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J/Y production mechanisms in heavy ion collisions

¢ Photoproduction % Inclusive hadronic production
< Ultrarelativistic Pb ions are strong EM field emitter <& Direct J/g:
<& Photoproduction could be (dominated by gluon fusion at high energies).
m Coherent: <& Indirect feed down:
photon sees the whole target nucleus = nucleus e.g., Y(2S) » J/
doesn’t break = small transferred momentum <> Non prompt: b hadrons » J/y

=+ low p. J/Y (<p,> = 60 MeV/c).

m Incoherent: photon sees one nucleon = larger
momentum transfer
= slightly larger p. J/ (<p,> = 500 MeV/c).

Exclusive production
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J/Y photoproduction in ultraperipheral collisions UPC

s Ultraperipheral collisions (UPC)

& Sinceb>(R +R,)

> = Suppressed hadronic interactions
= Allow to study the photo-nuclear interaction & photon-photon

interactions.

s J/Y photoproduction in heavy ion collisions is well studied in UPC,

SRR R

s Physics of interest with J/{ photoproduction in UPC

PHENIX in Au+Au collisions at Vs, =200 GeV, [PLB 679 (2009) 321-329]
ALICE in Pb-Pb collisions at Vs = 2.76 TeV, [PLB 718 (2013) 1273-1283]
CMS in Pb-Pb collsioins at /s, = 2.76 TeV, [PLB 772 (2017) 489-511]
ALICE in Pb-Pb collisions at Vs, = 5.02 TeV, [PLB 798 (2019), 134926]

do/dy (mb)

<> Probe of the gluon distributions in the target nuclei g(xg, Q?),

where X, is the fraction of the nucleon longitudinal momentum
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ALICE Pb+Pb — Pb+Pb+Jly Sy =5.02 TeV .-~

[ ALICE coherent Jiy
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carried by the gluon, Q? is the transferred momentum in the process.
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Excess yield of J/y at low p_at forward rapidity in peripheral Pb-Pb collisions

ALICE Collaboration, Phys. Rev. Lett. 116 (2016) 222301

Q =
% ALICE reported the first observation of an excessin > [ ALICE, Pb-Pb | s, = 2.76 TeV
the yield of J/y over the expected hadronic yield at 8 35— 25<y <4
Iow. pf 0.3 GeV/c at V§NN= 276 TeV inon—Pb S 30: 2.8 < m,, <3.4GeV/c?
collisions in the centrality class (70-90)% at forward T 70-90%
rapidity. = osE
[Phys. Rev. Lett. 116 (2016) 222301]. § -
3 20—
% Interpreted as a coherent photoproduction of J/\. (% =
i + +
5; OS dimuons (data)
- —— Coherent photoproduced J/y
_IIII I|I|IIIIIIIII|Ill||l||lll||
% 02 04 06 08 1 12 14 16 18
ALI-PUB-102739 ,DT (GeV/C)

p, distribution of the dimuon yield in the J/{ mass window.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.222301

Nuclear modification factor R, , in peripheral Pb-Pb collisions

< 8
Raa— Naa x 5 _$ ALICE, Pb-Pb |5y, = 2.76 TeV
<TAA>-0'pp 6 25<y<4
St 4 0<p_<0.3GeV/c, global syst=+15.7 %
% ALICE reported a dramatic increase in the J/y R,, at 4r 03 < p, <1 GeVic, global syst = % 15.1 %
p,< 0.3 GeV/c in Pb-Pb collisions in the centrality 3 4 1<p.<8GeVic, global syst=+ 115 %

classes (70-90)% and (50-70)% )at Vs = 2.76 TeV

ol ? Common global syst = + 6.8 %
[Phys. Rev. Lett. 116 (2016) 222301].
% A production mechanism other than the hadronic
mechanism is expected = supporting the 1 $
photoproduction hypothesis along with the previous 8? —% g @
excess yield p; shape. 0.6F I
0.5 &
0-4 L 111 |I I 11 |! 111 | 1 1 1 I| 1 1 1 I| 1 1 1 I| | |I 1
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.222301

Theoretical models of J/Y photoproduction in heavy ion collisions

J/Y photoproduction cross section can be written as

c(AA — AAT/Y) = / dw

Modify the y-flux from ultraperipheral to
peripheral collisions, e.g., the IIM S2, GBW v

S2[1], GG-hs [2] and VDM [3] models

Both the y-flux and the photo-nuclear cross section is
modified from ultraperipheral to peripheral collisions,
e.g., IIM S3, GBW S3 [1] and W.Zha [4].

[1 M.B. Gay Ducati et al., Phys. Rev. D 97, 116013

[2] J_Cepila et al., Phys. Rev. C 97, 024901

[3] M. Ktusek-Gawenda and A. Szczurek, Phys. Rev. C 93, 044912
[4] W. Zha et al., Phys. Rev. C 99, 061901
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.116013
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.024901
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.044912
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.061901

Coherent J/Y photoproduction cross section at forward rapidity

3 700 B LELEL I L L L I UL L I L I LI I LI ] LI I L
3 - ]
= - ALICE, Pb-P ~502TeV  Model . - s
> 600 - OF. PO-Pb sy, =5.02 Te ”Moszes — J < Measurementis in a qualitative agreement
° N +° oo — 7] L. .. . .
Fs | Jv-ouw.25<y<4 -- GBWS2 —GBWSS 4 within uncertainties with models that modify the
° - «xx  GG-h -
g 500 P;<03GeVic VDMS = photoproduction cross section computations
- Cent. corr. syst. uncert. = 6.5% -
N ] from UPC to PC
O o 4 % In(70-90)% centrality, all models work fine, as
300 :_§~ s = e expected, since the overlap effect (if any) is
-2 e . . expected to be small.
- 2 R .
200 == SLIP 3 o o - < In semicentral and central collisions, data is
w:—g W2 5 .
: 2 —8 3 - reproduced by GBW/IM S3 (y-flux and o, ...
100 3 = E modified) and by VDM (y-flux modification only).
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https://arxiv.org/abs/2204.10684

Coherent J/Y photoproduction cross section at midrapidity

p—— 700 T L] L] I L] 1 L] I L] T T I 1 1 1 I T T T
o) - 7] . .
=2 - ALICE Preliminary Phiye. Rev G99 (2019) 061901 ] % Measurements are in agreement with most of
S 600 Po-pb, Y5 =5.02 Tev - - - MB. Gay-Duca et al. (GBW S2) the models within uncertainties. Better
e - = = = M.B. Gay-Ducati et al. SIIM S2 . ) o . .
= L Jy —e'e, |y <0.9 T M. oy Dueat ot 2kt 83y experimental precision is needed in
b 900 0.2 GeV/ Phys. Rev. D97 (2018) 116013 - . .
© - Pp=le bevie . semicentral events to constrain the models.
n Global svst tainty: 2.2% -=-== J.Cepila et al. (GG-hs) . .
400 [~ P Syst uncerainy: 2.7 Phys. Rev. C97(2018) 024901«  Many models can reproduce the data
- 2 ] . qualitatively both at forward and midrapidity.
300 zu:® i E
= e Te :
200 & iy —
n Sim:
C <°Ir IH Z
100 = =
0 :I 1 1 I 1 1 1 I 1 L L I 1 1 1 I 1 1 I:
20 40 60 80
< part>

Afnan SHATAT || QGP-France || 26-28 June 2023



Coherent J/Y photoproduction cross section
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The measured cross section is
centrality independent within
uncertainties both at mid rapidity
and forward rapidity.



y-differential study of coherent J/y photoproduction at forward rapidity

[1] M.B. Gay Ducati et al., Phys. Rev. D 97, 116013

V3 =5.02 TeV
=L l LI I LI I LI I LU l LI l UL I rrn
055§ — GBW %  Theoretical models expect a strong
05=-=-- IM y-dependence in the forward rapidity
0.45 E- , region.
i DA [ ommmmme e e %  More precise and differential
'g 0.35 E / measurements are needed to constrain
> 03 [/ s — . theoretical models describing the
% 0.25 ;— coherent J/Y photoproduction
© 02E mechanism.
0.15 &
0.1 E
0.05
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.116013

Methodology to extract the coherent J/J photoproduction cross section in
rapidity intervals, in peripheral Pb-Pb collisions (70-90)%

1. Raw J/Yyield extraction in (y, p;) intervals.

2. Modeling the hadronic J/iy background to get the excess yield of J/ at low p_, using cppand R P;)
as a baseline for the computations.

3. Calculate the coherent J/Y yield by correcting the J/Y yield excess for the incoherent J/y and the
coherent Y(2S) feed down contributions.

4. The coherent J/ cross section is calculated as follows

d coh J/%¥ photo N coh

O pb—Pb o J/ ¥
dy pr < 03GeV/d = (& *e)eoh J/¥ BR(J/V — ptp~). L. Ay

"
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p,-differential raw J/{ yield in y-intervals in (70-90)% Pb-Pb collisions

o 10°E
i} ; An excess in NJ/LIJ at p;<0.3 GeV/cis
< - clearly visible in all y-intervals.
10°: Similarly, the raw J/Y yield is
; extracted in pp collisions at the same
B center of mass energy, in the same
102 = kinematic bins.
10 =

12
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J/y ., for six y-intervals in 2.5 <y <4 at 5.02 TeV
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https://link.springer.com/article/10.1140/epjc/s10052-022-10896-8

The RAA(pT) evolution with rapidity in 2.5<y <4

[1] ALICE Collaboration, arXiv:2303.13361
[2] ALICE Collaboration, arXiv:2204.10684
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https://arxiv.org/abs/2303.13361
https://arxiv.org/abs/2204.10684

Estimation of coherent J/ yield at low p_

Hadronic J/Y in p; range [0, 0.3] GeV/c

03 anhI/v
U2 dNpA
is estimated using the following model /0

dpr

J
Nih

Afnan SH



An idea to disentangling the low and high X, contributions in J/J photoproduction

% Each colliding nucleus could serve as a photon emitter, the other acts as a target (ty)
{ Contribution from low/ high Xy gz, = (MJ/\IJ/\/m) oty

< Proposed solution by J. G. Contreras (PRC 96, 015203 (2017):
Considers the photon-nucleus cross sections in both PC and UPC to be the same.
One can use PC measurement with the previous UPC measurement (same binning in y) to
disentangle the contribution from the low and high energy photon-nucleus interaction.

(a) Pb Pb (b) Pb Pb
¥ v i
Jhy — Jy
Detector Detector
Pb Pb Pb Pb
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Conclusion

* Coherent J/Y photoproduction is studied in heavy ion collisions both at forward and mid rapidity
in ALICE.

* Many models can reproduce the data qualitatively, but further constraints are needed on the
models.

% Many theoretical challenges are raised, questioning about the coherence condition definition
and its survival while the target nucleus is broken.

* A rapidity differential coherent J/ photoproduction cross section measurement analysis is on
going with Pb-Pb collisions with nuclear overlap in ALICE.

* Along with the UPC measurement, this measurement will help to disentangle low and high
Bjorken-x contributions to the photon-nucleus cross section.

* Coherent J/Y photoproduction cross section is to be computed along with the associated
systematic uncertainties.

17
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Theoretical models of the coherent J/{ photoproduction

% Inthe hot spot models (GG-hs & GS-hs), Golec-Biernat and Wusthoff (GBW) and lancu-ltakura-Munier (lIM) dipole
models
< The coherent J/Y photoproduction cross section is factorized into the photon flux and the photo-nucleus
Cross section.
& The y-flux is extended from the known flux, the Weizsacker-Williams virtual photon spectra,
in UPC = PC, considering the fact that there is a nuclear overlap.
% Inthe hot spot model [J. Cepila, J. G. Contreras, and M. Krelina, Phys. Rev. C 97, 024901 (2018)]
< The proton structure in the b plane is an energy dependent hot spot profile; regions of high-gluon density.
&  To calculate the photo-nucleus cross section, it is interpolated from the yp case to YA case by two
approaches: standard Glauber-Gribov(GG) formalism and Geometrical Scaling (GS).
<> Both uses the GBW dipole-proton cross section.
{ GG uses the proton saturation scale while GS calculates a nuclear saturation scale.
% In the Golec-Biernat and Wusthoff (GBW) and lancu-ltakura-Munier (IIM) dipole models [M.B. Gay Ducati and S.
Martins, Phys. Rev. D 97, 116013 (2018)]
< To calculate the photo-nucleus cross section, the color dipole formalism is considered.
<& IIM model is based on a Color-Glass-Condensate approach.
<& GBW model implemented two scenarios, one includes modified YA cross section and one does not. The
model we are comparing to in this presentation does not include the modification.

19
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UPC: p_spectrum of J/ candidates from various contributions

Pb+Pb — Pb+Pb+J/y Ys\y=2.76 TeV

T T 1 I T T 1 | LI | LI I T T T I T T T | T T 1 | 1T T T

S ALICE 3
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