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Experimental overview of electromagnetic probes

Klaus Reygers, Heidelberg University
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Why electromagnetic probes?

Direct information about the medium, not affected by hadronization
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figure credit: MADAI collaboration, Hannah Petersen and Jonah Bernhard

different information about the medium

v, v, W, 2 than from light-quark and heavy-quark opbservaples
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Why electromagnetic probes”?
Different aspects of electromagnetic probes

Initial hard scattering
» Test Neol Scaling

» effective QGP temperature % » Constrain nuclear PDFs |
» Demonstrate 7> Tpe = 156 MeV 1 » Study energy loss: y/Z-tagged jets

» Constrain space-time evolution

Thermal radiation mean free path = 500 fm

Chiral symmetry restoration

Preequilibrium phase (dileptons)
» mechanism of equilibration » 0 broadening
» transition to hydro phase » constrain mechanism
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A central goal ...
Temperature through the measurement of thermal radiation

CMB black-body spectrum (COBE)

‘-"M" Ny
4 \ T=273 K

» Precise data
» Theoretically understood

s "
\ » One of the pillars of cosmology
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Thermal radiation

Basic expectations: direct photons

Thermal radiation expected to dominate
for pr < 2-3 GeV/c

Inverse slope parameter e affected by
blueshift: Teff > Toc does Not necessarily
indicate QGP formation
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Possibly significant contribution of
preequilibrium photons for pr =z 3 GeV/c

X I

E dN/d'p [GeV']

Turbide, Rapp, Gale,
Phys. Rev. C 69 (014902), 2004

10’
10° Central Au+Au (s “=200AGeV)
10"
10
10
10 ’
10° | e Hadron Gas
e QG P (T.=370MeV)
10°® ' ~inihial pQCD (pp)
Suim
0 1 2 3 4
o [GeV]
late early

probed time scale

G. David, Rept.Prog.Phys. 83 (2020) 4, 046301
A. Monnai, 2203.13208
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http://G.%20David,%201907.08893
https://arxiv.org/abs/2203.13208
https://arxiv.org/abs/hep-ph/0308085

Thermal radiation

Basic expectations: dileptons

0 meson sensitive to surrounding medium

(To = 1.3 fM/C < Tiirebal)
0 broader in hot baryon-rich medium

Connection between chiral symmetry
restoration and p melting

Mass region 1.5 < Mee < 2.5 GeV sensitive to

blueshift)

NAGO: [ =205 + 12 MeV

effective QGP temperature T (not affected by

In-In, fit range 1.2-2.0 GeV, AIP Conf.Proc. 1322 (2010)

temperature extraction in 1.5 = Mee =

Preequilibrium contribution could affect

2.5 GeV

CERN Yellow Rep.Monogr. 7 (2019) 1159
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https://aip.scitation.org/doi/abs/10.1063/1.3541982
https://arxiv.org/abs/1812.06772

L ow-p7 direct photons



Low-p7 direct photon spectra: status at

Photon excess above pp/pQCD at low pr

B | | | | | | | | | | | | | | B
10° Direct photon data in Au+Au 0-20% at \'s,, = 200 GeV -
o
— = PRC 91, 064904
'. » PRL 104, 132301
. ¢ PRL 109, 152302
1 . == N, scaled p+p fit
% 100 ‘J- Direct photon data in p+p at |'s,,, = 200 GeV -
S - \ g - PRC 87, 054907
@ - > PRL 104, 132301
g - [\l . PRC 87, 054907
-; - — p+p fit: PRC 98, 054902
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P GeV/c]
PHENIX: PRC 91, 064904 (2015), 2203.12354

Ay

RHIC (pre-QM 2022)

Various direct photon measurements in different
systems from PHENIX

=xcess above pQCD / scaled pp reference
for pr < 4 GeV/c

=xcess above pQCD has exponential shape

Terf ~ (240 £ 25) MeV in central Au-Au at 200 GeV
(0.6 < p7 < 2 GeV/c)
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https://arxiv.org/abs/1405.3940
https://arxiv.org/abs/2203.12354

Low-pr direct photon spectra: status at the LHC (pre-QM 2022)
Same trend as at RHIC, relatively large uncertainties

20.0
—— scaled pp NLO pQCD [eff ~ (297 + 12stat + 41 syst) MeV
17.5 exponential fit « prexp(—pr/Te) 0.9 < pr< 2.1 GeV/e, pQCD subtracted)
T Ter=(297 £ 12 + 41)MeV
' 15.0- direct photons, Vair Significance < 30 (a start ... )
S ¥ Pb-Pb, 2.76 TeV, 0-20% (ALICE)
L L . .
% 12.5 - Smaller uncertainties highly desirable
S
; 10.0
<
Q 7.5
O
X
< 5.0-
O
2.5-
0.0 ALICE, Phys. Lett. B 754 (2016) 235

08 10 12 14 16 1.8 2.0 22 24

pr (GeV/c)
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https://arxiv.org/abs/1509.07324

Direct photon puzzle

Part |: Low-pr yields not described by state-of-the-art models

10l * - L L ~ Yield for pr < 2 GeV/c factor 2-3

3 - Tehem = 1 fm/c —— = Tota above model predictions
> 1 \‘\;‘ ----- Prompt
SR \\:.‘ : Pre-eq. Discrepancy between PHENIX and
ég R . —:=:+ Thermal STAR data

= 1073 NP« -

S NIN | PHENIX | )
= TN ' STAR Yield at the LHC (ALICE, 2.76 TeV):

<10~ °F Au+Au © 200 A GeV N\ — . S
= Centrality 0-20% N — » similar trend as PHENIX
= . L » but no puzzle within (large) exp.

—7 (a) | | | | | | | | | I\'ls | | | | | | : .
10 . T ] I I uncertainties

s AT B

RN -

289k i) }5

0O e eeeeceeee] } ....... SRR S TR W B _ C. Gale, J-F. Paguet, B. Schenke, C. Shen

O‘(b)I ,. ,’ | t R E T | t L, i Phys.Rev.C 105 (2022) 1, 014909
0 2 4 § 8 10
pr (GeV)
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https://arxiv.org/abs/2106.11216

Direct photon puzzle

Part II: Direct photon v2 = pion v, not described by models

C. Gale, J-F. Paguet, B. Schenke, C. Shen
Phys.Rev.C 105 (2022) 1, 014909

PH
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=NIX):

Large va gir (= V2,n) NOt

- - JSNL S L L L L L L B Y L B B
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o 015 F i B
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“Direct photon puzzle” (2020, postponed)
EMMI Rapid Reaction Task Force (RRTF)
A. Marin, J.Stachel, K.R.

of-the-art hydro mode

reproduced by state-

S

2.0 2.5 3.0 3.0 4.0

LHC (ALICE):
Vo,dir = V2, but No puzzle within (large)
exp. uncertainties

Direct photon production dominated by late
stage (cross over, hadron gas)?

Particularly challenging:
Simultaneously description of yield and vo
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https://indico.gsi.de/event/9957/
https://arxiv.org/abs/2106.11216

New

PH

—NIX direct-photon data (1): Au-Au at 39 and 62.4 GeV

~20% direct photon excess above decay photon background

PHENIX, 2203.12354
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https://indico.cern.ch/event/895086/contributions/4743967/
https://arxiv.org/abs/2203.12354

New PHENIX direct-photon data (2): Au-Au at 200 GeV (2014 data)
Different methods and results for different datasets agree

Rq/ — ”Yincl/’Ydecay — 1+ Wdirect/”}/decay

% 000 Methods
0%-20% = » calorimeter
2.5 Au + Au * % » virtual photon method
i \/SNN =200 GeV é & X *% » CONVErSIONS
2 %
%
2014 data
o 2203.17186 (2014 data) |
» PRC 91, 064904 » conversion method
= PRL 104, 132301 C
« PRL 109, 152302 » x10 more statistics

2 4 6 8
p_ [GeV/c]

PHENIX, 2203.17187
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https://arxiv.org/abs/2203.17187

Teff from fit with exponential
Teff INCreases with pr: in line with a larger early-time contribution at higher pr

102 _| T | I | T | I | T T I T | T I T | l_. i | | | I | | | | | | | | i
i i - PHENIX Au + Au, |'s,, =200 GeV -
K Nonprompt vy B " Nonbrompt b
g This paper _ 0.6 prompt y -
O —
— 1 B s PRC 91, 064904 - - T, extraction range | -
) - - S 0.5 ® 08<p_<1.9GeVic —
=~ - - ~ _ T N
> > . 0 2.0<p_<4.0GeV/c -
S 107 B S - ' -
— - a = 0.4 = & 376 MeV/c -
> = - l_d) FF--r--ltfF-----=-="=—=—¢ == m e — - = - =
&% -4 I ﬁ + A 1
© _8. 1 O _ H ] a + + i
o) — “, — .
48 , B S 1l
d 10-© I _ - ») 260 MeV/c -
_ -, | | 0'2 B | I I l I 1 I l I 1 I I I H

5 Vo, 1 0 200 400 600
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ST BT ST TR B A
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talk Roli Esha pT [ ]
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https://indico.cern.ch/event/895086/contributions/4743967/
https://arxiv.org/abs/2203.17187

Constraining production mechanisms by studying scaling patterns (1) talk Roli Esha

Universal scaling of dNy qir/dy with dNen/dn

| | lllllll | | lllllll | | lllllll |

10 &= Directy (1.0< p_< 5.0 GeVifc) . =
- = PHENIX Au+Au 200 GeV = -
1 — fit to new data —
= fit p+p 200 GeV =
10-1 ;_ Scaled by NCO" _;
> = =
SN ' :
= 102 - PHENIX N
O B e Au+Au 62.4 GeV =
103 « Au+Au 200 GeV
= o Cu+Cu 200 GeV 3
- - - fit to published data -
10 E =
= ALICE =
- o Pb+Pb 2760 GeV =
| | | | 111 | | | | | L 111 | | | | | 1 111 | |
3
10 N /d 1|o2 10
ch " n=0

PHENIX, 2203.17187
PHENIX, 2203.12354

dN,, p (chh>O‘
dmn

o = 1.11 £ 0.02 (stat) T3 0a (syst)

Hydro prediction for
thermal photons:
a~1.6

Shen, Heinz, Paguet, Gale,
PRC 89, 044910 (2014)

A3 7
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https://indico.cern.ch/event/895086/contributions/4743967/
https://arxiv.org/abs/2203.17187
https://arxiv.org/abs/2203.12354
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.044910

Constraining production mechanisms by studying scaling patterns (2)
a(p7) = constant: Expected pr dependence of a not observed

1.6 EARRRERRE LALEERLARE LU LR ]
3 55_ Au + Au, \/si 200 GeV E dN A( ) dN ~(pr)
T Direct vy - dy PT dn
1.4 e Nonprompt y =
1.32— —i ot . Shen, Heinz, Paquet, Gale,
3 : photon sources. PRC 89, 044910 (2014)
3 F m :
1 49t g :
1:_ e HG QGP pQCD
- O .
0.9 PHENIX - OHG = 1.23 daepr=1.83 dpacp = 1.25
0.8 ._ - —_—
=EET1 ENETE FEYNE AURTY INETIRREYE AN FENTY AR TE AN . . . . .
0O 1 2 3 4 5 6 7 8 9 10 relative contribution varies with pr
p_ [GeV/C]
+—r ) $—7-+7+7+T-—-—-—-—-—-> poster Wenging Fan
HG QGP hard scattering PHENIX, 2203.17187
dominant dominant dominant
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https://indico.cern.ch/event/895086/contributions/4721249/
https://arxiv.org/abs/2203.17187
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.044910

Pb-Pb at 5.02 TeV: New direct photon spectra from ALICE talk Meike Danisch

. . talk Jerome Jung
Conversion method and virtual photon method agree
Rfy — ’Vincl/fydecay =1+ /Vdirect/’ydecay

> 1 I | | T ] -
OC | ALICE Prefiminary 1 Photon conversion method
- [®#]0-20% Pb-Pb {s,, =5.02 TeV 1 » New data-driven approach to
1.4—_ 4 0-10% Pb-Pb \/SiNN = 5.02 TeV from virtual Y method ® N umeasureu .the ma.terlal budget
~ Figure corrected after the conference i . .
7 » Material budget uncertainty
190 B reduced from
I ol e .
1.2_— ° ® ol o —
O -
_ +++ T Virtual photon method
1.1— — '
i _ 1 1 » Dielectron excess measured above
N Pk t R 1 pionmass
: + { » Extrapolated to m = 0 with Kroll-
09__ ] ] ] ] ] ] L; ] ] ] ] ] ] ] ] | __ Wada fOrmU|a
1 10
P (GeV/c)
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https://indico.cern.ch/event/895086/contributions/4715927/
https://indico.cern.ch/event/895086/contributions/4715931/

Comparison: pQCD and pQCD + preequilibrium (PE) + thermal talk Meike Danisch

Both pQCD and pQCD+PE+thermal consistent with the data
Riheo _ (16O 4yALICE) /ALICE

Figure corrected after the conference ! dir decay” " decay

® | 0-20% Pb-Pb {s,=5.02 TeV  ALICE Preliminary
[ 4 | 0-10% Pb-Pb |s,, = 5.02 TeV from virtual y method

1.2

— pQCD x T,, PDF: CT14, FF: GRV
prompt
W. Vogelsang et al. J. Phys. G 23 A1

Y, from C. Gale et al. Phys. Rev. C 105 (2022) 014909
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https://indico.cern.ch/event/895086/contributions/4715927/

Pb-Pb at 5.02 TeV: Resulting direct-photon spectra talk Meike Danisch
: . . . talk Jerome Jung
All considered models In fair agreement with the data

virtual photon method conversion method

o 103 E 1 1 1 rrrr|rrrryrrrryrrrrprrrd g &~ = T T T T1 | | T T T T T %
2 F ALICE Preliminary - © ALICE Preliminary :
- C 0-10% Pb-Pb at |5, = 5.02 TeV ] > 10°¢ =
S o2k _ O - . Pb-Pb s, =5.02TeV °
> E o] e = TELU NS ?0-20% [+]20-40%
§ '0’_ ~ — C.Gale et al., PRC 105, 014909 5 ] I A = N -
=18 — H.van Hees et al., NPA 933,256 - $ [B10°E \ +40-60% |[=/60-80%
QJO Q}— 10 E_ - O.LiﬂﬂYK et al., PRC 92, 054914 _g Q 25 ¥\ 7y —0. Linnyk et al. .
25 = P.Dasgupta et al., PRC 98, 024911 - ‘_2510 = \Klq PRC 92 (2015) 054914 =
& 1 TR Figure corrected after = & 10F T ¥ — P. Dasgupta et al. —~
- = - - PRC 98 (2018) 024911 =
: N the conference - n -
E ] : * 'I' - -
B s —= i T 4= ® -
107E {1 107" Iy § N\ = =
o T | N - 10 ] x 10° =
w0 N . AN vy R0
= pQCD NLO x T4, > 10~ - = L d % 102
" PDF:CT14, FF: GRV SN Ny X o[ — - H.vanHees etal. < =) E
[V Cheas — 107 \pA 933 (2015) 256 . Wi x 10" =
E l‘l = V. p u‘u;.“‘ E - ‘ 3
- --pn=20 pI ' E 10"5? C. Gale et al. == (100 =
g | | | | | ' . PRC 105 (2022) 014909 Eﬂﬂl .
10— L1 11 L1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 10— | L1111 | | | I I N A | | e

0 1 2 3 4 5 6 1 10
p. (GeV/c) p_ (GeV/c)
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https://indico.cern.ch/event/895086/contributions/4715927/
https://indico.cern.ch/event/895086/contributions/4715931/

Data / (prompt + PE

thermal):

PHENIX, STAR, ALIC

talk Melke Danisch

Direct photon puzzle: Not too much of a puzzle left for yields

New

PH

NO big p

—NIX data:

Uzzle for yields

New ALICE data:
fair agreement with theory

Level of agreement witlr

appears similar for

PHEN

{

1e0

X a

gle

ALICE

— Virt

Ua

photon result

14

Q g ALICE Preliminary -
g - model: C.Gale et al. PRC 105 (2022) 014909 .
< 7 [®]PHENIX 0-20% Au-Au s, = 200 GeV PRC 91 (2015) 064904 direct y —
% -~ [2£] STAR 0-20% Au-Au |5, = 200 GeV PLB 770 (2017) 451 direct y :
T 6 PHENIX 0-20% Au-Au Vs, = 200 GeV arXiv:2203.17187 nonprompt v _—
2 r ALICE 0-20% Pb—Pb Ys,, = 5.02 TeV Preliminary direct vy -
S sf-, [*#]ALICE 0-10% Pb-Pb {s,, = 5.02 TeV Preliminary direct y via virtual y -
A= Figure corrected after -
- the conference .
3 -
2:_ L W _:
- o o $ -
1 i i N $ =
- I! I m |
| 1”9 i —
B ] | l ] | ] ] | | ] ] ] I | ] ] | ] | l |

% 6 8 10 1
P (GeV/c)

ratio data / model 2.76 TeV &
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https://indico.cern.ch/event/895086/contributions/4715927/

Universal scaling of direct photon yields

| HC direct photon yields consistent with PHENIX scaling

~

dN3"/dy (pr > 1GeV/c)

o

@)

Ul

AN

N

A (chh/df])a,

a=1.11+0.02+%0.09

PHENIX, Au-Au,
200 GeV, Run 14

ALICE, Pb-Pb,
$ 2.76 TeV (0-20%)

2./6 TeV

and 5.02 TeV (0-10%)

* STAR, Au+Au, 200 GeV
J WA98, Pb+Pb, 17.3 GeV ?

Figure corrected after
1 the conference

5.02 TeV

0 250 500 750 1000 1250 1500 1750 2000

chh/dn

LHC points appear to be consistent with
extrapolation of STAR data as wel
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Towards low-pr direct photons: quest for photon H

S 1 correlations with Yconv—VYcalorimeter pairS

Hints of a correlation peak, somewhat narrower than expected
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obut uncertainties currently large
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https://indico.cern.ch/event/895086/contributions/4723728/

Direct photons in min. bias and high-multiplicity pp collisions 13 TeV from ALIC

No Indications for thermal photons In pp collisions

TC) 02 B | r o1 r & & | & T N
- _ o _
~_ ~  ALICE Preliminary e Data, L, =30.3nb™ .
— 0.15  Virtual photon analysis w 90% C L. .
N [ PpYs=13TeV —— NLO pQCD (W. Vogelsang) -

0.1 =
0.05 |- —
: T 7

= e -

O D\ S -
~0.05 - Mminimum bias =
n1L | - 1 | 1 i
0'10 1 2 3 4 5 6
P (GeV/ce)

poster Hikari Murakami

previous publication: ALICE PLB 788 (2019) 505

TC) 02 B LN B B B I NN N N I I N N N NN N I I I I I L BN B B I B L N
>;— B . . 0
~_ 015 ~  ALICE Preliminary * Data, L =6.08pb"
T . - V!nual photon analysis q; 90% C.L. -
! ~  High-mult. pp Vs =13 TeV n

0.1 :_ (0-0.072% INEL) _:
0.05 —
» W { —v( -

L ~
0.05 - high-multiplicity .
n1L | | | c 1 | i
0'10 1 2 3 4 5 6
P (GeV/ce)
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https://indico.cern.ch/event/895086/contributions/4723687/
https://www.sciencedirect.com/science/article/pii/S0370269318308475

Dileptons
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HA

DES: system size and energy dependence of medium properties at high ps

Clear dielectron excess above cocktail also in Ag-Ag

*HADES, Nature Phys. 15
(2019) 10, 1040

) 7

2012 Au-Au at Vsny = 2.42 GeV*

2019 Ag-Ag at Vsnn = 2.42 GeV and 2.55 GeV

197Au: Z/A = 0.40, 197Ag: Z/A =0.44

Understanding of
ete- production via

resonances crucial

formfactorinzm p — ne'e .
Important role of N*(1520). &

N* ) 1
\p“l<
[

N

HADES measured effective transition

1'_ — | | | | | | | | | | | | | | | | | | | |
& -

O 1 03Le Ag+Ag |s\\=2.42 GeV 0-40%
% \s MAULCS WOIK I Progress -
5 10741 \\\__. o Qe >9%p >0.1GeVie -
S— I —=— Data -
D 45 Ta e —— Cocktail Sum ]
N T :
— -0 9.. N .
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— i \ /N -
(3 7701 4 T\ ' .
— 10" W7 LL e =
\ v :{\ _
C \ 2 -
1 0—1 O __L_..L_--l___l__l..._l_ i | | | | I | \ | | I | | \i\.\._J..._L--..
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2

M., (GeV/c?)

—xcess yield for same energy and Npart
arger in Au-Au than in Ag-Ag. Why? &’
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https://doi.org/10.1038/s41567-019-0583-8
https://doi.org/10.1038/s41567-019-0583-8
https://doi.org/10.1038/s41567-019-0583-8

Dielectron elliptic flow consistent with zero In medium dominated mass range
Confirms dileptons as penetrating probes of hot and dense medium

>N 0_1 5_ | | | I | | | | | | | I | | | | j
~ Ag+Ag M=2.55 GeV 0-40% )
0. 1  HADES workin progress ...
i 1 elliptic flow v,
- - OFF plane emission
0 S| ! n ~ impact porameter
* ¢++* : q) reaction plane /
—0.05 R _ bounce off
i medium dominated mass range 1
i . vo due to spectator shadowing at SIS energies
0.1 H (“squeeze-out”)
_ i | | | I | | | | | | | I | | | | | |
0'150 0.2 0.4 0.6 0.8
2
poster Nicolas Schild Mee [GGV/ C ]
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http://ALICE,%201509.07324

New dielectron spectra in 27 GeV and 54.4 GeV Au-Au from STAR (1)
Temperature from excess dielectron mass spectrum: 1. LMR

“Excess” = “Inclusive” — “Cocktail Sum”
=— STAR Au+Au 54.4 GeV (0-80%) Clear enhancement w.r.t. cocktail in

o both low mass region (LMR) and
STAR Au+Au 27 GeV (0-80%) intermediate mass region (IMR)
— NAGO In+In 17.3 GeV (dN_ /dn > 30)

I STAR Preliminary Fit to excess vyield:
111 5\

o lineshape (Breit-Wigner) + thermal
\ 4

—
<
»

ch

| Fit also done for NA6O data
107 | fit by (a*BW+b*M*?) x eWT
T o4 GeY = 174 + 15 MeV

TC;:IAU 27GeV _ 167 + 20 MeV

Toam —oc' =165 + 4 MeV

—Xxtracted temperatures close to
Tpc — 156 |\/|eV

d®N=*°***/dM/dy)/(dN /dn) (20 MeV/c?)’

talk Zaochen Ye

(
—
o

o

0.2 0.4 0.6 0.8 1 1.2
NAGO: EPIC (2009) 59: 607623 M, (GeV/c?)
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https://indico.cern.ch/event/895086/contributions/4717003/

New dielectron spectra in 27 GeV and 54.4 GeV Au-Au from STA

R (2)

Temperature from excess dielectron mass spectrum: 2. IMR

ch

2N=*¢*3/dM/dy)/(dN /dn) (20 MeV/c?)"

S107°

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

¥ NAGO In+In 17.3 GeV (dNQh/dn > 30)

0.5

NA60: EPJC (2009) 59: 607-623

fit by M*? x eMT

T 12445V = 338 + 59 MeV

T:::;Au 27 GeV = 301

+ 60 MeV

1.5

2.5
M, (GeV/c?)

Tmr > Toc = 156 MeV

Ivr (STAR) > Tivr (NABO)

L 205 + 15 MeV

Statistical uncertainties dominant

talk Zaochen Ye
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https://indico.cern.ch/event/895086/contributions/4717003/

New dielectron spectra in 27 GeV and 54.4 GeV Au-Au from STAR (3)
Teft > Toc = 156 MeV in intermediate mass range

;400 - ~ Interpreted as space-time averaged
é’ 250 STAR Preliminary | QGP temperature of T =~ 300 MeV
= <

7 IMR % LMR STAR
300 ) IMR ¢ LMR NAG60 (In+ln)

250

¥ LMR HADES

Back-on-the-envelope estimate
— multiplicity 015
200 Q — initial temperature T° « dN/dy

M '
150 > oot S

100 TP o LQCD HotQCD: PLB 795 (2019) 15-21 o}

Expected temperature increase from
\/s_l = 17.3GeV, T| = 200 MeV:

o v - 4% at 27 GeV
© Tch SH - Tch GCE ¢ Tch SCE © — 13% at 54.4 GeV

50 T, SH: P. Braun-Munzinger et al. Nature 561, 321-330 (2018)
T, GCE/SCE: STAR PRC 96, 044904 (2017)
O |

1 10 10°

10°
NAG60: EPJC (2009) 59 607-623 HADES: Nature Physics 15, 1040-1045 (2019) '_,l (MeV)
B

Measured [ surprisingly large

talk Zaochen Ye
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https://indico.cern.ch/event/895086/contributions/4717003/

Dielectrons at 5.02 TeV Pb-Pb from ALIC

NoO significant excess within

uncertainties

Handling of c¢, bb — eTe™ background is
<ey for measuring thermal dielectrons
from the QGP

Two d

Ifferent cocktalls

» Neol-scaled HF in pp
» Include Raa of c/b — et/-

talk Jerome Jung
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102 =

o = N

N
N OINOTW T OO W
|

© i

O -

— | I | 1 I | 1 I | I | | I I I I I | 1 I | I | | I | 1 I | I I | I I —

ALICE Preliminary

T
-

0-10% Pb-Pb at |'s,, = 5.02 TeV &= Cocktail sum (POWHEG x <N_,>)
02<p_ <10GeV/c, || <0.8 & Cockail sum (POWHEG x <N > x Ay ™
e

0.0 < pT’ee < 8.0 GeV/c

—

| 1 | | | | |
I

‘—-‘l_"_'_—'
-V
Cas marbva.e :
=
-'.‘ ‘.~ . A
5.'
e
s
B
LT PPN
<4 -
kL RN *
. "“
-3
LY A Y
" ‘t"l'
‘ﬁ.\"
« "V

e |Data

— Light flavor — e*e™, e'e X

JAp — e’e, e‘ey
—cc — e'e” (POWHEG x <N _>)
—bb — e*e” (POWHEG x <N _>)

---cC — e'e” (POWHEG x <N__> x RZ; ~°)

Cc
>x RS, 9

---bb — e*e- (POWHEG x <N

coll

0 <pree <8 GeV/c

IIIIIIIII IIIIIIII| IIIIIIII| IIIIIIII| L L

n " ~s |
! L VA ! I I I ! I I ! I T |\"!"."|.‘.|g‘ vy

)| Illlllllllll‘llllll

—— cocktail + QGP + in-medium p (PHSD, PRC 97 (2018) 064907)

cocktail + QGP + in-medium p (R.Rapp, Adv. HEP. 2013 (2013) 148253) =

HF backgr.: POWHEG x (Ncon)

_ S . s— ) e e e

T SS—— ) S— _— . —r > - ;" T
} ) g @

vvvvvvvv

.........

vvvvvvvvvvvvvvvvvvvvv

A AT |H 1

.........................

m,, (GeV/c?)

QM 2022 | Experimental overview of electromagnetic probes | K. Reygers 30


https://indico.cern.ch/event/895086/contributions/4715931/

Data-driven way of handling charm lbackground: DCA template fits talk Jerome Jung
High statistics and very good DCA resolution crucial

— 10 T T LA B B L ' = %
%) ALICE Preliminellry IQData | | . 20
g TEO10% PP By =502 Tev T N 043 ISBB  ALICE Preliminary * DCA,, fit (x?/ndf = 2.51/6)
e z() 10 0.4<p <8GeVic —bb—e‘e (POWHEGxNCO::x0.74)—: '&2 —_— -
e+ Q 7,| <0.8,1.2 < me, < 2.6 GeV/c? -Jly - e‘e, Jly — ye'e § I8 0-10% Pb —Pb "U' SNN = 9.02 TeV St SYSt unc. of data
/_\ ...... T 102 in-med.. hgdr.+QGP [F%app]><2.64_;I o~
DCA % - La Upper limit at 90% C.L. ; 1 2 11 < mee <26 GeV/ 02 K__)Stat. unc. Of fn
DCA, %Vertex Z@ _ -c:; Theory comparison: - .
—~ > — 1= == Thermal R. Rapp
- O
orompt : V——— a - Thermal PHSD =6
- ] =
10—7 = ! e l IE| 0 0-
g 3 E (S —15
S 2F . -
= 13 | 10
+ e § ! ! N l SO 0.6

non-prompt cC — €+€_, bb — €+€_, prompt

Currently limited by statistics and DCA resolution: % T B 2w
— ALICE 2 (Run 3 &4, [TS52, ITS3) “thermal yield” prompt/prompt e
— ALICE 3 (Run 5+)
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https://indico.cern.ch/event/895086/contributions/4715931/

Future measurements

ALICE 3, CERN-[HCC-2022-009
NAGO+, CERN-SPSC-2019-017

Tetyana Galatyuk et al.

High ps Vanishing ps 2,250:_,_ 35 RENNNS -8
=" e il
Th <y N STAR, NA60+, PHENIX, STAR, 200 2R E]
ermal radiation (y, y* spectra) CBM. NICA ALICE 2. ALICE 3 -
150/
Caloric curve (Tess in IMR vs. VSnn) (S:1B'?IIR,NI\:§20+, 1005— S L S
Mechanism of CSR, p-a: mixing CBM, NA60+ STAR, ALICE 3 00/ CBM NA60+ [
- 1 | lSlTAlBl | f NAIGO*;sir?ullatif)r: (ICERN SPS?
%" 2 3456 10 2030 100 200

Dilepton + direct photon v,

CBM, HADES,
NAGO+

STAR, (ALICE 2),
ALICE 3

Collision Energy \'s\, (GeV)

Time dependence of Tef,
preequilibrium contribution

ALICE 3

Ultra-soft photons
(test of Low’s theorem)

ALICE 3

Electrical conductivity

HADES

STAR, ALICE 3~

*under investigation

w008 Vacuum T T=170 MeV
= 006} — Vector T — Vector
7)) i , <
— - Axial—vector e Axial—vector :
‘Ca 0.04 F
>
¥ 002+
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s (GeV?) = mass?
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https://arxiv.org/ct?url=https://dx.doi.org/10.1016/j.physletb.2014.02.021&v=a48d4e60
https://cds.cern.ch/record/2803563
https://cds.cern.ch/record/2673280
https://github.com/tgalatyuk/QCD_caloric_curve

INitial state

33



Avoiding selection biases in Taa from Glauber model with electroweak probes

Experimental 7aa from weak boson vield in CMS HG-PYTHIA: C.Loizides,
A. Morsch, PLB B773 (2017) 408

0 5 CMS 17 nb ' (5.02 TeV PbPb)
e | | v | 1 Deviation of Z boson yield from Glauber Taa
0550 60 <m; <120 Ge - scaling reproduced by HG-PYTHIA
0 5_ Iy l <21 1 —interpreted as selection bias
= B O 0e
= E o 1 Replace Glauber Taa with TR¥ = =
:(( 0.4: 2y Il QRIS _: evt * 07
L — ;= Y = RRARRRR .
~=" ) 3_ ....... 0-90% data 4 Similar approach in PHENIX: O
B - L ong-standing puzzle of peripheral R, > 1 for
0.25: HG PYTHIA scaled by 0-90% - pr> 10 GeV/c resolved by using direct y’s:
- 'E) 12:1 o4l 5 o o 1 L o . L . . ; dzN,y
gg 1 e g o gom] (NOPY = (dz;gj‘a)dAu talk Niveditha Ramasubramanian
= 0.8k . . : : - (d d )pp
0 20 40 60 80 0-90 pPTan
talk Austin Alan Baty Centrality (%)
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https://indico.cern.ch/event/895086/contributions/4743963/
https://indico.cern.ch/event/895086/contributions/4720536/
https://indico.cern.ch/event/895086/contributions/4715925/

Conclusions

Low-pr direct photons

PH

Dileptons

So far only one measurement of QGP temperature from dileptons in IMR:

[ =205+ 15 MeV from NA6O

New STAR data:
surprisingly large Ter (~ 300 + 60 MeV) from fit in IMR In Au-Au at 27 and 54.4 GeV
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Jean-Francois Paquet, Mike Sas, Soren Schl

Mel

elin-

—NIX data qualitatively in line with thermal QGP radiation. Yield puzzle appears less
ouzzling with 2014 data.

mportant aspects not fully understood (e.g., direct photon vz, constant a(pr))
ALIC

—: still no vield puzzle with new 5.02 TeV Pb-Pb data and improved analysis methods

ke Danisch, Gabor David, Axel Drees, Tetyana Galatyuk,

50sIng, Aleksas Mazeliauskas, Norbert Novitzky,

ichting, Dalki Sekihata, Johanna Stachel
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ALICE, Phys. Lett. B 789 (2019) 308
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https://arxiv.org/abs/1805.04403

Data / (prompt + PE + thermal)
2./6 1eV and 5. 02 leV

— B 1 1 1 I 1 1 1 ' 1 1 1 1 1 1 I 1 1 1 1 | 1 _
Q _ _
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Meson cloud exclusive analysis of 77 p — ne*e~

Dominance of the N*(15

20) resonance

N 4 _J’) quasi-free
> \ T+p — een
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s I
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HADES: system size and energy dependence of medium properties at high ps

Excess yield for same energy and Npart larger in Au-Au than Ag-Ag. Why*/

"._ - | 1 ] I | | 1 I 1 | ] | 1 ] | | 1 ] | t
& - : : )
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> - | .
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STAR dielectron spectra in Au-Au at 27 GeV and 54.4 GeV

10° =

STAR Au+Au \|s,, =27 GeV|(0-80%)

-imi g see & o - nee
== —>ee& d > nee ~-=Jy »ee

— DY - ee = Cocktail Sum

Eff. and Acc. Corrected -+ Data

STAR Preliminary

- -
‘-,

..
..........
» -~

......
. ‘,

STAR Au+Au s, =(54.4 GeV|(0-80%)

"—"'n°—>1ee&n°—>ee """"" n — yee - m see & o —» mee
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ALICE direct photon results in Pb-Pb at 2.76 TeV
Ry and v
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Dielectrons at 5.02 TeV Pb-

P from ALIC

Upper limits on dielectrons

excess consistent with models

QGP radiation and p broadening consistent

with the data
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