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Abstract

Inclusive J /4 production in photon—photon collisions has been observed at LEP |l beam energies. A clear signal from the
reactionyy — J/y¥ + X is seen. The number of observadJ /¢ — ut ™) events is 36k 7 for an integrated luminosity
of 617 pb 1, yielding a cross-section ef(J/y + X) = 45+ 9(stah + 17(sysh pb. Based on a study of the event shapes of
different types ofyy processes in the PYTHIA program, we conclude 7dt+ 22)% of the observed /¢ events are due to
‘resolved’ photons, the dominant contribution of which is most probably due to the gluon content of the photon.
0 2003 Published by Elsevier B.V.

1. Introduction AV VIV VVV VS = J/

An important component of thete™ collisions at
LEP 1l energy is the two-photon fusion process. It
has been pointed out that two-photon production of ; -

inclusiveJ /4 mesons: ; - o
’\/\/\-/\/\/\f\A/\/{:) - p°, w, ¢

et+e” >et+e 1402, 1) @

Pomeron

vi+ye—J/Y+X. (2) v B ¢
) R T/

is a sensitive channel for investigating the gluon
distribution in the photon [1].

There are two important processes leading to in-
clusive J /v production. The corresponding typical q
diagrams are given in Fig. 1(a)—(b). Less important ) b
diagrams are not considered here. The first process >
is described by the vector-meson dominance (VDM)
model [2]: ()

Fig. 1. Inclusive J /v production inyy processes: (a) through

B B vector-meson dominance, (b) via gluon content of the photon, i.e.,
y1—>c+ec, v2—>4q+q, (3 ‘resolved’ contributions.

vitve—=>J/¥v+q+4q : . o
inclusive hadronization of the partons may also be

important.
The second process is described, for example, by
the colour-octet model [3]. It proceeds through the

as shown in Fig. 1(a). The vertices foi and y»

are connected by Pomeron exchange or diffractive
dissociation of photons. The final-state parton pairs
¢ + ¢ andg + g are both in the state of 7€ = 17—,
which means that the latter is dominated by the low-  * corresponding author.

mass vector mesons’, » and¢ but a more general E-mail addressstocchi@!al.in2p3.fr (A. Stocchi).
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so-called ‘resolved’ contribution of the photons, in (e) polar angle of a track, with respect to the beam

which the intermediate photons are ‘resolved’ into axis 10 <6 < 170;

their constituent partons: (f) track length> 30 cm.

Yi+8y > c+c, v2+8y > q+4q, The neutral particlesy, =°, K?, n) were selected
vitye— J/¥+q+3, (4) by demanding that the calorimetric information, not

associated with charged particle tracks, satisfies the
as shown in Fig. 1(b). It is seen that this process re- following cuts:

quires production of a ‘resolved’ gluog,() from both

photgns. Thus, this production mechanism provides a (g) E(neutra) > 0.2 GeV for the electromagnetic
sensitive probe of the gluon content of the photon. showers, unambiguously identified as photons;
The purpose of this Letter is to report the observa- (h) E(neutra) > 0.5 GeV for all the other showers;

tion of inclusiveJ /¥ production from the two-photon (i) polar angle of neutral particle tracks, with respect
fusion process, to give its production characteristics to the beam axis T0< 6 < 17C.

along with the cross-section and finally to assess the

relative importance of the production processes dis- In order to ensure a very h|gh trigger efﬁciency, the
cussed above. Section 2 describes the selection criteriaselected events were required to satisfy at leasbf

for the event sample collected for this study. The mea- the following sets of criteria:

surement of inclusive/ /¢ production in theu™ ™

channel and its interpretation in terms of diffractive (Jl) one or more Charged partic|e tracks in the barrel
and resolved processes is presented in Section 3 fol- region (40 < 6 < 140°) with p; > 1.2 GeV/c, is
lowed by a summary and conclusions. found:;

(j2) one or more neutral particle tracks in the Forward
ElectroMagnetic Calorimeter (FEMC) (10<
2. Experimental procedure 6 < 36° and 144 < 0 < 170¢°) with energy
greater than 10 GeV, is found;

The analysis presented here is based on the data(js) the total sum of charged particle tracks in the
taken with the DELPHI detector [4,5] during the barrel with p;, > 1 GeV/c, of charged particle
years 1996-2000, excluding the part of the data tracks in the forward region (20< 6 < 40° or
collected in the last period of 2000, when one of the 140 < 6 < 17C¢°) with p, > 2 GeV/c and of

Time Projection Chamber (TPC) sectors was not in neutral particle tracks in the FEMC with >

operation. The centre-of-mass energigs for LEP 7 GeV, is greater than one;

ranged from 161 to 207 GeV. The total integrated (j4) the total sum of charged particle tracks in the

luminosity used in the analysis is 617 Pb barrel with p, > 0.5 GeV/c, of charged particle
The charged particle tracks were measured in the tracks in the forward region witlp, > 1 GeV/c

1.2 T magnetic field by a set of tracking detectors and of neutral particle tracks in the FEMC with

including the microVertex Detector (VD), the Inner E > 5 GeV, is greater than four.

Detector (ID), the TPC, the Outer Detector (OD) and
the Forward/Backward Chambers FCA and FCB. The The trigger efficiency for the events which passed the

following selection criteria were applied: above requirements is bigger than 98%.
The hadronic two-photon events are characterized

(a) particle momenturp > 200 MeV/c; by a low visible invariant mass. Consequently, the
(b) relative momentum error of a trackp/p < following additional cuts were applied:

100%;
(c) impact parameter of a track, transverse to the (k) the visible invariant masdy.;s, calculated from

beam axis< 3 cm; the four-momentum vectors of the measured
(d) impact parameter of a track, along the beam axis charged and neutral particle tracks, is less than

<7cm; 35 GeV/c;
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Fig. 3. M(utu™) distribution from the LEP Il DELPHI data.

Fig. 2. Wyis distributions for the LEP || DELPHI data, for the The solid curve corresponds to a Gaussian fit over a second-order

simulatedyy — hadrons.ete™ — Z%, ete™ - WTW~ and polynomial background.
the sum of all above Monte Carlo contributions.

DELPHI muon-tagging algorithm [5], or be iden-
tified as muons by the hadronic calorimeter;

() the number of charged particle trackgy, satis- (0) the tracks should not come from any reconstructed
fies 4< Nen < 30; secondary vertex or be identified as a kaon, proton
(m) the sum of the transverse energy components  or electron by the standard DELPHI identification
with respect to the beam direction for all charged packages.

particle tracks(}"/p?+m2) is greater than
3 GeV.
3. Inclusive J /¢ production
The comparison of th#;s distributions, after the cuts
on Nch and ) EY, both for the data and the events In this section, we first determine the inclusivgy
simulated by PYTHIA, shows (Fig. 2) that the cut production in theu™ = channel. Then we interpret
Wiyis < 35 GeV/c? rejects the major part of the non- it in terms of diffractive and resolved processes by
two-photon events. fitting the experimentap%(]/w) distribution to the
A total of N; = 274510 events remain in the PYTHIA predictions for both processes. This allows

data sample after applying all these cuts. The main to deduce the cross-section for inclusitgy produc-
background comes from the process~ — Zy and tion, taking into account they — J/v¥ + X and the
amounts to~ 1.2% of the selectedy events. The J/v — utu~ efficiencies. As the first set of effi-

background from thete™ — Wt W~ is negligible, ciencies is model-dependent, we also give the ‘visible’
as seen in Fig. 2. cross-section in which only the detector efficiency for

J /¥ candidates have been selected usingithg ~ J /¥ — utu~ decayis considered. We finally present
decay channel. For the muon pair selection, the follow- the J/y production characteristics together with the
ing criteria were imposed: PYTHIA predictions.

In Fig. 3 we give the invariant mass distribution
(n) at least two charged particle tracks, with zero for identified u*u~ pairs, selected as outlined in
net charge, should be accepted by the standardthe previous section. Thé&/y signal shows up over
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little background. A least squares fit to the(u ™)

distribution with a Gaussian for the signal and a
second-order polynomial for the background gives the

following results:

J/¥ mass M = 3119+ 8 MeV/c?,
J/¥ width: o (ob9 =35+ 7 MeV/c?.

The observed width of the peak is consistent within
errors with the invariant mass resolution of a pair
of charged particle tracks in the mass region around
3 GeV/c2. The number of observed events from the fit

IS:

N(J/y)=36=%7 events

over a background of about 11 events.

If we take the L3 result [6] for the beauty cross-
section fromyy events and the PDG value [7] for

the branching ratio of beauty hadrons fgv, the
expected number of//yy — utu~ from beauty

hadrons is 2 £+ 0.6. The backgrounds from the

processegt +e¢” — Z+y — J/¢¥ + X andy +

Yy = xe2— J/¥ + 7t + 7~ + 79 are less than
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such sources of /v production asy +y — xc2 —

0.20 and 0.30 event, respectively. According to the J/v + y. We checked that in the four-prong events

selection criteria the syster® contains at least two

with J/¢ — pnTu~ candidates there are no photon

charged patrticle tracks, hence we do not consider conversions.
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We used the PYTHIA 6.156 generator [8] to esti- A set of theJ/ production characteristics is ex-
mate the efficiency. The generated events were passedibited in Figs. 4-8. For each bin of every distribu-
through the simulation package of the DELPHI de- tion shown, we have examined tBé(u ™) spec-
tector [5] and then processed with the same recon- trum and then fitted with a Gaussian and a second or-
struction and analysis programs as the real data. Thereder polynomial background, to get the number of sig-
is a substantial fraction of PYTHIA events where nal events per bin. This number is then renormalized
J /¥ mesons are produced just as a simple fusion of for each distribution, so that the total sum is always
two photons because there is not enough phase spacequal to 36 events. Hence, Figs. 4-8 are background-
to produce additional particles. We do not use such subtracted distributions.
events. The process where both photons are VDM  Fig. 4 shows thEP%(]/I//) distribution. As ex-
photons we will call ‘diffractive’ and the process with-  pected, the PYTHIA Monte Carlo prediction for the
out VDM photons we will call ‘resolved’. p%(J/W) distribution is more sharply peaked near
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Fig. 8. Acceptance-corrected distributions in €aghered is the helicity angle ofu™ in the rest frame off /v — ™. The figures (a)—(c)
correspond to the total sample (a), the subsamples Mty /1) < 1.0 (GeV/c)? (b) andp2.(J /) > 1.0 (GeV/c)? (c).

zero for the ‘diffractive’ events (see Fig. 1(a)) than for As expected, the latter is relatively process-independ-

the ‘resolved’ events (see Fig. 1(b)). We fitted the ex-
perimentalpi(J/W) distribution as a function of the
two categories of PYTHIA events:

a

2 bl
de Resolved

dNn

dN

dp% dp% Diffractive
which gives f = (26+ 22)% (PYTHIA distributions

in Fig. 4 are normalized to the data). The PYTHIA

study tells us that the experimental efficiencies are
very different for the two categories:

+A-0 ©)

e (diffractive) = (0.98+ 0.04)%,
e(resolved = (3.87+ 0.09)%. (6)

According to PYTHIA, about one-half of all the
yy events withJ/y — utu~ are produced with
the charged particle tracks at polar angles below 10
degrees, so that they are invisible to the DELPHI
detector. The individual efficiencies as a function of
p% are given in Fig. 5. Some insight may be gained
into these efficiencies if they are broken down into
products of two factors, as follows:

e (diffractive) = €,,,, (diffractive)
X €1yt - (diffractive),
e(resolved = ¢, (resolved
X €1yt - (resolved,

@)

wheree,, is the efficiency for the procesgy —
J/¥ + X ande; i+, isthatforJ /¢ — ptpu.

ent:

€7 /y—pu+u- (diffractive) = (37.0+ 1.5)%,

€J/y—putu-(resolved = (3214 0.7)%. (8)

It is clear, therefore, that the difference in efficiency
in (6) is mostly due toe,,. This is highly process-
dependent and hence model-dependent.

The overall experimental efficiency is:

1 S 1-7f
e e(diffractive)  e(resolved’

9)

which givese = (2.197320)%. Under the assumption
that PYTHIA captures the kinematical features of
the resolved and diffractive processes, but not their
absolute cross-sections, the cross-section for inclusive
J /v production is:

o =N /¥)Br-Le) L
=45+ 9(stap + 17(sys) pb, (10)

whereBr = (5.88+ 0.10)% is the branching ratio for
J/Yy — ptp~ [7] and £ = 617 pb! is the total
integrated luminosity. The systematic uncertainties
include both the efficiency (9) and the branching ratio
contributions but not those inherent to the PYTHIA
program.

Because of the model-dependent aspect of this
analysis (see, for example, the efficiencies given in
(6)), itis of interest to quote the ‘visible’ cross-section.
Substitutinge 7/, _, ,+ .- (diffractive) ande; /y, _, ,,+ -
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(resolved for e(diffractive) and e (resolved, respec-
tively, in (9), the ‘visible’ cross-section can be calcu-
lated; it is:

/s of the LEP machine ranged from 161 to 207 GeV.
A clear signal from the reactiopy — J/¢¥ + X is
seen.

The inclusive cross-section is estimated to be
ovis = 3.0+ 0.6(stay + 0.1(sys} pb. (11) o(J/y + X) = 454 9(stap + 17(sysh pb. Based on
The main source of systematic uncertainty comes @ study of thepZ distribution of different types of y
from the determination of the relative fractions of Processes in the PYTHIA program, we conclude that
resolved and diffractive events which have different SOme(74=+ 22)% of the observed /v, events are due
efficiencies (8). Following the same argument, we tO the ‘resolved’ photons, the dominant contribution of
also give the ‘visible’ production ratén) for J/v which should correspond to the gluon content of the

production: photon [3].
The distributions inp2 (J/v), y and co® (for u*

in the rest frame off /v — u* ™) are presented. In
addition, a study is given of the characteristics of the
systemX. All distributions appear to be well repro-
duced within statistics by the normalized combination
of the fitted ‘resolved’ and ‘diffractive’ contributions.

(n) =N(J/¥)(N; - Br- EJ/wﬂmf)_l

= (6.7 + 1.3(stap & 0.3(sysh) x 1073, (12)

where N; is the data sample for thgy selection as
given in the previous section.

The rapidity distribution in the laboratory system
for the J /4 mesons is shown in Fig. 6. The PYTHIA
events have been combined using the same fragtion
found in (5) and then normalized to the observed num- Acknowledgements
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