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Motivation for measuring direct photons

e Study QCD under extreme conditions (QLHC: high T', low
us) and investigate the properties and the dynamics of the
quark-gluon plasma

Hadron gas - QCD phase

e Direct photons are created during all stages of a heavy-ion L8 cansition. .
collision QGP : Thermalization _:
Ty 0
. . . . Parton cascade
e They leave the medium without further interaction 5

5 N\% .
¥ %
e Thermal photons are sensitive to the medium .
temperature and collective flow at photon production Sources in AA: Dject photons
time e Prompt photons

~ integrated effective medium temperature . . .
. o ) e Jet-medium interaction
e Pre-equilibrium photons are sensitive to the saturation .

momentum Qs 1] e Pre-equilibrium photons

e Thermal photons from QGP
and hadron gas

0
[1] See for example J. Churchill et al. PRC 103 (2021) 024904 4 Decay phOtons from Tr ) 777 .
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Motivation for measuring direct photons

Direct photon signal if

— _Jinc
R’Y Ydecay > 1

Sources dominate in different pr regions:
Power-law, calculable with pQCD pr = 5GeV/c —

=) Comparable contribution for 3 < p; <5GeV/e —

~ Exponential spectrum o« T?e~F/T p,. < 3GeV/c —

[2] O. Garcia-Montero et al. PRC 102 (2020) 024915, C. Gale et al. PRC 105 (2022) 014909
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QCD phase
transition

S. Shi arXiv:0907.2265

Sources in AA:  ipecy photons
Prompt photons

Jet-medium interaction
Pre-equilibrium photons

Thermal photons from QGP
and hadron gas

Decay photons from 7°, 7, ...
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Motivation for measuring direct photons

Direct photon signal if
R, -G 1
Ydecay

QCD phase
transition

S. Shi arXiv:0907.2265

Sources dominate in different pr regions:
Sources in AA:  ipecy photons

Power-law, calculable with pQCD pr = 5GeV/c — e Prompt photons
e Jet-medium interaction
1) Comparable contribution for 3 < pr S5GeV/e — e Pre-equilibrium photons

e Thermal photons from QGP

~ . 2 —E/T <
Exponential spectrum oc T%e pr S 3GeV/e — il Byl e

0
[2] O. Garcia-Montero et al. PRC 102 (2020) 024915, C. Gale et al. PRC 105 (2022) 014909 o Decay phOtOHS from 7 s My eee
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Measurement of inclusive photons

EMCal: sampling calorimeter at R = 4.3 m, Timestomp2016-11:26 1756:16(UTC)
80 < ¢ < 187° , |n| < 0.7 Here

System:
11 H 6 6 2 Eﬂ'c’!(d’,‘.i.l.‘..". and jet triggered event
cell size = 6 X bcm
DCal:

0.22 < || < 0.7, 260 < @ < 320° # \ “4
A<

[n] < 0.7, 320 < ¢ < 327°
\
)

AN
W=
~Wtech

PHOS: homogeneous calorimeter
with PbWOQOy crystals at R = 4.6 m,
Ap =170°, |n| < 0.12

cell size ~ 2.2 x 2.2 cm?

PCM: photon conversion method

~vX — eTe™ X in the detector material
with probability ~ 8.5% (R < 1.8m) g s

tracking with ITS (|| < 2.0) and TPC (|n| < 0.9) : ;- PHOS
e’ e identification with TPC and TOF
7% down to pr ~ 0.3 GeV/c

M C Danisch, Heidelberg Direct photons with ALICE @ LHC April 7. 2022

wt



Measurement of inclusive photons [NEW

ALICE

] o ] T T S B A AT
e Conversion probability is determined by 15[ Data-driven correction of detector thickness in ALICE (Run 1 &2) _]
the a@ount and composition of detector F ALIGE PRELIMINARY ]
material [ ]
- ' ' ' 12— pp Vs =5TeV -
e But: local imperfections in the material = 4
implementation in simulation e <08 ]
= Locally incorrect reconstruction [ =7 ]
. = —— —
efficiency, F N
; . 10— ot —
systematic uncertainty 4.5% r S, 1
. . C . i B ket S s
e New data-driven correction: 09l i
efficiency-weights Q(Rconv) R E T R A A I A I
= Systematic uncertainty reduced to 2.5% 0 o 40 B B0 100 120 WD 60

and more correct efficiency

M C Danisch, Heidelberg Direct photons with ALICE @ LHC April 7, 20:

N
\V]
(>



Simulation of decay photons

ALICE
Direct photon signal if 1) Measure 7°, n via vy decay channel
— _Jinc . . .
™
R >1 2) Simulation of decays of 70, n, w, 7/, into photons
3
@ 809 e e e @500 T T T T
§ I ALICE performance 7% 1.0 GeVic < p< 1.2GeV/ic o g [ ALICE performance mM:4.0 GeV/c < p< 7.0GeV/c ]
8 sk 29" Jan 2017 — Raw real events | 3 [ 29" Jan 2017 — Raw real events
b Pb-Pb, {5y =5.02TeV,50-90% ° Mixedevent+ 400— Pb-Pb, {5 =5.02TeV, 50-90% = Mixed event+ — —
[ INT7 triggered corr. BG 1 [ INT7 triggered corr. BG ]
40— PCM e BGsubtracted | F PCM ® BG subtracted 4
L — Fit ] 300 — Fit 7
b = i ] For cancellation of
r ] 200 ] uncertainties:
20~ B L ] . 0
r 1 R _ 'Ymc/ Tmeas
: ] T T Ndecay/n0
I decay/ Ty
£ ]
e A T R
006 008 01 012 0.14 0.6
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ALICE

New results:

Using Pb—Pb collisions at /s, = 5.02 TeV
Method: PCM

M C Danisch, Heidelberg Direct photons with ALICE @ LHC April 7, 2022 8



Direct photon excess ratios in 5.02 TeV Pb—Pb [NEW]

ALICE

& [ .
14 }EIHM PorPo (5. =802TeV  ALICE Prel 'y[:]{ e Four centrality classes
12 ;Dj 34 0-20% e 04 <pr<14GeV/c
10 feeeme s . = e Direct photon excess for pr 23 GeV/c, which
[ 20od0m moreo o502 7oV i can be attributed to prompt (hard scattering)
e []7 photons
12l 1 20-40% L
- 1 e At low pr, where thermal radiation should
10 presschesi D dominate, R is close to 1
. :7‘ T ao-a0 Pt ‘ o 3 = There can only be a small thermal and
f ] re-equilibrium photon contribution
ok 1 40-60% pre-ed P
1.0 f— é
by L | 4
14| -
ol 1 60-80%
1.0 ; é
P, (GeV/c)
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Direct photon spectra in 5.02 TeV Pb—Pb [NEW

ALICE

(GeV2c?)
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ALICE Preliminary

Pb-Pb \s,, = 5.02 TeV
[+J0-20% [+]20-40%
[+/40-60% [=]60-80%

ST IR AT AU IWETTY IWETTY AWETY MSATTT ESATTT SR SRR SRREH.,

e Direct photon spectra

Ydir = Yinc * (1 - %y)

e Upper limits (90% CL) are given where ~qir is
consistent with 0

Direct photons with ALICE @ LHC Avpril 7, 2022 10



Direct photon excess ratios in comparison to theory ]NE V] .

ALICE

] R -
o f \Zlfyzw Pb-Pb |5, = s02Tev  ALICE Prelimmary[:g ]
1.4 — —
1.2 H =
1.0 B -
By I | J
P i ] 5
14 H
r 7
12 -
1.0 B -
14l [+ 40-60% Pb-Pb |5, = 5.02 TeV E
4 2 40 from G. Gale etal. Phys. Rev. G 105 (2022) 014909 |
C heory "'EOVY AL\CE \LICE Z
12 - R = ™ ey Mooy P o
£ = ]
1.0 }L* -------------------------------- -
| | L 4 TR 4
A+ : ————++ .
A [ 60-80% Pb-Pb Vs, = 5.02 TeV i
T — pQCD x T,, PDF: CT14, FF: GRV -
- 1

C W. Vogelsang et al. J. Phys. G 23 A1 A

12 A
1.0 -

P, (GeV/c)

0-20%

20-40%

40-60%

60-80%

e Within the uncertainties, data is consistent with NLO

pQCD calculation of prompt photons in pp
collisions, scaled with Ta o

Calculation by W. Vogelsang, using PDF: CT14, FF:
GRV

Hydrodynamic model calculation of direct photons,
including not only prompt but also thermal and
pre-equilibrium photons, predict a small R~ of
about 5% at low pr, and can describe the data better
than the calulation including only prompt photons

Model by C. Gale et al.: IP-Glasma KogMPgST +
MUSIC viscous hydrodynamics, prompt v with
PDF: nCTEQ15-np, FF: BFG-II

Bands represent (theoretical and) experimental
uncertainties
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Direct photon spectra in comparison to theory INEW]

ALICE

g - ALICE Preliminary 3
A S — Pb-Pb {s,,=5.02TeV 3
310 §§ 0-20% [+]20-40% =
Z gt [+/40-60% [a]60-80% ]
O [ E 3
Q.. OZi %\ q —O. Linnyk et al. B
‘_2‘"1 E o PRC 92 (2015) 054914 =
E 10k hi‘l» — P. Dasgupta et al il
& 10 N - Jasgupta etal. E

E ] | PRC 98 (2018) 024911 3

1; f P E

107k =N | .

c @\Bﬁk E

107 % ceo x10° 3
-3 -

10 E ﬁﬁ:@ X102 5
10_4;7 H. van Hees et al ‘:'EL..E 1 _

E NPA 933 (2015) 256 x 10" §

1075 - - C.Galeetal. :-: -

E x10° 3

of PRC 105 $2022) 01 4909 qu‘ ]

10_ - Lo L L L1t 4

1 0p_(GeVic)

M C Danisch,

Heidelberg

Direct photons with

e Direct photon spectra in comparison with different

model calculations of direct photons:

« Microscopic transport approach PHSD (O.
Linnyk et al.)

o Relativistic hydrodynamics models (others),
using different initial conditions, thermalization
times, hadronization temperatures, with (C. Gale
et al.) and without pre-equilibrium ~ (others)

The measurement is not yet sensitive to the
differences between the predictions of the different
models

Dominating uncertainties:

« High and low pr: statistical uncertainty
o Mid-pr: systematic uncertinties:
~ reconstruction efficiency (material,
electron/positron identification),
decay « (n contribution)

ALICE @ LHC Avpril 7, 2022 12



What about the direct photon puzzle?

ALICE

e The term direct photon puzzle was
introduced after the direct photon elliptic flow
coefficient v2 was measured for the first time
by PHENIX in 2012, unexpectedly large

e Still a topic last QM conference 2019 —

e Large yield (early emission) and large vs (late
emission) difficult to explain simultaneously

= How does the new ALICE measurement fit
into the picture?

M C Danisch, Heidelberg

1072

107

107°¢

103}

(a) Invariant yield

= Fireball, Primordial 1
== Fireball, Primordial 2

—— Semi-QGP w/o viscous

PRC 94, 064901 (2016)

ol ;@@

L —— PHSD 5 Pj "
E Initial strong magnetic field |

0.1 *BF
3 0.05[

[/
L 0 1 )
©v, PHENIX

0.2

= @Calorimeter
0150 @Conversion
;_ Au+Au 20-40% 0.1
\Sp=200GeV
L 0.05
F Yield‘ is from PRC 91,‘ 064904|
0 3 a4 %" 23 4
P, (GeV/c) P, (GeVr/c)

W. Fan (PHENIX Collaboration) QM 2019

Direct photons with ALICE @ LHC
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—_——
W i ! ®
hat about the direct photon puzzle? NEW g
T e L e e B B e . .
% 8— ALICE Preliminary 4 e Comparing measured direct photon
g F model: C.Gale et al. PRC 105 (2022) 014909 ] spectra with model calculations for
— 7 [®]PHENIX 0-20% Au-Au s, = 200 GeV PRC 91 (2015) 064904 direct y —| the respective collision energies
‘3 [ [%£] STAR 0-20% Au-Au {s,, = 200 GeV PLB 770 (2017) 451 direct y h V/Snn = 200 GeV and 5.02 TeV
'g 6:— =] PHENIX 0—200% Au-Au \s,, = 200 GeV ar>.<ivl:2203.?7187 nonprompt ydE e Just looking at the spectra, there
.('_E F \I| ALICE 0-20% Pb-Pb s, = 5.02 TeV Preliminary direct y E is no puzzling discrepancy
= 5:_ - E between state-of-the art models
4: ] and new ALICE measurement
3 =
2 I =
t LA E 4y ! ; .
E L Yl I¢‘ PR || I T I T SO SN NN SN SRS ISR .
% 2 7 6 8 10 12 14
P, (GeV/c)
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What about the direct photon puzzle? [NEW

ALICE

3 s ALICE Preliminary ] e Comparing measured direct photon
g N model: C.Gale et al. PRC 105 (2022) 014909 ] spectra with model calculations for
~ 7 [#]PHENIX 0-20% Au-Au s, = 200 GeV PRC 91 (2015) 064904 direct y ] the respective collision energies
,3 r | STAR 0-20% Au-Au Vs, = 200 GeV PLB 770 (2017) 451 direct y ] VSnn = 200 GeV and 5.02 TeV
T 6 ; [®]PHENIX 0-20% Au-Au s, = 200 GeV arXiv:2203.17187 nonprompt ydw—i .
S [ | [®]ALICE 0-20% Pb-Pb s, = 5.02 TeV Preliminary direct y ] e Just IOOkmig_ at t;e spectra, there
® g | [#]ALICE 0-10% Pb-Pb 5, = 5.02 TeV Preliminary direct y via virtual y ] 1s o puzzlng discrepancy
F - B between state-of-the art models
42 ] and new ALICE measurement
F . e Similar finding by measurement via
3 3 virtual photons,
N ] Talk by Jerome Jung, T13,
o JF . Thursday 15:20
t LA E 4y ! ; .
E L I¢‘ PR || I T I T SO SN NN SN SRS ISR .
% 7 6 8 10 12 14
P, (GeV/c)
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What about the direct photon puzzle?

ALICE

'NEW

ratio data / model

M C Danisch, Heidelberg

T T T —— —— —— ——
8- ALICE Preliminary 4
F model: C.Gale et al. PRC 105 (2022) 014909 ]
7= [®] PHENIX 20-40% Au-Au |s,, = 200 GeV arXiv:2203.17187 —
F data: nonprompt Vg model: thermal+pre-equilibrium ]
6— [ #]ALICE 20-40% Pb-Pb {s,, = 5.02 TeV Preliminary —
[ [ data:directy model: prompt+thermal+pre-equilibrium ]
s 3
4 .
3 ! .
2 $ .
£ H . @ E
E, Yuum, PRI || I ER S I N .

% 2 7 6 8 10 12 14
P, (GeV/c)

Direct photons with ALICE @

LHC

Comparing measured direct photon
spectra with model calculations for
the respective collision energies
V/Snn = 200 GeV and 5.02 TeV

Just looking at the spectra, there
is no puzzling discrepancy
between state-of-the art models
and new ALICE measurement

Similar finding by measurement via
virtual photons,

Talk by Jerome Jung, T13,
Thursday 15:20

The same conclusion for 20-40%
centrality class, from real v

Avpril 7, 2022 16



New: Bose-Einstein vy correlations

Using Pb—Pb collisions at /s, = 5.02 TeV
Method: PCM-PHOS

M C Danisch, Heidelberg Direct photons with ALICE @ LHC

Avpril 7, 2022
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Bose-Einstein +v correlations in Pb—Pb collisions [NEW!

ALICE

e Motivation: Correlation function C(Qiny) is > T Ty
sensitive to the source size R and the direct o . OGiAL'CE Preliminary «Daia 7
photon fraction o M 0-10% Pb-Pb |s, = 5.02 TeV — Bkg fit ]

F Voem ™ Voros correlation =HIUING 7

e Method: C(Qiny) = fB‘((gii_nvg 1.05-0.25 < ky < 0.35 GeV/c =

A: 71, 72 from same events L 1

. 1.04— -
B: 41, 72 from mixed events r 1
Qinv = M'y’y 1 OSi 7:
Correction for detector effects r = 1

e 70 peak is visible and slope from correlations in 1.02 - -
particle showers % ]

. . . . 1.01 3

e Small hint of an HBT-like effect, quantified with [ 1
correlation strength \i,, from a fit using 1 - I
C(Qinv) =1+ Ainvexp(_R?an?nv) ; | | | | |

0990 Lo il b L

e In bins of kp = ZE:E2ir and centralit 0 o1 0-15 02 0-25 03

e Y Q,, (GeVic)

e Possible complementary method to determine R

down to pr ~ 0.25GeV/c See poster by Mike Sas, Wednesday 18:54

terminology used from PRL 93 (2004) 022301, D. Peressounko et al.
M C Danisch, Heidelberg Direct photons with ALICE @ LHC Avpril 7, 2022 18



Bose-Einstein +v correlations in Pb—Pb collisions [NEW!

ALICE

e Motivation: Correlation function C'(Qiny) is z 00
sensitive to the source size R and the direct ~ - ALICE Preliminary - 0-10% 1
hoton fraction - Pb-Pb, Sy, = 5.02 TeV -=30-50% -
p 0.015—Ypey = ¥ correlation _
A(Qinv) g L PCM PHOS ]
e Method: C(Qinv) = Bory [ ]
A: 1, 72 from same events L ]
B: 71, 72 from mixed events 0.01— ]
Qinv = M-y'y 5 ]
Correction for detector effects [ ]
0.005/— -
e 7Y peak is visible and slope from correlations in C i
particle showers = 4
e Small hint of an HBT-like effect, quantified with Us ]
correlation strength Ai,, from a fit using r N
C(Qinv) =1+ Ainvexp(_R?an?nv) _0_005; | | | | | | | i
e In bins of kp = PT,;air and centrality 025 03 035 04 045 05 055
k1 (GeV/c)
e Possible complementary method to determine R
down to pr ~ 0.25GeV/c See poster by Mike Sas, Wednesday 18:54

terminology used from PRL 93 (2004) 022301, D. Peressounko et al.
M C Danisch, Heidelberg Direct photons with ALICE @ LHC Avpril 7, 2022 19



Summary and outlook

ALICE

e First measurement of direct photons in Pb—Pb collisions at
A/ SNN = 5.02 TeV

e Direct photon signal for pr 23 GeV/c can be attributed to prompt photons

e R, at low pr is close to 1
= we cannot yet claim a significant signal of an additional direct photon source
like thermal photons or pre-equilibrium photons

e But, calculations including thermal+pre-equilibrium+prompt photons,
which model also the evolution of the temperature and flow of the medium,
are in agreement with the measurement as well
= no puzzling discrepancy between model and data

M C Danisch, Heidelberg Direct photons with ALICE @ LHC Avpril 7, 2022 20



Summary and outlook

ALICE

e Analysis will be extended to full LHC Run 2 dataset
and next heavy-ion data taking planned for 2022

LHC Run 2 Run 3 (2022-2025)

Data taking complete

2015 2018 2022 2023

Analysed 25% target integrated luminosity: ~ 3 1/nb per heavy-ion run

arXiv:1812.06772
e More data will allow for a more precise meaurement
~» Composition of direct photons at low pr?
~ Effective medium temperature can be extracted in case of a more significant direct photon
signal
~+ Direct photon flow coefficients v, provide complementary information on space-time
evolution

e Presented first analysis aiming at photon HBT correlations with LHC data
~» Possible complementary method to determine R, at very low pr

M C Danisch, Heidelberg Direct photons with ALICE @ LHC Avpril 7, 2022 21
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Thank you!

Direct photons with ALICE @ LHC

April 7, 2022

ALICE



THE ALICE DETECTOR V7 . ITS SPD (Pixel)
_ITS SDD (Drift)
CoLLEE RRLSTSIESLSESIS I ‘ _ . ITS SSD (Strip)
« s . VO and TO
. FMD

i®

ITS
FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger

15. Dipole Magnet "

16, PMD

17.AD

18.ZDC

19. ACORDE

M C Danisch, Heidelberg Direct photons with ALICE ©
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Simulation of decay photons

ALICE
Direct photon signal if g E T T T
. s T y from b
Ry = e > R T T T A SR L
eoy s F - A A -3 k& K A 3
1) Measure 7°, 1 via v decay channel >§ e = 40
2) Simulation of decays of 7°, ), w, 1, ... E 1 p
107 /f\—_——g
: SR
102 = /
E 3 n
10’35*/ A\h‘\“_\ SN T N A
_4: = \ Y4 v :
0=~ X v vy E
Fo< \»\_/\j*_, —~s g
107 > E
£ \\ 3
1078 . . N A —
E  ALICE simulation —_ M 3
F 0-20% Pb-Pb, Vs,, = 5.02 TeV RN
10*7 1 1 L1 ‘ 1 1 1 L1 N
1 70
P, (GeV/c)
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Effective averaged medium temperature

ALICE

e Production rate depends on the medium temperature:
ry(E,T) x T2~ E/T log(%)
e Dblue-shift due to radial flow

T =i T

e averaged over time
o Inverse slope = (Teg)

e Measurements from ALICE and PHENIX:
exponential spectral shape with T}HHC >T e}%HIC
due to higher T and/or stronger radial flow

TRIIC = (221 £ 1952 + 19%54) MeV

PHENIX Collaboration, Phys.Rev.Lett. 104 (2010) 132301

TLHC = (297 & 1250 £ 41vt) MeV

ALICE Collaboration, Phys.Lett B754 (2016) 235

M C Danisch, Heidelberg Direct photons with ALICE @ LHC Avpril 7, 2022 25



Inverse slope parameter and medium temperature

ALICE

0.50 =
- - baseline -7
0.45} © © photon spectrum w. equilibrium rates e
® @ photon spectrum w. viscous rates .7
0.40 equilibrium emission rates 4
% 0.35
) .
[«}]
g 0.30 1
= —
I-_|"l 0.25¢ ===
|
0.20
0.15 (a)

/' MCGIb.,

n/s=0.08, AuAu @ RHIC, 0-20%

BT

M C Danisch,

10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
T

Heidelberg

(GeV)

baseline
© © photon spectrum w. equilibrium rates "
@ e photon spectrum w. viscous rates 3
— equilibrium emission rates
— ALICE

===55
(b)

~"MCGlb., n/s=0.08, PbPb @ LHC, 0-40%

04T

Direct photons with ALICE @

10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
T (GeV)

C. Shen et al. Phys. Rev. C 89,

LHC Avpril 7, 2022

044910 (2014)
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Material budget in data and MC before correction

ALICE
—~ 10-3jL T 1T T T T T 1T 1T ‘ T T ‘ 1T ‘ T Jj
.E E i ——— Data |
S L ; ——— MC conversion candidates
~ MC true primary conversion
=l MC true secondary conversion]
5 |-° i MC true n° Dalitz B
1\ v [z MC true n Dalitz
‘—l 5 L 1 ¥ MC true combinatorics
Z I i EEEEE MC true hadronic bck
'
10%En | —
EE | ! 3
& 1 » 3
5 e | B
k2 ] b ,
ke 3 4
3 £
o = | 5 -
1090 5 & I E
s 2 £ ) =
T = £ 8 3
5 3 £ o ! 1‘“’1 J
T & o £ z i ]
b aa 3828 § 2 ke, I
A8 3 33 5 3 . Wl
i B B g )
O i
% 28 E B B \
10-6 Al ‘ - ‘ L | l 1ol J_L Lo | ‘ - ‘ - ‘ - ‘ -
0 2 40 60 80 100 120 140 160 180
R (cm)
Int.J.Mod.Phys.A 29 (2014) 1430044
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®

Complementarity of the methods

ALICE

&;aofALI‘CE“‘f“\ T T —] 9 T T T T T T T
S T periormance ] w- 1= ALICE simulation =
S L i A E 3
> | pp, Vs=8TeV b < E 'W 3
S [oy i 1 s [ PP Vs=8TeV 3 “’ 3
= 20— — < r ' -yy R
3z i &10'= ’ =
: T ” ] nooE Mﬂ E
% 10 MM 7 W C ]
O L1t ] 2 "’l
a ] 1077 +* 3

[ % %o s o scosscoceemle ] E el 3

o— a)]| F 4 3
-~ -+ ] F—t—t r . T b
2 Data MC . 1 109 . E
@ 160— PCM . ¢ I E R . 3
2 | PCMEMC + = 4 R [ ]
e L * M 7 -4l -
S8 [ PHOS M= ¢ ] 10 . E
5 O E e PCM 3
g140— o “@ﬁiﬂg - [ + PCM-EMC ]

|- ——9-0as .|
Xx R S i 105 o + EMC -
S r sostett 7 F = PHOS E
n- [ ’ b)7 C L L I ‘ Il Il L I ‘ L L L ]

1200 1+ il | R | L 0.3 1 2 3 4567 10 20 30 40
0.3 1 2 3 4567810 20 30 40
p, (GeVic) P, (GeV/c)
Eur. Phys. J. C (2018) 78: 263
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Direct photon elliptic flow /s, = 2.76 TeV ALICE

ALICE
T T T
Pb+Pb © 2760 A GeV Tenem = 0 fm/c
RN P g T T T 095E — e ]
osf.  020%PbPb {5 =276 Tev b osf  20:40%PoPb, {5 =276 TeV b Centrality 0:20% Tehem = 1 fm/c
E [e1ve®, AuicE 1 b Ovi® AucE ] 0.20 — = T = 15 fm/c
£ v %2, ALICE simulation ] L v} %, ALICE simulation ] S o0
0.4 V4 hydro, Paquet et al. g 0.4 vy ¥, hydro, Paquet et al. J = ’ I } |
F' - v2% hydro, Chatterjee et al. 1 [ ==L hydro, Chatterjee et al. ] 0.10 F oo ‘ } ‘ } ‘ | | E
| VL% PHSD, Linnyk et al. 1 Eooo v %", PHSD, Linnyk et al. 1 -l
03 Boxes indicate total uncertainties A 03[  Boxes indicate total uncertainties A 0.05 & ]
: ] : ] o [P
[ ] L ] ALICE
02} B 0.2} m 025 F E
L ] [ ] Central
E ] [ ] 0.20 F zee,";n;;/n‘w | | | | =
01 B o1 b E | Ht | E
r l ] o + ] 3 o Ll §L E
L | ;S ] E 1 e,
F (1] 1 F m J — ] 0.05 ~
E 1 r ] ®), L . . . |
TR L P T e SRR S A A I | 0.00
o L 5 3 : Samars ; : 5 : + s 00 05 10 15 20 25 30 35 40
p; (GeV/c) P, (GeV/c) pr (GeV)
. 5 ,
PLB 789 (2019) 308 PRC 105 (2022) 014909
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Ratios of measurements at LHC energies to theory
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Uncertainties projection Run 1 — Run 344
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Uncertainties projection Run 1 — Run 344
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