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I. 	 Summary 

1. Physics Objectives 


A high statistics study of 100 GeV/c p, p, K+ and TI± interactions with 


protons, t~g, and Au will be performed using the Fer.milab 30-inch hydrogen 


bubble chamber hybrid system with downstream particle identification. We 


~nticipate at least the following topics: 

(a) 	 The pp annihilation cross section at 100 GeV/c, and ,ts relation to 


60T = °T(PP) - °T(PP); 


(b) 	 Studies of the properties of baryon annihilations and comparisons with 
+ ­e e 	 -+- hadrons; 

-(c) 	 Studies of the differences in multiparticle production in pp-pp, 


1T-~-TI+P interactions; 


(d) 	 Studies of 1T1T and K1T interactions for masses ~5 GeV; 

(e) 	 Structure of the quark distributions in soft hadronic processes; 

(f) 	 Central region physics, e.g. KTI correlations, resonance production, 


locality of quantum number conservation; and 


(g) 	 Studies of high energy interactions off Mg and Au. 


2. 	 Request: 


1.45 x 106 pictures of PP/1T-p (10 6 at 100 GeV/c), pp/K+p/1T+P (4 x lcPat 100 


GeV/t), and 1T-p(5 x 104 at 360 GeV/c) interactions in the 30-irich hydrogen 


bubble chamber with downstream particle identifier and neutral calorimeter, 


taken in an untriggered, but tagged, mode. In addition, we request thin 


metallic foil targets in the hydrogen to study nuclear interactions. 


3. Beams: 


100 GeV/c p enriched negative (30% p /70% TI-), 100 GeV/c positive (30% p/10% 


K+/60% TI+), and 360 GeV/c TI- beams to the 30-inch bubble chamber with the standard 
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octuple pulsing. The beam particles are to be tagged by Cerenkov counters 

and upstream proportional wire chambers. 

4. 	 Equipment: 

(a) 	 30-inch hydrogen bubble chamber with thin metal foils and Downstream 

Particle Identifier (ISIS/OSIRIS). 

(b) 	 Neutral calorimeter, to be provided by these proposers for nand 

photon detection. 

5. 	 Data Analysis: 

(a) 	 Measurements will be done on 4 image-plane digitizers (MSU), 2 image­

pl~ne digitizers and 1 SWEEPNIK (Cambridge), SAMM (Fermilab), 1 

Spiral Reader (Stockholm), 1 RIPPLE (Duke) and 2 film-plane and 3 image­

plane digitizers (Notre Dame). 

(b) 	. Event reconstru~tion and analysis will be done on the MSU CDC6500/6400, 

Cambridge IBM370-l65, Fermilab CDC6600, Duke IBM370/l65, Notre Dame 

IBM370/l58 and Stockholm computers. 

(c) 	 We believe that all events (p±p, K+p, ,/p, heavy nucleus events) will 

be measured and analyzed in less than ~2 years following film 

acquisition. Many results will be available much earlier. 
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II. Introduction 

Current theoretical ideas suggest that hadronic final states in" both 

lepton-nucleon and hadron-nucleoh collisions are produced via the interactionl 

between constituents (partons - quarks or gluons) which, after the elementary 

interaction, either fragment or recombine to form the hadronic final state. 

The latter process should involve only the parton"fragmentation or recombi­

nation functions and should be independent of whether the initial state 

involves a lepton or only hadrons or whether the final state hadrons are 
+ ­observed at lOW or high transverse momentum. Data from e e i ep and pp 

interactions can be well described by the above ideas and, more recently, 

both low and high PT data from hadronic interactions have also been shown 

to be in agreement with this quark-proton model. Since the pp annihilation 

process exhibits no strong leading particle effects it is of obvious interest 

to compare the baryon annihilation process, where the three valence quarks 

in the proton interact pairwise with the three valence antiquarks in the 

, antiproton, with the "single-jet" e\~- data. For this reason we propose to 

compare our pp annihilation data both with existing data from SPEAR and DORIS 

(which correspond to data with similar energy per parton), as well as with 

future data from CESR, PEP and PETRA (at similar overall CM energies). 

Previous lower-statistics experiments with the Fermilab 30-inch bubbl.e 

, chamber and hybrid systems have provided infonnation on a number of interesting 

topi~s in strong interactions. Frequently, however, the stat~stics have been 

sufficient to indicate the existence of interesting features of the data but 

insufficient to allow an adequate study of these features. In other cases, 

the statistics or particle identification have been inadequate for the study 

of topics of potentially great interest. 
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The early bubble chamber studies have clearly shown the persistence at 

Fermi1ab energies of effects dependent on the nature of beam and target 

particles over the complete .avai1ab1e range of rapidity. Such effects are 

most evident when beam and target particles are different. By comparing 

data for different beam particles the nature of these 1I1eading partic1e ll 

effects may be studied. 

Another factor clearly revealed in previous studies has been the 

importance of having as complete information about all of the secondary 

particles in an event as possible. For example, our understanding of t\,IO­

particle correlations was greatly advanced over early ISR studies v.,then 

informat-ion about the charges of ·the secondary particles was obtained in 
+Fermi1ab bubble chamber experiments. Further advances are expected when K-

can be distinguished from TI± among the secondaries and when better informa­

tion about neutral secondaries is available. This experiment will yield 

information on K± production and on neutral pion production over much of 

the forward hemisphere. 

A subset of our collaboration (Cambridge, Fermi1ab, MSU) completed 

data taking for E-311 in January, 1975. This experiment was a survey 

experiment of 10 5 pictures of antiproton-proton interactions at 100 GeV/c 

using- the Fermi1ab 30-inch bubble chamber-wide gap optical spark chamber 

hybrid system. The data analysis has progressed rapidly with all of the 

",12,000 pp events having been measured. Six papers on the multiplicity 

distributions and inclusive neutral particle and production in pp andTI 

pp interactions have already been Pub1ished2- 7, and additional analysis on 

annihilation and nonannihi1ation effects is in progress. 
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On the basis of the current analysis of [-311, as well as our other' 

studies (see Appendix A for Bibliography of Publications) of multiparticle 

production in high energy interactions at Fermilab from E-2B, E-163A~ and 

E-281, we are requesting 106 pictures of a 100 GeV/c Cerenkov-tagged en-' 

riched ~ beam (30% ~/70% TI-), 0.4 x 106 pictures of a 100 GeV/c Cerenkov­
+ + + + .

ta~ged p/K /v (30% p/10% K /60% v ) beam, and 50,000 plctures of a 360 

GeV/c n- beam into the 3D-inch hydrogen bubble chamber filled with hydrogen 

and containing thin metallic foils as heavy nuclear targets. An essential 

feature of this proposal is the planned use of both the Downstream Particle 

Identifier (DPI), in order to identify the antiprotons, protons, and charged 

kaons which emerge from the chamber, as well as a neutral calorimeter to 

identify forward antineutrons and photons. With such a system \'Ie expect to 

obtain a highly enriched sample of baryon annihilation events. ·Another 

extremely important use of the DP! is to identify a large fraction of the 

central region protons.and kaons, produced in both annihilation and non­

annihilation interactions. With this information, as well as with the 

neutral kaon and slow proton detection in the bubble chamber itself, one can 

study such topics as the ~p annihilation process, the quark structure of the 

incident hadrons, and central region physics such as p/~ production, the 

rapidity gap distribution for strangeness exchange, and two particle 

correlations between K-v-, K+n+ (and KK). 

The data obtained in this experiment will be sufficient for the study of 

many topics other than those mentioned above. Many such topics are obvious. 

As has happened frequently in past bubble chamber experiments, other topics, 

as yet unconsidered, may ultimately be of greatest important. The key 

factors for the physics of the experiment, in any case, are the combination 

of high stat; sti cs, improved secondary parti cl e detection and i dentifi ca ti on, 
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and the capability of comparing strong interactions initiated by several 

different types of incident'particles. In fact, an espec1ally attractive 

feature of this proposal is the opportunity to study the interactions of a 

wide 	 range of incident particles ( ..'/, K+, p, 'IT-, p) and targets (p, ~lq, Au) 

"in the same exposure. This provides for the most efficient use of the 

hybrid system, with full use being made of all th~ observed interactions, 

while also allowing for the intensive study of closely related interactions 

(e.g. ~p and pp or 'IT+P and 'IT-p). 

We wish ,to point out that one of the groups (Duke University) already 

has an approved experiment (#304) for studying high energy 'IT± interactions 

with heavy nuclei. We note that there are several advantages in considering 

#304 to be part of this proposal: 

(a) 	 The nuclear interactions can be obtained at the same time as the 

hydrogen eve~ts with a corresponding saving of time and expense to 

Fermil ab; 

(b) 	 The present proposal includes t~e interactions with high Z of ~, p 

and K+ in addition to the above mentioned 

(c) 	 The present proposal would consist of almost an order of magnitude 

more events than expected in #304; and 

(d) 	 The present proposal would provide charged particle identification and 

neutral particle detection over much of the forward hemisphere. 

III. Beam and Bubble Chamber 

The results of E-311 have shown that the enriched "halo" p beamS at 

100 GeV/c is appropriate for the curre~t proposal. During that experiment 

a negative beam containing 20% ~IS at 100 GeV/c was obtained from the 

target "halo ll produced by the decays of AIS. Requiring there be 2 or more 
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pis/pulse before taking a bubble chamber picture, we took 98,000 pictures 

containing 0.32 p's/negativ~ beam particle. With the collimators wide open, 

a flux of 30-40 piS/lOll incident protons on target was obtained, which' 

was more than adequate for the quadruple pulsing mode which was standard 

for the bubble chamber at that time. 

The E-311 exposure,was carried out with a 300 GeV incident proton beam. 

However, 400 GeV protons are now available on a regular basis. In fact, 

more recent pp experiments utilizing the 30-inch bubble chamber (E-345, 

100 GeV/c pd; and E-344, 50 GeV/c pp) and recent beam tests have shown that 

one can readily obtain a 100 GeV/c 30% p/70% ~- beam at the 30-inch bubble 

chamber without triggering the bubble chamber flash, and with sufficient 

flux (i.e. ~6 particles per picture) to octup1e pulse the chamber with 

less than 5 x 10 10 protons'on target per accelerator cycle. 

The currently existing beam line without any filtering is quite adequate for 

the 360 GeV/c ~- and proposed positive beams (30% p/10% K+/60% ~+), although 

a few shifts of beam time may be necessary to tune the beam for optimal K+ 

content. Again, octup1e pulsing of the chamber is planned. 

We p1.an to use the current upstream system of proportional wire chambers 

and beam Cerenkov counters in Enclosures 106 and 108 to tag each beam track . 
entering the bubble chamber. 

In summary, we will no longer need to trigger the bubble chamber flash . 

. Hence the 1.45 x 106 pi ctures cou1 d be taken in rJ. 45 x 106 chamber expansions, 

or ~175 Kaccelerator cycles, assuming 100% efficient octuple pulsing of 

the beam line and bubble chamber. 

IV. Downstream Particle Identifier (ISIS and OSIRIS) 

One of the primary goals of the proposed experime~t is to identify as 

many of the produced charged particles as possible, i.e., one wants to 
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identify the leading particles (generally p, p or n± with some K±) if they 

exist, as well as those particles produced in the central region (generally 

± +. h +)n or K- Wlt some p- . 

The system we propose to use is the Downstream Particle Identifier 

(DPI) (see Fig. 1) which is currently under construction by the PHSC (ISIS) 

and the Michigan State University group (Cerenkov counter, named OSIRIS) . . 
At the current time, $40,000 to start the project have already bee~ allocated 

by Fermilab. It is expected the project will be concluded in FY78 at a total 

cost to Fermilab of ~$200,OOO, with substantial additional support coming 

from the resources of the PHSC and MSU. Details of this system are described 

in the July 1976 issue of NALREP, which is included as Appendix B. Basically, 

the system consists of two elements behind the 30-inch bubble chamber: (a) 

an ISIS device9 consisting of lxlxlm3 section followed by a lxlx2m 3 section 

interspersed with drift chambers, and (b) a 2x2x5m3 8-cell atmospheric 

pressure N2-He Cerenkov detector, OSIRIS. In the ISIS device, ionization 

deposited in the detector is sampled by measuring the pulse height from 

each IIcell ll hit by a charged particle and, utilizing the relativistic rise 

effect, mass identification of particles traversing the device is possible. 

The circulating gas is a 80% Ar - 20% CO 2 mixture, which gives a satisfactory 
10relativistic rise. Monte Carlo calculations, substantiated by recent tests, 

indicate that one can obtain ~7.8% FWHM ionization resolution on a track . 

which passes through the entire device (3m.). With this resolution, it is 

antiCipated useful particle separation can be achieved up to ~30-40 GeV/c. 

To examine the acceptance of the ISIS detector for the proposed experi­

ment, we have used ~4200 inelastic pp events obtained from E-311, and ~4000 

inelastic n-p events from E-2B. To investigate the properties of the 

leading p (or p in pp colli~ions), we have separated slow protons and n'S 

by ionization in the bubble chamber, transformed their laboratory 3-momenta 
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into the center-of-mass. reversed them, and then transformed them back into 

the laboratory system. For the ~-p study. all tracks not identified as 

protons have been assumed to be pions. Using these events. we find the 

following: 

(a) 	 The acceptances as a function of the laboratory momentum of the produced 

pions are shown in Tables I and II. Typically ~85% of the forward 

hemisphere pions from a given .event make their way into ISIS (see 

Tables III and IV). Many slow (backward hemisphere) particles do not 

traverse the exist aperture of the bubble chamber magnet (see Table I 

and II) and thus could not be detected by any device outside the magnet. 

Typically rv50% of the forwar:-d hemisphere particles traverse the entire 

ISIS device. The acceptances as a function of CM rapidity are shown in 

Figs. 2 and 3 for ~-p and pp interactions, respectively. 

(b) 	 For a sample of 'pp events examined in detail (see Figs. 4 (a) to (c) 

for examples), we estimate that the average resulting resolution on 

ionization, after folding in the (negligible) probability of more than 

1 track entering the same cell, for tracks that traverse the full 3 

meters of ISIS is rv7.8% FWHM. For tracks that do not traverse the full 

3 meters, the average resolution is estimated to be rvll .7% FWHM. 

To effectively use the ionization information from ISIS requires that 

the momentum resolution be better than 10%. We note the proposed use of 

the drift chambers and the PWC's (see Fig. 1) will Yield a momentum 

resolution of 6p/p = O.06p%/(GeV/c). Thus the momentum uncertainty on 

a given particle will have little effect on the expected rv7.8% ionization 

resolution from ISIS. 

The second element of the DPI is the 2x2x5m 3 atmospheric pressure 

Cerenkov counter, OSIRIS. The thresholds and photoelectron response for 
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different He-N2 mixtures ranging from 100% He to 100% N2 are shown in Table 

V. It shoul d be noted that because of the abil ity to vary the proto~' (kaon) 

threshold from 39 (21) to 116 (61) GeV/c, such a detector provides an 

extremely flexible system with which to identify the faster particles with 

momenta above the effect'j ve range of ISIS ('~30-40 GeV/c) as well as the 

ability to identify some of the particles that are also identified by ISIS. 

Thus OSIRIS is complement~ to the ISIS system and by usinq the information 

from both systems~ the range of mass identification will be increased as 

will be the confidence. one has of unique particle mass identification. ~ 

particular, for this proposa1 OSIRIS plays an essential role in identifyinq 

(in a pa.ssive veto mode) the fast pIS with momenta typically above 50 GeV/c 

from the nonannihilation events (Fig. 5 shows the p laboratory momentum 

spectrum deduced from slow protons). 

It is intended that OSIRIS have 8 cells, consisting of 2 vertical sets. 

each of four mirrors of size 50. 20, 20 and 50 cm (high) x 70 cm (wide). 

respectively (see Fig. 6). Acceptance calculations. again using events from 

E-311. shO\\f tha t the avera 11 acceptance for pIS. is <::99% based on the i n­

version (in the CM system) of protons with Plab~1.4 GeV/c which are identified 

by ionization in the bubble chamber. Furthermore, 36% (46%) of the forwat'd 

CM hemisphere 'IT'S and K's from 100 GeV/c pp ('If-p) interactions \,li11 also hit 

the Cerenkov mirrors at 11 m. The acceptances as a function of the CM 

rapidity are also shown in Figs. 2 and 3. Agqi;-, this plot shows the 

complementarity of ISIS and OSIRIS. 

We have also studied the 1 ikel ihood of two ',' more particles striking 

the same mirror (overlap) and fi nd for the pp experiment the fo 11 owing: 

(a) only 3.6% of the piS have at 1east one other particle in the same 

mi rror. and (b) only 12% of all 'IT'S or Kls have at least one other particle 
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striking the same mirror. For this calculation we have used the measured 

momentum of each pion and have assumed that (a) the proton threshold ;s set 

at 100 GeV/c (see Table V) and (b) the Cerenkov light is produced at the 

front of the counter (5m from th~ mirrors) thus yielding the maximum poss';",le 

radius for the Cerenkov light cone. A p is then considered to have no 0' lap 

(i .e. to be unique) if the Cerenkov light from that p strikes a mirror which 

does not accep~ light from any other particle (i.e. nor 
. 

K)~ 

The ranges of particle separation are shown in Fig. 7(a) for the 
v

bubble chamber (ionization), ISIS and for settings of OSIRIS (Cl hastwo 
'V 

proton threshold at 70 GeV/c; C2 has proton threshold at 100 GeV/c). Fig. 7 

(b) shows how particles from 100 GeV/c pp interactions would be identified for 

each range of momentum. The dotted 1 ines indicate no identification at all 

and the numbers indicate the percentage of each type of particle expected in 

a given momentum range. Wtth such a system one should be able to identify 

almost all of the antiprotons in addition to ~70% of the slow protons. Since 

many of the above 3.6% piS may be identified anyway (either by comparison with 

the expected' pulse height for two particles with known momentum or from the 

expected mqmentum spectra of the produced n-IS and piS - Fig. 7b shows that 

very few n-Is have momentum above 70 GeV/c), we estimate t~at the overall 

detection efficiency for piS is ~ 97%. 

As another example of the complementarity of the OSIRIS and ISIS 

systems, let us consider central region particle identification with the two 
v >/

Cerenkov settings described above. Wit~ Cl (C2) as in Fig. 7, we can attain 

n/K separation from ~3 to ~30 GeV/c with ISIS and from ~10 (~15) GeV/c to 

~40 (~50) GeV/c with OSIRIS; n/p separation from ~3 to ~70 GeV/c with ISIS 

and from ~lO (~15) GeV/c to ~70 (~100) GeV/c with OSIRIS; and K/p separation 

from ~5 GeV/c to ~70 GeV/c with ISIS and from ~40 (~50) GeV/c to 70 OOQ GeV/c 
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with Q~IRIS. Thus we see that OSIRIS provides charged particle identification 

at the higher momenta as well as overlapping with ISIS in the momentum ranqe 

(~20 to ~40 GeV/c) where particle separation on the basis of ionization 

becomes more difficult. 

The ~1ichigan State group was granted $5000 (by Fermilab in April 1977) 

for. preliminary studies. of the performance of OSIRIS. In December 1977, 

tests were made at SLAC with a prototype counter with 5m of helium and 

1.4m of N2 with a single optical cell. The aim of these tests was to 

measure the "figure of merit ll (denoted by A in Table V) which \ve estimated 
lto be 100 cm- . A description of the results of these tests is included as 

Appendix C and indicates that this value of A has been attained. 

V. Neutral Particle Calorimeter (Antineutron and Photon Detector) 

,One of the primary considerations of these high statistics exposures 

is to identify a "clean" sample of annihilation events. To do this, it is 

necessary to identify as many as possible of the events which have a leading 

baryon or anti baryon. The slow protons can be identified by ionization in 

the bubble chamber. The fast antiprotons, \rJhose laboratory momentum spectra 

deduced from slow protons is shown in Fig. 5, must be identified by OSIRIS, 

since p/K/~ separation in ISIS is only available for $30-40 GeV/c. Since 

slow neutrons are difficult to identify, to find all the annihilation final 

states (ppX, pnX, npX and nnX), a further necessary ingredient in rejectinq 

nonann; hil a ti on events is the detecti on of fon/a rd ii 's. As Itli 11 be discussed 

in detail in this section, a device of cross section 31" x 31" placed 

irnniedi ately behi nd OSI RI S at 11-12m (see Fi g. 1) wi 11 vi ew ~90% of the nIS 

produced at 100 GeV/c. The expected laboratory angular and momentum 

distributions of ii's (total) and those vie\'/ed by the detector (shaded) are 

shown in Fig. 8. 
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-(a) n Detection 

The DPI Workshop of r,1ay 7-8, 1976 recognized the possibi1 ity 'that 

other detectors, such as a neutral hadron calorimeter, might be considered 

for use behind OSIRIS (see NALREP, July, 1976, 'Appendix B). For this 

experiment, we plan to use a modified version of the ncalorimeter which 

we have already used in a 9 GeV/c ~p/pp experiment (BC-64) behind the 

40-inch bubble chamber at SLAC .. This device is shown in Fig. 9. In 

its modified configuration, there It/ill be 2-4 radiation lengths of Pb 

followed by 3 planes of xy hodoscopes, each plane consisting of 15 

2" X 30" scintillators. Two planes are oriented at an angle of 90° 

with respect to each other .. The third plane is ~riented at an angle 

of 45° with respect to the first two in order to resolve ambiguities 

due to multiple hits. Following the hodoscopes are 26 sections of 

steel-scintillator sandwich. Each of the first 11 sections contains 

31 11 x 31 111" X X 31" steel plates and 1/2" x 31" scintillator, and each 

of the last 15 sections contains 1 3/8 11 x 31" X 31" steel plates and 

1/211 X 31" X 31" sCintillator. 

Since we intend to veto n events, the n detector must have high 

effi ciency. Our results from the SLAC experiment sholtl that the 

efficiency for detecting ii's is given byll 

Eff. = (0.95)(1_e-x/6.4)(e-y/23), 

where x is the total length of steel (inches) a~d y is the amount of 

steel between any two scintil1ators (inches). The coefficient 0.95 

reflects the probability that the antineutron interacted to produce only 

neutrals that were never detected. With x = 31.6 11 and y = 1.2", we find 

an efficiency of =90%~ 
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The actual performance of this calorimeter has been well documented 

as the result of our experiment (BC-64) at SLAC. In Figs. 10 an9 11 we 

shoYI the mean ADC respon,se per coun ter to the energy depos i ted by 

monoenergetic muon, hadron and el -on beams (of various energies) versus 

the longitudinal position (counter Imber) in the calorimeter. The sum 

of the pulse heights from all of the 28 counters varies almost linearly 

with momentum over the tested range of 1.6 to 12 GeV/c. The energy 

resolution is measured to be 150%/K (FVJHN) for hadrons and 63%/1t for 

electrons. 

Since y-rays could possibly simulate antineutrons through electro­

magnetic showers in the detector, we have made estimates of the y/~ 

ratio resulting from nonannihilation interactions in the bubble chamber. 

Using acceptance calculations based on the simultaneous production of a 
- + .

forward p and n- in E-311 events, we estimate that nO/n is S7% for 

ii's and nOIS (-~2y) hitting the detector. VJe have not done a detailed 

calculation of the nO decay; however, for the energies of the nOIS 

produced with a p or ii it is highly unlikely that both ylS from nO 
-decay will enter the n detector. Thus, our best estimate is that ~7% 

of the ii's in the detector will be accompanied by a single y. For 

annihilations, we again estimate that ~7% of the events wilT yield 

a y in the n detector. However, we anticipate that it will not be 

difficult to distinguish ylS from ii's on the basis of the distribution 

of energy deposited along the calorimeter. In fact our SLAC results 

show that e 1 ectromagneti c and hadroni c shofJers are readily di s ti ngui shed 

(i.e. to better than 95%) on the basis of shower penetration alone 

(com~ ~ the data of Figs. 10 and .11). 
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In a manner similar to that for estimating the wO/~ ratio, the ratio 
+ ­

w-/n is estimated to be ",14% for nonannihilation (this follows from 

nO/n ~ 7% and WO : 112 w±). Hence, in about 14% of the cases an n 

signal may be accompanied by a interacting ~n the n detector. Since 
+ we know the energy of any w-1s that enter the calorimeter, the energy 

resolution should be good enough to discriminate between simultaneous 

w± and n interactions .. 

As we will see later, the importance of the n detector in providing 

a "c1ean" sample of annihilation events is dependent upon the ratio of 

piS to n's produced in nonannihilation events. Hence, one consequence 

of such a detector will be a measurement of the ratio of inclusive pin 

(pin) production in 100 GeV/c pp (pp) interactions. 

(b) Acceptances and 	 Detection Efficiencies for n's 

An 	 acceptance calculation has been performed for n1s. For this 

x 31 11purpose, we assume a 31" detector placed immediately behind the 

Cerenkov counter. Since pp + n data are not readily available, we ' 

have used neutron p,~oduction data for pp + n (0.2 < PT < O.B GeV/c)12 

at ISR energies (invariant cross sections E d3cr/d3p have been assumed to 

scale to 100 GeV/c) as an approximation to the pp + n distribution. Our 

calculations showthat 90% of the n's will be "seen" by a 31" x 31" ii 

detector (see Fig. B). ~'Jhen combined with the ,,,,90% detection efficiency 

of the calorimeter, we find an overall ii efficiency of Bl%. 

(c) nO Detection 

The 31.6" of steel and 4 radiation lengths of Pb in front correspond 

to a total of ",50 Xo. As mentioned above, the resolution of our calori ­

meter for electromagnetic showers has been measured to be l\EE (nIH~<J):::; 
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for electrons·from 1.6 to 7.2 GeV/c. While we do not anticipate 

attempting one constraint physics in this experiment. the above energy 

resolution should be more than adequate to do the nO/y physics that we 

will discuss below. Important types of physics we will want to do with 

photon detection will be (1) to count the number of nO/y produced in the 

forward region associated with diffractive events. and (2) to use the y 

detection as a veto while studying exclusive four-contraint channels. 

With regard to the latter study. there is little doubt that our calori­

meter wi 11 be adequate. With regard to the counting of forward gammas. 

we show in Fig. 12 the minimum opening an9le and minimum separation 

distance at 12m of the 2 ylS from a single nO decay as a function of the 

nO laboratory momentum. The minimum separation of the 2 y'S at 12m is 

~lOcm. In addition. considerations of the lateral growth of the shower 

show13 that after 2.5cm of lead. 99% of the shower lies inside a radial 

distance of 2.5cm. Given these numbers a 2" x 2" cell size should be 

quite adequate to measure the y multiplicity striking the calorimeter. 

For this reason we have placed 3 scintillation hodoscopes (each with 

15 elements. 2" wide) at a depth of 2-4 radiation lengths (0.1 - 0.2 

interaction lengths) in order to discriminate between simultaneous y'S 

from the same nO. 

We have investigated the geometrical acceptance of the calorimeter 

for y'S by using 100 GeV/c n-p events from E2B. From the inc1usi.ve 

sample we find that 26% of all y'S produced (or 1.7 y's/event) will 

strike the calorimeter. 

http:inc1usi.ve
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VI. Physics Justification 

A large number of interesting features of strong interactions have been 

discovered in earlier experiments with the Fermilab 30-inch bubble chamber and 

hybrid systems. In many cases, such as studies of correlations among 

kinematic variables, the statistics available in the original experiments 

have been inadequate for detailed studies. Other phenomena of great interest, 

such as pp annihilations, have been impossible to study because of the lack 

of secondary particle identification. Improved identification of charged 

secondaries, including K± and p, p at momenta too great to allow identification 

by bubble density in the 30-inch chamber, will also allow major advances in 

studies of multiparticle correlations and of central ~egion particle production. 

• 	Significant improvements in nO detection are needed to test hypothesized 

similarities to charged particle production. Current questions about 

analogies between particle production in lepton-hadron interactions, electro­

magnetic interactions, and hadron-hadron interactions will benefit from the 

availability of high-statistics data on hadron-hadron interactions which can 

serve as a baseline for the lower-statistics studies of the other types of 

interactions. 

In an experiment which will provide the fullest possible information 

about -interactions of all charge multiplicities, it is difficult-to predict 

exactly what topics will prove to be of greatest importance. In the following 

sections we enumerate several examples of why we be1~eve this proposed 

research should be carried out but we wish to emphasize that these are just 

examples of the full range of physics possible in this experiment. 

In Table VI we estimate the numbers of events that we expect in the 


requested 1.45 x 106 pictures at 100 GeV/c with ",6 particles/picture. In 
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additf6n to these events, we also expect an additional ",60K events off the 

metallic foils inserted in the front of the chamber. 

(a) 	 pp Annihilation and its Relation to the Difference 
of RP and pp Total Cross Sections 

We are interested in carry"ing out a detailed study of the baryon 

. annihilation component in pp interactions at 100 GeV/c incident anti ­

proton momentum. One of the long-standing problems in' pp annihilation 

;s the possible relationship of o(ann) to ~oT = 0T(PP) - 0T(PP). A 

summary of available data is shown in Fig. 13. Recently we have published3 

an analysis of the differences between pp and pp topological cross 

-. sections, including 100 GeV/c data from our E-311 pp experiment. The 

analysis indicates that good fits may be obtained to the model of Eylon 

and Harari 14, where the quantity 

0n(PP) - 0n(PP) 
Rn = 0n{pp) (1) 

is predicted to be of the form 

Rn = en s2aB-2aM (1 - nl)yn, 	 (2) 

and s is the square of the pp C.f1. energy, n is the charge multiplicity, 

aM(aB) is the intercept of the leading exchanged meson (baryon) 

trajectory, nl(Sl) is a constant. and S(>l) and y«l) are constants 

which. in a simple form of the model. are 3/2 and 1/2, respectively. Our 

fits shO~Jn in Figures 1 and 2 of our paper3 with the further definition 

a = 2aM-2O:Bare consistent with a contribution from the first term of 

Eq. (2) only (implying 111 : 1 or y : 0). In the Eylon-Harari model the 

first term of Eq. (2) represents annihilations due to the Pomeron ex­

change term in the total cross section, whereas the second term represents 
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nonannihilations due to Pomeron and meson exchange terms. Thus, the 

data support the conjecture that the annihilation component in pp i~ter­

actions is due to the Pomeron and not meson exchange contributions to 

the total cross section. 

The Eylon-Harari model is very much in contradiction with the 

"classical II approach to the difference in the.total cy.'oss sections. 

That is, in Regge terminology one usually writes 

(3) 

(4 ) 

and hence, 

40T = 2Im(p + w)t=O' (5) 

indicating the difference is due to the vector meson exchange part 

of the total cross section. In fact, the energy dependence of 60T from 

Eq. (5) is sav(O)-l - s-0.5, which is a good representation of the data 

(see Fig. 13). In both the "classical ll and Eylon-Harari models as well 

as related phenomenologies15 it is argued that o(ann) ~ equal AOT' 

To a certain extent this is obviously false, since (1) the pp system is 

an equal mixture of isospin one and zero states, whereas pp is pure 

isospin one and (2) there are nonannihilation states (AOAO for example) 

which are available to pp but which are not open to pp. Obviously, if 

the various models discussed above which claim to addres~ the question 

of annihilations via 60T are to be proven valid, the experimental 

relationship of AOT to o(ann) must be established. We propose to do 

this with a high statistics sample (-10 K events) of "clean" annihilations. 

Somewhat surprisingly, no clean event-by-event identification of 

annihilation events has been made above ~2 GeVic incident antiproton 



-20­

momentum. This is the result of several factors: (1) the high 

multiplicity final states in both annihilation and nonannihilation 

interactions belong to the domain of the bubble chamber technique with 

its well known high multi-track efficiency; (2} annihilation cross 

sections are relatively large (~3.5 mb at 100 GeV/c, see Fig. 13), 

further lending their study to bubble chambers; (3) ambiguities among 

p and u-(K-) tracks cannot be" resolved in the bubble chamber above 

~1.5 	GeV/c and (4) neutrons and antineutrons cannot be identified in 

the bubble chamber. Attempts have been made up to 12 GeV/c to 

15 l6
statistically separate the annihilation component. - These are 

inte:esting first steps in i~olating annihilations and have been 

extremely illuminating in their own right. However, they require 

assumptions which might bias the final result. Clearly better measure­

ments free of pos"sible systematic errors are required. 

As mentioned earlier, the Cambridge-MSU collaboration has been approved 

for a similar pp and pp experiment (BC-64) at 9 GeV/c at the SLAC 40-inch 

hybrid bubble chamber facility. Because of the similarities between 

these two experiments, we expect to be able to study the energy dependence 

of many of the annihilation properties by comparing our 9 GeV/c data 

with the results we would obtain at 100 GeV/c from this proposed experi­

ment. 
+ ­(b) 	 ~aryon Annihilations and Comparison with e e +' hadrons 

(i) 	~~~~9~~_E~~!!~1 ~~l!iel!~!!!~~ 

The pp topological cross sections at 100 GeV/c from E-3l1 show 

interesting differences when compared to pp results at 100 GeV/c. The 

trend seems to be for the low multiplicity pp cross sections to be 
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smaller than the pp ones, while the higher charged multiplicity (i.e. ~ 

~ 14 prongs) cross sections are significantly larger than the corre­

sponding pp values. This suggests that annihilations occur mainly in 

the high mult·iplicity events. (If this is true, it will be difficult to 

study these events in anything but a bubble chamber.) With an increase 

in statistics by a factor of 10 for both pp and pp, we will be able to 

study this difference in much greater detail. 

The possibility that hadron interactions are reducible in some sense 

to interactions of" constituent quarks is of fundamental importance to 

hadron physics. Arising from such a possibility are relationships between 

pp annihilations and e+e- + hadrons, such as 

n- (IS) 3 n- (15/3), (6)ppann ee 

which follow nat4rally from a scheme visualizing particle production via 

jets associated with interactions of individual quarks (see Fig. 14). 

More recently, Rossi and Veneziano17 have used the topological expansion 

approach to place these ideas on a more sound theoretical framework,· and 

have also suggested more detailed tests of the jet structure of hadronic 

final states; we shall return to these below. Meanwhile we note that 

Eq. (6) is not very successful, because it fails to take into account 

fluctuations in the partition of energy between the jets. On trying to 

do so, one finds 18 that one should replace 15/3. by /SIn, with n : 4.5. 

The current experimental situation then appears as in Fig. 15, a plot 

of <n > versus s. There is a 100 GeV/c estimate for (pp pp) obtained 

in our exploratory Fermilab experiment (E-311) but it is clearly of 

great interest to obtain as reliable and precise a measurement from 

identified annihilations at as high an energy as possible to see whether 
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-
 -pp and ee are becoming equal asymptotically. Note that the energy of 
2this proposal (s = 189 GeV2) is equivalent (for n : 20) to e+e­

annihilations at /s = 3.1 GeV, within the SPEAR, DORIS energy range. The 

statistics available in 'this proposal will yield a value of <n > to 

'\,1-2%. 

Muirhead19 has pointed out a number of intriguing similarities 

between the annihilation processes 

e+e- -+ hadrons (7) 

and 

pp -+ hadrons (8) 

where for these purposes "hadrons ll is limited to pions or kaons. For 
. . 

example, Figures 16-18 directly compare the f2-, <Eneutral>/<Enegative> 

and inclusive cross sections for the two processes. In some cases off­

shell (below threshold) low mass pp data arc obtained by examining virtual 

pp interactions in the u-channel for the reaction K-p -+ AO + pions. The 

similarities in the data are indeed remarkable. With the exception of 

the lowest energies the pp points must be viewed as only approximate 

since "clean" samples of annihilation events have not been identified in 

the "bare" bubble chamber experiments. For example, taken at face 

value the pp data of Fig. 17 do not exhibit the "energy crisis" observed 
+ ­in e e data. On the other hand, a measurement of <E >/<E . >neutral negatlve 

at 100 GeV/c (s = 189 GeV2) with "clean" events. free of nonannihilation 

contamination and comparisons with new data from high energy e+e- experi­

ments could be most revealing. 

As a result of these comparisons, the potential of a high statistics, 

"clean" comparison of pp and e+e- annihilations seems intriguing to us 
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and could be extended to the details of topological features, specific 

exclusive channels, resonance production, etc., with the added f~ature 

of kaon 	 identification as will be discussed later. It appears to us 

that the '1...10,000 annihilation events (based on eT - 3.5 mb, see Fig. ann 
-13) should be adequate for a preliminary e+e-, pp annihilation comparison. 

It should be poin~ed out that the comparisons of pp and e+e-.annihilations 

at the same IS will also be of interest. This IS value will correspond 

to the CESR energy range (and possibly the low energy range of PEP and 

- PETRA). We note that recent dual quark model calculations of Webber20 

indicate that f2- -+ 1.39 for pp annihilations at high ener9Y and we should 

obtain a 100 GeV/c estimate to ±0.2 to test this asymptotic prediction. 

- (ii) 	 ~i~91~_E~r~i£1~_!~~1~~iy~_Qi~!~i~~!12~~ 

Data6 on inclusive ~± production at 100 GeV/c based on '1...12,000 pp 

events has suggest~d, for example, that the rapidity spectrum is broader 

in pp annihilations than in non-annihilations. The dual quark mode1 20 

envisages pp annihilations in terms of the emission of meson clusters in 

three strongly-ordered sequences associated with each individual quark 

annih"ilation, and makes detailed predictions about the distributions of 

produced particles (including K±, KO) e.g. rapidity structure, leading 

particle effects, etc. With 10,000 events we should be able to in­

vestigate such features and test the underlying quark dynamics. 

·(iii) 	 I~2:e~~!isl~_~2rr~!Q!iq~~_q!_Erq~~~~~_E~r!i£I~~_iQ_~igb_~~~rgX 

Annihilations 

Although certain correlation parameters have been mentioned above, 

we single out for emphasis a detailed study of correlations, particularly 

among hadrons produced in the central region. Such a study will make 

possible entirely new tests of fundamental aspects of hadronic processes 
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in a previously unexplored area, e.g. of correlations involving strange 

partic1 es. 

The measurement of the correlation function 

(9) 


for the production of two 'IT-,S will permit a test of the recent prediction. 
by Giovannini and venezian02l , that for y;- ::: Y'2 ::: 0, 

(R---1)- : (R-- -1) (R-- -1)- = 3 : 1.5 1 (10)
ee pp PPann 

which amounts to a sensitive test of the qq jet structure of lepton ­

and hadron - induced processes via Bose-Einstein (BE) effects. Existing 

data suggest R-- ~ O,~, so we have the clear predictionpp 
(11 ) 


R:-
PPann 

= 0.67. (12 ) 

We believe we can measure R:­ ·to perhaps
PPann 

5%, for comparison with a 

future PEP, CESR or PETRA value from + -e e. We note that the BE effect 

is predicted to be small in ee and largest in pp annihilations. This 

comes from the fact that two 'IT-'s in the same jet (as 'with eel cannot 

be neighbors and tend to have different momenta, whereas two 'IT-,S in 

different jets (3 jets in ~p) can be essentially dynamically uncorrelated 

and allow the BE effect to become strong. We note also that the pre­

dictions (ll) and (12) are in striking disagreement with those of 

"universal emis'sion" models. e.g .. of Ref. (22). which imply a universal 

va 1ue for R-- In a recent report, 
. 

G. Go1dhaber has shown
23 

that SPEAR 

data from 3 to 7.4 GeV cm energy exhibit a striking phenomenon: the 

GGLP (Bose-Einstein) effect, clearly present below ~4.5 GeV, disappears 
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suddenly and is not seen at 6.2, 7.4 GeV, in the region where jet 

structures become clear. 

An equivalent prediction for n+n- correlations exists, namely 

+- +- +- ,
R + 	- : R : R- = 3 1.5 : 1 (13) 
e e PP PPann 

which should hold at all (y~, y~) in the central region. It should be 

possible to test this result in the central region. 

(c) 	 Study of (pp - pp) Differences 

Apart from their possible connection with pp annihilations, (pp - pp) 

differences are of intrinsic physics interest in their own right because 

they' permit deta i 1 ed tes ts of the f~ue11 er- Regge forma 1ism free from the 

complications of the pomeron. Clearly most of the inclusive and correlation 

data discussed above can be interpreted "in this light, the unifying 

concept being thit (pp-pp) is dominantly a result of p and w exchanges. 

Data have already appeared from E-3ll relating to single and double 

pion production in ~p at 100 GeV/c. Among the phenomena investigate~ 

ha ve been 

(1) 	 Scaling of (~p-pp) + n in the target fragmentation region, which 

shows that data at 12 and 100 GeV/c scale accordin9 to the 

difference in the pp and pp total cross sections. 6 

(2) 	 Comparison of production in the target fragmentation region ft~om 

(pp-pp), (n-p-,,+p) and (K-p-K+p) diffet'ences as a function of s, 

leading to estirna 24 of the appropl'iate reggeon particle vertices; 

the n- production data are shown in Fig. 19. 

(3) 	 Central region production of charged pions in (pp-pp), which is 

shown to have the required s-dependence (Fig. 20), and leads to 
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estimates24 of the appropriate reggeon - particle couplings 

(of relevance to dual theories) when compared with (w-p-w+p} dat~. 

(4) 	 An understanding of double fragmentation in terms of a product of 

single fragmentation distributions; factotization is shown? to 

hold in pomeron and reggeon exchange independently. 

These can be thought of as preliminary results from an exploratory. 

experiment since the present proposal will have ten tlmes the statistics 

for pion production. 

(d) 	 ww (and Kw) Interactions 

It will be possible to study ww interactions over a range of ww 

mass·es up to perhaps 4-5 GeV; Among the important topics to be studied 

are: 

1. 	 ww total and elastic cross sections as a function of ww mass; 

2. 	 multiplicity of charged secondaries as a function of ww mass; 

3. 	 neutral pion multiplicity as a function of ww mass; 

4. 	 comparison of I = 2 and I = 0, 1 wn cross sections; 

5. 	 diffractive dissociation of pions by pions. 

~oJe will study ww interactions by isolatin~ primary interactions of 

the type 

+ ++ 
w-p -+ II + X. 

Our previous studies of ll++ production in 100, 200 and 360 GeV/c 

n-p interactions yield an inclusive ll++ cross section of about 1.2 mb 

for t pll < 1 GeV2 with relatively small backgrounds under the ll++. The 

inclusive ll++ cross section is relatively independent of incident pion 

momentum. Significant II 
++ production can be found for charge multiplicities 

at least up to nc=12. The ll++ density matrix elements are compatible \'lith 

6++ production via one-pion exchange with absorption. Other data suggest 
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comparable 6++ production cross sections for 100 	GeV/c interactions 
++ +of a11 types. Thus we might expect 2,000-8,000 6 events in the n p 

and n-p samples and up to 400 6++ events in the K+p data. This should 

be sufficient for studies of the topics mentioned above. 

The comparison of multiplicities in TITI(K~) interactions with those 

in pp and pp wi 11 'be of speci ali nteres tin terms of qua rk models. 

Qualitatively, each meso~ quark is expected to carry, on the average, 

half the energy of the meson while each nucleon quark should carry one 

third of the nucleon energy. Thus the average available energy and the 

average secondary particle multiplicity should be greater in meson-meson 

interactions than in meson-nucleon and nucleon-nucleon interactions at 

the same total energy. 

In addition to providing information on neutral pion multiplicities 

in nn inte~actions. the photon detector will be especially useful in 

obtaining pure samples of 4-prong 4C events for measuring TITI elastic 
- - - ++ + + - ++scattering in the reactions TI p 7 TI n 6 and n p 7 TI TI 6 • It can be 

used to veto events \',here a photon is detected even if an acceptable 4C 

kinematic fit is obtained. Similarly it can improve the purity of 6 

prong 4C samples which can be used to search for specific channels of 
+ + + ++pion diffractive dissociation such as TI p 7 (A-TI)6 • 

(e) Tests of the Quark-Parton Model in Low PT Hadronic Collisions 

The quark-parton hypothesis has been used successfully to describe 

hard processes such as the production of high-mass meson and lepton pairs 

COrell-Van) and of hadrons at large transverse momentum. These processes 

involve the hard scattering l of two elementary consituents (partons); 

one from the projectile and one from the targ~t. These two partons 

undergo an elastic collision followed by quark fragmentation or,decay 

into the observed hadrons. 
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More recently it has been shown26-27 that quark-parton ef - ts may 

also appear in IIsoftll (10\,1 PT) processes. In the simpl e qq rE:l.- ,oination 

model a fast valence quark from the projectile combines with an antiquark 

from the sea to form the hadronic fragment. Additional evidence in 

favor of this model has come from considerations27 of the inclusive' two-

particle processes in the proton fragmentation region: i.e. "trigger" 

on a fast.hadron at Feynman xa and study the cross section - or ratios 

of the cross sections - for other hadrons at xb. 

In particular, let the trigger particle be a KO (= ds) or n- (= du) 

and let the second particle be either a n+ or n-. It has been shown 27 

that the n+/n- ratio is expected to be the same for either the KO or 

n- trigger data, despite the different charges of the two trigger mesons. 

While the data suggest this equality, further data of greater statistical 

accuracy would be welcome. In addition there are many other processes 

e.g. triggering on a K+ (= us) and n+ (= ud) \'/hich will provide 

interesting tests of the recombination or quark fusion model. The 30­

inch ch~mber and DPI with the charged particle identification in the 

forwar.d hemisphere is an obvious set-up for obtaining "triggered ll data 

with a minimum of bias as \\/ell as the ability to study. what occurs in the 

rest of the collision. It will also be of great value to have data with 

+ +)different projectiles ( p, - p, n-, K in order to provide extensive 

tests of this model. 

(f) Central Region Physics 

(i) Two-Particle Correlations and Resonance Production 

Current studies of two particle correlations have revealed a number 

of interesting effects. For example, the two-particle correlation 
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+ -	 + + functions for 1f 1f pairs and for If 'IT , 7r '11 pairs are found to differ 

significantly.28 The correlation between like pions is greatly enhanced 

when the two pions are required to have momenta similar in both magnitude 

and direction and appears to be consistent with what is expected from 

Bose-Einstein statistics. 29 Among the areas in which advances could be 

expected from this experiment in the study of two-particle correlations 

are: 

(1) 	 Improved studies of semi-inclusive correlations; 

(2) 	 Improved charged-particle identification will allow comparisons of 

K± correlations with 1f±'IT± correlations; 

(3) 	 Current studies of meson production in interactions over a range of 

energies have suggested the importance and possible dominance of 

meson.production via the decay of intermediate states which may 

possibly be identified with known meson and baryon resonances. If 

such decays are the major source of final state pions it should be 

possible to determine the effects for the observed multi-particle 

co~relation functions when better statistics are available. The 

explanation of observed correlations as primarily due to decays of 

known meson resonances would be of interest. The. demonstration that 

observed correlations cannot be understood soley in terms of such 

decays would be even more exciting. 

(4) 	 Studies of second-order interference effects, analogous to the Hanbury 

Brown-Twi ss effect in opti cs have recently been presented. Inter­

pretation .of the observations has been severly hampered by 1imi ted 

statistics. Improved statistics may lead to a possible better 

understanding of the space and time evolution of particle production. 

----------------_ '" ~---.. ~.~ .. -...._-_.-. 

http:statistics.29
http:significantly.28
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(i i) Local Conservation of Quantum Numbers 
----------------------~--------------

Current studies of charge exchange along the rapidity axis in 

hiqh-energy interactions provide evidence for local conservation of 

charge. 30 This observa~ion has led to considerable speculation about 

local conservation of other quantum numbers such as strangeness and of 

variables such as transverse momentum. With the identification of K;, 

K±, Ii and A in a large number of events (see summary iOn Table vI) one 

might expect to study the processes of strangeness exchange in hadronic 

interactions. For example, what is the rapidity gap distribution between 

the two strange particles? How locally is strangeness conserved? The 

answers to these questions (along with the analogous questions relating 

to charge exchange) could be most revealing. 

(g) Exclusive Channels 

Figure 21 shows a summary of the 4 and 6 body final states in pp 
interactions. By extrapolation to 100 GeV/c, one can estimate the numbers 

of events expected for various annihilation and nonannihilation final 

states. These are given in Table VI along with the analogous values 

+ dK+' .f or pp, ~-p an p lnteractlons. At 100 GeV/c the momentum resolution 

of the downstream hybrid system will be sufficient to provide reliable 

kinematic fitting. Contamination of 4C event samples with events in­

volving neutral secondaries can be furthet' reduced with information from 

the neutral calorimeter since these data can be used to veto events with 

associated photons. 
- + - + - + +­With the expected numbers 0 f pp~ ~ , pp~ TI , and ~-p~ ~ events 

one will be able to make interesting comparisons at 100 GeV/c. The 

number of annihilation events expected in the low (s6) multiplicities 



will be too small to permit much analysis, but it could be that the 

cross sections for annihilations to 8n and up will be large enough to 

permit some interesting studies. 

(h) Studies of the Events in Mg and Au Interactions 

Much of the physics we intend to study in these events is described 

in Fermilab proposal #304 which has already been approved for 200K 

pictures of 300 GeVjc n- with high Z nuclei (a revised version of the 

proposal is included as Appendix D). In this section we summarize the 

major topics to be studied. 

(i) Incoherent n-A Collisions 

By using both 1'"+ and n- incident beams it \'1i11 be possible to make 

a detailed study of both n-Mg and n-Au collisions. This means that we 

can measure the multiplicities and rapidity distributions for ,/, K±, 

nO and KO as well as the distributions for the knocked-on protons and 

neutrons. The determination of the number of knocked-on protons makes 

it possible to perform a detailed check of KNO scaling for magnesium and 

gold as compared to np collisions. 

(in Diffractive and Coulomb Studies 

We should be able to measure inclusively the coherent events for 

Mg and Au. We expect of the order of 10% of all events to be coherent 

(these are the 3,5 and 7 prong events), Of these coherent events about 

one third of the events in gold should be Coulomb induced. 

(iii) a-Centauri Events 

We propose to look for this process in which large charged multi­

plicities are encountered with very few nO'S produced. We intend to 

study the high multiplicity events in detail. Hith the sample size 
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aVailable ('\t60,000 high A events) we can look at the high charged 

multiplicity events to see if there are any indications of basically 

new phenomena such as events with few TIo,s. 

This will be a by-product of our comprehensive studies of inter­

actions in a heavy nucleus. 

ltJe propose a 50K pi cture exposure of the 30" hydrogen bubble 

chamber with Mg and Au thin foil targets to a 360 GeV/c TI- beam in order 

to make an exploratory study of the multiplicities produced by the 

highest possible energy TI interactions with heavy nuclei to look for 

possible new physics. 

VII. 	 Efficiency for Separatinjl 
Annihilation from Nonannihilation Events 

The efficiencies determined in previous sections are summarized in Table 

VII. In Table VIII we show the separate efficiencies for detecting the four 

nonannihilation final states: (l) ppX; (2) pnX and (3) npX and (4) nnX. An 

important input into these considerations is the anticipated relative 

abundance of these four states. Assuming pp and pp (nonannihilation) reactions 

are factorizable, the results 3l of B¢ggild et 1 for pp at 19 GeV/c SU9geSt 

the above reactions should scale in accordance with the ratio p:n ~ 0.7 : 0.3. 

We conclude that 97% of the nonannihilations will be identified. 

The resultant purity of the annihilation sample is now easily calculated. 

With o.T ~ 42 mb, o{ann) 3.5 mb, 0el 7.4 mb, we calculate'\t 
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(42-3.5-7.4) x 0:03 = 73%Puri ty = 1 -	 (14 )3.5 

where we assume elastic events can be readily removed usin~ kinematics. 

Furthermore, any impurity will plAobably manifest itsel f as departures from 

C-invariance in K± distributions. 

In additi on to the use of symmetry arguments, we woul d a 1 so expect to 

make detailed corrections for the inefficiencies in the detection system by 

using pp data run under identical conditions. By using those pp events 

in which we do not identify any baryon (since every pp event must produce 

two baryons, such events result from inefficiencies in the system), we will 

obtain distributions (e.g., y*, x, PT' <nc>' etc.) which may then be used to 

obtain corrected annihilation samples. From Table VI -and our estimated 

efficiencies, we calculate that by using ~300,000 pp pictures (with the 

0.3p/0.1K+/0.6n+ ratios) as a calibration run, the errors resulting from 

these corrections should be comparable to or smaller than the statistical 

errors in individual bins in a typical differential distribution. Thus. in 

additi on to the i nfonnative phys i cs studi es to be done in the pp experiment. 

an extremely~ortant aspect of the pp exposure is as a calibration run for 

the pp annihilation physics. 

VIII. Analysis of Experimental Data 

Physicists at all six institutions on this proposal have had extensive 

past experience with measurements and analysis in experiments involving the 

Fermilab 30-inch bubble chamber. Appendix_~ lists the publications from 

these groups for the following experiments: 

#2B 	 (Notre Dame, Duke, Fermilab, Michigan State): 100 GeV/c n-p. 

200 GeV/c n-p. 200 GeV/c pp and 300 GeV/c pp. 

#163A (Duke): 200 GeV/c n-Ne 

http:0.3p/0.1K+/0.6n
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#281 (Notre Dame, Nichigan State): 360 ReV/c 'IT 
-p 

#311 (Cambridge, Fermilab, Michigan State): 100 GeV/c pp ­

#345 (Stockholm): 100 GeV/c pd. 

Thus we have demonstrated our capability for measuring and analyzing 

significant numbers of events of all multiplicities in the 3D-inch bubble 

chamber. 

The six "institutions have measuring systems ranging from semi-automatic 

machines (Spiral Reader, Sweepnik, SAMM, RIPPLE) to conventional film-plane 

and image-plane devices of high precision with experienced operators and 

on-line computer sequencing and checking. We estimate that the combined 

measuring pOwer of the collaborating institutions amounts to about l70K 

events per year. This should insure that all of the events in the 1.45 x 106 

pictur.es are measured in ",2 years. We anticipate, however, that many physics 

results will be obtained prior to completion of measurements on the entire 

film obtained in this e~periment. 

http:pictur.es
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Table I 


Pion AcceQtance of ISIS as a Function of Laboratory 

r10mentum for 100 GeV/c ~12 Interactions 

Momentum 
{GeV/c) 

No. of Pions 
Produced 

Ir IS 

No. 
Escaping Maqne!
%of TI's Produced 

TI's Escapin~ Magnet and 
Thru 1xlx3m ISIS , 
No. %of TI'S Produced 

0-5 16135 8389 52.0 691 4.3 

5-10 3752 3734 99.5 2034 54.2 

10-15 1692 1678 99.2 1522 90.0 

15-20 916 910 99.3 887 96.8 

20-30 919 913 99.3 910 99.0 

30-40 393 390 99.2 389 98.9 

40-50 164 159 97.0 159 97.0 

50-60 63 61 96.8 61 96.8 

60-70 33 30 90.9 30 90.9 

70-100 12 10 83.3 10 83.3 

Tota 1 s 24079 16274 67.6 6693 27.8 
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Table II 


Pion Acceptance of ISIS as a Function of Laboratory Momentum for 100 GeV/c ~-p Interactions 


~IS Escaping Magnet and 
~IS EscaQing MagnSLt Thru 1 x 1 x 3m 3 ISISLaboratory No. of - + - +Pions Produced %of ~ %of ~ %of ~ %of ~ 

(GeV/c) 1'1 ~+ No. 1'1 Produced No. 1'1 
+ Produced No. 1'1 Produced No. ~ 

+ Produced 

o - 5 6352 7227 3529 55.6 3818 52.8 352 5.5 245 3.4 
5 - 10 2029 1696 2027 99.9 1689 99.6 1,297 63.9 731 43.1 

10 - 15 1139 848 1139 100.0 847 99.9 1093 96.0 727 85.7 
-! 5 - 20 633 483 633 100.0 483 100.0 632 99.8 466 96.5 

20 - 30 791 . 448 791 100.0 448 100.0 789 99.7 446 99.6 

30 - 40 427 176 427 100.0 176 100.0 427 100.0 175 99.4 . 

- 50 278 85 278 100.0- 85 100.0 278 100.0 85 100.0 
. 4350 - 60 183 183 100.0 43 100.0 182 99.5 43 100.0 

60 - 70 169 25 169 100.0 25 100.0 169 100.0 25 100.0 
70 - 100 812 60 812 100.0 60 100.0 812 100.0 60 100 .0 

tal 12813 11 091 9988 78.0 7674 69.2 6031 4"7.1 3003 27.1 
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Table III 


Hemispheric Pion Accepta~ce of ISIS for 100 GeV/c pp Interactions 


C • M. Hemi sphere 

No. of 
Pions 
Produced 

%of Pions 
Produced 

Backward 
No. % No. 

Forward 
% 

Total produced 24079 100.0 12043 100 12036 100 


Leave magnet 16274 67.6 4310 35.8 11964 99.4 


52.6 1987 16.5 10677 88.7Enter 1mx1m ISIS at 2.1m 12664 

27.8 375 3.1 6318 52.5'Exit 1mx1m ISIS at 5.3m 6693 
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Table IV 

Hemispheric Pion Acceptance of ISIS for 100 GeV/c InteractionsTI-P 

C.M. Hemisphere 
Backward Forward 

- + + + - + +No. TI %TI No. TI % TI No. TI No. No. TI %'IT No. 'IT % 'IT 

Total Produced 12813 100.0 11 091 100.0 4267 100.0 5376 100.0 8546 100.0 5715 100.0 

Leave r·'lagnet 9988 78.0 7674 69.2 1454 34.1 1960 36.5 8531 99.8 5715 100.0 

Enter 1 m x 1 m ISIS 
at 2.1 m 8851 69. 1 5638 50.8 782 18.3 733 13 .6 8069 94.4 4905 85.8 

Exit 1 m x 1 m ISIS 
at 5.3 m 6031 47.1 3003 27.1 139 3.3 154 2.9 5892 68.9 2849 49.9 
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Table V 

Thresholds and Photoelectron Response (OSIRIS) 

Assuming: atmosphere. L = 5m length. and N{P) = 2A (n-l)[1-{PT/P)2]L. with 

A = 100 em- l (Figure of Merit) n = index of refraction and 


= threshold momentum
PT 

~1aximum 
Li ght Cone 

Threshold, PT (GeV/c) Gas Hix Index Nomentum # Photoe 1 eetrons (N) Radi us 

%He-%N 2 NlT K 	 NP RlT 
K 1T (n-l)xl06 P(GeV/c) N	 max{ em)-.-:L 

116 61.0 17.3 100 - 0 32.7 	 100 3.2 2. 1 0 4.0 
50 2.9 
20 0.8 


100 52.6 1-4.9 95.5-4.5 44.02 ' 100 4.4 3.2 0 4.7 

• 50 4.0 

25 2.8 
20 2.0 


70 36.8 . 10.4 77.5-22.5 89.83 100 8.9 7.8 4.6 6.7 

50 8.6 4. 1 
25 7.4 
15 4.7 

55 	 29.0 8.3 55.3-44.7 145.5 100 14.5 13.4 10.2 8.5 

50 14.2 9.7 

35 13.8 4.6 

20 12.1 

10 4.5 

39.3 	 20.7 5.9 o - 100 285 100 28.4 27.3 24.1 11.9 

50 28.1' 23.6 10.9 
25 27.0 9.0 
15 24.2 
10 18.8 
7 8.6 

.'­
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Table VI 


Estimates of Number of Events to be Obtained 


(With 6 Particles/Picture) 


Pictures 

Beam 

Events/~b 

Total Events 
Total Inelastic 
Elast i c 
Inelastic 2 prong 
Ine1 ast i c 4 prong 
Inrlastic 6 prong 
Inelastic 8 prong 
Inelastic 10 prong 
Inelastic 12 prong 
Inelastic 14 prong 
Inelastic 16 prong 
Inelastic 18 prong 
Inelastic 20 prong 
Inelastic 22 prong 
KO 
s 

A/A 
y 

-+- +-++­ppn n /ppn n /n-pn n 

4n/6n/8n 

Total Annihilation 

~egative Beam 

1~OOO,OOO 

pp (a) 

2.70 
113,510 
93,420 
20,01 0 
9,720 

21,740 
22,280 
18,710 
11 ,100 

5,910 
2,430 

970 
320 
110 

24 
2,300 

1,570 
6,280 
2,700 

<2/5/13 
9,450 

- (b)
n p 

6.30 

151,830 
131,990 
19,850 
12,290 
30,180 
32,570 
27,090 
15,750 
8,880 
3,780 

840 
280 
90 
50 

1 ,710 

1,080 
3,750 
3,600 

(a) Based on Ref. 2 

(b) Based on E. L. Berger et !l., Nucl. Phys. 

Positive Beam 

400,000 

pp(c) 1T 
+ 

,D
(c) 

. 

1.08 2.16 
41,500 50,400 
33,910 43,200 
7,560 7,190 
5,300 5,140 
7,890 1.0,050 
7,570 10,410 
6,050 7,840 
4,030 5,700 

1 ,830 2,700 
870 1 ,060 
230 	 280 

76 86 
11 43 

535 1 ,013 

350 325 

1,200 1,870 


990 1,200 


B77, 365 (1974) 

0.36 
6790 
5840 
950 
840 

1260 
1120 
1360 
660 
360 
170 

65 

260 

43 
243 
150 

(c) Based on Ref. 25 and \4. M. Morse et !l., Phys. Rev. 015,66 (1977) 
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Table VII 

-
Detection Efficiencies for Individual Particles in pp Interactions 

Particle Effi ci e_~EY Detector Value 

p dj5l OSIRIS rv97% 

-n dii) n Detectot' rv90% x 90% = rv8l% 
±n dn) ISIS and 

OSIRIS rv36% (of forward 
hemisphere) 

ISIS rv53% (of forward 
hemisphere) 

p. e:(p) 30-inch B.C. rv70% 

Table VIII 


Overall Efficiency for Tagging Nonannihilation Events 


Reaction Relative Abundance* Efficiency X Rel. Abundance 


ppX 0.49 (1-0.03xO.30)0.49 = 0.49 


pnX 0.21 0.97xO.21 = 0.21 


npX 0.21 (1-0.30xO.19)0.21 = 0.20 


iinX 0.09 0.81xO.09 = 0.07 


TOTAL 1.00 0.97 

*Assuming p:n = 0.7:0.3. 

http:0.81xO.09
http:1-0.30xO.19)0.21
http:0.97xO.21
http:1-0.03xO.30)0.49
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Appendix A 

Compilation of Refereed Journal Publications 

from 


Experiments 2B and 281 

(Spokesman: G. Smith) 


Experiment 2B 

1. 	 tlStudy of the Energy and Charged Multiplicity Dependence of Inclusive rr­
Production in rr-p Interactions up to Fermilab Energies", I~. r10rris et~., 
Phys. Letters 56B, 395 (1975). 

2. 	 "Two Particle Correlations ~n the Central Region of pp and rr-p Interactions 
at 100-300 GeV/c", B. Y. Oh et ~., Phys. Letters 56B, 400 (1975). 

3. 	 "Two-Particle Correlations in Inclusive and Semi-Inclusive rr-p Rea~tions 

at 200 GeV/c", N. N. Biswas et a1., Phys. Rev. Letters 35, 1059 (1975). 


4. 	 IIStudy of the Approach to Scal ing and Factorization in Proton Fragmentation 
into rr±", J. Whitmore et ~., Phys. Letters 60B, 211 (1976). 

5. 	 "Three and Higher Order Rapidity'Distributions in pp Coll isions at 200 

GeV/c", r,1. Pratap, et ~., Nucl. Phys. B1l6, 1 (1976). 


6. 	 "Semi-Inclusive 1T- Cross Sections in pp Interactions up to 300 GeV/c", 
B. Y. Oh et ~., Nuc1. Phys. B116, 13 (1976). 

7. 	 "1T-P Charge-Transfer Cross Sections at 205 GeV/c, and an Apparent 

Universality of the Charge-Transfer Spectrum", G. Levman et al., Phys. 

Rev. 014, 711 (1976). 


8. 	 "Study of the Charge Structure of Events Produced in 200 GeV/c rr-p 

Collisions", V. A. Sreedhar et ~., Phys. Rev. 014,2894 (1976). 


9. 	 "Observati on of a Uni versa 1 Charge Exchange Dependence Across Rap; dity 

Gaps in 200 GeV/c TI-P Interactions", J. vI. Lamsa et alo, Phys. Rev. 

Letters 37, 73 (1976). - ­

10. 	 "Direct Evidence for the Bose-Einstein Effect in Inclusive Two-P.article 
Reaction Correlations", N. N. Biswas et al., Phys. Rev. Letters 37, 
175 (1976). -- ­

11. 	 "Evidence for Local Compensation of Transverse Momentum in pp Coll isions 
at 200 and 300 GeV/c", D. Heingarten et alo, Phys. Rev. Letters 37, 1717 
(1976). 	 - ­

12. 	 "Inclusive 1l++(1236) Production in the 200 GeV/c rr-p Reactionll, N. N. Bis\,/as 
et ~., Phys. Rev. 015, 2090 (1977). 

13. 	 Comparison of Inclusive Charged-Pion Production in TI±P Interactions at 100 
GeV/c", J. Whitmore et ~l:, Phys. Rev. Q., (to be published) (1977). 
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~Experiment 281 

1. 	 II 'IT -p Interactions at 360 GeV/c: Measurement of the Total and E1 astic. 
Cross Sections and the Charged-Particle Hultiplicity Distribution", 
A. Firestone et ~., Phys. Rev. 014, 2902 (1976). 	 . 

2. 	 "Direct e+e- Pair Production by 360 GeV/c 1T in Hyqrogen", E. H. Anderson 
et ~., Phys. Rev. Letters 37. 1593 (1976). 

Published Conference Proccedings from 

Experiments 2B, 281 

1. 	 liThe NAL 30-inch Bubble Chamber-Hide Gap Spark Chamber Hybrid System", 
G. A. Smith, Proceedinqs of the Berkeley Meeting of APS/DPF, Berkley 

( 1973), p. 500. 


2. 	 IILeading Clusters in 200 GeV/c 'IT-p Interactions ll , V. P. Kenney, Proceedings 
of the EPS International Conference, Palermo (1975), p. 815. 

3. 	 IITwo Particle Correlations in the Central Region of pp Interactions at 
200 GeV/c ll , G. A. Smith, Proceedin9s of the IIIrd International r·1eeting on 
Fundamental Physics, Sierra Nevada, Spain (1975), p. 97. 

4. 	 IIStudy of the Energy Dependence of Diffractive Excitation in 'IT -p Interactions 
up to Fermilab Energies", G. A. Smith, Proceedings of the IIIrd International 
r1eeting on Fundamental Physics, Sierra Nevada,Spain (1975), p. 14l. 

5. 	 IIInclusive Study of Beam Dissociation into 'Leading Clusters' at FNAL 
Energies", V. P. Kenney, Proceedings of the Seattle r~eetinq of APS/DPF, 
Seattle (1975), p. 192. 

6. 	 "Hultiplicities and Inclusive and Exclusive Reactions at Fermilab Energies U , 

J. Whitmore, Proceedings of the Seattle Meeting of APS/DPF, Seattle (1975). 
p. 234. 

7. 	 "Hultiparticle Correlations ll 
, V. P. Kenney, Proceedings of the Seattle 

Meeting of APS/DPF, Seattle (1975), p. 254. 

8. 	 IIMu1 ti parti c1 e Processes at Fermi 1 ab Energi es II, J. \4hi tmore, Proceedings 
of the BNL Meeting of APS/DPF, Brookhaven (1976), p. F37. 

9. 	 IITrack Chamber Experiments at Fermil ab Energies: Recent Developments in 
Strong Interactions", \'1. D. Shephard, Proceedings of the VII International 
Colloguium on t1ultiparticle Dynamics, Tutzing, Germany (1977), p. 41. 
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Compilation of Refereed Journal Publications 
from Experiment 311 (Spokesman: W. W. Neale) 

1. 	 "Charged Particle Multiplicities' in lOa GeV/c pp Interactions", R. E. Ansorge 
et !L., Phys. Letters 59B, 299 (1975). 

2. 	 "On the Difference Between pp and pp Topological Cross Sections up to 100 
GeV/c", J. G. Rushbrooke et !L., Phys. Letters 59B, 303 (1975). 

3. 	 "Comparison of Neutral Particle Production in 100.GeV/c pp and pp Inter­
actions ll , D. ~. Hard et !L., Phys. Letters 62B, 237 (1976). 

4. 	 "Neutral Particle Production in 100 GeV/c pp Interactions", R. Raja et.~., 
Phys. Rev. 015, 627 (1977). 

5. 	 "Properties of Incl usive 'IT± Production in 100 GeV/c Antiproton - Proton 
Interactions", J. Whitmore ~ ~., Phys. Rev. Letters 38, 996 (1977). 

6. 	 "Tests_of Factorization from Single- and Double-Pion Production in lOa 
GeV/c pp and pp Collisions", J. G. Rushbrooke et al., Phys. Rev. Letters 
39, 	11 7 (1977). - ­

7 . 	 "Inclusive pO and fO Production in 100 GeV/c pp Interactions", R. Raja 
et ~., Phys. Rev. -D (to be . published) (1977). 

Published Conference Proceedings from Experiment 311 

1. 	' "Analysis of Antiproton Reactions at 100 GeV/c", vI. VI. Neale, Proceedings of 
the International Conference on High Energy Physics, Palermo, Italy (1975). 

2. 	 "Charged-P.article t1ultiplicities in 100 GeV/c pp Interactions", J. Whitmore, 
Proceedin s of the IV International S m osium on Nucleon-Antinucleon 
InteactlOns, Syracuse 1975, p. III-ll . 

3. 	 "High Energy Antinucleon-Nucleon Annihilation Interactions", J. G. Rushbrooke, 
Proceedings of the Third European Symposium on Antinucleon-Nucleon Interactions, 
Stockholm (1976), p. 277. 

4. 	 '''Two-Particle Correlations in 100 GeV/c pp Interactions", ~1. Pratap, ~l~., 
Proceedings of the Third European Symposium on Antinucleon-Nutleon Interactions, 
Stockholm (1976), p. 485. 

Compilation of Refereed Journal Publications 
from Experiment 163A (Spok~sman: W. D. Walker) 

1. 	 "Multiple Pion Production in 'IT-Ne Collisions at 10.5 and 200 GeV", 
J. R. Elliott et a1_. , Phys. Rev. Letters 34, C07 (1975). 

2. 	 "Direct Electron-Positron Pair Production by 200-GeV Negative Pions", 
L. R. Fortney ~t ~., Phys. Rev. Letters 24, 907 (1976). 
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PARTICLE IDENTIFIERS FOR HADRON PHYSICS 


Vera Kistiakow,sky, Massachusetts Institute of Technology 


A workshop was held at Fermilab on May 7-8, 1976, to discuss what 

system of particle identifiers would be optimum for further studies of hadron 

collisions with the Fermilab hybrid bubble chamber proportional wire 

chamber system. The meeting was attended by about 40 physicists from 

various institutions. 

What Can Be Learned? 

The bare bubble-cham.ber experiments and the experiments with the two 

hybrid systems have already yielded many interesting results concerning 

hadron physics at Fermilab energies. For example, leading-particle studies 

have demonstrated the factorization of the Pomeron. Inclusive 1T±p studies 

have shown that the leading particles and clusters retain the charge of the 

given ll}Coming particle to low Feynman x' and studies of the distribution of 

charge as a function of rapidity have indicated the absence of a central neutral 

. 
plateau. Studies of two-particle correlations have shown a strong dependence 

of this correlation on the respective charges and on the azimuthal and. 

rapidity separations of the two particles. The new results on pp charged 

multiplicities and a comparison with pp data have yielded hints of some of the 

interesting properties of high energy pp annihilations. 

T. Ludlam (Yale) discussed some of the physics questions pertaining to 

particles produced in the central region of rapidity. The graph 011 the next page gives 

the differential cross sections for various particles from 1T- P interactions at 147 

GeVI c and if can be seen that, except for elastic scattering and beam and 
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target fragmentation, most of the pa::1:ic1e p'roduction is between y " -2 and 

y = +2. InvestigaUon8 already being carried out on the charge structure of 

tl.e particles in the central region of rapidity indicate the presence of Bhort­

range correlations and of local conservation of charge and r::lise the question 

of whct)."r neutral clusterse:dst. An obvious extension of charge-transfer 

stucies lies in similar investigations of strallgcnpss, With chargeu-particle 

identification it should be possible to btudy _strangeness transfer and it would 

be very ir.~eresting to determine whether the quigg prediction of local strange­

" ness cOllservati-::m is verified. T-J.rning 

to two-body resonances, charged-

particle identification would permit in-

vt:st,g'"tion of K*, I/o. Dnd y'" production .:j;O_1-I. 
and, together with prcviou~ results on 

po and ,~++ production, this would again 

permit «n t:nlit;htening comparison 0.01 

7r-P 147 Gf'V/c 
-, "' ,-,----t 

•• : £ • • 11' 

P

l
::
1T:;':~ 

• It •• .... . . '-'., "K. ,f \ 
\ 

1r--....11. \ 
\ 

,'I '. 
\ 
\1 \ 

bctw('en charge- and sh'angene;!s- ·4 ,2 o 
v,~ 

The tractional dif!el'ential CX OS9dr:p<.:ndellt effcc',s. Since a photon 
Rection as a function of c. m. rapid­

_ ity for p, ,,:t. n, and K,? produced
d",tl.:ctol' wlll shortly be part of the in 147 GeV/c .,,-p intcractions. 

system, this will permit 11'0 identlfication and thus studies of p± and (0) 

production, ,Finally. the recent observation at the ISR thut in Ill' interactions 

there is apparently a sizable cross section.<~ 1 mb) for events where both pro­

tons come almost to rest in the center-of-mass system raises the question 

whether the pions associated with such events are produced in jets or dis­

tributed isotropically. In conclusion, a rich source of information wou.ld be 
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opened up if clean 'if/Kip separation were possible over most o! t.'le central 

region -and if programmatic studies with several ineide.nt beams and reason­

ably good statistics were carried out, 

J, Whitmore (Michigan State) emphasized the physics question which 

could be studied in pp and pp interactions, but also mentioned the interest in 

the central-region physics from the ,,:I: interactions which could be obtained 

in the same exposures. One topic of considerable interest is a measurement 

of the relative contributions of annihilation- and nonannihilation final states in 

lip interactions and the study of bary;m annihilations at hilin energy: The study 

of the armihilation channels is of particulal' importance since this process has 

not been studied at all above approximately il GeVle and has not been studied 
I 

in any udail above approximn.tely 7 GeVlc, It is estimated that for pp at 100 '" o 
I 

GeVlc (P-394) about 97% of the nonannihilation events could be identified by 

a suitable combination of particle identifiers. and Ule consequent identification 

of annihilation events would permit a comparison of the anniJlilation Cl'OSl> 

section with the difference between the pp and pp total cross sections. as well 

as a study of the annihilation multiplici.ty distributions and related topics. 

1111 correlations and single particle inclusive studies would also be possible 

and would contribute to a much better understanding or the annihilation chan­

nels at high energies. With respect to the central-region phYSics, in addition 

to the topics already mentioned, it would be interesting to determine the erOSIl 

sections for production of KK and NN pairs in PP. pp, and 'IfP interactions and 

to determine the propel-ties of such events. Studies or this variety would 

require rr/K/p separation both for leading particles and in the central region, 

a neutral-hadron detector. and high-statistics eXperiments. 

http:1r--....11
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W. Walker (Duke) rcviewed U,e results oC hadron-nucleus interaction 
1500,r-'--r-.--r-~-r-.-;.-.-. 

stl,ldics, whkh have shown t.'1at the multiplicity. moment1.lm and rapidity dia­ 300 G.V/c 

tributions are very similar to those for hadron-nucleon colllaions. The dif­

.. 
ferenees. which are relatively small. indicatc that the characteristic time ~rooo 

~ for p:lrtic1e production is considerably longer than the collision time for 
'l;; 
~ 

hadron-n"dcus collisions. It is necessary to measure the production spectra Jl " 
g 500 

for K's, ,,' S and nucleons separately to Curther illuminate Ulis result. z 

FermOab Hybrid System 

R. Pl;\l\o (Butgers) prescnted some possible configurations of the 
Y (em) 

Fcrmibb hyhrid s> ste!n with downstream partiell, identifiers and described 
The number ot particles trom simulated 300 GeV/c 'If p interactions as a 

function of rapidity: A) aJl particles, Bl particles which leave bubble chamber
acc.:pt:mce studies for !loese systems. Tile next phase of the hybrid system 

C) particles with p > 5 GeV!c which leave bubble chaml;>er nwgnet 
D) which pass through L'lIS.

will inclu,je drift chambers and a photon detector, as well a!l proportional I 
'-l ...... 

wire chamber!'l. A downstream charged-particle Identifier would be the next R. Yamamoto (MIT) described the photon detector and the results of I 

:lddition desired, rm,j two possibilities have heen considered by the rec'.mt tL,sts of thil< device in the N-S beam. This detector consists oC two 

Froport:on:ll Hybrid System Consortium (PllSC). The first eonsist~' of three lead-glass photon converter detectors. 
15 G<!II 

1 m y. 1 m x 1 In ${'ctions of a relnUvistic ri"e detector (ISIS) and the second each containing five counters, and four 100 

of a 3 In t:i:<mx 3 m tall Cerenkov detector (CM'lJTE). Both detectors can 

only separate ",/K/p above 5 GoV/c and this corresponds kinematically to a 

sho\,rcr-cnergy absorber detectors. A 

scintillation-counter bodoscope permits 

~ c 
~ i5 
w 
¢ 

limit:>tion. on the region <.,f rapidity for whieh particle identification is possible. 

This limitation is less severe at higher incident-particle momenta ,and thus 

an accurate location of the shower ver­

tex. The total energy of the shower is 

~ 

'" ~ 50 
j, 

acceptance studies have been carried out at 300 GeV/c as well as 150 GeV/c, 

both based on data from the 117-GeV/c ,(p (E-1S4) exposure. The graph 

at the tc'P of the nCl>."t page shows the 300 GeV I c distribution ot particles with 

p> 5 Ge\'/c asa function of rapidity which traverse a 3m ISIS located Z.ZSm 

+ obtained by adt:ing the converter and 

absorber pulse hcights, permitting very 
.! 

good energy resolution (ll;E '" 0.i5E" , 

where E is in GeV). Tests with elec­

'25 

I " '" nt,..,!jIJ:J.r~
o 20 40 60 SO 

EnerQY (Gell) 

Th'!' number of events in the pho­
ton detector as a function of energy 
with 7S-GeV electrons incident on 

from the bul.Jble ch;)mber center. trons of various energies have verified the detector. 

http:moment1.lm
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this prediction_ The figure at the bottom of page 17 shows the pulse-height five 75 cm wide by 50 em hIgh black lucite m'irrors focusing the light on photo-

distributions or showers generated by 75-GeVIe particles tagged as electrons tubes on either side of the beam line. CANUTE has been designed both 

by II. Cerenkov counter. The events observed at low energies are probably mechanically and optically to operate with freon at pressures from slightly 

from pions which produce knock on electrons in the Cerenkov counter. This above atmospheric up to 4 atmospheres. With a filling of 45 psia of freon 

detector is currently being installed and will be used in Experiment Z99 as 100 photoelectrons are produced by particles with B of order 1 and thus K/lI' 

soon as the schedule permits. separation by pulse-height analysiS Is possible. It can be seen from the 

11.6 GfNlt PULSE HEIGHT SPECTRA 
figure at the right that a good separationCharged-Particle Identifiers 

,1'0of from ,/ is achieved at 11.6 GeV/c. 240'·R. Lewis (SLAC) described the Cerenkov counter operating in the SLAC 

G. Smith (Michigan State) dis-hybrid facility and showed some experimental results on K/'IT- separation 
200 

cussed the particle-identification con-obtained in a 'If+p - K+Y· experiment a.t about 1.2 GeVI c. The figure below 	 .J '" W 

jE 160siderations necessary to a 9 GeV/c ppshows the experimental layout and the 3 m diameter by 3 m high cylindrical .,5 ......experiment to be carried out at the SLAC NCerenkov counter (CAl\'UTE). This is a segmented device with two rows of ~ 120 I
C.r."'-O. C~ .... (e.) 	 <t'> ....40-in. hybrid facility by a Cambridge­

~ 
80 I-Michigan State collaboration (BC-64) and 

e_o,," v.'. (sa) 
considered the same questions for the 

~ 

I 
r 2'\

j 
4o100 GeV Ie pp experiment proposed for 	 °t~oo i. .~if'./_.d..,__-,-_-, 

o If;() ?:";:l 300the FermUab hybrid spectrometer (P­
CbU'JTE pIJ:... ..~r H[j"';HT (AOC CMn~s' 

The number of events as a func­
tion of pulse height for 11.6 GeV/c 

the SLAC experiment are CANUTE " mesons and K 'mesons in CANt;TE. 

394). The two essential components of 

8 .. 0"'" 
C.ft.,.~ ...' 	 and the UCLA neutron detector, suitably modified, used for antineutrons• 


This device will contain Z6 layers of iron alternated with scintillator and
1 
three hodoscopes for accurate location of the ii interaction. This device will 

have an efficiency of approximately 88'!'. for ii. A possible particle­IS,) 

identification scheme for the Fermilab too GeV/c pp experim't:nt would involve 

a CANUTE-type Cer-enkov counter to separate 'lT/K/p for central-region 

'I'll"! 1:<yO'.<\ of 1.."" SLAC 40-1n, bubble chamber hybrid system including 
the Cerenkov d.::tector (CA..'\l,;TE), 
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tbe efficiency fox distinguishing 'lr/K/pphysics followed by a multi-cell 2 m x Z m x 5 m atmosphe.ric pressure 12, ~C.Y/c: 

10 

~ 

6 

,c.has been estimated. From about 5.5Cerenkov counter (C ) similar to that constructed at Michigan State for E­
Z


GeVlc to 11 GeVlc K's can be identified,
366, which when filled with appro:cimo.tely 95')'. helium and 5'7. nitrogen would 

by pulse-height analysis. but there is anpermit a 'lf/K/p separation between 53 GeV/c (K threshold) and 100 GeV/c 

overlap between the pulse-height distri ­(p threShold). Acceptance calculo.tions yield a 97,),. overall detection efficiency 

butions for ". K and p which results infor p by C ' An antineutron detector similar to that planned for SLAC would
Z ~ I I 

~ 2r­
the misidentification of up to 30')'. of thefollow the Cerenkov counters and would have about 90'7. acceptance. This, ..!!! 

P·.
K-mesons. Another problem whichtogether with the conversion eWciency, would yield an overall detection 

efficiency of about 80')'. for antineutrons. These estimates, together with seriously affects the detection efficiency 

of such a detector is the overlap ofcross-section information, yield a 73'{'. estimated purity of the annihilation 

sample_ The cost for building C would be approximately $itO,OOO (based Cerenkov, light spots from different par­
i 

I
tides. This cannot be improved byon thtl construction cost of CANUTE) and for C approximately $30,000 .......
z W 

decreasing the CANUTE mirror size, I 
(based on the !\Uchigan State E-366 Cerenko\- cost). The laboratory momentum p as 

a function of laboratory angle 11 forsince at 4 atmospheres of freon the sizeV. Kistiakowsky (l\UT) discussed the problems associated with using protons and K mesons produced at 
variou'3 c. m. momenta p' close toof the spots is comparable to that of theCerenko\- detectors for central-region rhysics and presented some estimates zero in 300 GeV/c interactions. 

0: the separation expected from a C.\l\1.!TE-type detector at 150 GeV/c and mil·rors. At 300 GeVlc, the acceptance of a CANUTE-type detector located 

6 m from the bubble chamber would be 46'7. for particles with momenta 5,5300 GeV I c. The graph on the follOWing page gives the laboratory momentum 

p as 0. function of laboratory angle 0 for K-mesons and protons produced .<. p < 1:1. GeV/c_ However, only 43% of the particles a~cepted would have 

sufficient separation to permit tdentiiication. The advantages of such a devicewith very low c. m. mom",nta p' by 300 Ge V I c interactions. It is seen that 

are that it is guaranteed to work and t~t engineering costs could be minimizedthe region where particle separation would be desired stretches from p 

by copying CANUTE (estimated cost about $i10,OOO). The disadvantages areapproximately 3 to 16 GeV I c. For lower incident momenta, these curves 
4­

the limited region of "/K/p separation, the limited particle spatial resolution,are shifted downward in laboratory momentum. Currently, attainable K 

thresholds are ~ 5.3 GeV I c (4 atmospheres freon) due to safety considerations. and the incompatibility of such a device and the photon detector. , 
J. Whitmore (Michigan State) described the CERN Externa·l P!'-rticleUsing the experimental results for the number of photoelectrons in CANUTE, 

Identifier (EPI) and discussed the pros and cons of constructing such a deVice 
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for the Fermilab hybrid system. This device 1s helng built (75'!'. completed) 

for use at BEBC and extensive tests which have been made with prototypes 

are very promising. This device measures the ionization of the particles in 

the region (3 to tOo GeV/c) where dE/dx for 11, K, and p 1s different due to 

the rise at relativistic velocities (see figure below). Since an individual 

.- ~~ 1 
· '.'''-••." ~.... }.."~ "" ,'/--'______ T-11· .•.•1 

• •• S h'EO¥(.rQ 'G.~A I•."'., ,':r:V 
,. 
,, 

.. 
-.: n 

1.1 

r .' :I:: \ :'0 ':,"0", ' " ICOO 

o (G,,\'/d 

The rcbtive ionization as a function of momentum lor,.. mesons. K 
mesons, and protons. The dashed line is that calculated by Sternhcimer. 
the solid line L; r~'nd drawn UlI'ough the pOints which are the results of ex 
experiments carried out by the g;:m:p developing the DEBC EPI. 

ionization measurement can yield a wide range of values for dE/dx with a 

probability given by the Land:lu distribution, the ionization of a given particle 

must be sampled a large number of times and an average of these measure* 

ments (or an equivalent quantity) used to typify the particle. With a large 

enough number of samples. good resolution can be achieved for the distri­

but ion of the average values for a given particle type at a given momentum. 

The CER."I' EPI will consist of 128 layers of 3Z individual proportional 
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counters, each of which is 6 em x 6 em x 90 em (see figure below). The 

active volume of each proportional counter is defined by eight high-voltage 

wire!! and the device is filled with 95% 

A-51. CH • Based on experimental
i 4

studies,5.5,),. FWHM resolution is 

I anticipated for 1.28 6 cm ionization 

samples suitably analyzed. The 

acceptance of an EPI located 2.5 m 

from the bubble chamber center has 

been estimated using data from a f.00 

GeV/c pp experiment (E-li1). and 

59. i % of all particles and 97.3% or 
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Schematic representation of the 
BEBC EPI. 

all forward-hemisphere particles would enter the device. A consideration of 

the track-overlap problem indicates that in 4-prong events, typically. the 

information from approximately 31,\". or the cells must be discarded because 

of particles passing through the same cell. with a corresponding reduction in 

resolution to 6.6% FWHM (for U8 layers). In f.l.-proNg events, the loss 1s 

approximately 4'\". with essE-nt!ally no decrease in resolution, A recent 

estimate made at CERN for the cost or a 64-layer EPI was $188,000 plus 

salaries. 

W. Bugg (Tennessee) described another relativistic-rise detector and 

presented some estimates of its anticipated performance with the Fermilab 

hybrid system. Thi~ devie~ is a smaller version of ISIS, the d~viee being 

developed at OXford for use with the CERN rapid-cycling bubble-chamber 

I 

'"~ 
I 

hybrl.d system. ISIS consists of a t m x 4 m x 5 m drift chamber whi,eh 
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contams 330 signal wires with a 1.5 em spacing (see the illustration below). 


~~ ..... > .... ~ 
.:nIt '.old 

Schematic reprcsent:ltion of the Oxford ISIS. 

The pulse-height resolution predicted for the mean of the 330 1.5 cm samples 

. is 6.2'1'. F\nr:M. The time resolution of the sigml collection is Z50 nsec and 

thus, with a 2 cm/",sec drift velocity.. measurements on tracks within roughly 

em of each oUler cannot be used. A full-scale ISIS has not yet been tested, 

but extensive studies of both its drift chamber and relativistic-rise aspects 

have been carried out, There :tre somc stringent constraint.s on gas purity 

and field uniformity for operation \II itll a {ull Z m drift space, but these dis· 

appc:\r if the dl'ift·"'IX"\ce dimension is decreased to 50 cm. Such a device 

could be operat.ed with commercial boUled gas (purity Z ppm) and an off-the· 

shell power supply. Thus it is proposed that three sections of aim x i m 

x 1 m ISIS-type device be constructed, each containing 66 wires at a 1. 5 cm 

spacing, pt!rmittioJil a total of 198 t.5 cm samples of the ionization and a cor" 

r~ spending 7.ar. FWHM resolution. The figure at the top of the next page . 
gives the percentage of misidentified K-mesons as a function of particle 

momentum corresponding to this resolution and this device is seen to give. 

better than 70':'. K identification from 5 to 30 GeV I c. The figure at the top 

of page Z6 gives the rapidity distribution both for all particles and for those 
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detector with 8% FWIIM resolution at a function of momentum for "/K/p 
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which both pass through ISIS and have momentum, 5 < P < 40 GeV/c. At 300 

GeV/c, 18')"of all particles and 30,),. of tho;te escaping the magnet satisfy 

these criteria. One topic of importance to all varieties of particle identifiers 

is the question of charged-particle background, since a background particle 

passing through the same cell as a particle from the event renders the Wor­

mation from that cell not useable. A background study has been carried out 

using the proportional wire counter data for several hundred events chosen 

at random from E-i54 (If"pat i47 GeV/c) and E"Z99 (,,+pat 150 GeV/c). 

The percentage of cells which must be discarded is estimated to be 'Z5~ for 

"I. K's Misidentified 

K/7r· '/10 

- K from p Kip. 'I. 

I ......, 
10 20 50 0'1,

P (GeV/c) 

The percentage of K mesons which arc misidentified m a relatlviBtlc rise 

http:operat.ed
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The number of particles as a function of rapidity from simulated 300 
ccv/c ".-p u,teractions: A) all particles, DJ those particles with 5": P < 40 
GeV/c which pass through 13 in the figurc on p:>ge 27. 

an iSiS (1 cm cells) and 51,). for an EPI (6 cm cells), both located Z meters 

:from the bubble chamber center, with U,c current bubble chamber configura­

tion. lrapro'ltements in the background could be made by reductions in the 

amount ot matter downstream of the bubble chamber. The cost estimated by 

the Crlord group for aIm X 1 m X 1 m iSIS module is $17,200; thus, includ­

ing provision for contingencies, a conservative estimate would be $30,000 

per module. The first module could be constructed in 6-9 months and the 

remaining mOdules could be completed wiUlin a year at a total cost of 

$100,000 plus salariea. 
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I. Pless (MIT) presented a proposal agreed upon by the workshop for a 

system which would permit both "central-region" physics (5-50 CeV/c) and 

"leauing-particle," physics (50-100 CeV/c). This system is shown in the 

figure below and would consist or three clements: an ISIS consisting of 

three 1 mX 1 mX 1 m sections interspersed with drift chambers (5-50 CeV/c), 

a Z mX Z mX 5 m multi-cell.atmospheric pressure NZ-He Cerenkov detector 

(50-100 CeVI c), and the photon detector. The ph!>ton and Cerenkov detectors 

1Presenl High Boy Well 

I 
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I 	 I 
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« , 
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~ ~adron : 
!Colonmeler: , , I. , "'-J 
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Meiers 

Theparticte identification system proposed in the recommendations of the 
workshop tor the Fermilab 30-in. bubble chamber hyhrid system. H. 1Z, and 
13 are 1 mX 1 m x 1 m ISIS-type modules; C is a 2 mX Z mX 5 m multi-cell 
Cerenkov detector; PI is a proportional wire counter. and D1' D 2, D3 are 
drift chambers. The location ot the photon detector (PD) and possible location 
of a futnre hadron calorimeter are also shown. 

coulu not be used simultaneously and would be mounted on rails tor easy 

interchangc. This arrangement would necessitate an addition to the present 

high-bay area which would accommodate either the Cerenkov or the photon 

detector when not in use. At a future date, th4.s could be expanded to include 

a neutral-hadron calorimeter for nm detection. The workshop had be~n 

asked to consider 1Z aspects 01 particle identifier systems (NALREP. p. 19, 
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March. 1976}. The proposed system has (i) operating parameters of TI/K/p 

separation from 5-iOO GeV/c and (2) an acceptance that is reasonably well 

matched to the geometric profile of the particles leaving the bubble chamber. 

(3) The background sensitivity is acceptable and (4) the problems of gas 

handling and purity are minimize~ since commercially available bottled gas 

(2 ppm impurity) is satisfactory. (5) The readout electronics can use ele­

ments already available and this problem and (6) that of off-line computing 

are already solved in principle. (7) The system is compatible with photon 

detection and high-resolution momentum measurements and (8) requires no 

drift chambers or proportional wire counters other than those already in 

existence or under construction for the hybrid system. (9) A modest exten­

sion of the building will be necessary, but not a crane. (10) The maintenance 

requirements will be about the same as those of the present system, and (11) 

the system poses no safety problems. (12) The construction and testing of 

ISIS would be carried out by the PI-ISC and that of the Cerenkov detector, by 

Michigan State University. Conservative estimates of the costs are respec~ 

tivcly $100,000 and $30,000. The construction, initial test and installation 

schedule would involve 6 to 9 months for construction, 1 to' Z months for 

testing and 3 months for installation, for a total of 12 to 15 months. The 

PI-ISC would assume overall responsibility for the integration of these 

detectors with the proportional hybrid system. 
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Preliminary Results of Tests on Components 
of the Proposed Multicelled Cerenkov 

Counter for the Fermilab DPI 

In' December, 1977, va rio us tes ts were performed in Tes t Beam 6 at SLAC 0 n a 

prototype for the 8 cell 2 x 2 x 5m3 Cerenkov Counter (OSIRIS) to be used in the 

Downstream Particle Identifier (DPI) System behind the Fermilab 3D-inch bubble 

chamber. These tests were made ;n an 8 GeV/c electron/pion beam tagged with 

a beam Cerenkov Counter. The beam was run at ~l particle/burst at lOpps and 

~30% o·f the beam was tagged as electrons. 

The prototype, shown schematically in Fig. lea), consisted of a single 

optical Gell with three window-phototube configurations and two gases being 

tested. The three configurations were: 

(i) Quartz window with a bare phototube; 

(ii) Quartz window with pTp waveshifter on the phototube; and 

(iii) pTp on a pyrex window with a bare phototube. 

The phototubes were two RCA 8854 quantacon (tubes A and B) and one Amoerex XP 

2041 (tube C) 5" phototubes. The Cerenkov media used were 5m of helium and 

1.4m of nitrogen. 

The Cerenkov light was reflected to the phototube by a plane mirror of black 

lucite surfaced with aluminum and MgF2 vacuum deposited. The advantage of 

these optics is that the light probes the full surface of the photocathode. 

Light from different beam particle trajectories illuminates different regions 

of the photocathode, resulting in a superposition of pulse height spectra from 

strong and weak areas of the photocathode. 
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The technique used for calibrating the pulse height spectra is illustrated 

in Fig. l(b). Calibrations were made in conjunction with each run, using ao 

LED mounted inside the Cerenkov tank~ The calibration spectra of Fig. l(b) 

are simulated by a t10nte Carlo program which generates a Poisson distribution 

statistically broadened according to a function compatible with the shape of 

the measured single photoelectron peak. A cross check is provided by comparing 

the expected inefficiency with the number of events corresponding to zero 

pulse height; the agreement is excellent. 

The results of the following four tests are shown in Figs. 2(a) - 2(d): 

pTp on Cerenkov ~Ji ndovl 
Phototube tube? t1edium Confi gura ti on n - (~.e.) A (cm-21 

(a) B Yes 5~ He quartz (i i) 3.0 86 ± 8 

(b) B Yes 1.4 N2 quartz (i i) 6.5 77 ± 8 

(c) A No 1.4 N2 qua rtz (i) 8.7 104 ± 10 

(d) A No 1.4 N2 pTp on Pyrex (iii) 11.5 137 ± 13 

The results tabulated above represent mean pulse heights, converted to a number 

of photoelectrons using the calibration data. Hence they correspond to a . 

performance averaged over the photocathode. The figure of merit is defined as the 

value of the coefficient A in the relation ~ = ALe 2 , where ~ is the average 

number of photoelectrons, L is the radiator length (em) and B is the Cerenkov . 

angle. The curves in Fig. 2(a) - 2(d) are simple Poisson distributions whose 

mean values correspond to those tabulated above and are reasonable representations 

of the da tao 

We note that configurations (a) and (b) indicate a figure of merit of 
lA :: 80 cm- , while (c) ,and (d) show that we have attained a value of A greater 

than, 100 cm-'. The difference bet\veen these two results i's consistent with 
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being due to the fact that photo tube A has a manufacturer's rating for the 

cathode sensitivity which is a factor of 1.4 higher than that for tube B: This 

sensitivity is undoubtedly more important than any other variables tested. ~he 

results for tubeC, an Arnperex XP 2041, were generally a factor of two worse 

than the RCA tubes. 

We'conc1ude that a figure of merit of A ~ 100 cm-1 has been achieved, 

consistent with our earlier expectation (A = 100 cm- l ) stated in Fermilab 

proposal #394. 
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To study high energy 1T interactions in a plate containing a low Z 

and high Z 	material (Au) placed in the 30" bubble c~amber filled with 

hydrogen and followed by the D. P. 1. counter system. We also propose 

to use the MWPC system and the hadron calorimeter spectrometer to i'1­

crease the 	precision of measurements of the fast forward tracks 

'}'-rays that 	are produced. 

1. 	 Incoherent 1T -A Collisions 

By using both'; + and 1T - particles incident, it will 

be possible 	to make a very detailed study of both 1T -Mg 

and 1T -Au collisions. This means that we can measure 

multiplicities and rapidity distributions for 1T ± , , 1T 
o 

, 

KO as well as the distributions for the knocked on p and n. 

The determination of the number of knocked on protons 

makes it possible to make a detailed check of K-N-O 

scaling for 	Mg and Au as compared to 1T -p collisions: 

2. Diffractive and Coulomb Studies 

We should be able to measure inclusively the 

coherent events from Mg and Au. \Ve expect the order 

of 10% .of all events to be coherent (these are the 3- 5-7 

prongs). Of these coherent events, about 1/3 of the events 

in Au should be Coulomb induced. 
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3. 	 0.- Centauri Events 

We propose to look for this process in which 

large charged multiplicities are encountered with very 

few 1T 0, s produced. We propose to study the hi.;rh rYl1JJU­

plicity events in some detail. Vlith the sample. 

available ('" 60,000 high A events) we can look at n:;rn 

multiplicity events and see if there are any indications . 

of basically new phenomenon such as events with -ve!.'] :9W 

1T 
o's. 

4. 	 A study of direct pair production in condensed m2.t:er. 

5. 	 A study of high PT phenomena in heavy nuclei. 

This will be a bypr:Jduct of :Jur compreh9nsi~,-e 

studies of interactions in a heavy nucleus. 

6. 	 An exploratory study of multipliCities at the hi;rhest 

possible 1T energy in the heavy nuclei to look for possid9 

new physics. 

METHOD: 

We propose to use the 30" FNAL chamber filled with hyir:);-'2n and 

with thin plates of Au and Mg on the upstream side. We also prop:Jse to 

use the PRe consortiums PWC1s and the MSU calorimeter and Cere::~D'.T 

counter downstream to enhance our ability to measure high erlergJ sec::mjaries. 

By using both 1T + and 1T - bombarding particles, we will be 2.ble to ie:ermine 

the nucleon momentum spectrum emerging from the incoherent inter?lctions. 



4 
-87­

MOTIVATION: 


The purpose" of this exp8riment is several fold. The first pux:pose 

is to study the incoherent 'IT -Au (or Pb) interactions. Au is 7.2 nucleons 

thick which is over twice as thick as a Neon nucleus. VIe will measure 

the multiplicity of pions, K's and nucleons in the avy nucleus. vVe Vlould . 

also measure the rapidity . ctrum of 'IT'S from the heavy ·nuc!e ....,s .. 

importance of measurements of the rapidity distribution in distinguishing 

between different model~ of particle production has been stressed irl recent 

papers by Koplik and' Mueller. 1 Recent results of studies of 10 GeY 'IT -Ne 

interactions are shown in Fig. 1. . It is clearly necessary to exten::i se 

results both to higher energy -- to allow for a wider range Jf rar:;idE7 

. to a heavier nucleus. We show in Fig. 2 the KNO multiplicity scali::.g curve 

for Neon and hydrogen. It is obviously import2::t to see whether tr..is scaE':"] 

law holds for a heavy nucleus where the mdtiplicity be Eearly 2 times 

as great as in hydrogen. In order to make such a check, it is impGrtant to 

determine the number of protons among the charged shovler particles. In a 

recent publication, the Duke group has shown that one C9.n measure the 

1 High Energy Hadron - Nucleus ScatterinJ by J. KopEk, A. H. 


Mueller (Columbia University preprint) . 


.. -~......----------------- ­
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momentum spectrum and in principle even more information about the 

nucleon spectrum from these 1T -nuclear collisions. We will be able to 

do this for the 1T-Mg collisions by virtue of the fact that we will have both 

+ ­
1T and 1T collisions to measure. We show the results obtained at 10 GeV 

in Fig. 3. Any model of these collisions will be cQnstr2.in~d Ll1 an important 

way by our results. We should also be able to obtain at least qualitative 

results on 1T -Au collisions so far as the nucleon momentum spectrum is 

concerned. 

A comparison of p and p-nuclear collisions with the 1T -nuclear 

collisions should be qU,ite interesting. The p or p. syste~ has a 30S"6 smaller 

mean-free path in nuclear matter than 1T 's. 

INCLUSIVE DIFFRACTIVE: 

In Fig. 4 we show the multiplicity distribution i:l 1T - Keon collisions 

at 200 GeV for cases with zero protons visible. There are prominent peaks 

visible for cases with 3, 5 and 7 prongs. These result~ suggest that it is 

. possible to measure diffractive dissociation in an inclusive' fashion. By 

going to a heavier nucleus, it may be possible to do this in a cle::aner iashi?n 

since the incoherent interactions give rise to a peak in the multiplicity 

distribution at a higher multiplicity. This means that the backgrolmd of 

incoherent events :::hould be less for a heavy nucleus than for the lighter 

nucleus such as 1::1. This is an important point since we would select 

events on the basi:. ~)f topology and lack of heavy tracks.. This separation 

is improved by having a hig: ';r average multiplicity. 
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Unfortunately, we had relatively few iT -Ne diffractive events that 

we were able to reconstruct at 200 GeV. The momentum of the fast::n... t-

going tracks were too high to measure with precision. This makes it 

important for us to have iT - Mg diffractive events to compare with 11 - Au 

coherent events. The difference between these two classe~ of events should 

be attributable to Coulomb interactions. Thus, we should be able t:) make 

at least a qualitative comparison of iT - l' inclusive collisions with iT - :iiffractive 

inclusive distributions. 

The comparison of iT-P and 1T-Mg, 1T-Au and p-Mg, p-Au should. 

make it possible to determine the cross section and compare 1T -di:f::::"3.ctive . . 

products and p -diffractive products. We recently found (from the 2 

experiment data) that the iT seems to dissociat.e twice as often as the ::.c:.lcleon. 

It is important to verify this independently. 

LARGE :MOMENTUM TRANSFER EVENTS: 

.In the last several years there has been great ir:-terest in the stujy 

. of par~icles with large transverse momentum. As in any inclusive _..:.:ty, 

the bubble chamber possesses considerable merit. For interactions in Ne 

we find about 1 interaction in 5 has a particle with more than 1 BeV I c 

transverse momentum. The cross section for the production of hig~ PT 

particles is proportional to Al. 1 (A ::: No. of Nucleons). This meal1S that 

it might be advantageous to look in Au or U for high PT events. We w:)uld 

like tolook at high PT (1-3 GeV Ic) and fi~d the relative frequency of single 

pions as compared with clusters of particles or resonances produced wi.th 
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high PT' A.lso it would be very interesting to see whether high p . events 
. T . 

differ in a qualitative way from the average events. What can be done in 

a practical way is to look for particles with high PT ,which occur outside 

of the forward jet of fast particles. This limits the momentum of the 

particles we look at to ~ 10-2.0 GeV Ic for PT> 1. 0 GeV Ic .. This means 

that we can efficiently seaf-Gb,~ut 35% of the available phase space for 

high PT tracks.. For this domain 'we can do an interesting study of the char­

acteristics of the events in which relatively large PT tracks occur. With 

1000K pictures with one 1-mm thick piece of Au in the chamber, we can 

.extend the search to a PT of 3 GeV Ic for interactions in the heavy nucleus. 

.1T - '}' INTERA errIONS 

One of the uses of the high Z target would be as a source of virtual 

'}'-rays. These virtual {-rays are the target in this part of the proposed 

experiment. The total 1T - "'}''' cross section should be approximately 50 

mb for 100 GeV pions incident on Au. This is to be compared to a total 

1T -Au cross section of 2000 mb and a diffractive cross section of perhaps 

200 mb: One of the characteristics of such events might be a diffractive 

appearing event with an even G parity. The simplest example of such an 

event would be 'IT - + '}' -p- -'IT - + 'IT o. Other' more interesting (less studied) 

reactions would be 'IT + '}' - 'IT + w 
0 

or 'IT + '}' - 1T + <1> 
0 

• Note that both of 

these reactions can be well studied with the proposed apparatus and, in 

particular, the downstream· particle identifier. The <1> 
0 can be detected 

because the dominant decay <1>
0 

- K+ + K- will look like an electron pair 
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but will not register in the calorimeter as an electron pair. 

DIRECT PAIR PRODUCTION 

Our group has measured direct pair production by 200 GeV 'IT­

mes~ns from a hydroger).-neon mixture and found excellent agreement 

with QED. This result is in contrast to several emulsion experiments 

where large discrepancies with QED have been reported. The emulsion 

targets used are 3bout ten times as dense as the hydrogen-neon target we 

used. If the emulsion experiments are correct, the reason might be that 
.' /

direct pair production is suppr.esSBd (because of multiple scattering or 

other dense medium effects) much more than predicted by theoretical cal­

culations. This seems unlikely, but by measuring direct pair production 

hi lead we can check this· possibility. With 1000K pictures (6 tracks/pulse) 

we would produce over 8000 direct pairs in the Au plates. After all cuts 

we would have a clean sample of approximately 2000 direct pairs (more 

than any, previous experiment). This would allow us to make a goed check 

of this basic QED process in an unexplored physical domain. 

a-CENTAURI EVENTS 

In the last few years (10 or so) strange events have been reported 

from cosmic radiation investigations. Events in which only electrons and 

photons are produced, also events of high multiplicities in vlhich essentially 

no 'ITo,S are produced. We propose to take a small number (50,000) of 

pictures at the highest available 'IT -energies (360 GeV) to look for indications 

of such occurrences. The cosmic ray events seem to occur at 10 - 100 TeV 
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but they must have fairly high cross sections to- be seen at all. A 360 GeV 

if colliding with an Au nucleus will, with modest cross section, collide 

with 5 nucleons. This type of collision has energy in the if + 5 nucleon 

eM system equivalent to a if -nucleon collision of 1. 8 TeV. Such comp~i­

cated collision may show. nothing more than a higher pion multiplicity, but 

perhaps they m~ght show something qualitatively new like 100' s of ,:'rays 

or electrons etc. It's a long shot but i1!s cheap and should be tried. 

EXPERIMENTAL DETAILS 

For one-million pictures, we expect about 6 x 104 interactions in 

Au in a target of 1. 6 g/cm
2 

thickness (~O. 75 mm thickness). Of these 

interactions we expect about 10% to b~/coherent. Of the coherent interactions 
/ 

we exPect about 20% to be ~oulom~. 
We would then propose to have an additional plate which would be 

1/2 of Magnesium and 1/2 thinner Au: The magnesium would be about 1/2% 

of a mean-free path (about 2. 5 mm) and should yield 15,000 interactions. . 
2The gold would be thinner than the main plate of the order ?f 0.4 g/cm

("" 0.2 mm thick). The smaller thicknesses a:re important for estimating 

the number of ,-rays converting inside the plates and the number of secondary 

interactions inside the plates. 

We propose to use a fourth camera to look edge-on at the plates. 

The fourth camera would be run with a ~maller i-stop (perhaps f 5.6) to 

make the diffraction spots smaller and thus improve the spatial resolution 

close to the vertex. 
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BEAM MOMENTUM 

The bulk of the "!ata will be taken with a momentum of 100 GeV Ic.. 

At this momentum the capabilities of the chamber plus dovmstream 

system are much better matched than if one used a higher momentum. 

The small exposure at 360 GeV Ic will concentrate .on higher multiplicity 
. 

events where the average secondary momentum will be lower. 

I 
t 
I 

r• 
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Inclusive single pion rapidity distributions for rrNe (solid histo­

grams) and 1Tp (dashed histograms) interactions. (a) Favored 

pions (b) Unfavored pions. The vertical dashed line labeled by 

y*= 0 corresponds to the zero of rapidity in the pion ~nuc1eon 

center-of-.mass frame. The curve placed on the unfavored pion 

spectrum is a predIction of the "coherent tube" model (see. text). 

+ 
The circles are representative points from 1T":'P interactions at 

18 GeV I c (Rei. 35), and are included for comparison. 

Fig. 1 
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Scaled pion multiplicity cros s sections for inelastic IT Ne interac-

Fig. Z. 
tions ($) at 10.5 Gf!V/c. Theu+Ne and IT-Ne results are averaged. 

Proton tracks have been removed from the IT Ne data by the require­

ments of charge symmetry, as discussed in the text. The open 

circles result from removing nuclear coherent production in 1, 3, 

, , . 
and 5 pronged events. 'Also plotted for comparison are IT - Ne data 

at ZOO GeV Ic (X) from ReC. 11 and,/p (D ) and IT-P (<0 ) data 

interpolated to 10.5 GeV/c. Protons have been removed from 

the IT P data by assuming an average of 0.65 (0.60) protons per 

inelastic IT+P (v-p) interaction. 
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Distl'ibutions in longitudinal momentum for (a) favored and 

(b) unfavored shower particles. The solid (dashed) histograms 

are for the positively' (negatively) charged shower par.tides, 

as indicated. The longitudinal momentum distribution for unidenti ­

ned protons is 'obtained by the difference (solid minus dashed) 

between the plotted distributions. 
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Inclusive rapidity spectra for protons produced in (a) 

+ ­
'IT' Ne -4- p X and (b) 'IT' Ne -J- p X. The vertical shaded bars 

enclose a region in which low momentum proton tracks are 

detected inefficiently. The dashed line marks the zero of y-1f • 

the rapidity in the 'lT'p center-of-mass system: 

Fig. 3b 
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(a) Distribution of charged-pion multiplicities 
for events ha\'ing no protons. The error blrs include 
the uncertainties in the removal of .- -p eve!lts and in 
the r.emoval of events ....;th energetic proton tracks. 
(b) Scaled pion multiplicity cross s~ction for ,,0 -Kc col­
lisions at 200 GeYIe (solid circles) and 10.5 GeV Ie 
(open squares)..-\150 show::! for coz::parison are the 
200-GeV/c ..- -p results of Ref. 5 itri:tngles). The!"e 
results have been corrected for t~e ;:lresence of ener­
getic proton tracks. The IT- -p z::t.:itiplicities ha\'c also 
been adjusted by assaming that on L'1e average there' 
Is 0.6 proton per event. 

Fig. 4 
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DIJ?FRACTION DISSOCIATIONS OF THE COULOMB FIELD 


BY HIGH ENERGY HADRONS ON HIGH Z TARGETS+ 


W. D. Walker 

Department of Physics, Duke University, Durham, North Carolina 27706 

We propose a set of experiments to measure the cross . . 

section of vector mesons on various projectiles. By using 

Fermilab energy 1T'S incident on U cross sections of the order 

of a millibarn are likely. 

+ .
Work supported in part by the U. S. Atomic Energy Commission 

under Contract No. AT-(40-1)-3065. 
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In the last twelve years high energy physicists have become quite 

used to considering the collisions of high energy particles with virtual 

pions in the peripheral regions of the. nucleon. The use of the concept of 

the virtual pion has opened up the whole field of pion-pion physics. In this 

note we point out the possibility of a similar sort of investigation that may 

be undertaken USing the virtual quanta associated with the Coulomb field of 

IJ 
a high Z nucleus.c We know that the photon is intimately coupled to' the 

o 0 0 fzJ ' [31
vector meSons f ' w, 4> , the pi and the recently dis covered ljJ mesons. 

OFrom a study of the diffraction production of f O , w , 4>0 
in y + nucleon ~ 

OfO. w , 4>
0 + Nucleon, we know approximately the stren~th of the coupling 


of these objects to the photon. Thus if we can use the Coulomb field as a 


O
,virtual source of fO, tV , 4>0 1 s. this would, in principle, be a means of 

studying the interactions of the vector bosons with elementary particles. 

The idea involved in such a process is simple enough. The Coulomb 

field associated with the nucleus appears as a cloud of photons when viewed 

, from the rest frame of the projectile. By using the idea of vector domi­

nance we know that some of the virtual photons will appear as fO, v:;o, 4>0, 

etc. There may be either elastic or inelastic collisions between the pro­

jectile and the vector meson. The kinematics are fairly simple. Imagine 

a case of 1T incident which produces a po collinear with itself. In the special 

case of collinear 1T and fO the momentum that must be transferred to the 

nucleus is l Z 
m m 

+ .1T 1T 

Ll" = Z(Pi -If ) - lP. 
1 
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o ' 
· Pi are the momentum of the f and the momentum of the incident 1f,Pf 2m
 

respectively. Note that usually L:./I = 2: • Also note that the mass of the 


.~ f 
Tr-f system is approximatel y =~f,~. 

Let us consider the simplest experiment, namely. 1f-P scattering. 

A uranium or lead target could be illuminated by pions of 300 or 400 GeV 

at Ferm,i1ab or CERN Il1 the virtual pOI s in the Coulomb field can be 

scattered by the incident 1f. The low~st momentum f that can be made 

coherently on uranium is about 12 GeV / c. (This corresponds to having 

hI/ = : for a nuclear radius R =1. 3 A 1/3.) For a 300 GeV 'IT, the rr-t 
2 

system has a mass 3.8 GeV / c • Thus one can study 'IT- /J systems of up to 
I, 

' I 2 .3 • 8 GeV c In mas s. This means, likewise. 
/ 
that one could study any system 

of Tr + vector meson by such an experiment. If. for example, a ':';(3100) 

were produced, the minimum momentum of the produced y would be 200 

GeV Ic. 

The potential interest and utility of this sort of experiment is really 

quite great. One can imagine illuminating a photon target with various pro­

jectiles 1f. K, p. ,J. y. 2:;-, A o. Each projectile listed allows the possibility 

of an initial state that is unattainable in any other way. What we specifically 

stress, however, is the possibility of measuring the elastic vector -meson­
, ' 

. dO" d 1 . 0 dprojectile cross sections. B Y measuring dt an extrapo atmg to t = an 

using the optical theorem, one can estimate (or at least determine an upper 

bound) for projectile-vector meson cross section. It is interesting to con­

template looking at projectile-vector meson scattering in an inclusive fashion; 
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this, however, is complicated by the mixture of f O
, u)o, cpo, etc. in the 

target. In the case of a 11' incident, one could separate the targe~ particles 

in part by using the G-parity q-qantum number. A particularly intriguing 

. ,e° p°, ° scattering by using photonspossibility would be that of domg - p -.J° 

on a high Z target. The competition with electromagnetic processes would 


limit the target thickness to a few millimeters of the high Z material. Such 


scatterings would be in two substates of m = 0,2. 
. , . z 

The real possibility of such experiments will ultimately depend on 

the size of the nuclearly induced background. Incoherent interactions 

between projectile and target will tend to produce rather high multiplicity 

interactions which should be easy to discriminate against. The coherent 

. interactions of the projectile with the nucleus will be the main source of 

background. The cross section for such interactions tend to be of the 

r4 1 
order of 5 per cent of the inelastic projectile-nucleus cross section: . We 

are concerned with a special part of that cross section, namely, that part 

in which a sizeable rapidity gap exis ts between the vector me son and the 

projectile, and with the vector meson the slower particle in the laboratory. 

A hadronic proces s of this sort has a cros s section which is probably 

between 1 and 10 per cent' of the total coherent cross section. Clearly, it 

will be necessary to study the nuclear background. An additional cut can 

be made requiring a helicity of ± I for the recoiling vector meson. The 

coherent nuclearprocesses which have the same kinematic characteristics 

are interesting proces ses in their own right. They might represent 

elastic diffractive scattering off a (:::>0, ~o, etc. in the nuclear field of the 

nucleus. 
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One can estimate the cross section for photon processes fairly 

simply. In Fig. 1 we show the result of a Weiszacker - WilliamI~Jcalcu­

lation which gives the effective number of photons per GeV I c, N(K), in 

the IT rest frame. The overall energy of the IT-Y system is .-v 2Km. The 
IT 

cross section per GeV Ic for a given process would be (g )2~ cr (K) N(Kl67 
. . . yv V-lT. 

The differential cross section for elastic scattering would be given by ~: = 

2 1 2 At 
(g ) x (-4 }cr 2 e x N(K). In Fig. 1 we also give an estimate for yv IT V-lT . 

the cros s section for IT + U ---J!" IT + f + U from the virtual photons f71 

We believe that if these experiments are feasible (that is, if th'e 

nuclear background is low enough) then this type of experiment would add 

a. 	 new dimension to hadronic physics. 

These considerations were stimulated by conversations with 

Professor J. Rosen. 
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.. 
FIGURE CAPTION 

Fig. 1. 	 The effective number of virtual photons is plotted against 

the photon energy in the IT rest frame with the ordinate 

on the left side. The cross section for IT + U-lT +p+U 

is plotted against photon energy with the ordina-te on the 

right. 
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