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ABSTRACT

Mass distribﬁtions for the mnp final state in the reaction
ﬁﬁ - 1N  are calculéféd from a Regge pole éxchange model. Compared
_with the results of the Drell-Deck tyfe models, significantly increased
%P mass peaking in the A, region is predicted; calculated widths

are consistent with results of recent experiments on the Al.
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' Elementary one-pion exchange diagrams of the DedkéDrell-Hiida”'

. 1 L ' , o
typev have been studied recently for the. purpose of calculating»background S

2 .
distributions for ‘the reaction 7N - ﬂpN. . In this paper, the results'

;of a Regge-pole exchange 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

.:ﬂp _invariant masses in the 'Al 1(mass ~vl.08‘BeV/c ? region. Computed o
enhancement‘widthsrare consistent with the results.of recentzexperiments
. on the 'Al. |

_ The basic assumption here is that =N - npN proceeds primarily
via doubly peripheral collisions of the'type diagrammed in Fig l, where“
.I and IT are Regge pole exchanges. Define, in terms of Fig i, wherer

the p's and q s are four momenta, five 1ndependent invariant

'variables ‘upon which the amplitude depends'

I

| .
s —a(pl_+‘p2) 5 .= (@ +q)%;

sg'=-W2.; (§'+ qg)es

t) = (q - 25 b, - (q2 - p, ).

In their work on multiple production_theory, Bali, Chew, and
_ Pignottij observed that for such diagrams, denoting the respective

Regge_trajectories by aI(t ) and oiI(tQ),'one has

T 5 | | .
< ) a log( v : (1)

for s 2, and s all large.' In particular, suppression of large

1’

S is greatest when vo& and « are the highest and lowest lying,

2 11
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respectively, consistént‘wifh quantum nﬁmber demands Qf the diagram.
Thus, fof thevmésg igbeling'given in Fig. la, if o&I_.is fhé pion.

‘trajectOr&'aﬁd ar théuPomeranchuk,vlargé'values of the tp subenergy

| 'will_ﬁevstroﬁgly suppiesséd, whereas if oy is the P or 0 :traj-

ectory, similar but less marked large s2 damping will fesult; Mbderaté

‘damping of large s, will also oceur fof;Fig. 1b, whére, for éxamﬁle;.
IdII =¢ap, aﬁd 'aI is.tﬁe Pomeranghuk trajectory. -

‘'The cross section associated with N — 7pN is written

5 | |
‘ 1° 1 2 , v
do = ('2';; TF; IMI @, o (2)
where FI is the invariant»flux, equal to the product of the target
nucleon mass, my, and the incident pion momentum (lab), and d ¢3

L

denotes the phase space.
The Regge pole hypothesis‘is adopted for the absolute squaré of

thé.invariant amplitude, M, summed over final spins and averaged over

initial spins.5 Therefore, the contributibn from Fig. la, in a form

which displays only the pion Reggeization explicitly (o'II = aﬂ); is -

o 12 20, (t | |
|M|= = |fn(t2)Sn(t2)M%Nl (cosh &5) x 2), (3)
| where the Reggeized pion propagator5 is
Q! ~inQ (2o + 1) o + i)
i 1l +e : 1t v 1 2

8 (t,) = =
72 sin 0 2 W/; .F(aﬁ £ 1)



TN - : B
CEltyEmL, R

2

cosﬁ £, = -2t | x 5 Z[s.- t.- m 2- 1t Lm 2_ . £ (bt boe m )1,
Ay = t'é +'t‘2+vr}n{‘v- 2t, t, - 2n‘ié»('t'+'t') - " .(7)  
2.7 1 2. iy Ty e St ety o Y
L oy Lo, 2 2 2 .., 2 20 , ;
Ay = omoComo o+ ts .-.2mp m " - E‘czg(m.p ,+_m“'). . t (8)

»Preseﬁt experimentalrevidence is consistent with a_sméil élcpe,.
if any, for the Pomeranchukvtrajecfbry46 Moreover &t energies'now
accessible, éxchanges other than the Pomeranchuk in ieg I of Fig. 1la
afe exﬁecﬁed to contribute. Conéequently a Reggeized form for M%N
is”ﬁot'adopted;7'rather, the offemass.shéli',nN scattering amplifude is-
approxiﬁated by the on-sheil amplitude, which‘in turnvis related to the
<N differential cross section chafécteriZéd at high ene?gy by a pronounced

diffraction peak at small four-momentum transfer':t

1 Therefore:let

v 12 dg 1 . .
Myl = <dQ>d < - %)

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

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

E) = N Oy’ | (10)

s :’ |

& |

i
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hy = Doy - (e -m )P0 s, - (mo+m)?]
0 17 Vi Ty 1~ Vi TR (11) .
and UﬁN is.the 7N total cross section. This proceduré is similar

" to that of other_s‘,8 and is in agreement with the experimental observations’
A 2 '
in #N - axp N.

Overall normalization is achieved by requiring that in the limit
,t2 —amﬁ 5, Eq. (3) reduce to that appropriate to the exchange of an

© elementary pion, viz.

2 t2
-2 2 (mp b S _ '
Merenl” = & a3 |M,lT » (12)
‘ (t2 - mn ) ' ‘ : :
Hefel'é is the effective nmp - coupling constant; (g?/hﬂ) = 2.2.°
Because dn(tE) -0 as t, —>mﬂ2, consistency of Egs.. (3) and (12)
requires
2, 2, 2 N | |
f = - )4 . . K
@2 = fm®-m?) (15)

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

a linear trajectory yields similar results.

2

a = -(mﬂ - tg-) [mﬁ2 - té + l]-l- (1)

After the threshold factors are rémoved from f#(tg) and certain factors
extracted from the I functions in Eq. (4), the final form obtained for

fhe contribution of Fig. la is
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2 222y ¢ 2 = E
*'M&I? = 8 (mp - hmn,) o [ qu(Sl)]_.(L ffa)? eXP(Atl)‘

S (5)

| B(t,) B '1, 2 1,2 2 o 2 o
. ' ] - N - Loy Ty - - ) - ; .

a m2
5 = m ..

" In usual Regge pole fltslo it is taken aS'a decreas1ng functlon as

Here ‘(t ) is a smooth function equal to unlty at t

'-( t ) increases. The choice of s

o, is somewhat arbitrary; nsually,

sy ~ 1 (BeV) | | |
V ‘Because results of calculations with the Deck-type matrix element,
' Eq. (12), are fairly well known, results obtained by the two methods are
compared in Fig. 2 for incident pion lab momenta 8.0 and 11.0 BeV/e.

N a
“non-Regge (Egq. 12) matrix elements was fixed at 29 mb. ~For both matrix

7 For'simplicity, o at both momenta for both Regge (Eq. 15) and
elements at 8 BeV/c, A = 8.OV(BeV)f2, and at 11 BeV/c, A= 9-0.(BéV)-2

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

region. Otherwise all integratione 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 mnp vertex,

11

s and B(t ) were both set equal to unlty

The total o productlon cross sections obtained by the dlfferent
methods were the same, 0.15 mb, at both momenta. Using the Reggeized
matrlx element one obtains distributions peaked sllghtly lower

(1.08 vs l 15 BeV/c ) with full widths at half maximum of L50 MeV vs

700 to-800 MeV in the Deck approach. Differential cross sectlons,
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_ dq/dtl‘ in "the A, region, 0.96 < W < 1.2," were also computed. 'In

1 N
this respect there is little difference between the two models; plots of‘
the log of dc/dtl Vs ‘tl yield straight lines in both cases. The
slopes at 8.0 BeV are 10.0 (Be'V)-2 and at 11.0 BeV/c are 11.0 (BeV)—g,

in agreement with experiment.g’12

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 ﬁay be improved by{

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

N
this is eqﬁiﬁalént to adding the contribution of exchanges ofher than

the Pomeranchuk in'lég‘i of Fig. la; (b)lincluding the effects of diagrams.
with p .exchange, as in Fig. 1lb. Each of these_contfibﬁtes about

0.1 mb to the total cross section in fhe form of an enhancement, 800 to
900 MeV/é? widé; peaked near W = 1.2 BeV/cg. After inclusion of both,

the full‘widthzincreased*to 500 MeV/c® and the peak'locatidn shifted to
W=1.1 BeV/cg.b Widths of this size are consistent with those of recent
experinmental distributions obtained at these incident momeﬁta.2’15

More detailed analyses keyed to the characteristics of given experiments
would Ee very valuable to determine what fraction of reﬁortéd Al peaks
can actually be‘accounted for by this Regge pole exchange model.

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

0

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

B(tg), narrower widths can be obtained. However, the requirement that

the location of the experimental Al ~enhancement be reproduced limits

freedom; it is unlikely that a width less than 350 MeV/c2 could be.

realized. The overall energy dependence of the enhancement parameters
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was studled: at 30,0 BeV/e with A = 10.0 and o = 1.0, do/aW peaks
at W»;-lglvBéV/ce and has a full width.of 550 MeV/cg. -

| The possibilitylthaﬁ the resulfs réported heré mightvalso-be
obtained via the traditional momentﬁm-transfer;dependenf form-factor'
mbdificationl% of the eiémentary Onespion-exchange modelvwas investigaﬁed;

Avform factor of fhegtype
F(t,) = »P(té).exg(BAtEQ, | o - (8)

.in which P(t ) is a pblynomial ‘waé.introduced as a multiplicative
factor on the right- hand 51de of Eg. (12). NQrmaiization was fixed,
vagaln, by requlring that |
'F(m.Tr ) = 1.0, R _ _ (17)

and‘then P(te) and the constent, B, were adjusted so that the
.'modifiéd elementary OPE matrix eiement gave the same t2 distribution,
do/dtg, as the (unmodified) Regge-type matrix element, Eq. (15). The |
resultihg mass distribution do/aW was then computed and seen to bear
‘a relationship to thaﬁjof the Regge-type model similar to those éhown '
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 Egs. (12) and
(15) at vafious values of s,. For s, small, the right—hand side of
Eq. (15) decreases less rapidly with increasing (~t2) than does the
right-hand side of Eq. (12) and thﬁs yields a greater cross section;
whereas as s, gets large, the right-hand side of Eq. (15) is dominated

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

07 .
is essentially (SE/SO) K, thus suppressing the larger S5 because aﬁ
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"wis always negative. As a check on. the applicabllity of the Regge model

-hlthe doubly differentlal dlstribution do/ds should be examlned h:
'experimentally.; B .' e
v*' The effect descrlbed hére” 1s relevant also to the computation '

'fof threshold enhancements 1n the mass of certaln partlcle pairs 1n .

other three-body flna'—state processes such as Kp > ﬂpK (890),

;;pp *"‘ppvr, | frp - mrp, : and ﬂp - npA. A detalled fl‘b to data on the

v"-hfreaction pp - npA is in progress._ffﬁs,-"s'

It is a pleasure to thank Irofessor Geoffrey Chew and Dr.

'}N. Bali and Dr A. Edgnotti for valuable dlscuss1ons.
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' FIGURE CAPTIONS:

- Fig: lQTQRéégE{pclécEXchangéﬂdiagrdms:which;éive riée_tcpcnhcnceméh£76f'?_::;

Comparlson of np mass dlstrlbutlons calculated from plon‘

mE'i.Regge pole exchange model (SOlld llne) and elementary plon-

cicexchange Deck type model (dashed llne) for the reactlon

e N —anpN at 1nc1dent plon momenta' »'

',__ffi( ) 8 o Bev/c _'and (b) ll 0 Bev/c

W 1s the 1nvar1ant mass of the np syétcm},rl
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Fig. 1.
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