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Motivation & introduction
Color dipole framework
* Dipole cross section

e b-# correlation

* Nuclear cross section
* Gluon shadowing

* Numerical results

e Conclusions

Based on:
e Phys.Rev.D 105 (2022) 5, 054023
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Why to be interested in VM and UPC? Wé e
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Vector Mesons (VM) are used as a probe, for example, in
heavy-ion collisions or saturation phenomena in ep, eA
In particular, we can study, e.g., gluon distribution in
hadrons

Photoproduction is well phenomenologically understood
Heavy quarkonia with a small size minimize uncertainties
inherited from the non-perturbative region
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Minimize theoretical uncertainties

 Alot of various theoretical descriptions of coherent
production of heavy quarkonia in UPC

* Earlier, we studied quarkonia uncertainties, for
example:
e Quarkonium vertex

Wave function vs QQ potential
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* Now, we focus on nuclear effects
* Higher twist shadowing
 Gluon shadowing and higher Fock states
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Color dipole formalism for VM

Amplitude:
1
ATV @ Q) = (VIAP) = [ & [ da Wi (7a) Agg(iz, 0. @) B (70, @)
0
t-dependent differential cross section:

dt 167r

|A’Y p—>Vp(8 Q q—*)
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Dipole cross section

Describes the interaction of Q0 with a proton

Nonperturbative effects, no theoretically calculable

Just models

* Nevertheless, qualitatively, we have ideas, what is
going inside

* Inthe perturbative area described by the gluon
distribution function

Various models on the market: GBW, KST, IP-Sat, BGBK,

BK, ...

Usually, they are fitted from DIS data, mostly from HERA

However, such a fit is integrated over impact parameter b
For t-dependence, we need a b-dependent dipole cross

section (amplitude)
More in B.Kopeliovich, MK, J.Nemchik, Phys.Rev.D 103 (2021) 9, 094027
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b-7 correlation
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This is the case of Solution: Inspired by

_C_I . L the Born approximation
— maximal contribution. i
1 with two-gluon
q S oL exchange
= b || 7 is simpler to
b calculate, no angle
- dependence_ In reality, the angle
P between b-7 can be
arbitrary.
One should integrate
—
| — 7%7 over all possibilities.
q
é . .
b This is a challenge e.g.
for BK. So far, only the

-P b || 7 approximation

was used.

More in B.Kopeliovich, MK, J.Nemchik, Phys.Rev.D 103 (2021) 9, 094027 & DIS2021
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Photoproduction off nuclei |.

 y*A coherent amplitude and cross section
. 1
AVAYVA (2, Q% §) = /deA €é§+bA/d2Tf da VT, (7, «) Ag (F,z,0,b4) U - (7o, Q%)
0

do.q*A—»VA(:B? Q2’ t — _q2 )
dt

1 . 2

IC.>>RA

* |If coherence length > R,
 Thisis ok for LHC at midrapidity
 Otherwise Green function should be used

1 A
— 7 1 = — — —
ImAé;Q('r, T, 0, b4) =1—|1- VI fdzb ImAgQ(?“jm,a,b)TA(bA +b)
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co 1 |
Glauber-Gribov form Oqq(Ty8) — Jfﬁf "(r,5,b) =1 — exp —5%5(?, s)Ta(b)

Aka “frozen” approximation
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Photoproduction off nuclei l.

* We can apply other modifications:
* Real part

- a A
ImAgQ(F,m, a,b) = ImAgQ(ﬁ:B?a, b) - (1 — 3 L)
 Skewness correction
ImAgQ(ﬁ r,a,b) = ImAgQ(ﬁ z,0,b) - Rs(A)
 Gluon shadowing

ImAgQ(F, X, C]:‘jg) = ImAg@(F}:B?CE? g) ) RG(mﬂ |EA + gl)
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Gluon shadowing /W
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e

Lowest Fock component: |[QQ)  More in MK, J.Nemchik, Eur.Phys.J.Plus 135 (2020) 6, 444.

Higher Fock components: |QQg), |QQ2g), ...
correspond to gluon radiation processes
— higher-order corrections to the gluonic exchange
Complications: higher Fock states are heavier
—> we cannot treat them as frozen — not a long coherence length limit
- we need to use the Green function
n-gluon Fock component n times shorter than the single-gluon
coherence length
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Results
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Results
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Results
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Conclusions A=

We studied the momentum transfer dependence of
differential cross sections for coherent photoproduction
of heavy quarkonia on nuclei, in the framework of the
dipole description.

We employ various corrections and precise calculations:

 Realistic Q0Q, b-7 correlation, gluon shadowing

Our calculations of do/dt for the coherent process are in
a good accord with recent ALICE data at the LHC

We also provided predictions for other quarkonium states
that can be verified in the current experiments at the
LHC.
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Thank you for your attention!
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