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Direct Hard Photoproduction of J/y and T in High
Energy Pb—Pb and Ca—Ca Collisions at LHC
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Abstract Direct hard photoproduction of J/¢ and Y at LHC Pb-Pb collisions with CMS
energy 5.5ATeV, and Ca—Ca collisions with CMS energy 7ATeV, are discussed in the
process: A+ A—A +J/¢ (1) + X. It tumns out that the processes can be used to testing
the gluon distribution in the nucleus, as well as to studying the mechanism of large P,
gluon and heavy quark fragmentation of J /.
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1 Introduction

Photoproduction physics is one of the main program of the Large Hadron Collider
(LHO) Collaborations ™. The intense heavy—ion beams represent a prolific source of
quasireal photons. Hence it is enable an extensive studies of the photoproduction physics.
Similar to what is done at the Hadron— Electron Ring Accelerator(HERA), hard
hotoproduction of J/¢ and Y at LHC Pb-Pb with CMS energy 5.5ATeV, and Ca-Ca with
CMS energy 7 ATeV collision process, A+ A—A+ J/¢ (Y)+ X can be performed at
high CMS y—Pb energies. The direct photon—gluon collision process allow the study of
the gluon distributions in ions.

In the calculations of J/ ¢ production in hadronic collisions
that the dominant contribution to the cross section comes from leading order diagrams
with gg fusion into a charmonium state and a recoiling gluon and bb pair production
followed by b—J /1y decay, These calculations, however, did not explain all the observed
rates at hadron colliders™. An ansatz for the problem was suggested recently that the
dominant mechanism for charmonium production at large transverse momentum P, is

¥l it has been assumed
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fragmentation™, which is the production of a high P, gluon or charm quark which

subsequently fragments into charmonium states, such as J/y, %, If-it is true this may be
the important progress in understanding hadronization from first principles. For it is
possible to calculate the fragmentation functions which specify the probability for heavy
quarks and gluons to hadronize into quarkonium bound states starting from perturbative
QCD. It is necessary to test this important problem in further experiments. Our results
show that the photoproduction process at LHC may be used for the purpose.

It is the purpose of this paper to discuss all the above problems. We will show that
the photoproduction of J/¢ and T at LHC Pb-Pb, Ca—Ca processes may be a useful tool
of testing these problems.

2 Theoretical Imput and Results

There are several expressions of equivalent photon spectrum function, in the paper we
use the following types of the functions to calculate J/ ¢ and T cross section so as to
compare the difference caused by equivalent photon spectrum functions.

The equivalent photon spectrum can be obtained from a semiclassical description of
high-energy electromagnetic collisions. A relativistic heavy-ion with Z times the electronic
charge moving with a relativistic factor y > | with respect to some observer develops an
equally strong magnetic field component so it resembles a beam of real photons, where
the number of photons is given by™

27"
n(w) = nwa ln(R—J; ), ¢))

where @ is the energy of photon R=b__ (b_ is the cut-off of impact).
The production cross section of a photon fusion a parton in the nucleus in the
collision of heavy—ion N is given by

o(NN-NX) = J.dfo/N(x)a(y g—X) @

The direct photoproduction cross section of the subprocess yg—J/¢ + g and yg—-T+ g
can be found in*". The fragmentation contribution subprocess is dominated by the
following process:

¥+ 8= Q + Q' Q= I/
Yy+q—g+gq, y+g—g+g g~/

In our calculation the impact parameter is approximately equal to the radius of the
nuclei. The parton distribution in nucleus can be obtained by using the simple parton
model. :

Fig.1 shows the transverse momentum distribution J/{ cross—section of the following
subprocesses, the solid line in the figure gives out the contribution of the subprocess:
yg—J/¥ + g. The dotted line shows the total contributions of large P, gluon fragmentation
in the two subprocesses: y +q—g+q; v + g—g+ g g—J/y. The dashed line turns out
the total contributions of large P, heavy fragmentation in the two subprocesses: y + g—Q,
+Q; Q—J/y, v+ g—Q, + Qy Q—I/V.

It is easy to find from the figure that when P, < 4GeV the J/ ¢ production is



- FRE%. LHCH #EPb-PoMICaColi B PR B BB ATy R T 839

10 106
E (a)
l(fE— N 10°
i %
£ 10E s
3 F 2 10
h 10‘:'_ b
Y E
- F = 10
Y A
10 E 3 10
5 o 3!
S 1°F . %
B - ~ ~
S BE 107!
l;r 1072
]O'l— T ST SN TS R R T R RS N U 103
5 10 15
P/GeV

Fig.1. Cross section of J/y photoproduction
((a) for Pb-Pb and (b) for Ca—Ca) in several subprocesses
Solid line for the direct production, Doted line for the g—>J/y contributions,
Dashed line for g—=J/ contributions.
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dominated by the direct production process: yg—J/ ¥ + g. So it is possible togtest the
gluon distribution in nucleus in this P, range. When P, > 4GeV, the contribution of
subprocesses y + q—g+q, vy + g—~g+ g g—J/y, are much larger than the other three
subprocesses. In the situation the mechanism of

large P, gluon to fragmentate into J/ ¢ may be 1¢
tested  directly. While P, > 10GeV the
contribution from the fragmentation of large P,

T T Ty

& 10
heavy also becomes important and may be _‘\f E
observed. <
Fig.2 shows the direct T photoproduction of g 10g 7
Pb-Pb and Ca—Ca collisions respectively. From ,,\g -
calculation we have found that in leading order S

T l‘l HHTI
’

the T  photoproduction is dominated by the

~

subprocess yg— T + g. Other subprocesses such Tl N I R LN

as vy +g—=Q, +Q, Q—-T, vy +2g-Q,+Q, Q— 2 4 P,/Gev6 8 10
Y, and y+ q—g+ q, g— T are suppressed by
the mass of T, so the contributions come from
both the gluon and the heavy quark

Fig.2. Cross section of Y photoproduction
Solid line for y Pb, Doted line for y Ca process.

fragmentation can be ignored. Hence the T photoproduction process can be mainly used to
test the gluon distribution in the nucleus.
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