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ABSTRACT 

Measurements on the reaction n p  * nn have been carried out at 

Permilab with beam energies from 20 ro 200 GeV in the same experiment in 

which pion charge exchange aenccering was studied. The differential cross 

sections have a pronounced dip in the foward direethn. The daca can be 

described "all by s simplc Regge pole model but the resulting A2 crajecroly 

is not degenerate with the P trajectory extracted from the charge exchange 

data. 
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The reaction C p  * on is a companion to pion charge exchange scattering. 

bach theorerically and experimentally. From the theoretical point of view, 

these reactions are believed to be uaeprionelly eimple so that they play a 

special role in the study of strong interaction dynamics, as discussed in the 

preceding ~etcerl). Expenmenrally. if one observes the n'a via their 21 

decays, the two reactions differ only in the 21 mass so that they can be eastlg 

studied in the same experiment. This has been done in previous wrk oo this 

~ubject~'~.~). 

Thp erppriment ie simple in principle; one requires a 7-ray detector 

capable of identifying no's and n'e and measuring their qgle of aniesion. amd 

an efficient means of eliminating bsekgrovnd from other reactions such a. 

n-p * TON*. N* * non. These basic oeedn impose severe requirements which -st 

be met in the design of the apparatus. A r  100 CeV, for example, the eh&e 

exchange eross section is rimes the .rota1 cross section for all r-p inter- 

actions and lo-' rimes the cross section for producing all-neutral final states. 

The cross section for the n reaction followed by n * 21 decay is another factor 

10 smaller. 

The eltperimeotal arrangement is ah- echematieally in Pig. 1. Pions in 

the incoming beam are tagged by a threahold Ceredov counter and their path 

ia meaeured by scintillation counter hodoscopes, one Deal the tnrgsr and the 

other approximately 60 n uparreaa5'. The liquid hydrogen target (length 20. 

40, or 60 cm) io surroulded, except for 1 beam entrance hole, by eeintiIIatim 

counters which veto all event* virh one or more charged particle in the final 

scace. Outside Lhese charged vern covnrers is a "Veto Houea" designed to be 

very efficient for Y-rays from N* - non and ocher background reacciaur but 
insensitive to recoil neutrons from the charge exchange and n raneti-. The 

Veto Houee counters are made of Pilor 425 Cerenkov plantie sandviched wirh lead 

sheets. Additional lead-scintillator shnrer countera. V1. V2, Vj. V4. c&r the 
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re-ining aol id  mgle except f o r  t ha t  aubtrmded by the  de tse tm.  

The ds tce tor  (Pi$. lb) is a hodoscope nhwer detector de~e loped  fox Chi. 

ergeriaeot6). Photons from ro. n, or other pa r t i c l e  deeaya produce ahprera 

i n  a set of 19 pa r a l l e l  lead pla tes  normal t o  the  direction of t he  beam. each 

p l a t e  beiog1.12 rad ia t ionlength  i n  thickness and 75 em square. Gaps between 

the  lead p la tes  are f i l l e d  (except for  the  hro end gaps) with s c i n t i l l a t i o n  

p l a s t i c  rods 1.05 vide,  oriented ver t ica l ly  and horizontally i n  a l t e rna t e  

gaps. Eight s c in t i l l a t i on  rods with the  same n or y coordinate ( z  i s  d o n g  

the  beam direction;  y is up) are connected optical ly by curved l i g h t  pipes 

a t  one end and form one counter. A number of special  t r i ck s  have been employed 

in the  Eonarmcrion of these counters i n  order t o  achieve s pulse height uni- 

formity over t h e i r  f u l l  lengrh of approximately t3%. There are 70 r-counters and 

70 y-counters, uhose pulse heights g ivea the  x and y dis t r ibut ions  of the  energy 

deposited by a11 photons h i t t i ng  the  detector. 

The momenta of these energy distributions may be used t o  obtain the  combined 

energy (E), weighted mean posit ion (x.y), and invariant mass (m) of the  detected 

phorms7). Typical uncertainries i n  the determination of these quant i t ies  ere 

s , s  4%. ox* 1 mn for  no. and q% 7% fo r  no. 4.5% f o r  n. A mass histogrem 

shoving no and n pealrs f o r  the  64.4 GeV data of the  present experiment i s  

i l lus t raced  in Pig. 2. 

In raking data we selected neutral  f i n a l  s t a t e  events using a re la t ive ly  

~ l l r e s t r i c t i v e  event tr igger,  recording pulse heights from nearly a l l  counters 

on ragneric tape so  t ha t  event selection c r i t e r i a  could be studied and adjusted 

l a t e r  in the off- l ine analysis. For example, none of the & a m - r a y  veto counters 

were used i n  the  t r igger  log ic  ma tha t  pulse height data from these counters f o r  

all n e u r r d  f ina l  a t a t e  events are available for  use i n  inveatigaciog t he i r  

behavior. 

nany "cuts" and correction@ have been applied t o  the  data. Fortunately 

it has been posaible t o  atvdy moet of these by using the  de t a  collected i n  

the  experiment and eonaiderable e f fo r t  has been devoted t o  t h i s  investigation.  

The r e su l t s  of cur measurements f a r  the  reaction n-p .* nn (n * Zr) a t  

energies 20 t o  200 GeV are presented 14 Table 1. The d i f f e r e n t i a l  cross sec t ions  

a t  th ree  of t he  six merg l e s  studied are a l so  shown i n  Fig. 3. These data have 

bean corrected fo r  t he  e f f ec t s  of instrumental t -resolution and f i n i t e  t bins 

by t he  procedure described i n  t he  preceding l e t t e r  on charge exchange scattering1). 

heeordiog t o  Regge ideas ,  t he  k2 Regge pole i e  expected to dominate the  n 

reaction 80 that  an analys is  of these deta should give information about the  A2 

trajectory.  As i n  che cane of pion charge erehaage, our da t a  on <p * m can 

be described r~markably well  by the  simplest Regge pa l e  m a e l  with a p w e r  1- 

energy dependence and a nearly l inear  t ra jec tory ,  a(t) .  

A good phenomenological descript ion of our data  is provided by the  fo l loving  

parameterization1) : 

da zo(t)-2 
(8.t) ' B(t) V (1) 

with a ( t )  - eO + olt  + rn2t2, B(t) - (Cl+ C2t) ebt and u - (s.- u)/4X. l'he 

f o l l w i n g  valves f o r  t he  parameters have been found by a f i t :  

a O - . 3 7 1 t . 0 0 8 ;  a l - . 7 9 t . 0 4  i m 2 - . O 3 t . 0 4  

C1 - 306 i 27 ; C2 - -9800 t 800 ; b - 3.80 t .31 

The uni t s  ere such tha t  t is i n  Gev2, v i n  GeV, end in Ub/cev2. This f i t  

gives a y2 - 109 for  108 degreea of freedom. Curves calculated f r w  the  above 

expression are shown i n  Pig. 3 including an extrapolat ion t o  5.9 GeV f o r  cmpar i?m . 
with the  l a r e r  energy data2'. The above parsmereriration, obtained by f i t t i n g  our 

data alone, agrees only qval i ta t ive ly  With the lower energy data. 



The trajectory act) obtained from the fir is s h m  by the solid curve 

in Fig. 4, along with "dace points." a*(r), obtained in rhe conventional 

manner by fitting the d a m  ar each value of i separately, using the form (1). 

According to the idea of "exchange degeneracy." the A2 and 0 trajectories 

~hovld be the same. Our results show that they are nor. in agreement with a 

conclusion already reached from rhe previous experiments. In comparison with 

the p trajectory obtained from the charge exchange data. the A2 trajectory 

found above has a smaller intercept oo and a smaller slope ol at t-0. 
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Table 1. D i f f e r e n t i a l  cross sec t ions  i n  irb/GeV and o t h e r  r e s u l t *  f o r  

<p + nn, n * 21. Thebe d a t a  have been cor rec ted  f o r  t h e  e f f e c t s  

of instrumental  t - reso lu t ion  and f i n i t e  b in  widths. Only e t a t i s t i -  

eal errors and errors i n  t-dependent eorrecr ione are given f o r  

2 but a11 syscemdtic errors are included i n  t h e  i n t e g r a l  cross 

* 
s e c t i o n s  oI. The right-hand column, o ( t ) ,  con ta ins  values of t h e  

t r a jee rory  obtained by f i t t i n g  t h e  da ta  a t  each value of t separa te ly .  

Figure 1. (a) Schematic arrsngemenr of the  experimental apparatus (not to s c a l e ) .  

The dis tance  between hydrogen t a r g e t  and d e t e c t o r  was sca led  wi th  energy: 

L - (16 m)(E/100 GeV). The loca t ion  and window openings of V2. V3 and 

V4 were adjusted accordingly. (b) The de tec to r .  

Figure 2. &lass histogram f o r  rwo-photon events from t h e  64.4 GeV data .  The events 

comprising t h i s  histogram have passed a l l  c u t s  used t o  d e f i n e  charge 

exchange s c a t t e r i n g  o r  <he i p  + nn react ion with t h e  exception of t h e  

mass cuts. 

Figure 3. D i f f e r e n t i a l  cross sec t ions  for the  reac t ion  n-p + nn with n + 2y a t  

20.8. 64.4 and 199.3 GeV from t h i s  experiment u ld  a t  5.9 GeV from t h e  

e x p e r h o t  of reference 2. The curves are t h e  result of a f i t  dee- 

cr ibed  i n  the  t e x t .  

P i sure  4. The e f f e c t i v e  t r a j e c t o r y  d t ) .  
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