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Emitted at all stages of the heavy-ion collisions
with negligible final-state interactions contrary to hadronic probes !

— Undistorted information about the medium at the same of their emission

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes
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Initial state
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hard scatterings,
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ost interesting ones (Direct y, y*)



Electromagnetic probes

Initial state

Initial hard scattering

e Test NV, scaling

» Constrain nuclear PDFs
» Candle for energy loss

studies: y-tagged jets..

Raphaelle Bailhache, University of Frankfurt
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hard scatterings,

pre-equilibrium hadronic phase

Pre-equilibrium phase Thermal radiation
* Mechanism of equilibration < Effective QGP temperature
» Constrain space-time evolution

Electromagnetic probes

Most interesting ones (Direct y, y*)

Chiral symmetry
restoration with dileptons

0 broadening
e Constrain mechanisms:

p — a; mixing



Outline

Focus on soft (thermal) radiation

* Direct photons: low-p

* Dileptons

Disclaimer: will not cover initial hard-scattering or UPC

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes



Direct photons: low pr

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes



C. Gale, J-F Paquet, B. Schenke, and C. Shen Phys. Rev. C 105 (2022) 014909

Direct photons

Schematic view of direct photon spectrum
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.014909

C. Gale, J-F Paquet, B. Schenke, and C. Shen Phys. Rev. C 105 (2022) 014909

Direct photons

Schematic view of direct photon spectrum
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Sources populate different p ranges: Q) -
% B
S =

 Hard scattering: prompt photons > C == Prompt y
e Di : Zl- B
 Fragmentation photons =k

. g . P Q; —— Thermal y (QGP + Hadronic gas)
* Pre-equilibrium 1= E
lf’ |
Al

+ possible jet-medium interaction

' X eXp(_pT/ Te ;

inverse slope  effective fireball temperature 1

 Blueshifted due to radial flow
* Averaged over time

— Need models to disentangle sources
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.014909

Carolina Arata #174
Vassu Doomra #655

Direct photons: status before QM

Au—Au 4 /SNN = 200 GeV

_ | | | I | | | I | | | I I | | I | I | _
102 Ha) 0%—20% —
Direct y yield at low p+ in A+A collisions 0 .
above _ 1‘ g Direct v -
al — _ _
observed by: o i o This paper -
S LN\ N_,, scaled pp fit: i

(b ‘\ 02 \n |
I N T
* PHENIX with different methods at different energies e - “Fo, N, scaledpacD  —

4 /SNN = 39-200 GeV C\_ICJ Q_'_ 10_4 \if

'Ol_ - s&“ -
—| & N o ™ o

. ALICE with different methods at , /sy = 2.76 TeV N .6 "
(ALICE results link) 10777 s
- o PRC 91, 064904 -

_ = PRL 104, 132301
10 8 B » PRL 109, 152302 —
/I A N N NN N NN A B Lo v 0
2 4 6 38
p_ [GeV/C]
PHENIX: Phys. Rev. C 107, 024914 (2023); arXiv:2203.17187
Raphaelle Bailhache, University of Frankfurt Electromagnetic probes ALICE: Phys. Lett. B 754 (2016) 235-248; Ana Marin Hard Probes 2023 9



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.024914
https://arxiv.org/abs/2203.17187
http://www.sciencedirect.com/science/article/pii/S0370269316000320
https://arxiv.org/abs/2308.02401

Carolina Arata #174
Vassu Doomra #655

Direct photons: status before QM

Au—Au 4 /sy = 200 GeV

> Closed i}
O _
ol 253”:3 Z(EE"EG'\;'\)/O (ALICE also Preliminary) _
= 0.6 Pb—Pb2.76 TeV  —
S ' :
_ estimated -
Extracted Teff from /non—prompt — /dir — ¥prompt 05l Y _
 Increases with p range used to fit I 2.0(2.1) < pr < 4 GeV/c + -
* Above deconfinement temperature 04 % > + -
» No obvious variation of 7 with dN,/dN, |}7:O S I (L H """ o
although do not exclude small increase ol [ ) % . §
0.2 | | _

20 30 40 102 2x10° 10°  2x10°
AN, /dn |, _,

PHENIX: arXiv:2203.17187
Raphaelle Bailhache, University of Frankfurt Electromagnetic probes ALICE: Phvs. Lett. B 754 (2016) 235-248: Ana Marin Hard Probes 2023 1 O



https://arxiv.org/abs/2203.17187
http://www.sciencedirect.com/science/article/pii/S0370269316000320
https://arxiv.org/abs/2308.02401

Interpretation of /

 Naive idea: higher p , earlier emission, higher 1’

e But:

« Bias due to radial flow: Te"vff/ﬂ"W > Tgvﬂfo flow

o Locally: large for high Pt ¥ihermal €Mitted at small T
* Globally: integrated over space-time — smaller

« Contributions from pre-equilibrium (without well defined 1)
for pr 2 2.5-3 GeV/c

Matching Philip Plaschke Paquet #196
TPC Tmin
QGP, thermal | HRG, thermal I
.................................................. ->

Hydrodynamical evolution

=0 T=Thyd

O. Garcia-Montero, A. Mazeliauskas, P. Plaschke, S. Schlichting,

Raphaelle Bailhache, University of Frankfurt arXiv:2308.09747

1/(2nip7) dNY/dpt (GeV2)

Jean-Francois Paquet #787

Global effect of Doppler shift

All thermal photons

With transverse
Doppler shift

Without transverse NN
Doppler shift

| llllllllll lllllll | llllllll | llllllll | llllllll | llllllll Ly

O 05 1 15 2 25 3
pt (GeV)

C. Shen, U. W. Heinz, J-F Paquet, C. Gale,
Phys. Rev. C 89 (2014) 044910 11
J-F Paquet, arXiv:2305.10669



https://arxiv.org/abs/2308.09747
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.044910
https://arxiv.org/abs/2305.10669

News from PHENIX: v§" in Au+Au

Vassu Doomra #655

Measure v, of direct y in Au+Au collisions at 4 /sy = 200 GeV with 10 X larger data sample
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Raphaelle Bailhache, University of Frankfurt

Electromagnetic probes
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News from PHENIX: v§" in Au+Au

Vassu Doomra #655

Results in agreement with previous publication and with significant reduction of uncertainties

Raphaelle Bailhache, University of Frankfurt

Ydir

0.3

0.2

0.1

Electromagnetic probes

:Au+Au, \(sNN =200GeV e PRC94, 064901 (Conversion)
__Ydir, Inl<0.35, 20-40% e PRCY94, 064901 (Calorimeter)
B ) e PRL109, 122302

: = New
N PHENIX

_ preliminary

A

i © % %

- T P S S "
i | | | | | | | | | | | | | | |

0 5 15

Au—Au A /SNN = 200 GeV
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Vassu Doomra #655

Direct photon puzzle still there

Yield

llllllllllllllllllllllll

This paper - Au+Au © 200 A GeV Tehem = 0 fm/c
PRC 91, 064904 B

-- Thermal
---- Pre-equilibrium N
Thermal+Pre-equilibrium] ohprompt vy

PHENIX Au + Au
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E Centrality 0-20%

== Tchem — 1.5 fm/c 5

Au—AU 4 /sy = 200 GeV
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d°N
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Simultaneous description of

yield and v,
challenging for theory

—
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(Same trend at the LHC
but ok within large uncertainties)

+(b) 20%-40%
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Data/Model

Trigger some theoretical idea
J-A Sun Poster #236

: dir |
PHENIX, arXiv:2203.17187 C. Gale, J-F Paquet, B. Schenke, C. Shen PRC 105 (2022) 014909 but only showing v,™ ! 14



https://arxiv.org/abs/2203.17187
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.014909

News frOm ALICE: Pb_ Pb 5.02 Tev Daiki Sekihata #171

g 10g T =

S - ALICE =

% - 0-10% Pb-Pb \sy = 5.02 TeV
 Finalised y;;. yield in central Pb—Pb collisions at 5.02 TeV o1 * | Data

using dielectrons ALICE, arXiv:2308.16704

103 L_CGale et al., PRC 105, 014909 \t\

* Described by calculations including:
* Prompt photons
* Pre-equilibrium photons
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RHIC and LHC energies Daiki Sekihata #171

Au—Au 4 /Sy = 200 GeV
Pb—Pb  /syn = 2.76, 5.02 TeV

dN,«:/dy at the LHC

- - - - - _ ;: I I IIIIII| I I IIIIII| I IIIIII| I
consistent with universal scaling behaviour seen by PHENIX: S_10 & ALICE, 1.0 < p_<5.0 GeV/c Finalised—
“ [ [sJPb-Pb ISy = 5020 GeV H =
~ [ [JPb-Pb, IS\ = 2760 GeV (PLB 754, 235) ) )
dN, < L .

1r _ a — _
= C(pp) X (AN /dn |, _,) < E -
dy S f - ;
with no obvious pt dependence of a (not so trivial why) - : % .
107 =
1072 = —=
107 £ =
- PHENIX, 1.0 < p_ <5.0 GeV/c 0
- Au-Au, \s,, = 200 GeV (arXiv:2203.17187)
1074 & pp, Vs = 200 GeV (PRC 91, 064904) —
= pp fit x T,,, Vs =200 GeV =
B | Ll | IR En | IR |

1 10 102 10°

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes ALICE, arXiv:2308.16704
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https://arxiv.org/abs/2308.16704

RHIC and LHC energies Daiki Sekihata #171

Au—AU 4 /Syy = 200 GeV

dN},dir/dy at the LHC Pb—Pb /sy = 2.76, 5.02 TeV

- - - - - . I: I I IIIIII| I I IIIIII| I I III.III|- I
consistent with universal scaling behaviour seen by PHENIX: =10 & ALICE, 1.0 < b <5.0 GeVic Finalised—
5 F [®]Pb-Pb, ysy, = 5020 GeV =
~. [ [*]Pb-Pb, V'S\n = 2760 GeV (PLB 754, 235) )

dn, N ) 2 (| C.Gale etal. PRC 105, 014909 )

- =C X (AN = FF: BFG2, nPDF: nCTEQ15-np =
dy (p T) ( ch/ 1 |f7=0) % ~  —Pb-Pb, |s,,, = 5020 GeV a
with no obvious p dependence of a (not so trivial why) - —Pb-Pb, sy, = 2760 GeV 2
10—1 — Au-Au, m =200 GeV —
But some issues remained opened: 02 I H |
* Discrepancy between STAR and results - -
« Same model (lines): 03 STAR, 1.0 < p_ < 3.0 GeV/c _
« Underestimates PHENIX data - =] Au-Au, |sy = 200 GeV (PLB 770, 451) =
. . . . . - PHENIX, 1.0 < p. < 5.0 GeV/c -
from semi Perlpheral to peripheral (increasing discrepancy) i AUAU, (5o = 200 GeV (arXiv:2203.17187)
* In agreement with LHC data 107 & op, Vs = 200 GeV (PRC 91, 064904) —
(need to decrease uncertalntles) E I [ [ 1 1 [ 11 | ppl flt I>< ITAIA,I Y_ISIT 200 clae\l/ [ | 1 11 I| I E

10 102 103

dN,/dy |, _,

—h

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes ALICE, arXiv:2308.16704
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https://arxiv.org/abs/2308.16704

pp collisions at the LHC

Minimum bias pp /s = 13 TeV

First measurement of direct photons
at low pr in small systems at the LHC

mb
+ Minimum bias pp collisions 1/s = 13 TeV

* Provide reference
* Reproduced by both prompt only and
prompt + thermal radiation calculations

« High-multiplicity pp collisions \/E =13 TeV
e Search for onset of thermal radiation
» Significant higher y;. yield
» Call for predictions

Raphaelle Bailhache, University of Frankfurt

Theory / Data

AL I L B IR
10°F ALICE Preliminary —
n pp Vs=13 TeV -
Virtual photon analysis
o ® Y, data
10°F ' E
: W. Vogelsang
i — = NLO pQCD
B PDF: CT10, FF: GRV
10’ E C. Shen -
- —— NLO pQCD -
PDF: CTEQ6.1M, FF: BFG-II _
Thermal i
1065— ......
1055—
3 b Total unc. data NLO pQCD (C. Shen) E
5 [ %+ Total (C. Shen) 4 NLO pQCD (W. Vogelsang) 3
e e B P _
0 ¢
S T e T

Electromagnetic probes

10—5E

10‘6E

0

Daiki Sekihata #171

Minimum bias pp
High-multiplicity pp

IIII|IIII|IIII|IIII|IIII|IIIIIIII

ALICE Preliminary
pp Vs =13 TeV
Virtual photon analysis

® Yy, data (min. bias)

o ¢ vy, data(0-0.072% INEL)]
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Dileptons

Raphaelle Bailhache, University of Frankfurt

Electromagnetic probes
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Virtual photons

Schemakbic view of dielectron
+ avaritank mass spae&rum

Electric conductivity
cC }/* — A atlow m,, &pr..

Thermal

Carry mass (11,,): Hadronic phase

Yield (a.u

 Can serve as an approximate clock
— Separate thermal radiation from different stages

Lake emission

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes



Virtual photons
c Schematic view of dielectron
+ invariant mass spectrum

Electric conductivity
cee }/* — A atlow m,, & Py ..

9

Thermal

Carry mass (1,,): Hadronic phase

\ .idNee/dmee R (Meed o

 Can serve as an approximate clock
— Separate thermal radiation from different stages

* |nvariant mass not affected by radial flow

— Access to
Inverse slope — Access to early averaged temperature

Lake emission

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes R. Rapp and H. Van Hees, Phys. Lett. B753 (2016) 586 21



https://arxiv.org/abs/1411.4612

Virtual photons

Schemakbic view of dielectron
+ avaritank mass spae&rum

Electric conductivity
cee }/* — A atlow m,, & Py ..

9

Thermal

Carry mass (11,,): Hadronic phase

e Can serve as an approximate clock
— Separate thermal radiation from different stages

* |nvariant mass not affected by radial flow

— Access to
Inverse slope — Access to early averaged temperature

« Radiation from hot-hadronic matter

Sensitive to in-medium spectral function of p meson
Related to chiral symmetry restoration, lifetime of the fireball

Lake emission

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes P.M. Hohler and R. Rapp, Phys. Lett. B731 (2014) 103 22



https://arxiv.org/abs/1311.2921

Results over a wide range of energies

%
# 624GeV Y Quark-Gluon Plasma
2

Probe the phase diagram
from (high piz/low 7T') to small (low piz/high T')

LHC 2.76 TeV

0
' 39 GeV v

‘

New results from:

« HADES: | / ®
& 11.5GeV “)*
' T e R ©, %,
+ pp reference for Ag-Ag 4 /Snn = 2.95 GeV : G O e N
« STAR:

Au-Alu 4 /S = 7.7, 14.6, 19.6 GeV (BES-II COL)

Pb—Pb  /Syy = 5.02 TeV

Odyniec, G. (2022) In: Blaschke, D., Redlich, K., Sasaki, C., Turko, L.
Lecture Notes in Physics, vol 999. Springer, Charm, ISBM 978-3-030-95490-1

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes 2 3



Niklas Schild Poster #683

HADES: Ag—Ag at very high /i

 Clear excess of ¢ e~ pairs over:
* Cocktail of hadronic decays at freeze-out

 + initial NN contributions Ag+Ag \s\=2.55 GeV 0-40%

. _ 1078 .
PP anaIyS|s for 2.55 GeV ongoing 0 HADES work In p1)rogress
Karina Scharmann Poster #201 10-7 0.1<p, (GeVic) <1.2
Olge > 9°
N " E data
10° Ewo-. S cocktail sum PLUTO

----- add. NN from GiBUU

b -
By
Q..~
-~
-~ - -

1/N_, dN*°"/dM,, (MeV/c?)

200 400 600 800 1000 _ 1200
M- (MeV/c?)

Au—Au at  /syn = 2.42 GeV: HADES, Nature Phys, 15 (2019) 10, 1040
77p — ne'e” at, /5, =1.49 GeV: HADES, arXiv:2205.15914 24

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes


https://www.nature.com/articles/s41567-019-0583-8
https://arxiv.org/abs/2205.15914

HADES: Ag—Ag at very high /i,

Ag—Ag + /Snn = 2.42, 2.55 GeV

 Clear excess of ¢ e~ pairs over:
* Cocktail of hadronic decays at freeze-out

 + initial NN contributions Kg 108 Ag+Ag \s\=2.55 GeV 0-40%
pp analysis for 2.55 GeV ongoing N HADES work in progress
Karina Scharmann Poster #201 % 10~7 0.1<p_(GeVic)'<1.2
\; 8 | o E data
EQ) 107 B30~ cocktail sum PLUTO
T . B B L . add. NN from GiBUU
= 10
Q ~eew
(-)Z .....‘--.'
© 107"
Z°tz
< 1 0—11
—
1072

200 400 600 800 1000 1200
M- (MeV/c?)

Au—Au at  /syn = 2.42 GeV: HADES, Nature Phys, 15 (2019) 10, 1040
77p — ne'e” at, /5, =1.49 GeV: HADES, arXiv:2205.15914 92§

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes


https://www.nature.com/articles/s41567-019-0583-8
https://arxiv.org/abs/2205.15914

Niklas Schild Poster #683

HADES: Ag—Ag at very high /i

 Clear excess of e~ pairs over:

Comparison with transport model Renan Hirayama Poster #133 01
— Confirm penetrating nature

i . . . ~ 0.15— —
Cc_cl.d.all of hadronic decays at freeze-out N . Ag+Ag |[8=2.55 eV 10-40%
 + Initial NN contributions i HADES work in progress )
pp an aIySiS fOr 255 G eV on g Oin g 01__ ] |Mee>120MeV/02—_
Karina Scharmann Poster #201 | i
0.055 | _:
o - _ 0] === == m— - S E— R -
+ v, of ete™ pairs ~ 0 in excess region i *1'1'* '
- L |
At SIS18 energies, v, < 0 for 7= due to spectator shadowing 005 | 0 Ea_._ . -
Differential studies as a function of mass, py, y and centrality : ) e T -
[

_ | | | | ]
0.1 50 200 400 600 800 1000

p, (MeV/c)

Au—Au at  /syn = 2.42 GeV: HADES, Nature Phys, 15 (2019) 10, 1040
77p — ne'e” at, /5, =1.49 GeV: HADES, arXiv:2205.15914 2@
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https://www.nature.com/articles/s41567-019-0583-8
https://arxiv.org/abs/2205.15914

Niklas Schild Poster #683

HADES: Ag—Ag at very high /i

‘;\ EI |'A\Igl-'-lAlg| I\/% |2I I4.I2 Iéel\lll I | I I N IE

Ql - NNT < -

Excess = Data - Cocktail - measured initial NN contributions O 107° HADES work in progress E
> 45 Cocktail + measured NN sub. .

h tiol shape: O 10" — 0-10%: kT =73.0+3.8,, + 1.6, MeV =
as an exponential shape: O —— 10-20%: KT = 71.7 £ 3.9, + 4.4, MeV -
o 1078y,  —20-30%: kT =708 +4.0,, + 1.2, MeV =

dN M @ = = ™ |

o M ?exp(——=) = 10°%k = -

dM - T O : :

ee fit = My _

< 10 ?@E% =

Z - 1

— Extract integrated fireball temperature 75, ~ 70 MeV -CZ 10°° E —f
B = .

for 0.2 <M., < 0.9 GeV/c? < 10°%
now differentially in centrality classes 5 1010 - !

A

Excess reproduced by hadronic thermal rates 107" NGV o M2 exp(-MKT) Ho|+
folded with coarse-grained medium evolution from transport 10_122 RN T
02 03 04 05 06 0.7 08 0.9

M., (GeV/c?)

Au—Au at  /syn = 2.42 GeV: HADES, Nature Phys, 15 (2019) 10, 1040
77p — ne'e” at, /5, =1.49 GeV: HADES, arXiv:2205.15914 97

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes


https://www.nature.com/articles/s41567-019-0583-8
https://arxiv.org/abs/2205.15914

STAR: Au—Au at intermediate

Excess of e"e™ pairs at low m.

Yiding Han #301
Chenliang Jin Poster #683

jp & 200-500 MeV

observed over cocktail of hadronic decays at freeze-out (without p) + Drell-Yan

STAR BES2
Au+Au 0-80%

10°F e o
p<0.2GeV/c In°l<1
ly*°l<1

STAR Preliminary

— —e'e’ — ¢p—e'e — JhAy—e'e
— l—yete’ — n—oye'e n—ye'‘e
— cC—oe'e DY—e*'e" — Cocktail Sum

—— STAR BES2 Data

7.7 GeV x 1E8

dN/dM [GeV/c?]”!

'y
o
G

Raphaelle Bailhache, University of Frankfurt

0 05 ]

]
|

14.6 GeV x 8E3

F 5 2 2.5 3
M.. [GeV/c?]

Electromagnetic probes

Au—AU 4 /Syn = 7.7, 14.6, 19.6 GeV
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Yiding Han #301

STAR: Au—Au at intermediate St Ponr 15
_//iB ~ 200-500 MeV

Excess of e"e™ pairs at low m.
observed over cocktail of hadronic decays at freeze-out (without p) + Drell-Yan

1072
STAR BES2 STAR Preliminary
Au+Au 0-80%  —o—ee —oe'e  —Jy-e'e
9
10°E pec0.2Gevic o<t _ e L

- ly*°l<1

- cC—e'e DY—ete® — Cocktail Sum

—
o
»

—— STAR BES2 Data

7.7 GeV x 1E8 - Au—Au /syny = 7.7, 14.6, 19.6 GeV

]
|

14.6 GeV x 8E3

dN/dM [GeV/c?]”!

:‘ ',‘ v |
/ 2
P4 |/
[ |
: [

—r
o
o
iJ
Ny

Calculate excess = Data - Cocktail Sum
in 0.4 <m,, < 0.75 GeV/c?

10°°

=

M.. [GeV/c?]

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes 29



Yiding Han #301

STAR: excess at low mass

Au—Au 4 /syny = 7.7, 14.6, 19.6 GeV

i

Excess yield at low m_. / (AN o/dy)
STAR Preliminary

0.4 <M, <0.75 GeV/c?

« For,/syn = 17.3 GeV: described (over larger mass range)

by calculations including thermal production of p
with in-medium broadening spectral function (+ QGP)

* In BES-Il region (NEW):
Baryon density increases, TCh decreases
— Probe the role of baryons and temperature effects

3 \ o
| —%— STAR BES-Il Au+Au 0-80%
—¥— STAR BES-| Au+Au 0-80%

Corrected for acceptance:

(AN=“=/dy)/(dN_/dly)

Hint for a decrease with , /sy, need to reduce uncertainties

(future experiments CBM, NA60+) o 102
\Sny [GEV]
STAR BES-I: PRC 107, L061901 (2023) 30

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes R. Rapp and H. van Hees. Phys. Lett. B 753, 586 (2016)



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.L061901
https://arxiv.org/abs/1411.4612

STAR: higher mass M

jig ~ 0-200 MeV

. Au—Au  /sxn = 19, 27, 39, 62.4, 200 GeV

Excess / (AN, /dn) at higher , /sy (> 19 GeV BES-I) 0-80% Au+Au
— 10 —— Thermal, |y| <1 STAR 39 GeV
> _ 2
: . L v + STAR19GeV (x107%)  + STAR62.4GeV (x107)
Compared to. new calculations for QGP thermal radiation with: - . STAR27GeV(x10-2)  + STAR 200 GeV (x10°)
 Production rates up to NLO at finite ug % 107 Corrected for acceptance |
* Integrated over space-time with a realistic hydro =
&)
\5 10—4»
— Quite good agreement with the data =
= GeV
8 1077}
S
S GeV
é 1010
)
O
o 10713 N "~ | 27 GeV
L ~.d
10165 ‘ =
00 05 10 15 20 25 3.0 35

Mee (GeV)
Raphaelle Bailhache, University of Frankfurt Electromagnetic probes STAR BES-I: PRC 107, L061901 (2023) 31



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.L061901

STAR: higher mass

Excess / (AN, /dn) at higher , /sy (> 19 GeV BES-I)

Compared to new calculations for QGP thermal radiation with:

 Production rates up to NLO at finite up
* Integrated over space-time with a realistic hydro

— Quite good agreement with the data

Confirm theoretically:
 Role of thermal QGP dileptons as thermometers

 Discriminating power of dilepton polarisation (e.g. /i)
No pre-equilibrium contributions yet in the calculations

— Need more precise data

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes

Excess(Data—Cocktail)/(dNcn/dy) [1/(20 MeV)]

C. Gale #626

lig & 0-200 MeV

Au—AU 4 /Sxn = 19, 27, 39, 62.4, 200 GeV

0-80% Au+Au
10 —— Thermal, |y| <1 STAR 39 GeV

4 STAR 19 GeV (x107%) + STAR 62.4 GeV (x107?)

STAR 27 GeV (x107?) + STAR 200 GeV (x10%)
107 Corrected for acceptance |

10—10,

10—13,

10—16 . .
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Mee (GeV)
STAR BES-I: PRC 107, L061901 (2023)
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ALICE: Pb—Pb at s, ~ 0

Finalised dielectron yield
compared to background cocktail from hadronic decays

e Large heavy-flavour (HF) background not easy to estimate:
— two versions:

» Vacuum expectations (pp X (N.,))
« Medium effects (measured RXX‘“D“_, EPS09 nPDF)

* No clear excess over the background
— Hint at low m_, (0.18 < m,, < 0.5 GeV/c?)

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes

1 /Nev dNee/dmee (GeV‘1 CZ)

Data/Cocktail

—h

Daiki Sekihata #171

U ~ 0O

ALICE, arXiv:2308.16704

ALICE
0-10% Pb-Pb \s,, = 5.02 TeV
0.2< P, < 10 GeV/e, |ne| <0.8

—h
<
Sadiulmn

—k
o

0.0<p <8.0GeV/c
T,ee
U=
107 N ."A‘V”
E a ‘l i h‘--‘l_
S ian . .
102 i

<
w

— Cocktail (N OII)—scaled HF)

— Light Flavor w/ p — e'e™, e'e" X

—CC — e'e”
—bb — e'e” ((N__ )-scaled)

---bb — e*e” (RS, ~ * -modified)

| I I I I | I I I I |
Data

Cocktall (RZ’E ~ ¢ -modified HF)

Jhp — e'e, e'eTy
(NCO”>-scaIed)

—

(
¢ — e*e” (RS, °-modified)
(

138

2.5+\ —=
1%;%5[&:{ $ i oi
056 ﬂ#‘“#{ﬁ-:c:@*. s S
2.2: -------- —_— Tfé
1.51 .. -ﬁﬁ%@g-iq ... i ... ﬁ.----------i-iﬂ ________ ‘é
0.5E 7l | |  E— | | =
0 05 i 15 2 25 3 35
m.. (GeV/c?)


https://arxiv.org/abs/2308.16704

ALICE: Pb—Pb at //tB ~ O Daiki Sekihata #171

U ~ 0O
Pb—Pb /sy = 5.02 TeV

ALICE, arXiv:2308. 16704

—~ o B AL B L L R =
Finalised dielectron yield ‘O 102 ALIGE 502 7oV *]Data —
: : Z 7o Sy =2-02 Te = Cocktail (N _)-scaled HF =
compared to background cocktail from hadronic decays > 0.2<p_<10GeV/c, In,|<0.8 socktal ((Neg - scaled F) =
O e === Cocktail (Ryx = -modified HF)
g 10 OO<'D . <8.0GeVic — Light Flavor w/ p — e*e7, e*e’X 3
o ¢ Jhp — e*e, etey —
. — —cCC — (N led) —=
* Large heavy-flavour (HF) background not easy to estimate: £ _;‘; ee (<<N >>ZZZZ 5 =
— two versions: ;8 o1 68 > e'e (RS~ *-modified)
: = bb — e*e~ (R%: ~ ©-modified) =
Vacuum expectations (pp X (N.;1)) T .
. * o -2 y _
. Medium effects (measured RX’K‘* , EPS09 nPDF) 4l [ S =
= 1~ | =S =
o\ T
* No clear excess over the background = . 3
— Hint at low m_, (0.18 < m,, < 0.5 GeV/c?) = 1?; ; =
e T E [ J=
X - =
S 05 - RES NN R == =
Qz.g R B 1=
E 1.5 =
©
O o5
o"'o'5""i"'1'5""2""25""3""35

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes


https://arxiv.org/abs/2308.16704

ALICE: excess at low mass

Excess = Dielectron yield - background cocktail (w/o p)

Compared to calculations for thermal radiation

e from QGP

Tension in 0.5 < m,_, < 0.8 GeV/c2? (~ 30)
— Need to reduce uncertainties

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes

0.04

0.02

Pb—Pb

Daiki Sekihata #171

HB

0

ALICE, arXiv:2308.16704

- ALICE

0-10% Pb-Pb |5, = 5.02 TeV

. Data - vacuum HF cocktail
- Data - modified HF cocktail

—Sum

R.Rapp, Adv. HEP. 2013 (2013) 148253

||\ --- thermal radiation from QGP
B iIn-medium p
B Arrows show upper limits at 90% C.L.
A
:II | | | | | | | | | | | | ?v.l-j:
02 03 04 05 06 0.7 08 09 1 1.1
m.. (GeV/c?)
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Daiki Sekihata #171

ALI C E. RU n 3 ALICE: Jerome Jung Poster #665 PHENIX: Roli Esha Poster #217 LXB~
]

Much more data (up to a factor 100 for Pb—Pb)

op /s = 13.6 TeV

ALICE Performance

pp Vs =13.6 TeV

Pro> 0.2 GeV/c, | <0.8
N,, =5.79 x 10"

.
<

OWWIIIW T T

—
<
N

1073

=
S

¢

1/N,, AN2Y/dm,. (GeV/c?2)”

S
<
I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII

107° = a.
10° \J.
- dy2s)
107" & ....'b..
= Moo
108 - Ring=s X
= ——*
107° = _%
10—10 i | | I | | I | | I | | | | I | ]
0 2 4 6 10
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Daiki Sekihata #171

ALI C E - R u n 3 ALICE: Jerome Jung Poster #665 PHENIX: Roli Esha Poster #217
[

Much more data (up to a factor 100 for Pb—Pb) and (better) separation of heavy-flavour background and promptec’c

op /s = 13.6 TeV

pp ~ O

1072

Separate prompt and nOn—prOmpt e'e ‘L\ L L L L L B B B =
% = ALICE Performance —DCAZ? integrated 0
PrOmpt Non_prompt S 10_3 i PP \/_ =13.6 TeV y :)CAgeD >20 __
8 § p_ >02GeV/c,|n|<08 o DCAY <050 =
\ / = - N, =579 x 10" N
s 107°¢ E
DCA1 DCA2 DCA DCA O = P, D Dominated by n
1 c o heavy-flavour hadron decays -
vertex ver"rex % Iy =
g =
> ]
beaw = |1 '<DCA1)2+ <DCA2>2' § 10°E 2 ~
\2 '\ o o, ) - . W(2S)-
i Yot -C o LI |
Small DCA2P Large DCAZP 107 T M ++ N L Tere S
Light-favour decays heavy-flavour decays - +Jr +++ * N *'E
Prompt J/¥ Non-prompt J/¥ 108 / _+_+++ _
Thermal radiation - Dominated by prompt e"e™ —4
— _I I | [ 1 1 | | I I | [ 1 1 | | [ 1 1 | | I I | [ 1 1 | | [ 1 | I—
Key tool to handle the heavy-flavour background at the LHC ! 10 s s T a5 3 3s

~ N

M., (GeV/c?

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes 37



Future measurements

Different experiments at different accelerator facilities

* From high up to vanishing g
HADES, STAR, CBM, NA60+, ALICE 2&3

 To answer open questions:

« Mechanism of Chiral symmetry restoration (p — a; mixing)

» Dilepton v, (Input for direct photon puzzle)
* Dilepton polarisation (discriminating variable)
* Equilibrium mechanisms

e QGP EO0S (Teff)
. First order phase transition at large g (1.4 in IMR vs 4 /s\n)

C
» Electric conductivity

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes

NAG60+: Giacomo Alocco #761
CBM: Claudia Hoehne #687
ALICE 3: Isabella Sanna #317
Poster Sebastian Scheid #158

The Phases of QCD

Temperature (MeV)

OZK'

I | | N~ | |
0 200

400 600 800 1000 1200
Baryon Chemical Potential p_ (MeV)

1 l 1 1 L
1400 1600

Courtesy of Thomas Ullrich 38



NAG60+: Giacomo Alocco #761
CBM: Claudia Hoehne #687
ALICE 3: Isabella Sanna #317
Poster Sebastian Scheid #158

Future measurements

Different experiments at different accelerator facilities

The Phases of QCD

« From high py, to vanishing g 208
HADES, STAR, CBM, NA60O+, ALICE 2&3

 To answer open questions:

Azumi Sakai #721

Pase
« Mechanism of Chiral symmetry restoration (p — a; mixing) Critical %%9

Point?

Temperature (MeV)
2

» Dilepton v, (Input for direct photon puzzle)

llllllllllllql

. . . . . . . . = Nucl a
. Dllep.tor) polarlsatlor) (discriminating variable) Florian Seck #741 L Vacuum vciear
[ EqUIIIbrlum meChanISmS O,{ P T ST TN WU NN W TR SO N SN SN SN N e I TR SR TR T TR TRUNY SO NN SN T
0 200 400 600 800 1000 1200 1400 1600

e QGP EO0S (Teff)
. First order phase transition at large g (1.4 in IMR vs 4 /s\n)

c

Baryon Chemical Potential p,(MeV)

* Electric conductivity Toru Nishimura #785

Courtesy of Thomas Ullrich 39
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Summary

* Direct photons: low-pr

* Uncertainties of measurements improving in time at RHIC and at the LHC (effort still on going)
e« Some issues remain opened (direct photon puzzle...)

— Common effort between theorists and experimentalists to solve them

* Dileptons

» Measurements at very different pg/T

* |Large potential of dilepton measurements shown by theory at this QM
 Huge experimental efforts to make such measurements possible.....starting now !

Many thanks to H. Appelshauser, H. Busching, V. Doomra, R. Esha, T. Galatyuk, C. Hoehne, C. Gale, D. Gabor, Y. Han, J. Jung, A. Marin, T.
Nishimura, J-F Paquet, P. Plaschke, R. Rapp, K. Reygers, A. Sakai, M. Sas, N. Schild, S. Scheid, F. Seck, D. Sekihata, J-a Sun

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes
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Carolina Arata #174

High-p Isolated photons

Prompt photons

Pb—Pb 4/ syn = 5.02 TeV

with fragmentation contribution suppressed < F ' I ‘ T -
16 0-10% ¢ R=02 =
Central Pb—Pb collisions 1ar ek -
e pr>20GeV/c: Ry, =1 1.2 E
T - AN - o O O 3 . -
— Verify N, scaling 1= - 150 RSN 4‘%‘."(? ---------- -
— Calibrated reference for y-h studies 0.8~ e
0.6 . -
 pr < 20 GeV/c: Cold nuclear matter effects expected - ALICE preliminary -
May be overestimated by JETPHOX 0'4;_ pp & Pb—PDb, {5 =5.02 TeV E
— Constrain nPDFs 02 |l <0.67, p=® "< 1.5GeV/c -
- 1 [ | | [ -

10 20 30 40 50 60 70
p. (GeV/ce)

NLO (JETPHOX), p'® < 2 GeV/e, R = 0.4:
op NNPDF40/BFG Il FF x ki
Pb—Pb nNNPDF30/BFG Il FF x xs°
Scale uncertainty p';/2 < U< 2p";

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes 42



Carolina Arata #174

High-p Isolated photons

Prompt photons

Pb—Pb 4/ syn = 5.02 TeV

with fragmentation contribution suppressed < [ T f ' ' B
T16- 950-90% ¢ =02 -
Central Pb—Pb collisions s ° H=04 N
o pr> 20 GeV/c: Ryp =1 1.2 E
— Verify N, scaling 1;—----;--5- ‘LU'F ------------------- =
— Calibrated reference for y-h studies 0.8~ . ¢ t -
0.6] :
» pr < 20 GeV/c: Cold nuclear matter effects expected - -
May be overestimated by JETPHOX 0.4:— — R, = 0.91, centrality sel. bias E
— Constrain nPDFs 0.2  from arXiv:1705.08856 =
1 1 | - |
Peripheral Pb—PDb collisions 10 20 30 40 50 60 70
P P (GeV/c)
. . - - - NLO (JETPHOX), p'*° < 2 GeV/c, R = 0.4:
RjyA <1: cent.rallty selection bla}sl of Glauber model o NNPDF4O/BEG Il FF x 1
Agreement with model by C.Loizides & A. Morsch Pb—Pb nNNPDE30/BEG || EF x s
C. Loizides & A. Morsch, arXiv:1705.08856  Use prompt photons as centrality estimators Scale uncertainty p:/2 < U< 2p¥

(In peripheral AA and in small systems)

PHENIX Daniel Firak #654
Raphaelle Bailhache, University of Frankfurt Electromagnetic probes 43



Direct photons: status before QM

Pb—Pb /Sy = 2.76 TeV

&'\ E | | | L | | | | | L | | E
Tk ALICE Preliminary -
- - - = = O 10 § —§
Direct y yield at low p in A+A collisions N Pb-Pb {5, =276 TeV  *
above 43 1 e ] 0-10% combined %
Z |3 L N + | 20-40% combined _
Observed by: ° QI_ - \\ Q.“-a o Yprompt pQCD NLO x TAA §
;e N AN PDF: CTEQ6MS, FF: GRV
- - Rl N W. Vogelsang et al. =
E10'C D\J\ J. Phys. G 23 Af —
. . . . = K -
 PHENIX with different methods at different energies 102k ! _
= M R 5
— - - SO -
/Snn = 39-200 GeV ok By X -
10—4; AN :"@ —i
. : = C. Gale et al. m\ﬁ e X 10 3
. ALICE with different methods at 4 /sy =2.76 TeV gsL  Phys-Rev.C105(2022) 014909 X ™~ -
= — - P. Dasgupta et al. 9 S =
- Phys. Rev. C 98 (2018) 024911 = = BN
10 —. O. Linnyk et al. ' =
: Phys. Rev. C 92 (2015) 054914 =
10 H. van Hees et al. =
= Nucl. Phys. A 933 (2015) 256 =
10—8__ | R | | | Lo | | \‘1;
1 10
p_ (GeV/c)
_ - | PHENIX: Phys. Rev. C 107, 024914 (2023); arXiv:2203.17187 44
Raphaelle Bailhache, University of Frankfurt Electromagnetic probes ALICE: Phys. Lett. B 754 (2016) 235-248: Ana Marin Hard Probes 2023



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.024914
https://arxiv.org/abs/2203.17187
http://www.sciencedirect.com/science/article/pii/S0370269316000320
https://arxiv.org/abs/2308.02401

Direct photons: status before QM

Au—Au 4 /sy = 200 GeV
(ALICE results link)

— PHENIX Au + Au, \/sNN = 200 GeV

0.6 — Nonprompt y _

Extracted Teff from ynon—prompt = Ydir — }/Srséglnpatted _ T_, extraction range :
@) 0.5~ ® 08<p <1.9GeVic P -

* increases with pr range used to fit % 0 20<p_<4.0GeVic -

* Above deconfinement temperature O, -

. L. . ~ 0.4 376 MeV/c —

» No obvious variation of 7o with AN, /dN, |, _, | ® E B i

Although Do not exclude small Lncrease

O
0
o e | T

0.2

PHENIX: Phys. Rev. C 107, 024914 (2023); arXiv:2203.17187
Raphaelle Bailhache, University of Frankfurt Electromagnetic probes ALICE: Phys. Lett. B 754 (2016) 235-248: Ana Marin Hard Probes 2023 45



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.024914
https://arxiv.org/abs/2203.17187
http://www.sciencedirect.com/science/article/pii/S0370269316000320
https://arxiv.org/abs/2308.02401

Jean-Francois Paquet #787

Interpretation of /

 Naive idea: higher p , earlier emission, higher 1 103 LI B L BB B L B R R LR RS-
Analytic expression with simple symmetric hydro (Gubser) solutions f(a) w/ flow i
I, <@ |nitial maximum 7 of plasma B 102 = w/o flow = = == =
T & pr where T is fitted for 7 = 0 > : E
I+ 5;/ T eff $ 101 £ Global effect of -
E 0F transverse flow -
. But bias due to radial flow: Tewﬂfﬂow > Tg’ﬁfo flow O 10 _ E
 Locally: large for high pr ¥ierma €Mitted at small T % 101 L .
* Globally: integrated over space-time — smaller g - :
21077 = E
< - Thermal photons S
And further effects under study e.qg: — ]_()‘3 = Dh-Pb central =
y from pre-equilibrium contribution for p > 2.5 GeV/c 10_4 \/3—2760 Gev =~ .E
Philip Plaschke Paquet #196 0 05 1 15 2 25 3
o i pt (GeV)
— \ML’ C. Shen, U. W. Heinz, J-F Paquet, C. Gale, Phys. Rev. C 89 (2014) 044910
""""""" g P J-F Paquet, arXiv:2305.10669
O. Garcia-Montero, A. Mazeliauskas, P. Plaschke, S. Schlichting, 46

arXiv:2308.09747



RHIC and LHC energies Daiki Sekihata #171

Au—Au 4 /sy = 200 GeV
Pb—Pb , /syny = 2.76, 5.02 TeV and pp 4 /Syy = 13 TeV

;: — I T T T I 1T T T Tl I 1T 1T T =
"R [ ALICE, Pb-Pb, 1.0< p_<5.0 GeV/c, U.L. at 90% C.L. :
= - e |5,y = 5.02 TeV, arXivi23XX.XXXXX + \s, = 2.76 TeV, (PLB 754, 235) —
~.10 & + |5y = 5.02 TeV, Preliminary ¢ \syy = 2.76 TeV, Preliminary —
o = C. Gale et al., PRC 105, 014909 =
2 C — Pb-Pb, |5, = 5020 GeV -
O | —Pb-Pb, \s,, =2760 GeV i
TE— Au-Au, |5, = 200 GeV i . =

— pp, Vs =13 TeV, 1.0<p_<3.0GeVic | A~

% ALICE Preliminary M ~

_1|_C. Shen et al.,, PRC 95 014906 )

10 E A Prompt E

— V Prompt + Thermal ]

B EI | _

107 =

- I STAR, 1.0 <p_<3.0 GeV/c )

sl = Au-Au, |syy =200 GeV (PLB 770, 451)

107 E PHENIX, 1.0 < p_<5.0 GeV/c =

B Au-Au, sy, =200 GeV (arXiv:i2203.17187)

= pp, Vs = 200 GeV (PRC 91, 064904) .

10~ pp fit x Tpa, Vs =200 GeV —

I I IIIIII| I I IIIIII| I I IIIIII| I —

10 10° 10°

dNCh/dV] ‘ =0

A
IIII|

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes ALICE, arXiv:2308.16704
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RHIC and LHC energies Daiki Sekihata #171

Au—AU 4 /Syy = 200 GeV

dN},dir/dy at the LHC Pb—Pb {/syn = 2.76, 5.02 TeV

- - - - - _ ;: — I I IIIIII| I I IIIIII| I I IIIIII| I =

consistent with universal scaling behaviour seen by PHENIX: S £ ALIGE, Pb-Pb, 1.0 < p_<50 GeVic, UL at 90% C.L -

S - @ sy, =5.02TeV, arXiv:2308.16704 ¢ \s,, =2.76 TeV, (PLB 754, 235) —

~ 10 = ¥ VSyy = 5-02 TeV, Preliminary + \syy =276 TeV, Preliminary

dN M) — C. Gale et al., PRC 105, 014909 R

Vdir _— - _ =

—C % (AN . /d o — — Pb-Pb, \s,, =5.02 TeV —

dy (pT) ( ch’ 1 |’7=0) % ~ — Pb-Pb, |5\ =2.76 TeV 7

. . . 1 =

with no obvious pt dependence of a (not so trivial why) - s
10

PHENIX Au—Au data at 200 GeV: @ = 1.11 £ 0.02 (stat) £0q (syst) 10°

---fit to direct photon yields

1073 — dN/dy = A - (dN_/dn)* _

To be taken with care: £ A=(1.84 =3.23) x 107 =

— a=1.07 £0.25 _

LHC Pb—Pb data at 2.76 TeV and 5.02 TeV: ¢ = 1.07 £ 0.25 (syst + § uoper limits are not included in the fiting ~~ ~

stat) 107 = | | | =
1 10 107 10°

dNCh/d” ‘}7:0 48

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes ALICE, arXiv:2308.16704



STAR: excess BES-I

Raphaelle Bailhache, University of Frankfurt

%

)y

Efcess(Data-Cocktail)/(

Yiding Han #301

Chenliang Jin Poster #683

‘ Au—AU 4 /Syn = 19, 27, 39, 62.4, 200 GeV

10710

]
STAR _Rapps$s
Au+Au 0-80%..... Rgg er:g'
- p QGP
— Da

——T
PHSD Sum -
—-PHSD Rho

--- PHSD QGP
PHSD af
Cocktail Uncert. - PHSD Delta:

27 GeV x10°

-
~~~~~

Electromagnetic probes

1.5 2
M, [GeV/c?]

STAR BES-I: PRC 107, L061901 (2023)

R. Rapp and H. van Hees, Phys. Lett. B 753, 586 (2016)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.L061901
https://arxiv.org/abs/1411.4612

ALICE: higher mass Daiki Sekihata #171

U ~ 0O

ALICE, arXiv:2308.16704

—~ — 1 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I —
f§> 102 __ALICE | o _
|> = 0-10% Pb-Pb VS_NN — 502 TeV COCk’[&!H + QGP + !n-med!um p (R.Rapp) E
0.2<p. <10GeV/c, |y |<0.8 —Cockta!H + QGP + !n-med!um o (PHSD) =
O, T.e ' e Cocktail2 + QGP + in-medium p (R.Rapp)
Dielectron yield in the intermediate mass S 1000 <Py, <00GeVE - Cockalz + QP wivmedium p (PRSD) - 2
) ® |Data —
() —
(1.2 < m,, <2.6GeV/c?) S ([l B Cockil (LFw/o p+Jiy + (N_)-scaled HF) _
% = §58 Cocktail2 (LF w/o p + Jhy + R, -modified HF) =
. , , o — -
Predicted thermal contribution from QGP: S0'e — =
& _2;' SR . 7
* Transport model <107 Naa - - W =
Small compared to heavy-flavour decay background (ool - acP - inmedum p (hRapp) T ' “
= - QGP +in-mediump (§HSD) - Tr-l “\1;;::‘,'
_I | | | ! | | | | | | | | | | | | | | | | Nl N 1 l | I J_"IE:
— Need an other approach . 2-2%: | =
CEG 1'51%' » é
8 0.5 S o« —i
O o5 "~y =
R oE- IR $ =
5 15E e %ﬁﬂ ......... | ‘ .
1€~ -------- - - Semmssssesaan. Y P A -—=
O o5 * " —— =
o 05 1 | 15 2 25 3 35
| o | m.. (GeV/c?)
Raphaelle Bailhache, University of Frankfurt Electromagnetic probes cC



STAR: higher mass

Excess / (AN /dn) at a bit higher , /s\n (> 19 GeV BES-I)

Compared to new calculations for QGP thermal radiation with:

 Production rates up to NLO at finite g
* Integrated over space-time with a realistic hydro

— Quite good agreement with the data

Confirm:
 Role of thermal QGP dileptons as thermometers

 Discriminating power of dilepton polarisation (e.g. /i)

No pre-equilibrium contributions yet in the calculations

Raphaelle Bailhache, University of Frankfurt Electromagnetic probes
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Daiki Sekihata #171

ALICE, arXiv:XXX

ALICE: finalised results in Pb—Pb
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Feasibility studies: CBM dielectrons

After 3 years, 5 days/energy, 100 kHz IR

 Low mass (< 1 GeV/c2) dominated by thermal rho, reconstructed with precision of 1.5- 4.5%
— Allow for fireball lifetime measurement

* Intermediate mass (> 1 GeV/c?): accessible, statistics not yet sufficient to extract physics
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from partonic to hadronic fireballs
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The little big bang

QGP hadronic decays

Initial state

Ol
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hard scatterings,
pre-equilibrium

hadronic phase

Initial pre-equilibri H -
n . ydrodynamic phase Hadronic transport
conditions dynamics P
Relativistic viscous hydro (MUSIC), SMASH
IP-Glasma, KoMPoST equation of state (Hadron
Trento ansatz  quark suppression... resonance gas, lattice QCD)
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