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Abstract.—For thefinclusive_reaction n p - pX, the average
charged mﬁltiplicity (n) of the system X as a function of missing
mass Ve and momentum transfer t is studied in terms of a multi-

2 2 20 GeVE_ (above the low-mass pion

pefipherél mpdel.l For M
diffraction region)_and.for' ]tl < l_GeVg, the model is found to’
be in good agreement with data at 205 GeV/c, which show (n(Mg,t))-
~ In Ya for fixed ﬁ, and (n(Mz,t)) only Qeakly dependent on t

for fixed M2.' Further experimental and theoretical investigationv

is suggested.
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Introduction,—The mﬁltiperipheral model [1] has' had considerable success

in describing many features of multiparticlé production at high energy. Here

we apply ‘a simple version of the model to the inclusive inelastic reaction
] n‘-p - pX . _ (l)

We study the behavior of the average charged muitiplicity (n) of the produced
system X as a function of M2 and t, wherevM2 is_thé @ass—squaréd of X and t
is the four-momentum transfer squared to the recoil proton.v The model'is
shown to provide a goéd‘description of data at éOS Gev/cv[2],.which, for

Y 2 20 Gev® and lt] g1 GeVE,- show (n(_M2~,t)) ~n e at fixed t, and

(n(M2,t)) approximately igdépendept'of t for fixed M2.

*Work supported by the U: S. Atomic Energy Commission, .
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We first discuss some theoretical details and then compare model predic-
tions with average multiplicity data for reaction (1), ' Although we specifi-
cally treat reaction (1), the model is applicable to the general class of
reactions of the form a+p - pX, as well as to reactions involving charge

: . +4 ;
exchange at the nucleon vertex, such as a+ p » nX and .a+p - A X,

. . . 2 ' . ‘ '
Multiperipheral Model.—To obtain do/dM dt for reaction (1) we make two

basic assumptions:

(i)”Thé M2 dépendenéé of do/dMEdt can be described by a. single Pomefon—pole‘v
term fo? sufficiently large values of M2.7 |
(ii) The system X is produced‘mainly by a non-Pomeron exchange mechanism
for e > 20 GeVE,-as suggeéfed by‘the observed inclusive M? distribution
for reaction (1) at 205 GeV/c [2]. |
A detailed multiperiphgral model embodying these a#sumptions has been
described in ref. £3]. For the present, we employ a simplified.vérsion_of
this moael which assuﬁes that theISYStem X is produced by pi&nvexchangé
(ignoring G-parity restrictions), Althoﬁgh oﬁher exchanges are clearly
péssible, this simplifiéd moael prédictsAesseptially the same M2 and t
behavior for the average charged multiplicity of X as the more realistic
model, and has the advantage of.being calculationally considerably‘eaéier
to use,
The inclusive'differgﬁtial crdss section for reactiop (1) for 20 GeV
< M2 £ s 1is then

do g° 1 So o+l yE a

= B, z=¢) &) . (2) ‘
aM’at  16x°s (t—mi)2 aTsgTE S0 '

Here g2 is the effective coupling at the nucleon vertex, s is the center-of-
mass energy squared, and o is the interceptjof the Pomeron pole. The last
three factors represent the high~energy off-shell xx scattering amplitude;

this form for the sy amplitude is suggested by an approximaﬁe analytic solution
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to the multiperipherallintegral eqpation [ﬁ]. The facfor Ea‘depeﬁds only on
a, amisois related to the Squared masse$ of the promipént nnﬁres0nancé§
(thus s, ~ 1 Gévz).

We now calculate <q), the .average charged multiplicity of X?.as a func-
tion of M2 and t. Assuﬁing (n) is a constant fractién of.the overall charged.
plus neutral multiplicity.of X, (n) can be obtained'f;om thé inclusive differ-

ential cross section using [5, 3]

(n(2,0)) = ¢ 2 o, 6)/(,8)

where C is a constant related to the mn coupling strength and.D(Me,t) ='d6/dM2dt.

Inserting (2) we find

(n(,e)) = clm i v on (=) +a , ©(3)

with d = c[a(@zéd)/aa - @1s0]. Thus, for positive C, (n(ME,t)) is predicted

to increése logarithmically with M? at fixed t, and to decrease very slowly

with t for fixed M2. Furthermore, (n(Mz,t)) is predicted to be independent

- of s, Althouéh both constants C and d in (3) are calculable from the mulfi_
peripheral model, they depend strongly on the details of the mbdei and we
therefore choose to obtaiﬁ them by fitting the data, as described below..

We now proceed, by integrating (3) with respect to t‘or_M2, to calculate
two other quantities of interest, The average chargéa.muitiplicity at mass

M2 is

(n0R)) = [(n(v2,e))p(R, e)at/ fo(, £ )at

. 2 - , '
clon 1 + g(u )] + @, W)
where u  is the minimum allowed [t| value for givén:Mz and s, and

S - um um'/so

w ) T 1

P(u,) = on [(

s s +u_’
"o o m
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The function um(M2) represents the Chew—Lowvﬁoundaryi 1for-valﬁes of lenot
too clbsebto s, u é (Mz/s)am2 l-ME/s)-l, where mP is the proton mass, When
M /s <<1, u_is close to zero and the term w(u ) in (4) has negllglble con-
trlbut}on. However, as M2, and therefore um, 1ncreases, m(u ) gives a small
negative contribution, so that for"s/2 < Mg, < s,_(n(M )}’is_predicted to

~deviate downward élighfly_from a simple &zMg dependenée. B
The averége charged multiplicity of X aé a funcfion of ﬁ,_for M2 > 20 R

GeV2, is similarly obtained by integrating over M2:

o) )Azf"hnx

{n (M ,t)) D(M t)dM/f D(M £)dM2 ';‘

Mm
Here Mo, = 20 G'eV2 and . M2, ~ 5/2m2)(—t>l/2[(4m2 1/2 (- t)l/2
W= My o "p |
~ s/m )(- t)l/2 for -t << L i Using (n(Mz,t))'as given by Eq. (3) we £ind
2 a+l a+l
(g )7 on "{vmx M ) on vy

(n(t)) = C e R R RNC)

2 \orl arl

o+l
-(MMAX) _(MMIN)
0.1 Gev2, the M2 i b lected and btai i
For -t 2 0.1 GeV', the M, terms in (5) can e neglected and we o tain, using

iy~ (s/m)(-0)2,

- (-t)%s R - :
<n(t)) .z'C[@nW +ns - a_;j‘] +d . (6)
Thus, for fixed s, (n(t)) is predicted to rise with -t from t=~ 0, reaching
a maximum at. -t = s_ ~ l_GeVa.

o]

Comparison with Data,—The data to be considered consist of 1566 inelastic
events of reaction (1) at 205 GeV/c (s = 385 GeV2), observed in the Fermilab
30-inch hydrogen bubble chamber. The outgoing proton, identified by ioniza-

tion, has momentum = 1,4 GeV/c. The quantities M and t were calculated

from measurements of the beam énd recoil protbn. Further»experimental details

are given in ref, [2].
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In order to apply the present version of the'multiperipherel model, we
assume that the produced system X eonsists,entirely of charged and neutrel
pions, We assume, furthermore, that the eharged/neutral pionvretio is
constant, so tﬁdt'the average cﬁarged muitiélicity:of X is a constant frac-
tion of the average overall multiplicity of Xf 'These assdmptions are suﬁported
by a study of . x p —; KZ + aﬁything_ and x p “"“é + anythinq at 205 GeV/e
[6] which suggests that the kaenic component of X-is < 10%, and that n+, T,
and no.are produced in approkimately equal proportions.--

Figure l-shows dc/szdt as a two-dimensional scatter plot. of M2lvs t.
_(As discussed in ref.v[2], the observed exéosential falloff.with t of do/dth2
is such that biases 1ntroduced by the 1.4 Gev/c cutoff in proton momentum

2, 180 Gev?, ) For fixed t, events

(-t = 1.4 GeVg) are negligible up to M
extend in e up to the Chew—Low.boundary, qﬁx = s/m (-t 1/2. The low-t
eluster of eVents-which peaks at M2 2 GeV2 is produced by diffraction
d15$001at10n of the 1ncom1ng pion [2] In the following, pion diff;actionl
dissociation (i.e., production of ‘the system X in reaction (1) via Pomeron

exchange) is assumed to be unimportant for Me‘above 20 GeV2.

M?—Dependence;—Figure 2 shows the average charged multiplicity, (n(Mz)),

of the system X for all t values combined (solid circles). In agreement with

the model, (n(Mz)) ﬂ“&1M2 for M > 10 Gevz; Fittiné (n(M2)) over the region.

20 < M < 180 Gev? using Eq. (h)vwithout the small @(um) term; we find

<n(M2)) = Cin Yl d with C= 1. 3t0.1 .aﬁd‘._d = 0. 3%0, 3, “as shown by the
straigﬁt line in Fig. 2,

Figure 2 also gives‘(n(Mz,t)> vs M? for -t = 0.0-0.1, 0.1-0.3,_end 0.3
0.7 GeV2. The behaviof of (n(Mg,t)) for each of these t-intervals is similar,
indicating at most a weak t—dependence.

t—Dependence;—Figure 3.shows (n) as a function of t for M2'< 20 GeV2

(pion diffractive region) and for Ve > 20 Gev2. We observe that (n(t)).
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for the M2 < 20 GeV2 region is nearly constant for —t slo.h GeV2 and
may be rising at higher t, On the other hand, for M2 > 20 Gevz, (n(t))
rises rapidly for -t g O.1 GeV2, and increases slowly‘fdr 0.l g-tg1l GeV2;the
depression of (n(t)) at small t is a Chew-Low boundary effect.

The solid curve in Fig, 3 is the prediction. for M2

'>:20_Gev2 using
Eq. (6) with sg=1 Ge'V2 _and ‘a_=v1, and with._c.; 1;3, a é O;3 (as.dgter—
mined from the above fit to'(n(Mz))). Good agreement with the data is
observed, The predictioh i§ hotvsehsitive to the precise value of a;- Using
. an effective Pomeron [7] with an intercept‘of 0.85, fof exéﬁple, Qoﬁld shift
the entire curve downWard by inY'0.05 ﬁniﬁs;

To investigate the t;depehdence of (n(Mg,t)) at fixed M2, we show in Fig, k4

(n) vs t for several representative small intervals.in M above the pion

diffractive region. In general, we £ind that (n) at fixed.Mg'is nearly

independent of t for -t < 1 GeV2. The solid curves in Fig, 4 are the pre-

dictions of Eq., (3) with N =1 vaa, again using the. previously determiped
values of C and d, Reasonable agreement with the data.is observed.
Conclusions.—We have shown that-the'aVerage charged multiplicity'data'-
for the reaction n-p:—; pX at 205 Gev/c can be reasOnablf understood wiﬁh
a simple version of the multiperipheral mbdelvfor 20 S‘Mg S 200 GeV'2 and

Itl < l'GeV2. It would clearly be of interest to extend the present multi-

peripheral analysis to:higher valués of é, M2, and |t ; to the higher multi-

plicity moments of‘X, such as £ and £ ; and to other reactions of the form

2 3!
a+p-> pX, .
We would like to thank the members of the Fermilab-LBI~-UCB 205 GeV/c

n p collaboration for making available their data and for helpful comments,
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" FIGURE CAPTIONS

Fig, 1, Two—dimeﬁsional plot of miésing mass (M2) vs momentum'trangfer (t)
for 1566 inelastic events of the reaction n—p - pX_ ét 205VGeV/c. vA'
cutoff of 1.4 GeV/c in the recoil proton,momentumllimité -t to s 1.4 GeV2.AV

Fig, 2. Average éharged multiplicif? (ﬁ§ as a function of M? for -t < 1.4
Gev® (soiid circles). The straight line is the functional form (n) =
C &zM? + d predicted’by theAmultipéripheral model, with fitted‘péramete:s
c = 1.3t0.1 and d = 0,3%0,3 for 20 s M2 s léO:Ge.Vz. Also shown is
(n) vs M for three smaller interﬁals of momentum transfer: 0<-t<o0,1
GeV” (open circles), 0.1 < -t < 0.3 GeV® (éqﬁares), and 0;3v< -t < 0.7
(triangles). | . - |

Fig. 3. Average charged multiplicity (n) vs t for e < 20 Ge\)2 (open circles)
and for 'M2 > 20 GeV2 (solid circles). The cur§e is'the‘prediction of

the multiperipheral model for M? > 20 GeV2.

Fig, 4. Average charged multiplicityb<n) vs t for M2 = 20-40, 60-80, 100-120,

and 140-160 GeV2. The curves are the predictions'of the multiperipheral

N

ﬁodel.
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