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* Physics motivations and experimental apparatus

e Results

- Dielectron photoproduction measurement at midrapidity

- Coherently photoproduced J/y y—differential cross section at forward rapidity

- Inclusive J/y polarization at forward rapidity

 Summary and outlook
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Photon induced processesinHICs %E
In UItra-PerlpheraI Colllsmns (UPC)

» Strong EM fields generated in ultra relativistic heavy-ion collisions can be treated as
quasi-real photon flux o Z°
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Photon induced processes in HICs

In events W|th nuclear overlap

e

ALICE

e \Vector meson photoproduction

- Probe gluon distribution in different Bjorken-x regions in nuclel
(10~ < x < 1072 at LHC energies)

- Test the coherence while nucleus breaking during hadronic
collision

* Dilepton photoproduction

- Map EM fields generated by highly Lorentz-contracted nuclei

-~
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e Possible QGP medium effects
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ALICE
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ALICE

Dielectron photoproduction In
events with nuclear overlap



Dielectron in Pb—PDb collisions with nuclear overlap %

ALICE
Measured in STAR and ATLAS (PRL 121, 212301 (2018))

" Centrality: 60-80% @ 0 0.4-0.76 GeV/c®
" Solid: Au+Au 200 GeV  * ¢ 0.76-1.2 GeV/cr x 1072

1 B
10 - Open: U+U 193 GeV ¢ 0 1.2-2.6 GeV/c’ x10™* -
— —— Aut+Au Cocktail ~

dN/dp_ ((GeV/c)™)

p;>0.2 GeV/c, |ne|<1 |yee|<1 -

_111...1...1.. .
1075 0.2 0.4 0.6 0.8 1

P, (GeV/c)

PRL 121, 132301 (2018)
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Dielectron in Pb—PDb collisions with nuclear overlap %
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Dielectron excess in Pb—PDb collisions with nuclear overlap

 Measurement of a low mass dielectron excess at very - 102e——

low pr and midrapidity in peripheral Pb—Pb
collisions at 4 /sy = 5.02 TeV at LHC

» Efficiency-corrected dielectron invariant mass spectra
in centrality 50-70 % and 70-90 %

- Excess compared to hadronic expectation in both
centrality classes, with larger significance in
peripheral Pb—Pb collisions

JHEP 06 (2023) 024
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Dlelectron excess | |n Pb Pb colllsmns W|th nuclear overlap %

ALICE
* Measurement of a low mass dielectron excess at very = 10°¢ JA 0 B I
O | _]
low pr and midrapidity in peripheral Pb—PDb > [ 70-90% Pb-Pb {5, =5.02 TeV -
o S ol Pr >OZGeV/c Inl<08 p <O.1 GeV/c B
collisions at { /syy = 5.02 TeV at LHC N
% _g B e [EXcess =data - cocktail
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Dielectron photoproduction in Pb—Pb collisions with nuclear overlap
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ALICE

Clear peak observed for
Pree < 0.1 GeV/cinallm,,
in centrality range 70-90 %

Intervals

Data described by yy models
Including impact parameter

dependence of photon k-
distribution

STARIlight model does not reproduce
excess at very low pr ..

STARIlight:
S.R. Klein et al., Comput. Phys. Commun. 212 (2017) 258
SF? Kle/n Phys Rev C 97 (2018) 054903
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Coherent photoproduced J/is

y—differential cross section at
forward rapidity

Vector meson photoproduction in events with nuclear overlap
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J/y yield excess in Pb—Pb with nuclear overlap %

ALICE
Phys. Lett. B 846 (2023) 137467

J/\y excess observed at very low pr < 0.3 GeV/c Model: . Shi et al., Phys. Lett. B 777 (2018)
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How to obtain the coherent photoproduced J/y contribution ? %

ALICE

Coherently photoproduced J/ys yield :

gl

f; : fraction of incoherently photoproduced J/y
fp : fraction of J/ys feed down from coherently

photoproduced y(25)

, Ycoherent _ Sy '

I — —

Fractions taken from UPC measurements
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ALICE
The J/yr yield excess can be expressed as :

excess __ yraw __ yhadronic
YJ/l// IR Yf/l// YJ/I//

Hadroproduced J/ys yield is estimated with :

0.3 dah

(PT) dpy =V [ d;: (PT) X RXA (PT) X dpr
0

0.3 h
y hadronic — [ dNAA
JIy —
o dpr

_ Normalization factor _
:Hadronic J/y cross section in pp collisions:

Hadronic J/y nuclear modification factor
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Coherent J/l// photoproductlon in Pb Pb W|th nuclear overlap .

ALICE
Centrallty dependence
= 700 —T—T—T— T 3700:'"'|'"'|""|""|""|""|"" .
= - ALICE Prellmlnary \lévhy%h?qgfflegg (2019) 061901 7 ‘3 ~ ALICE, Pb-Pb ﬁ=502 TeV =] Data ]
_é 600 [~ Pb-Pb, F 5.02 TeV - - - M.B. Gay-Ducati et al. (GBW S2) _ c) 600 - -J/ P——m—. e —— 4 =-=iMSsz2 —=IlIMS3
5 U e - e'e <09 | Z " MB. Gay-Duoatl ot al. {GBW 83) 25 - Y “”,, ,uy .< --GBWS2 —GBWS3 =
& 500F — M2, Gay Ducaltl (1M 3}~ $ 500 P, <03GeVic E
O - o - _ Cent. corr. syst. uncert. = 6.6% VDM |
C -= J.Cepila et al. (GG-hs) ~ | _
400 - Phys. Rev. C97 (2018) 024901 = 400 — - —
300 .- = = 300 - - B -
200 - W i ﬂ - 200% LIP Il T =
100 - 100 III E
O:IIIIIIII"'I"'I"': O:||||||||||||||||||||||||||||||||||*l||:
20 40 60 80 0 50 100 150 200 250 300 350 400
70-90 % 50-70 % 40-50 % (N __ ) 70-90 % 50-70 % 30-50 % 10-30 % 0-10 %(N__ )
part part
» Measurements of the coherent photoproduced J/iy cross section at assssssssssssssssssmannn
mid and forward rapidity show no significant centrality dependence : Caveat:cross
- section not -
« Data qualitatively described by UPC models extended to describe : normalized to the
events with nuclear Overlap ;, centrality bin width =
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Coherent J/l// photoproductlon in Pb Pb W|th nuclear overlap .

ALICE

Rapldlty dependence = 5.02TeV

= [ I 1 | 1 | P | P | Pl T T=
* Theoretical models predict a 0.55F — GBW =
strong rapidity dependence for 05 -~ 1M =
vector meson photoproduction 045 F- 30% — 50% =
cross section — 045 T T e "= ~< =
' ' — — > —_ 0 — O — : \\ =
» New y—differential measurement > 03 = ) e S NN E
. . - N -
performed in Pb—Pb collisions at E 025E-//4 - RN
\/Snn = 5.02 TeV with nuclear 02 =7 //, B\
0.15 &7/ W\
/7 -
overlap 0.1 R\
0.05 —
O =1 1 11 L1 11 L1 11 L1 11 L1 11 L1 11 L1 11 L1l 1
4 3 2 -1 0 1 2 3 4
y
M. B. Gay Ducati et. al, PRD 97, 116013 (2018)



Coherent J/l// photoproductlon in Pb Pb W|th nuclear overlap

, ALICE
Rapidity dependence
:IIIIIIII|IIII|IIII|IIII|IIII|II
* Theoretical models predict a 0.55F — GBW
strong rapidity dependence for 05 -~ 1M
vector meson photoproduction 045 F- 30% — 50%
cross section — 045 T T T == -~ ==
c 035 F B - 50% — 7T0% ~
. . = £ ) == =70% — 90%==
* New y—differential measurement > 03¢ // /7 _----—— -
performed in Pb—Pb collisions at 025E-//4 -
syy = 5.02 TeV with nuclear 0.2 571/,
I 0.15 7/
overlap 01 E
0.05
O:llllllllllllllllllll
4 3 2 -1 0 1 2 3 4
y
M. B. Gay Ducati et. al, PRD 97, 116013 (2018)
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ALICE

J/y signal extracted in different rapidity intervals from the dimuon invariant mass spectra

=

ALICE Preliminary -4 25<y<2.75

Pb-Pb, sy =5.02TeV 5 275 < y <3 (x2)
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e T i
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ALICE

J/y signal extracted in different rapidity intervals from the dimuon invariant mass spectra

Pb-Pb, \/s,,, = 5.02 TeV
70-90%
Jhp — u'w

dNT/dp_ (GeV/c)'

ALICE Preliminary -4 25<y<2.75

P

—+— 2.75 <y <3 (x2)
-+ 3 <y <3.25 (x3)
- 3.25<y<3.5
—+4- 3.5<y<3.75
—-+4- 3.75<y<4

'Excess observed for p; < 0.3 GeV/c in

*

Y Dantes Nicolas Bizé

UPC 2023 - Playa del Carmen

N
I\)_II
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ALICE
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ALICE

__ '« R, 4 strongly increases at low p < 0.3 GeV/c
o 2s<y<27s || for all rapidity intervals

70-90% —¥— 2.75<y <3
Jp =i —— 3<y<3.25

seassnetee P 1 e Using R 14 (excluding excess region and
+oes<y<ars 11 assuming instead smooth evolution of R, 4 from

' high to low py), and J/y cross section in pp, the

expected hadronic J/ys yield is modeled as :

<
<
C
10

"R A0

L -

excess __ yraw hadronic

Jhy Sy Jhy

0.3 dah

(PT) dpy = N J d;f (PT) X R}, (PT) X Agy , (PT) dpr
0

0.3 h
y hadronic — [ dNAA

J/ —
v 0 dp
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ALICE

Rapidity dependence

. 350  Measurement shows a strong rapidity

ALICE Preliminary - dependence in peripheral Pb—Pb collisions

Pb-Pb, s, =5.02TeV -]
70-90% )
Jp — wrw —
p_<0.3 GeV/c i

N Global syst. unc.: 7.4% -
200 —

do¥/dy (ub
N (o8
S 3
| I LI I | I LI | ]

150 |- —— -

100 F -

50 -
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Coherently photoproduced J/y cross section .

ALICE
Rapidity dependence . Measurement shows a strong rapldlty
dependence
g ¥~ + Data qualitatively described by UPC
= ool ALICE Preliminary - models extended for collisions with nuclear
— Pb-Pb, |(s,,=5.02TeV -] - g .
N PO, oy =902 To : overlap, but the rapidity dependence is
% os0f Jhp = wiy = not reproduced
- - p_< 0.3 GeV/c i _
500 :_ __-—_ B Global syst. unc.: 7.4% _: MOdelS .
: B : > GG-hs : y flux with constraints on
C e L p— : Impact parameter range
P s e b » Zha : assumptions on y-pomeron
§ Phys.Rev.C 99 (2019) 6, 061901 _ :
. GGns - coupling
50 - Phys.Rev.C 97 (2018) 2, 024901 —

> GBW/IIM S3 : only y reaching the

26 28 3 32 34 36 38 4 _ _
y spectator nucleon region considered +

nuclear overlap Is not considered In
the calculatlon of Oyp
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Coherently photoproduced J/y cross section @

ALICE

Rapidity dependence

* Focus on different scenarios for GBW/IIM

< 0T T T T T T T
f - ALICE Preliminary - models :
ST Po-Po s =s02TeV - 4 — - GBW/IIM S1 : no relevant modifications w.r.t.
o T W Iy = w 1 UPC calculations
= mmmmmmmeees pT<O.3 GeV/c ~ ]
200 - _____ _______ (Globalsystunc:7.4% A ==T=c GBW/IIM S2 : only y reaching spectator
1505 NEUNESE - nucleon region considered + ¢, p;, unmodified
- - GBW St | | TP -
= T e -— o ] GBW/IIM S3 : S2 + nuclear overlap not
100 ==--- ims2 —
- T oewss T T considered in o, p;, calculation
- r— ——m—— -
50 |~ S. Rev. , — — — .
P T s 01« All three scenarios are able to describe
2.6 2.8 3 3.2 3.4 3.6 3.8 4 _ _ _
y qualitatively the order of magnitude of the
Cross section



ALICE

Inclusive J/ys polarization

Vector meson photoproduction in events with nuclear overlap
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Coherently photoproduced J/y polarization in Pb—Pb collisions

ALICE

* \ector meson expected to keep the polarization of the incoming photon
(s-channel helicity conservation)

quarkonium 17 (4> Aps A94) = (0,0,0) —> No polarization

ir | (49> 44> Agp) = (+1,0,0) —> Transverse polarization
. P y (49> Aps Agp) = (—1,0,0) —> Longitudinal polarization

J/y polarization measured via dimuon decay channel where the dimuon angular
distribution is :

W(cos(O, ¢))

P.Faccioli et al. Eur.Phys.J.C 69 (2010) 657-673

[1 + /19 cos” 6 + /1¢ sin” @ cos 2¢p + /19¢ sin 26 cos ¢
3+ A
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Coherently photoproduced J/ys polarization in Pb—Pb collisions %

ALICE

ALICE, Pb-Pb \/SNN = 5.02 TeV, Coherent JAy
| | | | | | | | | | | | | | | | | | | | |

0 )

— 14000
§ ALICE data

12000

dN/dcos

—W(cos(6 ), A, =0.75)
10000

8000

arXiv:2304.10928
6000

v

4000

2000

o

|
oL
o

|
oL
N

s
ol
N_
O
O—
N

0.4

O
o)

cos(6 )

UPC results are found to be consistent with 4, = 1, indicating a coherently
photoproduced J/l// transverse polarlzatlon
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J/y signal is extracted for six different cos @ intervals at low pt (pr < 0.3 GeV/c) in
Pb —Pb peripheral collisions from dimuon invariant mass spectra

L= I I B R L A I R R N R N 8OFF T T T T T T T T[T T I T[T T T [TTTT][ITT+
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0 D IONN — e E T L O
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Ty = e, iy Frame
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o
T
|

80 " 2.5<y<4.0 B 2.5<y<4.0 B
B 0.20 <lcosfl <0.30 _
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N
o
|
|

0 Data

jt — Total fit

n [ Data

— — Total fit
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o

— Signal — Signal
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S
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Inclusive J/y polarization in Pb—Pb collisions @)
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ALICE
» Dielectron excess measurement at midrapidity, low p .. < 0.2 GeV/c and low
dielectron invariant mass

- Agreement with yy models including impact parameter dependence of the photon k-
distribution

» y—differential coherently photoproduced J/is excess at forward rapidity and low
Pt < 0.3 GeV/c

- Comparison with UPC models extended to account for nuclear overlap offers qualitative data
description. y—dependence of cross section not well reproduced

* First J/y polarization measurement at forward rapidity

- Hint for transverse polarization of inclusive J/y for p1 < 0.3 GeV/c

- Agreement with expectations from s-channel helicity conservation and with UPC measurement
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 ALICE Run 3 and Run 4 will provide a larger Pb—Pb data sample :

ALICE

- Study J/yr photoproduction in more central events both at mid and forward rapidity

- Better precision on cross section and polarization measurements to constrain the models

- Access excited states like y(2S), to look for possible QGP effects on the photoproduced
vector meson
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ALICE

Thank you for your attention !
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PT ce |n dlfferent mvarlant mass mterva %

ALICE
-3 -3
-3
- 2210 | g 122710 | - x107 |
© - ) i 1 o i |
> 2 ALICE 4 > ALICE _ § : ALICE :
()] i o _ — O i _ane _ — |
S g 70-90% Pb-Pb 5, =5.02TeV] (5 4 70-90% Pb-Pb |5, = 5.02 TeV ® 03" 70-90% Pb-Pb |5, = 5.02 TeV-
g - . _| ~ | . N
o | Pre™> 0.2 GeV/c, Ir] | <0.8 : 2 | Pre™> 0.2 GeV/c, Inel <20.8 _ | i p. > 0.2 GeV/e, |77€| <08 1
=1 6F 0.4<m,<0.7 GeV/02 4 o | 0.7=<=m,,<1.1GeV/c ] &b 11<m. <27 GeV/c2 -
c | Zos 43 T :
81455 ® Data - 28 o r bae I 3 * Data
i : _ | |3 ‘
% 10 E — Cocktail 1 © i ! — Cocktail | % 0.2 ¢ | — Cockiail |
> . _ - > . B K
ZCD iE I S vy— e*e (QED) i ZCD 0.6 | = === vy— e'e (QED) 25 _‘j T aean yy— e*e (QED) |
— ~— B b & B |
L I R vy— e*e” (Wigner) 1 - e yy— e'e (Wigner) 1 = E =. ....... vy— e*e” (Wigner)
b - - -~ L ete i ] R |
0.8 mimn vy— €'e (STARlight) - 0.4/ vy— e'e (STARIight) E : IIi R vy— e*e” (STARlight) |
_ B - i
0.6 - = -
0.4 - : “.
0.2 =
0 | R TT—— | | 0 ! i | \ | | |
0 0.2 0. é v/ 0 0.2 0.4
Pr ee (GeVic) P (GeV/c)

J Université Nicolas Bize UPC 2023 - Playa del Carmen 14/12/23 §Ubgt@ch 33



