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Gluon shadowing in UPC collisions @ LHC

Large (up to 40%) Leading twist (LT) shadowing in:
v+ Pb/Au — p(J/W¥) + Pb/Au

Explained/predicted

b>R1 + R2

(Frankfurt, Guzey, Strikman Phys. Rep. 512 (2012) 255)

Abbas et al. [ALICE], EPJ C 73 (2013) 2617; CMS Collab., PLB 772 (2017) 489 — Suppression factor Sep
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Introduction. Studies of nuclear shadowing have a
long history [1-5]. In quantum mechanics and in the
eikonal limit, it is manifested in the total hadron-nucleus
cross section being smaller than the sum of individual
hadron-nucleon cross sections. In essence, this is due to
simultaneous interactions of the projectile with & > 2
nucleons of the nuclear target, leading to a reduction
(shadowing) of the total cross section. In this frame-
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©  Problem:
@ EIC/LHC it is challenging to measure coherent scattering att # 0 for A = 200; Large coherence length: information
on interactions with many nucleons, in average

©  Solution:

use the lightest nuclei, especially *He and *He, to study coherent effects for interactions with exactly 2 nucleons in the
range of 0 <-t< 0.5 GeV2.

Complementary measurements with light ion beams @ the EIC:

© Scattering off 2 and 3 nucleons can be separately probed

© no excited states -> easy to select coherent events

Here:

Results on J/W diffractive electro-production off *He - *He
V. Guzey, M. R., S. Scopetta, M. Strikman and M. Viviani, PRL 129 (2022) 24, 24503
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7+ *He charge FF, dominated by one-body dynamics (lA)
presents the first diffraction minimum at:
-t =0.4 GeV?
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7+ *He charge FF, dominated by one-body dynamics (lA)

i presents the first diffraction minimum at:
P “He o ‘He -t =0.4 GeV?
pl&b' 24 GeV/c
I
+% around this value of t, the cross section in
p +*He -> p +*He is dominated by effects
beyond |A:
multinucleon interactions, gluon shadowing for
hard processes
q° (Gev?)
-
. 0.2 0.5 0.4 0.5

T

no contribution of impulse
approximation term
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The X-section for J/y exclusive production @ EIC

LT parton shadowmg for J/LIJ coherent productlon off He (gluon GPDs in He)

4
dO'm* dO’,\..* N 7N : p

dt dt L5

. . %
(A z
Fr(q) = (-—2) Cp Ak /Hd q f(a)Pr(q, q1) (Z q —Q) k=2,3,4 1

ST

Fi(q) =4®1(q) f(q;) = scattering amplitude for J/ VYN — J/WN

| g (I At . . {i — R
Aps1 = —— _ , . the same used in UPC studies!
<O/ 1 — 2 10 i
Parameters:
- Bo

- n (no )=Re(f )/im(f) for vp — J/¥p (J/vp — J/¢p)

- moments < ¢' > chosen for the specific final

state and the specific kinematics
(Guzey et al. PRC 93 (2016) 055206).

The model has been tested in J/WU photoproduction in Pb-Pb UPCs at the LHC(V. Guzey and M. Zhalov, JHEP 10, 207 (2013))

- O, “k-body form factor”, is the nuclear input
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Oy (Gy, -+ - Gk) = /H{ (2:)3 }¢p/(P1 +yoe Pt Gie e oo BN) PP (Prre e oo Prcr e+ - Bi)9 Zpi
i=N i=1

# D (IA, very important here), @, and ®; evaluated using the realistic w. f. obtained by the Pisa group using:
a) Av18 for *He b) the N4LO chiral potential (D. R. Entem, R. Machleidt, Y. Nosyk, Phys. Rev. C 96, 024004 (2017)) for ‘He

# Example of ®;:

p—Q />(\\_Q— P g

# weremarkthat ®,(k,, — k,) is the same quantity appearing in the DPS2 mechanism
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Results for J/W exclusive production @EIC: xB = 10-3

102¢ y 10°
N o -
1018 (E) I-body (14) | <d0> ----- 1-body (IA)
A "/ y*'He—J/ *He _ 1o 1o 1 dt 3o b 3He
(da ) 1-body + 2-body 10 o v oHenJ/ PHe . - 1-body + 2-body EI'I'OI' barS aCCOUntZ

0 “ 0 _ _ L9 . - i
107 \\\ dt 1t=0 v*N—J/3p N I-body + 2-body + 3-body 10° R (dt t()) N T N —— 1-body + 2-body + 3-body
10° Lo \ -10% of variation for B,
1072 2

-------------------------- 10 . . -
. -15 of variation in < 02 >

10 1073 N N

-4 \\
10 10_4 \\\
107° 107>
107" -6 | S

0.0 1050 0.2 0.4

v 1-body + 2-body re-scatterings dominate the cross-sections shift of the minimum due to 2-body dynamics

v 1-body dynamics under theoretical control: very good chances to disentangle

v 2-body dynamics (LT gluon shadowing)
v unique opportunity to access the real part of the scattering amplitudes in a wide range of t

v The position of the minimum is extremely sensitive to dynamics and the structure!
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Results for J/W exclusive production @EIC:

(d_o’) ————— 1-body (IA)
dt v*4He—sJ/y ‘He

----- - 1-body + 2-body
do
(5

t—O) Y*N—J/ N

1071 -

-
- -
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v 1-body + 2-body re-scatterings dominate the cross-se

v 1-body dynamics under theoretical control: very good ¢

v 2-body dynamics (LT gluon shadowing)

—— 1-body + 2-body + 3-body

- (dff ) ----- 1-body (IA)
101‘\\ (;{; VCOHenJ/y PHe - 1-body + 2-body
100 N\ (E to)ﬁ*i\w/u . —— lbody +2-body + 3-body
B
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v unique opportunity to access the real part of the scattering amplitudes in a wide range of t

v The position of the minimum is extremely sensitive to dynamics and the structure!
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xB = 10-3

Error bars account:

-10% of variation for B,

-15 of variation in < 02 >



Results for J/W exclusive production @QEIC: xB = 0.05 (xB-evolution)

- do
— | e I 1\ o7 p— ’["
101 - ( df )'}’x'l H61—>J/‘L"',v 4He : bOd} (IA) ' ()()J Error bars account:
) do full zg = 1073
10° & — -10% of variation for B,
.~ t=0 1/*4H(2—>.]/’¢‘ 4 e

~ -15 of variation in < 02 >
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v Xg-evolution of the t-dependence predicted in Frankfurt, Strikman, Weiss PRD 83 (2011) 054012 ,
considering HERA data: possible check of the model at the EIC

v 1-body dominates the cross-section at xg = 0.05; no shadowing att=0

v possible interpretation: at low Xz , significant broadening in the impact parameter space of the nuclear gluon
distribution (see Guzey, Strikman, Zhalov PRC 95 (2017) 2,025204 for heavy nuclei)
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Backup

i Good-Walker formalism of eigenstates of the scattering operator  § M.L.Good and W. D. Walker, Phys. Rev. 120, 1857- 1860 (1960)
£ : , : , : { B.Blaettel, et al, Phys. Rev.D 47,2761-2772 (1993)
iwhich allows one to characterize the interaction with k nucleons by the}

kth moment {(c*)

K\ — k

(6°) = |do P(o)o T —————

the Glauber model [6, 7]. However, it was demonstrated

by Mandelstam [8] and Gribov [9] that the contribution of

eikonal diagrams in quantum field theory models tends

to zero at high energies because, qualitatively, there is

parametrizes the hadronic structure of the virtual not enough time between interactions with two nucleons
ohoton and gives the probability for the photon for the projectile to transform back into itself. As a re-

sult, shadowing in the high energy limit is determined by
the totality of diffractive interactions of the projectile in
different configurations [9].

to interact with a nucleon with the cross section o
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