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Abstract

We calculate the production of large- p7 charmonium and narrow resonance state (exotic charmonium) in
proton—proton, proton—nucleus, and nucleus—nucleus collisions with the semi-coherent two-photon interac-
tions at Relativistic Heavy Ion Collider (RHIC), Large Hadron Collider (LHC), and Future Circular Collider
(FCC) energies. Using the large quasi-real photon fluxes, we present the yy — H differential cross section
for charmonium and narrow resonance state production at large transverse momentum in ultra-peripheral
heavy ion collisions. The numerical results demonstrate that the experimental study of ultra-peripheral col-
lisions is feasible at RHIC, LHC, and FCC energies.
© 2017 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

The two-photon interactions [1-6] at unprecedentedly high energies can be studied in ultra-
peripheral heavy ion collisions. Recently, the measurement for ultra-peripheral collisions was
performed by PHENIX Collaboration [7] and STAR Collaboration [8,9] at Relativistic Heavy
Ion Collider (RHIC) energies, as well as ALICE Collaboration [10—-15] and CMS Collaboration
[16-18] at Large Hadron Collider (LHC) energies. Moreover, the equivalent photon flux present
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in high energy nuclear collisions is very high, and has been found many useful applications
in photon production [19-23], dilepton production [24-30], jet production [31,32], double vec-
tor meson production [33-36], (exotic) charmonium production [37-42], decuplet-baryon pair
production [43], doubly heavy baryon production [44], graviton production [45], W/Z boson
production [46,47], and Higgs boson production [48-50] in the ultra-peripheral heavy ion col-
lisions. The most existing calculations concentrated on the total cross section and also of the
rapidity or the two-photon energy distributions, an interesting theoretical quantity, which may
not be measured easily in ultra-peripheral collisions at Relativistic Heavy Ion Collider (RHIC),
Large Hadron Collider (LHC), and Future Circular Collider (FCC), since the experiments run-
ning at RHIC, LHC, and those planned at FCC demand the distributions of transverse momenta
and rapidity.

In the present work, we investigate the semi-coherent two-photon processes for large-pr
charmonium and narrow resonance state (exotic charmonium) production in proton—proton,
proton—nucleus, and nucleus—nucleus collisions at RHIC, LHC, and FCC energies. If the trans-
verse momenta of both photons are the same large (non-coherent) or small (coherent), the total
transverse momentum would have a very small value, then the charmonium and narrow reso-
nance state (exotic charmonium) could not obtain large transverse momentum in the yy — H
interaction, where H is the (exotic) charmonium. Indeed, the single track condition [28,29] leads
to the weak contribution of non-coherent and coherent photon—photon processes for large-pr
charmonium and narrow resonance state (exotic charmonium) production compared with the
semi-coherent processes. Hence we work in the semi-coherent two-photon approach, in which
one photon is relatively hard and is incoherently emitted by participating projectile, while another
can be soft enough to be in a coherent domain. In the equivalent photon approximation that the
effect of the electromagnetic field for an ultrarelativistic proton or nucleus is replaced by a flux
of photons, we present the differential cross section as a function of the transverse momenta for
the large- pr charmonium, as well as the narrow resonance state (exotic charmonium) [51-54]
that has been firmly established in ultra-peripheral collisions at RHIC, LHC, and FCC energies
in the recent years.

The paper is organized as following. In Section 2, we present the production of large- pr char-
monium and narrow resonance state (exotic charmonium) from the semi-coherent two-photon
interactions in ultra-peripheral heavy ion collisions. The numerical results for proton—proton,
proton—nucleus, and nucleus—nucleus collisions at RHIC, LHC, and FCC energies are plotted in
Section 3. Finally, the conclusion is given in Section 4.

2. General formalism

The differential cross-section for the charmonium and narrow resonance state (exotic char-
monium) production from the semi-coherent two-photon interaction in ultra-peripheral heavy
ion collisions can be written as

dG:&y},HH(W)dN]sz, (1)

where the total cross section &y},_> g (W) for the charmonium and narrow resonance state (exotic
charmonium) production from the two-photon fusion interaction can be written in terms of the
two-photon decay width of the corresponding state as [39-41,55]
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