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I. SUMMARY OF SCOPE AND PURPOSE _OF THE PROJECT

Our program in Elementary Particle Physics is carried out at the University
of Illinoi54and at various high energy particle accelerators.' During the present year
experiments 1ncluded those using the neutrino beam at BNL, charged partlcle ‘beams at
FNAL, a neutral particle beam at FNAL, and the streamer chamber facxllty at ANL. During
the comlng years these experiments will be contlnued or completed. Last year we en-
. v1810ned that_our ‘longer range plans would-have a general trend toward measurement at
increasingly hiéher energies. However, the exciting new developmentsfin Elementary
_?artic;evPhysics, in which we have already played a role, are modifying our plans of -
‘iast year.»-Speeifically a new generation of neutrino experiments at BNL are being pro-
_posed and an increased-effort is being put into studies of‘newly discovered particles
at FNAL; therefore there will be a. ‘reduced effort put into future ISR experiments during
this coming year. .

The scopé of .our program can best be summarized by llstlng some of our major

accomplishments durlng the present year.

During FY76 major accomplishments include the folIowing:

1. The observatlon in our BNL data of the elastic scattering of neutrlnos by protons®
‘'was announced at the Vanderbilt Meeting; this fundamental hadronlc interaction is
a consequence of neutral currents.

The anaiysis of neutrino interactions in which a single no is produced indicates
that the final states for neutral current interactions are not dominated by the
I = 3/2 final states as 1is the case for the charge current neutrino actions.

2. In experlments at Fermilab whlch were studying the photoproductlon of the ) and

Y', in the u u channel we observed 10 events in the mass region 4.7 + 0.2 GeV/cz;
". this number of events is a factor of 3 above the calculated Bethe—Heltler background
: This leaves.us with the tantalizing uncertainty of whether these events arose  from
a statlstlcal fluctuation or from a new narrow resonance. We also have observed a
_new Broad erhancement in the 2.2‘GeV/c2 mass range in the 6ﬂ-chahne1. We‘have not
seen any evidence for the'photoproduction of the anomalous uie+ type of events re-
'ported by workers at SPEAR.

3.. Using the neutral beam at FNAL, we have studled the dynamics of J/w production by
high energy neutrons on various targets. The fact that the J/w‘productlon varies
almost directly as the number of nucleons in a nucleus indicates that the cross
‘sections for J/Y on nucleons is appreciably smaller than the ctoss section for normal

strongly,interacting particles such as p mesons. In the same neutron experiment, the
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' Cherenkov detectors and liquid Hi and D

production of {'(3.7) is down by at least a factor of 10 ffdm J(3.1) production.

In a search through 3,000 J - UM events, we see no evideﬁqe for the accompanying
production.of other "interesting" particles that have a (yield) x (branching ratio)
greater than 4x10-3 for muon decay. These results are in disagreement with fheoretical
predictions for the ¢ and w' in charmed particle models.

In the high energy inelastic muon scattering experiment at FNAL, measurements of

VW_. for neutrons and protons at large values of vV (20 - 130 GeV) and over a wide

2
range of«q2 (6.5 + 15 (Gev/cz) shows that Bjorken scaling behavior is maintained

in this new kinematic region. The inclusive properties of hadrons produced in muon

‘ inelastic collisions have been compared to those for hadron collisions, and they

are very similar except for the effects due to "leading particles"”

The Illinois group using the FNAL hybrid bubble chamber analyzed the reaction

n-p -+ ﬂ_ﬂ+n—p (at 140 GeV/é) for pion dissociation and proton'dissociation. The

pion dissociation data are consistent with the earlier results obtained .in our experi-
ments at Serpukhov. . '

The plans for the experiment to look‘for the production of charm particles by_pions.
was completely revised; the redesigned experiment will includé‘stqdies of the pro-

ductioh'by pions of J/y mesons, and the producfion of multipidn states. A'proton

‘recoil detector has been designed and tested and an improved pion beam has been planned.

. ‘ _ - -
In the streamer chamber experiment at ANL studying the backward reaction T p > pn T T ,

we have seen the suppression of A exchange and the dominance of quasi-two body pro-

ductlon. In the backward reactions involving forwazd neutrons, we have seen T joling np

"and nfo, and T P > (quasi-two body) in states of higher mult1p11c1ty.

Details of the above and other parts of the program for the present year- are

.given'in Part IIIX. A.‘éflthis report.

Durihg.the coming year, the major’ parts of our program will be:

A new generation of neutrino experiments will be undertaken at BNL in orxrder to obtain

'meroved determinations of the elastic scattering of neutrlnos on protons ‘as well as

the dependence of the neutral currents on isotopic spin.

" We are scheduled to run a higher intensiﬁy photoproduction experiment at FNAL with

2 targets. As well as giving us measurement$

-of dg/dt for the Y and y', we will obtain data on the photoproduction of KK, pﬁ, e,

M4, etc. . We will determine whether the anomalous number of évgnts observed in the

. . 070l a N . :
region of Muu4% 4.7 GeV/c” arose from a statistical fluctuation or from a new narrow

resonance.
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The. partlcle ldentlflcatlon equipment which is: 1n the neutral beam facility at Fermllab

w111 be. used to study the. particles that accompany the production' of J/P(3.1) by

':protons.

New runs of the muon nucleon 1nelast1c scatterlng experiment at Fermilab are scheduled
usxng 225°'GeV/c muons. This data should pemmit the separation of scalar and trans-
verse components of the photon—nucleon cross sections. A Cherenkov detector whlch

is being added to the experiment will provide, for the ‘first tlme, data on kaon .

productlon in muon nucleon inelastic scattering.

" The proton recoil spectrometer should have been installed and data should have been

obtained at Fermilab using’ hlgh energy pions to search for production of charm

partlcles, to study Y/J production and to study multipion- production.

‘We expect to partlclpate in the ‘remaining runs of Experlment 299 the'prpportional

‘hybrid bubble chamber experlment at FNAL. These new runs w11l-1nvolve‘the use of a

forward gamma detector.

The analysxs of the data obtained in the streamer chamber experlments at .ANL will be

nearing completlon. In the backward reactions T p + n + charged pions, we will

analyze the p and £° production and search for the production of heavy mesons. By
comparison to the Tp -+ P+ x experiment, we hope to 1mprove the general understandlng

of backward 1nelast1c processes,




I1. PERSONNEL

In_the.following subsections are listed the names of Senior Staff members
and graduate students who are or will be involved in the Elementary Particle Physics
Program; - '
A.. ' Pgtsonnei who will be actiyeiy engaged in physics expe#imenté in this program.arei

1) Facultytmembers.with'the rank of Aésistant Professor or higher:

Ascoli; G. ' ~ Kirk, T.°
“Brown, R. M. A Koester, ‘L. J.
', Eisenstein, B. Kruse, U.
Gladding, G. " o'Halloran, T.
Gormley, M. sard, R. D.
'Hoiloway, L. Wattenberé, A. ' )

2) Senior Staff members holding research or professional appointments:
(Research Associates,.Résearch Assistant Professors, Research Physicists,

or Engineérs)

Butler, J. ) Nelson, B.

Cooper, J. - Noggle, T.

' Downing, R.' Pang, C.
Elliott, J. Simaitis, J.
Francis; W. . Wray, J.

Messner, R.
3) Graduéte Students (part time Research Assistants, Fellows, and Programmers) :

Alverson, G. Gronek, R. o ﬁussell, J. J.

AVery,.P. Hicks, R. ) Sarracino, J.
Bender, D. Kumar, R. Sphreiber, B.
Bronstein, J. Lufkin, J. ° Smith, E.
HBross, AL MacKay, W. Tortora, J.
 Coieman, R. Meyer, N. ' Wagner, R.
Emigh, D. . Nienaber, P. ) Wroblicka, W.

Gbodman, M. ' Plumer, R.




There is'alg;oup of theoretical physicists at the University of Illinois whose

main area of interest is Elementary Particle Physics. The interaction of these

theorists with the experimentalists is of great value .to our experimental High

Energy Physics program.

'Members of the. theoretical staff are:

Chang, S. J. : Stac'k,-uT

éramme;,'c. ~ Sterman, G.

Jones, L. M, Sullivan, J.
) Ravenhgll, D. Wright, &.

Schult, R. . Wyld, H. W.



III. EXPERIMENTAL PROGRAM

In this section the discussion is divided into three time categories:

“A. Technical Accomplishments during thehPast Year
-8;‘fExperiments‘Planned for the Coming: Year

C. Experiments that are Planned for Future Years

Below the tltle of each of the experiments there are llsted the names of
Senlor Staff first and the Junior Staff second who are most dlrectly concerned Within -
each of the above three time categories the experlments are ordered in the following

sequence--

" Experiments using Charged Partlcle Beams
(mainly at FNAL)

Experiments using the Neutral Beam Facility at FNAL
~Neutrino Experiments at BNL

Streamer Chamber Experiment at ANL



A. Technical Accomplishments Durihg the Past Year

Al.  Mu elastic Scattering at FNAL
(W. Francis, T. Kirk, R. Hicks in collaboration with groups from University of

Chicago, Harvard University and Univercsity of Oxford)

The muon nucleon inelastic scattering data logged by the Chicago-Harvard-Illinois
Oxford Group in 1974-75 has now been analyzed and the results published or submitted for
publication. ‘Members of the group presented invited talks on the data at the 1975 Stanford
International Synposium on Lepton and Photon Interactions and the Spring Washington APS
Meeting, as well as giving a number of seminars and colloquia at various universities and.
nationai laboratories. The main results so far obtained include:

a) measurement of the proton and neutron structure function VW_ at large values of

v(20- 130 GeV) and over a wide range of q (0.1-15 GeV/c) ) 2We see the Bjorken scaling
' behavior maintained in this new kinematic regime with a v dependent threshold in q .
.These results are of basic importance in the elucidation of nucleon structure.
5) the inclusive properties of hadrons produced in muon inelastic collisions have been
fit to analytic fdnctions of p, and Feynman x andnconpared to the equivalent spectra
for hadron collisions. Leading particle effects excepted; there is a striking consistency
between the two_types of interactions. This means that tne vector dominance picture of

real . photon hadron interactions is valid for virtual photons as well. Our data is

uniqueiy suited for studying the virtual photon-hadron system.

c) the production of rho mesons by muons has been analyzed at high energy and over a

moderate q2 interval. ‘The fitted elastic rho events are. consistent with the vector
dominance picture seen at lower energies. At the present energies the proton rho system
is ﬁell separated from the recoil nucleon and'the theoretical interpretation of the.
data is cleaner. Measurements of the rho polarization and four momentum transfer to

the nucleon were ‘extracted, and they support the vector dominance picture. ‘

In addition to the data analysis discussed above, we have completed 1nstallation
of a large multi-cell Cherenkov counter for charged kaon identification in the CCM Spectro-
meter. Twelve new MWPC planes were built by the Illinois group and will be installed in
the magnet for low energy track measurement. We have also completed drift chambers which

Qill surround the taréet to measure large angle recoil tracks. These improvements Signi-

' ficantly upgrade the analysis power of the CCM Spectrometer for the next series of" un

runs. .

We will commence a new data run in May 1976 in which we expect to double the total
amount of LN data. The new run wlll be at 225 GeV and will enable us to make our measure-
ments of R = Oo/dt, the separation pcrameter for longitudinal and transverse polarization

components‘of the(v1rtual photon-nucleon c¢ross section. The data will be analyzed in FY77.



A2 Hadron Beam Developments at FNAL

(G. Ascoli, T. Kirk with Fermilab-physiéists)

We ‘have worked closely together with physicists from FNAL in FY76 to improve the

- pion beam which can be delivered to. the CCM Spectrometer during periods when the neutrino

‘horn is operating. We have suggested a plan to FNAL which will increase the fluxes avail-

able during these periods by a factor 16; thereby making a new range of hadron experi—

‘ments viable during times that the muon program is not running.. They currently are in

the_process of.implementing a version of this plan and expect tO be able to deliver fluxes
of 106 negative pions per burst to the CCM during neutrino horn running periods starting

in the fall of 1976.

A3, Charm Séarch, Y Production and Multi-7 ‘Production using 150 GeV/c Pions

" (G. Ascoli, J. Cooper, W. Francis, L. Holloway, T. Kirk, . L. Koester, U. E. Kruse,
R. Sard, G. Alverson, W. MacKay, E. Smith, in cellaboration with Haryard'Uniyersity,

Oxford University and Max Planck Institute physicists)

During the present fiscal year the data from the test run of FNAL Proposal 369
was evaluated to examine the feaSibility of K detection in a charm search experiment.
These results confirmed that the equipment functioned as designed; however the acceptance
for K's produced centrally was small because of the many low energy large angle T's not

detected.. A complete redesign of the experiment for P-369 was carried out, culminating

in a reVised multipurpose experiment which was approved by the Program Committee.

The present proposal consists of three (3) parts: a- search for charm particles,
an;expioration of the process of Y particle production, and a study of p3T and pSn produc-
tion in fp interactions.

. During the current fiscal year, design, construction, and testing of some of the.
new compenents for this experiment have been started. 1In particuiar, a new beam deSign to
give improved T beaims has been cafried out. A prototype proton recoil detector has been
assembled and is being tested. Designs for a hydrogen target and proportional chambers to
be used for the detection of the recoil protons are underway.‘

In the remainder of the present fiscal year and in the transition period there

. will be intensified effort to get the experiment ready.  We need to optimize the trigger
: capabilities and consider best arrangement for shielding for the p trigger, the possibility
.of a fast forward W trigger, and the feasibility of a K trigger. The design and construc-

tion of any new components will follow.

During the coming months we intend to review the status of Proposal 318 tob
study pion aissociation at Fermilab energies. The multipion prbduction portion of E—369'
is only a part of the original plan for Proposal 318. We a.relconsidering the best ways to
implement the other parts of P-318; the search for T interactions at other energies, and

a study of ﬂ interactions. Together with parts of P-318, it may be pOSSible to study

interactions of K particles.
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A4. Three Pion Production on Complex Nuclei at 23 GeV

(U. E. Kruse and T. Roberts in collaboration with Carnegie Mellon University,

Northwestern University and University of Rochester Physicists)

o The reaction W + A ﬂ+ﬂ—n— + A was stﬁdied on carbon, aluminum, copper, silver
and lead. The spiﬁ-parity composition of the three-pion system has been analyzed using
the Illinois method of partial wave analysis. The partial-wave results ha&e been fitted
with an opticai model for three—éion preduction, with very godd results. With this model
the abéorption of the three-pion system (in.nuqlear matter) turnsrout to be roughly equal
to that of.a siﬁgle pion, 25 millibarns, except for the.JP =0 qomponent‘bf the production,
‘ which i; roughly 50 millibavns. In particular, the A2(JP = 2+, mass = 1310 MeV) is coherently

produced, with an absorption of roughly 25 millibarns.

"AS. ProportionalAHybrid Bubble Chamber Experiments

’ (J. W. Codpér; R.AD. Sard, R.'Plumer{ A. E. Snyder, J. Tortora, invcdllaboratién with
Proportional Hybfid Spectrometer Consortium (Brown, Johns Hopkins, Illinois Inst. .
Technology, Illinois, Indiana, Mass. Inst. Technology, Rutgers/Stevens, Tennessee/

Oak Ridge, and Yale/Fermilab) '

InAthis bubble chamber spectrometer the Fermilab 30-inch hydrogen bubble chambex
is used to étudy ;hé interaction vertex, while multi-wire proéortional chambers downstream
of the bubble chamber magnet dgtefmine t§e momenta of fast forward tracks. Upstream wire
. chambers serve to associate the observed secondaries with particular beam tracks, and a
Cherenkov counter in the beam line permits tagging of the beam particles as m, k, or p.

The purpose of the present experiment is to survey inelastic hadfon interactions at 150
-GeV/c, using incident ., ﬂ+, and b. The consortium has in hand 108K T pictures and
158K ﬁ+/p pictures. < 442K additional pictures have been approved (Exp. 299) and hopefully
wil; have been taken by the end of FY77.

. Ih FY?6>we made progress toward thé goal of a Midwestern production capébility
‘for processing raw hybfid bubble chamBer data. While Illinois Tech. has been scénning and

predigitiiing the film and carrying out the bubble chamber geometry reconstruction (program
GEOMAT)., wé-have been measuring the predigitized film on DOLLY and have adapted the other
prbgrams of the data processing chain (PWGP for wire-chamber reconstruction and TRKORG

“for combination of wire -chamber and film data) to the Illinois computer. Most of our
effort has been remeasurement of 7 film already measured on the MIT PEPR system. While
the latter has worked with exemplary speed and accuracy, about 1/3 of the predigitized
interactions requite‘xemeasurement because of lack of charge balance or failure to.re—
construct eﬁeiy trabk.' These events are currently being hand-measured at various consor-
tium laboratories“(MIT, Brown, Tenneésee). With its built-in operator intervention feéture,
DOLLY measures all tracks, with only 2% rejected events on this high energy film.

The analysis power of the hybrid spectrometer will be greatly expanded by addi-

tion of the "Forward Gamma Detector"” that is now under construction. This device,
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essentially an ;:kay of lead-giass blocks_and scintillator fingers, will add measurement
of the momenta of fast forward ﬂo's to the pfesent complete measqring capability for
charged particles The forward gamma detector should be operational during the latter
phases of Experiment 299 (FY77) )

The Illinois group has analyzed the reaction w p T n p at 147 GeV/c, as
reported in Snyder s the51s. The 105K T exposure ylelded ;56 accepted 4C-fits, divided
between pion dissociation (U(W -+ n~n+n_) = 407i§7ub)and proton dissociation L
(o(p » pﬂ+ﬂ-) = 234ipb). Only 4 of the events are possibly non-diffrective, corresponding
to a cross section of 10-20ub. Subsequently, hand measurement of 4-prong events that had
failed PEPR increased the sample size to 281, with no chenge in the final cross sections.
A paper on this reactlon (D. Fong et al.) has been submitted for publxcatlon

The 25 and 40 GeV/c T P TTm p experiment at Serpukhov, in which Illinois
participated (Ascoli, K;anner, Sard), provides a good-resolution hlgh—statlstLCS‘base for
comparison witn the*pion dissociation data at 147 GeV/c. The energy and angle distribu-

tions are consistent with the Serpukhov observations, and the cross sectlons agree nlcely

with Klanner s (slowly falling) power-law fit to the 11-40 GeV/c data. The only other

* %
study of this reaction at Fermilab energies -- a bare bubble chamber experiment with

equally poor statistics -~ had suggested instead a rising cross section.
We are also engaged in the 1nclu51ve analysis of the 147 Gev/c T ‘p lnelastlc
data. We have hlstogrammed the multl-dlmenSLOnal momentum and charge distributions and

are developlng technlques for computer drawn display of correlation contours We confirm

‘the finding of the wide-gap spectrometer group that there are short range positive correla-

tlons between opp051tely charged particles with opposite transverse momenta and between_
llke—charged particles with parallel transverse momenta. The maximum of the (+-) correla-
tlon is not at the center of the rapidity space (yl—yz—o) but at yl—y2 -1..

In order to disentangle systematic errors and conservation constraints from "real_
physics" effects, we are studying the data processing biases, ‘and carrying out Monte Carlo

sxmulatlons of various multl—partlcle_productlon models.

- e L : ' ‘
A6, The pp + pTm 7 p Reaction at 25 and 40 GeV/c (CERN-Serpukhov data)
(G. Ascoli, R. Klanner, R. D. Sard, H. W. Wyld, Jr., R. T. Cutler, A. Snyder, and
collaborators at CERN and Serpukhov)

The results reported last year have been published: Yu. M. Antipov et al., Nuclear
Physics B99, 189 (1975) and R. T. Cutler and H. W. Wyld, Jr., Phys. Rev. D12, 1952 (1975).

This completes our study of the diffractive dissociation of the anti-proton at 25 and 40

GeV/c, which are the highest energies at which this process has as yet been studied.

- A. E. Snyder, "The Reaction T P > W T p at 147 Gev/c", TheSLS, Tllinois, Sept. 1975

(Technical Report C00-1195-349).
'Y
H. Bingham et al., Phys. Lett. 51B, 397 (1974).
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A7. Studies of large Transverse.Momentum Phenomena ‘at the ISR

- (6. Gladding, M. Gormley, P. Avery,_J. Russell in collaboration with groups from
CERN, Columbia University, Oxford University and ﬁockefeller University)

During the past year; steady progress has been made on the construction of the
. fine—grained hadron calorimeter which we propose to add to the detector af the CERN-
Columbia—Oxford4Rockefeller collaboration (CCOR) in order to further bursue-large transverse
momentum phenomena'at'the ISR. The original purpose of this»calorimerer was to provide a
total energy trigger (charged plus neutral,.any number of particles) to study the possible
produc;ion of "jets" without the previons constraint of requiring the presence of a single
. large ;ransverse momenrum barticle. In addition, we have reéentiy begun studies of the
possibilify of using the calorimerer'simulteneously as a muon identifier in order to look
for y-e coincidences on both the same and opposite sides of the intersection region.
 One possible mechanism for producing these y-e coincidences'would be the production of a
pair of interesting new particles having large semi-leptonic branching ratios.

) The,scintillator for the calorimeter has arrived and is being wrapped. Techniques
have been established for the construction of the large lucite light pipes. Four ‘such
light pipes'have_been constructed and are currently being tested. ' The uniformity -of the
light transmission of'these light pipes appears to be quite good ﬁi a few percent from
4vfinger to . .finger) as long ‘as care is taken to cut all fingers for a given light oipe from
;he‘same sheet‘of'lucite. We currently plan to make the first beem tests of 4 calorimeter’

modules'some time toward the end of FY76.

" a8. ngh Energy Photon Experiments at FNAL

~(G Gladdlng, M. Gormley, R. Messner, T. O'Halloran, A Wattenberg, J. Bronstein,
‘R, Coleman, L Cormell M. Goodman, J. Sarracino, D. Wheeler .in collaboration with

Columbla Unlver51ty, FNAL, and the University of Hawaii)

o Experiment E-87A at Fermilab is a broad band photon beem experiment which uses
:a'multiwire proportionel system, @ magnet for determining the momentum of ‘charged particles,
an electron shower detector a hadron calorimeter, and a muon ldentlfylng bank of scintilla-
tors behind a large thlckness of steel. The initial runs reported last year used 300 GeV
protons to produce the photons, and in these experiments we observed both Y(3.1) and Y(3.7)
prodhotion. The runs were continued using 380 GeV/c protons durlng the spring af 1975 and
the data were analyzed during the early months of FY76.

We increased our data on { + Be -+ Be + y (with ¢ > ufu—). ‘A more precise analysis
of the § » efe- eventS»was completed, and it'confirmed that ue uniyersality holds true in
. the decays of Y particles. _-

We also undcrtook a search for new particles that may havc been photoproduced

We did not see any narrow enhancements indicating new particles in the 77 distribution,
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KT distribution, and the KTm.-distribution. 1In the ﬂ+ﬂ-ﬂ+ﬂi distribution we see a strong
- peaking- in the.region of the p'. A preliminary analysis ofAthe T events ih the same region
indicates that the decay of the p' is less than 10% into two pions.’ Rather interestingly,
when one looks at the- n+n n+n n T, one sees a strong broad enhanceément in the region
sllghtly over 2. GeV. Further analy51s is needed to determine whether this is a new
state that corresponds. to a coritinuation of the p and p' family.

An analysis also was made of Ue events where the mass of the pair must be dgreater
than 1.1 GevV. We‘reported that

o(y + Be + e + u + 0) %€ is less than 6x10 -34 cmz/Be where 0 is

nothlng else observed and € 1ncludes the geometrlc accpetance of the pye spectrometer.
'. The flnal data taklng run of Experlment 87A used 400 GeV/c protons on Be and Cu
: targets, and it was completed in December 1975. The goals were:

a) to make an 1mproved measurement of the production parameters of the V] and w (3.7).

h) to search for dlffractlvely produced high mass vector mesons by looking - for .their
decays into MY, ee, and multl—hadron final states.

c)  to search for the production of pairs of other interesting particles (e.g. D + D, or
heavy lepton pairs) by looking for their leptonic decays (u e), semi- leptonic decays,

K (u, hadrons), (e, hadrons) and hadron;c decays (multl—hadron final state).

The bulk of the data on all of the above final states were taken simultaneously
at moderate 1nten51ty. Over 15 million events were written on'tape and have been reconstructed.
The early analysis of this data has been focused on the simplest final state, u+u-. The
analy51s of the more compllcated flnal states involving electrons and multi-hadrons is
proceedlng. . _ ' )

The dimuon mass spectrum from this data sho&s a clean Y peak containing 200 events
and a clusterlng of 12 events’'around the ¥'(3.7) mass.  The t;distribution of the wvevents
‘s—ows a clear coherent (e60t) peak from the Be nucleus,; an e3t dependence at moderate
t(- .2 <.t <~ l 0 (GeV/c) ) whlch we identify with productlon involving a single nucleon,
and a less steep dependence (& e ) at large t{> 1.0 (Gev/c) ). The ‘extraction of the
-coherent and incoherent cross-section and an investigation of the large t events is currently
in progress. ) '

A high intensity run was limited to observlng only dimuons and was motivated to
try to pursue the_possible existence of a new mesen at 4.7 GeV suggested by our moderate
.intensity data with a mass of 4.7 + 0.2 Gév., Dimuons from Bethe-Heitler production in this
region were predicted to be at the,level of 0.25 events. High intensity data taking was
made possible by the addition of 10 inches of Pb following the Be and Cu targets hut.
preceding the first proportional chamber. Combining the moderate and high lntensity '
data we find 10 events in the 4.7 + 0.2 GeV mass region. From a careful study of the nature
‘of these events, we have concluded that they are indeed real, that they are not experimental

artifacts. The Bethe-Heitler contribution to this mass region is calculated to be 3.5
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‘events. Final calcdlatibns.are near completien on the comparieon of theAdependence of

the observed events on photon energy, t, and energy asymmetry with those expecfed for the
Bethe-Heitler process. If we were to interpret these events as a narrow resonance then

to be‘consistent with the SPEAR energy scan data, the total width of such a resonance would
have ﬁo be less than 20 to 45 KeV, dependinyg on the assumptions used to estimate its total

CIOSS—SthiOﬂ on nucleons.

A9. High Energy Neutron Experiments at FNAL

(G. Gladdlng, ‘M. Gormley, R. Messner, T. O'Halloran, A. Wattenberg, J. Bronsteln,
R. Coleman, L. Cormell, M. Goodman, J. Sarracino, D. Wheeler in collaboration with

'Coldmbia Uni&ersity, FNAL, and the University of Hawaii)

Durlng the spring of 1975 the neutron experiment, .E-358, had an additional
run using 380 GeV/c protons to produce neutrons with an average energy of about 320 GeV/c.
To obtain a beam that is ' predominantly neutrons 3.8 centlmeters of lead are placed in the
neutral beam llne to selectively attenuate the photons. 61 centlmeters of beryllium followed
by a 183 centimetérs of iron were installed downstream of the neutron target so that in this
phase of the experlment we were only observing muons The data were analyzed in the early
months of FY76 and preliminary results were reported at the 1975 International Sym9051um'
on Lepton a:d Photon Interactions at SLAC. The cross- sectlon for the production of J/¥
(3 1 GeV/c ) = pu with 320 GeV neutrons is very similar to that we had previously obtained
: with 250 GeV neutrons; this indicates a fairly flat energy dependence of the cross sectlon
»at these higher energies.
‘ ) ‘The mass spectra of the dimuons shows clear peaks at the p mass and at the I/
. mass w1th a continuum between them. The events in‘tne dimuon continuum have been compared
‘with the predlctlons of the Drell-Yan model, and they are found to be con51stent in shape
and in magnltude w1th the theoretically predlcted distributions.
~ The. flnal ‘data taking run of Experiment 358 was completed in September 1975. The

goals of this" experlment were::

a) to measure the A-dependence of p, J/Y, and the dlmuon contlnuum

b) to make a high statistics measurement of J/¢ production so.as to be sensitive to the
poseible nreduetion of Y'(3.7 GeV) and to study whether extra muons accompany J/y pro-
ductlon. '

c) to make an lmproved measurement of the production parameters of the p, J/V, and the
dlmuon continuum.

Data were taken on Be, Al, Cu, and Pb targets using a neutron ‘beam derived from-a 400 GeV

proton beam at a variety of lnten51t1es in order to accomplish the above goals.

A prellmlnary analysis of the A-dependence of the P and Y production has recently
been cpmpleted and a publication is being prepared. The main result of this analysis is

that the p and the J3/¥ have a different A-dependence in complex nuclei. Namely,
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- Oln +A>p+...) wpl6* 057"
and ' ‘
Oon + A>J + ...) « A0'93 *..05

The aifference coula be explained as arising from the J/¢y having a lower prob-
_abillty than the p meson for interacting in a complex nucleus.

-A total of 700 J - uu events have been reconstructed as comlng from the four -
’ targets; an addltlonal 2300 J + yp -events have been reconstructed as originating in the
hadronic absorber which follovs the targets. We see no evidénce of an enhancement in the
‘dlmuon mass spectrum in the reglon of the ' (3.7). Using the target event sample, we can
set a limit at the 90% confldence level on the ratlo of the productlon cross-— sectlons of
the P'(3.7) to ‘the J/¢ (3.1) as .
;ﬂl < 0.10.
J
The absence of w (3. 7) productlon to this level is quite surprlslng in ‘light of the current
models for J/w partlcles A more detailed study of the flnal state accompanylng the J/V
(as is planned in Experlment 400) would seem to be called for as an aid to understandlng
- the real productlon mechanlsm.
' A search“through the 3000 J - HU events seen in this experlment has revealed
.only four (4) candldates for the reactlon

n+A Jl + U+ ...
: >uu

4The extra muon 1n the above reactlon could constitute a signature for the production of
another 1nterest1ng particle (e. g J, D+D, etc. } .accompanying the J. The extra muons in
the four (4)- events we have seen, ‘however, have low momentum, low p-L and are consistent
WLth estlmates of muons to be expected from pion decay We thus set a llmlt on the fractlon

'of J events we see whi¢h could have an interesting extra muon to be

o(J + H) . 6
—_— < ——— = 0.2%.
o(J) 3000 0.2

observed ’

pThe strength of thls limit can be seen from the fact that since our acceptance for the
- extra muon is good (40-50%), we should expect the above ratio to be an order of magnitude
higher than our observed limit if an interesting particle with a semi-leptonic branching
" ratio > 5% is produced in the forward hémisphere every time a'J is produced.

Improvements in the monltorlng system for this last experlment have allowed us
to reduce our systematlc uncertainties in the measurement of the p and J cross—-sections

Atopthe order of 1 30%. Our present results for the p are: o -
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" ~TThe analysxs of the errors to be assoc1ated with these parametrlzatlons is almost com—

Pleted. The new results represent a more accurate version of the values we have previously

reported, and they strengthen the possibility that over half of the direct single lcpton
production observed at large 91 in hadron interactions can be accounted for by the dimuon

sources ‘measured in our experlment

Alo A Study ‘of V and v Induced Neutral Currents

(L. Holloway, L. Nodulman, T. o Halloran, C. Pang, A. Bross,vT. Chapin in collabora-

tion with Columbia Unlverslty and Rockefeller Unlver31ty)

Our attention has been focused on three basic final states in neutrlno neutral

current lnteractlons during this fiscal year:

a) " The elastic scattering of neutrinos vu + p > Qu + p.
b) Single pion production by neutrinos VU + N - vu + N+ ﬁo.

c) Dilepton production by neutrinos vu +N>R+e + ... - .

The simplest of the neutrino hadronic interactions is the elastlc scatterlng of

:‘vu s by protons.. It has never been observed previously. Thetbest upper limit prior to

our result was by Cundy et al. (Phys. Lett. 31B, 478 (1970).

o(v ytP Ve ,
Rel = < 0.12 *+ 0.06 .
U(V +n > |y P)

We have. observed this fundamental interaction and find R el to.be 0.25 + 0.127
In our present data sample the error on R el is dominated by systematlc effects. The
renoval of these systematic effects will be the focal point of a new proposal to be sub-
mitted to Brookhaven National Laboratory.

The central motivation for the measurement of R o1 besides its 1nherent funda-~
mental significance is to compare it with current theoretical models. These models have
been reviewed by Sakurai and Urrutia (Phys. Rev. D11, 159 (1975)). There are basically

three models:
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a) The Salam-Weinberg model.
b) The baryon—current model proposed by. Sakurai.
c) . A model pr0posed by Bég and Zee in which the neutrino is- postulated to possess an

anomalously largc charge radius.

The predictlon for R by models b) and c¢) within our experimental range is

0 10 > 0. 18 "The predlctlon by model a) is'R % 0.07. It now appears to be

f::Slble to make an experimental test to distinguisﬁlbetween models b) and c¢) and model
a). It cannot he done with our present experimental apparatus>but based on our past
experience Qe are cenfident that we can do the experiment after-a substantial modiflcation
to our present experimental setup. ’ ' _

. The-cross'eection for single pions by neutrinos is also a sensitive test of the

various models for neutrino interactions. We have measured

) )
o(v +Al > v +N'+7
( U u )

Ro = - S
20(\)u+Al > Y EN"4T )
and find R.. = 0.16 + 0.04. This measurement agrees with Cundy et al. We are also

. o .
measuring the pﬁo mass spectrum in the neutral current and the charged current interactions

in order to look at the isospin structure in the neutral current induced interactions.
Our present data indicates that the neutral current final state is not dominated by
_the I = 3/2 final state as the charged current final state is. The finallanalysis is

now belng done and.we will present our results in the immediate future.

The observatlon of dilepton final states by neutrlnos at Brookhaven energies 1s

“an lmportant but exceedlngly dlfflcult measurement. If the dilepton states are observed

(or even a s1gn1f1cant measurement of the upper limit is determlned) it will enable us to
" see if a threshold exists between Brookhaven and Fermilab energies. We have had candi-~-

dates for such events in the final state

vu + N > Ye + ... . ‘

We are in the process of determlnlng whether the events are significant or if
they are simply the tall of a background distribution. It is anticipated that our analysis
will be done by late this spring. ' -

There are other aspects of our experiment where we have had to bite the bullet
and admit that we wxlltnot have a significant result. In order to eliminate any theoreti-
cal uncertainty in our determination of Rno off a_nuclear target sqch as Al, it would be
~ desirable to also measure R“+ and RW' . Weware now convinced that we(need at least a

partial magnetic field in our apparatus in order to determine the sign of the charge of
the‘particle. Thls will -allow us to determine these numbers lndependent of any model and
_w1th a substantial reductlon of the systematic background. We are planning, therefore,

to measure these numbers in our next experiment.
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We also do not have a significant number of V events in the ﬂ final state
induced by neutral currents. (We define a 51gn1f1cant number to be 10 in thé ncutral
current frnal state.) We would anticipate making a definitive measurement of this reaction
1n our next experlment. ‘ ‘

The results of FY76 have been gratifying and tantallzxng Therefore, we have
.changed our future prlorltles and desire to begin installation of our second experlment
early this summer with preliminary data taking during the fall neutrxno run and final

data taking during the spring of 1977.

All. A Study of Reactions Producing é?Fast Forward Nucleon in TN Interactions at 8 GeV/c

(B. Eiéenstein, B. Nelson, W. Mollet, R. Wagner, W. wroblicka in collaboration with
J Watson, ‘Argonne National Laboratory and N. Gelfand G R Morrls, Unlver51ty of

Chlcago)

We are conﬁinuing'the program of suryeying baryon exchange processes in .the
University of'Illinois—Argonne*National Laboratory Streamer Chamber. The Streamer Chamber
fa0111ty, originally developed by our group, is ideally suited to study rare processes
where a selectlve trigger is necessary to dlstlngulsh the process from background re-
actlons whose cross-sections exceed the one of interest by several orders of magnitude.
In particular, the study of many-body final states requires v 4T acceptance in solid angle,
which is very difficuit to achieve with conventional narrow—gap‘chambers, wnile in a
triggered bubble chamber the data acquisition rate is lower than in the streamer chamber
by an order of'magnitude or more. '

During the current (FY76)} fiscal year and the tran51tlon period we have accom~

pllshed, or intend to accompllsh the follow1ng

a) Study of Backward Inelastlc»Reactlons in T ‘p > pX . (E- 297 at. ANL). .

Thls experlment attempts to isolate u-channel baryon exchange processes, by trlggerlng
on a proton of high momentum produced forward in the labora;oryvsystem by the 8 GeV/c
7 beam. A counter hodoscope downstream of the streamer chamber magnet selects

positive secondarles with momentum m 1/2 p , and a Cherenkov counter insures that

the partlcle is not a plon. About 270, OOObpfglures were analyzed wlth the emphasis on
reactions with fonr-charge‘partlcles in the final state. 4
A paper‘has-appeared in the Physical Review (Phys. Rev. D1, S5 (1976)) summarizing
- the results of the analysis of the reaction ﬂ-p g pﬂ+ﬂ_ﬂ-. Briefly we find that the
. reaction is dominated by the production of po} fo, and various pn- resonances, with
_meéons backward and baryons forward in the overall center-of-mass system. Quasi-two
.body'production, e.g. poN*(ISZO),'is very important and has been srudied'to find
evidence for backward peaks in the differential cross sections-(in u). ‘Such peaking’
appears ‘to be established for the specific reaction quoted above, but the evidence
is less conclusive for several others. All of these final states (meson + baryon) can
be produced with the u-channel exchange of a baryon w1th the quantum numbers of a

. X . [} (o} . .
nucleon, and the decay angular distribution of the p and f are consistent with
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nucleon exchange. . )

‘We have found no clear euidence for A exchange processes, whlch would be requlred
for reactions such as T p*p+ (A ’ A ) and conclude that at 8 GeV/c, A exchange is
suppressed relative to nucleon exchange

In an attempt to seek evidence for A exchange and also to understand the general
nature of reactions that produce fast‘forward‘protons, we are currently studying the
center-of-mass longltudlnal and transverse mbomentum dlstrlbutlons of events with
four charged partlcles in the final state. If the results prove of interest, we

may extend the study to 51x charged particle events, which would necessitate the

measurlng and analy21ng of more six prongs than currently exist on our final data

_tapes.' ThlS work will, in any event, be completed during FY76, and represents the

last effort that weé expect to'put into exploitlng the fast-proton data.

Study of Backward Meson Production in the Reaction T p > nx°. (E-345 at ANL)

This experlment is similar to the previous one. in- that the streamer chamber is
trlggered by the detectlon of a fast forward baryon, in this case a neutron. The
neutrons interact in thick-plate optical spark chambers located 1llm downstream of

the streamer chamber and the.secondaries from these interactions are detected by

scintillation -counters. Time-of-flight is used to discriminate against slow neutrons.’

A lead sc1nt111ator array upstream of the neutron chambers removes most of thc Y- rays

. which would also trigger the system. On the other hand, K mesons are indistin-

gaishable from neutrons at.the level of the trigger.

The channels xo + n+n-,:ﬂfn+n—n—, etc., represent even G-parlty mesons, while in the
px_'experiment( X - (all charged) are mesons with odd G-parity. Thus the nxo
experiment is'complementary to the previously described one. Since a forward neutron
can result. from nucleon ekchange; the suppression.of A exchange seen in E-297 is
irrelevant.- However, some N* production can occur which complicates acceptance
corrections. ‘During the currernt year we have heen analyzing events coming from:a

v 250,000 picture exposure made in early 1975, with special emphasis on events with
two charged partlcles 1n the final state. All such events have been measured - and

reconstructlon and fitting procedures are underway. Preliminary indications of the

quasi-two  body reactions T P*n+ (p ’ £ ) have been seen in this data. It is our

. hope to complete the analysis of these channels and submit results for publication

before the end of FY76.
We have. also begun to measure events with four and six charged partlcles in the

final state. The analy51s of a previous "test run" of the experiment yielded among.

R . - * * + -
~the four-prongs the reactions m p + N +-(p°, f°), where the "N-" decays to nm 7w .
This is the analogue of the quasi-two body reaction seen in the fast-proton experiment,

~and the new data ought to give a good statistical sample for study. We will also

L R . - o o + + - - S
search for reactions like wp »nm , wherem -+ ¢y 7 7t nn . The test run data is not
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of sufficent statistical significance to be certain, but shows no evidence for pro-

.minen§.4nvresodance production. We expect to measure more than half of the four-

and six—prqng events during the current fiscal year.

e . . . + ++
Search for Exotic Mesons in the Reaction T p + nX .

A'study'of the data, trigger rates, etc., from the production run of the fast-neutron
experiment has convinced us that the current experimental setup cannot do a good job

of studying this reaction. At present we have no plans to continue this experiment.
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B. Experiments Planned for the ComingAYear

Bl. Muon Inelastic Scattering at FNAL

(W. Francis, T. ki:k, R. Hicks, in collaboration with groups’ from University of Chicago,

Harvard University and University of Oxford)

The CHIO Group will continue taking muon scattering daté at 225 GeV on both
hydrogen and.deuterium with the intention of finishing the muon nucleon experiment in FY77.
The data will'he reduced and analyzed during FY77. We shall have measured vw2 in hydrégen
and deuterium as well as it has been measured in iron by the Cornell-MSU collaboration.

We will also be able to report values for R = oo/ot' the éeparation parameter in virtual

phdton-nucleon scattering The scaling behavior of the VW, will then be known separately

for protons and neutrons as well as for scalar and transveise virtual photons.
The inclusive hadron properties already measured will be supplementcd by measure-
ment of charged and neutral kaons. -This new capability is a result of recent installation
of a multi-cell Cherenkov counter and new MWPC planes in the CCM magnet gap. The kaon data
will be the firét;information of this type to be obtained in muon nucleen inelastic scattering.
We will'increase our data sample size for rho meson productioh by muons and hope

to see production of the phi meson as well. The increase in statistics from the new runs

will be particularly useful hexe.

B2.” Muon Heavy Nucleus Scattering

(w. Franc1s, T. Kirk, R. Hicks in collaboration with groups from University of Chlcago,

Hafvard University and University of Oxford)

The CHIO'Group has resubmitted a proposal to study the behavior of shadowing in
v1rtua1 photon—nucleus interactions in FY76. The pfoposal was deferred at that time but
' is likely to become active in late FY77. This interesting toplc has contlnued to grow in
importance with publication of contiadictory results at lower energies in recent months.
The high"enérqy muon beam is an ideal place to decide the issue éleanly, and we hope to
get started taking data soon. The amount of running necessary to do this experiment is not

[

excessive, and one run of several months should be adequate.

B3. Cha;ELSgarch, 1] Production;fand Multi-m Production using 150 Gev/c‘Pions

(G. Ascoli, J.VCoopér;,W. Francis, L. Holloway, T. Kirk,‘L; Koester, U. E. Kruse, R.
sard, G. Alverson, W. MacKay, E. Smith in collaboration with Harvard University, Oxford

University and Max Planck Institute physicists)

~ As mentioned in Section A, the present proposal, E-369 consists of three parts:’
‘the search for charm particles, an exploration of the production process of Yy particles,
and the study of P37 and pSn production in Tp interactions. Several triggers are proposed
for.these searches combining a proton recoil trigger, a single Y trigger, and a u pair trigger.

We are considering also a charged K trigger. For the charm search we propose to use three
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cdmbinations.of‘tiiggers: First is‘a proton and muon trigger for looking for the final
state pDD with one of the D.(charm) mesons decaying to a U; the second trigger is a proton
and pair of muons for looking'fof the same final state but with both of the D mesons
decaying to muons; the third trigger is a muon pair to look for DD without the requirement
that there be a proton recoil (without the requirement of peripheral>production). This
latter muon pa1r trlgger will simultaneously give us I/ events. For the paft of the

exper1ment to study p3m and pS5Sm production the proton rec011 trlgger by ltself will be

] used after a suitable reduction by scallng.

"puring the first half of FY77 the remaining components that are needed for FNAL

E-369 will be constructed and tested as well as a revised beam. The components include the

hydrogen target, the proton recoil detector, and the Y shield.

Also during this time, we will develop programs to handle the data to be expected
from the experiment. We hope that the running of the experlment and the data analysis will

begin in "Fv77 '

B4, Mgltl-Plon and Kaon Experiments at FNAL Energleg

(G. ASCOll, R. Klanner, L. Koester, U. E. Kruse, R. Sard in collaboration with

Northeastern University physicists)

We hope that the studles during FY76 for 1nvestlgat1ng multi-hadron final states
(3n, 51 for P interactions, Kmn for Kp 1nteractlons) will permlt us to submit a revxslon
or supplement for P-318 early in FY77.
‘ ) Proposal P—318 was submitted to Fermilab in June 1974 to measure the diffractive
dlssoc1at10n of the pion into 3ﬂ, Sﬂ, ... states at momenta of 50 - 200 GeV and small momentum

transfers (t = 0 05 - 0.4 GeV ). The proposal suggested that the Muon Scatterlng rac111ty

.(built by a‘ChicagoéHarvard—Oxford team around the Chicago Cyclotron Magnet) be used, with

modest additions. and modifications. : i .

Thé{physics goals of the proposed study are:

a) To extend to“higher energies measurements on the energy dependence of the production

'of low mass 3T states. . o,

?‘b) To extend ‘the study of diffractive dissociation of the pion to higher masses (M Ato

5 or. 6 GeV) and to higher mult1p11c1t1es.
c)t To clear up - by studies of A3 production at higher energles - the apparent discrepancy -
between A3 and A3 studies. '
The ﬂ.p interactions will be measured in E-369 at one energy. We feel that such

data will “give us a ‘'significant lmprovement in our knowledge of these processes at high

" energies since only very small statistic samples from bubble chambers are currently ava11— -

able. It will be important to continue this search at other energies and with positive
incident particles as well. We hope that these other parts. of P-318 will be apprqyed for

running.
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‘BS. Proportional Hybrid Bubble: Chamber Experiments .
(7. w. Cooper, R. D. Sard R. Plumer, J. Tortora in collaboration Wlth Proportional

Hybrid Spectrometer«Consortium (Brown, Johns Hopkins, Illinois Inst. Technology:,
Iliinois, Indiana, Mass. Inst. Technology, Rutgers/Stevens, Tennessee/Oak Ridge, and
Yale/Fermilab) ’

_ We expect to participate in the remaining runs of Experiment 299 (n_/n+p at 150 Gev/c),
involving initial use of the forward gamma detector,land to measure. a sizeable fraction of
the new filﬁ. ‘ V ]
We'planlto concentrate on the inclusive analysis of the data, using theoretical

model calculations to guide us in the search for significant features. The neQ data on n+p
and pp'at the same energy as. n-p will aid us in sorting out beam—dependent effects.

~ ‘We are. not planning further research wlth the 30-inch hybrid bubble chamber system
beyond’ Experiment 299. ' ’

B6. Studies of Iarge Transverse Momentum Phenomena at the ISR

(G. Gladding, M. Gormley, P. Avery in collaboration with groups from CERN, Columbia

University, Oxford University and Rockefeller University)

Difficulties in the fabrication of the aluminum coils for the superconducting
solenOidal magnet at CERN has caused a conSiderable delay to the CCOR experiment. In ad-
dition, the Illinois personnel involved in this effort have been and will continue to be
in fY?? dominantly involved in the FNAL experiments concerning the production of interesting

- new particles by photons and nucleons. Consequently, we estimate that the Tllinois cqntribu—
'tion will be delayed approximately 1 year from our projections of last year.
‘ In the interim, however, we plan to use a portion (% 10 modules or 25% of the total)
of the fine-grained hadron calorimeter in Experiments E-400 and E-401 at Fermilab. In
»particular, we wiil use these modules to increase drahatically our acceptance at large angles
‘which will enable us to pursue at a 5-10 times lower cross-section level the photoproduc-
tion of high mass u u or e+e pairs, and u e+ pairs which might.come from the decay of
heavy lepton or charm-anticharm pairs. Current plans show Experiments E-400 and E- 401 to
run in FY77. We hope to have the complete calorimeter available at CERN for data taking runs
there in FY78.

B7. 'High p Correlation Experiment at the ISR

(B. Eisenstein, L. Holloway, D. Bender, in collaboration with groups from LBL, Harvard

~CERN and the ScandanaVian UniverSities)

) The study of the dynamics of events containing large bT'secondaries is of conjr
siderable interest. While.much work has been done, mainly through requiring .one high P,
particle in the trigger, in most cases the particles have not been identified (often not even
the sign), and many questions remain unanswered. It is apparent that a clear distinction

between models requires a reliable identification of the particle to find out which quantum

numbers are locally conserved.
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We intend to concentrate onpthe study of particles with transverse momentum above

1 GeV/c and make tne following requirements on our apparatus:

ai fhe solid angle should be large, = 1 sr to ensure reasonable oounting rates even for
large p partlcles. '

b) The range ‘in rapldlty should be wide enough, = * 2 units, to investigate the rapidity

4 dependence. 3

c) The gross features of the a21muthal correlatlon should be measurable.

d) Charge partlcles should be identifiable by absorption (muons) or by Cherenkov and
tlme—of-fllght measurements (hadrons) . ]

e) The apparatus should allow 1nterest1ng physical quantltles, such ‘as invariant mass of
a two—partlcle system to be included in the trigger condition. ' Several such trlgger

conditions should be used in parallel.

‘The apparatus, as'presently considered, uses a large aperture magnetic spectrometer
symmetric with respec¢t to both horizontal and vertical symmetry planes of the interseetion.
This spectrometer will identify and measure the momentum of charged hadrons produced w1th1n
the apprOxlmately 2/3 steradlan solid angle within a 20 openlng in azimuth on elther side
of the beams and covers the angular range 20 to 160 .

The proposal as submitted by the collaboration to the'CERN ISRC-is currently in
a deferred state. An adhoo committee has been appointed by the CERN‘NPRC to studyithe need
for major. new large aperture detectorsAat the ISR and until the report is submitted (April .
1976) no large scale commitment will be made. Meanwhile} development of the drift chambers

and associated readout electronics is proceeding at a reduced rate

BS. d f Photoproduced Two-Body Final States at Hi
(6. Gladding, ‘M. Gormley, R. Messner, A. Wattenberg, A. Avery, R. Coleman, J. Russell,

in collaboration with Fermi National Accelerator Laboratory physioists)

In FY77 we are scheduled to take additional data on the properties of high mass
photoproduced final states with an improved detector arrangement. This work (E—40l)vis a
‘natural continuation of the program of high energy photoproductidn'and pair production‘in
which we have been aotive for the last three years (E-87). The ‘major additions to the experi;'
mental- detector arrangement are an addltlonal magnet and a pair of 1arge aperture Cherenkov
counters for identifying outgoing hadrons. The additional magnet performs two functions:

-it sweeps out zero-degree electron-positron pairs with a momentum less than 20 Gev/o, ‘and

it will focus some of the pairs arising from the decays of massive parents. In Experiment

E-87 one llmltatlon on the maxlmum flux of beam particles was dlctated by the rate of zero-
degree electron-positron pairs which the first few proportional chambers of the spectrometer

' could tolerate without being desensitized in the region around the beam. The new magnet would
sweep‘thellow energy pairs outside the aperture of the spectrometer and remove this rate -

limitation, thereby allowing us to make use of an order of magnitude higher flux.
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The runs planned in FY77 w111 employ a 11qu1d target for a major fraction of the

running time and w111 extend our. recent studies of photon lnteractlons in the following

ways:

a)

b)

c)

a)

With a liquid target (H or D ) we will measure the s and t dependence of the cross-

sectlon of Y(3.1) and w (3.7) photoproductlon on a single nucleon, viz. the energy

_ dependence of (do/dt) for photoproduction and the momentum transfer distribution.

min ) .
We w1ll also be-able to extract the total scattering cross section of the W(3.1) and
P'(3.7) on a single nucleon w1thout hav1ng to unfold nuclear phy51cs from the process.

We expect to detect an order to magnitude larger sample than in our earller work,

namely (3000 w(3 1) -+ u u events and 100 ¥'(3.7) - u u events) .

With identification of f1na1 state hadrons, via the addition of Cherenkov.counters, we

will measure the mass spectrum of photoproduced Ki, pp, He, etc. pairs. AResonant structure
in the mass spectra of these final states‘could arise from a. variety‘of mechanisms:

the diffractive photoproduction of heavy 1  states. (vector mesons), the production of

o states v1a the Primakoff mechanism, etc. The experiment's sen51t1v1ty for observing
resonant productlon in these two body final states corresponds to a product of (cross
section) x (branchlng ratio) of less than a nanobarn. Our.detector has good acceptance

for two body final states with masses in the range from 3.0 to 8.0 Gev/cz, and our
measurement of the two body mass spectrum will be made simultarieously with the col]ectlon

of P(3.1) and Y’ (3. 7) events.

"There may be non—resonant photoproduction mechanisms which were not observed at lower
energies due to»tmin effects which will become observable at higher energies with the

increase in intensity. An example would be higher invariant mass events.

We w111 measure the dynamlcs of high energy photoproduction of some of the known vector
mesons, partlcularly the rho meson, on hydrogen. The energy dependence of the total

cross section and the shape of the momen tum transfer distribution at high energies are

'of particular 1nterest to theorists - specifically the results will permit an evaluatlon

of vector dominance type models at large S.

With lncreased statistics we should clarlfy whether the H pair events we prev10usly

‘observed at M Na.7 GeV’/c2 were due to a statistical fluctuation in a background or

) UU
are due to a narrow resonance in that mass regron,

The construction of the Cherenkov counters should be completed and the experlment

should be ln the data taklng phase by the middle of FY77. We hope that all the data can be

collected durlng FY77.
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B9. Study of Final States Produced with the J(3.1) in Hadroni¢ Collisions
. (G. Gladding, M. Gormley, R. Messner, A. Wattenberg, P. Avery, R. Coleman, M. Goodman,
. J. Russell, in collaboration with M. Binkley, I. Gaines’, J. Peoples, and L. Read at

_Fermi National Accelerator Laboratory)

The cross section obtained from extrapolating the data of E~358 at Fermilab for
the reaction: (neutron + nucleon) -+ (J(3 1) + anything) is surprisingly large: namely
the order of 10- mz{ A comparison with the cross- sectlon obtalned in the MIT-BNL experi-
ment shows that the hadron production cross section rises by several orders of magnitude
in going from AGS to Fermilab energies. ~This suggests that J(3.1) production in hadronic

‘collls1ons may-be dominated by different mechanisms at high and low energies. Consequently,
it is important to measure the propertles of other particles whlch may be. present when the .
J(3.1) is produced in high energy hadron colllslons. There have been a number of theoretical
.speculatlons that hadronlc collisions which produce a J(3.1) 51multaneously produce other
unusual states, 'such as charmed mesons or baryons; in. contrast ordlnary hadronic collisions
rarely prodiice these unusual states. 1In fact, 1f the Zweig-Izuki rule were strlctly true
for charmed quarks, then the J(3 1) must either be produced 1n pairs or in conjunction with
charmed mesons and/or baryons. ) ' '

E~400 at Fermllab w1ll test some of these ideas in a model lndependenr way be

" using a high energy proton beam to study the reaction:

p + nucleon + J(3.1) + ¥ + anything
Lt )
the basic idea is to trigger on high mass dimuons and to measure tne properties of the final
state pérticles wnich-appear in the forward'hemisphere (Y). If unusual particles such as
oharmed nesonsAor baryons are-contained in the final state Y, this type of trigger is
exceptionally powerful because it is sensitive to all possible decay modes of the unusual
_ state Y. ' o ' o
-For example one can measure whether or not there is an excess of strange partlcles
. which accompany dlleptons. Since we will use the E-87/E-358 particle identification detector
‘which measures the energy of forward—going charged and neutral particles, we will be able
:to look for resonance structure in the final state Y which accompanles J(3.1) production
in hadronic collisions. ) A
In order to do this experiment we have chosen to use a proton beam rather ‘than
"the neutron beam- used in E-358 The proton beam will allow us to study hadron c011151ons
at the highest pos51b1e energy (the pPrimary energy of the accelerator), will provide a
much smaller beam-spot size, and will be monoenergetic. The use of a monoenergetic beam
provides us with. another degree of flexibility in that it will allow us to measure and/or

trigger on mlsslng energy in hadronic collisions.
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We planAto bring ‘a low-intensity proton beam into the experimental area (EE-4)
at Fermilab and.to study tbe intensity, backgrounds, and optics,of the beam‘in the summer
of 1976. The data taking phase of the experiment is currently scheduled for the late fall
of 1976. ' ' '

B10. A Study of v and v Induced Neutral Currents

(T. O'Halloran, C. Pang,,A; Bross and P. Nienaber in collaboration uith Columbia

University and Rockefeller University)

We will begin our second v} v exper iment during FY77.  The goals of this experiment
are based on Qhat we have learned during the past'few'years. It has become apparent t6 us
that there are definite advantages in our decision to do a second generatlon experlment at
Brookhaven. The final states we are examlnlng are 51mp1e and allow us to make substantial
and deflnltlve tests of the models that presently exist for the neutral current interactions.
It is well known that the cross-section for any simple channel saturates about 500 MeVv
above threshold due to the form factors that are present for the hadronic vertex. It ls
also well known that the total cross—section'rises linearly_Witn<1aboratory-energy.“ If a
primary motivation for the experiment is the measurement of some particularly,simple fina1
state, then Brookhaven offers an advantage over other accelerators. The experiment we are
proposing takes advantage of these facts. 4

‘We will measure the following rates in our next experiment:
GV #p > v +p) '

) R = = .
a) A measurement of el O(v +n > §+p)

During the present fiscal year we measured R’ ol = 0.25 + 0.12. The error is not

‘limited by statistics, but by systematics. The dominant final state we must’ discriminate

against is vu'+ p vunﬂ .. With the addition of l or 2 magnets we will be able to make a

" crude measurement of the momentum of the positive track and dlstlngulsh the two possible

mass states by range.

+
O(v +Al + v 4N' 4T 0)

b) A -measurement of R, = Y ; .
' =7 ol AL > u neamtr0)

+
-

Again the inclusion of a magnetic” fleld will enable us to separate the various
charged 51ngle pion. states. This will free us from the theoretlcal uncertainty lnherent

in the nuclear physxcs corrections to our data.
. L ' +,~ . .
c) A search for the dilepton states vu +Al~>22 4+ ... . .

_At. the present time we are limited to pe final states due to their unique struc-

ture. B}Arearranging the apparatus to put more mass at the downstream end, we will attempt

‘to measure

vu + Al » u+p' + ...
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in addition to enhancing our ability to observe the e final state.
At the present time we hope to make our major modifications next summer, and to
have a preliminary run during the next fall. The major part of our data taking would occur

.during the spring and fall of 1977.

Bll. A Study of Reactions Producing a Fast Forward Nucleon in TN Interactions- at 8 GeV/c

(B. Eisénstein, 'J. Elliot, R. Wagner, W. Wroblicka, in collaboration with J. Watson,

Argohne National Laboratory and N. -Gelfand, G. R. Morris, University of Chicago)

5) Study of Backward Meson Production in the Reaction ﬂ_p + nx°
' Most of our effort will be placed on the final states with four and six charged parti-
cles. RAll of the measuring and data reduction for- these events will be completed
during FY77, and we anticipate that early in this time perlod we will be studylng
ph?sicé distributions from about one-half of the final sample.
Our first intenfibn will be to search for high.mass”(2ﬂ+2ﬂ_i and (3n+3n—) systems
fast (ﬂ+n I )slow‘

which can be produced only via A exchange to states llke (nn ) ast (mmw )slow

(m 2.7 Gev/c ) as well as to compare final states such as’ (nn )

which can also occur via nucleon exchange.
In addition, we will complete the study of final states with two charged particles.
Excludlng the reaction m Pp*n+ (p f ) we see evidence for T o lind e K (- nn-,‘
n trlggerlng) and 7 p + A° K (° - pr, K trlggerlng) We must await higher statlstlcs

on these channels before it will be clear how interesting they are.
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C. Experiments that are Planned for Future Years

Cl. Muon Scattering at FNAL

(W. Francis, T. Kirk, in collaboration with other groups)

After completion of E-98/E-398, the CHIO muon nucleon experiments, we hope to see
an upgrading of the FNAL muon beam by an order of mégnitude in intensity with an’ equivalent
improvement in the muon halo contamination. This would enable a new generation ot uon
scattering experiments designed to carry to higher values of q the work being prcsently -
completed. Preliminary dlSCuSSlOns with FNAL management gives us reason to hope that
such an improvement could be contemplated in the next two years. If all goes well, the
" tests of Bjorken'5caling céuld be extended out to q2 N 100 (GeV/é) at v values up to 200 GeV.

This would represent a significant advance over the present sxtuatlon.

C2. Charm Search, Yy Production and Multl—ﬂ Production

(G. Ascoll, -J.-Cooper, W. Francis, L. Holloway, T. Kirk, L. Koester, U. E. Kruse,
R. Sard G. Alverson, W. MacKay, E. Smith, in collaboration with others)

The results of the present intense .effort by other groups and by us'éo look for
charmed particle productiqn will have a great influence on our program for FY78 and beyond.
If charmed particles are produced with reasonable cross sections, the versatility of the
laréé CCM spectrometer at FNAL should allow us to study the vafious decay modes of. charmed
particles. If the cross sections are small or if hadronlc production has not been observed,
we may want to rev1se our geometry and our triggers so we can work with higher beam rates
and' lower backgrounds to continue our searches.

. We hope to produce results in multi-w production during FY77 that will allow us
to plan further multi-hadron final state experiments with ‘the CCM Spectrometer. We see
the extension of the planned experlments to hlgher energles and to other incident beams as

very interesting programs for FY78.

C3. Photoproduction Experiments’at Fermilab

(G. Gladding; RL Messner, T. O'Halloran, A. Wattenberg, P. Avery, R. Coleman, M.
.Goodman, J. Russell, in collaboration with groups from Columbia University and Fermi

National Accelerator Laboratory)

We probably will still be analy21ng data from Experlment E-401 whlch is ba51cally
a study of two-body reactions produced with a high intensity photon beam. If exc1t1ng new
phenomena are encountered in the course of running E-401, we will submit proposals to con-~
tinue such studies. ‘ '

.From the rgnS‘that have already takén place, we have acquired a good deal of
knowledge of both the capabilities and limitations of our present beam and equipment. With

continuing experienée with the new setub of E-401, specifically the inclusion of Cherenkov
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detectors for qistinguishing between baryons, kaons and pions, we should be able to under-

take experiments that will allow us to study the photoproduction of multi-body hadronic’

"final states. The data which exists from the runs we have alreédy taken indicate some very

interesting phenomena in the hadronic final states. As well as exploring these, we would ’
also like to étudy_the mass spectra of hadronic final states. which are produced in asSoéia—
tion with a sinéle charged lepton (electron or muon). - Proposqis'for such experiments are
currently being cqnéiaefed and should be submitted during the coming year. We anticipate

a continuation of high energy photoproduction experiments at Fermilab during FY78.

CA. A Study of v and v Induced Neutral Currents

(T. O'Halloran,.é. Pang, A. Bross and P. Nienaber, in collaboration with Columbia

University and Rockefeller Uhiversity)

Data taking for these experiments will end in early FY78. The remaining part of

‘the year will be spent’'in data analysis. The future aspects of- this program will depend on

the results we havé obtained.

CS5. A Study of Reactions Producing a Fast Forward Nucleon in N Interactions at 8 GeV/c

(B. Eisenstein, J. Elliot, R. Wagner, W. Wroblicka, in collaboration with J. Watson,

Argonne National Laboratory and N. Gelfand, G. R. Morris, University of Chicago)

The program should be essentially complete. The publication of some results

may necessitéte‘the aﬁalysis of the full data sample, and could occur during this time

" period.
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IV. OPERATIONS AND DEVELOPMENT OF COMMON FACILITIES

A. Technical Accomplishments during the Past Year

Data Acquisition Systems

(R. Brown, R. Downing, T. Noggle, J. Simaitis, R. Gronek J. Lufkin, J. Wray)

The DOLLY/CSX—l precision CRT film measuring system continues in heavy use
on three experlments. The system is scheduled for 137 hours of operation per
week with the remalnlng 31 hours required for equipment maintenance and calibra-

tlon as well as program development. A total of 207,000 events are -scheduled

1for measurement 1n FY76.

Slgnlflcant improvements have been made in the program for streamer chamber
measurements.. Rates of 70 events/hr. on pre-scanned 2-prong events are now
achieved. A total of 182,000 events were measured i FY76.

Measurement of spark chamber film from the neutrino experiments‘BNL 605/652

‘continues. This program involves automatic film advance and fiducial measurement

with manual—aided spark measurements. A total of 18,000 frames has been measured
at rates varylng from 20 event/hr. for complex topologles to 60 events/hr. for
single track events.

Bubble chamber film from FNAL E-154 (n P,PP) and successor experiments has.

" also- been measured This film is pre—scanned and clear points pre—digitized on

image pPlane machines. The DOLLY system has been tested and run in the following
modes: '

(1) The DOLLY operator measures events of all topologies with instructions
to intervene only minimally with the DOLLY measuring program. . Thus
events with several overlapping tracks, with extra beam tracks over-

" lapping the event, or with extfa tracks from nearby everts must be re-
: jected. The measuring rate in this‘mode is % 10 events/hour with about
25% of all events rejected'by the operator. ‘
(2) The operator measures only 2 4,6 prongs with the same instructions as
. in (1) above. The measurlng rate is "13/hour w1th only about 5% of the

‘ '. events re]ected

(3) .The operator measures events of all topologies with the instructions
to poxnt measure .all .tracks which DOLLY is unable to -measure automati-
cally. This point-measuring is done using the electronlc display of
hits and misses.and has the full accuracy of the machlne. The optical
dlsplay is used for guidance only. The measuring rate is cut to

~ 5/hour, but only 2% of the events are rejected.
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Data are not yet available on the geometry reconstruction rates for the above
measuring modes. )

A All events in the W-p film have been Previously ﬁeESured at the Massachusetts
Institute of Technology by the PEPR system. We are u51ng the operator interven-
tion feature of DOLLY (mode. (3) above) to remeasure those events in whlch the
PEPR measurements failed to result in the reconstruction of all tracks with over- .

'all event charge balance. A sample of 254 such events was’ remeasured at a rate
of 3.3 events/hour. ~ This rate can be compared to the.rate of 2-3 events/hour for

. the same experiment on hand measurlng machlnes at Brown Unlver51ty..

A2. Computer gperatlons

(R. Brown, J. Lufkln, N. ‘Meyer, B. Schreiber, J. wWray)

In FY76 the PDP-10 computing system was operational and available for time-
sharlng and batch use approximately 8000 hours. .For most of this time the system'
was connected to the Csx-1 computer for on-line processing of DOLLY—measured events
and CSx-1 program development. In addition, 15 t1me~shar1ng termlnals (teletypes
and CRT) were connected to the system with an average total connect time of 2700
hours per terminal.

Actual CPU execution time amounted to 3500 hours which is approaching- 50%
of all available CPU time. As a result during the prime worklng hours (9 A.M. to
'10AP.M.) the users experienced significant delays in pProgram executlon, at tlmes

’to an extent  that made 1nteract1ve Programming awkward, 1f not impossible. This
was’ partlcularly true when two or more sizeable programs (> 20K words) were under
concurrent execution. A major effort of ‘the systems programmlng personnel has
been to lmprove time- sharing scheduling and memory overlay procedures to reduce
confllcts as much as possible. Nevertheless. it is clear that the 1ncreased
complexity and data base of current experiments has created a computing require-
ment for experimental design and data analysis which is 51gn1f1cantly greater
than. the computlng power this group now operates. A rough survey of the group S
total computing operations in FY76 indicates that the total computatlons executed
on systems outside the PDP-10 system (e.g. the CDC 6600 at FNAL, IBM 195 at
Rutherford, etc ) was 4 to 6 times that executed in-house. Therefore, a study
of the group's computlng needs - current and pro;ected - was begun in FY76.

To lmprove tlme—sharlng performance for large jobs and to provide needed
backup for the ten year—old CSX-1 memory, an additional 32K of MOS memory. was
constructed and added to the PDP-10 system. Designs for additional memory blocks
are underway.

Other systems programming accomplishments include- a PDP-10 cross-assembler

G e me
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and loaderlfor CSX~1 programs. This significantly speeds up preparation of DOLLY
programs. Software has been developed and installed for the Tektronix 4014 graphics
display terminal. This large size display has been usefhl‘in design of experimental
arrays and analysis of particle track data. In addition it has served as a line
prinﬁer 6utpdt station for rapid scanning of pages of histogram and scatter plots.

To meet the needs for faster and more efflclent magnetlc tape writing, the
initial" elements of a 9 -track 800/1600 bpi tape system have been added. Eventually,
it 'will .be pos51ble to eliminate the current IBM 7—track tape system which now

‘no longer matches to the tapes generated at.other computer installations.

Engineering Systems

(R. Downiné, T. Noggle, -J. Simaitis)

The majoi.effort for FY76 has been the continued development aad testing of
elements of the University of Iilinois modular . electronics system.anddthe produc-
tion, design, and fabrication of electronics fof the proportienal chambers of

" Experiment FNAL E-398. A -

A geaeral purpose interface'has been added to the PDP—lQ computer to faci-'
litate eleCtronic test equipment checkout. Expefimental apparatus may now be
tested with.PDP-10 software before being installed at the experimental site.

This’ 1nterface is built using the University of Illinois high energy modular
electronic system with a total of 16 module ports.

For remote,data acquisition systems, a 1-5 megabit serial data link has
been developed and installed in HEPG modular electronic systems. This simplifies
the‘eonneétions between the computer and remote arrays or other data sources.

Ih preparation for coming experiments the electronicsbshop of this group
has constructed 800 8-channel proportional chamber amplifier ca;ds, 35 general
purpose modules, 15 mpdule boxes or crates, 1000 coaxial. cables, etc. At the
same time, approximately 25 new plug-in modules have been designed and tested.
Development and construction of the modular electronic system has been under-

taken in cooperation with other groups in the university on a cost-sharlng basxs.
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B. Plans for Facilities for the Coming Year

Data Acquisition Systems

(R. Brown,.R. Downlng, T. Noggle, J. Slma1f1s, R. Gronek, J Lufkln, J. Wray)

Durlng FY77 hardware development for the DOLLY/CSX-1 system will. be some~
what 11m1ted, with principal attention on signal detection circuitry. Software
development on existing experiments will oon51st-pr1ma;11y of operational adjnst-
mentsAand improvements,inciuding implementing a scheduler which Qill permit con-
current measn;ements.on three bays. Contingent upon neutrino experiment plans,

a mejor effort will be devoted towards programs for automatic scanning of spark
chamber film. - ' ' . v

F11m measurement with DOLLY 1s projected also for streamer and bubble chamber

film through FY77. Subsequent applications of the system depend on future experi-

ment plans. -’

Computer Operations

(R. Brown, J. Lufkin, N. Meyer, B. Schreiber, J. Wray)

During FY77 the full impact of the ability to schedule foregfound/background

operations of tne CPU wil; be realized. Total CPU utilization is.expected to be

" “about 4500 hours;' The programming staff is expected to work in the following

support areas: A ]

- Developlnglroutines.to perform computer aided testing andAdiagnostics for
electronlc modules built by.the group's technical staff for'useAin the
. ;var;ous experiments. . . ‘

- Assisting the normal program development for data analeis of new -experi-
ments. !

- Facilitating use of the on-line graphics display in data analysis.

- Investigating the use of job size in calculating priority scneduling in
the timesharing environment. This would allow the use of larger programs,
which many of the researchers would find very beneficial. Degradation of
seivices to otner uSers would be minimized by setting aside‘certain hours

~ for such use or by granting the large job CPU time only after all other
needs were serviced.

- Investigating technical questions for computer aided circuit board design

andvlayout. The major effort will lie in adapting existing routines and

techniques to the HEPG computer and display equipment.



B3.

B4

f344

Engineering Systems

(R. Downing, T. Noggle, J. Simaitis)

There will be continued development for the University of Illinois modnlar
electronics'system;' This will involve design and construction of spccial purpose
logic modules as required by individual experiments.

' A time digitizer system with a resolution of 2 nanoseconds is under design.
For thie a new tethnlque has been developed which reduces the cost and power re-
qulrements. AIn the course of this development an inexpensive method to generate
prototypes of three or four layer boards was devised. Work will continue on this
system and a hardware track reconstruction computer system will be developed in
con]unctlon with it.

Work will begin on the use of charged coupled devices (CCD's) for use with

-optical spark chambers. Use of such devices appears to offer a considerable

savings in filmAcost and data analysis time by virtue of'tne‘generation of on-
line digitized data. t ]

Development of large scale, high speed data memories will- proceed based
upon the experience with FNAL experiment E-87A, as well as the memory develop-
ments for the inhouse computers. These semiconductor memorles will be developedl'
using 4K and, as eventually available, 16K MOS RAM chips. These memories will
be compatible with the University of Illinois modular electronic systems.

Exploratory studies will be started on the use of microprocessors as the
control systems in the modular data systems. The speed and low cost of these
elements make them very attractive for enhanced control capabilities within the

modular systems.

Liguid Argon Shower Counter

(T. Klrk, in collaboratlon w1th phy51c15ts from Harvard Unlver51ty and Fermilab)

We have already begun planning for construction of a large many-celled

.electron/photon shower detector to replace the photon spark chambers in the ceM

spectrometer. The detector would consist of a large tank of liquid argon con-
taininq'some 11 tons of lead plates electrically divided into shower counter

sections about 10 cm on a side by 20 radiation lengths deep. ‘We anticipate that

“this device will enable us to measure photon energies from 500 Mev to 200 Gev

" with an accuracy of better than 10% Vl/ , where E is the energy of the photon

in Gev.
A design for the electronics is already being tested and a small model is
being constructed to test the resolution is a small dewar containing a single

shower counter element. Design of the cryogenic system will proceed in FY77.
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