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completeness, or usefulness of any information, apparatus,
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1



ABSTRACT

An experimental program to study the interactions of hadrons and photons
6

is being carried out using hybrid systems which include bubble chambers as

-            visible targets as well as counter spectrometers.  Experiments are being per-

formed at the accelerators of the laboratories at Batavia, Stanford, and

Geneva, Switzerland.

The bubble chamber - hybrid system group is engaged in several experi-

ments at Fermilab. Extensive analysis  of the interactions  of  147  GeV/c  Tr ,   K ,
and p in hydrogen is in progress; the results of our earlier experiment on F-p

interactions at the same momentum, in the same experimental set-up, are avail-

able for comparison, thus extending the range of incident-channel quantum num-

bers studied with a minimum of systematic error.  This year there has been

particular emphasis on associated production in interactions of the form

ab + cX, on p' production, and on multi-particle correlations.  Comparison of

hadron production by hadrons with hadron production by leptons is being ex-

tended to all our incident particles, for a variety of kinematic variables:

Two experiments with an improved hybrid system are now scheduled for data-taking
+ + +at Fermilab in early 19814 to study A-, K  and p- interactions in hydrogen, and

in aluminum, silver, and gold foils, at beam momenta of 200 and 400 GeV/c.  A

similar study at 250 GeV/c, using the large European Hybrid System at CERN,

will begin during 1981.  During the spring and summer of 1980, data-taking

was begun on two experiments investigating photoproduction of charm and

-           vector mesons, in a polarized monoenergetic backscattered laser beam of

20 GeV/c using the SLAC Hybrid Facility.



Progress Report of a Research Program

in Experimental High Energy Physics

The Department of Physics of Brown University presents herein a re-

port of the progress made in the experimental program during the present

contract period (1 January 1980 - 31 December 1980).  This work has been

supported by the U.S. Department of Energy under Contract DE-AC02-76ERO-

3130.A006 (Task B-Experimental).

This report on the bubble chamber-proportional hybrid system program

is divided as follows:

I.   Data Analysis in Progress

II., Experimental Runs in Progress and in Preparation

III. Associated Matters

IV. Scientific Personnel

V.   Papers Published During the Preceding Year and
Papers in Press
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I.   Data Analysis in Progress.

(a)  Studies of Zp, K+p, and pp Interactions at 147 GeV/c
(FNAL Experiment 299) arid of w p Interactions at

147 GeV/d (FNAL Experiment 154) using the Proportional

Wire Chamber-Bubble Chamber Hybrid System at Fermilab.

These two experiments are complementary studies of the characteristics

of high energy strong interactions as a function of the properties of the

four incident projectile particles.

Experiment 154 is essentially completed, with a few remaining papers

in the process of being prepared and published.  Two papers appeared during the

past year in Physical Review D (see Section V, References  320 and  324).   How- ·

ever, the data from E-154 are being used more and more in comparisons with the

data from E-299.

The data of E-299 were obtained from two exposures of the Fermilab Pro-

portional Wire Chamber - 30 inch Bubble Chamber Hybrid System (PHS) in tagged

beams of positive particles of 147 GeV/c momentum.  The portion of the hybrid

system upstream of the bubble chamber provides for the identification of in-

coming particles by Cerenkov counters, and for the precise determination of

their direction and momentum by proportional wire counters.  Proportional

wire chambers in the downstream portion of the hybrid system provide pre-

cise measurement of the momentum and direction of fast forward-going charged

particles emerging through the fringing field of the bubble-chamber magnet.

The bubble chamber itself serves as the target and provides complete solid

angle sensitivity for all charged particles produced in any interaction in

'                            the  chamber, and considerable detection efficiency for associated  V"s  and   y' s

as well. The linking of the electronic data with the tracks in the bubble
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chamber allows us to use the upstream Cerenkov signal to identify each inter-

acting beam particle, so that we obtain data simultaneously for all the kinds

t

of particles present in the beam, and can make comparisons with a minimum of

systematic errors.

The first 158,000 frames were obtained in a beam of positive particles

+
divided approximately equally between w  mesons and protons, with only a small

+percentage of K .  An enrichment of the K  component of the beam to about 10

percent was achieved for the second positive beam run, consisting of 240,000

pictures, and this second run was further enhanced by the use of a prototype

of the forward gamma detector which has been built for Experiments E-565 and

E=5.70.  _This  prototype. was  full -scale except  in area perpendicular- to  the -beam,  - -   -

which was 30 cm x 30 cm rather than the final 75 cm x 75 cm. These prototype

data allow us to analyze the forward-going electromagnetic radiation produced

in the observed interactions, within the small solid angle subtended.

All of the film has been scanned, predigitized, and precision measured, and

final remeasurements are being made on the difficult events.

Results obtained thus far in this experiment, together with some compar-

isons with our F p experiment, have been presented in published papers (see

Section V, References 321 and 322), in contributed papers (References 327-335),

and in papers in press  (References 336-338).  The reports on E-299 data rep-

resent preliminary analyses of the available data and work on all areas is

continuing. Some of this work is described briefly on the following pages.
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(i)  Average Charged-Partidle'Multiplicities in Hadron

Interactions at 147 GeV/c (Experiments E-299 and

E-154).

We have extended our earlier study of inclusive   p interactions at

147 GeV/c (E-154) to    7T  p,K  p   and pp inclusive interactions   at   the   same  mo-
1+ +

mentum (E-299).  We are now able to compare a number of interactions of the type

a+b+c+X, (1)

all measured with the same equipment. Specifically, we have now investigated

the average multiplicity <n > of the system X produced in the following

reactions:

++
Tr p + 11-fastx (2)

+
  P + Pslowx (3)

++
K p+K X (4)fast

+
K p+p X (5)Slow

pp  +      X             (6)Pfast

PP   Pslowx             (7)

as well as

-      -

irp+7r    X              (8)fast

Tr P   Pslowx.             (9)

In all these interactions, the fast particle is required to have Feynman

x 0 0.5, and the slow proton is identified by ionization in the bubble chamber,

this identification being possible for momenta less than 1.4 GeV/c.  Fast-

particle identification was not possible in the spectrometer of E-154 and E-299;
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the assumption was made in each case that the fastest particle having the

same charge as the beam particle carried all the same quantum numbers as

the beam particle.

In addition to reactions (2) - (9), we have investigated the interactions

T p « Aox , (10)

PP + AoX, (11)

and 1-p + Aox
s (12)

with no explicit momentum restriction on the A', but requiring a good 11' fit

in the backward hemisphere. In all these interactions, the multiplicity

< nf   has   been   determined   as a function   of   M 2, the square   o f   the   mass   o f   the

system X, and t, the momentum transfer from a to c.

For inelastic interactions of the form

a+b+ X, (13)

a number of models of multiparticle production (e.g. References 2-7) have pre-

dicted various functional forms   of the dependence  of  <nx>   on  s, the square   of

the total center-of-mass energy.  While it is clear that inelastic pp data,

2
spanning a region in s ranging from 10 to 20,000 GeV , requires more compli-

cated functions, over limited regions   of  s the variation  of  < nx>   is  very
well fitted by functions of the form

<n X, =A+B l n s. (14)

The same is true for inelastic reactions of other particles (Ref. 1, and

sources quoted therein). Similarly, for inclusive reactions such as (2) -

(12), where M  is the total CM energy of the system X, functions of the form

<nX,=A+Bln  2 (15)
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may be expected to fit the data, over the range in CM energy we are concerned

with.  In fact, in our data at 147 GeV/c, where we cover the region

20 4 Mx2 < 140 (GeV/c2)2, the data are well fitted by the functional forms

which fit the whole pp inelastic range, as well as by functions of the form

given in (15).

As examples of the results, we show in Figures 1 and 2 <nx> as a func-

tion of M 2 for various regions in |t|, for reactions (2) and (7) respectively.

We have similar data for all the reactions (2) - (9); too few A"s have been

found to justify breaking the data up into regions in t.  The solid lines in

the figures are fitted functions of the form given in (15).  The slopes of

these lines showed no significant dependence on t for any of the reactions,

'

and the data for all | t| < 2.0 (GeV/c)2, for reactions (2), (4), (6), (8), and
reactions (3), (5), (7), (9), are shown in Figures 3 and 4.  The lines in

these figures are also fitted functions of the form shown in (15).  Since the

parameters A of these functions are the calculated multiplicity values for

2

Mx     =1,    rather   far   from the region covered   by   the   data, and hence   subj ect

to considerable uncertainty, we have in fact used the function

<nx,  = A'  + B'  1n  (M 2/53),

normalized so the values A' are the average fitted multiplicities at

22
MX2 = 53 (GeV/c ) .  The parameters A' and B' for reactions (2)-(12), for

all |t|  < 2.0(GeV/c2)2, are shown in Table I.

Several points of interest emerge from these results:

+-
(1)     1      and    Tr      are   seen   to   be in agreement   with each other.

(2) As expected, pp + pfastX is in agreement with pp + pslow '
X. within

2.5 standard deviations at worst.
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(3) The values of the slope B' are consistent with the average

1.49*0.08, and this is in agreement with values obtained for other inter-

actions, both inclusive and total. (See Table VIII in Ref. 1.)

The data thus appear to be consistent with a linear dependence on

M 2, and even with a constant slope, for all hadron-hadron interactions.

10
Moreover, weak and electromagnetic processes show similar results.

(4).  There remain significant differences in the values of A'.

1We have analyzed these results in terms of a simple model. which is

represented by the diagrams in Fig. 5.  Fig. 5a represents total inelastic

reactions, ab + X, and in the model the total multiplicity is considered to

be the sum of a multiplicity contribution associated with particle a, a multi-

plicity associated with particle b, and a central core multiplicity.  Such a

diagram is consistent with some quark pictures,  e.g. Ref. 6, which postu-

late a universal core multiplicity in hadron interactions, equal to n  =

B ln s, the differences among interactions being attributed to target and beam

fragmentation.  The second diagram is the analogous one for inclusive reac-

tions, where E is an exchanged, entity appropriate to the ac vertex, and weac

consider X to be produced in the interaction of E with b. The total multi-ac

plicity of the system X is then again a sum of "target" and "beam" multipli-

cities, plus a central core, n  = B ln(M 2).  The terms entering into the

multiplicity are shown in Table II specifically for the individual inter-

actions.

We take n  = B ln (M 2/53) to be constant, and hence can, by taking dif-

ferences between pairs of measured values of <nx>, find relative multipli-

cities associated with specific beam and target particles.  For instance,

the difference between the measured <n > values for the first and second reac-
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tions gives a
value for nE   - nEKK.

.The difference between the fourth and
7r7T

fifth gives  nTri  -  nK+. Some specific differences, all obtained  from  the  data

of our hybrid spectrometer measurements, are tabulated in Table III.

nE   is seen to be very similar to nE  ' and both are quite different from
KK· 7T 7T

nE  .  Qualitatively one might expect a difference, because, while a Pomer-
PP

on can be the exchange particle in all three interactions, a pion can be

exchanged at the pp vertex, not at the 7T7T or KK vertices.  nE   and nE Ao
PP

are found to be equal:

. The difference between nw and n  is consistent, at least qualitatively,

with quark model predictions of Capella et al.8; and a difference between n*

and n  has been predicted by Gotsman et al.  on the basis of a mass differ-

ence between strange and  non-strange quarks.

Mildred Widgoff presented a paper on this analysis at the Washington

meeting of the American Physical Society this April (Reference 332).  Fur-

ther analysis is in progress, especially to check for the dependence on

Feynman x, and to attempt a more quantitative comparison with quark models.
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I

TABLE I: Fits to the.Function A' + B' gn(M 2/53)

2
Reaction              A'              B'          X /NDF- -

++
Tr    p    +    Trf X 4.45t0.07 1.55t0.13 1.7

7T-  -* 7Tf
-x 4.35t0.08 1.65+0.15 1.8

6 + Kf+X 4.49t0.20 1.40to.40 1.6

PP +P X 4.82.+0.07 1.0010.12 1.3
f

+
A P + Psx 5.24+0.06 1.3010.11 2.8

Tr p + psx 5.28t0.08 1.63+0.14 0.5

+
KP+PsX 4.81to.14 1.40t0.26 1.6

pp  + psx
4.8510.06 1.30t0.12 1.6

7,+P « AIX 5.89+0.38 1.41+0.40 1.3

7T-p + AIX 4.97t0.28 1.8210.45 3.0

pp  + AIX 4.8310.30 1.95t0.44 0.1
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TABLE II:  Multiplicities Interpreted in Terms of the Model Illustrated in
Fig. 5b, for Various Reactions

< nv,   =

Ir  P      +     "f
 X n    +n  +nE o p

7T 7T+ +K p+K X                    n   +n +nf      EKK 0 P
    - -  fX n    +n  +nE O P

PP

+
Tr, +p X n    +n t n t

S                                                              E              o         Tr
+                                 PP
K p+p X n    +n  + n.4s                         E     0   K.

PP

PP  -*-  psX                         n    +n  +nE O P
PP

'TkP ». AOX n    t n  t n t
.

EP AO
0            Tr

pp  +  AOX nE  0+ no + np
PA



- 12 -

\ Table III: Relative Multiplicities Assodiated 'With Specific Particles

nE   - nE =    A'(K p + Kf X)  -  A'(Tr p + AfX)   =    0.08:to. 15
KK 7T 7T

n -n =    A'(pp + pX) -  A'(7Tip .-4- 7Tf+X)   =    0.43to.05e E
PP TY 7T

ne   - nE =    A'(pp + pX) - A'(K p +K X)  =   0.35+0.15
PP KK

hiT+  - nK =    A (A-P + PsX)    -  A'(K p +PsX)   =    0.45:t0.11
+

n -n A' ( tp + Psx) A' (pp + pX)
-   0.48+0.10

7Tt     P

A'(lrip + AOX) A' (pp + AOX) J

n+ -n A'(K p +
PsX) A'(pp + pX) -0.03+0.11KP

n -n A'(A P + PsX)
A'(wip + AIX)EE

PP PA -0.11t0.40
A'(PP + PsX)

A'(pp + AOX)
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(ii) Clusters and High Transverse'Momentum:Jets.

The observed short-range rapidity correlations among particles in multi-

particle events have been often interpreted in terms of the production of

1these particles through an intermediate stage called a cluster.

The concept of clusters is related to that of the hadronic jets which

+-
have been observed in both e e collisions and hadron interactions. Although

there is a commonly accepted method for analyzing hadron,jets produced in e e

interactions, an operational definition of jets in hadron-hadron interactions

which produce hadrons is still needed. The problem  of a "trigger bias"2  is

a well known example of how difficult it is to define a jet.  A review of

the methods used up to now can be found in Ref. 3.

The object of the present study is to assemble each event into groups

of particles, clusters, which are somehow associated in full momentum-space,

and not just in a one-dimensional space as in, for instance, the rapidity gap

method.

We limit ourselves here to methods based on nearest neighbor techniques

for associating particles into groups.  First, we have to define a distance

between any two particles of an event, each particle being regarded as a

point in energy-momentum space. In our current study, three different me-

trics were tried as measures of the distance between particles in this

space, each metric being related in a different way to the effective mass

of the particle pair.  Two different statistical algorithms were applied
4,5

for defining clusters, for each of the three distance metrics.  Without going

into further detail here on either the metrics or the algorithms, we  will

describe some of the results obtained with the various combinations of
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metric and algorithm.

Each event was divided into clusters in 6 different ways (6 combinations

of  algorithm/distance),  and the clusters were studied  to  see  if they reproduced

certain known cluster-type correlations previously found to occur in interac-

tions of 147 GeV/c A- with protons,6,7,8 and to see whether the clusters iden-

tified by the different techniques have the same properties.

6
First, we compared the results of our paper  giving the central fireball

cross-section as determined from a rapidity-gap analysis with our cross-section

for events having 3 or more clusters.  Two combinations of algorithm/distance

are excluded on the basis of this comparison, as they give too low a cross sec-

tion.

Second, our clustering methods should result in leading particles appear-

ing in single particle clusters with cross-sections agreeing with those given

in our paper, Ref.7.  Thus, we applied the same cuts in Feynman, x as in Ref.

7 to our 1-particle clusters and compared the results. It turns out that a

third algorithm/distance combination gives rise to a proton leading cross sec-

tion which is systematically too high.

-      - +OThird, using only the events   p + 2w2  X, and applying the same cuts as

in Ref. 8 (to obtain off-mass-shell diffraction), we were able to reproduce

the result of that analysis for the 3 remaining combinations of algorithm/

distance.  These included one representative of the algorithm described in

Ref. 4, and two of the algorithm described in Ref. 5.

Some general properties of clusters produced by these three combinations

were compared with each other and were found to be in agreement.  The average

number of clusters per event is found to be small, and increases with the multi-

plicity of the event by about 0.5 clusters per 2 prongs, starting from the ap-
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proximate value of 2 clusters for the 4-prong events.

On the average, there are slightly less than 3 charged particles per

cluster, and the distribution is always narrower than a Poisson distribu-

2
tion (a <2).  The invariant mass distributions of the clusters have no signi-

ficant features.

A crucial point is whether or not the known resonance signals in the

data remain intact when events are broken up into clusters.  The familiar

resonances do not seem to appear as isolated clusters (no p' signal is seen

in the invariant mass spectrum for two-pion clusters). In order to study known

il,
and well resolved resonances, we selected events having a b resonance

(8   has been defined by 1.12<M(pA )41.32 and Itp81< 1.), and clustered these

389 events.  The results are displayed in Table I for both distances, for the

algorithm of Ref. 5. The main points to notice are the remarkable stability

of the results against the choice of metric, and the small number of cases in

+                        ++
which the p and A  of the 8 appear in different clusters, 3 for one of the

metrics, 0 for the other.

The same kind of study cannot be done for the p resonance, because of

the well known large combinatorial background.  However, we know that some

p's must be found in the beam diffraction dissociation component.  So we pre-

+-
sent in Fig. 1 the   7T  invariant mass spectrum, for 7T's belonging to the

same cluster, this cluster having been chosen by the following procedure.  In

order to enrich the sample in beam diffraction dissociation, we took only

+-
-            two-cluster events, and computed the 7T w  invariant mass for the forward

cluster,'providing that its charge is -1 (charge of the.beam) and its rapidity

is greater than 1 (to remove the central region).  A p signal is clearly visi-

ble in Fig.  1, for both distance measures, and is even more enchanced if we
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select only the (31) clusters (dashed histograms).

Another check is to examine the charge of the clusters, since it has to

reflect the well-known local compensation of charge.  We found that approximately

75% of the clusters arising from each of the three algorithm/distance combina-

tions have a charge equal to 0 or +1.

The stability of the results against any particular choice of algorithm

and/or distance suggests that the cluster structures are not created by the

methods.  Whatever dynamics underlies the pattern, the method provides an ap-

parently meaningful prescription for reducing multiparticle events to few-body

structures.  It then becomes of interest to examine the kinematic properties of

the clusters.

Figure 2 shows the invariant cross section, integrated over the whole

rapidity range, for both single pions and clusters, as a function of the trans-

verse momentum of these objects.  The single particle distribution shows the

expected exponential behavior, with perhaps a higher tail than that given by

a pure exponential.  The clusters coming from all three algorithm/distance com-

binations show a unique behavior.  When compared with the single particle dis-

tribution, a crossover appeared at pr -0.8 GeV/c. Above 2 GeV/c, the cross

section for cluster production is one order of magnitude higher than for single

particle production, which is just the behavior expected for what are now called

high PT jets.  In Figure 3, we present an average of the results of the three

algorithms for the production at 90', and compare it both with a result from

9
a calorimeter experiment  and with the theoretical prediction of Ref. 10. Our

cluster results lie systematically lower than both theoretical and experimental

jet results, by a factor of ..,5 when compared with Ref. 10. This would be ex-

pected if our clusters were in fact similar to the high P  jets, because our
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clusters contain only charged particles and the jets also include neutrals.

In fact, if we assume that in our clusters the neutral particles carry 15%

of the total PT of the jet, our cross section curve shifts to remove the factor

11
of  5 difference.

Monte Carlo simulations show that we cannot exclude the possibility that

the observed high-PT behavior is a statistical fluctuation, so we are not able

definitely to identify our high-PT clusters with jets.  We can, however, com-

pare the properties of these high-PT clusters with those of experimental jets.

For this purpose, we call any cluster with PT > 1.5 GeV/c a jet.

We find the following:

1)   The inclusive cross section for w p + jet +X is, at our energy, of

the order of 10% of the total   p cross section.

2)   Only 10% of jet events have more than one high-PT jet.

3)   The probability for finding a jet in one event increases with the

internal multiplicity of that event.

4)   The mean number of clusters found in jet events is slightly higher

(3.56) than in all events (2.86).

5)   Figure 4a) gi&es the distribution in e , the polar angle (in the
*

center-of-mass system) of the jet axis, and it is interesting to note that

this is the first analysis showing high-P  jets in the backward hemisphere

from a w-beam experiment. One may compare our data with predictions of the

12
Feynman-Field quark model at our value of x2

=
2PT/*I of 0.22.

The ratio

0( Tr-p   + jet   +  X)      n
R =                 4

5

0(Tr  p   +  j e t  +  X)        0
135

*
of relative cross sections for producing a jet at e  = 45' and 135' respect-
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tively, is found to be R = 1.47t0.24, which agrees within three standard devia-

tions   with the value   of -2.2 predicted   by   Ref.    12.

6)   The experimental mean values of the charge of the jets (Fig. 4b)

allow us to deduce the meson charge ratios as a function of e  (see Table II).

Our results are seen to be in good agreement with the predictions of Ref. 12

also given in Table II.

The mean charged-particle multiplicity <k> of the high-PT jets is found

to be <k> = 3.4510.17, higher than the value of 2.74 obtained for all clusters,

and the multiplicity distribution is narrower than a Poisson distribution.

7)   The distribution in momentum components of the jet particles along

the jet axis and transverse to it are in good agreement with results for hadron

jets produced either by lepton proJesses or in hadron-hadron collisions.

Thus we have identified clusters of correlated particles in multiparticle

events in a way that seems to be independent of choice of particular metric or

algorithm.  Among the clusters, those with high PT have properties similar to

those of high-PT jets seen in counter experiments, and their observed structure is

12
is consistent with the predictions of the quark model of Field and Feynman.
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TABLE I: Production of 8 in Clusters
++

Algorithm Ref. 5, Metric 2 Algorithm Ref. 5, Metric 3
No. of Evts Cross Section (ub) No. of Evts Cross Section (ub)

-H-
Direct 8 108 390 k 37                88              315 i 34

in a (p27T) 180 638 i 47 189 660 f 48C1

in a (p31)                64              290 i 36                70              294 f 35               1
C1

1\)

in a (p41)                26              112 i 22                29              143 i 27
»1

C1

in a (p)5A)                 8               45 i 16                13               77 k 21C1

Total 386 1475 + 75 389 1490 t 75

+
p and  r  in                3               15 +  9                 0
two diff. cl.
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Table II: 'Average Jet Charge  <Q> and Tr- /"+ Ratios

vs. Polar Angle   of  :Jet.

*
Polar Arigle e

450 900 1350

<Q>. -0.3610.04 -0.1510.02 0.26+0.03
Jet

Tr

-*(exp.) 2.10kO.25 1.35+0.15 0.59t0.07
IT

·1*(Ref. 12) 2.25 1.18 0.52
IT
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1          +
(iii)  Production of g'.Mesons in A p, K p, and pp Interactions at

147    GeV/ c  ..

A large fraction of all particles produced in high energy interactions

12
are decay products of resonances '  rather than directly produced, and the

study of resonances can therefore yield more direct information about the

basic processes of particle production.

The identification of these intermediate resonance states is a rather

difficult task, especially at high energies.  In this region difficulties

arise from the large number of outgoing particles, leading to a significant

combinatorial background, and from momentum resolution problems; the latter

are minimized in the Fermilab Hybrid Spectrometer. in particular all the

above problems hold for the production of vector mesons.

In the present work the cross section for p'-meson production is deter-

mined in the following reactions:

+ +-
A p+X X (1)

7T-p + X+ X-         (2)*

K+p = X+ X- (3)

p p »X+X- , (4)

with X  and X- being positive and negative particles, respectively.

0The amount of p  measured is very sensitive to the method of background

description used; the present experiment has the advantage that all four

reactions are treated in the same way, thus the differences in results for

the different beam particle types might well be due to physical reasons.

To extract the cross sections from the invariant-mass distributions, we

have parametrized our effective mass distributions with the following func-
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tion:

F(m) = BG(m) + PS(m) x BW(m)

where BG(m), PS(m), and BW(m) represent the background, the phase space, and

a Breit-Wigner curve respectively.  Assuming that the background and the two-

particle phase space can be described by the same mass dependence, F(m) be-

comes:

F(m) = BG(m) X (1 + BW(m)).

As background parametrization, a second order polynomial in the mass is

used, and the shape of the p' resonance was generated according to a p-wave

Breit-Wigner with a central mass of 776 MeV, and a FWHM of 155 MeV.  A Monte.

Carlo technique was used to include the correct mass dependent experimental

resolution of the spectrometer. This function was fitted in the region be-

2
tween 0.55 and 3.0 GeV/c .

In Figures la, 2a, 3a, and 4a the effective mass distribution of the

+-
A    system is plotted for the four different beams (reactions 1-4). The

background parametrization is shown in the same figures. In Figs. lb, 2b,

3b, and 4b the difference between the experimental mass distribution and the

background is plotted.  A clear signal is visible in all four cases.

The results of the topology dependent fits are given in Table I.  The

2
fits have an average x /NDF of 1.2.  For all incoming particles, the cross

section for p' production was normalized to the corresponding topological

and total cross sections published earlier3.  Uncertainties in the measured

total cross sections were included in the errors. However, other systematic

effects were not.  The results of the fits are consistent as can be seen by

adding the contributions of the fits for the different topologies and com-
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paring the sum obtained to the direct.result from the fit to the total in-

clusive distribution.

A comparison of the fits for the different beam particle types gives

-            the following conclusions:

- At 147 Gev/c the number of p' resonances produced per event is sli htly

larger in meson-baryon interactions than in proton-proton.

- p' production per event increases with topology for all four reactions.

Using the same fitting procedure as described above, p' production

was determined as a function of the Feynman scaling variable x. The quali-

ty of these fits is comparable with the topology-dependent ones.  It has

been verified that the general shape of the x-dependence at large x, as op-

posed to the integrated cross section, does not depend on the background sub-

traction method used.

In Fig. 5, the invariant production cross section of p'-mesons is

plotted as function of x for the four reactions studied. In reaction (4)

one should expect the contributions to be equal in the forward and backward

hemisphere. The results seem to agree with this expectation, suggesting

that no large systematic errors are made in either of the two hemispheres.

The x dependence of pp + p' and K+p + p' both appear symmetric, with large

+                           +
statistical errors on K p, while p' production from 1- appears much flatter

in the forward than in the backward direction. The x dependence for reaction

+ +pp + p' is the same as seen in the backward regions for A-p and K p reactions.

In spite of the large statistical errors involved, a study of the x-

dependence of the directly produced P'-meson is capable of verifying con-

clusions drawn from statistically more significant experiments which look

45
at pion and kaon production only.' In Fig. 6, the forward hemisphere
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distributions are plotted as functions of log(1-x).  We have compared these

distributions with the predictions of several theoretical models:

1.   The dimensional counting rules (DCR) predict a (1-x)n dependence of the

invariant cross section. The following functions have been fitted to

the data in the interval 0.0 < (1-x) < 0.8.

1 / E*   2
1 2 d a   w xde = N.(1-x)n                (5)1 dptiF 2 0 dx

 ain J VO dpt dx

and
E*

1        dp2 .j: -      220  .2-  ic  ==  N v 32(1-x)n                     (6)
d

iTC. 1            t  V S      dptdxln /

'                                                   The  factor  t/32  in   (6) is included to describe the x-dependence  near  x=0,

and can be neglected for large values of x.  The values for the power n

can be compared to the expectations in Reference 6.  Considered together,

i            O

the fitted n values are only consistent with the expected n=l for w p+p  and

K+p+P', and n=3 for pp + p', if 437 is included.  The results of the fits

using (6) are indicated in Fig. 6 with a dotted line.

42.   The vector meson is assumed to originate from quark recombination (QRM).

A valence quark with momentum fraction xv in the incoming particle picks

up a sea quark, which has xs near zero, to form the outgoing particle

with x=x +x. The parametrization of this process is, for Mp and pp,V S

respectively:

k-1 rx ry(x-y)lk-1da                        (1-x)
]CE  (Mp  +  p O)   =  N x

dy yF (y) Fs(x-y) L    x  J     '          (7)
x                           k-1

41 (pp + p°)  = N(1-t21,-1     dy  yFv(y)  Fs-(x-y) L      x  j                        (8)
F Y (x-y)

where Fv(Y) is the probability of finding a valence quark in the incoming

hadron with momentum fraction y, Fs the distribution of the sea quarks,

-,k- 1
and    y (x-y)   l

+              +

X 1 is the recombination function.  For incident *5 or K ,
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we used for Fv(Y) and Fs(x-y):

yFV(y) = /F(1-y)k ,                      (9)

and

Fs(x-y) = cs[1-(x-y)]n , (10)

with n fixed at 6.

For the case where a proton was the incident particle the valence

quark distribution yFv(y) was taken from Field and Feynman.7   Varying

the value of n between 4 and 8 gave only very minor changes for the

value of k.  Changing the range of the fit from 0.2 <x< 1.0 to 0.35 <x

<  1.0 changed the value of k at most one-third of a standard deviation.

0The values of k associated with p -production are consistently lower than

the values obtained   for   pion   and kaon production,   even  with   the factor   €
45

included in equation (9); '  but higher statistics are desirable.  Curves

based on these fits are shown in Fig. 6 as solid lines.

8
3.   The outgoing meson is produced by quark fragmentation (QFM). The pro-

duction of resonances fragmenting from an incoming meson in this picture

is described by:

dGxdx = N  dy Fv(1-y).  (x/y)  D(x/y),                   (11)
X

where Fv is again the valence quark distribution of the quarks inside

the incoming meson and D is the quark fragmentation function.  For Fv we

used the Field and Feynman  parametrization from Ref. 7 and for D(x/y)

we took the expression derived by the same authors in Ref. 9:  Curves

based on fits to this model are plotted as dashed lines in Fig. 6.

In principle this picture does not contain any free parameters so

we first calculated a X2 using the description of Ref. 9.  This X2 was
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not acceptable compared to the QRM results.  The same result is found

if we use (9) to describe the quark structure function of the mesons.

-                 From our data we conclude that the quark fragmentation function D(x/y)

from reference 8 does not describe the production of vector mesons cor-

rectly, but gives a dependence that falls more rapidly with x than our

data suggest.

A parametrization of D(x/y) that is more in agreement with our in-

10variant p' cross section is the one derived by Andersson et al. Using

2
this expression for D(x/y) we obtained values for X  that are comparable

with the ones resulting from the fits of the QRM. These results are

plotted as dashed-dotted curves in Fig. 6.  Of course higher statistics

and other experiments are needed to confirm this result.

Similar work in pp interactions was not tried, because no satisfying

parametrization for the fragmentation of a diquark into a vector meson is

available at the moment.



- 29 -

REFERENCES

1.   J. Bartke et al., Nucl. Phys. B197, 93 (1976).

M. Deutschmann et al., Nucl. Phys. B103, 426 (1976).

2a.  G. Jancso et al., Nucl.. Phys. 8124, 1 (1977).

2b.  M. Albrow et al., Nucl. Phys. B155, 39 (1979).

3.   D. Brick et al., Contributed paper 616 to the XIXth International

Conference on High Energy Physics, Tokyo (1978).

4.   R. G. Hwa and R. G. Roberts, Z. Physik .gl, 81 (1979).

5. ABCCLVW Collaboration, "The Fragmentation Spectra   in  K p Interactions   at

110 GeV/c," Contributed paper to EPS Conference, Geneva, 27 June - 4 July

1979.

6.       J.   F. Gunion, "Short Distance Counting Rules for Low-PT Fragmentation, "

preprint UCD-79-4.

7.   R. D. Field and R. P. Feynman, Phys. Rev. D15, 2590 (1977).

8.      A.  Capella et  al., Z. Physik  (3,  329  (1980).

9.   R. D. Field and R. P. Feynman, Nucl. Phys. B136, 1  (1978).

10. B. Andersson et al., Nucl. Phys. B135, 273 (1978).



- 29b -

Table I:  Semi-Inclusive p ''Production (fitted above

an exponential background) .

a )                           Tr+   P -4     A+   Tr -   +   X

top X2/NDF <PO> atop
a (p 0)

4      81/ 92 0.26 f 0.06 3.64 f 0.09 0.94 f 0.21
6     114/ 95 0.30 i 0.06 4.19·k 0.09 1.25 f 0.23
8     118/ 95 0.59 f 0.08 4.01 k 0.09 2.36 k 0.32
10      98/ 95 0.61 k 0.11 2.94 & 0.08 1.80 k 0.33

> 12 95/ 95 0.79 i 0.16 3.36 k 0.10 2.65 f 0.54
< 8 139/ 95 0.38 i 0.04 11.84 f 0.16 4.53 f.0.43
all 117/ 95 0.43 i 0.04 19.84 f 0.22 8.58 f 0.71

b )                                           lr-      P -4         11 +      1-      +     X

top X2/NDF <PO> atop G(PO)

4      99/ 87 0.16 f 0.05 4.12 * 0.10 0.65 14 0.21
6     122/ 95 0.37 i 0.07 4.47 k 0.10 1.64 * 0.33
8      81/ 95 0.48 f 0.10 4.30 k 0.11 2.07 k 0.42
10     109/ 95 0.63 f 0.15 3.09 i 0.09 1.94 k 0.46

> 12 120/ 94 0.66 k 0.23 3.21 i 0.09 2.12 2 0.75
< 8 106/ 95 0.28 + 0.04 12.89 f 0.18 3.58 + 0.46
all 111/ 95 0.39 + 0.04 20.99 + 0.25 8.10 + 0.95

c)                          K+   p -9      Tr     'IT-   +   X

top X2/NDF <PO> atop G(PO)

4      63/ 41 0.34 k 0.16 3.41 & 0.20 1.16 i 0.54
6      82/ 68 0.13 =t 0.14 3.47 f 0.20 0.43 f 0.49
8     118/ 84 0.43 k 0.20 3.28 i 0.19 1.41 f 0.67
10      75/ 83 1.09 f 0.35 2.35 i 0.17 2.55 f 0.84

> 12 74/ 83 1.53 f 0.48 2.77 i 0.19 4.23 i 1.37
< 8 135/ 94 0.29 i 0.09 10.16 i 0.34 2.93 & 0.92
all 149/ 95 0.54 + 0.10 16.98 f 0.45 9.10 k 1.67

d)                       p   p - *     lr    11-   +   X

top x 2/NDF < PO> a  to p
0(po)

4     102/ 94 0.13 3, 0.04 6.29 f 0.16 0.82 a 0.25
6      76/ 95 0.23 i 0.05 6.95 & 0.17 1.60 k 0.37
8     112/ 95 0.34 rk 0.08 5.78 f 0.15 1.97  f 0.45

-                        10      94/ 95 0.69 f 0.12 4.20 f 0.13 2.89 f 0.51
> 12 112/ 94 0.90 f 0.18 4.91 & 0.15 4.44 k 0.91
< 8 93/ 95 0.23 k 0.03 19.02 i 0.28 4.36 f 0.62
all 110/ 95 0.35 + 0.04 31.62 i 0.40 11.07 i 1.13
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b)  The Argonne   Bubble Chamber Experiment.

+
This experiment, studying w p interactions at 4.1 GeV/c in the Argonne

(now   FNAL) 30" chamber,   has been performed  by the Brown group   as a secondary

effort, with our main efforts being devoted to the Fermilab and SLAC experi-

ments.  Our analysis of the data is now complete and a final paper is being

written.

To date, several papers have resulted from this work (References 154, 155,

163,  164,  173,  and  194 in previous Progress Reports), three Ph.D. theses were

completed earlier, and a fourth, by Martin Heller, was finished in the spring

of this year.  He has studied the one-constraint final state p  w'.

The predominant quasi-two-body channels for this final state are:

+               +              -H-  O
Tr  p  + pp and 8  A .

These channels are obscured, however, by the diffractive dissociation of the

++
target proton, the & 1  channel, and general phase-space production of single

1"s, as well as misidentified cases of elastic scattering and multiple *'

production.

In order to be able to separate the competing channels as clearly as

possible, a careful study of different techniques was begun. The prism-plot

1
method developed by the MIT group  and the cluster-recognition method of

2
Ludlam and Slansky  were investigated thoroughly.  Of these, the former ap-

peared to be better suited for the separation of three-body states.  The

final separation using the prism-plot method yields the cross sections listed

in Table I.  Also listed in this table are essentially all the results pub-

lished on this reaction over the momentum range from 3.6 to 16 GeV/c.  Our

values are quite consistent with the general trends, but notice that there
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are some wild fluctuations in the table for this relatively simple reaction.

Clearly, more precise and definitive values are needed.

The best possible separation of the channels is important not only to

determine the correct cross sections, but also for the detailed study of the

dynamics of particular channels.  Figures 1, 2, and 3 illustrate the separation

of the channels by the prism-plot method, while Figures-4 and 5 show the dif-

+
ferential cross sections and the decay matrix elements for the pp  and the

++ O
8     channels, respectively.

A duality model of Harari's,3 the dual absorptive model (DAM), appears to

fit the characteristics of both of these reactions well, with vector mesons

being exchanged in the t-channel.  Rho-meson exchange appears to dominate the

8    production; and omega exchange appears predominant   in   the  p P  reaction

for momentum transfers > 0.01 (GeV/c)2, while pion exchange is suggested at

the lower momentum transfers.  A final paper on this work is being prepared

for submission to the Physical Review D.

REFERENCES

1.     J.  E.  Brau et al.,  Phys.  Rev.  Lett.  AL,  1481  (1971) .
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Table I: A Comparison of Channel Cross Sections at Various Energies
+   ,  .+O.for the Readtion 7r p + plT Tr  (in microbarns).

Beam Total Diff. Phase
+      4-+ O ++

Momentum     G       PP       & T AA Diss. Space Ref.

3.6 2510t200 800 =t60 430t30                            a

4.0 2310 520:199 350+70 1550+310   c

4.1    2170+ 40 900+30 276:!:16 123+19 257:!16 615 +   30         d

5.0    1300t 30 430t20 220+10 100:!10                                                  e

5.5 176 1:20                                                                               f

8.0 740+ 60 141t10 110+  8                                                                       g

16.0 352+ 5 591 2 55+.2 25 + 1 176+ 3 110.3 h

a. J. MacNaughton et al., Phys. Rev. D15, 1832 (1977).

b.   J. Brau et al., Phys. Rev. Lett. 27, 1481 (1971).

C. M. Aderholz et al., Phys. Rev. 138, B897 (1965).

d.   This experiment

e. D. Schotanus et al.., Nucl. Phys. B22, 45 (1970).

f.   R. Bloodworth et al., Nucl. Phys. B81, 231 (1974).

g.   M. Aderholz et al., Nucl. Phys. B8, 45 (1968).

h.   M. Deutschmann et al., Nucl. Phys: B85, 31 (1975).
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3-Body Prism Plot.
The figure shows how the Van Hove angle and the Dalitz-Fabri

triangle are combined to make the 3-body prism plot.
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Prism Plot: 3154 Events.
This figure is a stereo pair, as is the succeeding figure.

The prism-plot coordinates are defined in Figure L The

separation of the events into a helix in this coordinate
system is striking.
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Prism Plot: Rho+ P.
The prominant dark tube is the forward rho+; the lighter

tube near the bottom is the backward rho+. The few
scattered events ahove and to the left of the main tube were
probably improperly acquired by the rho+ channel.
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DAM Fit to Rho.
The figure shows a dual absorptive model fit to prism-plot-

separated rho+ p events. The decay-density-matrix elements
are shown across the top of the figure, and the differential

cross section at the bottom.
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DAM Fit to Delta Differential Cross Section.
The lower section of the figure shows the fit obtained with

the dual absorptive model for the prism-plot-analyzed
delta++ differential cross section. The upper sections show
a comparison between the delta++ decay-matrix elements and

the predictions of the theory.

FLY.  5   (I 6)



- 33 -

II.  Experimental Runs in Progress and in Preparation,

(a)  High Statistics Study of Particle Production and Dynamics From

x=0  to  x=1  and  the Dependence  on Indident Quantum Numbers - (FNAL

Experiment 570).

Experiment 570, which was approved in the spring of 1978,-will be a compre-

hensive study of the dynamics of hadron production in hydrogen using five inci-

dent particle beams,   A- ,   K ,   p   and  p,  ·all  at a momentum  of   200   GeV/c.

The experiment is to be done using a hybrid spectrometer which is a more

powerful version of the one used for E-154 and E-299. The major improvements

include:  (1) larger proportional wire chambers and drift chambers to provide

a much larger solid-angle acceptance in the downstream portion of the spectrom-

eter, along with a more precise determination of charged-particle trajectories;

(2) the full scale 75 cm x 75 cm forward gamma detector; and (3) the CRISIS

system which provides particle identification of secondaries with momenta be-

tween 5 and 50 GeV/c, by means of ionization sampling along the track.

The testing of the upgraded spectrometer in the beam which was scheduled

to begin early in 1980 was first postponed and finally cancelled entirely by

Fermilab, with our data-taking run now scheduled to begin in February, 1981.

Wiring and cabling for the proportional wire chambers and drift chambers are

in progress at Fermilab.  Donovan Lewis and David Rossi, our technicians, have

been spending time at Fermilab working on this.

The forward gamma detector has been at Fermilab since the full scale yer-

sion was tested in 1977; it is essentially ready to run.

A lm x lm x lm module of the CRISIS system was constructed and tested

successfully in 1977; the system for the new spectrometer is a single
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3m x lm x lm module, which has been completely constructed and assembled at

MIT.  Anatole Shapiro spent one half of his sabbatical year at MIT working

on the design and construction of the gas system for CRISIS. The original

test module used pre-mixed gases which flowed through the system and were

exhausted to the atmosphere. Since this procedure would be too wasteful for

a long run, a recirculating system was designed, built and tested.  This ap-

paratus provides precise control of the gas pressure, precise monitoring and

adjustment as needed of the ratio of carbon dioxide to argon in the mixture,

and continuous monitoring and removal of any oxygen.

The complete CRISIS has been tested at MIT using a radioactive source.

It will be moved to Fermilab during the autumn, and beam time has been prom-

ised for further testing before the data-taking run begins in 1981.

The new spectrometer system will allow us to study in detail the produc-

tion dynamics of particles and resonances, particularly in the central region,

as a function of the quantum numbers of the projectile particles.  Dependence

on the quamtun numbers may be a direct consequence of the distribution of

quarks in the incident channels, and thus can give information on the struc-

ture of the interacting particles, as well as on the dynamics of the collisions.

Almost all charged secondary particles produced with momenta between 5

and 50 GeV/c will be identified in the downstream CRISIS system, which

takes many samples of ionization along particle tracks, providing identifica-

tion in the region of relativistic rise in ionization.  At the same time, the

drift chambers and proportional wire chambers of the hybrid system provide

excellent measurements of the directions and momenta of the particles.  Also

neutral particles decaying into forward-going gammas, and other particles and

resonances decaying with one or more forward gammas, will have their
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directions and energies precisely measured by the Forward Gamma Detector.

Many   Vo' s    (Ao,    AI,   and   KI)   will   also be identif ied and measured in either

the bubble chamber or the downstream chambers or both. The bubble chamber,

of course, provides.vertex detection, with 4w coverage for charged particles.

Hence almost all particles produced, both charged and neutral, particularly

in the central region, will be well identified and measured.

Some of the specific physics topics to be investigated are listed be-

low and are described in somewhat more detail in the accompanying Renewal

Proposal.

(i)  Single-particle distributions for identified charged and neutral

particles.

(ii) Multiplicity studies, in reactions of the type a +b- *c+X,

where a and c  take on many identities in this single experiment, as well

as in interactions of the type a+b+X.

(iii) Correlation studies, including -the question of neutral-charged

particle correlations about which little is known. Questions of local con-

servation of transverse momentum, strangeness and other quantum numbers will

be checked in a definitive way, not possible when only charged particles are

identified. Cluster analysis will be pursued and the relation between had-

ron clusters and jets further investigated.    -

(iv)  A systematic study of resonance production in the inclusive reactions:

-

'     0
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Of these reactions, only those leading to p' and 8*  have been studied

in any detail at Fermilab energies.  The connection of resonances with

clusters will be clarified.

(v)  Four-constraint fits extended to events with one, two, and

even  three 7" S and events with charged K's.

(vi) Investigation of the large amounts of forward-going neutral

energy observed in our experiment E-154 in low multiplicity events.

In addition, some more spectulative areas include:

(vii)  A search for a possibly new phenomenon where both projectile

1
and target end up near x = 0.

(viii) A Search for charm and other new particles that decay into one

or more heavy particles and several pidns.  This will be facilitated by the

possible addition of a high resolution camera in one of the four camera ports.

(ix)  A study of pairs of identical heavy particles to compare with the

Bose-like behavior  seen in identical pion -pairs.

Our Consortium, expanded to the International Proportional Hybrid Sys-

tem(IPHS) Consortium upon the addition of several European, Israeli, and

Japanese groups, will run Experiments 570 and 565 concurrently during the

spring of 1981.  We are hoping to obtain about 1.5 million pictures in this

run.

The first million pictures will be taken using a tagged positive beam

of 200 GeV/c momentum, composed of approximately 10% K , 45% Tr , and 45% p.

The naxt 0.5 million pictures will be taken with a tagged 200 GeV/c negative

beam, enriched to about 20% p and with 80%    and perhaps a few percent K-.

Thus we shall be able to study the topics of interest with high statistics and

will be able to make intercomparisons with minimum systematic errors.
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We expect that definitive, precise new data will be produced by these experi-

ments, and that unexpected phenomena may be uncovered.

(b)  A Study of the Detailed Characteristics of Hadron-

Nucleus Collisions Using the Fermilab Hybrid Spectro-

meter (Fermilab Experiment 565).

This experiment has been approved to run concurrently with E-570.  We

are planning to study with precision the dependence on incident particle,

energy, and target of multiparticle production in hadron-nucleus collisions.

Thin metallic foils of aluminum, silver and gold placed in the upstream re-

gion of the 30-inch chamber will be used as targets in addition to the hydro-

gen and the hybrid bubble chamber spectrometer with the downstream particle

identifier will be used as the detector. These thin metal foils for E-565

will not interfere with the other experiment; interactions will occur in

either the foils or the liquid in the chamber.  For E-565 particularly, a

beam of protons at 400 GeV/c or higher will be sent through the bubble cham-

ber for a few hundfed hours at the end of our run, in order to study the energy

dependence.

2-5
PreVious experiments have indicated that the nucleus provides a power-

ful tool for the study of strong interactions, particularly for the investi-

gation of the nature of the state of hadronic matter that exists between the

instant of collision of two hadrons and the final production of particles.

Many efforts have been made to interpret the general features of multiparticle

production in hadron-nucleus interactions in terms of quark-parton models;

6-9at present, existing data are inadequate to distinguish among these models.

For each incident particle and energy, the A dependence of the average

multiplicity and the rapidity distributions of outgoing particles will be
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investigated.  The hybrid system will provide 4A coverage, good spatial

resolution of tracks, good momentum measurements up to the highest energy,

as well as particle identification of secondary pions, kaons and protons.

The visual observation of the interaction vertex in the bubble chamber will

keep systematic errors at a minimum, allowing a one-percent determination of

multiplicities.  This is essential for a definitive test of the models which

have been developed.  The hybrid spectrometer will measure the true rapidity

distribution of the secondary particles, unlike other experiments which have

yielded only the pseudo-rapidity.

In addition, it will be possible to detect and study the decays of

associated strange particles as a function of A.  This will be the first

comprehensive study  of   this   subj ect.

This experiment is described in more detail in the accompanying Renewal

Proposal.
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(c)  Charm and Vector Meson Photoproduction in a Polarized Mono-

energetic Badksdattered Laser Beam of 20 GeV. (SLAC Experi-

ments BC 72 and BC 73)

These experiments employ the SLAC Hybrid Facility (SHF) in a mono-

energetic beam of 20 GeV photons.  In BC 73 a high resolution camera is

used in addition to the three conventional cameras of BC 72, to improve the

separation of secondary vertices close to the primary vertex and hence to

facilitate the search for charmed particles.

Major topics of interest in these experiments include:

1.   A search for charmed mesons and baryons.

2.   A high statistics study of vector mesons.

3.   Spin-dependent effects in the inclusive production of A's and

vector mesons.

4.   Photoproduction of baryonium.

During the fall and winter of 1979-80, the SHF was moved to the back-
1

scattered laser beam site. The photons entering the SHF are essentially

monoenergetic (20 GeV, with AE/E = 5%) and polarized.  The SHF is shown in

Fig. 1. It contains the following elements:

(i)       The   SLAC 40" bubble chamber filled with hydrogen.

(ii) Proportional wire  chamber stations a, 8, y in the fringe region

of the 26-kilogauss magnetic field.  These provide the hadronic trigger for

the flash lamps of the bubble chamber, as well as trajectory data for charged

secondary particles.

(iii) Cerenkov counters to identify A, K and p among the charged sec-

ondaries.

(iv)  Lead glass detectors including active converter, position monitor,
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and absorber, to provide photon detection and electron identification.

The entire system was brought into operation in the beam in May 1980.

After initial check out of the apparatus, the first phase of data taking

was begun on June 20, with 2OGGeV photons and with high resolution optics

(HRO).  Approximately 100,000 pictures were taken before this run ended on

July 16.

Several members of our group worked on the data taking run, including a

graduate research assistant, Steve Kovner, David Brick and Anatole Shapiro.

Our technician, David Rossi, spent some weeks at SLAC before the run, as-

sisting on electronics and testing.  Dave Brick is working on an off-line

program for general use, to link the electronic traek information with the

bubble chamber information.

A rapid scan of some of the first film was carried out at SLAC to try

to identify charm candidates.  The results of this scan, on approximately

48,000 frames, are as follows:

1) 4700 eveits on HRO of which about 10% are obscured.

2)   256 events have a single V'

3)   159 events have a single charged decay, V-
+

4)   17 events have Vo + Vo

5)   24 events have Vt + Vo

6)   3 events have V- + V-
+ +

7)   1 event has V' + V' + possible V .
+

8)   62 V' decays are within 10 cm of the primary vertex on the HRO scan

tables.

9)   85 Vt decays are within 10 cm of the primary vertex.

So far no charm events have been definitely identified.
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We have now received some film, both 35mm film with the single HRO

view which we can easily scan on our standard equipment and 70 mm film

containing the other three views on a single strip.  We have modified one

of our scan-measure tables to work with the 70 mm film, and have begun :

scanning.  We will IPD this  film  for precision measurement at the MIT PEPR.

Since the initial run, work has been proceeding on various improvements

in the beam and equipment.  The system is to be checked out during the period

October 1 - October 15, and the second-data taking run is then to begin about

mid-October. The first few weeks of this run will be done at E  = 10.5 GeV,
Y

12
to look for a possible threshold enhancement effect, '  provided the accel-

erator can deliver 23.5 GeV electrons unsledded. Starting about November 10,

data taking at E  = 20 GeV is to begin..

More detailed discussion of the SLAC experiments is given in the accom-

panying Proposal.
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(d) The Influende of Parton Structure on Hadronic Interactions

in the European Hybrid Spectrometer (EHS) with a Kt/*+/p
Beam at 250 GeV/d (CERN Proposal SPSC/80-51/P144).

We have joined our colleagues at MIT and with several groups in Europe

and Israel in proposing this experiment to be carried out at CERN.  The present

proposal has as its principal aims a study of:

(a)  the influence of parton structure on low P  hadron-hadron collisions;

(b)  quark-fragmentation functions from hadron-nucleus collisions;

(c)  the production and decay of charm particles, including F mesons.

This experiment is to be done using the European Hybrid Spectrometer (EHS),

which is a very powerful version of the Fermilab hybrid spectrometer system.

The EHS combines large geometrical acceptance with good particle identifica-

tion over a wide range of particle momentum, and high momentum resolution.

The components of the system, shown in Fig. 1, include a rapid cycling

-           bubble chamber (RCBC), proportional and drift chambers (Wl, W2, Dl-D6) and

spectrometer magnets (Ml, M2).  The bubble chamber, which has a cycling rate

of  > 15 Hz, combines  very good spatial resolution  with  a 47T acceptance.      The

trajectories of the forward going particles will be well determined in the

two downstream iever arms; the error in the momentum measurement never ex-

ceeds 2%.

Good particle identification over the full momentum range is one of

the most important features of the EHS. It is provided by RCBC for the

-           lowest energy, combined with a silico-aerogel detector (SAD), a pictorial

drift chamber (ISIS2), a forward Cerenkov  (FC)  and a transition radiation

detector (TRD).  The efficiency as a function of the momentum is given in

Fig. 2 and Table I for the different detectors.  In particular there.is good
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kaon identification over the complete momentum range.

The intermediate and forward gamma detectors IGD and FGD have good reso-

lution and large geometrical acceptance in the central and forward regions.

The A' detection efficiency is typically 60%.  Of particular importance are

the following features:

- Energy measurement of the total Tro Component is possible in the forward

hemisphere.

-    In case of one or two forward lr" s, kinematical reconstruction of TP' s

is possible with the same precision as for charged tracks.

-    Channels with no neutral pions can be cleaned up by *' antiselection.

For the study of hadron-nucleus interactions, thin metal foils will be

placed in the rapid cycling bubble chamber, in a manner similar to that planned

for our Fermilab experiment, E-565.

High resolution optics are planned for the experiment also.

A beam of positive particles, with the K  component enriched to 15% is .

proposed.  Tuning of the system on the beam without foils in the bubble chamber,

and without the forward Cerenkov counter and transition radiation detector, is

proposed for early 1981.  A 30-day exposure is requested  to follow this, with

1/3 to be taken as soon as the FC and TRD are ready (second half of 1981).

The remaining 2/3 could be taken with two additional calorimeters (to be pro-

posed) in the second half of 1982. This 30-day exposure will give a total of

about 60OK K and A induced events.
++

For the charm search, it is proposed to replace the RCBC with a new high

resolution vertex detector, either a super LEBC or a small bubble chamber to

be used with holographic techniques.  This is still in an early design and
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planning stage. An additional, later 30-day exposure is proposed with

this detector used in conjunction with the spectrometer system.

A brief discussion· of the physics of the experiment is given in the accom-

panying Renewal Proposal.
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Table I: Momentum Range (in GeV/d) Of Particle

Identifidation by Various Detectors.

Detector d/Kp 'K/Ap /AK-

FC 24 - 88 88 - 160

TRD >  88

FC+TRD > 24 88 - 160 88 - 160

All all 0 - 160 0 - 160

*
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III. Associated Matters.

During the past year almost all members of our group, including our

technicians - Donovan Lewis and David Rossi, have spent considerable periods

P

of time at Fermilab and SLAC working on our experiments in progress and in

preparation.  Dave Rossi has spent three weeks at SLAC and two weeks at FNAL

preparing electronics and cables for the experiments; Donovan Lewis worked

six weeks at Fermilab on similar projects. Steve Kovner, Dave Brick, and

Anatole Shapiro worked a total of two months at SLAC making the initial run

of BC· 72 and 73 this spring and summer. Similar amounts of time will be

spent by the group this fall and winter on the runs at the two national lab-

oratories (Mildred Widgoff will be working at SLAC, FNAL, and CERN for sev-

eral months next spring when she begins a sabbatical leave in January.)

Dave Brick spent considerable additional time at SLAC - over a month

during several trips - working on data-reduction programs for the BC 72 and

73 experiments.  He has contributed greatly to the research program over the

past few years,   an¢L we  have consequedtly recommended   that  he be promoted   to

Assistant Professor of Physics (Research).  This appointment has been approved

by the Physics Department and is now being processed by the University.

Several members of the group participated in various workshops at Fermi-

lab in preparation for the submission of proposals for new experiments to be

performed at the Fermilab Tevatron.  Anatole Shapiro also attended the In-

ternational Conference on Meson Spectroscopy, held at Brookhaven National

Laboratory this April; while Dave Brick and Mildred Widgoff attended the XX

. International Conference on High Energy Physics, held at Madison, Wisconsin

this July.

L
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IV.  'Sdientifid 'Peraorinel Associated with the Bubble Chamber - Hybrid

System Program.

I

A. M. Shapiro Professor

/
M. Widgoff Professor

H. S. Rudnicka Assistant Professor

D. H. Brick Research Associate

D. Lewis Research Assistant

S. Kovner Graduate Research Assistant

M. Heller Graduate Student

1
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