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It is proposed to carry out a general .study. on I: p and I: n inter

actions at 20 GeV/c.Informations about diffraction dissociation, topological 

cross sections and statistical momenta of the charged multiplicities will be 

obtained and compared with othertypesof high energy reactions. It is also 

planned to study the inclusive, semi- inclusive and some of the exclusive 

reactions obtained from the E-N interactions. As a by- product of the experi

ment, we will be able to study the elastic E-p, E-n and E-d scattering and 

also the coherent production .of E- on deuteron. 
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A.- INTRODUCTION 

In contrast to the large amount of data accumulated in non- strange 

baryon- baryon interactions, there ~s only a limited amount of information on 

tN reactions. We prop9se therefore to carry out a general study· on l:N inter~ 
• w + . 

actions at 20 GeV/c using the 2m bubble chamber. As L beams are more difficult 

to handle than 1:- ones, we propose to study 1:-p and 1:-d interactions. To this 

end we would like to collect about 100,000 roultiprong events (i.e., events 

having .more than two charged outgoing particle for studying the 1:-·p interac

tions •. A similar amount of ~vents is also requested for the study of the 1:-n 

interactions. The utilization of deuteron t~rgets will also allow the study of 

1:-d coherent production phenomena."-·As .will be pointed out below this experiment 

would allow us to bring a significant contributic·n to the study of 1:-N inter

actions. 

B.- SOME TECHNICAL ASPECTS CONCERNING THE EXPERIMEN~ 

From pr.ev,l.ous . investigations (J ' 2) it appears that an enriched 1:

beam at 20 GeV/c can be provided although such a beam will be contamined mainly 
. . 

by n-. This is not a great inconvenience for calculating the incident 1:- flux 

which will be determined from the number of 1:- decaying in the chamber (at· 20 

GeV/c the mean decay free path is about 75 em). The 1T- contamination of the 

beam due to the 1: ~n1T decays ~n front of the chamber will not really compli

cate the analysis of the data because these 1T are of low momentum (see Fig.l) 

and are hence easily recognizable i~ the bubble chamber. In any case the pro-

. blems due to the beam contamination will be solved primarly at the scanning 

level. This is because we intend to record only events in which the observation 

of strange particles decay in the chamber. Further. kinematical fitting of the 

events will then help in obtaining the final sample of 1:-N interactions. 

In order to achieve the fitting of events we would like to have a 

beam with a momentum resolution of about 1% which appears to be feasible( 2) •. 

Such a resolution will allow us to handle easily the four constraint events, 
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as shown by previous high energy experiments performed in the incident momentum 

range of 15-20 GeV /c. Furthermore it is also expected that some information 

about one constraint events will 

is a ~0 • Indeed in this case the 

be obta·ined, 

missing mass 

·~ . 
at least 

[H2(~o)] 
m 

when the neutral particle 

of these reactions will 
2 0 also populate the M (~ ) < 0 
m 

no fit any other hypothesis 

the event category having a 

region. The events in this region whenever they do 

can be considered as good candidates for studying 
. '•.• ... ·, . 

~0 in the tinal state. Such an event selection will 

of course complicate the CFoss section determination. Nevertheless some produc

tion features of these one constraint events can be studied. 

C.- PHYSICS INTEREST 

As already stated above , the aim of the proposed experiment consists 

in making a general ·study or· E p and ··D,-n inte~actions. As ~imilar experiments(4) 

are planned at the SPS and at N_AL the data at 20 GeV/c will be of great impor

tance for studying the incident momentum.dependence of the E-N interactions.: 

In the following we ~11 briefly discuss some aspects of the Fhysics we intend 

to study., 

1. Top o 1 o g i c ·a 1 c r o s s s e c t ions and mu 1 tip 1 i c i t i e s 

.The proposed experiment. will off~. us the possibility to mea&ure topo

logical cross sections and also the statistical momenta of the charged multipli

cities. Comparisons between EN and pp or pp data ~ill allow to evaluate the 

importance of the s- channel .quantum .?umbe~s on the quantities mentioned above. 

In particular it will also be of interest to see whether or not E-N interactio~s 
at 20 GeV/c obey the KNO scaling prop~rty(5). 

2. Inclusive reactions 

Because of the size of the bubble chamber an important fraction of 

the produced strange particles will decay in the chamber. This will allow us to 

study in particular the inclusive reactions 

+ 
+ E-x 
+A X 

(where X means anything). The comparison of the inclusive reactions obtained 

from the E N with the pp data will be carried out. This will permit among 
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other things to check the factorization properties of the inclusive reactions 

(i.e., by comparing for instance pp-+pX with .l:N-+pX or .l:p-+LX)· 

3. Diffraction dissociation 

We also intend to study the diffraction dissociation of the incoming 

E and N particles 't·.rhich appears to play an important role in high energy produc-
* " tion processes. Similarly to the dissociation of the p-+~ seen in pp interac-

- * tions, it is expected that the 1: -+Y 1 will be produced abundantly. This will 

offer us the possibility of studying the production of resonances having the 
. ~ 

same isospin as the incoming 1:- and to search for the SU(3) partner of the 

N~(1470). In fact, ithas been predicted by Lipldn inarecent work( 6) that there 
* should be Y1 resonances not discovered as yet~ w~ich are primarly produced 

in the diffraction dissociation processes. As the incoming 1:-N system is exotic 

(in the sens that the baryonic number B = 2) the contribution of the leading ex

change degenerate Regge traj~ctories are expe:-ted to cancel and the interactions 

will be dominated by Po_meron exchange. Then if the Pomeron is. a pure SU (3) sin

glet the transition octet -+decuplet will not be all_owed 'by diffractive dissocia

tion. Thus the study of 1:-N interaction may bring some additional information 

about the SU(3) nature of the Pomeron. Finally let us also point out that the 

proposed experiment will also allow us to see if helicity is conserved in the 

s or t channel. Furthermore as A will be present in some of the final states, 

polarization measurements of the A will lead to further information about dif

fraction dissociation mechanisms. 

4. Correlation· 

The two particle correlation features are often used 1n high energy 

reactions for analysing the production process. Such a study will also be made 

here for inclusive, semi -inclusive and exclusive reactions. A comparison with 

other reactions may lead to a better understanding of high energy production 

phenomena. 

5. Exclusive reactions 

As stated above the momentum resolution ''e requested will allow us to 

handle the fou~ constraint reactions~ Some of the reactions which can be studied 

from this experiment are listed below (m '2: 0) 



- - + -I p ~ 1: p(m+l)~ (m+l)~ 

+" - + -
~ 1: p2~ m~ m~ 

- + + -
~l:AK ~m~ 

- + -
~A p1r m"ir m~ 

+ 
~· pp K 1f m~ m~ 

- + - + --+- E pK 11". m~ m~ 

4 -

1:-n ~ 1:-p~-m~+m~-

·• + - + --+-. L p3~ m7T m~ 

. - 0 + -
~ 1: AK m'IT m~ 

- + -
~ A p 2~ mTI m7T 

- + 
~.pp K 2~ m'IT m~ 

- 0 + -~ E A K m~ mTI 

• 

Any information on these channelr will be of interest in itself because 

of the scarcity of existing data. Among other things a study of y* and =* produc

tion is anticipated. The y* resonances are exp.~cted to be abundant in the final 

state since in I:-N interactions y* can be produced \-litho';!~ strangeness exchange. 

-~n addition a sea=ch for Ap and AA resonances, for which some evidence for their 
. •(7) ~ 

existence has been reported , will be made (su~h resonances may for instance 
.~ 

populate the 10 b~(3) multiplet). 

Although exotic resonances are predicted to be primarly coupled to the 

NN system(S) the proposed experiment is particularly suitable for searching 

exotic I:-~- resonant systems(g). For this one can for example use the simplest 
+ - - - - ++ channel 1: p ~I: p~ Tf (or even the subchannel I: p+ I: ~ ll ) :j.n lvhich an outgoing ~ 

1: 1T system appears. Furthermore a search for exotic t- cham1el exchange is 

particularly suitable in reactions having I:+ in the final sf;:ate. 

As an additional physics i~teresJ we c~n· al~o men~ion that the reaction 

1:-n~l:-p~- will permit obtaining information about TII:~-ITI: scattering if~ exchan

ge co~tributes to the I: pTI production. Finally we also expect to study some of 

the production features of the one constraint events. 

6. Utilization of the Fermi~motion·in the I:-n reactions 

In the study of the I:-n part of the experiment, the Fermi -motion of 

the neutron target will lead to a rather important c .m. energy spread (see 

Fig. 2). Thus for certain high cross section channels, some information about 

then c.m. energy dependence can be obtained. 
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7. Coherent production 

. -
A fraction of E d interactions will lead to reactions coherently 

produced on deuterium. The study of coherent production phenomena, will allow 

us to analyse the systems emitted in a pure isospin I= 1 state :i.e., those 

recoiling against the deuteron. An estimation of the cross sections can be made 

assuming that coherent production phenomena are nearly independent of the type 

of the incident particle and incid"'nt momentum. This in any case appears to be 

verified by tne pd-+- pd7T+7T- and pd + pd7T+7T-:- reactions in the 5.5-15 GeV/i:. 
• 'd .. . ( 10) u . h h -d -d + - . . 15 
~nc1 ent momentum reg1.on • s1.ng t en t e p + p 7T 7T cross sect1.un at 

- + -GeV/c, we will have available of about 2000 E d + E d7r 1T events. Thi~ ,number 

is obtained by the same method as that described in Section D. 

7 . Miscellaneous 

.. 
As a by- product of the proposed experiment, we will also measure ~he 

E-p and L-d elastic sc~ttering from which some information about the EN isospin 

amplitudes will be gained. Some knowledge about backward elastic EN scattering 

and total E-N and E-d cross section will also be obtained. 

·D.- NUMBER OF EVENTS AND SCHEDULE OF THE ANALYSIS 

tions 

The total L-N cross section ~ot(E-N)] can be estimated from the rela-

crt(pn) - crt(E-p) = crt(7T+p) - crt(K-n) 

crt(pn) - crt(E-n) = crt(7T-p) - crt(K-p) 

deduced from the quark model ( 11). One obtains thus that crt (L-p) ::::crt (E-n) ::::35mb. 

If one assumes that the fraction of the two pronged events in E-p interactions 

is equal to that observed in pp interactions at 20 GeV /c, we will have a cross 

section of about 18mb for the reactions having more than two outgoing particles. 

Based on this cross section one can estimate the number of photographs necessary 

to obtain 100,000 multiprong E-p interactions. For this purpose we will chose a 

fiducial volume as shmvn in Fig. 3 • This ensure·s that· the direction of the inco

mong E- track as well as the momenta of the charged decay tracks can still be. 

measured. We can obtain in this fashion 100,000 events with 500,000 photographs 

and 12 E- entering in the chamber for each burst •. These values are obtained by 

taking into account the corrections due to the path length attenuation of the 
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incident E- decaying in the chamber and also that introduced by our scann~ng 

criteria. This last correction was estimated from the E-p~E-pTI+TI- reaction 

simula~ed• by .. generating events peripherally by a Monte Carlo method (1 2). The 

number thus obtained is some kind of average because the outgoing E- are expec

ted to have a smaller laboratory momentum for high mul.tiplicity events whereas 

the produced A have a longer life time than the E-. For the E-d part of the expe

riment we also require 500,000 photographs. Only 1/3 of the E n interactions 

will have a visible spectator proton stopping in the chamber. This is ~2·t ~. 

great inconvenience for the study of the four constraint events which is one of 

the most interesting aspect of the E-d·-part of the proposed experiment. Assuming 

that E p and E-n in,eractions have nearly equal cross sections we also expect 
~ ~ 

to obtain 100,000 E-n events having at least 3 particles 'in the final state (we 

neglects here the E-d~E-pn breackup reaction). The statistics whi~h would be 

•obtained by this experiment can be easily handled by the collaborating ·labo~a-

tories. All the three gro~ps have a scanning caracity sufficient for treating 

106 pic_tures. Mo.ceover part of the CERN spi:.cal reader and the Strasbourg H P D 

in addition to conventional measuring~achinEts will be devoted to this experi

ment. The most interesting physical aspects of the experiment are expected to 

be obtained within 18 months after the realization of the experiment • 

... 
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Figure 

Momentum distributions (dN/dP) of the outgoing E- and then- coming from the 

E- _..nlT- decay. The E-p _.. E-plT 1T reaction was simulated by generating Monte Carlo 
btl bt2 -2 

events weigthed each by a peripheral e x e factor with b = S(GeV/c) • 

Here t 1 (t2) is the four momentum transfer between the incoming and outgoing 

E- (p). 
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Figure 2 

The I n c.m. energy distribution for the events having, a visible proton 

spectator stopping in the chamber. In order t_9 cover sue~ ;:t c.m. energy 

interval with a nucleon at rest in the laboratory system one needs a I 

beam having a momentum in the range of 17-23 GeV I c 
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Figure 2 

The l: n c.m. energy distribution for the events having, a visible proton 

spectator stopping in the chamber.· In order t9 cover sue~~ c.m. energy 

interval with a nucleon at rest in the laboratory system one needs a L 

beam having a momentum in the range of 17-23 GeV/c 
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Figure 3 

The unshaded area represents the chosen fiducial region in which the interaction . 
and the decay of the outgoing strange particle have to take place. This choice 

will allow us to measure the incoming L track as well as the momentum of the 

outgoing decay tracks. 


