
The ReacLLun a p • .,« Hetyeen 20 GeV/c and 100 t;eV/c 

(). l.. Oaltl, K. A. Johnson, R. U. Kenney, H. 1'rLpstcin 
Lawrence Berkeley Laboratory, University of California 

A- V. Barney, D- J. Mellcma, A. V. Tollestrup, R. L. Walker 
Department of I'hysics, California Institute of Technology, Pasadena 

Preliminary do/dt distributions are presented fur the reaction 
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a p •* nn (0 < - t < 1.2 (CeV/c) ) . I n c i d e n t pion momenta were 2 0 . 7 , -lO.a, 

bb and 10L UeV/c, obtained a t t h e HAL Meson Laboratury. The e f f e c t i v e 

Regge A t r a j e c t o r y for t he se d a t a i s d i s c u s s e d . Evidence from n e u t r a l 

f ina l s t a t e s i s presented for t he p roduc t ion of w and n* mesons a s we l l 

a s fo r an enhancement in the f , A_ mass r ange . 

1 5 
AKi: Con t rac t Ho. W-7405-eng-43 (LBL) and AT(U-l)-f>R (i:IT) 



I. Introduction 

An experiment is in progress at NAL to measure neutral final s t a t e 

reactions of n mesons on protons. We report here some preliminary resu l t s 

obtained in the interval between 20 GeV/c and 100 CL-V/C for the reaction 

•a p •*• n n ( i ) 

"•*• T V 

as well as some evidence for production of other neutral final s t a t e s , for 

example, n"n and u n. In an accompanying paper [ l ] WL- niv>- rt-sn 11 •; for x.hv 

reaction n p -*- n n-

The n p reaction leading to the nn final state is considered to be one 

of the simplest examples of the Regge mechanism because this reaction is 

dominated by the exchange of a single Regge trajectory, namely the A_. 

however, polarization measurements [2] suggest that the interaction i s more 

complicated than the simple exchange of a single trajectory. In order to 

investigate the Regge character of reaction (1) i t is important to obtain 

measurements a t hif h energy over as large an energy and momentum transfer 

range as possible. Ue have therefore measured the differential cross section 

for the reaction (1) throughout the momentum transfer range from -t=0 to 
2 - t - 1.2 (GeV/c) at momenta from 20 to 100 GeV/c and have determined the 

effective A. trajectory using these data in conjunction with published data 

from 2.9 to 18.2 GeV/c. 13], 

II. Experimental Description 

The data for reaction \'l) were taken simultaneously with the data for 

the reaction n p -»• n n. The apparatus and experimental arrangement were 

identical for studying both reactions, and the reader is referred to rhe 

accompanying paper [ij For details. 
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The trigger condition .tuuurcd that tin- liiui tti.it. -.u- . o o p U u l y iuutr.il. 

The trigger was, of necessity, precisely that. triK,-,.-i -im-J in the ch.irge 

exchange experiaent since the data for both reaction.-, were collected sicult.me-

ously. The cut structure used in the selection ol the mi I inal state 

differed froa that used in the charge exchange reaction only in restrict in* 

the aasa cut tu the n oass peak. For completeness the entire rut s i m n u r o 

will be listed here for the nn reaction. 

1, The CLEAN rcquirenent. There ttuat be no pulse in -my pliolmi >.'*.-1*» >»u»i' ' . 

thereby •li-'.iii.-it.i:̂  •.•vents vitti pfcotuti^ uuttid>' ' •- .-• \ •- i .• 

the detectcr. 

2. Corenkov tag. A pulse in the threshold Ceren.<ov counter ... • ;-*.reuf 

thereby el initiating kaons and antlprotcns froa the bcaa flux. 

3. Energy In the a detector. The acasurcd energy was required Lo be within 

the full energy peak corresponding to the incident " bean energy. 

4. Kuaber of photons. It was required that two individual showers be 

resolved by the detector for the rm reaction. 

5* Cos 0 cut. In the decay n -* tlf. the emission ani;le 0 of the photons 

in the n rest fraae with respect to the n Llne-ot-C light can be calculated 

froa the data. Those events with [cos oj > 0.7 are ilinlnated bi-cau.ii- on*-

photon has very ssall laboratory energy near ces 0*1. This arbitrary cut 

Is well outside the region where the detection efficiency [alls btlow 

ioo:. 
n. Mass cut. For reaction (i), the value of the oass M oeasurcd by the 

detector is required to be within the n sass peak. 

In calculating cross sections it is necessary to correct for the loss 

oi genuine reaction M ) events which are elininated froa our data sanple hy 

variaus cuts, and to correct for the Inclusion of background events in tb L 

iî ta sanple. These correct loos are listed in T.ihU- I. Most of : h.- correct ion-

http://tti.it
http://iuutr.il
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were oeasufeo d i r e c t l y i r o n t b f d.ic.i or Eroa severa l s p e c i a l runs I n t e r ­

spersed wi th t ;it- d,it>'t c o l I n r t l a n . Severa l of these < u r n r i Ions ,-irc for 

we l l -de f ined phy.-iiral j imr e s s e s for which a re l iable- c.iU u l a l ion i-.m . i lsu 

be oadu; wherever puHBiUli- the e m p i r i c a l l y de te ra incd iorr . - . I inn.-. w,ri-

Vt-riried by c a l c u l a t i o n . 

Flie f r a c t i o n of -oco i l neu t rons d e t e c t e d by the ve t a lumsv u.\;i e m p i r i c a l l y 

acasurcd by exa&lalng the p u l s e h e i g h t d i s t r i b u t i o n of * p - >^n iv i rn t s as J 

funct ion of t he az iaut l ia l angle of t h e n , and t hus , of the r e c o i l i ieut run. 

A u ioILar a n a l y s i s was c a r r i e d out for t he charged veto c o u n t e r s on a s a a p l c 

uf da t a c o l l e c t e d for t h i s purpose . The e f f i c i e n c i e s of the v e t o house c o u n t e r s 

as a 1 u n c t i o n of energy fur both photons and neutron.-* were a l s o measured us ing 

a tagged photon hcaa at t he S tanford Hark I I I a c c e l e r a t o r and a tagged neu t ron 

bcaa a t t h e LuU 164" iyi l u i r o n . 

As an a d d i t i o n a l check on our o v e r a l l no raa l{na t ion , tm a ea su red tlu-

• p t o t a l c r o s s s e c t i o n at 40 CeV/c u s i n g the saoe bean IngU- ;md l i q u i d 

hydrogen t a r g e t . Our r e s u l t of o * (24 - 2) cb i s In K»od ngreetsent wi th the 

*»0 GoV/c r e s u l t of 24. L cb repor ted by Baker K t a'.. I'M 

111. R e s u l t s 

In F i g . 1(a) uc p lo t the square of t he oass (H ] for e v e n t s a t 101 CeV/c 

s a t i s f y i n g a i l c u t s l i s t e d In Secton I I except for the oass c u t . There i s 

a p roa incn t peak around H * 0 .3 (GeV/c ) a s soc ia ted with thu n * Y1 decay 

code . The l e v e l of background on each s i d e of the peak I s cxlnLta.il, p e r m i t t i n g 

c lean s e p a r a t i o n ul 11 e v e n t s . In a d d i t i o n t h e r e is a l a rge peak .it low BUSS 

due t o a product ion and a s n a i l enhanceOenl .it M (1.9 (lieV/c ) " wliirli 

nay br ;is±>or ia tcd Willi >\' (958) p r o d u c t i o n , decay Inf. inl<» twn , ' v . 

http://cxlnLta.il


2 
F igures 1(b) and 1(c) give t he H s p e c t r a a t 101 CeV/c for N =3 and 

K - 4 , r e s p e c t i v e l y , where H i s t he number of indiv idual photons r e s o l v e d 

by the d e t e c t o r . The events In these h i s tograms have been sub jec ted t o c u t s 
2 2 

1, 2 and 3 from Sec. I I . In Fig. 1(b) t h e r e i s a peak around H : 0 .6 (UeV/c ) 

due Lu u p r o d u c t i o n where the u) decays I n t o n y. (A s n a i l enhancement In Kig-

I la) around M - 0 .6 (GeV/c ) Is due t o u + n t events in which the d e t e c t o r 

d i s t i n g u i s h e d only two of the t h r e e photon showers . ) There I s evidence in 

i if.. I ( t ) «f an t-nham tmcnt in the reg ion 1.3 H l.'t ( U V , ' . ' ) " Jm u> 

f and /or A_ p roduc t i on . Furthermore, t h e r e a r e peafei in Fig. 1(c) in t h e 

n and t\' mass r e g i o n s , mainly a s s o c i a t e d w i t h t he 3n u decay mode »t t h e ii 

and the ESQ decay mode of the n", r e s p e c t i v e l y . ('For purposes of a n a l y z i n g 

r e a c t i o n (1) we have not used n even t s in t h e N * 4 ca tegory , but have 

r e s t r i c t e d o u r s e l v e s Co the n. -*• inr node a s seen i n F i g . 1 ( a ) . ) 

The p r e l i m i n a r y d i f f e r e n c i a l c r o s s s e c t i o n s do /d t for r e a c t i o n ( I ) a t 

»0.7. 4 0 . 6 , 6 6 , acd 101 CeV/c a r e given in F ig . 2 . At.20.7 GeV/r t he reg ion of 

good accep tance for n ' s was confined to a U n i t e d range of momentum t r a n s f e r , 

and thus we p r e s e n t da t a for t h i s energy only between - t=0 and 0.5 (fieV/e)"-

For t he t h r e e h i g h e r ene rg ies the da ta I s p resen ted ovi-r the rangi* 0 -• - t I . J 

(GeV/c) . The t o t a l number of events a t each energy for r eac t ion ( I ) i= 

l i s t e d In Tabic- I I . There Is a forward peak at each vnt'rgy which f l a t t e n s nut 

.it s c a l l t and which has a smooth exponen t ia l f a l l o f f in the region 0.2 * - i • 

UleV/L-)". In Table t l we l i s t va lues for 
d « ( " " p • ^ ) » r 

1 * y i i • - i 

n earn energy. I IM-SL- values are alsu ulutLed t« t- in- I -is .i itm.-iin 

. . . Jt 
• - 1 - > d t 



tend Co be systematically lower than those of ref. 11*)- The solid curve 

in Fig. 3 shows the result of a fit to the functional form 

it p " ^ 7rj = A pleb^ (2) 

based on the data of this experiment and of ref. [i\ over the range of p 
lfib 

from 2 .9 t o 100 GeV/c. The r i t t e d pa rame te r s were determined t o be 

A = ( ^ 7 ± 27) ub and n = 1.47 ± 0 . 0 3 , Bolotov e t e l . [ 4 ] r e p o r t v a l u e s of 

A » (230 ± 3 0 ) ub and n = 1.35 ± 0 .04 u s i n g t n s i r da t a as v e i l as t h a t of Rci'. [ * ] . 

A s tudy has been made of t he e f f e c t i v e Rtigge A_ t r a j e c t o r y by ( i L t i n g 

da t a from r e a c t i o n (1) t o t he forn 

sq 

where u and B a r e parameters t o be de termined a s a funct ion of t , and q i s 

t he CM menaentura. An o v e r a l l f i t (Kit 1) from 3 tu 100 CeV/c has been c a r r i t i l 

nut a t s e v e r a l t v a l u e s , us ing the d a t a of Ref. I i i .ind ul I In- pn-s*-iil e x p e r i ­

ment. The r e s u l t s uf t h i s f i t a r e summarised in Tabic I I I , and p l u t s nf 

dn /d l v e r s u s p , . a r e given in F i g . 4 for s e v e r a l r e p r e s e n t a t i v e v a l u e s of t . 

The cu rves in F i g . 4 show the bes t f i t t u (3) a t each of t he se t walut-s. 

F i t t e d v a l u e s for a a re d i sp layed in F i g . 5 ( a ) . For purposes of compar i son . 

we a l s o show in Fig 5(a) t he va lues of u obta ined by f i t t i n g t h e dat . i oi 

Befs . I 31 and [U\ from 6 to 50 CeV/c ( F i t 2 ) , as repor ted in Kef. [h\. Wi-

have not a t tempted a f i t inc lud ing both our da t a and the da t a of Kef. I '• ) 

bei-atise of t he i n r o n s l s t e a r y between t h e i r r e s u l t s and our p r e l i m i n a r y 
2 

r i -sui i r i . Tin; two si-i s nf i t ' s a r e in good agreenenl cxt-ppt at - i -- U.01 (C.-V/r)"" 

where n f rua Kit I i s l a rge r than u from F i t 2 by abuut 0 . 1 . 
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We have rlsu f i t separately the data of Ref. t i l from 3-18 CeV/e (KiL J) 

and the data of the present experiment from 20-100 CeV/c (Fit 4). (In fi t U 

UL* have deterained values of a only for - t < 0.5 GeV/c, since the 20.7 GeV/c 

data Is res t r ic ted to this t region Without the 20.7 CeV/c data, the 

s-interval of the remaining data is too sisall to obtain a at;aningful f i t . J 

Tin- results of F i t s 3 and A are listed in Table I I I and are plottfii in Fig. 

j (L) . Ttie points I'ron Fits 3 and 4 are compatible vitliiu errui'c i'ur :ill I. 

values, indicating that the effective Regge pole parameterizatiun (3) i - su/t, 

in'-*onpatible with reaction (1) data fran 5 to 100 GeV/c. 
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Crusa Section Corrections tor u~p -*• r\n 

^ TV 
40. b 66 10 L 

.__ GeV/c CeV/c CeV/c 
Length of LH- t a r g e t 40 .1 en 4 0 . i eta 40 .1 cm SO.4 ci 

Spurious charged v e t o 
fi-rays frota a" -5Z -5Z -52 -7Z 
Conversion of y - raya -5Z -5Z -5Z -6Z 
Recoil neu t ron ve to* -2% -2% -2Z -22 
Ace i d i n L a U -5Z -2Z -ti2 -6Z 

Spurious shower v e t o t 

Kwoi l neu t ron v e t o -5Z -5X -51 -5% 
A c c i d e n t a l s -1Z -1Z -1Z -3Z 

n d e t e c t i o n e f f i c i e n c y ± 

Geomet r ica l accep tance -20Z -1Z -1Z -12 
N - 2 c u t -0 .5Z - 0 . 5 1 -0-5Z - 0 . 5 Z 
Cosine 9 c u t -3DZ -30Z -30Z -3C2 

Background 
Target e s p t y +3Z +5Z +4Z +32 
N* cun tamiua t ion +3Z +3% +3Z + l i 

* 
Averaged over t 
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Table II 

Preliminary ki-sulcs for u p • nn 

Number t -
uf Events 

' ' I 

20.7 CeV/c 530 (i.O i O.j ) |i. 

40.6 3925 (1.29 - 0.0H) 

66 1277 (0.61 - ll.ti'i) 

U)l 2775 (0.35 - 0.03) 
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Table H I 

E f f e c t i v e Regge T r a j e c t o r y Values 

f o r n p -* vfl 

F i t 1 F i t 3 F i t k 
• of p , . 3-100 GeV/c 3-18 CeV/c 20-100 OcV/c 

Used hef. 3 and Ref. 3 F r e s e n t Expt 
P re sen t Expt . ( P r e l i m i n a r y 
(Pre l im, r e s u l t s ) 

Valuer, o f a: 

- t =. 0 .05 (c leV/cT 0 .37 *• 0 .02 

0 .15 0 .33 ± 0 .02 

0 .25 0.27 ± 0 .02 

0.W> 0.1U ± 0 . 0 2 

0 .60 O.OO l 0 .02 

0 .85 - 0 . 0 9 ± 0.0U 

0.38 ' 0 .05 U..V > o.oU 

0 .30 ± 0.05 0 . 3 0 ± 0 .04 

0.2U * 0.05 0 . 1 8 ± 0 .05 

0.17 i 0.05 0 . 0 8 ± 0 .06 

0.13 ± 0.07 
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Figure Captions 

Fig. 1 Spectra of H 2 at 101 GeV/c. 

(a): Distribution of events satisfying cuts 1-5. 

(b) and (c): Distribution of events with N =3 and H > 4, 

respectively, where H is the number of photon showers resolved 

by the detector. Events in these plots satisfy cuts 1-3. 

Fig. 2 (a-d): Distributions of dcr/dt for reaction (l) at 33.7, 40.6, 

66, and 101 GeV/c, respectively. The errors shown are 

statistical only. 

Fig* 3 A plot of the integrated cross section for reaction (l) as a 

function of p. . . The solid curve is a fit to the data of lab 
Eef. [3] and the present experiment. 

Fig. 4 ELots of da/dt versus p_ , for reaction (1) at several values 

of t. The solid curves are the results of fitting the data 

of Ref. £3] and of the present experiment to expression (3). 

Fig. 5 Effective trajectory values for reaction (l) displayed as a 

function of t. 
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