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It is proposed to expose the is-foot Hydrogen-filled NAL 


bubble chamber to a proton beam at several incident momenta 


up to 500 GeV. A search will be made for new particles 


by looking for anomalous ionization or trajectories. The 


film is ideal for discovering new unstable particles with 


mean free path in the 1 cm - 100 cm range. In the proposed 


- -31 Z 
exposure 1 event corresponds to "" 10 cm. The large 


number of multi-prong events will be classified and a reason

able fraction measured to determine distributions in 


multiplicity and transverse and longitudinal momentum. An 


interesting class of events are those where there is a small 


momentum transfer to a final state proton or final state 6 ++. 


Results will be compared with various theoretical predictions 


from models of strong inte raction dynamics. 
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PART I. EXPERIMENTAL ARRANGEMENT 

We feel it is important for the physics proposed to do a portion 

of the run at as high a primary energy as possible. Two charged particle 

beams are planned for Area 1. The first is an RF separated beam capable 

of momenta of about 100 GeV I c. A beam designed primarily as a muon 

beam is also planned to pass through the neutrino shield of Area 1. This 

beam is planned to reach energies of about 300 GeV I c but as now envisioned 

will not have the careful intensity control at low fluxes needed for a 

bubble chamber exposure. In order to fully utilize the highest energies 

attainable with this accelerator in the NAL bubble chamber, one of the 

following need be done. 

1. The bending magnets of the RF beam must have their 

capabilities extended to 500 GeV I c. Note that for operation in this 

unseparated mode the present quadrupoles are adequate even for 500 GevI c. 

2. The muon beam bending magnets should have their 

capabilities raised to 500 GeV I c. In addition, the inclusion of quadrupoles 

is necessary for intensity control and beam shaping in the 15' bubble chamber. 

Preliminary study indicates that a 500 GeV I c beam to the chamber could 

be constructed using 10 Main Ring B-1 magnets and 2 quadrupoles installed 

within a 1000' long region and powered with the standard Main Ring power 

supplies and bus distribution. 

We will help investigate which of these alternatives is most efficient 

in providing a high energy proton beam transport. 
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Counting Rate and Proposed Exposure 

We conservatively assume 3 tracks/picture and a 10-foot fiducial 

length for rapid scanning. For <tot = 40 mb, constant with proton energy, 

30 feet/picture will give 1.2 events/picture. Of these events approximately 

three-quarters will be inelastic. 

Table I shows our proposed run. 

TABLE I 

Assumed 
Accelerator ApproximateE n

proton events Cycle Runningn !J.b
GeV photos (inelastic) equivalent (No Flattop) Time 

100 5,0,000 45 K 1. 5 events/!J.b 1.5 sec 30 hrs. 

200 5,0,000 45 K 1. 5 events/!J.b 3 sec 40 hrs. 

300 5.0,000 45 K 1. 5 events / f.Lb 4.5 sec 60 hrs. 

400 50,000 45 K 1. 5 events / f.Lb 7 sec 100 hrs. 

500 50,000 45 K 1.5 events/!J.b 10 sec 140 hrs. 

TOTAL 250,000 225 K 7. 5 events/!J.b - 360 hrs. 
not including 

tune up 

The exact distribution of pictures among energies and total running 

time will be determined when more details are available on accelerator 

operation and chamber schedule. After the run has started, preliminary 

scanning may indicate it is possible to increase the incident flux. 
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Advantages Of A Large Chamber 

The J..I. barn equivalent is high and consequently the run is sensitive 


to new particles and rare very high multiplicity events. 


Measurements can be made on the high momentum components 


of the forward cone. Distance is required for the members of the' cone 


to separate spatially. A typical example is shown in Fig.. 1. Average 


charged multiplicity including protons is about 8 at 500 GeV and according 


to the theoretical discussion in Section II-C, 1/2 of the particles lie in 


a forward cone of '" 4 mrad in the laboratory. 


FIDUCIAL REGION 10 FEET 

INTERACTION POINT 5 FEET 

Ep =500 Gev 

SEPARATION 
,...., Smm FOR 
PARTICLES OF 
SAME CHARGE 
a MOMENTUM 

FIGURE I. 
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We have investigated the momentum resolution attainable with the 

NAL 15 1 bubble chamber under the assumption of 100J.L or 200J.L setting 

errors. The results are displayed in figures 2 and 3. The momentum 

error contribution from either multiple scattering or measuring error 

is shown as a function of track momentum and track length. Note, for 

example, that a 250 GeVI c track requires a length of at least 1 m in 

order to get a 10 % momentum determination with a setting error of 100/-L. 

For the proposed physics program we feel momenta must be determined 

to at least this precision thus precluding the use of chambers smaller 

than 2-3 m. 
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A large chamber will permit estimates to be made of the' number 

qf neutrals created in high multiplicity collisions. This is important 

for some of the physics described below. Typical conversion probabilities 

are given'in Fig. 4. In some cases the neutron star will clearly point 

back to the production vertex. 

-j
CONVERSION PROBABILITY __~____2 FEET 4FEET ----------~-15 % IN 4 FEET I35 mm SEPARATION I 

II !
I 

25 Gev/c e+ 
25 Gev/c o~l. 

Ep = 500 Gev I 

20 % PROBABILITY FOR np STAR INTERACTION ----......., 


FIGURE 4 

An obvious extension of this experiment when preliminary results are 

obtained from this film is to repeat the exposure when much more effective 

neutral detection capability, such as a neon blanket surrounding a hydrogen 

target region, is available. 
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PART II. PHYSICS JUSTIFICATION 

A. Search For New Particles 

A search will be made for new particles: unstable particles with 

mean free path 1 cm - 100 cm, particles with anomalous ionization 

(quarks), or anomalous trajectories (monopoles). This part of the analysis 

would not take long since it is basically a scan. 

B. Multiparticle Final States 

The study of highly inelastic channels in pp collisions confronts 

the experimentalist on the one hand with the difficult question of what to 

measure, and the theorist, on the other hand, with the challenge of 

constructing a model in which one can correlate the large variety and 

complexity of final states. Our goal in these studies is to improve our 

understanding of strong interaction dynamics. The analysis would make 

use of accurate measurements of charged particle multiplicities, 

laboratory momenta, plus/minus ratio, and inelastiCity, as well as 

approximate measurements on neutral particle production. We should 

also be able to determine the strange particle production cross sections. 

The symmetry of the pp system means the high energy strange particles in 

the forward cone can be inferred by identifying the lower energy strange 

particles in the backward cone. Thus, cross sections for the production 

o :l: ...... 
of K , A L: ,'!::!' and n as well as the corresponding anti-hyperonsI 

s 

can be determined. 
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In the past" two classes of models were developed which bear on 

this problem" viz" (1) The statistical models of Fermi~ 1 Landau~ 2 and 

3 
Hagedorn; (2) The multiperipheral model of Amati, Stanghellini and 

' ,4F Ub llll. More recently three new classes of models have emerged: 

.5, . 6 7 8
(3) 	 The multl-Regge Model, (MRM), (4) Scallng models, , I and 

(5) dual resonance models. 9 We shall emphasize here some of the more 

recent developments, i. e., (3), (4) and (5) and comment on how they" 

compare with the earlier theoretical work. 

C. 	 Multiparticle Final States: Scaling Models and Comparison 

With Data 

Recently, and in part, motivated by the scaling properties observed 

in deep inelastic electron scattering experiments" 10 Feynman7,8 and 

6
Benecke, Chou, Yang" and Yen have proposed a scaling law referred to 

by Yang as liThe hypothesis of limiting fragmentation". 6 The distributions 

of fragm ents in a high energy collision eventually approach a limit 

independent of the bombarding. ene rgy. 

More precisely Benecke et al conjecture the distributions Pi (p).
-. 	 -iii- -. -.... 

P2 (P1,P2);'" 'Pi (Pi'···· ,Pi)' approach a ~ zero limit as the energy 

E goes to infinity_ -p. are the three momenta in the laboratory for a 
1 

..... ..... 3- 3
particle of mass m., and p. (p 1" - • p. ) d Pi". d p. are the partial

1 1 1 	 1 
..... 

cross sections that a particle of mass m., and momentum Pi' and i - 1 
1. -
other particles of masses m. and momentum p. are emitted together with 

1 	 1 

any number of other particles. 
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6Benecke et al. have obtained supporting evidence for th~ir 
hypothesis for Pi shown in Fig. 5 for the following reactions at 19.2 

16 
and 30 GeV I c. 

pp - p + anything 

pp - 1T + anything 

2
10

"'" 

(1a) 

(1b) 

( b)
§ 

(a) 
PROTON 

219.2 Gev/c 

i 50 Gev/e 

PJ.. =O.ISGev/c 
10 	 ~ 

I 	 • . 
o I 

1.0 2.0 

( PI! )Iab ~n Gev/e 

I. 	 .¥ 
~ 	 ..- PION ('IT- )~ 

> 10 I- 
(I)- (!) ~ 19.2 Gev/e9 

T -.Q l- f ~.50Gev/e . 
E . .-c P"f; ': 0.18 Gev/e 
.Q 

0 


- ,..--...... ...
b Q. 

•	 C\I't: 
'0 Q. . 

~ 
)I 
~ 

9r
-I K,.

10-Q4-0.3 ..0.2 -0.1 o 0.1 0.2 

FIGURE 5 
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We stress here that the distribution Pi is a function of two variables 

lab lab ... . 2 
P II and PI and not the usual three variables s, t, and Mx (MI I x 

is the mass of the system excluding the measured particle.) This is 

. * an example of scahng. 

It is also of interest to test the conjecture for P 2' P3 ... etc. It is 

for these complex distributions in 2i dimensional spaces for i particles 

that the bubble chamber is particularly well suited. For example to 

determine P !~ , PI! 1from a sample of multiprong events
2 

' ~ ,PII
1 1 2 2 

(all multiplicities) in each topology of n-prongs all possible pairs are 

formed and the resulting distribution normalized by dividing by (~ ) . 
4d 0'

These distributio:Q.s are then added together to give 
dp1 dp 1 dp II dp II 

1 2 1 2 
which is proportional to P " The statistics expected will allow a study

2 

of P2 as a function of E lab• In the 4 dimensional!p 11P1 P lil P II 2) space 
2 15

'" 10 points will be obtained. Since the distribution in this space is 

expe<:ted to be non-uniform reasonable bin sizes can be formed while 

maintaining adequate statistics in each bin. 

It is instructive to compare the hypothesis of limiting fragmentation 

to the scaling hypothesis of Feynman. 7,8 For::Feynman the fundamental 

variables are 

2PII eM lab 
PI and X = t{'€J instead of p 1 and p II • 

* 1 2Another example of a scaling law is v W (q2, v)-+ v W (v/ q2) in 
2electroproduction. 2 
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More precisely, the partial cross section that a particle of mass 

...... . 
m is emitted (say a pion) with momentum Plab together WIth any number 

of other particles is given by: 

dO' Benecke et al. (2) 

3 cm cm )d p cm 2 Plj
dO' = M Pl ' X = --~-s---. Feynman (3)( 

Bali, Brown, Peccei and Pignotti13 (BBPP) have studied carefully, 

from the point of view of Feynman scaling, the process pp ...... rr:J:. + anything 

at accelerator energies (12.2,,14 19,15 and 30 GeV/c)1~ and in cosmic 

rays.17 They have found that the data can be summarized by the 

remarkably simple expression 

:J:.
dO' = M 

P (4) 

= 
cm

E 

+ where + refers to rr and - refers to rr,M is the proton mass~ and p 

:J:.
G:J:. a , and b are constants dete rmined by fitting the data. o ' 

In addition to the scaling result, they have observed that the 

amplitude factorizes into a function of X times a function of p • 
1 
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where < n > is the average charged particle multiplicity including protons. 

BBPP predict. 

::I: 
< n > :: 1. 01 In 

E
lab 

M + 1. 3 ( 5) 

p 

::I: 

::I:
In Fig. 6 we have plotted the experimental values for < n >. along 

13
with the prediction of BBPP. for E 

lab 
up to 1000 GeV/c together with 

accelerator points and the data of Jones. 17 the only cosmic ray data which 

makes use of a hydrogen target. The agreement is not very good, but it is 

better than would be expected if scaling were not present. 

18
Data at superhigh energies compiled by Gibbs appears to show a 

departure from the In s dependence. Also Dobrotin1s 19 points lie 

systematically higher than those of Jones. 

::I: 
In our proposed experiment the error on < n > at each primary 

energy will be "'" ::I: 2%. This is not sufficient to distinguish a In s from 

an s 1/4 dependence predicted by the statistical model 1, 2 unless data 

from our experiment is combined with other data. e. g.. forthcoming 

20
data from the I. S. R. 

The average tm nsverse momentum,. < p1 > and the average 

inelasticity, p .defined as the ratio of the total energy that goes into 
'IT 

pions to the total available energy. are interesting quantities to investigate. 

At accelerator energies < p1 ::> appear to increase slowly with energy 

but is also correlated with mass of the secondaries and with multiplicity. 21 
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5 22
Air shower experiments from 10 GeV to 10 GeV also show an increase

but it is not clear that all the data can be fit by a single expression. 

13 
Calculations based on scaling models such as those of BBPP 

predict a change in average transverse momentum with center of mass 

energy: 

< P > = <p > (1 - ~) (6)
1 ·1 co Ins 

The statistical model (pionization) 23 gives a quite different prediction 

for E > 100 GeV.. 
p 

Ep ] 1/4 
< p1> = 0.4 [ (7)

100 GeV 

Expression (6) has been fit to accelerator data with < p 1 > co = 390 MeV / c 

and ~= 0.58. 13 But this fails t'o explain data in the region E > 100 GeV. 
p 

.There are difficulties in the comparison of < n:l: > and < p 1 > 

prediction with cosmic ray data: e. g. I in Jones' experiment there is an 

extimated 30% 'IT-contamination 20 in the primary beam and in the very 

high energy jets. 22 It is uncertain what fraction of the secondaries are 'IT's. 

In our proposed exposure < p 1 > will be determined to better than :I: 5 MeV/ c 

at each momentum. 

In the scaling models 61 7,8 p
'IT 

should limit but the data in the 100 GeV

1000 GeV is too inaccurate to allow definitive statements. 

The present situation is confused and clearly more work is needed. 



-17

D. Multiparticle Final States: Multi-Regge Models and Experimental Data 

The multi-Regge model, (MRM) 5 is based on studying the following 

diagram: 

p 

p 

where the wiggly lines are Regge poles. 

Both the multiperipheral model and multi- Regge model 5 lead 

to 

< n 
:i: 

> = Klns+d. (8) 

For the particle number distribution at a given energy the model of 

5Chew and Pignotti, 25 and also the older multi-peripheral mode1 yield 

a Poisson form: 

« n > )n -<n> 
p "' e (9)

n n! 

where n = number of mesons produced and < n > :::; average number of mesons 

produced ( + - and 0). In Fig. 7."we have plotted the results of Chew and 

Pignotti 25 for the particle number distribution. For E = 25 GeV/ c~
lab 

50 GeV / c~ 100 GeV/ c, and 500 GeV/ c. Definite predictions ,can be made 

concerning the multiplicity distribution for+, -, and neutral particles; 

these depend on which trajectory appears in the multi-Regge chain. 
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Chew-Pignotti predictions based on equation (9) and combinatorial 

coefficients calculated assuming alternating I = 0 and I = 1 exchange 

for our proposed experiment are shown in the following ,tables: 

TABLE II 

n < n>E E E 
0 cm available 1T 

(Maximum Average NumberGeV (-2M) 
p Possible) of mesons 

100 14.2 12.2 87 5.98 


200 
 20.2 18.0 128 6. 77 


300 24.3 22.3 
 160 7.22 


400 28.3 26.3 188 
 7.55 


500 31. 5 29.5 212 
 7.81 


1600 57 55 
 393 9. 13 
CERN ISR 
equivalent 
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TABLE III 

100 GeV PRONG DISTRIBUTION 

n (j n events in 
prong 

50,000 pictures 

2 ,. 4.31 mb 6,500 

4 . 9.97 15,000 
I 

6 . 9.20 13,800 

8 4.60 6,900 

10 1. 43 2,100 

12 311 J-Lb 470 

14 46 . 70 

16 5 8 

"'" 30 mb 
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TABLE IV 

500 GeV PRONG DISTRIBUTION 

n a n events in 
prong 50,000 pictures 

2 2.04 mb 3,000 

4 6.72 10,000 

6 9.20 13,800 

8 7.04 10,600 

10 3.44 5,200 

12 1. 18 1.800 

14 286 f.Lb 430 

16 53 80 

18 7 11 

'" 30 mb 
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°In Ch d P" t" 25 W 26 "d t'"· 1contrast to ew an Igno tl, ang conSl ers a s atlstlCa 

Plodel in which a pair of charged pions are produced. Thus in place of 

Eq. (9), Wang considers, 
011 

1 ) 2" (n-2) - 2" < n-2 > 
( - <n-2 > e .

Wang 2 (10)0 

p n '" l~ (n- 2)) ! 

In Fig. 8 we show the experimentalp distribution of Jones 17 compared
n 

25 
to the predictions of Chew and Pignotti with an alternating I = 1 and I :::: 0 

26
exchange and Wang. Perhaps the somewhat better agreement of Wang. , 

with the data of Jones is indicative of pion production in pairs along the 

multiperipheral chain. 

Chew, Rogers, and Snider
27 h~ve recently reconsidered the old 

multipheripheral model of Amati, Fubini, and Stangehellini. 4 They0 

consider such graphs as 

pp 

pp 

Here the dotted lines are elementary pions. 
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28
More recently Chew and Snider have speculated on the possibility of 

complex Regge poles playing a fundamental role in high energy elastic 

scattering. In particular they were motivated by the apparent up turn 

in the 'TI' - P and K-p total cross section in recent Serpukhov experiments. 

A complex Regge pole would lead to a skewed Poisson distribution. 

Events with a large number of prongs (~ 16) will be relatively easy 

to find in scanning the film. -Anylarge excess of those events over the 

predictions in Tables III and IV would indicate some new mechanism 

in the collision process. 

F. Dual Resonance Models 

The dual resonance model (which also has multi-Regge behavior) 

might be useful in correlating data involving multiparticle final stat.es. 

Detailed work on 3 body final states has yielded encouraging results. 29. 

The work of Chang, Freund and Nambu30 specifically bears on the question 

of experimental distributions for processes having complicated final states. 

They have pointed out that dual models predict for the process A + B - C + 

anything 

_ A( M2) 2a'ln-; 
I 

(11)- S, e M 

for s > > M > > 1. 

a' is the slope of the Regge trajectory. Note the expansion of the forward 

peak as M2 the mass squared of "anything" increases. Such a phenomena 

31
has been observed in the reactions: 
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K p-p (K1T) ( 12) 

K P - p (K1T1T) ( 13) 

+ + 0
1T p-P1T1T (14) 

+ + + 
1T p-P1T1T1T (15) 

+ >:c++ + _
1T p-N 1T1T ( 16) 

+ *++ + - 0
1T p-:'"N 1T 1T 1T, ( 17) 

32
As Caneschi has pointed out Eq. (11) can be obtained from MRM if one 

assumes. in addition~ duality. A comparison of the Caneschi calculation with 

data for reactions (12) - (17) is shown in Fig. 9. 

15 r----.------r------~ 

0~,~.0~-2~.0~~3.-0-L,~0-L~2~D~~3D~ 

MRK1'Ir](GeV) M[(KTm)-]<GeVl 

15 

1.0 2.0 3.0 
14(1'1+ Il- nO)IGeVl 

FIGURE 9 
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If one is optimistic the dual resonance model will develop to the point where 

J.t can make definite predictions about particle correlations in these complex 

events. 

G. 	 Peripheral Reactions 

Two interesting classes of reactions that can be studied are: 

++ 
pp - A + anything with low t ++ (18) 

pA 

p 

} anything 

p 

pp ..... 	 p + anything with low t • (19)
pp 

Figure 10 shows the Chew-Low boundary for these reactions at 

100 GeV and 500 GeV. 

There is considerable evidence 33,34 that reaction (18) is dominated 

by pion exchange in experiments at 6.6 GeV I c and 28.5 GeVI c for 

t
pA 

< 0.3 GeV
2 

. E. g., in a6. 6 GeV I c pp bubble chamber experiment, 35 

- ++ - 0 ++ - + ++the final states pp - (p11' ) A ,(p11' 11' ) A , (n11' 11' ) A occur with the 

2 
same relative frequency (for tp"A ~ 0.2 Gev ) as the on-shell 11'-p. 

- 0 - + 
cross sections 11' p - p11' , p11' 11' , and n11' 11'. Furthermore, a smooth 
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extrapolation to the pion exchange pole 31 of dO' /dt for fixed P1T- mass 
p,~ 

- ++ - 
in pp - (p1T ) ~ yields the on-shell 1T p - 1T P cross section as a function 

of 1T P mass over the entire range of available m • Thus agreement 
1T p 

between the above mentioned inelastic channels in the physical regions 

of the Chew-Low plane implies that the extrapolation functions for the 

different channels must be very similar_ 

Aside from the kinematic effect due to the Chew-Low boundary chang

ing with laboratory beam momentum Plab' the entire Plab dependence of the 

3
differential cross section d 0' / dt dm dM + is contained in the factor 
-2 1T P 1T P 

Plab•. 'This factor is very small ~nd. cuts the low t ++events 
p~ . 

down to '" 10' s of jJ. barns in this exposure. Of course one does not 

expect this phenomenological description to be exactly correct. The pion 

Regge trajectory may not be flat! There are technical advantages in 

being at large Plab- As one moves to higher Plab' there is less ambiguity 

about whether or not a given 1T+ (or p) is a component of a low momentum 

transfer ~++. In other words, one can clearly select the low-t ~++ signal 

+
in the relative absence of background. Ionization estimates of the p and 1T 

++
decay products of the slow ~ are still useful. At large Plab a large 

mass at the upper vertex is kinematically possible when t is small. 

Reaction (19) should be energy independent due to Pomeron dominance, 

and account for a substantial portion of the diffraction dissociation cross 

section. 
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Although the expected rates for (19) are larger than (18) there is 

an experimental difficulty. Small t values close to the boundary 


2

(t ~ 0.05 GeV ) are not accessible due to the short range of the recoil proton. 

H. Comparison With 1l' Exposures 

An exposure with 1l' IS would# of course# be interesting and might well be 

a logical sequel to this one when the beam is available. Much of the 

physics overlaps with the proton exposure described. 36 There are# however# 

the following essential differences: 

1. Unlike pp collisions,1l'-p are asymmetric around 90 0 in the 

C. M. The symmetry of the pp collision will be a powerful aid in the 

analysis since the results from the more easily measured backward 

hemisphere should equal those obtained from the forward cone. The symmetry 

is especially useful for measuring hyperons. 

2. There are no s-channel resonances in pp in contrast with 

1l' p. 

PART III. ANALYSIS 

Scanning. Scanning of the 15' chamber may require construction of 

new scanning tables and/or making use of two scanners sitting side by side 

looking at different portions of the chamber. 

During scanning events will be classified by topology. Multiplicities# 

+/ - ratio' and V
O 

production will be determined as a function of primary 

energy. Predigitization of the bulk of the film may not be needed if the 
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common topologies B.:;.~e r.rLeasured in an au.tomdtic scan made. 

?vreasurements 

We expect a total of 225 1 000 inelastic events. However l it wi::::' ":c';; De 

clear until analysis starts whether it is worthwilile to measure all 0 ...: ;;.::"0:.3\:;. 

Certainly at least for SOilie portion of the f~lr:"l ,~verything wi:l be l~::,"::;S"S .• _·-,,; 

It may be decided to select and meaS',Lce ~)':'t.["ticu~ar classe oS of~; 

e. g. # 6-8 prongs. o:..~ all those events wit~~~ & :?os.sible final state :?e~·~~.. > 

++
A 

Even if we decic..e 'co :':11easu::ce all the \.::VCL... .:; 

overtax the measuri:r.g' capabilities of '.:he v\,'" .,;::·c=)os~ng 

a.cd uCLA have receiveC: :u:lding to consL~';':L:~ ": 

machines. These facilities are expected to be ':':'~ operation by the tili::C 

.~~.l.~.s film would be obta::'~:;.ed. Both the NA:0 ;Z,,' . device s wou.:;: . .:-..:: 

capable of providing ionization information for only a srL1all in.:: :cea",,-.::: :v: 

measuring time. 

PART IV. CONCLUSIONS 

We have chosen to emphasize the type of analysis that can be d.one on 

a high statistics sample of complex unfitted events. We feel that oes:'d(;s 

providing the early iengineeringi informb.tio.li on high energy proton ~lJ.-'::C:"~-

actions which are so essential for the planniq.g of both counter and futt::.~e 

bubble chamber experiments# there al~c :'::i.1.easurable ~;lantities ana dis;;:cibutio:;::s 

for which various present day theories make definite statements. 

http:informb.tio.li
http:obta::'~:;.ed
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In particular both the multi-Regge models and scaling models lead to 

definite predictions concerning 

1. 	 Pi (Pi' PZ···Pi) 

z. 	 < n> 

3. 	 < p 1 > 

4. 	 Inelasticity 


+ - 0

Moreover, < n >, < n >, < n > appear to give some information 

concerning the Reggeons which appear in the multi-Regge chain. The prong 

distribution could possibly signal anomolous (complex) trajectories in 

the 	multi-Regge chain. 

When this bubble chamber data is available it is likely that more detailed 

theoretical predictions on final state particle correlations will exist. The 

analysis of complex events is necessarily conducted using a theoretical 

or phenomenological guide. This is a necessity to guide the analysis 

through the multitude of possible parameterizations. Historically such 

analyses have been fruitful in clarifying production mechanisms. 

The large liquid hydrogen bubble chamber has shown itself to be a 

remarkable instrument for the study of the unexpected. In particular its 

ability to provide an enormous amount of unbiased kinematical information 

about a single event will insure its value as we enter this new energy realm. 

With the use of such an instrument in the early phase of the National 

Accelerator Laboratory's research program we can not only test the 

validity of our current conjectures at higher energies but also seek out 

those phenomena which are unique to this new energy range. 



RE FE HENCES 

Fermi. P:cogr. Theo:;.". Phys. 2, 570 (::;'950,; Phys. Hev. 81., 6&3 \_'j:;', /. 

2. 	 Landau, Izv. Ak&Q. :Nauk SSSR, Ser. Fiz •• 17, 51, 1953. 

3. 	 See e. g. R. Hagedol"ll. Nuovo Cimento 56A. 1.026 (1968). 

4. 	 D. Amati, A. Stanghellini, S. Fubini, Nuovo Cimento 26, 896 (1.'102). 

5. 	 N. F. Bali. G. F. Chew, and A. Pignotti, Phys. Rev. 163, 1572 ~'_ L'"~, 


For a more complete list see Ref. 1 of Ref. 25. 


6. 	 J. Benecke, T. T. C~'10U, C. N. Yang, ar...d E. Yen, Phys" Iie\/~ 

(1969). 

7. 	 R. P. Feynman, Phys. Rev. Letters~, 1415 (1.969). 

8. 	 R. P. Feynman, Third Internatior.al Confe;:'cnce 0:':. :il 


State University of New York, Stony Bl'ook, Septermbcc 5-6, '- '10,. 


9. 	 See e. g., Chan Hong-Mots Royal Society Lectures CERN p:4C:;;:-::'•• :: 


TH 1057. 


10. MIT-SLAC, M. Breidenbach et al., Phys. Rev. Lette;:'s 23, 93 S -(:, \ ~ 96S). 

11.. C. N. Yang, Professor of the Month Lectures NAL, 1970. 

12. 	 J.D. Bjorken, Phys. Rev. 179,1547 (1969). 

13. 	 N. F. Bali. L. S. Brown, R. D. Peccei and A. Pignotti, University of 

± ± 
Washington preprint. the constants G , a. are: 

o 

at P :::: 12.2 GeV/c, a+ :::: 36 mb/GeV
2 

, G = 19 rr:.b/ GeV-
';, 

lab 0 0 

+ 
:::: ::::a 	 8. 2, a 11. 5, 

2 	 2G+19.2 	GeV/ c :::: 44 mb/GeV , G = 25 mb/GeVat Plab = 0 	 0 

+ 
a = 8. 5, a = 10, 

2 ?' 
= 	30.0 GeV/c = 37 mb/GeV , G = 29m..J/GeV-~atPlab 

G+ 
0 	 0 

a+ = 7.4. a - = 12.1, 
and b = 2. 55. 

http:Internatior.al


, 
.... t;l' 

" 

-33

14. 	 J. L. DaYI et al' l Phys Rev. Letters 23 .. 1055 (1969). 

15. 	 J. W. AllabYI et al., Proceedings of the Fourteenth International 

Conference on High Energy Physics 1 Vienna (Austria) 1968. 

16. 	 E. W. Anderson l et al., Phys. Rev. Letters 19 1 198 (:1967). 

17. 	 L. W. Jones,Proceedings of the International Conference on Expectations 

for Particle Reactions At the New Accelerators l Madison, Wisconsin. 

April, 1970. Note'" 30 percent of incident particles are nls. Jones! 

distribution should go down'" 10 percent if this is done. (Peccei 

private communication.)\ 

18. 	 R. Gibbs, University of Washington, as quoted by N. Bali, Proceedings 

of the International Conference on Expectations for Particle Reactions 

at the New Accelerators, April 1970 1 Madison, Wisconsin. 

19. 	 N. A. Drobrotin and S. A. Slavatinsky, Proceedings of the Tenth 

International Conference on Cosmic Rays, p. 416, Calgary, Canada, 

June :19 - 30, :1967. 

20. 	 B. R. French, "Reflections on the Study of High MultiJ?licity Interactions 

and the Reaction pp ..... pp X
o 

at the 1. S. R.", CERN Report ISR, 1968 

(unpublished) . 

21. 	 As summarized by F. Turkot, Third International Conference on High 

Energy Collisions, State University of New York l Stony Brook, 

September 5-6, 1969. 

22. 	 Kiel group, See Trumper, Rapporteur paper on Extensive Air Showers, 

Eleventh International Confe rence on Cosmic Rays, Budapest, 1969. 



· .. 
, '" n (7 

-34

23. 	 M. Koshiba, Rapporteur talk, Tenth International Conference on 

Cosmic Rays, June, 1967. Calgary, Canada. 

24. 	 K. N. Erikson (Colorado). Technical Report of University of Michigan, 

UM HE 70-4. 

25. 	 G. F. Chew, A. Pignotti, Phys. Rev. 176, 2112 (1968). 

26. 	 C. P. Wang, Physical Rev. 180, 1463 (1969). 

27. 	 G. F. Chew, T. Rogers, D. R. Snider, preprint UCRL - 19457, Jan. 1970. 

28. 	 G. F. Chew. D. R. Snider. preprint UCRL - 1.9409, November 1969. 

29. 	 We mention here the study by Chan Hong - Mo et al., of the reactions 

+ 0 + - -0 - - o-
K P -0- K 11 p,K P -0- K 11 p, 11 P -+ K K p, December 1969, CERN 

preprint, TH- 1.111. 

30. 	 L. N. Chang, P. G. O. Freund, Y. Nambu, Phys. Rev. Letters 24. 628 (1970). 

31. 	 Aachen. -Berlin-CERN-London (I. C.)- Vienna, Phys. Letters, 27B, 336 (1968). 

32. 	 L. Caneschi, Letters Nuovo Cimento 2, 122, (1969). 

33. 	 See review talk by Peter E. Schlein at The Informal Meeting on Experimental 

Meson Spectroscopy, University of Pennsylvania, April 26-27, 1968. 

Published in Meson Spectroscopy, ed. C. Baltay and A. H. Rosenfeld 

(W. A. Benjamin, Inc., 1968). p. 161. 

34. 	 Eugene Colton and Peter E. Schlein, Experimental Validity of One-Pion-

Exchange and Prospects for Studying 1111 and K11 Scattering. Proceedings 

of the Conference on 1111 and K11 Interactions, Argonne National Laboratory, 

May 14, 1969. 



JIo.." t' i-

F" ....:: C" 

-35

35. 	 Eugene Colton, Peter E. Schlein, Eugene Gellert, and Gerald A. Smith, 

Phys. Rev. Letters~, 1548 (1968). 

36. 	 See e. g., A. R. Erwin, Proceedings of the International Conference on 

Expectations for Particle Reactions at the New Accelerators, April, 1970. 

Madison, Wiscons in. 

ACKNOWLEDGEMENT 

We (D. G. and E. M. ) would like to thank Dr. R. D. Peccei for 


several helpful discussions. 



	Introduction
	Part 1
	Part 2
	Part 3
	Part 4

