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ABSTRACT

From a simple fragmentation approach to in-
elastic production at large fixed angles, we
obtain an inclusive cross—section which falls as
an inverse power of large transverse momentum Pp
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Much attention has recently been focused on the observation at the
CERN ISR of an unexpectedly large inclusive hadronic cross—section at large
transverse momentum |1 <Py < 10(GeV/cﬂ 1)_3)’ which (for certain pT)

grows with energy 2 through the ISR range, and which shows a preponderance

of positively charged hadrons 3) [i+/n_=1.33i0.13 at pT==2.O—3.5 (Gev/c)
and \s=44 (GeV}]. Theoretical studies of large pp phenomena, based on
elementary exchange dynamics or on parton ideas 5)-7), have suggested a

scaling rule, viz. Edo/d3p cC p;ng(pT/VS) at 900, in contrast to the s
independent form f(pT) seen at small Do These and other facets of large
Pp phenomena are now under intensive experimental investigation, and it
appears useful to develop estimates of results expected on the basis of

various theoretical pictures.

In this note we investigate large Pn behaviour in a simple fragment-—
ation-type model. As sketched in Fig. 1, incident hadrons first scatter at
angle @, thereby becoming excited into states (clusters) M1 and M2,
which subsequently disintegrate into observable hadrons. We adopt the usual
assumption of fragmentation models that momenta of decay particles transverse
to the cluster's line of flight are sharply damped. DParticles observed at
large Pn must then originate as longitudinal decays from clusters produced
at large angle ®. Using this qualitative picture, with dominance of isospin
zero exchange, we readily deduce certain interesting results. These include
the asymptotic scaling rule g(pT/Vs) [bbtained for essentially the same
reason that fragmentation models give Feynman scaling in xLz:ZpL/Vs at
small pf] , and the preference for positive charge and for heavier particles
at large pT. Other results, such as the shape of Edo/dsp at fixed s and
associated multiplicities, require an explicit model for the large angle
scattering excitation and for the decay of the produced clusters, which we

develop below.

Production model

8)

M, and M, are produced at large t =(£f£1)2 through a local (vector)

current-current interaction (see Fig. 1). Assuming that the structure

We use the suggestion of Berman and Jacob that clusters of mass

functions which arise are the same as those in deep inelastic e-p scattering,

*
they show that

*
) This is Eq. (4) of Ref. 8) re-expressed in a different set of
variables : (Mf,P) rather than (Mf,M;,t).
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where C 1s an over—all normalization constant, F2 is the usual dimension=—

less (vW2) structure function, P is the magnitude of the over—all c.m.
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Observe that if integrated over all phase space, Eq. (1) leads to a
total inelastic cross—section which rises linearly with s. As stressed in
Ref. 8), however, the formula is undoubtedly not valid at large Mi’ where
natural dynamical cut-offs should remove the linear divergence. This diver-—
gence problem is not present in our application, since our interest in large
Pp limits us to a region of small cluster mass [@here the factorization
assumption explicit in Eq. (1) should be tenablé] and thus to a finite portion

of o4 The fact that large Mi do not give large Pr is a major in—

gredieﬁilof our approach and arises through action of the decay distributions
described below. We also show below that small M1 forces Fz(w1) near to
its threshold and provides an inverse power fall-off of Ed&/dBp in Pps
consistent with data. For the function F, in Eq. (1) we use Miller's fit

to the data 9>

fw) = osh (-] + 2-1[(w'—1)/u"]4—Z—é[(w'-l}/té']s (5)

for ' < 10, where w'::w—mg/t. For w' > 10 we assume F2=:F2(w'=10).



Cluster decay

In explicit applications of fragmentation ideas to analysis of in-
clusive data 10), it is often assumed that produced clusters decay with an
average distribution which is isotropic in the cluster rest frame. This
approximation, while justifiable at low M2 and low s, ceases to be
compelling at large M2 where it may be more reasonable to consider average
distributions in the cluster rest frame which are elongated in the direction
of the Lorentz boost which takes the cluster to the over-all c.m. frame.

In an effort to encompass a fair range of possibilities, we treat decay in

two ways : first isotropic, and then very elcngated.

In the isotropic case we take the function D describing the decay

(normalized to unity) to be given by
dD | r/2
3. 334 M‘F(_q/a) (6)
g  am
where q 1is the three momentum of the decay particle (which at present we
assume 1s a pion) in the cluster rest frame and the constant a sets the

scale of <q2>« Small p, data fix a ~ 0.3% (GeV/c). With isotropic

decay, the mean numnber of pions which decay from the cluster of mass M 1is

vy = (Mom)/ (150 4 )™

I

For our situation with (maximum) elongation, we imitate a brems—

strahlung=like result by setting

Rl hles) 8

where b depends on the mass of the cluster, and by taking

>y = (Mem)/(Bamg)® <k s (M‘/m;) ; (kv2h3). @

Solving this equation for b we find

b < 2] (Mo = K m (a0 m?)l]/ K (£ M‘/m,t)1 . (10)
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Transforming Eq. (6) to over-all c.m. quantities, we obtain

F e Je) esp[- -BM) + (v )] ()

Tl 3
o\’} N M,

where

2}_ - M +?) ( )l/l - Pb cosy/. (12)

Here P and p are the c.m. four-momenta of the cluster and decay pion,
respectively, P and p are the magnitudes of the corresponding three-

momenta and ¢ the angle between them.

Similarly, Kg. (8) becomes

e O gy a7 s/

Inclusive cross—section

The inclusive cross-section for observation of a hadron decaying from

cluster M1 is

€ de/ih - f AW P (dog /db £P) <5, E/B (o

Into this expression we substitute Eq. (1) and either Eq. (11) or Eq. (13).
Displayed in Fig. 2 1s an evaluation of Eq. (14), with the isotropic decay
choice (11), at several energies and specialized to a c.m. particle product—
ion angle Q:=9OO. Shown for comparison is a sample of ISR data. Results

for other scattering angles will be discussed elsewhere 11). The theoretical
results provide a Pn dependence qualitatively similar to that observed at
ISR, and a rise with energy of Edo/d p which is also compatible in the range

3 < pT < 5 (GeV/c) with that determined by the Saclay=Strasbourg group.

It is possible to develop from Eq. (14) an approximate equation which
shows explicitly the asymptotic scaling nature of our results. For this

purpose, we confine ourselves to isotropic decay and for convenience set



n%T=O, neither limitation affecting the scaling behaviour. Inspection of
the decay distribution, Eq. (11), shows that the integrand of Eq. (14) is
exponentially small unless cosy ~ 1 and (M2/P2) is small. Setting

cosVY =1 in the production cross-section, Eq. (1), allows us to perform the
angular integrations in Eq. (14) analytically. Introducing the variables
u=p/P, X, = (p/\s)(1+cose) and X, = (p/s)(1=cos®) and using the res—
triction to small values of (M2/P2) we obtain the following approximate

expression valid at fixed, non-zero x x and sufficiently large s :

17 72
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For large enough s, g(x1,x2) is insensitive to the value A2 of the cut-off
in M? because of the exponential terms in the integrand. The point that we
should'like to stress is that the exponential in the decay distribution picks
out small values of M? which, together with large P forces w% near 1,
viz.,

o1 (/g

at which point

ﬁ(wn)~(w.’-1)3 w B (18)

Thus there is a close connection between the threshold behaviour of F2 and
the power of Pp in Edo/dBp, here pEa. We obtain the scaling form
EEdc/dBp proportional to a function of (pT/Vs) at fixed angle or at fixed

XL==2pL/Vé] for essentially the same reason that fragmentation models give
Feynman scaling in the longitudinal variable x_;

13 namely, an interval of



masses about a fixed value of M populates a fixed region in p/Vé. Thus

1
the p;ng(x1,x2) behaviour, obtained also in more sophisticated approaches,
is derived here under dynamical assumptions whose rSle is perhaps more

transparent.

In a similar fashion we could obtain a scaling form for the anisotropic
decay, which would again have a p}s behaviour, but in this case the distri-

bution is sensitive to the value of A2.

Charge ratios

Estimates of the (m'/m~) and (total positive/total negative) ratios
as a function of pT are obtained easily. Since the cluster decay multi-
plicity is a function of cluster mass M1, and a fixed interval in M1
populates a fixed interval in p/\s, we expect all charge ratios at 90° to
be functions of XT==2pT/VS and not of Pp and s separately. The fact
that clusters are positively charged gives an automatic preference for
(positive/negative) > 1. This effect should increase with Xp [just as
(positive/negative) ratios increase as a function of x; for fixed small pT]

since smaller mass clusters E@ith their smaller decay multiplicities and thus

i < < .
proportionately larger n+>M/ n_>M] populate larger X

The total pion multiplicity from isotropic decay is given in Eq. (7).
For very large M, <hn4awik‘<nn‘>M’ but this equality is modified substan—
tially at low M owing to isospin/charge effects. A simple argument suggests

<npdm = 3 < Nedm — ?! . (20)

For the total positive multiplicity, we may add 5 to the right-hand side of
Eq. (20), corresponding to the fact that the residual nucleon has roughly

equal chance of being either a proton or a neutron :

dngdy = 540, + 3 )

Charge ratios we obtained from these expressions [ﬁsing Eq. (11i1 are shown

in Figs. %a and 3b and are compared with available ISR data.



Particle ratios

In cluster decay, momentum is shared among decay particles in proportion
to their mass ratios. Thus protons take more momentum than pions and, as a

result, the (p/m) ratio should increase with x, at 90° (just as it in-

creases with X, at fixed small pT). An estimate of the results expected

is obtained by examining data on the (p/n) ratio vs X These data =

indicate that p/rr+ should rise from 1/4 at xT==O.1 to 5 at XT:=O.5. Data

on (p/m) ratios vs X will provide a good test of the cluster decay picture.

Associated multiplicities and correlations

An important check on any model for large Pn phenomena is its predict—
ion for multiplicity of additional hadrons seen in coincidence with a particle

of large Pre Various kinematic regions can be considered.

i) Given a particle observed at 900 with large Pps We expect multi—
plicity observed in a region of solid angle along the incident beam
direction to decrease substantially as Pp is increased. At least a factor
of two decrease should be observed between pT:=O and pT==3 (GeV/c) in the
ISR energy range, inasmuch as the cluster which provides a particle with
pT=:3 (GeV/c) cannot deliver particles along the beam difgitions. This
result is qualitatively consistent with preliminary data .
ii) Multiplicity in the central region of particles moving in the hemisphere
opposite to the observed large Pp hadron is expected to increase.
Quantitative predictions of our model with isotropic decay are shown in
Fig. 3c. Since these opposite hemisphere particles result from decay of
clusters with a broad spectrum of masses and momenta, their momentum distri-

bution does not favour large Ppe
*)

clusters moving rapidly. This has significant implications for

iii) As stressed above, large P hadrons originate from low mass

associated multiplicity in the same hemisphere. First, we expect to see a
jet of pions with similar values of large P e Thus, observation of a ﬂ+
with large Pp implies that a second observed pion‘(e.g., ﬂo) will have
similarly large Py both m's having originated from the same cluster.

The multiplicity of particles in this highly correlated large P jet should
decrease as P increases. Second, there may or may not be additional pions

with small Ppe If present, these arise in our model as spill-over decay

*)

Quantitatively, with isotropic decay, we find that cluster masses near

M=14.5 GeV dominate the inclusive 90O cross—-section at s = 2000 GeV2

and pp=4 GeV/c.
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products of the large mass (opposite hemisphere) second cluster, with observed
pions moving against the line of flight of their parent. Inasmuch as we are
not confident of our model at large excitation masses, we are unable to esti-
mate this effect. The net associated multiplicity in the same hemisphere as
the large pT hadron (sum of large Pp and possible small Pnp components)
may then increase as Pp increases. However, if so, we expect this increase
to be provided by m's with very small Prpe Our picture is one of a momentum
spectrum of same hemisphere associated pions which has a valley between the
large Pp and low Pp components. It should be very instructive to compare
this view of event structure with data. Moreover, the tendency for multi-
plicity in the central region, in the same jet as the observed particle, to
decrease with pT seems to be a general feature of models (except perhaps
that of Berman, Bjorken and Kogut 5>) and underlines the great interest in

testing this expectation.

Finally, quantum number correlations may be particularly informative.
In a multiperipheral approach to large Pp phenomena 4), local conservation
of quantum numbers implies that observation of a proton in the central region
with large Pn requires the existence of an antiproton with nearly opposite
transverse momentum. No such strong back-to-back correlations are expected
in the fragmentation approach. However, for each total jet of particles
moving in the transverse direction, we expect to find predominantly net charge

Q =+1 and baryon number B=+1.

Valuable conversations with Dr. Maurice Jacob are acknowledged with

gratitude.
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FIGURE CAPTIONS

Figure 1 Reaction mechanism in which incident particles with momenta
p1, p2 scatter, giving rise to hadronic clusters with
masses M1, M, and over-all c.m. momentum P; a disinte-

2
gration product of cluster M1 has momentum p.

Figure 2 : Inclusive cross-section

;[[ _-F(“*) + Ed{;( )]
obtained from the fragmentation model described in the text,
Py ™ 0, and for s=400, 1000, 2000
and 3000 GeV2. Theoretical results are normalized to the
L(nT4+m) results of Ref. 2) at Pp=4 GeV/c and Vs—-44.
Also shown is a smooth curve interpolated through E(dc/d p)(no)

plotted versus pT for

data of Ref. 1) at \s=53 GeV. Inset energy dependence of
5.2

J b (q+ _do
zm[dndhlu) * dnap, ]"T )

the curve gives results of our calculation; data are

from Ref. 2).

Figure 3a : Predicted values of positive to negative charge ratio

(N+ /N_) = Edo‘/d‘} &) / E'Jr/d’i’ -

are plotted versus XT==2pT/Vs and compared with data of
Ref. 3).

Figure 3b Our computation of the n+ to m  production ratio is given
as a function of x, and compared with data of Ref. 3).

Figure 3c : Given as a function of pp are predictions for the increase
in average number of charged particles A<n0pp(pT)> observed
in the central region in the hemisphere opposite to a hadron
with Py R 0 and given Py and in coincidence with the

large pT hadron.
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Fig. 1
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