W
POLYTECH
Peter the Great N I C A

St.Petersburg Polytechnic
University

Measurements of J/i¢ production in ion-ion collisions

Daria Larionova on behalf of SPbPU working group
Peter the Great St.Petersburg Polytechnic University (SPbPU)

23/04/2025 SPbPU (FSEG-2025-0009)



Motivation

1. Studying of nuclear modified
PDFs.

2. Measurements of J/v¢
production in the SPD nuclear
program can complement the
MPD program on studying
QCD phase diagram due to
the superior performance of
the SPD range system
compared to that of MPD.
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J/1 production as probe of temperature achieved in the collision .'I

Kinetic freeze-out: Charged hadrons
(7=, K*, p, p)
fragmentation, recombination

Parton phase: J/i-meson production
hard processes

Hydrodynamic
Evolution Pre-Equilibrium
Phase (< tp)
a) without QGF/ \ b) with QGP z
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Determination of kinetic freeze-out temperature from particle spectra .'I

Example: Previous PHENIX results on kinetic freeze-out temperature estimation from
charged hadron spectra using the Blast-Wave model (relativistic hydrodynamics)

4

« 10 T T I I I Y T T F o

% W  10-40% positive o 10-40% negative 0220 L .

«L\: 10F o, T,=0.119 B, =0.757 F 4 T,=0.119 B, =0.753 S F peripheral o1 ) \mm

¢ o 0.2 S o

8 = 0.18] e -

-3 2 F AN

H F2 o6h W b

a2 Q F 3

A = - 5.l 40-50%

& % 0.14:— Y, g0

- 41 20-30%

8 L L]

& ‘6 0.12_ 51‘5;60:.6%%
2 o v
£ 0.1 [ Au+Au 200GeV [z, K, p] central

107 @ TT* xio. . O T xto. D [ Fit to PHENIX 200 GeV data, PRC 69, 034909 (2004)
x;ano k x:,a l- 0'08_ ay? for 2-dim.:: (1-0:2.29, 2-0:6.18, 3-0:11.83)
0 b e vows 1F 2P wo 1 0,06k o e e sy e togpts |
ST\ g FYNTI FHSTNIYUTY FUVTN YUY FHVUNIYUTT FUUYS [ FRVRY FUVTE VTR PURTEVURI PRURINYRL PO 0 0.1 02 03 04 05 0.6
0051152 25 3 354005 115 2 25 3 35 4 .
by [GeVic] by [GeVic] Average velocity < >

23/04/2025 SPbPU (FSEG-2025-0009) 4



JL

J/4 production in hard processes can be used to study temperature of partonic phase
of the collision, which can be compared to temperatures of phase transition and kinetic

Phase transition temperatue

freeze-out.
First-order phase transition between QGP and the hadronic phase:

1 /3
T(p) = - 3—4\/ \/34072(220)* + 5544 — 152

According to the statistical model the 5/p can be expressed as follows:
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Temperature of phase transition

Phase transition at SPD (d+d): T = 138 MeV, g =~ 218 MeV
Phase transition at SPD (Al+Al): T ~ 147 MeV, ug =~ 172 MeV
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Experimental requirements

e Beam species:
dd, pp, ion-ion collisions (Al+Al,
C+C, Ca+Ca)

e Collision energy: 5 -13 GeV
e Luminosity:
103tecm2s—1 (d+d, 13 GeV);
10%"cm~2s—1 (ion-ion)
e Polarization: no

e Involved SPD subsystems:

Range system, Straw tracker
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Duration of data taking. d+d collisions
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Duration of data taking. Al4Al collisions .'I
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Expected performance (d+d collisions)
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Expected performance (d+d collisions)

From CDR

(after 1 year of data taking, p+p)
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Conclusion

e It is unrealistic to measure J/1 production in ion-ion collisions with
~ 10%"cm~2s7! lumitosity at SPD.

e |t is possible to measure J/1) production in d+d collisions

e Measurements of J/1 production in d+d collisions can serve as tool for studying
nuclear modifications of parton distribution functions (PDFs).

We thank Igor Denisenko for the help with simulation of d+d collisions in
spdroot.

The work was carried out under support from Russian Ministry of Education and Science. State
assignment for fundamental research (code FSEG-2025-0009).
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Nuclear modified PDFs (nPDFs)

To calculate nuclear-nucleus (nucleon-nucleus) collisions, nuclear-modified parton

distribution functions (nuclear PDF) are needed:

23/04/2025

I [] Syst. error

-- nNNPDF3.0 & FF
— nNNPDF3.0 & nFF

—05<ncms <04 192F

-- TUJU21 & FF
— TUJU21 & nFF | 0.6

Z A-Z
fA — pr/A(X, Q2) + 1 /:n/A(X27 QZ)
A ALICE 7t 47~ \/m': 5.02 TeV % ALICE «° \/ﬁ:s.oz TeV

—1.3 <ncms < 0.3

10 1
pr [GeV]

SPbPU (FSEG-2025-0009)

JL

15



Measurements of J/¢ production in d+d collisions . 'I

Measurements of J/v production in d4+d collisions can serve as tool for studying nuclear
modifications of parton distribution functions (PDFs). Particularly, measurements of
J /4 production in d+d collisions can be used to study PDFs in neutron.

Despite deuteron being the lightest nucleus, nuclear modification effects are still present

and must be taken into account.

A comparison of experimental data with theoretical LO and NLO predictions will can
provide insights into the underlying mechanisms of J/1 production and help refine

theoretical models.
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J/1) production as a signature
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J/v production as a signature of phase transition.

Charmonium melting
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Previous close results: J/v production in small systems at PHENIX
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Expected performance (d+d collisions)
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Expected performance (d+d collisions) J-[

J/Y p_ true spectrum Dimuon mass spectrum fitted with Gaussian shape
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