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Nuclear shadowing

* Nuclear shadowing is general phenomenon of high-energy scattering —
nuclear cross section < sum of nucleon cross sections.

* Present in soft hadron-nucleus scattering, Bauer, Spital, Yennie, Pipkin, Rev. Mod. Phys. 50 (1978)
261 and hard processes with nuclei, H. Paukkunen, talk this morning.

* In the target rest frame, understood as multiple interactions of projectile with
target nucleons — destructive interference of amplitudes with N=1,2,..A nucleons

— Gribov-Glauber theory of shadowing, Glauber, PRD 50 (1955) 242; Gribov, Sov. Phys. JETP 29
(1969) 483; Frankfurt, Strikman, Phys. Rept. 160 (1988) 235; Piller, Weise, Phys. Rept. 330 (2000) 1; Armesto, J. Phys. G
32 (2006) R367.

* For hard processes, QCD factorization theorem for N=2 term to relate
shadowing to diffraction on nucleon at the level of parton distributions, Frankfurt,
Strikman, EPJA 5 (1999) 293

* Interactions with 3<N<A modeled using soft physics — predictions for nuclear
parton distributions (nPDFs) at small x (leading twist model of nuclear
Shadowing), Frankfurt, Guzey, Strikman, Phys. Rept. 512 (2012) 255.

e Alternative, complementary point of view: shadowing is mixture of leading and
higher twist effects in dipole picture with saturation, Kowaiski, Lappi, Venugopalan, PRL 100
(2008) 022303, Or a purely HT effect, aiu, vitev, PRL 93 (2004) 262301.



LT shadowing in coherent J/iyy production

« Amplitude of coherent J/y production on nucleus as a series of interactions
with N=1, 2, 3, ... nucleons:
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* The lower part is the gluon density in the leading twist model of shadowing:
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Coherent J/y photoproduction in UPCs@LHC

 Predictions of LT model nicely agree with LHC data on coherent J/y
photoproduction on heavy nuclei in Pb-Pb ultraperipheral collisions (UPCs).

1.1 ——— Ty ————rrrr ————
* Measured cross section converted R L ]
: I PP TET L E Ll >
to nuclear suppression factor £ oape i 1‘
o 0.7 » g -l
W ) 0.6 p=====~ 5- é' il
Spp(x) = \/UK—M/@&A( 1) = KA/N X8alx. p 3 0 CMS,Run1 @
O At jot Wap) Axgn(x, pu?) o G Fun 1
) LTA+CTEQ6L1
. . 0.2 F EPS09 - - = A
* — direct evidence of large gluon 0.1 HKNO? -~
shadowing, Guzey, Kryshen, Strikman, Zhalov, PLB ier = T
726 (2013) 290, Guzey, Zhalov, JHEP 1310 (2013) 207 X
a YA o IR Fa () /Al — e -

W=124 GeV

* LT nuclear shadowing depends on
impact parameter b — broadening of
gluon distribution in b-space — shifts t-
dependence of coherent cross section,
Guzey, Strikman, Zhalov, PRC 95 (2017) 2, 025204 —

confirmed by ALICE, Acharyaetal., PLB 817 ] | T
(2021) 1’ 136280 Ho 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

t] [Gev’]

(do/dt) / [do/dt (ty;,) ]




Coherent J/iy production on light nucleli

» Systematics of A dependence of nuclear shadowing and nPDFs

* Theoretically clean since modeling of interactions with N=3 nucleons is
numerically small

* Possibility to single out N =2,3 terms by studying t-dependence.
In particular, nuclear shadowing shifts t-dependence of coherent cross
Section, Levin, Strikman, Sov. J. Nucl. Phys. 23 (1976) 216.

e State-of-the-art calculations of nuclear structure.

* No excited nuclear states — easy to select coherent events.
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Coherent Jiy production on Ilght nuclel

 Amplitude as a series of interactions with k=1, 2, -
3,... nucleons: ¥ i
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Coherent J/y production in eA on He-4

« Normalized differential y* + 4He — J/y + 4He cross section at xg=10-3 as

function of t with 02=25£15% mb, 03=30-50 mb, and ®> 3 using realistic nuclear

wave function with N4LO chiral potential, Marcucci, Dohet-Eraly, Girlanda, Gnech, Kievsky, Viviani,
Front. Phys. 8 (2020) 69; Entem, Machleidt, Nosyk, PRC 96 (2017) 2, 024004
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* 2-body contribution (shadowing) shifts minimum [t|=0.45 GeV2 — |t|=0.27 GeV?2

* The minimum is filled due to real part of scattering amplitudes no# n # 0.



Coherent J/y production in eA on He-4

e Comparison of calculations at xg=10-3and xg=0.05:
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* At xg=0.095, nuclear shadowing negligibly small — 1-body (lA) gives full result.



Coherent J/y production in eA on He-3

* Repeated calculations for He-3 using realistic nuclear wf with AV18 potential,
Marcucci, Dohet-Eraly, Girlanda, Gnech, Kievsky, Viviani, Front. Phys. 8 (2020) 69; Wiringa, Stoks, Schiavilla, PRC 51

(1995) 38 @and 3-body forces, Pudiiner, Pandharipande, Carlson, Wiringa, PRL 74 (1995) 4396
» Normalized differential y* + 3He — J/y + 3He cross section at xg=10-3 vs. t
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e Pattern similar to He-4.



Summary and Outlook:

« Measurements of coherent J/y production on light nuclei at finite t
complement UPCs of heavy ions at the LHC.

* Light nuclei enable one to probe nuclear shadowing one nucleon at a time
with good theoretical control of nuclear structure.

* Dominant effect by model-independent 2-nucleon contribution — test of
nuclear shadowing models.

* LT model of nuclear shadowing predicts shift of the t-dependence of
coherent J/y production to smaller [t| — broadening of the gluon distribution in

Impact parameter space.

* Formalism can be readily applied to estimate coherent DVCS on light nuclei.
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