a. Systems which monitor the PMT gains by shipping blue or visible
ttght to the PMTs
b, Systems which attempt to exclite the scintillating medium. These
systems have the ability of monitoring the whole light collection chain.
The difficult part with both the above systems is the monitering of the
light intensity, Three methods are considered.
a. PMT monitors viewing the light source and also an absolute light
source such as an AmZ*! doped Nal crystal.
be Drifts inherent in PMT tubes can be eliminated by using unity
gafn systems such as vacuum photodiodes, Thelr limictation is in the tempera-
ture stabtlization required.
¢« Silicon p-i-n diodes are, i{n principle, more stable than vacuum
photodiodes. The phatoconversion and charge collection take place within the
silicon and have a weak temperature dependence,

Vi.2 Deifr Chambers

The accurate reconstruction of charged tracks in drift chambers requires
a complete knowledge of the following:

a. Accurate survey measurements of the sense wire locations

b. Accurate measurements of the drift properties of the gas employed.

¢ The magnitude, shape and directior of the applied electric and mag-
netic fields. Uniform fields maxe analysis much easier.
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A. Much of the internal survey information is a@herated through the
application of quality contrel in mechanical assembly,’ The need for well-
defined electric filelda often imposes greater 1niérha1 accuracy than ig
required by the gurvey. However, the transfer of the ioovdinate ayltaﬁ:(ron
the sense wirea to an external f!duclal often causes difficulty. In largc ,
scale apparatus a change of 10°C can cause noticeable khange in dimension but
these concerns are generally superceded by concerns fdr gas gain and other
stabilities. The use of standard survey methods becomes so onerous in
detectors with a high density of disparate elements that mechanical assembly
methads become desirable as locating definitions rather than subsequent
nptical methods. The use of lasers and x~rays to produce linear ionizing
depostits supplements these traditional methods by producing a verification but
the neeq for careful attention to assembly is still réqulred.

B. In systems that require measurements of dE/di in the gas, the need
for gain stability overrides the drift velocity problém, Many groups measure
the drift velocity using a test beam and then devote attention to quality
control of the gas. The choice of operating voltage is used to minimize the
variatiou of distance with drift time.

Ce A compromise between a straightforward mechariical arrangement of
" electrades and a simple algorithm connecting the arrival time of the &lectrons
and distance of track requires a compromise between the two considerations.
Many schemes have been tried without a single scheme ichieving pre-eminence.
The structure of UAlL is affected by the bunch structure of the beam and the

extended drift space depends on the uniform electric und magnetic fields. The

neutrino experiment has a simple mechanical structure, but is limited. in
spatial accuracy and has no significant magnetic field. R807 at the CERN ISR
has a complex electrode structure in which a nonuniform magnetic field is
used, and in spite of considerable calculational effort it appears that a
price 1s paid in ultimate spatial resdlution from the. nonuniform magnetic

field and from the features which resolve the 1eft-right ambiguity.
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Tahle 1

Summary of Calibration Systems Used by UAL

Apparatus

Method

Calibration

Electromagnetic
Calorimeters

Electromagnetic
Calorimeters

Electromagnetic
Calorimeters

Hadronic calorimeter

down to 5°

Central detector

Track chambers

throughout experiment

Central detector

Track Chambers

Co® Source (4.2 Curies)
responae compared with e~
teat heams

Betatron bremsstrahlung spectrum
18 MeV maximum (as abave)

N, dye laser and optical fibers
to each P light guide

N, laser with quartz fibers
exciting the plexipop
scintillator

Injection of charge at the

input of each preamplifier

X-ray heams from 160 KV pulsed
flash tube

Collimated uv laser beams fired
through quartz windows

Fe35 sources monitared in two
small chambers on the input and
output of the gas supply
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PMT tube gains

PMT tube gains

Monitor PM tube gains
when calibrated

Measure and monitor
PMT tube gains

Calibrate flash ADCs
for dE/dx and current
division

Spatial linking of
drift cells and chamber
over tens of meters

Linking of drift cells
and measurement of Yp
and Op

Absolute monitoring of
gas amplification gain




Tahle II
Calibration Syeteme in Neuwtrino Experiment

Apparatus

Methad

Calibration

Particle Calorimeter
(liquid scintillator BMT}

froportional Drift Tubes

Pulser at input of electronice

Light flasher, spark gap with
vacuum photodiode and light

pipes

Cosmic ray muons

Pulser at input to electronics

Cosmic ray muomns

Survey internal and external
to plane in experiment

Relative gas gain monitared

sepavately
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Channel and system
diagnoais

Pedestal and gain of
total channel. Mean
t, of calorimeter wall

Absolute energy scale
in MeV

Channel and aystem
diagnosis

Pedestal and gain,
relative t,

Absolute dE/dx scale,
verify geometry
from residuals

Absaolute location of
wires, defining geometry

Diagnosis
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