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I. INTRODUCTION

Three coﬁnter'experimenté at ANL have been finished up this year,
providing imporfant new results and the doctoral theses for three students,
' R. L. Dixon, J. M. Fletchér and S, Mudrak. Dixon is currenply working at
‘the Cornell Laboratory of NucIearyStudies as a research aséoctate,‘Fletcher
has accepted a position at Sandia Corporation and Mudrak is trying to
'deciae between'a~high:energy physics postdoctoral job and Q position in
industry. |
Charm Search E-357 at FNAL has been successfully assembled and our
first extensive dat;-taking‘run was completed in Janua;y. Our next run
begins on Aprii 12. We have demonstrated a sensitivity unmatched at FNAL
for detecting cﬁafmed decays to hadrons and our ﬁaSS‘fesolution of about
10 MeV/c® at 3 GeV/c® has been verified in the strong ¥ éignal we observe.
Planpiné is also‘underway to continue this search in our gxperiment 5-472‘
which has been approved at Fermilab. |
Experiment BC61 with the SLAC 40" Hybrid Facility is currently taking
pictures after successful demonstrations thatlthe trigéer works. The run
should finish in early Summer and scanning and measurihg‘with POLLY are
proceeding in aAroutine operational way. | |
FNAL Experimént E-442, which will’study nuclear fragments from proton-
nucleus colligions in a hgavy atom gas jet at the C-0 straight section, is
currently being constructed and installed. Initial running Qill start
this Summer.
The Purdue colléboration 1nvol§1ng a study of.rafe.decgy modes of mésoné

ﬁsing the CERN OMEGA spectrometer has concluded data taking and is in the

‘
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anaiysis phase. Another experiment in a similar situation is the 13 GeV/c

7 p exposure in the SLAC 82" bubble chamber. Professor Wen Yen of Indiana

University-Purdue University at Indianapolis (IUPUI) is participating as a

collaborator in the analysis. Robert DeBonte, whose doctoral research was
involved with the 13 GeV/c m-nucleon program, received his Ph.D. last
Summer and is currently working with us as a research associate.

COUNTER-WIRE CHAMBER EXPERIMENTS AT ANL (E-348, 379, 386)

A little over one year ago the data-taking phase of our spark chamber
experiments at ANL was completed. These experiments were designed specif-
ically to study‘properties of baryon exchange reactions in the incident
beam momentum range from 3.0 to 5.5 GeV/c.

Our goals for these experiments have been described in detail in past
proposals and progress reports. This pas; year‘has seen the labors of
previous years come\to fruition. We have given.several instted papers1
and seminar32 on.this work snd to date have published one paper in Phys.

Rev. Létters3 and prepared a second for tﬁat journal,

Support for these experiments in the past fiscal yesr has beenllimited
to salaries for two Graduate Assistants, Mr. J. M; Fletcher and Mr. S. Mudrak,
compus;ng costs, a small amount of t;avel, and publishing charges.

With the publication of several papérs summariziné ;;1 this work, we -
will soon close the door on what has been a veryAsucssssfﬁl venturs into
experiments using electronic techniques. ' From our viewpbint, our relation
with the ZGS throughout these experiments has proven very productive, giving °

us an important opportunity to not only do interesting research but also

to establish our capability for performing experiments using these techniques.
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COUNTER EXPERIMENT 357 AT FNAL (SEARCH FOR "CHARM')

This is a preliminary report on a gsearch for narrow resonances (X) .

decaying into two hadronms, h and hy, produced in the réaction

pN # X+ anything
SN

at 400 GeV/c. Thé results presented are from the first data-takihé run
in November-DeceﬁBer, 1975, of the FNAL/Michigan/Purdue AOuble-arm spectrom-
eter system installed in the M2 beam line at FNAL., Our experiment (E~357)
is one of several performed at FNAL4’5 to seafch for new pafticlés resulting
from the possible existence of a new quantum number,,charm;6 1f the J/¥
partic1e7 is a cc bound state, a new family of hadrons, some of whfch should
decay into Km, K p, or PK* with a significantly largé branching ratio, is
expected. Thus far, except for a bump in the Kfn* mass spectrum observed
by‘MSU/OSU/Carl,etdn,5 the results Qf charmed particle searches have been
negative.a’s’9

The plan view of our symmetric, double-arm spectrometer system is showm
in Fig. 1.' Each arm contains 16 planes of drift.chambefs, 20 scintillation
counters, 3 Chéreﬁkov counters, a BM-109 dipole magnet which bends verti- ‘
cally, and 6 feet of steel plus 18" of concrete to identify pi, Unambiguous
identification of 1, K, and p and P is obtained for momenta between .7 and
20 GeV/e, and‘éeparation of p and p from T and K is obtgined up to 40 GeV/c.
In addition, we detect ¢ - KK, K% -+ 7', and A?‘4 ﬁﬂ' ﬁhen theirAdecay
products go into a single arm of the spectrometer system, Thus, we can
idﬁntify X~ ﬂﬁ,’ﬂK, mp, KK, Kp,. PP, ¥, ¢K, and ¢p in all possible charge
states ekcept:those with a ™. The mass acceptance of the system for unam-
biguously defined particles is 1.5 S M, € 4.0 GeV/c® with the rapidity

acceptance of X # hyh, events confined to Yem = 0. The mass resolution

varies linear}y_with Mx; at M.x = 3 GeV/2, Op = 7 MeV/ca.
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The 400 GeV/c diffracted proton beam was incident on .a 10% interaction
length CH, target divided into seven segments separated by 4" along the
beam axis. The trigger for X = hhhzéwas simply a coincidence between the
two spectrometer arm signals, each of which, by the coincidence between
signals from éuitable gsets of intra-arm scintillation counters, signified
that a-charged éarticle with momentum greater than 7 GeV/c had traversed
the arm. For our typical incident flux of 5‘x 10’ profons-per ~x0.8“sec
spill, the two-arm coincidence rate was 250/spill. However, due to com-
pﬁter-induced deadtime, the number of events actually recorded on magnetic
tape was ~ 80/spill. During the November-December, 1975, runm, apprpxi-
mately 7.7 million triggers were recorded, with ~ 332 having reconstructable
fracks in both arms.

The observation of 9 * KK, ﬁhere both the K* and K go 1ﬁto the same
arm, provides an excellent test of our apparatus and reconstruction pro-
cedures. As shown in Fig. 2, the ¢ K*Kf signal appearé as a sharp peak
~ in the K'K~ mass spectrum with a width consistent with our calculated mass
resolution. We estimate the ratio of ¢ plus anythlng in the other am to
™ plus anything in the other arm to be abogt 1072 for P, > 1.4 GeV/c{
Since the branching ratio for @ - ptp” is 2.5 x 107¢, it is clear that ¢
production contributes little to the observed prompt Q to 1 ratio of ~ 10"4
at large p,. |

Muon pair data were accumulated simultaneously with the hadron pair‘
data in order to experimentally verify the mass scale, mass resolution,
and sensitivity of the experiment with the J/{ particle, 6ur J/Y statigtics
are limited since the beam rate was optimized for hadron funninga The
hadron trigger rate saturated the data recording capaBility at ~ 0.5 x 10°
ppb, No special atﬁempt was made to improve J/{ statistics at the expense

of the hadron data by running with only a p-pair trigger. The p-pair
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effective mass spectrum representing the data taken in November and December
is éresented in Fig. 3. The J/{ signal is a sharp peak centered at é‘masé
of 3.095 GeV/c2, Froﬁ these data we determine experimentally that our mass
resolution is o~ 7 MeVZé’. Assuming a linear dependence on atomic num;
ber, isotropic J/¢ decays, and a momentum dependence given by

e$ga - [xp*? O,

we calculate thatchleuu = (9 % 3)nb/nu¢1eon at 400 GeV/c, in agreement
with Snyder et 81{10 who obtained (11 * 3)nb/nucleon at 400 GeV/c under
the same assumptiéns. |

Convinced by our ¢ - KK and Iy - whp” signals that ‘we understand -
the apparatus we;l, we have investigated the héd;on-pair mass spéctra.'
In Figs., 4-8 we.show the mass spéctfa for five of the twenty-one possiﬁle
combinations of charged T's, charged K's, and p and p: specifically,
o, xn*, 7K, K'p, and PK*. Clear, nérrow peaks in the &t or Kp
and ﬁkf mass spectra would be'indications4for charmed particles. None of
the mass spectra; including those not presented, show any statistically

significant narrow structure at the 4 standard deviation level. Since all

" of these data were collected simﬁltaneously, the K°r* data may be cohpared

with the 7 K* data and the K'p with the PK' data. 1In doing this, we find
that none of the tantalizing, but nevertheless statigﬁiéally inqignificant,
peaks in the Kt and K p spectra coincide with similarly'tantglizihg peaks
in their respective conjugate spectra. Thus, at this eariy stage of our
experiment we see no evidence for massive narrow ressﬁgnces dgcaying into
two hadrons.

4,5,8,9 that charmed par-

It is clear from this experiment and others
ticles are not easily observable in hadronic effective mass spectra. To

obtain upper limits on the cross sections times branchihg ratio into two
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1]

hadrons, o B it is necessary to make assumptions about the production

by’

‘mechanism for charmed particles. If we assume that charmed particles are

produced with the same momentum dependence as the J/{ particle, we can

calculate upper limits for o_B directly in units of 0_, B . For thé
- ¢ hy I/ pp

B at

I/ up

B atM = 3.0 GeV/c®, Here we have
I/ pp T x i 4

used the criterion that a 4 standard deviation peak in<a'20 MeV/c2 wide

data shown in Figs. 5-8, © B ranges from 10 to 40 times ©

hih

M= 2.3 GeV/c® and 4 to 8 times o

mass bin would have been ‘a positive indication of a narrow resonance.
These upper limits are set primarily by the large physical hadronic back-
ground. If we take our celculated value of (9 % 3)nb/nuc1eon for oJ/wBuu,
then the level of sensitivity of our particle search is,of:the.order of
100 nb/nucleon for c Bhihz
Our experimental run at FNAL is now less than one-half complete., In
the remainder of the run we should be able to at least double the amount
of data. The enomoious lepton production observed in_several diverse
experiments suggests a possible signature for events containing new.par-
ticles. Therefore,Awe have proposed an additional experiment ‘at FNAL to
search for narrow resonances in two-body hadron mass spectra for events
containing a prompt muon., Only minor modifications to our present apparatus
are required. This‘new proposal has been approved, ano we hope to start
taking data as early as this summer. | |
We are gratefol for the support of the Fermi National Accelerator
Laboratory staff and the technical staffs at the Universrty of Michigan
and Purdue University. ' We appreciate the assistance of‘Professor 0. E.

Johnson during the November-December, 1975, experimentsl run,
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EXPERIMENT BC61 (A STUDY OF SOME RARE PION- AND KAON-INDUCED REACTIONS

USING THE 40' SLAC HYBRID FACILITY)

"A. Introduction

This experiment is an extension of our study of pion-nucleon inter-
actionslto the level of 500 events/pb. We are utilizing the SLAC Hybrid

Facility with an incident ™ beam at 11.6 GeV to trigger selectively on

final states containing at least a K or Kf or p or p with momentum > 5 GeV/c.

We are particularly interested 1n'and have a very high acceptance for the

reactions
mwp =+ AKX
8**pp
p (u-channel).
B. Apparatus

A plan view of'the apparatus 1is shown'in Figure 9 and consists of the
40" raéid cycling HﬁC together with upstream and downst:eﬁm multiwire pro-
portional chambers and Cerenkov counters. The fast triggér is fairly loose:
and consists of sélecting interactions in which no light appears in the
downstream E. The main trigger is a real timé softwafe.trigger using a
Nova computer. When a fast trigéer occurs all the information from the
wire chambers ié read out and examined. Space points are constructed and
secondary particle trajectories are found. An event is accepted if there
is a secondary pafticle whose momentum 1is 5 5 GeV and which gives no light
in the segmenté&’downstreamACerenkov. The frihge field of the 40" is ade-
quate to provide a good momentum measurement. The on-liné algorithm takes

between 500 and 1000 psecs which is a suitable time for adequate bubble

‘growth in the chamber.

C. Progress During: 1975-76

All the apparatus was finally put in place during the fall of 1975.-

The construction and reliable operation of the wire chambers had proved
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to be.the most difficult part and this was responsible for delays in the
original schedule._ Dﬁring November and December test data wére taken and
analyzed to look for systematic biases, etc. The data we took were com-
pared with our own untriggered data which provided an adequate comparison.
These data are shown in the attached memo.

Since the test data seemed to be correct, production running started
in March, 1976. To date some 30 rolls of film have begn’accumulated or
~ 47 of the total‘éxperiment. Our measuring systém usiné fOLLY is now R
fu11§ operational‘and thisAweek has seen the measurement of the first
events which will bg used in the»fingl analysis, Our cbllaborators‘in

Toronto are also beginning to measure the new film.

D. Evaluation of the Test Data

The test data evaluated so far indicate that the apparatus is basi-
cally functioning correctly. Two problems both-conneéted with the wire
chambers have sh#wn up, one of which was unexpected and could cause syste-
matic errors atisbme level, The first effect ig the nérmal expected
inefficiency invé;ch plane which overall reduces.the data-éaking rate in
an unbiased way; The second is the frequent occurrencé of high multiplic- i
ity in one or moré‘planes, rendering it imposﬁible to ieéonstruct sensible
trajectories in the downstreamAsystem. These high multiplicities have
features whichlsuggest they afe electromagnetié-in origin, i.e. delta rays
and y-ray convefsibn, although the frequency of pccurrencé'is too high,

This problem reduces the data-taking rate and ﬁay cause a multiplicity
dependent bias. This lasf problem is thé only one of any éignificancg

and we are studying this problem in detail.




. B. Detection System
. General Description

Figure 4 shows the Stage I system which is presently be-
ing installed and checked out. It consists of two sets of
multiwire proportional chambers (MW PC) for locating the
beam particle position and dlrecﬂon. three sets of MWPC's
fmmediately behind the 40" chamber for position and momen-
tum measurement of fast forward secondaries, a beam
Cerenkov counter, a large downstream Cerenkov (CANUTE)
for Sdentffylng and triggering on forward secondaries, fol-
lowed by a scintillation hodoscope and beam veto. Stage II

Cerenkov Counter (C;)

Multiwire Proportional Chambars

40" Hydrogen
Bubble.Chamber

Beam
Cerenkov

(Ca)

Beom
Counter

(s1)
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The 40" chamber has a central field of 26 kg with ~ 10 kg-m
in the region of the downstream MW PC's for online momen-
tum measurement of the trigger ‘particle.

2. Multiwire Proportional Chambers

A set of three multiwire proportional chambers with 2
mm wire spacing is placed in the exit aperture of the bubble
chamber magnet, The chambers have a construction which
uses honeycomb sandwich plates as high voltage elgctrodes
which also hold the chamber rigid against the mechanical
tension of the sense wires. This technique allows the cham-

bers to be sensitive over as much as possible of the available

Hodoscope (H;)

Beom Veto (S2)

269780

Fig. 9--SLAC 40" BC Hybrid Facility.

(not shown) would consist of a large spectrometer magnet and
assoclated drift chambers 8-10 m downstream of the bubble
chamber to provide a muct «.caner kinematic trigger (1-2%
uncertainty in the online momentum measurement of -the
trigger particie). The downstream aperture of the bubble
chamber magnet allows the (ollowing emittance angles:

a) +18%, -15° vertical and +5° horizontal from the front of
the bubble chamber, b) +32° vertical and #11.5° horizontal
from the back of the bubble chamber.
must pass through two 1,8 mm stainless steel windows at the .
rear of the bubble chamber uad two 5.8 mm Al windows and

3 m of 30-60 PSIA Freon 12 in the large Cerenkov counter.

The trigger particle

detection area. Using the downstream chambers alone, the
momentum of the trigger particle can be measured online to
an accuracy of ~ 20%. By also using the two beam MWPC's
the online error is rediced to (3-12%/azimuthal scattering
angle), depending on the location of the ve rtex in the bubble

"g:hamber.

3. Cerenkov Counters

Beam Counter: Beam particles are identified with a
threshold Cerdenkov counter, a 1.5 m long rectangular tube
filled with 1 atm Freon 12 which puts ‘the K threshold at =~
10,5 GeV/c (measured).’

-16 - ' -
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Date: February 21, 1976
SHF MEMO #2

‘o . Distribution

feow . D. H. Miller and F. Ogino

Analysis of four-prong events
_SuBJECT:

In this memo, the results of analysis on four-proﬁg events
at 11.6 GeV/c from the December Cycle are presented. Fourteen rolls
of four-prong events were meésured and processed through TVGP4SQUAW
at SLAC.'Tablé}l shows the statistics of the déta for the présent

analysis.

% of measured . ev/ib with 5%
_ L-prongs correction for CE
Fast Trigger 1390(9 rolls) . 0.60
o Algorithm Trigger 1527(5 rolls) L.55

Table-1 L-prongs from December Cycle‘
The kinematic fits with beam averaging were attempted for the

following three hypotheses :

TP —-sTCP KK | (1)
- TP P P_ ‘ - (2)
TP T T (3)

Thosé events satisfying one or more hypotheses wéré examined at the
. scanning tablé to see if :
(a) Iohization\is consistent with the predictioﬁ Calcuiated
from tﬁe momentum of track, | |
and (b) the PWC Y, value of the triggering beam track, which is
_ recorded on the lower corner of View 3 of the film, agrees
with the y-value of the vertex. This check is referred as

)

Y, check hereafter.

WNAONVIOWIW 321440 e ALISHIAINN GYOINVIS e WNANVIOWIW 321440 e -ALISHIAINN .GYOINVIS © WNANVYOWIW 31440 o ALISHIAINN QUO4NVIS
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The events surviving after these two tests were studied further.

I. lFast trigger events

Table-2 summerizes the results of several cuts on the 4C data.
As shown in column 2, approximately 704 of the KK events are unigue in
that there is only one SQUAW fit for each event. The reet of KK events
were obtained either from Ionization Check or from comparison'of)SQUAV
chi-squared values among different fits. ‘The third block from the
top in Table-2 eXplains whyAthe events weée rejected in the Y, check.
It should be noted that about 50’ of events were reJected in the Y, check
most of which were F37C as expected. The eventa llsted in the 1last
row are used in 1afer analysis. If the 4C event has momentum of the
‘forward going kon or proton greater than 5 GeV/c and 1f the vertex is
inside the fldu01al volume (-40 <VTX< 35cm), the corresponding hardware
- data was processedﬂthrough the FORTRAN version of TRIGGER ALGORITHI!
program with the full debug printout, from which:it vas possible to
study the cause of:algorithm fajlures. Table-prfesents the resulﬁs of

the Algorithm program for fast triggered events.

- ~_ Channel TPK'K™ TP PP  7UPAL All Channels

Tonization Check be 11 145 204
Ion + Y, check pas Lo 7 56 103
unique SQUAW flt 29 3 Ly 76
not unique SQUAW fit 11 L 12 27
Ion + Y, check fail 8 L '89 ' 101
another beam 3 2 64 69
Trlgger from { another event L 1 22 27
ABC wall int. 1 1 3 5
TIon + Y, + Momentum Cut ‘ ‘
L (P,K > 5GeV/c) 37 6 3 46
Ion + Y, + Mom. Cut + Fid. Vol. 34 6 3 43

Table-2 Cuts on 4C data (Fast Triggers)

-2-
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' The interesting features seen in Table-3 arei

(1) The overall detection efficiency (# of algorithm pass/; attempted)

is 28%. The detection efficiency for KK channel is only 20%.

~ (2) Algorithm failures due to high multiplicity hits in one or more
planes are very large ; fér example, about half of the algorlthm
Tailures in KK channel are due to high multiplicity hlts.
Most of the other failures are associated with PVC's inefficiency.
(3) 507 of eveﬁts‘that passed .the Algorithm were fﬂPlI*ﬂf events
(non U-channel), which are not useful'fof phyéics analysis.,
Also shown in Table—; are the correrpondlng cross- oectlon If one includes
- the accentance of 70:%, the production cross oectlon for Kf channel is |
estimated to be (1lAb, which agrees qulte well w1th the Drev1ou"lv renorted
result from the bare bubble chamber experiment.
.  Fast trigger evenﬁs (56ﬂgm.b) (18ptb)' (5?0;}b) 53 96
Algorithm pass (11.5 ) (5?’0@)’ <333 D) + o
- Algorithm failure 27 3 1 w72
Reason of failure : ' ' -
ultiplicity O . | 6 -2 1 9 18
Multiplicity high in I
one or nore planes 14 0 0 14 28" -
folt. hiem o1 0 0 . 5
Trigger momentum low 2 1 0 1 L
} No YZU match in one - ' - |
| - plane 2 0 | 0 2 L
| llismatching duevto
missing point ' 2 0 0 : 5 7
‘Others - 0 0 0 6 6

———

- Table-3 Algorithm results .

-3
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" Purther study on a partial sample of fast triggered events (20 KK events

out of 34 KK events in Table-3) was made using Rob Stevens' program,
which enabled us to compare the extended BC track locations with‘those

of observed hits at P'C planes and hodoscope cells. It was found that
all events had at léaqt one track for which the predicted hodoscope cell
agreed with the observed cell #. This would-support our observation that
most of the algorithm failures are due to problems with the wire chambers

data.

II. Alrorithm trigcer events

S,

The algorithm triggered events were analyzed in a similar fashion_.
as discussed abdvei and the results are shown iﬁ Table-4. Appro#imately N
US% of the 4C events were rejected by the Y, check, most of which Qere_
random P3 JC evgnts. Some events were lost ét this stage due to LID
problens and/or Tl Atriggers. The croés section for WK channel is fogn&
to be 12.7 itb, whiéh is consistent with our eariier estimate 11.7 b
from the fast trigrered events (Table-2). The u-channel P37L events

comprise 1077 of all P3TL . events. In fact, there are as many useless

P3TL events (75 events) as useful L-constrained events(®3 events) in

- the final data samples oF algorithm triggered events. - This result also

)

agrees well with . that from fast triggered data.

Channel TpYR PP u-channel other _ all
Cut teah JOPTT PRI channels

Y. rejec¢ted

“no unique fit .- -- - T — -/ 31

unique fit 14 L 80 98
Y. pass and 58 16 8 9 ',75 | 158

Ion check pass (1277 ub) (3.5mb) (2.0mub)" =

unique fit - L8 11 9 63 131

Table -l Algorithm trigger events



I. Mass and Momentum distribﬁtions

. Using the event sample, we have looked at mass. and momentum
distributions to. check for possible biases. These distributions are
shown in Figure-1 for the three possible L-constraint final states.
Within the limited statistics the agreement with bubble chamber data
at 13.6 GeV/c is good. The éy*'sﬁoWs ub clearly and the ﬁomentum
distribution of the triggering particle seemsto be as expected.‘ _

" There is a possible bias at‘Pf threshold which is probébly due to
the momentum cut in the algorithm. This may forcé'us to lower‘the cut
to 4.5 GeV/c, whlch Flves an 8% increase in the plcture taklnp rate.

Iv, aummary

The main problemo appear to be the severe loss of events due to

high- multlpllcltles or 1neff101en01es in the pronortlonal w1re chambprs.

It is difficult to determlne if these losseq cause:blases in the data,
but they probably do. |

Another probiém is the number of events in Which a forward pion
was the trigger. Ve are studying these events to see if it is poésible
to exclude them by changes in the algorithm. The FORTRAN algorithm
has been checked in detail and only minor mistakés have been found.

It also handles lonte Carlo data collectly.

s o s e e P R T T R S Y N PR TR ATERN P e S . . .
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COUNTER EXPERIMENT 442 AT FERMILAB (AN INTERNAL GAS JET EXPERIMENT AT
SECTION C-0)

Recent experibental evidence indicates that there is a significant

change in the mode of proton-nucleus collisions with increasing energy

and that collective motion is initiated by the passage of a fast proton
through a heavy'ﬁucleus. In. E-442, we are investigating heavy fragment
production (4 < Z < 16) as a function of angle (35° - 85°) and incident
energy (20 -+ 500-GeV) by utilizing a warm jet of various heavy gases in
the internal target area of ENAL.

Since E-442 was approved (Novgmber 25, 1975) we have pUrchased and
calibratéd vacuum equipment; built and calibrateg a hot wire anemometer
and its assoclated electronics; carried opt several series‘of measurements
of warm jet characteristics with H,, He, N,, A, Xe.and various (H2 + Xe)
mixtures; and have.designed a compu;er configuration, eiectronic control
assembly and.a basic silicon wafer telescope which wili be used in tests
in a few weeks.

Thé results of our testing have been encouraging and we are planning

to begin assembling the apparatus in mid-May.

STATUS OF AN EXPERIMENT TO STUDY THE.RARE DECAYS OF MESONS USING THE OMEGA

SPECTROMETER AT CERN

A. Introduction

The experimenf to study the rare decays of mesons is a collaboration
between Purdue-CERN and several other European groups. This experiment
completed déta taking in November and December, 1974, using the configura-
tion shown in Figure_lO. Thevintent of the experiment was to accumulate
several thousand events/pb of ﬁ’ induced interactions coﬁtaining at least

a K or aK' or aP in the final state.
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B. Summary of the Data Taken

Approximately 2500 events/ub were obtained with an incidenf beam
momentum of 10 GeV/c. This sensitivity has already been corrected for
the acceptance of the trigger. In addition, 1000 events/pb were obtained
at 16 GeV/c., The thrust of the 10 GeV experiment is to study production.
of mesons and their subsequent decays into rare modes involving kaons or
antiprotons. Inipgfticular, although a wide variety of interactions was'

accepted by the tfigger, the reactions’
mp @ nK'K”
npp
pKr KT
had a very high acceptance up to masses of.3 GeV in the meson system,
Although the triggef for the 16 GeV data was similar,'the'emphasis was

placed on a search for charmed mesons decaying into final- states contain-

' + -
ing a K~ or p.

C. Progress invl975-76

Much work was done in the early part of the year to ensure that the
pattern recognition was working correctly, and, for example, that A and K
decays were being foﬁnd with high efficiency. In addition; a great deal
of work was done with ~ 10% of the data to.undefstand and correct system-
atic effects. These effects ranged from energy loss corrections for slow
particles to spatial cérrections‘for heavily ionizing particlgs.

Late in 1975 this work was completed with satisfactory geometry,énd
kinematic fits being obtained. The main data processing was then started

with the following results.

Momentum
10 All geometry finished.
Kinematic fitting well under way.
16 . All geometry finished.

All kinematics finished;
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Since the year has been consumed with data reduction, no publications have

yet resulted from this work.

Comments on the Collaboration

The collaboration has proceeded smoothly during all fhe experiment;
Difficulties have been experienced af Purdue because of the tight restric-
tions on foreign‘travel funds. The current level of funding does represent
the absolute miqjmum necessary to ensure the Purdue con;ribution to thg

experiment is adequate.

13 GeV/c 1 p EXPERIMENT IN THE SLAC 82" HYDROGEN BUBBLE CHAMBER

The TN experiment consists of three parts:

# Pictures Events/ub # Events ' ' Status
T p 755,000 35 600,000  completed
md 250,000 9 100,000 completed
mp 500,000 - 25 460,000 85% completed

(est. 1/9/76)
all exposed in the SLAC 82" bubble chamber. In addition, a triggered
experiment in tHe SLAC Hybrid Facility of 500 events/pb in selected mp

channels at 13 GeV/c is well under way.

\

1. Measuriﬁé“

Scanning, measuring and fitting events in the T p filﬁ operates in a
real time mode. With exposﬁre optimization of one event per frame, the
data reduction facility'is capable of processing 1000 events per SMP week.
Currently the staff of five measﬁrers is shared between the 82" m.p film
(SMP's) and the m"p 40" film (POLLY). Since August, 1975, 100,000 events
have been measﬁred, bringing ;he total to 350,000 processed 17 p two- and
four-prong events. An additional 50,000 events will have been analyzed
before M p measurihg is terminated this summer, corresponding to 85% of

the potential data sample.
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2. Program .

The primary objective of the 13 GeV/c program is to explore the structure
of diffractive enhancements and resonant states in terms of current exchange

_ + _ .
models, utilizing the charge symmetric ™~ sister beams.

3. Projects in progress

3.1 Baryon states: .

N %y}

(1) ntp -+ ﬂiN*+: We are analyzing the production of low-mass TN
enhancements iﬁ‘terms of diffractive excitation énd isovector exchange. A
breliminary spherical harmonic decomposition suggests‘strong P,'D and F
states for-ﬁ(ﬂN) < 1.4 GeV. Low-mass TN enhancements are of major imppr-
tance in two-prong final states as illustrated for‘our neﬁﬂﬂ”pAdata‘in_
Figs. 11b and 1llc.

A<2) mp 2N, np M A**: These reactions are mediéted by
isovect§: exchange'and are important not'only in isolating the exchaﬁge
mechanisﬁs but also through specifying the behavior of the I=1 exchange
éomponen# of N* excitﬁtion. Evidence for the'A?(1236).and AS(IQSQ) are
given in Fig, lid. o |

(3) N*(1700) = A(1236)m: A strong N*f(1700) gignal is appé:ent
in Fié;FIZb and substantialiy coptributes to the. A™* peak observed in Fig. .
12§., We have discussed this resonance in the 1" p data ;nd are extending
our‘aﬁalysis with the M p experiment where background effects are less
seriops;

(4) tp = (M )N*®: Excitation $y pion exchange and correlated

spin studies of both I=3/2 and I=1/2 states will be carried out and com-

pared with similar analyses which we have made with our mp data.

3.2 Boson states:

+ + -
(1) p =+ A"p: We have shown that A" + £, 275 wave decay

3

undergoes a'phase change with mass of the (frr) system., Our result, in
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direct contrast to -the A has been confirmed by a CERN group. We will

3
analyze the A" region in a detailed coﬁparison with the A" region at a
-single energy; the A~ is shown in Fig. 12a.

(2) TN - mN: Dipion resonant states are clearly apparent in
Fig. 1lla. Theee deta, along with tﬁe ﬂ*p - TMmA events, will be comoined
in a‘multichannel-ohase-shift analysis with our hybrid 40" results on
ﬂ*p -+ KKA.

(3) wp - (B,R)7p, (Kkn)'p, etc.: We will continoe our studies.
af high-mass boeons and rare final states in terms of'epeéific.decay

channele.

4, General comments

These projects will be carried out contemporaneously with currently
developing experiments. A significant portion of the- analysis will involve

a collaboration with .Indiana University-Purdue University at Indianapolis.
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‘ VIII. POLLY AND THE DATA ANALYSIS SYSTEM

POLLY is currently operational and turning out events completely
through the gedmetfic reconstruction stage at the rate of about 15-20
events/hour. Our girls are all trained and operate the system routinely.
The present event ;ate will increase significantly in the next féw months
as various tuning of the software and hardware is accomplished.

The quality of track measurements is gratifying. The érecision appears
to be two to tﬁreejtimes better than for SMP's. As thé film arrives from
the SLAC 40" Hybfid'Facility (BC61) over the next few ﬁonéhs wefwili'scan

and measure it with dispatch,
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