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THERMAL DILEPTON RADIATION AS MULTIMETER OF THE FIREBALL

Lifetime via low-mass yield

TECHNISCHE
UNIVERSITAT
DARMSTADT

— search for "extra radiation” due to latent heat around phase transition (& critical point?)

« Temperature via slope of invariant mass spectrum

Q0

— flattening of caloric curve (T vs ¢) sign for a phase transition

* Pressure anisotropies via dilepton flow
— access to EoS at high baryon density via multi-differential measurements

« Spin polarization allows to distinguish different sources of thermal dileptons
— access information on production mechanism

« Electric conductivity probed in the limit p,, = 0 MeV/c, M, — 0 MeV/c?
— access to transport properties of QCD matter

Dileptons are rare probes — high-rate, high-efficiency detectors
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HADES EXPERIMENT
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« High-Acceptance Di-Electron Spectrometer

« Designed with a minimal material budget to
reduce conversion

- Large angular coverage: START VETO

e 15° <9 <85° ‘2
0% < < 360° | MDC il

* Accepted trigger rate up to

MDC IV

» 16 kHz for heavy-ion collisions
* 50 kHz with proton/pion beam
» Dedicated components for e*/e”:
* Time-of-Flight measurements
* Ring-Imaging Cherenkov Detector
» Electromagnetic Calorimeter

HADES allows for high efficiency
and high purity electron sample

RICH Magnet TOF
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HADES LEPTON IDENTIFICATION PERFORMANCE

» Reconstruction efficiency ~ 70%

» Purity above 90%

« Hadron suppression of ~ 107>

 Ag+Ag runin 2019

* NJ& =~ 1.5 -10° for /Syy = 2.55 GeV (28 days)
* NJ¢ = 1.5 -10° for /syy = 2.42 GeV (3 days)

before cuts

after cuts
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STEPS TO ISOLATE THERMAL RADIATION
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(Z_I EI LI | L I L | L | L | L | L | I: RICH photodetector upgrade
—_ _ADC°

O 107° 7 Ag+Ag YSyy=2.55 GeV 0-40% = « Employing CBM at FAIR technology
= o HADES work in progress : (CBM FAIR phase-0)

L 57k LS .

E : ‘.% E

— ‘ [ A 0 ) Efficiency correction

E 0 EL m —g NN reference subtraction

E 9 5 O..ooo ) . Freeze-out cocktail subtraction

10 3 %, | = . .

S % : e « Simulated using Pluto event generator
Z,Io_m; NS ) b with measured/estimated multiplicities
-C; = a0, E Acceptance correction :
* f B .

S107F e 1t 3
1072f B B :
= —=—raw signal A =
131 ore > 9% P, > 0.1 GeV/c “‘“‘ B
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DILEPTON INVARIANT MASS SPECTRA FROM HADES TECHNISCHE
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« Clear excess visible above contributions from initial NN reference and freeze-out cocktail
Au+Au at \/syy = 2.42 GeV Ag+Ag at \/syy = 2.42 GeV Ag+Ag at \/syy = 2.55 GeV
F ‘Z_\ - L . | U LI | T ] = - ‘LI e B I By B B B B B
10 |3 QEIOQ,UW =2.42 GeV c:'(:? 10—3|;_ Ag+Ag |s\=2.42 GeV 0—40%?; I Ag+Ag |/s\=2.55 GeV 0-40% |
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— analysis of NN measurement at the
same collision energy ongoing
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DESCRIPTION OF THE SPACE-TIME EVOLUTION
 Bulk observables are reasonably well described by simulations
 Hydrodynamics at high collision energies

« Microscopic transport model at low collision energies

« Pure transport simulations struggle to describe dilepton data
* “shining” or time-integration method

« “Combination” of hydrodynamics and transport model: coarse-grained transport

« Simulate events with a transport model & take ensemble average to obtain smooth
space-time distributions

* Divide space-time into 4-dim. cells

« Check if cell is thermalized (— enough interactions)

« Extract baryon density pg, medium velocity i, and temperature T (— m; spectra of pions)
« Calculate dilepton rates based on these inputs per cell

« Space-time integration via summation of the contributions from all cells
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV Ulsclpl Isiely:

UNIVERSITAT
DARMSTADT
t=1.0fm/c PP, T (MeV)
1 80
10 60
107 40
5
3
= 0
N
-5
-10
-10 -5 0 5 10 -10 -5 0 5 10

X (fm) X (fm)

24 May 2024 Florian Seck for the HADES collaboration | CPOD 2024 | 20-24 May 2024 | Berkeley, USA 9



BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV

t=18.0fm/c UG

80

10 "

40
5
E o

N
-5
-10
-10 -5 0 5 10 -10 -5 0 5 10

X (fm) x (fm)

24 May 2024 Florian Seck for the HADES collaboration | CPOD 2024 | 20-24 May 2024 | Berkeley, USA 9



TECHNISCHE
UNIVERSITAT
DARMSTADT

BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV

1=20.0fm/c UG

80

10 "

40
5
E o

N
-5
-10
-10 -5 0 5 10 -10 -5 0 5 10

X (fm) x (fm)

24 May 2024 Florian Seck for the HADES collaboration | CPOD 2024 | 20-24 May 2024 | Berkeley, USA 9



BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEV TECHNISCHE
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV
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BARYON DENSITY AND TEMPERATURE PROFILE IN AU+AU AT 1.23 AGEYV

24 May 2024

1=28.0fm/c

T (MeV)

80
60
40

0 5 10 10 -5 0
X (fm) x (fm)

Florian Seck for the HADES collaboration | CPOD 2024 | 20-24 May 2024 | Berkeley, USA

10

TECHNISCHE
UNIVERSITAT
DARMSTADT



electromagnetic TECHNISCHE
/ DARMSTADT

dNy aom L(M?)

_ B
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« p-meson spectral function broadens vacuum medium
« Additional contributions to the self-energy in the medium /_Lf\ /_7_[\ N*
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COMPARISON OF THERMAL EXCESS DATA WITH THEORY TECHNISCHE

UNIVERSITAT
DARMSTADT
 Good agreement between experiment and theory for excess radiation
Au+Au at \/syy = 2.42 GeV Ag+Ag at \/syy = 2.42 GeV Ag+Ag at \/syy = 2.55 GeV
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QCD PHASE DIAGRAM PROBED WITH DILEPTONS TECHNISCHE
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» Trajectories from coarse-grained UrQMD —
> . Quark-gluon
= i lasma
 Measured average temperatures from v1 OO. P
HADES well above universal freeze-out o Ag+Ag 2.55GeV
. o A ~— 8 i
region = S, S
g 80 Mo, : { Ag+Ag 2.4 GEVIBREI A s AU 2.4 GeV
[ e'e -
S l\ [fY (X 2N
&
) 4/4,\ % /\Au+Au 2.2 GeV
— 60+ s, i __\\ \ \ N
- G, L \\ A
—— Y \\ N /
L = \ \
i AN
Hadrons \'\\
20
_ Nuclei
O L L 1 n " 1 L 1 1 n L 1 " n 1 L n L 1 L
FO curve: J. CIeymarﬁs, K. Redlich, Nucl. Phys. A 661 (1999) 379 750 800 850 900 950 1 OOO
Ao +AQ data, HADES praimimary. Baryochemical potential (MeV)
figure: FS, T.Galatyuk
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DILEPTON FLOW

proton v,

(q] \\\\HI‘ I II\\IH| I I

Z—g « (1+ 2).,v,cos(ng)), with v, = (cos(ng)) T 4}%

* Azimuthal anisotropies with respect to reaction plane

manny T T T
HADES (auau) Protons (10-30%) |

|

]

® FOPI (auau) Protons (15-29%) m
1 FOPI (auaw z=1 (20-30%) —
2= INDRA (auAu) =1 (b=55-7 5m)  —
L]

. . EOS (AuAu) Protons —
* Interplay between medium 4-velocity u and temperature T 0.05 |

in-plane _|

T)Imllgy(M,q,T, ug)

EB895 (auau) Protons (12-25%)
ESTT (AuAu) Protons

E877 (auauh n
Star FXT (auAu) Protons (1040%)
Star FXT (auAu) Protons (0-30%)
Star BES (auau) protons (10-40%) |
Star BES (auau) v (10-20%)
Star (auvau) h* (0-60%)
PHOBOS (auau) h* (0-60%)
NA4S (PoPb) Protons (12.5-33.5%)

- Dileptons probe earlier times (high pg, high T) compared o1l out-of-plane CERES R T

tOhadroanOW \\HHI‘ IIHIH| II\II\I‘ | I\\HH‘
10" 1 10 107

Possible sensitivity to the EoS at high g HADES coll., Eur. Phys. J. A 59 (2023) 4, 80 | Sun2My (GeV)

R. Chatterjee et. al, Phys. Rev. C 75 (2007) 054909
G. Vujanovic et al., Phys. Rev. C 89 (2014) 3, 034904

+ 0+ H

* Pressure anisotropies in underlying space-time evolution ~0.05
— collective velocities of medium cells

O =Nl <
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DILEPTON V2 IN AG+AG COLLISIONS

M., < 0.12 GeV/c?: inclusive yield dominated by 1% decays
» Dilepton v, consistent with charged pion v,

o 0.15; : — e QLTB| | ea QLT5] oo
= [ Ag+Ag |5,,=2.55 GeV 10-40% > I Ag+Ag |s,,=2.55 GeV 10-40% > Ag+Ag |/5,,=2.55 GeV
(oY} 0,15 T T T | T T 11 | TT T T ] T T 711 | TT 11 ‘ T T 11 | T T 11 | T T 1T r HADES work in progress ) I HADES work in progress 7 I HADES work in progress 1
_ o T 0.1 Mgs <120 MeV/ic? — 0.1 Mgzs < 120 MeV/c? 3 0.1 Mg < 120 MeV/ic? —
Ag+Ag SNN_2'55 GeV 10-40% | ol E E E E 1
01 HADES work in progress i 0,05_} ] 0.05] ] 0.05] ]
Oi_h_.}-# ] Oﬁfw 0—=’=El£—-—_._j
r — t 4 B == - ] B B e
0.05 -0.05] ey ] -0.05[ | -0.05[ ]
: Fo—y e Foe ] Foe ]
0.1 ——m 0.1 ——m* 0.1 —=—m*
- o ——T . - —— T g - —— T
1 _01:T | | 1 _01ril.‘ R [P I vl 1 _01:7.”I vl b b b b bea i
0 """"""""""" Y0 200 400 600 800 1000 208 -06-04-02 0 02 04 0.6 08 ] 5 10 15 20 25 30 35 40

P, (MeV/c) L= Dy Centrality (%)

M., > 0.12 GeV/c?: inclusive yield dominated by thermal radiation
» Dilepton v, consistent with zero — early emission

_01 N0.15L T T ~ 0.15 L LI UL L | N0.15"‘| LU L L L LU LI L L B L
- _ > Ag+Ag /s, =2.55 GeV 10-40% > Ag+Ag |sy=2.55 GeV 10-40% > Ag+Ag |'s,=2.55 GeV
] r HADES work in progress 1 HADES work in progress 7] I HADES work in progress 1
- 0.1 Mee > 120 MeVic? - 0.1 M, > 120 MeV/c? . 0.1 My, >120 Mevie? ]
015 \\|||H|||\|\|\|H|||\|‘|H\|||H|\|\J | : -
Y0 0.1 02 03 04 05 06 0.7 0.8 0.9 %N - ; o0 ;@ { = 0 %
2 0= ! ; : o = H= H 0 J
M,, (GeV/c i f PSS CeRE Rt S o ===
-0.05] e —0.05| = —0.05}
Py R o ] o
0.1 ——mn* 0.1 ——m* 0.1 ——m*
Fo—— T . - —— T g - —— T
_01:T | | 1 _01:7I.‘ R [ I v 1 _01:7.”I vl b b b b bea i
Y0 200 400 600 800 1000 208 -06-04-02 0 02 04 0.6 08 ] 5 10 15 20 25 30 35 40

p, (MeV/c) 7= Centrality (%)
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Decompose spectral function using projectors for a spin-1 particle pgy, = p, P} + pr P~ with g, pgy = P + 2p7

VIRTUAL PHOTON POLARIZATION

Angular distribution of single lepton in y* rest frame depends on polarization of y*

E. Speranza et al., Phys. Lett. B 782, 395 (2018)

AN . .
= N (14 2gcos®0 + A, sin®B cos 2¢ + Ay, sin 26 cos @) E. Bratkovekaya of ol Prys. Lot B 376, 12 (1096)

d*x d*q dQ
Different virtual photon production mechanisms imprint different anisotropy parameters A

A coefficients related to between of spectral function:

Rotational symmetry of static thermal medium broken by virtual photon’s momentum direction

For moving medium: transform local coefficients to global frame accessible in experiment — comparison to data

Z
& FS et al., arXiv: 2309.03189

QM23 talk
Zhx center of mass frame ﬁ local medium
.. rotation angles y, &, w
of the collision restframe
Illabll “< Y
beam 1 beam 2

z
HX, CS, ...

X 3

y* rest frame

24 May 2024 Florian Seck for the HADES collaboration | CPOD 2024 | 20-24 May 2024 | Berkeley, USA 15


https://indico.cern.ch/event/1139644/contributions/5453412/attachments/2709266/4706227/fseck_qm23.pdf

TECHNISCHE
UNIVERSITAT
DARMSTADT

« HADES measured anisotropy coefficient Ay of excess radiation in Ar+KCI collisions at 1.76 AGeV ({/syy = 2.62 GeV)

COMPARISON TO HADES DATA

» Polarization largely survives evolution of the expanding medium

* Best fit to data gives Ag = 0.51 + 0.17 and Ag = 0.01 £+ 0.10 in the two mass windows

« Calculation result gives A5 = 0.32 and Ag = 0.01 respectively PADES coll, Phys. Rev. © 84, 014902 (2071)

T. Galatyuk et al., Eur. Phys. J. A 52, 131 (2016)
FS et al., arXiv: 2309.03189

% [ 015GeV/icz< M, <05GeV/iez [ M., > 0.5 GeV/c?
- c B =
4 = 15}= — l !
e -
= : | | 4] '!]
= | |
2 — I I
AN - & HADES data [
B 5 . o)
X_  =—fittodata - . 4
> 05— |
° - = CG + thermal, all p_ =
zZ = B
© | =='CG + thermal, pT>0.25 GeV/c R
e
1 2 3 1 2 3
o oy
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COMPARISON TO NAG6O DATA

NA60 measured polarization coefficients Ag, A, and Ag, of
excess radiation in the CS frame in In+In collisions at 158 AGeV

Space-time evolution via isentropic fireball model with transition

from QGP to hadronic rates at T=170 MeV

isotropy arguments

S2SgEprrT T T T g
§ }\CSj 0.8
<& 2k O Fos
- 1 0.4
1.50 - o2
. 1 -0
i + 02
l 15=-0.4
0.5 0.6
0.8

o) IFHRPIE PR AR SN B | 1

04 06 08 1 12 14

24 May 2024

= 0.5
<

0.4
0.3
0.2
0.1

=01
-0.2
-0.3
-0.4

NAGBO coll., Phys. Rev. Lett. 96, 162302 (2006)
R. Rapp, H. van Hees, Phys. Lett. B 753, 586 (2016)

Good agreement between data and theory — size and trend
Near absence of a net polarization not related to thermal

T T T ‘ LI B | T | 1 1 T T 1 1 T I LI ]

- CSframe ~ —™°

F — QGP

? — sum E

;!-“‘\__
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y 0‘5|11|5é25
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l
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—_
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data points: NAGO coll,, Phys. Rev. Lett. 102, 22230
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1 (2009)

0.4 GeV/c* < M,, < 0.6 GeV/c?
P, > 0.6 GeV/c

|
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e
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.+.
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0% 0%
F. Seck et al., arXiv: 2309.03189 17
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Predictions for Ag in Ag+Ag at \/syy = 2.55 GeV
Anisotropy coefficients integrated over p; in several mass ranges

= AREY OLREST AR
3 A'e 0.8
o 1.6 1 ~o0.6
1.4 —E —0.4
1.2 —f —0.2

1 1D
0.8 1 02
0.6 3 -0.4
0.4 -0.6
0.2 -0.8

% 02 04 06 08 1 12 14

M (GeV/c?)

HX (arb. units)

!

dN/dcos8

_[I\I[I‘ll[l\II[IIWII\I}II\'WII‘IWI'\II_
180 Ag+Ag (S = 2.55GeV 0-40% 7
1ok integrated over full p; -

- range .
1.4F g
1.2 .

:._____________ ____________._.Z

1?.-—-———— —
0.8 -
0 Si — 0.15 GeV/c? < M., < 0.30 GeV/c?: A, = 0.45 ;

' : 0.30 GeV/c? < M,, < 0.45 GeV/c% A, = 0.23 !
0-4:_ —— 0.45 GeV/c? < M,, < 0.60 GeV/c?: X, = 0.06 B
0.2~ —— 0.60 GeV/c? < M,, < 0.80 GeV/c? A, = -0.05 -

G:\.\I.\.\..\I\..\..\I.\.\..‘I\..\.\.I\..:

=1 -08-06-04-02 0 02 04 06 08 1
cosf™*

Multi-differential measurements of the virtual photon polarization
— large datasets needed: CBM, NA60+ and ALICE3
» Search for onset of QGP
* p-a, mixing vs. QGP around M, ~ 1.1 GeV
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PREDICTIONS FOR AG+AG COLLISIONS & FUTURE EXPERIMENTS
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LOW-MASS LOW-MOMENTUM DILEPTONS

» Color superconductivity could manifest itself in an enhanced

yield of low-energy dileptons

 Thermal dileptons encode information on matter properties
« vyield in p,, = 0 MeV/c, M., — 0 MeV/c? limit

proportional to conductivity

 Large

— experimental constraints highly desirable

 Determines time evolution of electromagnetic fields

generated by spectators

* Important for effects related to presence of strong

magnetic fields

electrical conductivity

2 1: pEM(qO'C_I) — O, T, :uB)
e“ lim

O-el(T) = = g0 a0

R. Kubo, J. Phys. Soc. Jap. 12 (1957) 570-586

G. Moore, J. Robert, arXiv:hep-ph/0607172 [hep-ph]
24 May 2024
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p: 10710 UNIVERSITAT
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10-16 ‘ T. Nishimura et al., arXiv:2201.01963 (2022)
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EXPERIMENTAL CHALLENGES

 Low momentum lepton tracks bent out of acceptance by magnetic field

Photon conversion suppressed via opening angle cut

Physical background of m° and n mesons

Step towards measurement:
* Dedicated Ag+Ag test run at HADES with low magnetic field
* New Au+Au at /syy = 2.23 GeV data recorded this year with 50% field + low field run scheduled for 2025

5% of max. field raw signal spectrum
£T3 0.6 T 0.6 e T————— T [ ———————————
—~ 5 = [ Ag+Ag |[5,,=2.42 GeV, 0-40%, | = 200A b 33 10 Ag+Ag \8=2.42 GeV, | = 200A, 0-40%3
% N % L HADES work in progress S SRS .
0] 0.5 0] 0.5 i e g M © 10 0y > 9, p, < 0.8 GeVic
~— - el - i =Z = (D =

g0 4: gO 4: ; e 3
— - [} .
Q B Q B % 1 0_4 :ELQ% pairs E
0.3 0.3 FE < 10_5;
- ; % 10 Zz f
0.2 0.2 ~
: — = 100
0.1 0.1
region of interest [ 10”7
— | L epoooil N e e 1
OO 0.05 0.1 0.15 0.2 00 0.05 0.1 0.15 0.2 0 0102030405060.70.8
M., (GeV/c?) M, (GeV/c?) M, (GeV/c?)
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« HADES provides high-quality data of the di-electron
production in elementary and heavy-ion collisions at
SIS energy regime

Quark-gluon
plasma

—h
o
T o T T

Ag+Ag 2.55 GeV__

L — T
&,
{ Ag+Ag 2.4 GeV__ 8L Au+Au 2.4 GeV

o 2 f /Y/ _ o

—_—

« Unique possibility of characterizing the properties of
baryon dominated matter with multi-differential
measurements of penetrating probes

« Establish thermal nature of the radiation

@)
o
]
\,1%
S
(o)
<

Au+Au 2.2 GeV

Temperature (MeV)

(@))
o
-
&
GQ
o
A

£ \ / \\

| Q@k L - ¥ \ B, b
* Flow, polarization, transport coefficients [ \\\\\ /
+ Possible new phases at high g 40} g \\\\ )

Hadrons \‘\\
201
: Nuclei
0

750 800 850 900 950 1000
Baryochemical potential (MeV)

FO curve: J. Cleymans, K. Redlich, Nucl. Phys. A 661 (1999) 379
Au+Au 2.4 GeV data: HADES, Nature Phys. 15(2019) 1040
Ag+Ag data: HADES preliminary

figure: FS, T.Galatyuk
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STATIC THERMAL MEDIUM

* Rotational symmetry only broken by virtual photon’s momentum direction

__Pr—PL

« In the helicity frame HX the only non-zero coefficientis Ag = p— . Baym et a1, Phyo. Rev. C 95, 044907 (2017
T+PL s Rev 05
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POLARIZATION IN STATIC MEDIUM TECHNISCHE
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Strong dependence on mass, momentum and baryon density for hadronic medium
Rather small polarization for QGP except for M., < 0.5 GeV/c? approaching the photon point

inmed. p: T=80 MeV, ng/ny=0.2 inmed. p: T=80 MeV, ng/ny=2.1 QGP: T=170 MeV
HX'
191
0.5
0
-0.5
>
@
S
o
1 0.5 1
M (GeV/c?) M (GeV/c?)
FS et al., arXiv: 2309.03189
24 May 2024
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POLARIZATION IN MOVING MEDIUM

» Helicity frames (HX’) of individual local fluid cells misaligned

« Transform local coefficients to global frame — accessible to experiment: HX, CS, ...

center of mass frame _ local medium
.. rotation angles y, §, w
of the collision v

restframe
ulabu 4’4
beam % 1=
g | beam 2 \)a’a@\ | 0"':0:;7 ;
ra Z ay Z'

HX, CS, ... ~ e HX'

)\e XG

Ao Aeg

L 1

Ao Ago

xﬂ/g X?/<
beam*?2 beam 1
beam 1
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RESULTS FOR IN+IN COLLISIONS AT SPS ENERGIES

* NAB0 measured polarization coefficients Ag, A, and g, of excess radiation in the CS frame in In+In
collisions at 158 AGeV beam energy

NABO coll., Phys. Rev. Lett. 96, 162302 (2006)
R. Rapp, H. van Hees, Phys. Lett. B 753, 586 (2016)

» Space-time evolution via isentropic fireball model with transition from QGP to hadronic rates at T=170 MeV

« Strong dependence on the polarization frame as function of mass and momentum

—6'-25_ L L L L AL L |_ 1 —6'- T T T T T T T T ] |_ 03 TRERERE A L R |_ 01
3 | }\CS ®os 2 }\CS ] }\'CS ®o.08
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COMPARISON TO NAG6O DATA

Good agreement between data and theory — size and trend

data points: NAGO coll,, Phys. Rev. Lett. 102, 222301 (2009)

1al 04 GeV/c? < M, < 0.6 GeV/c? | 0.6GeV/c®< M, <0.9GeV/c?
« Near absence of a net polarization g [ P osCeve P> 06Gevic
« not related to thermal isotropy arguments g 12 :F—l— N
« thermal properties of the EM spectral function 8% 1 |+ #F“%ﬂ%
LT :_
* Best fit to data gives Ay = —0.10 + 0.24 and Ay = —0.13 £ 0.12 =] Tt l§?6%dfta -
in the two mass windows © 0.6 — FB + thermal L
« Calculation results in Ag = —0.04 and Ay = 0.01 respectively e e L
|cos(6°9)| |cos(679)]
 Best fit to data gives A, = 0.05 + 0.09 and A, = 0.00 £ 0.06 in | 4L 04GeV/c2 < M,, <06 GeVic? - 0.6 GeV/c? < M,, < 0.9 GeV/c?
the two mass windows _f Proeceve [ Pr>068Gevie
e Calculation results in A, = 0.04 and A, = —0.01 respectivel € tep -
"" "" Y g 1ts o 4
E 1_ i | _+_ + 1 :
- Best fit to data gives Ag, = —0.04 + 0.10 and Ag, = 0.05 +0.03 & | : - i
o
in the two mass windows 2 %°C1 #'naso data -
|| =— fitto data i
 Calculation results in A9, = —0.02 and Ag, = 0.01 respectively 0.6 - — FB + thermal L
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3 3
7] 9°°)
F. Seck et al., arXiv: 2309.03189
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EXPERIMENTAL DIFFICULTIES

« Virtual photon polarization influences detection efficiency

« Efficiency + acceptance corrections need to be done carefully

* Wrong efficiency evaluation can lead to wrong sign of polarization

W]
17
0.8
0.6 — True
I Evaluation 1
e Y — Evaluation 2
0.2-
O \\I\ll'rlll".l\l\‘\\\\‘l\ll‘IIII‘I\\I
0 1 2 3 4 5 6
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orrection with bad efficiency evaluation

correction with good efficiency evaluation c
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PROSPECT OF DISENTANGLING HADRONIC AND PARTONIC SOURCES

« Polarization plays important role in exploring the mechanisms underlying EM emission

* Multi-differential measurements of the virtual photon polarization

* resolve mass, pr, rapidity, lepton emission angles 6;, ¢, — large datasets needed

* future high-rate experiments CBM, NA60+ and ALICE3
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