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Abstract

Coherent photoproduction of charmonium in peripheral heavy-ion
collisions at the Large Hadron Collider (LHC) is studied. The
centrality dependence is investigated and compared to the
experimental results for coherent J /v production in lead-lead LHC
runs at the energies of 2.76 and 5.02 TeV.
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1. UPC and Difffractive dissociation
2. The photon and pomeron

3. The UPC formalism

4. Vector meson production (VMP)
5. From nucleons to nuclei (Glaber)

« [tems 4 and 5 are interchangeable (‘“factorization”)

6. Results and discussion



UPC & Central Diffractioon Dissociation
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Figure: Feynman diagram of vector meson production in ultra-peripheral
collision of hadronic/muclei

Figure: Single, double and central diffractive dissociation of protons _



The pomeron-proton vertices as:
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afp is the total pomeron-proton cross section, mp is the mass of
the proton, o being the fine structure constant
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From VPP to UPC

We use a simple parametrization of the o~ p_;vp( W) cross section,
suggested by Donnachie and Landshoff:

orpsvp(W) ~ WP, §=0.8.

The differential cross section as function of the rapidity Y reads
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and o~p_; vp(w) is the total cross section of the vector meson
photoproduction subprocess. w is the photon energy,

w = WZ,/2y/s, where /s denotes now the c.m.s. energy of the
proton- proton system; wmin = My, /(4yLmp), where

L = v/5/(2my) is the Lorentz factor (Lorentz boost of a single
beam); e.g., for pp at the LHC for /s =7 TeV, v = 3731.
Furthermore, Q = 1 + Q3/Q3,,. with Q2,;, = (w/v1)? and

Q3 =0.71GeV?, Y ~ In(2w/My). The differential cross section in
W can be calculated as do/dW = (do/dY)/W.



From hadrons to nuclei (Glauber)

Using the classical mechanics Glauber formula for multiple
scattering, the differential cross section becomes:

do (YA — J/YA)
dt
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where Ta(b) is the nuclear thickness function and f;y is the
vector-meson coupling, sz/w/47r — 10.4. The input for the Glauber
model calculation is the cross section for the process

J/v+p— J/1+ p, given by:

4f2, 4 J /b
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Vector meson production (VMP) cross section in hadronic
collisions can be written in a factorized form. The distribution in
rapidity Y of the production of a vector meson V' in the reaction
h1 + ha — h1Vha, (where h may be a hadron, e.g. proton, or a
nucleus, pPb, PbPb,...) is calculated according to a standard
prescription based on the factorization of the photon flux and
photon-proton cross section.

The ~p differential cross section depends on three variables: the
total energy of the yp system, W, the squared momentum transfer
at the proton vertex, t, and Q° = Q? + M, where Q? is the
photon virtuality and My, is the mass of the produced vector
meson. Since, by definition, in ultra-peripheral collisions we have

b >> R; + R,, where b is the impact parameter, i.e. the closest
distance between the centres of the colliding particles/nuclei with
radii R; (i = 1,2), photons are nearly real, Q> ~ 0, and M,
remains the only measure of “hardness”. Notice that this might
not be true for peripheral collisions, where b ~ R; + R>, and in the
Pomeron or Odderon exchange instead of the photon.



VMP & Reggeometry
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Figure: Diagrams of Deeply Virtual Compton scattering (DVCS) (a) and
vector meson production (VPM) (b) in e p scattering; (c) DVCS (VMP)
amplitude in a Regge-factorized form.



The scattering amplitude in the (single-component) Reggeometric
Pomeron (RP) is :

A Y a(t)
Arp(Q5,1) = 2 e-=5 (i) B/t (3)
(1+&) ”
—— a b
BO(Q2)=4(5 +m)a (4)

where the exponential factor in Eq. (4) reflects its geometrical
nature. The center-of-mass energy of photon-nucleon system is
Vs = W,, and the quantities a/Q? and b/2mj3, in (4) correspond
to the effective sizes of upper and lower vertices in Fig. 3-c.

The elastic differential cross section is:
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Elastic Scattering

Vs =14 TeV prediction of BSW model

& Nuclear momentum transfer -t ~ (p6)?2
%, oc e 6 = beam scattering angle
) p = beam momentum
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Geometrical scaling (GS), saturation and unitarity
1. On-shell (hadronic) reactions (s,t, Q*2=m*"2);

t € - b transformation: h(s,b) = fgo d/—t\/—tA(s, 1)

and dictionary:

r Im h r
do/dt |,
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ALICE 2.76 TeV
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Rapidity distribution of coherently photoproduced J/Psi at forward rapidities in Pb-Pb
collisions at 2.76 TeV compared with the ALICE data.
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The coherent nuclear cross section as function of the corresponding photon-nucleus energy
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The double differential J/Psi photoproduction yields as function of the transverse
momentum for 5.02 TeV in the rapidity range 2.0<y<4.5.
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Differential J/Psi photoproduction yields as funcion of the rapidity in peripheral PbPb
collisions fof <N>=19.7+/-9.2. The data are from LHCDb collaboration at 5 TeV.
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