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Relativistic Heavy-Ion Collisions wungemiwo 1 Deconfined QCD matter produced at
made by Churi Shen frecse-sui | extreme high temperature and/or
Initial energy HriféTion i k B \ / baI'YOIl dCIlSlty

density

O Create and study QGP in heavy ion

collisions
equiltbrium . _ O Temperature, one of key properties
namics viscous hydrodynamics free streaming .. . .
collision evolution — characterizing the medium, remains
t~0fm/c T~1fm/c T ~ 10 fm/c T ~ 101 fm/c po orly known
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How to measure temperature
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How to measure temperature

g .
Statistical model Chemical freeze-out Ty,
Hadrons
Yield ot _ .
(Yield, pr) Hydrodynamics-inspired models _ Kinetic freeze-out Ty, |
(5 Emitted f ly to final st
EM Probes mitted from early to final stages

» Minimal interaction with medium 101 | 230225650 oy /o
x 3

+7(syst)
\ » Carry original information of QGP

10°F X AutAu

(GeV/c)™?]

( - < lo-1 !tII\/m = 200(};;\2
-2 L 3 ]
Photons > Extract Tp ¢ from pr spectra = 0 .
(pr) » Modification from blue-shift effect %‘%E 13_4 .
\_ )5
|‘"" 107> k0-20% I
Dileptons A
(My) prGeV/d]
- J
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How to measure temperature

Hadrons
(Yield, pr)

Statistical model (Chemical freeze-out T,p,

Hydrodynamics-inspired models  Kinetic freeze-out Tyn

EM Probes

-
» Emitted from early to final stages

(
Photons

(p'r)

Dileptons

\ » Carry original information of QGP

» Minimal interaction with medium

-

k

N
» Extract T, ¢ from pr spectra

» Modification from blue-shift effect
y

April 9, 2025

(My) ‘
-

> T measurement without distortion by blue-shift effect
» Unique observable to directly access in-medium

_spectral function Y
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Thermal Dileptons

In-med. p: Relativistic Breit-Wigner * e ™M/T

Quark—gluon Hadronic
plasma matter

» Thermometer: invariant mass spectra of thermal dileptons can reveal

temperature of the hot medium at both QGP phase and hadronic phase

April 9, 2025 Jiaxuan Luo@Quark Matter 2025 6



STAR experiment

v TOF:
Time of flight, particle identification
v TPC:

/A Tracking, momentum and energy loss

Collision species
» Aut+Au at vVSNN — 7.7 —54.4 GeV
» RutRu/Zr+Zr at \/syy = 200 GeV

April 9, 2025 Jiaxuan Luo@Quark Matter 2025 7
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Clear enhancement compared to hadronic cocktail in both
low mass region (LMR) and intermediate mass region (IMR)

Thermal dileptons = Inclusive signal — Physical background
Jiaxuan Luo@Quark Matter 2025



~ Normalized Excess = (Data — Cocktail) /N,

—m— STAR AutAu 54.4 GeV (0-80%)
—e— STAR Au+Au 27 GeV (0-80%)

—+— NAGBO In+In 17.3 GeV (dN_ /dn > 30)
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» QGP thermal radiation is predicted

to be the dominant source

54.4 GeV AutAu
27 GeV AutAu
17.3 GeV In+In
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172 + 12 (stat.) £ 18 (sys.) 303 + 59 (stat.) + 28 (sys.)
167 + 21 (stat.) + 18 (sys.) 280 + 64 (stat.) + 10 (sys.)
165 + 4 245 + 17

Q TIMR 1S higher than TpC

/
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STAR BES-II dielectron spectra
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Excess yield observed in Au+Au collisions at
BES-II energies (/syny = 7.7, 9.2, 11.5, 14.6
and 19.6 GeV)

Thermal dielectron spectra with STAR BES-II
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STAR Preliminary
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Temperature measurement at 14.6 and 19.6 GeV

- STAR Preliminary —a— BES-II 14.6 GeV
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LMR temperature extraction
» T is close to pseudo critical temperature
» Thermal dielectron is mainly produced

around the phase transition

Jiaxuan Luo@Quark Matter 2025 11



[y
&
[)

[
[—]
IR

)
>
>
<)
=
S
z
=

107

5 1 -""‘--__‘ T e
E AL —imere etttk 11t RPN P
| N =t | J‘*rl l‘JI [| T B r?l"‘i“'r—-ba__l L oaoa ool "."“ﬁ'-?;i"r-
0 0.5 1 1.5 2 2.5 3 3.5

T

STAR RuRu + ZrZr s = 200 GeV (0-80%)

—nﬂgyee&ﬂnéee --------- n—yee =i ® —ee & » —> T'ee
-=- N = Yee == 0—>ee&d—omnee === Jy—ee
---bb—>ee  ----- cc — ee — DY —ee
STAR Preliminary — Cocktail Sum —o— Data

0.3<p f:<5.0 GeVle

T
_____
sssss
e ' -

.l-‘ . —

-
Yy
-
-
-
-
-
-
-
~ -
-

—) ——pV| . (G€V /)

» The highest-precision dielectron measurement at RHIC
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» Clear enhancement compared to cocktail in isobar collisions at /sy = 200 GeV
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Temperature measurement in 1sobar collisions

Low Mass Region
» Tpmr at 200 GeV higher than T,

» Hint of QGP radiation or non-equilibrium

\ contribution

~

J

/ Intermediate Mass Region
» Normalized excess yield at 200 GeV
higher than that at lower energies

» Timr ~ 4.7 o higher than T, emitted

~

/

M, (GeV/c?) :
Tj$obar200GeV — 199 + '6 (stat.) + 13 (sys.) Mev \_ (oM the partonic phase
Tsopar200GeV — 793 + 11 (stat.) + 27 (sys.) MeV
April 9, 2025 Jiaxuan Luo@Quark Matter 2025 13



Temperature vs. Npj,p¢

[ STAR Au+Au (s = 54.4 GeV ] [ STAR RuRu + ZrZr (sxy = 200 GeV
00— @ VMR = LMR 0% 3 S0 O e IMR
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» No clear centrality dependence in both mass regions
» Temperature from IMR is higher than that in LMR

April 9, 2025 Jiaxuan Luo@Quark Matter 2025 14



T (MeV)

Temperature vs. ug
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1 (MeV)

Thermal dielectrons in LMR

» Tomr at lower energies ~ T, and Tgy,

» Emitted form the hadronic phase,
dominantly around the phase transition

» Tpomr at 200 GeV is higher than the T,
and Ty, indication of QGP radiation or

non-equilibrium contribution
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Temperature vs. ug
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Excess yield vs. \/SyN
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» Chronometer: the normalized integrated yield is sensitive to lifetime

» Hint of a decreasing trend from high to low /sy (higher pug)

Jiaxuan Luo@Quark Matter 2025
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Summary and Outlook

Thermal dielectron mass spectra in Au+Au collisions at 7.7 — 54.4 GeV
and 1sobar collisions at 200 GeV are measured
O Low mass region:
v’ Temperature close to Ty at lower energies, higher than T, at 200 GeV
v Normalized integrated excess yield: hint of decreasing trend towards lower
collision energy

[ Intermediate mass region temperature:

v’ Significantly higher than T, strong evidence of thermal radiation from early QGP
Outlook

» Transverse momentum dependence of thermal dielectron production
» Collision species dependence of thermal dielectron temperature

» Angular dependence of thermal dielectron production

April 9, 2025 Jiaxuan Luo@Quark Matter 2025 18



Backup
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Dilepton invariant mass spectrum

T | T T T T ] T T T T T T T T T T T T g

n° m Dalitz-decays E

Drell-Yan ¥

Low- Intermediate- High-Mass Region
>10fm >1fm <0.1fm 3
E 1 1 1 | § | 1 1 1 1 ] 1 | 1 1 | 1 1 | 1 | 1 1 1 | E
0 1 2 3 4 3

mass [GeV/cz]

late time scale early

courtesy of Axel Drees

High Mass Range
» Drell-Yan: qq » ete”
» Heavy quarkonia: J/y and y(2s)

Intermediate Mass Range

» QGP thermal radiation

» Heavy flavor quark semi-leptonic decay:
cc - ete™X

Low Mass Range
» In-medium vector mesons
> Light meson decays: 7°, n Dalitz decays

April 9, 2025 Jiaxuan Luo@Quark Matter 2025 20



Signal and Physical background

Inclusive signal (combinatorial background subtracted)

Interested signals: Physical background
(Cocktails):
« QGP radiation wéqb,] /’1/1 — e ++€ __
* In-medium p decays *m,nn —yee
e w-onlete”
¢« ¢ onete”
e ¢cc,bb - eTe X
Drell-Yan

Physical background can be determined using the well-

established cocktail simulation techniques

Thermal dileptons = Inclusive signal — Physical background

April 9, 2025 Jiaxuan Luo@Quark Matter 2025 21



STAR BES-I dielectron measurements

STAR: Phys. Rev. C 107, L061901 (2023)
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> Excess yield is well described by the in-medium p + QGP emission models
» Hard to obtain excess mass spectra in intermediate mass region from BES-I data
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BES-I vs. BES-11
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» BES-II has ~ 10 times more statistics
than BES-I

» BES-I and BES-II excess mass spectra at
19.6 GeV are consistent

» Much better statistical and systematic
uncertainties at BES-II, total error
reduced by a factor of ~4

» Clear mass spectra in IMR, better

precision for extended analysis
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i Systematic uncertainty
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