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Using the LHC as vy, yPb and vp collider

Y powerful collider not

s oWly for pp and Pb-Pb collisions,
=== bul also for photon-photon and

photon-hadron interactions



Equivalent photon approximation (EPA)
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Fast moving charged particles produce strong electromagnetic field [1]

Electromagntic fileds = photon fluxes

[1] E. Fermi, Nuovo Cim.,2:143-158, arXiv:hep-th/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)]

Later, this method was extended to relativistic region(v =~ c) by Weizsacker-Williams , known as EPA Method [2.3]
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Efqmvatemﬁ Pko&am approxima&om (EPA) i he&vvmmm aoﬂ&siams

Relativistic heavy-ions are strong EM field emitters
Electromagnetic fields

In heavy-ion collisions (HIC) :
E| ~ 5x10 — 10!8 V/cm

Bl ~ 1014 — 1016 T

V. Skokov et al, Int.J.Mod.Phys.A 24 (2009) 5925-5932

Magnetic field in other systems

Pulsar ~ 1011 T
Earth ~ 105 T

= impact parameter Strongest EM fields in the Universe

EM fields can be treated in terms of photon quanta or flux
E

Y max

Maximum photon energy ~ yhe/R

LHC ~ 80 GeV y = Lorentz factor
RHIC ~ 3 GeV R = Radius of the nucleus


https://inspirehep.net/authors/1031404

Pholton-tnduced processes LA heavvwiam collisions

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

b>2R

Photon flux density « Z2

Electromagnetic interactions are dominant

Hadronic interactions are suppressed




Pholton-tnduced processes LA heavvmiom collisions

Peripheral Collisions (PC) : largeb , b ¢ Ri+ R2 QED

Peripheral
collision

Photon flux density « Z2. (photon flux is expected to be modified from UPC to PC due to

geometrical constraints on impact parameter and impact of nuclear overlap )

Hadronic interactions are dominant

Electromagnetic inferactions are observed

Photon-induced processes are present both in UPCs and PCs with nuclear overlap
-> Good probe to test QCD and QED phenomena
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Vecktor meson Fha&opradua‘%mn a HICs

LO SChema C. A. Bertulani et al, Ann.Rev.Nucl.Part.Sci.55:271-310,2005 Coherent PhO"'O PrOdUCﬁOn

Pb Pb Photon (y) couples coherently to all nucleons
PT>3/9 ~ 1/R ~ 60 MeV/c
Usually no breaking of target

_N—

- | o Acoherent

VM=1/, ]

Incoherent photo production

Photon (y) couples to single nucleon

Ph PT°J/¥ ~ 500 MeV/c
Usually target nucleus breaks

LO : Leading order Aincoherent

— v -+
Wxpp, : Center-of-mass energy of photon-lead system X = X exp(_y)
t: Mandelstam variable = - p% \/SNN

Clean experimental signature and probing different photoproduction mechanisms

Imaging of nuclear gluon distributions in nuclei at low Bjorken-x
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The ALICE App&ra&us

Data sample : 2015 + 2018 Pb—Pb collisions at ~/snn = 5.02 TeV ( Run 2)

THE ALICE DETECTOR a. ITS SPD (Pixel)
PEERE AW . Y AN AT a ' a¥) b. :$§ ggg((g{r"ﬂ)) M
Central barrel: aVoandTo von
ly| < 0.9 e. FMD Spectrometer :
J\I/JII-I —> ete- 2.5<y<4.0
J/W —> [*[-

Muon tracker :

ITS : Tracking, vertex ‘
‘ tracking

reconstruction

FMD, TO, VO
TPC
TRD
TOF
HMPID
EMCal
DCal

ZDC :Energy
deposition

. L3 Mae
KDsorber

2. Muon Tracker

13. Muon Wall

14, Muon Trigger

15. Dipole Magnet

16, PMD

17. AD

18. ZDC

19. ACORDE

RPEREOONOOAWN!

TPC : Tracking, Particle

Muon trigger :
identification (PID

triggering

VO : triggering, centrality determination, background rejection ZDC :Energy deposition
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Exgevimev\%at observation:

Coherenk VM Pho&o Prodwﬁﬁam . UPC



VM Pho@atpraduﬂ&om : exp@.rimemhi observakions in UPC UPCs

9 9 9 9 —  —3\9 STARlight MC : Comp. Phys. Comm. 212 (2017) 258.
m” = E" - ? - (Ep+ T Eu‘) - (p;ﬁ T p;r)
Phys. Lett. B798 (2019) 134926

O
3 - 3 - ALICE, Pb—Pb |s,, = 5.02 TeV
§6000— ALICE, Pb—Pb \s,, =5.02 TeV % NN _
> B S 10° UPC, L, = 754 + 38 ub
= - 1 = —4.00 < y <—2.50 2.85 < m,, <3.35 GeV/c?
L= + LO - y
=~ 1 UPC, Ly = 754 + 38 b & n 80 < T <3
S u /\ ~4.00 < y < —2.50 % — Incoherent J/y
[ B - 3 — Incoherent J/y with nucleon dissociation
$4000— + NJ/W =21746 £ 190 % 10 — Coherent J/y from y' decay
o B H N .=521+ 63 o H Incoherent J/y from ' decay
O B 2“’ O B — Continuum yy — uu
3000 v/ dof = 1.37 (96.2/70) i — Fit: y2/ dof=1.81
E H 10% | Fosd! 4, .
i - %’y
2000_— — ++ ; ++
i Mg + AR +
1000 I HENL M
000, B 10} by M | Hf i
i . - il * +
02 — |2|5- — :|3 —— S\EK-l\NLA —— |4_ 5| —— 5 5 5 6 | | | | |:|_I':-LH | | | | | | | | | | | | | | | | | |
' ' ' ' 0 0.5 1 1.5 2 2.5

2
my, (GeV/c?) p. (GeV/c)

Coherent photo production process dominates at low pr
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do/dy (mb)

10

\fM pko&a prodmf;‘&av\ CrOSs sm::hom Vs, Y LA U?’L.

Coherenf J /l|J photo production M

Nuclear suppressmn factor (shadowmg)

- ALICE Pb+Pb — Pb+Pb+J/y |s,, =5.02 TeV do
- o Sppy ~0) =, /— [— =0.64x0.04
- @ ALICE coherent Jiy Eur. Phys. J. C 81 (2021) 712 dy, . dy,,
- - - - Impulse approximation
_ -.-.-. STARLIGHT
- —— EPS09 LO (GKZ) No nuclear effects Impulse approximation: [PRC88, 014910 (2013)]
B B sl 5 STARLIGHT: [Comp. Phys. Comm. 212 (2017) 258]
- — — IPsat (LM) EPS09 LO (GKZ): [PRC. 93(5), 055206 (2016)]
.. — « BCK-I(LS) LTA (GKZ): [Phys. Rep.512, 255-393 (2012)]
1 s S-(;kHé éCCCN’f)) IIM BG (GM): [P.RC 90, 015203 (2014)] and [J. Phys.G 42(10), 105001
E , x ~ 10015)]
i Ipsat (LM) : [PRC. 83,065202 (2011)] and [PRC. 87, 032201 (2013)] BGK-I
e (LS): [PRC. 99(4), 044905 (2019)]
GG-HS (CCK): [PRC. 97(2), 024901 (2018)], and [PLB 766, 186-191 (2017)]
E b-BK (BCCM): [PLB 817, 136306 (2021)]
i — i
e X = X exp(xy)
| | 1 | | A)
-4 -3 g - 0 NN
Models including nuclear shadowing are in agreement with the
measurement
Models cannot describe at the same time the mid and forward rapidity cross section measurements
"GDR QCD workshop , IJCLab  11t%h Oect, 2023  mallick.dukhishyam@in2p3.fr




do/dy (mb)

14

10

VM pka@o Produ&mm cross seckion vs, Y i UPC

Coherent J/yp cross section

ALICE Pb+Pb — Pb+Pb+J/y |sy, = 5.02 TeV

1 ALICE coherent J/y
- = = = Impulse approximation
SEEEE STARLIGHT

Eur. Phys. J. C 81 (2021) 712

No nuclear effects

—— EPS09 LO (GKZ)
i LTA (GKZ)
— IIM BG (GM) .
— — |Psat (LM) i
— . BGK-I (LS) ”
e GE-HS (CCK)

— = b-BK(BCCM) ,*°

- - =z
_______
= e ~
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Coherent @’ cross section

- ALICE Pb+Pb — Pb+Pb+y' |s. = 5.02 TeV

_ [ ALICE coherent y'

— . Impulse approximation " Phvs- 3 € 81 (2021) 712
- ... STARLIGHT
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- — - b-BK (BCCM)

B ,,’,, ’,*"/ _______ —_:'—‘_:'__'"_'3'""';‘1-—~.-
| ,,/’ - ""‘,-"—“// f— ==

.=
.=
.

AR
3

n

0
o
"

.-
.
.-
f"
-




VM Pha&:— Produﬁmm cross section rakio vs. Y i UPC

Eur. Phys. J. C 81 (2021) 712

QM 2023,

https://indico.cern.ch/event/1139644/timetable/#20230906

JHEP 06 (2023) 146

0.18 + 0.0185(stat.) + 0.028(syst.) + 0.005(BR).

ALICE : at mid-y

Op(25) Oatpis)

LHCb

PbPb /sxy = 5.02 TeV
Coherent 1(25)/J /1 production

o — —ﬁ-——ﬁ-——g———*———h_
— —‘--‘_‘__‘_‘.1_‘__‘ R —— s —p——

gl ol The A=k A
"-q-.-'*v-‘.‘. . K F 3 5‘_‘

= 0.15 NG
N \’-E
0.10 "
RS

o ¥
ol-(/
@) L‘-ﬁ'-'-'-l‘

® data
stat. unc.

[ Isyst. unc.

m== STARIlight

LO pQCD (GKSZ):
S LTA
w1 FPS09

Colour-dipole:

~-=- bCGC+BG (GMMNS
-+~ bCGC+GLC (GMMN
—-+— [P-SAT+BG (GMMN
- [P-SAT+GLC (GMM
—-—-No fluct. +BG (MSL]
--=- GBW+BT (KKNP)
-+~ GBW+POW (KKNP
~-+- KST+BT (KKNP)
--~- GG-hs+BG (KST)

More details :

Recent experimental results in UPC collisions on coherent photoproduction at LHCb, Ronan Mcnulty, 12/10/2023
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Exgerimem%ai. observation:

Coherent VM pho&o Pradu&mv\ LA ‘Peripk@.rai Collistions



VM Pho&aprmﬁu&&mm in Pb—Pb collisions in PCs

PCs = ‘P@.ri,pkerai. collisions

ALICE, Pb-Pb | s, = 2.76 TeV

20< <4
2.8 < my.- < 3.4 GeV/c?
70-90%
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¢ OS dimuons (data)
—— Coherent photoproduced J/y
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First J/¢ excess for Py < 0.3 GeV/c is observed in 70-90% Pb-Pb collisions at ~/sNN = 2.76 TeV (
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Nuclear modification factor (Ran) in Pb—Pb collisions

e > -
/
v(
X

- ALICE, Pb-Pb |sy, = 5.02 TeV

B ) ) L, 0 L S B Associated with a dramatic increase of the Rap

[=92]

Phys. Lett. B 846 (2023) 137467

Model: W. Shi et al., Phys. Lett. B 777 (2018), 399-405

- Jy - utu,25<y<4 -
L . Including both cold and hot nuclear matter effects
p_ <03 GeV/c $ Data | |[Mode
03<p <1GeVic } Data [ |Mode -
_ 1<p_<2GeVic § Data | |Mode - Y T /l//

Rya(pp) =

< Txn > 0y,

YPb-Pb = vield of J/¢ in Pb—Pb collisions
<Taa> = Nuclear thickness function

0

| ! S | I | [N | o | I L1 1l I | W VS SN | I L4 -3 | I L1 11 I L1 1 1 I | S W O'PP = Cross seCfion OF PP
50 08 150 200 256 S0 S60 2 400
(N

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

-> Interprated dominant contribution from coherent photoproduction

Similar observed also by STAR [prL 123, 132302 (2019)] and LHCb [pre. 105 (2022) Lo32201].
More defalls For STAR and LHCb Dr Danlel Klkofa 11/10/2023 and Ronan Mcnulfy, 12/10/2023
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Modelization of hadronic I/y vi@ic& contribution for pr < 0.3 GreV/c

* Rapidity dependence

<
<C
T |g  ALICEPreliminary 4 p5_, .27
10 Pb—Pb, {syy = 5.02 TeV .
70-90% = 20 <y=<3I

Jy — prw —&— 3 <y <3.25 The J/¢ cross section in pp

__c~falobal syst. unc.: 7.6% .
*‘Pb ‘PB b 325 <y <35 collisions and the J/¢ RaA

are used as inputs for
—4— 35<y<3.75 modeling the expected

8 _+_ 3.75 < y < 4 hadronic J/Ll) Y|€|d

0 2 4 6 3 10 12
p. (GeV/c)

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

'GDR QCD workshop ,IJCLab ~  11tt Oct, 2023  mallick.dukhishyam@in2p3.fr



Coherent J/y Pho&oprodu&&ovx : c&%&rak&%v depem&emce

700

) | | 1 1 I 1 1 1 I 1 1 | | I 1 1 1 I 1 1 1
D — —
L o —— W. Zha et al. =
= - ALICE Preliminary Phys. Rev. G99 (2019) 061901 :
> 600 pp_Pb V5 =5.02 TeV - = = M.B. Gay-Ducati et al. (GBW S2)
A Tintilansy 2 e S R
I +A° C— 5 =8 ay-vucaltl et al. %
3 8 500 - 078, Y] =9, —— MB. Gay-Ducati o al. (IM S3) ~ _-
_8 - p_<0.2 GeVic Phys. Rev. D97 (2018) 116013 -
E 0 . .
400 — _ Gilobal syst. uncertainty: 2.2% e %}?yesr_)l::?e%t_ %Ig G(géq%)) 024901 _
200 ﬂ —
100 |- —
0 e 1 1 1 I 1 1 1 I 1 I [ | I i [ | 1 I [ | 1 l:
20 40 60 80

<Npar'[>

70-90% 50-70% 40-50%

* The cross section is not normalized to the centrality interval width

Measurements at mid rapidity doesnt show a significant centrality dependence
Measurements are qualitatively described by a large number of models developed for UPC and extended to account for the nuclear overlap
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L.Qkarem% :'J/ L|J kao&atﬁ'radu&&mm * cem%rau%v ci@.pemdev\&e

276 Tey  Forward rapidity 5.02 TeV

3 500 : L I L I AL I L I L I L I L I L : 3 700 E rm 1 1 1 I 1 1 1 I r 1 11 I | I B B | I | I | Ipt‘\yls.ll_le.l"ll.. l‘B |8[:6l (IZOIZ?) ll 3l7[l|.6l7J
3. = - = - .
T 450 ALICE PO-Pb ISy =2.76 TeV ﬁﬁti . ey \:‘: - ALICE, Pb-Pb {5 =5.02TeV  Models -
= _ - - — 3 600 [~ - - IIMS2 — IIM S3 5
\;% 400 = Jy - up,25<y<4 --GBWS2 — GBW S3— ;Q% L Uy o, 25<y <4 - - GBW S2 — GBW S3 -
oy = 0.3 GeV/c .- GG-h = E - 43 GGh -
'Cb) 350 = ger:[ o« . o S = _8 500 - p. < 0.3 GeV/c = S 3
C . corr. syst. uncert. = _ " _ - - Cent. corr. syst. uncert. = 6.5% -
300 3 - E 400 i :
250 =  Phys. Lett. B 846 (2023) 137467 — 8 . =
200 E- = 300 F .= -
150 - -1 = 200 i S ] s
100 E____. _ . L. - E T ﬂ ]JI S
o i z 100 F- :
50 — - = &
0 N NN NN N | A | v v v L1 1 I+ L1 1 — O i T A R I O R AT m i

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

N
(N W
70-90% 50-70% 30-50%. 10-30%. 0-10%

* 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 to account for the nuclear overlap
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Lohevam& :'J/ L|J Pho&oproduﬁthom \ @.mergoj depemdemce

Forward rapidity, &evx&rat&v and energy dependence

% 8 T rrrrprr [ rr [ rrr o1 T
— - Phys. Lett. B 846 (2023) 137467 =
fe_ = ALICE, Pb-Pb m | Data =
~ — _
”Z E Jy - un,25<y<4 == GBW E
Z — —
s OF p<03Geve 0 e GG-hs -
= - ~—— VDM _
S g5 Cent. corr. syst. uncert. —
=5 r -
ﬁ-go : :
=~ 4F -l -
S - -
e oF :
n SE ~
o B Em | s =N —
P - E— ]
- 2 e e
— : IIIIIII :
7 - -
> E -
é-bé 0 :I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I:
© 30 40 50 60 70 80 90

Centrality (%)

Measurements dont show a significant centrality/energy dependence

Measurements are qualitatively described by a large number of models developed for UPC and extended to account for the nuclear overlap
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/P Pka&apradu&&om cross seckion vs. Yy i PCs

—~ 350

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

/dy (ub
QL
=

J/y
coh

Jy — pu
p. < 0.3 GeV/c
Global syst. unc.: 7.4%

do
A
Ol
)

200

150 ——

100

50

s RS

11t Oct, 2023

GDR QCD workshop , IJCLab

J/{ excess vield = J/¢ raw vyield — J/¢ hadronic yield

The coherent J/¢ yield is obtained by correcting the

excess Yield for the fraction of incoherent J/¢ (fI,
8.9%) and the fraction of coherent (fd, 6.6%)

$(2S)—J/ P evaluated in UPC. arXiv:2204.10684

A strong rapidity dependence is seen

' mallick.dukhishyam@in2p3.fr



/Y Pho&oprodu&&om cross seckion vs, Yy PCs I3

3 350 B ] | I ¥ 1 1 I ] ] ] I 1 1 | l I i ¥ I 1 ¥ | I 1 1 | I 1 ] 1 I i Models Considera‘l'ions:
= B . i
= - ALICE Prellmlnary - GG -hs : photon flux with constraints on impact parameter range
O 300 Pb—Pb, {s,, =5.02TeV
26 B 70-90% g Zha : assumptions on photon-pomeron coupling (nucleus+spectator)
- O e R ———
o) . Jv — |
©O 250 - T [l - 08 CeVie - GBW/IIM S3 : effective photon flux and photonuclear cross section
B sy T g TI ) I- : L g considered w.r.t UPC calculations (accounting for nuclear overlap)
- obal syst. unc.: 7.4% -
200 [~ e =
B m d ,_8\14: ALICE Pb+Pb — Pb+Pb+J/y sy, = 5.02 TeV
150 —— GBWSS3 wm = =
I—] ¥ ¥ il =
B Phys. Rev.D 97 (2018) 11, 116013 B | : E e g -
100 & MmO e - o — - ok
B Phys.Rev.C 99 (2019) 6, 061901 g [ ke
T e GG-hs S 6 '
50 Phys.Rev.C 97 (2018) 2, 024901 . L
Ll I_|_|_|_| T |_| 'R B B |_|_| a1 . S | I i I - ///" il
206 28 3 g2 84 86 38 4 o
y o
y

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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—~ 350

TY/dy (u
W
S

do
N
(@)
)

200

150

100

50

/Y pko&ogrodu&&om cross seckion vs. y PCs 3

ALICE Preliminary
Pb—Pb, |5, = 5.02 TeV
70-90%
Jy — pw

p_<0.3 GeV/c
- Global syst. unc.: 7.4%

GBWY/IIM: extending UPC models to PCs considering the overlap
region
— - S1 : no relevant modifications w.r.t the UPC calculations

- - S2 : effective photon flux where only photons reaching the

— = GBW St spectator region are considered
— = |IM S1 __E'__ """"""
ﬁj‘g’zsz = —— S3: S2 + modification of the photonuclear cross section
 CEWEes - s (exclusion of the overlap region)
—— 1IM S3 sepm—re—
Phys. Rev.D 97 (2018) 11, 116013 - — ——
] ] I 1 | | I ] ] ] I 1 | | I | 1 ] I | ] ] I ] 1 i I ] 1 1 I
26 2.8 3 g2 34 89b 48 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

N Ay il PG APy R I e S e R R R I O R e B e O A B o S R O N O e R R R e O e s R i I N S S O S S i oy N Ay il
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Photon energy &mbigu&v

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

in symmetric collisions

(Pb—Pb)

(a)

photon emitter (b)
(higher energy)

Energies of photon emitted are
different (corresponds to

different Bjorken-x )

_________________ (-----------_----------- s e e ——
p(r,:)?:(e)rneigggr Depends on which nucleus acts
as source or target
My
'
X =—X eXp(iy)
SNN Due to direction (or sign in the

rapidity) of photon emitter

For a fixed mass (my/,) and center-of-mass energy (~/snn)
Bjorken-x depends on center-of-mass energy of photon-Pb system (WyPb) and rapidity of VM

GDR QCD workshop , IJCLab 11th Oct, 2023 mallick.dukhishyam@in2p3.fr



Photon energy amb&gui&v

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

For midrapidity, y =0 Photonuclear cross section: QCD! JEERCLAIA R4y e JI- N
ayveb vs. Wyeb OT X
do

d_y — 2”(7)07Pb

Proposed solution by Guzey et al., Eur.Phys.J.C 74 (2014) 7, 2942 and J. G. Contreras, PRC 96, 015203
(2017)

i) Electromagnetic dissociation of nuclei (EMD): Different neutron emission

ii) Measurement in UPCs and PCs ( both integrated and differential y )

GDR QCD workshop , IJCLab 11th Oct, 2023 mallick.dukhishyam@in2p3.fr



Coherent J/Y with Neutron emission

Photonuclear cross section
Bjorken- x

nuclear suppression factor

ALICE, arXiv:2305.19060

1072 10°° 1074 10° _ Bjorken-x

3 L | | I L ' 1 | I Ferr | | I LR | 1 I R 1 0_2 1 O 3 1 0_4 1 O 5
3‘ 103 — — b? 2 L [ [ | T 1T 1T T 1 I I | T 1T T T 1 | Fr1r 1T T 1 | 1]
— | % ALICE, Pb-Pb |sy=5.02TeV . D of ¢ ALICE, Pb-Pb |5 =5.02 TeV -
& — 7 Guzey et al., using ALICE Pb-Pb \fs_NN =2.76 TeV (PLB 726 (2013) 290-295) - T 7 Guzey et al., using ALICE Pb-Pb \s, = 2.76 TeV (PLB 726 (2013) 290-295) _
%’ : » Contreras, using ALICE Pb-Pb VS—NN =2.76 TeV (PRC 96 (2017) 015203) - /: 1.6 :— A Contreras, using ALICE Pb-Pb \'Syn = 2-76 TeV (PRC 96 (2017) 015203) —:
- -~ Impulse approximation 14 - - - Impulse approximation CLTA B
--- STARIlight - --- STARlight GG-HS :
1021~ — EPS09LO 1.2— — EPS09LO - .- b-BK-A =
- - LTA NS ey .. =
. — . o] el _ —
- ----GG-HS D U .
L beca 0.8/ _H] T B
i 0.6 e ) e s
- B T IR K Y -
10 | 0.4— %I A
- - 0.2 —
—/ 7 O - I I I I I I [ | I I |1 | .

L 1 | l | | | I — l | | | | | I — 1 20 30 40 50 102 2 102 103

X
20 30 4050 102 2x107 10° W oo (GEV)
W ey, (GeV)
Recent measurement photo nuclear cross section (o,pb) access to low-x (10-5)
At low-x data favors both saturation and shadowing models whereas at x (~10-2) LTA and impulsive approximation describes the measurement

GDR QCD workshop , IJCLab
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Photon enerqgy ambigui%v > simultaneously measurement

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

(dU;;Pb> ) = n~(y; {0} 4)ovpPb(y)+n(—y; {b}a)o~Pb(—Y)

A =UPC

P Groal s extracted
( O'dp;)Pb>B = n~(y; 10} B)o~pPb(Y)+1~(—Yy; {0} B)o~Pb(—Y) OvPb wvs. wv?b oOr X

Caveat : this calculation considers the photon-nucleus cross sections in both PC and UPC to be the same.

GDR QCD workshop , IJCLab 11th Oct, 2023 mallick.dukhishyam@in2p3.fr



Photown enerqgy ambigu&v : s&mu&ameausi.v measuremeinlig

Bjorken- x
1072 107° 1074 107°

3i103_l—ll ‘IIIIII ‘IIIIII ‘IIIIII ‘III
g B 1 GKSZ, 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) 1, 015203) )
© ~ - - Impulse approximation -7
- --- STARIight P
— EPS09 LO -7
10°= - LTA - e

.
P
- -
., - -
. - ——
. ” —’

- -
X - -
- -

-

-
, =" ———
- -
. -
-
-

.
. -
’’’’’’
,,,,,
- - =
-

»
-
10 =
3
»

J.G. Contreras PRC 96 (2017) 015203

A I I IIIIII| I I IIIIII|

20 30 4050 10° %102 10°
W, by, o (GEV)

Y

Caveat : this calculation considers the photon-nucleus cross sections in both PC and UPC to be the same.

Using new rapidity-dependent results provide further constraint on photonuclear cross section computations
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Polarizakiown:

Coherent VM Pka&o Pradwﬁ:&om n UPCs and PCs



Polarization : Coherent vector meson pho&oprmﬂu&&wm

Polarization refers to 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/¢)

Vector meson (VM) has retained same helicity and polarization as that of the initial photon that
inferacted with the target

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

Dilepfon dQCdY dﬂgUIGI" distribution P. Faccioli et al., Eur.Phys.J.C69:657-673, 2010

1 . .
LG ‘/ W (cosb, ¢) x vrre (1 4+ A cos® 0 + A4 sin” 6 cos2¢ + AgySin26 cose)
/ T
Production ,
plane \\ \
x/ ’ A i (/19,).4),/194,) = (0,0,0) = No pOIarization
(26,14, 29¢) = (+1,0,0) = Transverse polarization
(’19»3@/194)) = (—1,0,0) = Longitudinal polarization oS 06 04 02062 o4 bie 0o 1

'GDR QCD workshop ,1JCLab 11t Oct, 2028 ~  mallick.dukhishyam@in2p3.fr



Polarization : Coherent veckor meson Pho&o Prodm‘:‘&ov\ . UPC

6)

— 14000

12000

dN/dcos

10000

8000

6000

4000

2000

ALICE, Pb—Pb |5, = 5.02 TeV, Coherent J/y

— 1 1 1 r T r r 1+ v+ 1. ¢ 11
arXiv:2304.10928

§ ALICE data
—W(cos(6),A,=0.75)

llllllllllll-
lllllllllllll‘

Coherently photoproduced J/y in UPCs at J/syN = 5.02 TeV

Transversely polarized

Consistent with SCHC hypothesis

-llllllllllllll
'llllllllllllll

-

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

O
()

-0.6 -0.4 -0.2 0 0.2 0.4

cos(8 )

Do we expect similar observation for J/y at low pt (< 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/y

'GDR QCD workshop , IJCLab
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Inclusive /Y polarization in Pb-Pb collisions for pr < 0.3 GeV/c

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
. Jiy — p*u, Helicity Frame ' 3 Helicity Frame ® 70-90% =
= - p.<0.3GeVic g - Jiy o pe p. <03GeVic -
© 8000 25<y<4.0 o i . 25<y<4.0 e UPC {
a3 L sl 22 0 0 1 | 2r p. <0.25GeV/c -
O B i > L . i
S - " : - | arXiv:2304.10928
> 6000} = - s R k
O . St * . i o g
i m Data (stat. uncert.) ! i i

- | 0
4000_ wee N, [1 £ 4, C08°0] | i :
L . B Uncertainties: stat. (bars), syst. (boxes)

L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I | [ RS ) | I L1 1 1 _1

0 0.1 82 08 04 BO5 05

|coso|

A hint for transverse polarization from cos6 angular distribution

The Ag parameter is consistent with the UPC measurement for coherently photoproduced J/y within uncertainties

= As expected in this kinematic region, where J/¢ coherent photoproduction dominates (~ 78%) over the J/¢ hadronic production
[arXiv:2204.10684]
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Sum MATY

| Coherent photo production cross section measurements:

1o are seen in coherent J/¢ photoproduction cross section

o in peripheral Pb-Pb collisions (PC) at
| W/SNN = 5.02 TeV for pT < 0.3 GeV/c

foil similar to that observed in Ultraperipheral collisions (UPC)

f [ Measurements are developed for UPC and .‘
| extended to PC, but fail at reproducing the y-dependence (similarly to UPC) '“

, Polarization measurement:

,(Z in peripheral Pb-Pb collisions with nuclear overlap at ~/sNN =
| 5.02 Tev

[ In agreement with with a major contribution from a

" photoproduction process in the region of study. ;



Cubloole

j Photoproduction cross section
i (J The coherent J/¢ photoproduction cross section measurement can be exploited o |
[J.G. Contreras, Phys. |
Rev. C 96, 015203 (2017)] |

[s
i — Will permit to study J/¢ photoproduction in the most central collisions

— To better constrain models (especially the role of spectator nucleons in the
coherence condition)

->
1 1 N . & \\\\\\\\\\r;; " o ALICE
|LdLook at could become also possible to pin down possible L\ Bm3Pefe

27 September 2023, 04:50

on the measured probes
] Look at centrality and rapidity

| Polarization :

,¢ in J/p and other VMs ( i.e gy (2S), Y(nS) etc.)

2 ] Will explore of VMs
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ALICE shines light into the nucleus to Probe ks structure

| o The structure of the gluonic
- Vector ., . A R matter in the nucleus gefts

' meson SERAY - Ly s+ (N R further exposed when probed
by higher energy photons

\
p

E .
. )
s \

https://home.cern/news/news/physics/alice-shines-light-nucleus-probe-its-structure




VM Pho&o Produa‘ﬁmm cross section rakio vs. Y i UPC

JHEP 06 (2023) 146

= I I I I I I I I I I I I I | I I I I I I |
3 LHCb E
:— PbPb A/SNN = 5.02 TeV —:
» Coherent 1(25)/J /v production 3
P—mams —
E;'"-'-------"-'-—--—- ‘:
- M
: | Ll I Ll | | I | Ll | I | | Ll I | | |

ALICE : at mid-y

coh.oy(zs)/coh.c3/419)

'GDR QCD workshop , IJCLab

0.18 + 0.0185(stat.) + 0.028(syst.) + 0.005(BR).

® data
stat. unc.

[ Tsyst. unc.

m = STARlight

LO pQCD (GKSZ):
. LTA
s EPS09

Colour-dipole:

~-=- hbCGC+BG (GMMNS)
~-+- bCGC+GLC (GMMNS)
~-+~ IP-SAT+BG (GMMNS)
~—+- IP-SAT+GLC (GMMNS)
—-—=- No fluct. +BG (MSL)
-=- GBW+BT (KKNP)

-+~ GBW+POW (KKNP)
--=- KST+BT (KKNP)

--~- GG-hs+BG (KST)

Oy (29) / Oy

o4 ZEUS o4 ZEUS
™ &R ™ &R
- ¥R, - ¥+ Ry,
0.35 . 0.35 n
E _E_ RJ/\|I1t"‘1|:' E _E_ R iyt
03 poowEs) 03 poowes) l
- o(Jhy) oo - o(W/y) ‘a0
0.25 0.25[ I
02" 0.2 +
0.153— # 0.155— ﬁﬂ % + %
ot E i o1 §
0.051- 0.05
ol L1111 D S R RS B B
40 60 80 100 120 140 160 180 0 0.2 0.4 0.6 0.8 1
W (GeV) Itl (GeV?)
(a) (b)

Figure 7. Cross-section ratio R = oy2s)/0/y41s) in photoproduction as a function of (a)
W and (b) |t| for the two decay channels, R, for ¥(2S) — p*p~ (triangles) and R,y . for
¥(2S) — J/¥(1S) 77~ (squares), and the combination of the two decay modes (solid circles). The
error bars show the statistical uncertainties only. The points for R are shown at the mean W and
|t| values for each bin as determined for the J/4(1S5) data (see table 1). The points for R, and
R,y »n are displaced horizontally for better visibility.

0.6 —

0.5

0.4 ~ 4J/y,y(2S) - u'w, 2.5 <y < 4, global syst.: 9.0 %

0.1

0.3 — : m

IIIIIIIIIIIIIllllllllllIIIIIIIIIIIIIII

ALICE preliminary
pp, Vs = 13.6 TeV, Inclusive J/y, y(2S)
4+J/y,y(2S) - e'e, | y| < 0.9, global syst.: 2.2 %

f

lllllllIllllllllIllllllllllllllllllllll

%

L]

2 4 6 8 10 12 14 16 18
pT(GeV/c)

0

Ratio of Y(2S) to J/Y in LHC Run 3 proton-proton collisions as a function of transverse momentum, showing ALICE’s capability for measurements of
the excited and ground charmonium states in the central (red points) and forward (black points) region. (Image: ALICE)
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Coherent J/y Pho&oprodwe&mm : Qayid&j (3) d@.[pev\d@.mc‘@.

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

-
N

3

do/dy [mb]
=

.o -

PCs = ‘Peripkerat collisions
Pb—Pb, 8.02 TeV, PC

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

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

'GDR QCD workshop ,IJCLab ~  11th Oct, 2023 mallick.dukhishyam@in2p3.fr



Tke s%a&ﬁ oﬁf m‘% row 3/ L|J fjw.i.d LA rar.mci&fj w\%ervats

J/n[) 5|gnal ex’rrac’rlon From ’rhe mvarlan’r—mass dls’rrlbu’rlon oF ’rhe decay daugh’rers

J/p — ptu~, 70-90%, 2.5 <y < 4, pr < 0.3 GeV/c
L | I R | l | O (T B | l | L | I | L L I I 1 | | R [ | l
[ ALICE Performance 25<y <275
- Pb-Pb, 70-90% 1 o Data
@ r szN=5.02 TeV —— Signal -
L Jv -t - - - Background 4
L p.<0.3GeVic — Total fit :
10 |- -
{ 4
N e
O B 4
S 80 |- —
o) P .
= L N
v 60 —
l 5 A
S a0 | ~
%) H 6
= = "
5 20 -
o) - 5
O e
20 = | 35<y <375 =
30 | -
20 | -
: I :
[ -
10 E -

PHE General meeting , IJCLab

Raw = hadronic + photoproduction

i 2 =] ] L
N K ALICE Preliminary - 25<y<275 -
4 | -
8 10 A Pb-Pb, {sy=5.02TeV - 275 <y < 3 (x2)
- i i 4 3<y<3.25(x3) -
Ql_ i Jy — utu .

O . [ - 3.25<y <35
2 U B + 35<y<375 3
-ﬁ. —
% et -~ T 4 3.75<y<4 :

L 4 — i — e
102 2B - _-L—-B-—__.__ S . e E
= - — ————— :
B ‘
= —— e ——— ———
10 e s e
: —
T | PR R T | | 1 ?
0 2 4 6 3 10 12
P, (GeV/c)
Raw vyield excess is observed for p. < 0.3 GeV/c for all y
02 0ct, 2023  mallick.dukhishyam@in2p3.fr



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

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

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

120_'|'"""|""|""|""|"'*: 80 FT T T T T T T[T T [ TT T TTT T TTT+
_ ALICE Preliminary _ _ ALICE Preliminary _
—  Pb-Pb, \s,, =5.02 TeV, 70-90% _ - o —
1001 b—Pb, | sy 5.0. eV, 70-30% — N Pb-Pb, | s, = 5.02 TeV, 70-90%
S Jhy — ', Helicity Frame _ O 50 Jw — uu, Helicity Frame B
© 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  _
) B [ Data =
Q | 8_ - O Data
D4 0l— Total fit | — Total fit
(9p)
% — — Signal = = .
| - = — Signal
< B --- Background o 20— -
@, ZOE - o --- Background |
Ll : K | | -
o AT |rL| e lP gﬂﬂj _

2 25 3 35 4 45 5 1
m,.. (GeV/c?) 05725 3 35 4 45 5
T m,.. (GeV/c?)

TSN A R I e S e R R R I O R e B e e A e I e S R R O R O R R B A A e P N C O S P S R s TR A S
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Modelization of hadronic I/y yleld contribution for pr < 0.3 Gev/c

G 10 E . £ 5 . - E :E * | : 2 d I : g ' i ® 2 > | z * 2 | e > > |
s : —s— < & : . .
E L pp ALICE Preliminary T |§  ALICE Preliminary L
B L. _*_—-—_*_ i S/p’ E= +5_02 TeV e 1 0 '_ﬂ' Pb—Pb, ﬁ = 502 TeV ; __
= #-—-_.a._""‘ , Gl‘"b | K “t L . P 70-90% = 2/0<yV=3 g
- 1 o = e — obal syst. unc.:1.9% = r s it i g
U'— i T p——— - F Global syst. unc.: 7.6% 1
qQ’ ; : L
o - S ———— - i —¢— S29=yY <85 0
}\ = —— e . b .
;bg y s = = ?b ‘Pb —4— 35<y <375
o 107 EF 4 25<y<275(x4 e = . i
F == 2.75<y <3 (x2) g, -
- T 3<y <325 - ————
- —o— 3.25< y < 3.5 (x4) 5 1 ; s 5
102 & —4— 3.5< y <3.75 (x2) ——_—=_ : : T -
T + 3:75.< Y <.4 s 05 . .y —*—
0 2 4 6 8 10 12 — —— e 172
V/
o i p. (GeV/c)

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

The Rap largely increases for p. < 0.3 GeV/c and it has a hierarchy in y, the most forward Rap is the least enhanced
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Exclusive /¢ in Fw?’b UrC

Bjorken-x

1072 1073 10°¢ 107°

ALICE p-Pb \s,, = 8.16 TeV
ALICE p-Pb sy, = 5.02 TeV
LHCb pp Vs =7 TeV and 13 TeV (W+ solutions)
LHCb pp Vs =7 TeV and 13 TeV (W- solutions)

@éﬁ‘j

™
Fixed target (E401, E516, E687) + # L'&m
g8

H1
ZEUS > o

o(y+p — JAp+p) (nb)

S

. JMRT NLO
CCT
Power-law fit to ALICE data

j‘ﬁ ;

10 20 30 40

10° 2x10°
W., (GeV)

10° 2x10°

Eur. Phys. J. C (2019) 79: 402 (ALICE midrapidity and semiforward)
Phys. Rev. Lett. 113 no. 23, (2014) 232504 (ALICE forward )

GDR QCD workshop , IJCLab

~‘1h~ot’2~0‘3\ R ——

Xx=e* MJ/W/ZEp

ALICE data probe Bjorken-x ~ 107>

Power-law growth of cross sections observed

-> No change in the behaviour of the gluon PDF

In the proton between HERA and LHC energies
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Photown energy ambigu&v : Neubrown emission

Ambiguity problem: use EMD

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

| AUICE, JHEP 06 (2020) 035 |

ZNC energy (TeV)

INA energy (TeV)

OnOn: no EMD neutron (large b)

| | , F OnXn: single EMD (medium b)

- ’ O . XnXn: mutual EMD (smaller b)

0001 - | ) "\

voom // k» ML f "\\ Three independent measurements at the same

ot = ] ! e T rapidity, but different impact parameters
Inge = paarye: ) Irge = paaryes )

IB‘ oz et al., CPC 235 (2020) 107181| 14 | Guillermo Contreras, CTU in Prague |

iJ‘ R —— - ]_t ”()t, .. S —— aIthsal WUSG—



Coherent VM wikth Neubron emission

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

ngn:' p(770)
—— 0nOn
—— 0OnXn
—— XnXn

|llll|IIII|IIII|IIII|IIII|IIII|IIII|IIll|llll

10°
Impact parameter [fm]

Guzey et al.,
Eur.Phys.J.C 74 (2014) 7, 2942

Using the neutron ZDCs on the A and C side to defect the neutrons!

ONON
do by pb

= nonon (7, +Y) - 04 po(+Y) + nonon (7, —=Y) - 0~ pp(—Y)
ONON: no neutrons on either ZDCs

= nonxnN (7, +Y) - 04 pp(+Y) + nonxn (7, —Y) - 0 pp(—Y)

ONXN: neutrons only on one side




Coherent I/P with Neubtrown emission

J5ONON ALICE, arXiv:2305.19060
o
I;leb — NONON (/77 _l_y) : O-vpb(—l_y) T NONON (77 _y) | O-’Ypb(_y) S F 5 2]
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25<y<3 147.46 18.19 6.34 19 0.8l - LTA K 06 —GGHS
02<y<08  77.88 17.88 6.33 48 B -y ' - bBKA
—02<y<0.2 62.86 17.47 6.27 58 0.6 -
—08<y<—-0.2 48.31 16.75 6.18 71 - :
3<y<—25 3.91 4.97 2.78 176 041 -
—35<y< -3 1.22 2.15 1.42 215 0ol !
—4<y<-35 0.26 0.61 0.48 262 -
0.0~
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Fko&a nuclear cross section

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) _ -~ |

— —— EPS09 LO
- - LTA
~ ----GG-HS

- - Impulse approximation
--— STARlIight

L I ] 1 b0 ] ] I ' A |
20 30 4050 100 2x10° 10°
LI-PREL-5422 WYPb,n (GeV)
CMS, arXiv 2303.16984| [ ALICE, CERN-EP-2023-100 17
'GDR QCD workshop ,1IJCLab ~ 11t: Oct, 2023

Guillermo Contreras, CTU in Prague

" mallick.dukhishyam@in2p3.fr



Nuclear suppression factor : 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
0.8~ % % R
0.6/
0.4
0.2
O n ! \ 1 N ] I ] [ R Y B I
20 30 4050 102 2x10? 10°
I Wy, (GeV)
| CMS, arXiv 2303.16984| | ALICE, CERN-EP-2023-100| 18 Sustenmo Contreras, CIMIn Biague
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Outlook : Run 3 and Run 4

~ GDR QCD workshop , IJCLab

0.2

ALICE Simulation, Pb + Pb — Pb + Pb + V
/Sy =55 TeV, L=13 nb”
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I | | | I
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I — EPS09LO, Q=m, /2 {  ALICE Y(1S) pseudodata _
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%wc&epemd@.nae tneoherent J/y Pho&a Eara-ciuc&mm

arXiv:2305.06169

ALICE, Pb—Pb UPC VSN =5.02 TeV
ALICE incoherent J/y, |y| < 0.8
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Models including fluctuations in subnucleon scale give reasonably good description of the measurement
—> suggests nuclear gluon density is not static at high energies
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Raa modelization for estimate Fhobprodu&mm contribution

Methodology : Photoproduction cross section

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

via channel J/y — p*y
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Raa modelization for estimate Pho&:prodm&&am contribution
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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
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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)

Polarizabtion @ photoproduckion of veckor mesons
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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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