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Study of Diquark Fragmentation at the CERN Intersecting Storage Rings
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Forward particle production in pp interactions triggered by a 30 pion of momentum
exceeding 5 GeV/c has been studied at c.m. energy of 53 GeV. Quantum-chromodynamic
model calculations show that in a majority of such interactions the incident proton loses
a valence quark. Results indicate that hadronization of diquarks is primarily a recom-
bination process leading to the formation of a high-x baryon.

PACS numbers: 13.80;Kf, 12.40.Cc

The fragmentation of quarks has been extensive-
ly studied in e+e annihilation as well as in ha-
dron collisions and deep-elastic lepton production
experiments. Data on the "diquark" system which
remains when a valence quark is ejected from a
nucleon is, however, considerably more limited. '
In order to investigate the mechanism of diquark
hadronization we have undertaken a study of
small-angle hadron production in 63-GeV (c.m.
energy) pp collisions triggered by a high-momen-
tum pion at 30' in the same hemisphere. In this
experiment the forward fragments were identified

V'

by Cerenkov counters. Previous studies along
this line" have been handicapped by the absence
of forward-particle identification.

In the naive quark-parton model, ~ the trigger
pion is a fragment of a quark ejected in a hard-
scattering process, as shown in Fig. l(a). For a
pion of pr ~ 2.5 GeV/c, the parent is likely to be
a valence quark with x~, 0.2, implying the pro-
duction of a forward diquark. Moreover, the
charge of the trigger pion should reflect the Qa-
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FIG. 1. Parton diagrams for (a) quark-quark elastic
scattering, (b) diquark hadronization by fast baryon
formation, and (c) diquark hadronization by fast meson
formation.

vor of the quark (u for vr" and d for 7r ), and there-
by give a clue to the flavor content of the diquark
(ud or uu). A calculation based on the more real-
istic quantum-chromodynamics- (QCD-) inspired
model of Feynman, Field, and Fox' indicates
that hard gluons are a sizable source of triggers.
Table I shows the fractional parton composition
for a pr =3 GeV/c m' trigger given by this calcu-
lation. 6
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TABLE I. Fractional composition of parent parton
for & particles produced at 30 with Pz of 3 GeU/c in

PP collisions at c.m. energy of 63 QeV (Ref. 8). The
average x~& of the parton is 0.26.

Parent parton
Fraction of the trigger

sr+ 7r

u quar&
d quark
61uon

Antiquark

0.57+ 0.03
0.06+ 0.03
0.32 + 0.03
0.05+ 0.03

0.17+ 0.03
0.38+ 0.03
0.40+ 0.03
0.05+ 0.03

Most of the apparatus has been described pre-
viously. ' BrieQy, it consisted of two coaxial
spectrometers surrounding beam 1 just down-
stream of intersection region lj6 at the Centre
Europeen de Becherches Nucleaires (CERN) in-
tersecting storage rings (ISR) (Fig. 2). The outer
spectrometer was used to define and detect the
trigger particle while the inner one measured
forward fragments from 1' to 6' with respect to
the beam axis.

The trigger spectrometer was based on an air-
core toroid known as the lamp-shade magnet
(LSM). A total of twelve coils divided the azimuth
into 30' sectors, ten of which mere instrumented
with a Cerenkov (C) and shower (S) counter com-
bination as well as trigger scintillators (TF, TB).
The Cerenkov counters contained CO, at atmos-
pheric pressure with a pion threshold of 5 GeV/c.
The six sectors used in the trigger covered 50%%uo

in azimuth. A small scintillator (B) behind the
shower counters restricted the polar angle of the

trigger particle to 30 ~ 1 . The forward spec-
trometer comprised two identical septum magnets
(fB ~ d], =12.9 kG m) which sandwiched the beam
pipe. Hodoscopic Cerenkov counters built into
the front half of each magnet provided particle
identification; each counter had four cells and

was filled with Freon-114 at atmospheric pres-
sure.

The trigger was designed to select events in
which a fast m' was emitted at 30' with respect to
beam 1. The standard requirements in any one
of the six trigger sectors were (i) a coincidence
of TF, TB, S, and B, (ii) a pulse from the Ceren-
kov counter, and (iii) pulse heights consistent
with minimum ionization in (a) TB and (b) S.
Condition (iiia) suppressed pairs from photon
conversion in the beam pipe and the front trigger
counter while condition (iiib) rejected events
where a hard 6 ray or electron from an asymme-
tric pair had fired the Cerenkov counter. This
trigger rejected, on line, 99% of hadrons below
pion threshold (p~ =2.5 GeV/c).

The integrated luminosity was 1.4 pb ~. Track
reconstruction and fiducial cuts in the LSM left
a total of 40000 positive and 320o0 negative trig-
ger tracks with p „&2.5 GeV/c. About half of the
selected events were found to have one or more
charged particles in the forward spectrometer
and these particles were identifi'. ed with use of in-
formation from the Cerenkov counter. The m, K,
and p thresholds in Freon-114 are 2.6, 9.3, and
1'I.7 GeV/c, respectively. While tr/A separation
is difficult above kaon threshold it is easy to dis-
tinguish between mesons and baryons over the
range of momenta of interest here. So we label
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FIG. 2. The two spectrometers used for this experiment.
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FIG. 3. The z dependence of forward-particle pro-
duction for a triggering pion with 2.5& PI & 4.0 GeV/c.
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forward hadrons as either mesons or protons, us-
ing the notation m for mesons since pions are the
dominant component.

In analogy with quark fragmentation studies,
the kinematics of the forward particles are sum-
marized in the invariant quantity F(z) -=(z/N)dz"/
dz, where n" is the number of hadrons of type h
observed with fraction z of the diquark's momen-
tum, and N is the corresponding number of trig-
gers. The diquark momentum P„depends on x~;,
the fraction of the incident proton's momentum
carried by the ejected quark: p„=—', (1-x~&)ds.
By assuming that both outgoing quarks have the
same transverse momentum p,r leads to x~; =p,r
&&

I exp(y, ) + exp(y, ) I /Ks where y, and y, are the ra-
pidities of the outgoing quarks. y, is unmeasured
but QCD calculations' and the results of Della
Negra etc/. indicate that the quark which scat-
ters off the valence quark is usually a low-x sea
quark which recoils at large c.m. angle with y
= 0. Hence we take y, = 0 and obtain xB~ = 0.075
x P,r(GeV/c). Then, assuming that the trigger
particle takes = 90% of the jet momentum' leads
to x» = 0.0@&r(GeV/c), where pr now refers to the
triggering hadron. Note that for Pr = 3 GeV/c,
A/3 0.24, close to the value of 0.26 from the
Feynman, Field, and Fox model (Table I).

Figure 3 shows F(z) versus 1-z for p, w', and
m for positive and negative triggers in the trig-
ger pr range 2.5—4.0 GeV/c. Arguments based on
counting rules" suggest that E(z) should behave
as a power of 1-z. A fit of the data in Fig. 3
with the formA(l-z)" gives for positive (nega-
tive) triggers the following values for the expo-
nent n: 0.97+ 0.09 (0.68+ 0.08) for protons, 3.49
+ 0.24 (2.93+ 0.22) for m', and 4.46+ 0.32 (4.06
+0.37) for m . Thus forward meson production is
consistent with a single n value for w (4) and v'

(3), independent of trigger charge; the proton da-
ta are consistent with n = 1 for positive triggers,
but n is significantly below unity for negative
triggers.

The general features of these distributions are
the following: (1) Protons are produced more
frequently and with a harder z spectrum than me-
sons. (2) There is a positive correlation between
proton production and a negative-pion trigger.
(3) The meson distributions are consistent with
independence of trigger sign (although some pos-
itive correlation between m+ production and a neg-
ative trigger is not ruled out).

In order to explore the implications of these re-
sults we outline two classes of models for diquark
fr agmentation":

(a) The diquark behaves as a, coherent color
charge which creates a color field with the eject-
ed quark [Fig. 1(b)]. lt eventually recombines
with a quark to form a leading baryon. Mesons
are produced mainly from the newly created
quark pairs and hence are not correlated to the
sign of the trigger charge.

(b) The diquark behaves incoherently [Fig. 1(c)j
and the two valence quarks transform into mesons
either by fragmentation or by recombination.
Fast mesons wil1. contain the valence quarks and
therefore be correlated to the trigger sign.

Note that if the triggering particle comes from
a gluon jet as expected in (30-40)Q of the inter-
actions, no charge correlation with the forward
particle is expected.

The results of this experiment are all sugges-
tive of model (a), namely, (i) protons dominate
the forward hadron signal at large z values, and
(ii) there is no trigger charge dependence for
negative-meson production. From counting-rule
arguments as well as specific models such as re-
combination, "'"one expects E„„'(z)/F„, ' = (1
-z)'. We thus conclude that the valence quarks
do not fragment independently.

In the previous ISR studies" the feature of pro-
ton dominance could not be seen because of the
absence of particle identification. In Ref. 2, the
triggering particle was at 90' in the c.m. system
and correlation effects were consequently diluted.
A trigger charge effect was reported in Ref. 3 for
trigger particles at 20 . In that experiment, how-
ever, the rapidity gap between forward and trig-
gering particles was = 1.7 units, sufficiently low
for the occurrence of short-range charge corre-
lations.

In summary, we conclude that hadronization of
diquarks occurs predominantly via recombination
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of the diquark with another quark to form a bary-
on.
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