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Outline

* EM probes are unique

* Photons versus dielectrons

* Experimental status at the LHC: pp, p-Pb, Pb-Pb from ALICE
e QOutlook: ALICE 2 and ALICE 3



Photons and dileptons

* |eave the system without strong FSI
* are produced at all stages of the collison
- messengers of QGP bulk properties and in-medium properties of hadrons

hard scattering, thermal QGP thermal hadronic
pre-equilibrium (T > T, T <T)
hadronic decays ~
T,n,n, w0 ¢,]/Ycc bb
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Photons or dileptons

Technical:

« Photon measurements are limited by systematics: large background from 7z° and n decays

* Dielectrons suffer from statistics (additional factor agy), systematics dominated by physical
background from hadron decays

Physics:

* Photons integrate over space-time evolution, different collision stages cannot be distinguished
(aka direct photon puzzle)

* Dielectrons do as well but carry mass which can serve as a clock
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Dileptons
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Dilepton yield: space-time integral over thermal

emission rate:
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Dileptons

* Dilepton yield: space-time integral over thermal

emission rate:
R. Rapp and J. Wambach, Eur. Phys. J. A 6 (1999)
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Dileptons

* Dilepton yield: space-time integral over thermal

emission rate:

dN,,
d*xd*q

* mass dependence allows separation of collision

stages

* QGP radiation dominates at m,, = 1 GeV

*  NAG6O: Exponential fit yields 7=205+12 MeV, i.e.

>T. (no blue shift!)
*  Thermal radiation dominated by QGP
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*  Consistent with initial temperature T,=235 MeV
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Dielectrons at the LHC

R. Rapp and J. Wambach, Eur. Phys. J. A 6 (1999)
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* Pb-Pb at the LHC produces the largest,
hottest and longest-lived QGP
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Dielectrons at the LHC
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Heavy-flavour cross sections in pp
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eavy-flavour cross sections in pp

ALICE, Phys. Rev. C102 055204 (2020)
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Heavy-flavour cross sections in pp

ALICE, Phys. Rev. C102 055204 (2020) ALICE, Phys. Rev. C102 055204 (2020)
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Heavy-flavour cross sections in pp and p-Pb

ALICE, Phys. Rev. C102 055204 (2020) ALICE, Phys. Rev. C102 055204 (2020)
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Heavy-flavour cross sections in pp and p-Pb
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Dielectrons in Pb-Pb

Jerome Jung, QM22

Pb-Pb results from Run 2:
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Dielectrons in Pb-Pb
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ratio to Cocktail

Jerome Jung, QM22

T T T T | T T T T | T T T T | T T T T | T T T T T T T T T T T T : 5 2
ALICE Preliminary [e]Data _ 8
0-10% Pb-Pb at {5 = 5.02 Tey = cocktalsum = 3 8 18
02<p. <10GeVic, || <08 ~ Hhtflavor e eteX ] s

Te e Jy - e'e, efey | =
00<p, <80 GeV/c — T > e*e” (POWHEG x <N_;>) E s 16
—bb — e*e” (POWHEG x <N, >) 3 % :
= g
3 - 14
= ©
N °
E S 12
3 z
= 1

0.8

0.6

Jerome Jung, QM22

_IIII|IIIIIIIII|I\II|IIII|IIII|I\I

[ ALICE Preliminary  [e]R,,, 0-10% Pb-Pb

T Sy = 5.02 TeV [¢] R,y min. bias p-Pb (PRC 102, 055204)
L 0.2< Pr, < 10 GeVic, |n | < 0.8

o <8.0GeV/c

T
o
o
A

°

_—'

3.5

3 0.4;t—3 Dﬂ

E 0.2
L _g O_I 1 1 | | 1 11 | | 1 11 1 | 1 11 | | L1 1 1 | L 11 1 | 1 11 1
3 35 0 0.5 1 15 2 25 3
m,, (GeV/cd)

M. (GeV/c?)

Harald Appelshdauser, WWND 2023

16



Dielectrons in Pb-Pb

Jerome Jung, QM22

Pb-Pb results from Run 2:
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Dielectrons in Pb-Pb — modified HF cocktail

Jerome Jung, QM22
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Pb-Pb results from Run 2:
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Dielectron excess in Pb-Pb

Jerome Jung, QM22
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Pb-Pb results from Run 2:
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Topological separation of dielectron sources
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Topological separation of dielectron sources

DCA_ =

Ve \/DCAf +DCA?

2

 DCA.. allows separation of prompt from delayed dielectron sources
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Topological separation of dielectron sources

NA60 EPJ C59 (2009) 607
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 DCA.. allows separation of prompt from delayed dielectron sources

10.02.2023 Harald Appelshdauser, WWND 2023 22



Topological separation of dielectron sources

Ve \/DCAZ +DCA’
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Topological separation of dielectron sources

ALICE, JHEP 1809 (2018) 064
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does not work for photons!

 DCA.. allows separation of prompt from delayed dielectron sources
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Topological separation of dielectron sources — pp
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_ ALICE, JHEP 1809 (2018) 064
n, p, w,  mass region
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Topological separation of dielectron sources — Pb-Pb

Jerome Jung, QM22
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Topological separation of dielectron sources — Pb-Pb
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Jerome Jung, QM22
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(@] .
O ]
E .
S ;
0 5 70 5 20
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improves description of the data
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Topological separation of dielectron sources - Pb-Pb

Jerome Jung, QM22

] ALICE Preliminary * DCA,, fit (¥/ndf = 2.51/6)
0-10% Pb-Pb {/s = 5.02TeV —Syst. unc. of data Extraction of prompt thermal signal via template fits:
11<m,, <26 GeV/c? (Ostat. unc. of fit
Theory comparison: * Beauty contribution fixed via separate fit at high DCA,,
- Thermal R. Rapp bb: 0.74 + 0.24(stat.) + 0.12(syst.) X N scaling
= Thermal PHSD
* Simultaneous fit of charm and prompt contribution
cc: 0.43 +0.40(stat. ) + 0.22(syst. ) X Nop scaling
prompt: 2. 64 + 3.18(stat. ) + 0.29(syst.) X Rapp

Results in agreement with:
* HF suppression
*  Thermal contribution in the order of Rapp

% 25 8

prompt/prompt Rapp
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The future

g AI&IBCE 1
> ALICE
(]
8 \ ALICE 2
g—_ Q Run 3
=) S ALICE 2
f 10 % Runé4
©
c \
S
5
‘—9, ALICE
B ALICE 3
T4}
£
<
° 1
a.
1 10 100 1000

Acceptance (An)X Pb-Pb interaction rate (kHz)

Future dielectron measurements require:

* much more statistics
* significant improvement of vertex resolution

ALICE 2inRun 3 and 4
ALICE3inRun5and6
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ALICE 2 in Run 3

10.02.2023

ALICE

Pb-Pb 5.36 TeV
LHC22s period
18th November 2022
16:52:47 893

Harald Appelshdauser, WWND 2023 30



ALICE 2 in Run 3

10.02.2023

* GEM-based readout chambers
* new electronics, continuous readout

= 1000z T T L
5 900 ALICE Performance
S 800 Run 3, Pb-Pb {5, = 5.36 TeV'

5 B=05T

Y 700

600

500

ALICE

Pb-Pb 5.36 TeV 400

LHC22s period 300
18th November 2022

16:52:47 893 200

b b b b b b e b

100

T T[T T[T T T T T T

0 \l'\ i o Tl

107" 1 10
pllz| (GeV/c)
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ALICE 2 in Run 3

10.02.2023

ALICE

Pb-Pb 5.36 TeV
LHC22s period
18th November 2022
16:52:47 893

Harald Appelshdauser, WWND 2023

GEM-based readout chambers
new electronics, continuous readout

CMOS MAPS technology
better resolution, less material, faster readout

— 400
350F
300
2501
200F
150+
100}

50

T T TTTT] T

‘Xz " TTALICE

\ ~ Current ITS (data)
Upgraded TS

T
E
SRl

Pointing Resolution (um

0
10




ALICE 2 in Run 3

10.02.2023

New TPC readout system

* GEM-based readout chambers
* new electronics, continuous readout

New Inner Tracking System (ITS2)

* CMOS MAPS technology
* Dbetter resolution, less material, faster readout

ALICE

" 5
Pb-Pb 5.36 TeV Integrated online-offline system O

LHC22s period . i i -
IR et sl online reconstruction Pb-Pb at 50 kHz

16:52:47 593 * highly selective data reduction

Harald Appelshdauser, WWND 2023 33



ALICE 2 in Run 3

20i ALICE Performance 2022, pp Vs = 13.6 TeV
— 2022-11-29 04:00:12
g BARREL: L =17.6pb”

T MUON: L=16.9pb™
16— TRD: L=2.1pb"

14— PHOS: L=13pb"

Integrated luminosity [pb ]

12-
10—
8-
ALICE 6?
Pb-Pb 5.36 TeV 4
LHC22s period C
18th November 2022 2—
16:52:47 893 i
o | L]

27 Jun 27 Jul 26 Aug 25 Sep 25 Oct 24 Nov

at 13.6 TeV recorded in 2022
> more pp data than in Run 1 and 2
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ALICE 2 in Run 3

New TPC readout system

* GEM-based readout chambers
* new electronics, continuous readout

New Inner Tracking System (ITS2)

* CMOS MAPS technology
* Dbetter resolution, less material, faster readout

ALICE

" 5
Pb-Pb 5.36 TeV Integrated online-offline system O

LHC22s period . i i -
IR et sl online reconstruction Pb-Pb at 50 kHz

16:52:47 593 * highly selective data reduction

— ALICE 2 will be a game changer in the field

10.02.2023 Harald Appelshdauser, WWND 2023
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Dielectron mass spectrum in Run 3

10.02.2023
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Z. Citron et al., CERN Yellow Rep. Monogr. (2019) 1159
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- Pb-Pb \s,,=55Tev —— Rapp p (broad)
| 0-10%, L, =3nb" F_iapp QGP

ITS2, B=02T Ilght-hadron decays w/o p
= ’ cc > e'e
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| ‘ | | | | } | | | | ;
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%o, E ]
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0.0041 Ng, = 2.5°10° E

o In| < 0.8, p.> 0.2 GeV/c .

0.003 1.1 < Mg, < 2 GeV/c? =
0.002 —
0.0015 -
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Dielectron mass spectrum in Run 3

Z. Citron et al., CERN Yellow Rep. Monogr. (2019) 1159

1 T { T T T

T T 7T { T T T { T T 7T {

E ALICE Upgrade Simulation 3

1 T T { 1 T T { 1 T T { L { T T T {

T
1E ALICE Upgrade Simulation E 1E E
- Pb-Pb s, =55Tev —— Rapp p(broad) ] F Pb-Pbys,=55TeV —— Rapp p(broad) ]
[ 0-10%, L,, =3 nb" Rapp QGP ] [ 0-10%, L,,=3nb" Rapp QGP ]
ITS2, B=0.2T ::'gh:h;:_r on decays w/o P ITS2, B=0.2T — Rapp Sum |
In]<0.8 ‘measured’ E E Inl<08 —#— ‘meas.’ - cc - cockt. 3
] Syst. uncert. sig. + bkg. ]

p,, >0.2GeV/c

p.,>0.2GeV/c 7 Syst. uncert. sig.+ bkg. |

Sum

E== syst. uncert. cc + cocktail |

N™"/dM dy (GeV/c?)"
<
T w
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N
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Dielectrons with ALICE 3

ALICEZ @

ALICE

Absorber
Magnet

Muon chambers
FCT

A next-generation heavy-ion
experiment at the LHC

r N

TOF
Outer Tracker
Vertex detector

arXiv:2211.02491

e Multiply heavy-flavored hadrons: =, Q.., Q...
*  X,Y,Z charmonium-like states (e.g. X(3872))

* Light exotic nuclei with charm baryons and multiple hyperons up to A=6
* Thermal EM radiation, chiral symmetry restoration

* Soft theorems

10.02.2023 Harald Appelshdauser, WWND 2023 38




Dielectrons with ALICE 3

- L L I L B B B Absorber ECAL
% ALICE 3 Study — T ete Muon chambers Magnet RICH
zn:;’ PP, VS = 14 TeV, Layout vl  wseee- T — %€ (Ay(E,) X 1.5) FCT
% 10 Pre” 0.08 GeV/c, In | < 1.1 —— bb > e'e |
} My >1.1GeV/c?2, B=05T — prompt — e*e” (x0.2) ]
© _
3
<

TOF
Outer Tracker

Vertex detector

_I 11 |\I 11 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 11 I_
0O 2 4 6 8 10 12 14 16 18 20
DCA,, (o)

Laraiu mppeisnadser, WWND 2023

10.02 2025LI—SIMUL—492450



Dielectrons with ALICE 3

10.02.2025

1/N,, dN,/dDCA, (c™)

107"

rTryrrryprrryrrr rrT Ty T T T rT T T T T T T T T T T TTT
I I I I I | I I I

ALICE 3 Study —— cC > e'e’

pp, Vs = 14 TeV, Layout vi ~ «=enen cC — e*e (Ay(E,) x 1.5)
p; > 0.08 GeV/c, |ne| <11
Mee > 1.1 GeV/c?, B=05T

—— prompt — e*e” (x 0.2)

2 4 6 8 10 12 14 16 18

20

DCA,, (o)
nararu Appesniadser, WWND 2023

1/Ng, d®N/dm,dy (GeV/c?)"

'data'/cocktail
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E ALICE 3 Study . 3
- } L,=56nb 3
- 0-10% Pb-Pb, |5, = 5.02 TeV -
1 §TOF+RICH (4o, r€j),B=05T Syst. Uncertainties: =
E 0.2 <pTYe <4 GeV/e, Inel <0.8 D sig. ( 5%) + bkg. (0.02%) E
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= DCA =120 [ ot (15%) + LF (10%) 5
% eeeccecesso — Fit of the spectrum ]
L ]
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- ]
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Summary

 EM probes provide unique access to the hot and dense phase of the system
e Dielectrons are challenging but have a large potential with future experiments
e ALICE 2 and ALICE 3 will be ideally suited for detailed precision studies:

* Pre-equilibrium dynamics
* QGP temperature

e Early (initial) flow

e Chiral mixing

e Electric conductivity

10.02.2023 Harald Appelshdauser, WWND 2023
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10.02.2023

Pb-Pb 5.36 TeV

LHC22s period
18th November 2022
16:52:47 893

Harald Appelshduser, WWND 2023
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Backup

10.02.2023

Harald Appelshdauser, WWND 2023

43



Low mass: chiral symmetry restoration

LQCD: chiral transition region (T = 130-170 MeV) in confined phase
— observable via in-medium properties of hadrons, i.e. the p-meson:

JF=1,ct=1.3fm

- thermal radiation in the low mass region (m.. < 1 GeV/c?)

.o 1o
| ¥ I i ] & - Continuum M _
[ Continuum W | o [ N=16 o ]
0.8} N=16 © ~ 0.8} = v
[ N=12 © | 2 | N=l2¢ e 7
0.6 N=1000 g S e M v
“ L Nl‘:8 \% o L Nt:8 \ v
g 50 ol
0.4} & 04F
0.2} 5 02}
I S I
: 2 | i
i St 0.0 v «@% .
100 120 140 160 180 200 220 100 150 200 250 300 350
10.02.2023 T [MCV] Harald Appelshdauser, WWND 2023 T [MCV]

J. Borsanyi et al.,
JHEP 1009 (2010)
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Excess mass spectrum and QGP temperature

ALICE Lol J. Phys. G41 (2014)

E 2 ‘ ‘_A - T T T T T T T T T ‘ T T T T T T T T T T T T T T T T T =
= F . ] S [ POPb@\S,=55TeV Rapp Sum E
|: 1.8 - —— Statistical Error B 8 0-10%, 2.5E9 —— Rapp in-medium SF ]
& C G % Syst. from Charm = Rapp QGP -
= 1.6 & Cocktail ] .g' 10" Iiel <00ésé v/ —#— 2.5E9 'meas.' - ¢C - cockt. |
g ;’;fzgz; Syst. from Comb. | ) 8T0>< . :3; Syst. err. bkg. E
- k] Background 7 b= O <Py <3 E== Syst. err. cCT + cocktail
14— — K .
L i % r N
1.2 1 0-2 3
): excess spectrum 3
0.8 - 0% E
0.6 — - -
0.4 . 10 =
0.2 - -
B All done with DCA cut | o
L ‘ ‘ i 1 0'5 11 | ‘ L1 | ‘ L1 | ‘ |- — ‘ L1 | E L1 | ‘ L1 | |
CurrITSlowrate  New ITS lowrate  New ITS high rate 0 0.2 04 06 0.8 1 12 14
0-10% | 40-60% 0-10% | 40-60%, -10% -60%
( ) ( ) (0-10% | 40-60%) Mee (GeV/cz)

Fit to the IMR makes precise determination of T.¢ possible

10.02.2023 Harald Appelshdauser, WWND 2023
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Flow of QGP radiation

ALICE Lol J. Phys. G41 (2014)

— T T T L L L L L L L U B I I B | N 1 0 FT 17771 1T 1T 1T 1T T T T T 4
S 1075 PoPb @\/sy = 5.5 TeV Rapp Sum E o s | | 0.0< ‘p < :‘3.0 ]
8 = 40 - 60%, 5.0E9 —— Rapp in-medium SF 3 C tee ]
= Iy | <0.84 Rapp QGP ] i —=— Statistical i
%" e —i#— 5.0E9 'meas." - ¢T - cockt.
e m2 || P3>0.2GeV/e N
210 OTO <p. <30 Syst. err. bkg. = 1= |
% T Pree T E== Syst. err. cT + cocktail = E
E h C ]
T 3nb?! atlowB | | - iy
103 - - ,
g 40-60% E
E E 10-1 = =
- excess spectrum i C §
10 5 E B 7
- ] B =
i ] 1025 e 3
10°F = ; ;
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0 02 04 06 038 1 1.2 1 .42 0 0.2 04 06 0.8 1 1.2 14
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Statistical precision of v, measurement: 0.01-0.02
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Space-time evolution

* Transverse momentum spectra contain information on collective radial and elliptic
flow (T and v,)

* Mass dependence gives access to EoS of QGP

NAG60, EPJ C61 (2009) 711

% 1 a hadrons (n, p, ®, ¢) dimuons
s v LMR
3504 = LMR, w/o DY
L E ® IMR (this analysis)
300
250
200] + |
150+ T
1 In-In
1 dN_/dn>30
1OG““:h/‘n\““\‘“‘\““\““l
0 0.5 1 15 2 2.5

10.02.2023

Mass (GeV/c?)

Chatterjee, Srivastava, Heinz, Gale PRC 2008

0.10
0.08 |-

0.06

0.04 |

0.02 -

+

- Hadrons & Thermal Dileptons . -*

2

Q. -
"V (HM)
Au+Au@ 200 AGeV]

b=7 fm

0.00 L=

0.0

Harald Appelshdauser, WWND 2023
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EM spectral function

10.02.2023

Dilepton yield: space-time integral over thermal emission rate:

m,, (m,,q,u,,T)

dN o’

d*xd’q  2'm

— " (q,,T

ee

ALEPH, EPJ C4 (1998) 409

0.08 —— ] :
V and A spectral function in vacuum: & g o+ Vit—=>2nmv ]
. . o - Alt—> (2n+])7tvt]
chiral symmetry breaking R 0061 1 0(770) + cont.
<l a](1260) + cont.
. . . @ 0.04f 1
Spectral functions change in medium: & .
< L]
key to chiral symmetry restoration < ‘
y y y = ool 4 | i
. [ il
Tl e S
The messenger: p-meson modification Ol 1 .“
0 I 2 3
ct, = 1.3 fm s [GeV’]

Harald Appelshdauser, WWND 2023
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Chiral symmetry restoration

CSR <> vector-axialvector degeneracy (p-a,)
Axial-vector experimentally inaccessible (a;=2>my)

P. Hohler, R. Rapp, Phys. Lett. B731 (2014) 103

008 Vacuum T T=100 MeV T T=140 MeV
2 006 — Vector T — Vector T — Vector
= — Axial-vector —— Axial—-vector — Axial—-vector
<004
N
S§

002

0.00 T | | | | | ] i | | | | | | | | | | |

008 T=150 MeV T T=160 MeV T T=170 MeV
: 006 — Vector T — Vector T — Vector
= — Axial—-vector — Axial—-vector — Axial—vector
< 004f + + 1
»
SY

SR AN

00 05 10 15 20 25 30 35 0 05 10 15 20 25 30 35 0 05 10 15 20 25 30 35
s (GeV?) s (GeV?) s (GeV?)

Vector spectral function in medium exhibits p — melting
Towards CSR: connection to axial vector requires constraints from theory (LQCD, sum rules)

- Possible at ug=0
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SPS — p-melting

* Dielectron yield in A-A shows significant low-mass excess over hadronic decays
CERES, PLB 666 (2008) 425

104 T
CERES
0-7% Pb-Au Vsyy=17.6 GeV

—
<
&

<dN,./dm,.>/<N_,>(100 MeV/c?)"
3

107 |8

10°®

2772 16
m,, (GeV/c?)
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SPS — p-melting

* Dielectron yield in A-A shows significant low-mass excess over hadronic decays

CERES, PLB 666 (2008) 425
e g OA—

}10-45“““““‘ T T =~7:1.8i(1‘ T L L I B B
N CERES > ) cocktail p
9 0-7% Pb-Au Vsy,=17.6 GeV s 1ef|l L dropping p mass
o 8 [ | \ — . . ]
S | - r in-medium hadronic
= 10 E x 141 \\ ]
z T 2|l CERES ;
A L 0-7% Pb-Au Vsy,=17.6 GeV
£ 10° e g 1 ]
3 z M
3 v 08[]
l 7\
107 /8 \ E 08f] \\ % ]
Hl == \\ i ] 0.4 }; \/’: ‘% \\%
\ 3 s |—eo— 1 / .
o, / ] e T
\ 0.2 -~ |
-8 1 4 El '~ ]
10 L 7 ATV A H‘\”HE ”\LA%\ et ]
12 14 16 0 02 04 06 038 1 12 14 16
m,, (GeV/c?) m,, (GeV/c?)

* Excess is compatible with strong in-medium modifications of the p-meson, well
described by hadronic many-body theory
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SPS — p-melting

* Dielectron yield in A-A shows significant low-mass excess over hadronic decays

CERES, PLB 666 (2008) 425 NA60, EPJ C61 (2009) 711
. 104 T e > 35000
9 CERES s | cocktail p ® [ In-In NABO .
2 0-7% Pb-Au Vsyy=17.6 GeV = 1-6*1\\ --------- dropping p mass = ool — in-medp
8 . 2 14i| | —— in-medium hadronic | & - <dNgy/dn>=140 - AT MiX
< 10 E r ll | {1 = o allp, —-—-QGP
3 ¥ 120 | CERES g 0D
A y o i ; = ] - - .
b : 1;: \\ 0-7% Pb-Au Vs\y=17.6 GeV | S a0 Hees/Rapp o in-med(wsd)
5 10' 1 3 -
} g’ [l — 2 r
3 v 08 l \ 1 © 1500
107 ] 8 \ . 0.6 }I' \ ] g
; \ ] o\ TR ] 1000
‘ i ] 041 N ' ] -
| V2R ] i { g % ] 500}
10° I %20 A fﬁ 1 -
. N\ i o N T T ”,»"" R J_Am = gt ] 07 Ll
12 14 16 0 02 04 06 038 1 12 14 1.6 0 0.2 0.4 0.6 0.8 1 1.0 1.4
Mee (GeV/c?) m,, (GeV/c?) M (GeV)

* Excess is compatible with strong in-medium modifications of the p-meson, well
described by hadronic many-body theory
e Confirmed by high-precision dimuon data — p-melting established
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RHIC Beam Energy Scan (BES)
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STAR arXiv:1810.10159
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STAR measures Au-Au in fixed-target and
collider mode in 3.5 < Vs, < 200 GeV
Results from BES1 available

BES2 ongoing
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Mapping the QCD phase diagram with dileptons
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T. Galatyuk, Quark Matter 2018
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Detailed mapping of the QCD
phase diagram with dileptons
expected in this decade
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Mapping the QCD phase diagram with dileptons

10.02.2023
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Detailed mapping of the QCD
phase diagram with dileptons
expected in this decade

What happens at the energy
frontier?
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Heavy-flavour cross sections in pp

10.02.2023
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[ Vs=13TeV: Phys. Lett. B788 (2019) 505 ] 1oof. V5= 13TeV:Phys. Lett. B788 (2019) 505 =
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[ Single heavy-flavour hadron measurements: ] [ Single heavy-flavour hadron measurements: 7
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*  PYTHIA and POWHEG give systematically different results
- access to different production mechanisms
*  Compatible with FONLL calculations
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Photons puzzle
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Direct photons (at RHIC) show:

* large yields (indicative of early emission)

* large collectivity (i.e. v,, indicative of late emission)
* Hard to reconcile in models

« ,Direct-photon puzzle”

* Worst case: Early QGP radiation could be outshined by late hadronic processes
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* Early and late emission times of photons are not separable
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Hadronic radiation - HADES

* Large enhancement in Au-Au at Vsyy = 2.42 GeV
e Excess compatible with hadronic thermal radiation and a strong medium modification of the p
* Exponential fit yields T=71.8 £+ 2 MeV

HADES Nature Phys. 15 (2019) 1040
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Excitation function

* Large enhancement in Au-Au at Vsyy = 2.42 GeV
e Excess compatible with hadronic thermal radiation and a strong medium modification of the p

* Exponential fit yields T=71.8 + 2 MeV Rapp, v.Hees PLB 753 (2016) 586
HADES Nature Phys. 15 (2019) 1040
C ey F T P [P i )
10°2 % A+ Au Sy = 2.42 GeV N AU+ AU (5 = 2.42 GeV 0-40% %250 C ARl : T a )
iy 0-40% NN ref., , @ subtracted E — i H » -
i 10 KT=71.8 +2.1 MeV ~ r H T=205:12eM~"
ol - L /Il‘ ABC -/,.??%
_ ; . = Au + Au back tracking — 200 . A-.. ]
;ﬂ - ; Sy . % ® Au + Au ring-finder “:": In-medium p: r r’ - H i
E Ef = G4 E'E g = NN reference E 1074 ? — gg EF;/IA_Tean e B ji .E— ___I—
S ool Zg : k — CG stiasi 150F et
% B @ =\ B :%3] g-,E L \\ pooll. broad. + 4 + = v
S it »‘;“ ] —~—— bremss. (NN, 7N) - /o
TE - il H gt h 100t Lo :
z ; 5 | £ P N Ry i i
ool sk BT S / _— ‘FAE EsT Y =T
i 5 s i / r i : Uinitial
] ) | [ 50 [ _=
9 o, 107 £ Vacuum p: - ¢ -|
- - : [ —-weo - =7 Islope
: | | \ [ ] \ i \ }/ R S‘MASH | O' : i : i
SN | TS AR IR B 110 T S I TR N I o | | L 1 L 1 i i i
R 02 0.4 0.‘6 08 1.0 1.2 02 0.4 0.6 08 1 2 3456 10 20 30 100 200
M, (GeV ¢ ) M, (GeV ™)

Collision Energy |s,, (GeV)
* Energy dependence of temperature measurement may reveal

a plateau in the caloric curve, suggesting 1st order phase transition
e Systematic beam energy scan is important
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Dielectrons from charm and beauty
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Photons or dileptons

» Photon measurements are limited by systematics: large background from m° and n decays

* Dielectrons suffer from statistics (additional factor agy,), systematics dominated by
combinatorial background and hadron decays

A AVAVAVAVIY q —TVVVVY q>’MV*A;<e
g 00000000 q q —I00om 9 q €

2
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* Photons integrate over space-time evolution, different collision stages cannot be distinguished
(aka direct photon puzzle)

* Dielectrons do as well but carry mass which can serve as a clock
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