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ABSTRACT 

UCRL-17825 Rey. 

Mass distributions for the rrp final state in the reaction 

rrN ~ rrpNare calculated, from a Regge pole exchange model. Compared 

with the results of the Drell-Deck type models, significantly increased 

1!p mass peaki:t1g in the Al region is predicted; calculated widths 

are consistent with results of recent experiments on the AI. 
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Elementary one-pion.exchB.nge.diagramsof the Deck';'Drell-Riida 

1 
type have been studied recently i'orthepurposeof calculating background 

2 
distributions for the reaction :rrN ~ :rrpN. In this paper, the results 

of a Regge·pole-e:xchange model calculation of the mass and momentum 

transfer distributions are presented; the method yields, in comparison 

. with. elementary·· exchange models~ more pronounced enhancement of final 

:rrp invariant masses in the Al (mass ~.l.08 BeV/ c
2

) region. Computed 

enhanceinent widths are consistent with the results of recent experiments 

on the AI" 

The basic assumption here is that :rrN ~ :rrpN proceeds priinarily 

via doubly peripheral colli·sions 01 the type diagrammed in Fig. 1, where 

I and II are Regge pole exchanges. Define, in terms of Fig. 1, where 

the p'S and q's are four momenta, five independent invariant 

variables upon which the amplitude depends: 

2 
(q +ql)2; s2 =vf 2 s = (PI + P2) ; sl = = (q + ~) ; 

. 2 
(~ 

2 
tl = (ql - PI) ; t = - P2 ) • 2 

In their work on multiple production theory, Bali, Chew, and 

Pignotti3 observed that for such diagrams, denoting the respective 

Regge one has 

(1) 

for s , 
2 

and s all large. In particular, suppression of large 

s2 is greatest when or and all are the highest and lowest iying, 
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respectively, consistent with quantum number demands of the diagram. 

Thus, for the mass labeling given in Fig. la, if ~r is the pion 

trajectory and a r the Pomeranchuk, lar~e values of the rrp sub energy 

. will be strongly suppressed, whereas if ~ is the .• P' 01' P traj­

ectory, similar but less marked large s2 damping will result. Moderate 

damping of large s2 will also occur for Fig. Ib, where, for example, 

arr =ap' and ~ is the Pomeranchuk trajectory. 

The cross section associated with rrN ~ itpN is wri tteri 

1 
4Fr 

where Fr is the invariant flux, equal to the product of the target 

nucleon mass, mw-, and the incident pion momentum (lab), and d ¢, 

denotes the phase space. 4 

The Regge pole hypothesis is adopted for the absolute square of 

the invariant amplitude, M; summed over final spins and averaged over 

initial spins.' Therefore, the contribution from Fig. la, in a form 

which displays only the pion Reggeization explicitly (~r = arr)' is 

If (t )s (t )M' ·12 (COSh 1:
2

)2arr (t2 ), 
rr 2 rr 2 rrN S 

where the Reggeized pion propagator5 is 

~ 
-irrarr) 1 + e . 

2 

(a:xrr + 1) r(arr + ~) 

.y; .r(arr + I) 
, 

(2) 

(4) 



a' 
rc 

-~-

2 
m. , 

rc . 

1 ~ . 
-- -- 2 1 -l( 2 2 cosh -2 = -2t ~ 2~ 2[S - .tl - m - -t m- m 

\> '2 2 . 32· . 1! 2 2 P rc 

2 t 2 4 2 . 
~2 -' tl + + m - 2t t - 2mrc (tl + t 2 ), ' 2 rc .. 1 2 

4 4 2 2 2 
2t2 (mp 

2 2 
~3 = m + m + t2 - 2m m - + m' ). 

'p :n: p rc rc· 

Present experimental evidence is consistent with a small slope, 

if any, for the Pomeranchuk trajectory.6 Moreover at energies now 

accessible, exchanges other than the Pomeranchuk in leg I of Fig.la 

are expected to contribute. Consequently a Reggeized form for M~N 

is not adopted; 7 rather, the off-mass shell. rrN scattering amplitude is 

approximated by the on-shell amplitude, which in turn is related to the 

(5) 

(6) 

(8) 

rcN differential cross section characterized at high energy by a pronounced 

diffraction peak at small four-momentum transfer 

, 

t . 
1 

Therefore let 

where A is the ,slope, on a log plot,of the rcN elastic differential 

cross section. On the basis of the optical theorem one writes 

(10) 

.. 
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2 ·2 
[s - (m.. - m ) ] [s - (m.. + m ) J 

1 ~ n 1 ~ n , 

and (J" is the nN total cross section. This procedure is similar 
:n:N 

(ll) 

. 8 
-to that of others, and is in agreement with the experimental observations 

in 
2 

nN ~ np N. 

Overall normalization is achieved by requiring that in the limit 

t2 ~mn2, Eq. (3) reduce to that appropriate to the exchange of an 

elementary pion, viz. 

2 = g 

(m 2 
P 

'2 
- 4m ) 

n 
(t 2 _ 

2 

. 2 2 
m ) n . 

Here g is the effective nrrp coupling constant; (i/4n) = 2.2. 

Because ex n (t2 ) ~ 0 as t2 ~ mn 2, consistency of Eqs .. (3) and (12) 

requires 

(12) 

A curved pion trajectory of the Pignotti type9 was used. However, 

a linear trajectory yields similar results. 

ex = 
n 

-em 2 _ t .) [m 2 IJ-l 
n 2 n - t2 + . (14) 

After the threshold factors are removed from f
n
(t2 ) and certain factors 

extracted from the r functions in Eq. (4), the final form obtained for 

the contribution of Fig. la is 

• 
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Here is a smooth function equal to unity at = m 
rt 

In usual Regge pole fitiO it is taken asa decreasing function as 

(-t2 ) increases. The choice of sO. is somewhat arbitrary; usually 

So ~ 1 (Bev)2. 

2 

Because results of calculations with the Deck,;,typematrix element, 

Eq.(12),.are fairly well known, results obtai~ed by the two methods are 

compared in Fig. 2 for incident pion lab momenta 8.0 and 11.0 BeY/c. 

For simplicity, a
rtN 

at both momenta for both Regge (Eq. 15) and 

non-Regge CEq~ 12) matrix elements was fixed at 29 mb.For both matrix 

elements at 8 BeV/c, 
. -2 .. -2 . 

A = 8.0 (BeY) , and at 11 BeY/c, A = 9.0, (BeV) . 

In all computations 2 sl > 1.8 (BeV) in order to exclude the (3,3) isobar 

region. Otherwise all integrations were performed over the entire regions 

allowed kinematically. In the spirit of most Deck-type calculations in 

which no auxiliary damping factors are introduced at the rtrtp vertex, 

.so .and t3(t2 ) were both set equal to unity.ll 

The total rtP production cross sections obtained by the different 

methods were the same, 0.15 mb, at both momenta. Using the Reggeized 

matrix element, one obtains distributions peaked slightly lower 

(1.08 vs 1.15 Bev/c2) with full widths at half maximum of 450 MeV vs 

700 to 800 MeV in the Deck approach. Differential cross sections, 
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da/dtl in "the Al region, 0.96 < W < 1.2," were also computed .. In 
"---- -

this respect there is little difference between the two models; plots of 

the log of da/dtl vs tl yield straight lines in both cases. The 

slopes at 8.0 BeV are 10.0 (BeV)-2 and at 11.0 BeV/c are 11.0 (BeV)-2, 

, t 'th 't 2,12 lnagreemen .Wl experlmen. 

Both the elementary pion exchange and Reggeized exchange models, 

as discussed here, yield total cross sections approximately 1/2 those 

measured in the laboratory, The agreement may be improved by: 

(a) including the energy dependence of and of A in Eq. (15); 

this is equivalent to adding the contribution of exchanges other than 

the Pomeranchuk. in leg I of Fig. la; (b) including the effects of diagrams 

with p exchange, as in: Fig. lb. Each of these contributes about 

0.1 mb to the total cross section in the form of an enhancement, 800 to 

2 2 
900 MeV/c wide, peaked near W = 1.2 BeV/c. After inclusion of both, 

the full width incre~sed to 500 MeV/c2 and the peak location shifted to 

W = 1.1 BeV/c2 . Widths of this size are consistent with those of recent 

experimental distributions obtained at these incident momenta. 2 ,13 

More detailed analyses keyed to the characteristics of given experiments 

would be very valuable to determine what fraction of reported Ai peaks 

can actually be accounted for by this Regge pole exchange model. 

Minor ambiguities deserve comment. By taking So < 1 (BeV)2 

or a' > 1 (the value used here), or by introducing the form factor 
11: 

l3(t2 ), narrower widths can be obtained. However, the requirement that 

the location of the experimental Al enhancement be reproduced limits 

2 
freedom; it is unlikely that a width less than 350 MeV/c could be 

realized. The overall energy dependence of the enhancement parameters 
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was studied: at 30.0 BeV/c with A = 10.0 and at =1.0., da/dW peaks 
1( 

at W=1.1 BeV/ c
2 

and has a full width of 550 MeV/ c2 • 

The possibility that the results reported here might also be 

obtained via the traditional momentum-transfer-dependent form-factor 

modification
14 

of the elementary one-pion-exchange model was investigated. 

A form factor of the type 

= (16) 

in which p(t2) is a polynomial, was introduced as a multiplicative 

faGtor on the right-hand -side of E<l. (12) ~ Normalization was fixed, 

again, by re<luiring that 

F(m 2) 
1( 

1.0 , (17) 

and then p(t2 ) and the constant, B, were adjusted so that the 

modified elementary OPE matrix element gave the same t2 distribution, 

da/dt2, as the (unmodified) Regge-type matrix element, E<l. (15). The 

resulting mass distribution da/dW was then computed and seen to bear 

a relationship to that of the Regge-type model similar to those shown 

in Fig. 2; thus the elementary model will not yield the same results. 

An analytical understanding of the increased low-mass enhancement 

obtained in the Regge model can be obtained by comparing E<ls. (12) and 

(15) at various values of s2. For small, the right-hand side of 

E<l. _ (15) decreases less rapidly with increasing (-t2 ) than does the 

right-hand side of E<l. (12) and thus yields a greater cross section; 

whereas as s2 gets large, the right-hand side of E<l. (15) is dominated 

by its last factor which, for small values of the momentum transfers, 
2a . 

is essentially (s2/s0) 1(, thus suppressing the larger s2 because a1( 
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is always negative ; As, a checkori th~ ~pplicabilitybf, the Regge model, , 

'thedoub~y dif:fere~~i~i, distripution ,dO' /CiS2dt2 should be examined 

eXl'erimentally;' , 

'The effect described he:peisrelevant als~ to the computation 

of threshold enhancerrient~ in the mass of certain 'particle pairs in, 

otherthree-Qody' fin,aJ-state processes such as 
", "*," 

Kp '~, ,1!p;K (890), 

PlJ ~'PP1!,iLP~1!1!:p~'ahd1ip,- 1!pLl.A detailed fit t:o 'data on, the ' 

; reabt.ion 'pp :"7",1!p6 is~n prqgress. , 

It ,is a 'pleasure to, thank Professor qeo:rtieyChew and Dr. 
, , 

N.:Baliand ',Dr. A. PigIlotti for ilal:ua:bl~discuss:i:0ns.' 
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Fig. LReggepoleexchang~ diagrams which" give rise to enhancemen~of 

',: /', 

'low rrp rmu:fses. 

rrp mass, distributions calculated from pion 

Reggepole exchange model (solid line) and ,elementary pion-:­

'" excha.hg~ Deck~,tYI>emodel (aAsh~d liile) for • the, reactioi;L 

"rrN -7rrpNat inc~dent pipn m9,~E?n:ta: 

, ,.,' 
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": " 

: ~ , ' " 
W ',is the invariant mass of the, , rrp system., 
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