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1. Introduction

The dominant processes in ultra-peripheral heavy ion collisions are two-photon
interaction in the equivalent photon approximation with large impact parame-
ter. The equivalent photon method which treated electromagnetic fields of a
moving charged particle as a flux of qusi-real photons proposed by Enrico Fermi
[1]. Consequently, Weizsdcker and Williams applied this method to relativistic
nucleus [2] [3]. The equivalent photon flux presented in ultraperipheral colli-
sions, that the two ions interact via their cloud of qusi-real photons, become very
high at Relativistic Heavy Ion Collider (RHIC) and Large Hadron Collider (LHC)
energies, and has been found many useful applications in heavy quarkonium

production [4]-[14]. In recent years, the measurements for heavy quarkonium
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photoproduction have been reported by PHENIX Collaboration [15] at RHIC, as
well as ALICE Collaboration [16] [17] [18] [19] at LHC.

Despite considerable efforts both in experiment and theory, the heavy qua-

rkonium production mechanism in ultraperipheral collisions is still not fully
understood. In the present work, we investigate the semi-coherent two-photon
interaction processes for large-pr y, and 7, production, as well as rapidity
distributions with coherent two-photon interaction processes in nucleus-nucleus
collisions at RHIC and LHC energies. In calculations of ultraperipheral nucleus-
nucleus collisions, the impact parameter is usually required to be larger than the
sum of the two nuclear radii, b>R, +R;, and the radiated photons interact
with each other. The photons of ions are coherently radiated by the whole
nucleus, since the limit on the minimum photon wavelength is greater than the
nuclear radius. In the transverse plane with no Lorentz contraction, an upper
limit on the transverse momentum of the photon emitted by nucleus A is
p; <hc/R, , since the uncertainty principle. In the longitudinal direction, the
maximum possible momentum is p, <7y, c/R, , that is multiplied by a Lorentz
factor (y, ) due to the Lorentz contraction of the nucleus. Consequently, the
maximum energy for yy collision in a symmetric nucleus-nucleus collision is
2hy c/R, , that is large enough for studying the heavy quarkonium at RHIC and
LHC.

In this paper, we report a feasibility study of the coherent and semi-coherent
two-photon production process for y. and 7, at RHIC and LHC. In Section
2, we present coherent and semi-coherent two-photon processes for y, and
77, at RHIC and LHC energies. The numerical results for nucleus-nucleus colli-
sions at RHIC and LHC energies are plotted in Section 3. Finally, the conclusion

is given in Section 4.

2. General Formalism

According to the equivalent photons approximation, the intensity of the elec-
tromagnetic field, and therefore the number of photons in the cloud surround-
ing the nucleus, is proportional to Z?. Thus the two photon interactions are
highly favored in heavy ions collisions. The differential cross-section for the y,
and 7, production from the semi-coherent two-photon process in ultra-peri-

pheral nucleus-nucleus collisions can be written as
” ~
da[AB—)AHBj:ayHH (W)N,, ()N, o (@,). 1)
where the energies for the photons emitted from the nucleus are
@, =W?exp(4_ry) ,with W =,/4m,m, , and the transformations
W
dodae, = ?dey can be performed.

The total cross section oA'},HH (W) for the y, and 7, production from the
two-photon process can be written in terms of the two-photon decay width of
the corresponding state as [8] [9] [20] [21] [22]
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yy—H

G, (W)=81(2] +1) FI‘VT”/(W2 M?), (2)

here /and A are the spin and mass of the produced y, and 7, meson, re-
spectively. The two-photon decay width I'; , =~ for the y, and 7, can be
taken from the experiment [23].

In the equivalent photons approximation, the flux of photons from the two
relativistic nuclei with Z times the electric charge moving with a relativistic fac-
tor y>1, which is respect to some observer develops an equally strong mag-
netic-field component. Then the equivalent photon spectra for the relativistic
nucleus can be obtained as [24] [25] [26] [27]

dN(e) 2%« &
o= (qumTz 7 Fé(af +o?/7%), (3)

where @ is the photon energy, y is the relativistic factor, F (qz) is the nuc-

lear form factor of the equivalent photon source, and q° =@’ +a)2/ 7* is the
momentum transfer of the relativistic nuclei projectile.

For a realistic nucleus, the form factor [28] can be considered as a convolution
of the hard sphere with radius R, and Yukawa potential,

Fy (qﬂ:%[sin(qRQ—qRA cos(qRA)}ﬁ, (4)
where the parameters d; =0.13815 fm=2, R, =1.2A" fm ,and a=0.7fm can
be found in Ref. [29].

In the semi-coherent two-photon process, the total transverse momentum of
¥. and 77, meson are P; =0q; +0,;r =0y, since the momentum for photons
are 0, =(a)1,q1T,qlz) and ¢, =(a)2,q2T,qZZ), where ;; is the transverse mo-
mentum of the ith photon. Consequently, the differential cross section for the

ultra-peripheral collisions can be written as

o P o sy L) g, g —(q”’ )
(Q2 +af [y )

here the transverse momentum of photon is g, >0.2GeV due to the single
track acceptance.

If we consider the effects of strong absorption, which implies that hadronic
interactions will dominate in relativistic electromagnetic interactions, the total
number of photons from a ultra-peripheral collisions can be obtained by inte-
grating over all impact parameters larger than the nuclear radius. Consequently,
the cross sections with considering the accurate hadronic interaction probabili-
ties for the equivalent two-photon luminosity in the impact parameter space can

be written as
da(ABiAHBj 6 (W)AN, (@,b)dN, (,,5,)S%, (), (5)

where the photon spectrum with the charge form factor F (qz) as follows
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2

J,(bar ) |

dN(w,b) 7% .[wd zFﬁ(querz/?/z)

dod’d |l T @ +0?/y?

here Jl(X) is Bessel function.

The absorptive factor S, (b) can be expressed in terms of the probability of

interaction between the nuclei with a given impact parameter,
Ssbs(b)zl_PH (b), (6)

P, (b)=1-exp[owTa]
:1—exp[aNN 2T, (r)Ta(r - b)}

where T, is nuclear thickness function, and oy, is the total hadronic interac-
tion cross section with 52 mb at RHIC and 88 mb at LHC.

)

3. Numerical Results

The equivalent photon fluxes for the heavy nucleus become very large at the
RHIC and LHC energies, since the photon flux scales as Z?*. This implies that

the two-photon differential cross-section scales as Z*. In Figure 1, we plot the
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Figure 1. The differential cross sections for y, and 7, production from the semi-coherent two-photon interaction
(without impact parameter b) in ultraperipheral heavy ion collisions at RHIC and LHC. The dashed line (wine line)
is for U + U collisions with /S, =193 GeV , the dotted line (red line) is for Au + Au collisions with

/Sy =200 GeV , the dashed-dotted line (green line) for Pb + Pb collisions with /S, =2.76 TeV , the dashed-
dotted-dotted line (blue line) is for Pb + Pb collisions with 4/s,, =5.02TeV .
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Figure 2. The differential cross sections for y, and 7, production from the coherent two-photon interaction

(with impact parameter ) in ultraperipheral heavy ion collisions at RHIC and LHC. The dashed line (wine line) is
for U + U collisions with /S, =193 GeV , the dotted line (red line) is for Au + Au collisions with

/Sy =200 GeV, the dashed-dotted line (green line) for Pb + Pb collisions with /S, =2.76 TeV, the dashed-
dotted-dotted line (blue line) is for Pb + Pb collisions with 4/s,, =5.02TeV .

differential cross section for large-pr z.o» o> 7:(1S), and 7,(2S) produc-
tion in the semi-coherent two-photon processes, that the transverse momentum
of one of the photons become small, then the whole nucleus acts coherently
without considering the effects of strong absorption. The rapidity distributions
of Jw» Xe2» 1:(1S), and 7,(2S) produced by the coherent two-photon ap-
proach in the impact parameter space are plotted in Figure 2. The main sources
of changes in the differential cross sections are the magnitude of the decay width
and the spin of the produced particle ( x5, o> e (13), and T]C(ZS) ), since

the difference of mass is small.

4. Conclusion

In summary, we have investigated the production of y, and 7, from the semi-
coherent and coherent two-photon processes with the equivalent photon approx-
imation in ultra-peripheral collisions at RHIC and LHC energies. The charge
distribution form factor and effects of strong absorption are considered in the

two-photon interactions processes. Our calculations show that the differential
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cross sections for y, and 7, produced in nucleus-nucleus collisions cannot
be neglected at the RHIC and LHC energies.
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