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Equw&t&v& pka&am approxima&om LA k@.avvmiam collistons

Fast moving charged particle is equivalent to a flux of quasi-real photons [1]

Later, this method was extended to relativistic region known as Weizsacker-Williams Method [2.3] ;1 ¢ roii Nuovo Cim,2:143-158, arXiv:hepth/0205086 (1925]

[2] C.F. von Weizsacker, Z. Phys. 88, 612 (1934)
[3] E. J. WILLIAM S, Kgl. Danske Videnskab. Selskab Mat.-Fys. Medd. 13, 4 (1935)]

Relativistic heavy ions are strong EM field emitters

Strongest EM fields in the Universe
El ~ 5x10% — 108 V/cm

Bl ~ 1014 — 106 T
V. Skokov et al, Int.J.Mod.Phys.A 24 (2009) 5925-5932

Maghetic field (|B]) created in other systems

Pulsar ~ 101 T

Earth ~ 105 T

EM fields can be treated in terms of photon quanta

EY,maX ~ VhC/ R

photon energy ~ 80 GeV @ LHC

E

3 b= impact parameter = decide the geomelry of collistons

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch


https://inspirehep.net/authors/1031404

Pholton-induced processes LA ke&vvwmm collisiowns

UltraPeripheral Collisions (UPCs) : b > R+ R, Types of interactions

b>2R

Photon flux density « Z2

Electromagnetic interactions are dominant

Hadronic interactions are suppressed
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Pholton-induced processes LA keavvwiom collisiowns

Peripheral Collisions (PC) : large b, b < R1+ R2

QCD

Peripheral
collision

Photon-induced processes are present both in UPCs and PCs with nuclear overlap
-> Good probe to test QCD and QED phenomena

QED

Photon flux density « Z2. (expected to modified of photon flux from UPC to PC as

geometrical constraints on impact parameter, impact of nuclear overlap...)

Hadronic interactions are dominant

Electromagnetic interactions are observed
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Vector meson Fko&oproducﬁom i HICs

LO SChema C. A. Bertulani et al, Ann.Rev.Nucl.Part.Sci.55:271-310,2005 COherenf PhOfO PrOdUCf|On

Pb

Photon (y) couples coherently to all nucleons

Pb
<PT>3/¥ ~ 1/R ~ 60 MeV/c

Usually no breaking of target

? M=)/, 0]
— : Incoherent photo production
Wbe = &
E : Photon (y) couples to single nucleon
Pb \_/ Pb PT>J/¥ ~ 500 MeV/c
t Usually target nucleus breaks
LO : Leading order
m]/l//
Wypp, : Center-of-mass energy of photon-lead system X = X eXp(iy)
t: Mandelstam variable = - p% \/SNN

Clean experimental signature and probing different photoproduction mechanisms

Imaging of nuclear gluon distributions in nuclei at low Bjorken-x

4

TSN A GREEIEEET B S A S S N7 e s & 5T

AG du GDR QCD, 2023 Strasbourg

Acoherent

Aincoherent
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The ALICE Appara%us

Data sample : 2015 + 2018 Pb—Pb collisions at /snnv = 5.02 TeV ( Run 2)
THE ALICE DETECTOR

a. ITS SPD (Pixel)
" s e SO0
PEERE AWM. Y 'AYL AR'm AA C. tnp Muon
Central barrel: d. VO and T0
ly| < 0.9 & Spectrometer :
" ' 2.5 < y< 4.0
WY —> ete-

J/ ete I/W —> g

Muon tracker :

ITS : Tracking, vertex .
° tracking

reconstruction FMD, TO, VO

TPC

TRD

TOF
HMPID
EMCal
DCal

. PHOS, CP
0. L3 Mae
KDsorber

2. Muon Tracker
13. Muon Wall

TPC : Tracking, 14, Muon Trigger
15. Dipole Magnet

Particle identification 16. PMD

(PID ) 17. AD
18. ZDC

19. ACORDE

PROONOOAWNH

Muon trigger :
triggering

VO : triggering, centrality determination, background rejection
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Pha@opradu&&om : @xp@rinv\@m%&i observakions in UPC

STARlight MC : Comp. Phys. Comm. 212 (2017) 258.

Phys. Lett. B798 (2019) 134926

C\IO - @)
= 6000/ ALICE, Pb—Pb | sy, = 5.02 TeV S f ALICE, Pb—Pb |s,, = 5.02 TeV
o B O _
E - UPC, L, = 754 + 38 ub™ = 10 = _4.00 2.50 lzJ Zg e 753431;3238 L\L/Ilj 12
25000, ﬁ p; < 0.25 GeV/c L‘cﬁ N SreT= S Llap Y e
o - /\ —-4.00 < y < -2.50 Q ICohﬁfent J/J\g
23 | — Inconherent J/y
%4000— + NJ/\|! =21746 £ 190 12 3 — Incoherent J/y with nucleon dissociation
@ - H N ,.=521+ 63 % 10 — Coherent J/y from y' decay
O _ 2“’ @) B Incoherent J/y from y' decay
30001 x4/ dof = 1.37 (96.2/70) O - — Continuum vy — p
u B — Fit: ¥/ dof=1.81
i 10° 5 o W
2000— = ) ',
i F R
i u + Y !
1000 — i H
i 101 : H PR | +
o T f * th
O ~—~25 3 35 4 45 5 55 6 - g | | | %
m,,. (GeV/c?) 0 0.5 1 1.5 2 2.5
p_ (GeV/c)
AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



VM Pha&oprwducﬁmm : éxpérimeM%&L observakions in UPC

Cross section vs. rapidity (y)
14 Nuclear suppression factor (shadowing) = Sppb =

’g ALICE Pb+Pb — Pb+Pb+J/y  |[s\ = 5.02 TeV
: 19 1 ALICE coherent J/y Eur. Phys. J. C 81 (2021) 712
O - - - - Impulse approximation Impulse approximation: [PRC88, 014910 (2013)]
® ereze o ALIGHT No nuclear effects
© —— EPS09 LO (GKZ) STARLIGHT: [Comp. Phys. Comm. 212 (2017) 258]
10— ------ LTA (GK2) el R
N IIM BG (GM) L ey EPS09 LO (GKZ): [PRC. 93(5), 055206 (2016)]
— — IPsat (LM) . .
o — - Bokd L9 LTA (GKZ): [Phys. Rep.512, 255-393 (2012)]
= GE-HS (COK) ’" IIM BG (GM): [P.RC 90, 015203 (2014)] and [J. Phys.G 42(10), 105001 (2015)]

— = b-BK(BCCM) ,*°

Ipsat (LM) : [PRC. 83,065202 (2011)] and [PRC. 87, 032201 (2013)] BGK-I (LS):
[PRC. 99(4), 044905 (2019)]

GG-HS (CCK): [PRC. 97(2), 024901 (2018)], and [PLB 766, 186-191 (2017)]
b-BK (BCCM): [PLB 817, 136306 (2021)]

Models including nuclear shadowing are in agreement with the measurement,

but cannot describe at the same time the mid and forward rapidity cross section
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Raw counts per 0.1 GeV/c

8

VM pm&apmduc&m in Pb—Pb collisions in PCs
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ALICE, Pb-Pb | s, = 2.76 TeV

25<y<4
2.8 < M., < 3.4 GeV/c?
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OS dimuons (data)
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Associated with a dramatic increase of the Rap

{
5
"

E ALICE, Pb-Pb |5, = 5.02 TeV X

- Jy - utu,25<y<4 -

p.<0.3GeV/c ¢ Data | |Mode
03<p_<1GeVic 1} Data [ |Mode
8 1<p_<2GeVic { Data | |Mode ]

0 50 100 150 200 2560 300 So0 400

S

part

Observed also by STAR and LHCb

Significant J/y excess for p1 < 0.3 GeV/c in 70-90% Pb-Pb collisions at ~/sNN = 2.76 and 5.02 TeV.

Pb—Pb
Yy,

PP
< Tan > oy,

Ryp =

Fs
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Coherent J/y Pko&apraduﬁ:&om ; &em&ral&%v d@.g@.ﬂd@mw_

700
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dy (ub)

J/y
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mid ra[p&di;&v
) S
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- - —— W. Zhaetal. i =1 - .
L ALICE Preliminary Phys. fov. C99 (2019) 061901 - L Vs =5.02TeV  Models :
= i — - = IIMS2 — IIM S3 =
E PP ~5.02 TeV - - - M.B. Gay-Ducati et al. (GBW S2) 0 r : s _— -
- Pb-Pb, ys,,=5.02Te e e M B Gay-Ducafi otal gllM So)) = = =Y dllhiee e el il 5
C Uiy o e'el ly] <0.9 T W8 GayDucatioal 1MS3) g 500F Py <03Gevic o -
:_ p, <0.2GeV/c Phys. Rev. D97 (2018) 116013 _'_' L E Cent. corr. syst. uncert. = 6.5%  — VDM E
:_ Global syst. uncertainty: 2.2% %r?yes?i::?e%t. %;'gSG(gc'ﬂ%)) 024901 _: 400 :— o —:
3 e < 300 - '-' NP
5 ' = = -
- ¥ | ok® :
L i . 100 |- =
E I I I I E O II:l 1L 1 1 I | I . | I 1 1 b 1 I 1 1L b 1 I | I . | I 1 1 b 1 I | I . | TI ] l-lI

T G S PR S 0 50 100 150 200 250 $S00 358 400

20 40 60 80 (N )
(N __) part
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* The cross section is not normalized to the centrality interval width

?

Both measurements at mid and forward rapidity dont show a significant centrality dependence

Measurements are qualitatively described by a large number of models developed for UPC and extended fo account for the nuclear overlap
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do/dy [mb]

Coherent I/p photoproduction : Rapidity (3) dependence

AG du GDR QCD, 2023 Strasbourg

Models predict a strong y-dependence of the VM photoproduction cross section M. B. Gay Ducati et. al, PRD 97, 116013 (2018)

Pb—Pb, 8.02 TeV, PC

M. B. Gay Ducati et. al, PRD 97, 116013 (2018)

A new measurement is performed as a function of rapidity in Pb-Pb collisions with nuclear overlap

Additional differential measurements are needed to better
constrain models, as done in UPC

dukhishyam.mallick@cern.ch



- The state c;-ﬂf art: raw J/y jn@.i.ci i rappd;&j intervals

J/ap signal extraction From the mvarlan'r-mass dls’rrlbuflon oF the decay daugh’rers I/ — p,"'p, , 70-90%, 2.5 <y < 4, pr < 0.3 GeV/c

5 . 5 B i ([ | Raw = hadronic + photoproduction
| ALICE Performance 25<y <275 Ay ocnam oo L T L D e | L
N M - - E :
™ N8y =0 e —— Signa - - - - =
5 ey ' S : S . ALICE Preliminary -4 25<y<2.75
[ p_<03GeVic — Total ft : 8 10" F Pb-Pb, s\ =5.02TeV 4 275 <y <3 (x2) =
10 |- - = o -
' | A 70-90% & 3<y<3.25(x3) -
! B kg Jhy —
T Uit 44 = Lo o~ 3252y <35 :
NO E g Q 103 -'€'+ —ef—— i : A
%80:— E Eé’ gl T = +3.5<y<3.75 §
oo F g < A i = 4+ 375<y<4
gl [ : © B T a— 8
o E 102 :ﬁ*=__g__ e T .
Euf : et S
320 F s . :
O | = = -
8 ———— —_—— -
: : i —
o E 35<y<3.75 = 10 s PSR S
: =  ——
30 :_ at _: B —————————— -
] 1 ] i ] | Tl BN |
3 ] : 0 2 4 6 8 10 12
o .5 p, (GeVic)
Ty f-‘--."'..‘."/ + 4 + ;
2 25 3 TR 45 5 . .
M, (GeV/c?) Raw vyield excess is observed for p. < 0.3 GeV/c for all y
N ——————eeeeeeeeeeerrereererererreerereeeeeeeeeeee
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Modelization of hadronic /Y v&etd contribution for pr < 0.3 GreV/c

/G 10 T I, T e Ry OyvrTTy mmrmmTTa T 2:): I* . e e e e e e e e
= E = ALICE Prelimi ; T |§  ALICE Preliminar
= - reliminary - Y —— 25<y<275
9, i ——t— | e op, VS = 5.02 TeV . 10 o Pb—Pb, s, = 5.02 TeV . =
9 B e e J — g P 70-90% = Slo<f=esd g
: 1 ':"@*.,_:,——-—-g-—____——ﬂ—— Global syst. unc.:1.9% = g Jy — _é,_ B.e <825 )
= = S ——— - .*. Global syst. unc.: 7.6%
% E e - g r —o— 3.25 < Y <35 i
g\% - ————— g : —+—3.5<y<3.75 i
b _q o # i
o 10 F + 25<y<275(x4  ——— -
E —h— 2.75 < ¥y <3 (x2) T ———— E
- % 3<y<325 ——————— ————— |
- —o— 3.25 < y < 3.5 (x4) g 1
1 0_2 L + D5 . V< 375 (X2) ——=-
- —— 3.75<y<4 -
S A —— R B R (RN REE T T e | A [ e B |
pT (GeV/C) pT (GeV/c)

The J/¢ cross section in pp collisions and the J/¢ Rap are used as inputs for modeling the expected hadronic J/¢ yield

J/) excess yield = I/ raw vield - J/¢ hadronic yield
The coherent J/¢ yield is obtained by correcting the excess vyield for the fraction of incoherent J/¢ and the fraction of coherent {(2S)—J/¢ evaluated in UPC.

The Rap largely increases for pt < 0.3 GeV/c and it has a hierarchy in y, the most forward Rap is the least enhanced

12

S e e i o S o ESASE S 22 g S N S SRS Ay g S =S IS P SR AT ISRl G pii)

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



WY photoproduction cross section vs. y

—~ 350

ALICE Preliminary
Pb—Pb, \s,, = 5.02 TeV
70-90%

/dy (u
QO
=

J/y
coh

Jy — uruw
p_ < 0.3 GeV/c
Global syst. unc.: 7.4%

do
\®)
Ol
)

A strong rapidity dependence is seen

200
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100
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w4l Pko&oprodu&mm cross seckion vs, Y

A350"I"'I"'I"'I"'I"'I"'I"'

O - E
= N . .
N B ALICE Preliminary = Models considerations:
O 300 Pb—Pb, {s,, =5.02TeV
> 5 B $ 70-90% g
3.8 F PE——— o - GG -hs : photon flux with constraints on impact parameter
= 250F n Jy = wn —
i = = p_<0.3GeV/c . range
500 B Global syst. unc.: 7.4% .
B — g Zha : assumptions on photon-pomeron coupling
150 B A —— d (nucleus+spectator)
= — GBW S3 W —
[ = IMS3 = = N
100 ;EZS' T s —ﬂ = GBW/IIM S3 : effective photon flux and photonuclear
B Phys.Rev.C 99 (2019) 6, 061901 ~ ‘e—— 0 cross section considered w.r.t UPC calculations (accounting
T mmmas GG-hs -~ i for nuclear overlap)
50 Phys.Rev.C 97 (2018) 2, 024901 -
1 1 I 1 i ] I ] 1 1 _ 1 1 I 1 1 i I i Ji 1 I 1 11 | I | 1 | I
g6 20 3 9. 24 306 &6 4
y

A strong rapidity dependence is seen

Models initially developed for VM photoproduction in UPC and modified for PC are able to describe qualitatively the magnitude of the cross

section, but fail at reproducing the y-dependence, similarly to UPC.
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/Y Fho&oprodu&mm cross seckion vs. Y

— 350 =1 T - T =1 "0 =1 1" 1

O & -
- & . il
— 5 ALICE Preliminary -
3 300 [--rogiee-- Pb—Pb, (S =5.02TeV | T .
S B i 20-90% a GBW/IIM: extending UPC models to PCs considering the overlap region
& O L ® TSASmesESS ) o -
= O B Em—— _ 5 e . . .
-8 Dt | P 8 Jy = = S1 : no relevant modifications w.r.t the UPC calculations
e — " p_<03GeVic g
» . = . Global syst. unc.: 7.4% - - - - S2: effective photon flux where only photons reaching the
200 L B e i spectator region are considered
- oL g
11510 gt ol ﬁ“‘;’vg/131 eellle—— . 5l —— $3: S2 + modification of the photonuclear cross section
- sases GBW S2 - = a7 (exclusion of the overlap region)
100 ==--- e - . .
- — GBW S3 = e -
[ —— lIMS3 ——
50 Phys. Rev.D 97 (2018) 11, 116013 - —
B ] 1 I 1 1 ] I ] ] | I [ | ] 1 I ] | 1 I 1 | 1 I 1 1 ] I 1 1 1 I 3

26 2.8 3 Jz2 34 36 38 4
y

The three scenarios are qualitatively describing the cross section
Any effect related to the nuclear overlap is expected to be small in the peripheral 70-90% centrality range

Understanding the impact of the nuclear overlap on the VM photoproduction cross section measurement is a theoretical challenge

TSN A BRI RES SN R AN R B R R A S ISR S SO AP g )
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Photown energy &mbigu&%v

Each colliding nucleus could serve as a photon emitter, the other acts as a target (ty)

Ambiguity due to sign in the rapidity of the photon emitter

(a) photon emitter (b)
(higher energy)

photon emitter
(lower energy)

X = X eXp(iy) Different y corresponds to different Bjorken-x and photon energy (WyPb)

For a fixed mass (my/y) and center-of-mass energy («/san),
Distinguish different Bjorken-x regions depend on photon energy (WyPb) and rapidity (y)

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



Photon energy ambigui&v

Measured cross section from Pb-Pb collisions Photon flux at rapidity zy in the impact parameter range (b1,b2)

Photonuclear cross section: QCD!

Proposed solution by [J. G. Contreras, PRC 96, 015203 (2017)]

Measurement of cross section

i) Electromagnetic dissociation nuclei (EMD): Different neutron emission (arxiv:2305.19060)

ii) Rapidity measurement in UPC and PCs ( both integrated and differential measurement)

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



Photown energy &mbiguiﬁfj

Perform two independent measurements at the same rapidity,
but different impact parameter, then solve the equations.

(dag;)f’b> ) = n~(y; {b}a)oyPb(y)+n(—y;{b}4a)oyPb(—Y)

A =UPC

( dopbpPh

dy )B = 1y (Y5 {0} B)oypb (Y)+14 (—y; {0} )T 1PH(—Y)

Observable :

oveb vs. Wypb OT X

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



?km&o [vrc;)ciuﬂhov\ c;wf \fM OyPb vs. Wy?’b or x

o(yPb) (ub)

Bjorken-x
107 107 107 107
3 L | crrr T | T | T | 1
107 —
— ¢ ALICE, Pb-Pb |s,, =5.02 TeV -
— 1 Guzey et al., using ALICE Pb-Pb |s_, = 2.76 TeV (PLB 726 (2013) 290-295) _
A Contreras, using ALICE Pb-Pb |s,, = 2.76 TeV (PRC 96 (2017) 015203) -] Recent measurement photo nuclear cross section (opb)
- - Impulse approximation access to go low-x (10-%)
--- STARIight
102 — — EPS09 LO At low -x data favors both saturation and shadowing
10 = = Using new results rapidity dependence of PC and UPC,
- N further understanding can be done
— — on photo-nuclear cross section calculation
[e | | | L] | R

20 30 4050 10° %102 10°
Wby, (GeV)

Further theoretical inputs are needed to understand from low-x to hlgh-x reglons
.5 oot e e e it e e e
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Polarization : Coherent vector meson Pho&oprodu&mm

Polarization refers fo the particle spin alignment with respect to a chosen direction

-
s-channel helicity conservation (SCHC): helicity or polarization of photon transferred to vector meson (J/¢)
e
}r/ec’ro]r” meson (VM) has retained same helicity and polarization as that of the initial photon that interacted with the
arqge
9 Phys. Lett. B 31 (1970) 387-390, JETP Lett. 68 (1998) 696-703
——

Helicity frame
z-axis (polarization axis): flight direction of the J/¢ in its rest frame

Dilepton decay angular distribution P. Faccioli et al., Eur.Phys.J.C69:657-673, 2010
Jy 4/ W (cosl, ¢) x 3:1 - (1 4+ A9 cos® 6 + A4 sin® 6 cos2¢ + AgySin26 cose)
0

rest frame
Positive
/ 0 Muon
Production \ |
plane ~_ i

Btz

1+ A, -cos?d

x/ ’ 4 b (/‘lg,ﬂ.(p,/lgd,) = (0,0,0) = No pOIarizatiOn
(Ag,/l¢,/19¢) = (+1,0,0) = Transverse polarization
(26, 2¢, 269 ) = (—1,0,0) = Longitudinal polarization 00806 0402 0 02 04 0 08 1
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Polarization : Coherent vector meson th&a Pradwﬁtﬁmm i UPC

ALICE, Pb-Pb |s,,, = 5.02 TeV, Coherent J/y

I I I 1 I 1 | I l I 1 1 l 1 | 1 I 1 || ] I ] ] ] l

arXiv:2304.10928

§ ALICE data

Coherently photoproduced J in UPCs at /s = 5.02 TeV
—W(cos(8), A, =0.75) 7 pRoTep v NN

dN/dcos(
N
o
o
o
llllllllllll-

Transversely polarized

lllIlllllllIl‘

Consistent with SCHC hypothesis

o)) Qo
- -
- -
o o

I

HN

-

-

o
FTTTTTT T T

”llllllllllllll

I 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
cos(8 )

Do we expect similar observation for J/y at low py (< 0.3 GeV/c) in Pb—Pb collisions with nuclear overlap (70-90 %)

Additional challenge w.r.t UPC measurement : deal with a contamination from hadronic J/¢

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



VY signal exbraction in anqular intervals for pr < 0.3 GeV/c

J/y — ptu=, 70-90%, 2.5 <y < 4, pr < 0.3 GeV/c

m’ = E* - ?2 = (E,+ + ’E,,—)2 - (1),73 T P_—>>2

J/¢ signal is extracted in six coso intervals using the dimuon invariant mass distribution

120_i'||"'|]|} RN S8O0FFTT1TT7 (T T[T T T T[T I T ITTTT1+H]
_ ALICE Preliminary _ _ ALICE Preliminary _
R OO} Pb—Pb, \ s\ = 5_-0? TeV, 70-90% . N ~  Pb-Pb, |5, = 5.02 TeV, 70-90% -
3 — J/y — p*u, Helicity Frame _ 8 50 Jy — p*u~, Helicity Frame __
© gol_ p; < 0.3 GeVic - = L p. < 0.3 GeV/c ]
S B 25<y<4.0 _ S B 25<y<4.0 |
e 0.00 <cos8] <0.10  ~ o L 0.20 < |cosf| < 0.30  _
D B 0 Data =
QT | 8_ = O Data
D4 0l— Total fit | — Total fit
(7))
% — — Signal = = .
= = — Signal
8 — --- Background 7 O 20— |
2()E - S | --- Background |
_— I I : — | I ]
ol - 0 T L) dﬁ] _

2 2.5 3 3.5 4 4.5 5

2 25 3 35 4 45 5 olEE i1
) 2
m,..- (GeV/c?)

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



Inclusive I/Y polarization in Pb-Pb collisions for p; < 0.3 GeV/e

M 1 1 1 I 1 1 1 I rm 1 1 1 I | R T | I rm 1 1 1 I rm T 1 1 4
10000-_ ALICE Preliminary _- E ALICE Preliminary i
 Pb-Pb, | s, = 5.02 TeV, 70-90% . . Pb-Pb, |5, = 5.02 TeV g
- J/y - ppe, Helicity Frame | 3 Helicity Frame ® 70-90% &
= - p.<0.3GeV/c g - Jiy o pe p. <03GeVic -
© 8000 25<y<4.0 e . 25<y<4.0 e UPC i
a3 L sl 22 0 0 1 | 2r p. <0.25GeVic
O B i > L L i
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A hint for transverse polarization from cosé angular distribution

The \g parameter is consistent with the UPC measurement for coherently photoproduced J/¢ within uncertainties

= As expected in this kinematic region, where J/¢{ coherent photoproduction dominates over the J/¢ hadronic production [arXiv:2204.10684]
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Surw mary and Qubloolk

Rapidity dependence cross section measurement :

I First y-differential measurement of coherent J/{ photoproduction cross section in peripheral Pb-Pb collisions (PC) with nuclear
_. overlap at J/sNN = 5.02 TeV for pT < 0.3 GeV/c '

f M Shows a strong y-dependence similar to that observed in Ultraperipheral collisions (UPC).

] M Measurements are qualitatively described by a large number of vector meson photoproduction models developed for UPC and
. extended to PC, but fail at reproducing the y-dependence (similarly to UPC)

\Polarization measurement:

j. M First inclusive J/) polarization measurement for p. < 0.3 GeV/c in peripheral Pb-Pb collisions with nuclear overlap at ~/sNN =
| 5.02 TeV

/ MIn agreement with the transverse polarization scenario (SCHC hypothesis) and consistent with a major contribution from a

photoproduction process in the region of study. {i

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



Cubloole

DThe coherent J/¢ photoproduction cross section measurement can be exploited to extract photonuclear cross sections in two
. Bjorken-x regions [J.G. Contreras, Phys. Rev. C 96, 015203 (2017)]

D ALICE Run 3 will provide a large Pb-Pb data sample :

: will permit to study J/¢ photoproduction in the most central collisions, to better constrain models (especially the role of
spec’ra’ror nucleons in the coherence condition) -> precision and more differential measurements

L'_]Look at heavier vector mesons could become also possible to pin down possible QGP effects on the measured probes
| and precision polarization measurement of J/y other VMs

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



Event disyi.&v . first Run

YRS S =S P S S S S -4 PP iy S o

Pb-Pb collisions, 2023

~ peE TSNS

SoETE -3 =~ 7 S s =S v Sy G P DR TET s S L.y o

Run 3
Pb—Pb, 5.36 TeV

Stay tuned for more

to come !

ALICE
Run 3 Pb-Pb
JSNN = 5.36 TeV
27 September«2023

Thank you for your kind abttention !
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Phys. Lett. B798 (2019) 134926

1 ALICE coherent J/y
- - = = Impulse approximation
EEREY STARLIGHT o
—— EPSO09 LO (GK2) U‘P‘*
- LTA (GKZ) o i WSS CRTR BRe e .
-..=.. IIM BG (GM) i
— — |Psat (LM) v
— . BGK-I (LS)
s EE-HE [CEIK)

— = b-BK(BCCM) ,°°

ALICE Pb+Pb — Pb+Pb+J/y  |Syy = 5.02 TeV

A strong rapidity dependence is seen

Models initially developed for VM photoproduction in UPC and modified for PC are able to describe qualitatively the magnitude of the cross
section, but fail at reproducing the y-dependence, similarly to UPC.
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Pko&o nuclear cross seckion

Energy/Bjorken-x dependence of coherent production from Run 2: Models

Bjorken-x
1072 107° 1074 107°
103—"_' I | ! Ill.l'._'l ! ! llllll I | I ,'llll ' I ! ll_lg
- ¢ ALICE Preliminary, Pb-Pb \s,, = 5.02 TeV =
~ ¢ CMS, Pb-Pb \s,,, =5.02 TeV (arXiv:2303.16984) N
- Guzey et al., using ALICE Pb-Pb |s,, = 2.76 TeV (PLB 726 (2013) 290-295) -
~ A Contreras, using ALICE Pb-Pb |5, = 2.76 TeV (PRC 96 (2017) 1,015208) _ -~ |

- - Impulse approximation
--— STARlIight

—~ —— EPS09LO
- - LTA
~ ----GG-HS i

" 1 | 111111‘
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CMS, arXiv 2303.16984 |

ALICE, CERN-EP-2023-100 17
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Guillermo Contreras, CTU in Prague
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Nuclear shadowing

Bjorken-x
1072 107° 1074 107
_fll ' L I I ,7[11!’ I ] ll'[[Il ' | I
— ¢ AL|CE Preliminary, Pb-Pb V_ 5.02 TeV What can we do to dlsentang'e
¢ CMS, Pb-Pb |s,,,=5.02 TeV (arXiv:2303.16984) saturation and shadowing models?
- 1 Guzey et al., using ALICE Pb-Pb s, = 2.76 TeV (PLB 726 (2013) 290-295) =
-~ 4 Contreras, using ALICE Pb-Pb /S, = 2.76 TeV (PRC 96 (2017) 1, 015203) -
— - - Impulse approximation - - LTA —
- - .- STARIight ----GG-HS -
— —— EPSO09LO
I CRCiT
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CMS, arXiv 2303.16984| | ALICE, CERN-EP-2023-100| 18 Sustenmo Contreras, CIMIn Biague

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



Photon energy ambiguity : Experimentally

At forward rapidities dominates (95% of the cross section)
Guzey et al, Phys.Lett. B726 (2013) 290-295

At midrapidity both contributions Perform two independent measurements at the same rapidity,
are equal, no problem but different impact parameter, then solve the equations.

(d";’f") =m0 (L) (0) s (<3 (8} ) ()

dopbph

d = n,(y;{b}o,p(y) + 1, (—y;{b}o,pr(—Yy)
Y (dUPbe
dy

)B — n, (y; {6} )0 en (1) +1 (—3s {b} )0 m0(—)

use PC measurement with the previous UPC measurement to disentangle the contribution from the low and high energy photon-nucleus interaction.

Caveat: this suggestion considers the photon-nucleus cross sections in both PC and UPC to be the same.
AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



Photon energy ambiquity : Neutron emission

Broz et. al.: CPC 253 (2020) 107181

Neutron emission: o_ on o(770) B - Using the neutron ZDCs on
M 5 — 00N the A and C side to detect
VM |

x = e OnXn the neutrons!

- SNN | e XNXN
ol « E.g. ONON: no neutrons on

 Ambiguity due to sign in either ZDCs

the rapidity of the photon . E.g. ONXN: neutrons only
emitter — 10_2, 10_5 Impact parameter [fm) on one side

"'103

ONON
do PbLPb

dy nonon (7, +Y) - o~ pu(+y) + nonon (v, =¥) - 0~ pp(—Yy)

ONXN
do py py

dy

=noNxN(7,+Y) - o4 pu(+Yy) + nonx N (Y, —Y) - Ty pu(—Y)
Additional photon
exchanges may lead to Guzey et al., . Effectively leveraging on

neutron emission Eur.Phys.J.C 74 (2014) 7, 2942 the impact parameter

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



Photon enerqgy ambigu&&v . Neubtron emission

ONON
do py,py

dy

— ngyo_\'(";. +y) s Tppl+y) + "O.\'O.\'(A.“ —y) T~ ppl—VY)
0.\.‘\. ‘\.
(10',)1,,)')

d = noNxN(V.4+Y) -0, pp(+y) + nonxN(Y.=Y) -0, ps(—Yy)

y ny0OnOn) n/(OnXn+XnOn) n,(XnXn) o‘r (ub)
35<y<4 178.51 18.18 6.34 10
3<y<35 162.99 18.19 6.34 14
25<y<3 147.46 18.19 6.34 19

02<y<038 77.88 17.88 6.33 48
-02<y<0.2 62.86 17.47 6.27 58
-08<y<-0.2 48.31 16.75 6.18 71
-3I<y< =25 3.91 497 2.78 176
-35<y< -3 1.22 2.15 1.42 215
-4 <y<-35 0.26 0.61 0.48 262

AG du GDR QCD, 2023 Strasbourg dukhishyam.mallick@cern.ch



Photon energy ambiquity : Neutron emission

| | N L
. ’ 2

00005 l/ \ s
O:J - "

| Broz et al., CPC 235 (2020) 107181 |

Ambiguity problem: use EMD

ZNC energy (TeV)

AG du GDR QCD, 2023 Strasbourg

ALICE Pb-Pb UPC |3, ,, = 5.02 TeV

| AUICE, JHEP 06 (2020) 035 |

INA energy (TeV)

OnOn: no EMD neutron (large b)
OnXn: single EMD (medium b)
XnXn: mutual EMD (smaller b)

Three independent measurements at the same
rapidity, but different impact parameters

| Guillermo Contreras, CTU in Prague |

dukhishyam.mallick@cern.ch



Raa modelization for estimate Pha&agradu&%mm conkribution

Methodology : Photoproduction cross section

To extract the coherent J/y photoproduction cross section in Pb-Pb PC

via channel J/y — p*y

dO'COh J /¥ photo N coh

Pb—Pb - /Y
[PT < 0.3 GeV/C] — ('Q{ " e)coh J/\II_BR(J/\IJ — putp—). L. Ay

dy

Integrated luminosity

Iy J/y decay of the Pb-Pb data
(Acceptance*Efficiency) branching ratio sample

| NJ /Wexcess
in each dy , NJ/\Ilraw yield Nf; .11/\11 _ ard/Vexcess —y Ncoh _ AA

[0 < p, < 0.3 AA — T AA I 1+ fr+ fp
GeV/c]
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Raa modelization for estimate Phobprodw‘:ﬁom contribution

arXiv:2204. 10684

in each dy,
[0 < p,<0.3 0.3 g h /¥

GeV/c] "Vf; :/‘l’ = N / pp . R',“ ..I‘/\l’ i (C/ = 5)’,.{,,‘/\p dl’l'
A, o de A. A,

AA = PbPb " Hadronic Iy

Normalisation Nuclear modification factor (Acceptance*ERicien

factor (consideration of nuclear cy)
effects)

h .I,.‘ N

"lﬁ( dﬂ!'l‘

V = dpr

LR+ (ot L) dpr

8, dN f' :"" v

N ( _J,x,‘}_ )(1})'[‘

00 J/W production cross section in pp as a baseline to
describe the hadronic J/{ yield in Pb-Pb.

in each dy, da’l:pJ/\v . lei’.p.//w

dpr  dpr .e(pp.y)" V. L.BR(J/V = utpu~)
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p° meson measurement : consistent with SCHC

Phys. Rev. D 7, 3150, (1970) by SLAC Collaboration
Z. Phys. C 53, 581-594, (1992) by CERN SPS

p°[1] , w[2] and @ [3] photoproduction by CLAS Collaboration : SCHC violation
[1] Eur. Phys. J. A 39, 5-31, (2009)

(2] Int.J. Mod. Phys. Conf. Ser. 26,1460063, (2014)
(3] Phys.Rev.C 90, 019901, (2014)

p0 photoproduction by STAR Collaboration : consistent with SCHC
Phys. Rev. C 77 (2008) 034910

Exclusive J/y photoproduction by H1 and ZEUS collaborations : consistent with SCHC
[1] Eur. Phys. J. C 46, 585-603 (2006)

|2] Nucl. Phys. B 695, 3-37 (2004)

Do we see similar observation for J/w at low p_( < 0.3 GeV/c) in Peripheral Pb-Pb collisions with nuclear
overlap?

v Is the J/y transversely polarized and therefore obey the SCHC hypothesis ?
v Another way to test the production mechanism at the origin of the J/y very low p_ excess

v Also complementary to the UPCs measurement
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Observables : Extract angular variables and spin density matrix element
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