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Introduction

- Direct photons - photons not originating from hadron decays:

- thermal photons (~e~#vT), thermal radiation of QGP, space-time
evolution of QGP
« prompt photons (~1/p¥), initial hard scattering, testing pQCD, PDF

(+nPDF modification) and FF constrains:
d® o
2 2 2
E—dp3 = E filzi, Q7)@ f(x), Q7))@ D2k, Q7)
1,0,k
« Other sources: fragmentation photons, pre-equilibrium photons

» Photons are color neutral: not affected by QGP — perfect
probe for studying QGP properties

- Two-photon Bose-Einstein correlations could be used for
measurements of direct photon yields and correlations radii

 In this talk we present recent results on direct photon g

production and correlations measured with ALICE in Pb-Pb
collisions at Vs, = 5.02 TeV
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Experimental setup

ALICE Run 2
2015-2018

For the photon measurements the following
detectors are used:

« Calorimeters:

« PHOS:
PbWO, crystals 22x22 cm?
4.6 m away from Interaction Point
acceptance: |n| <0.13 for A¢p = 70°

s
TPC - EMCal/DCal:
Pb absorber + scintillator, 60x 60 cm?
4.4 m away from Interaction Point
EMCal acc.: |n| <0.67 for Ap = 107°
DCal acc.: 0.22 < |n| <0.67 for Ap = 60°
PHOS « Tracking ITS + TPC:

« Photon Conversion Method (PCM):
Reony < 180 cm
8% conversion probability
acceptance: |n| <0.9 for Ap = 360°
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Direct photon subtraction

Decay photon contamination: » Subtraction method:
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= = o -n n -0 -p° —pt —p Yinc

s £ -0 A" -A" X -K§ -K -A 7 1
B = 1

: E TYdir = R Yinc
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: : event
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Double ratios in Pb-Pb at /sy = 5.02 TeV

“:: . I_Ilzllolzol/alplla le m=5.c;2 TcVI AI[_ICEI PrL:inllnirI\a;y | _I
. B  Atlow p; R, compatible with 1 - no additional
@ 12 [ - thermal photons excess in this region could be

o b S E extracted with this method (in Pb-Pb@2.76TeV it
... . was extracted)

1.4 _

S Z * p;>3 GeV/c - excess of prompt photons

10 - | o  Scaled NLO pQCD calculations in pp collisions using
A L PDF:CT14 and FF:GRV describe data within

14 | *+]40-60% Pb-Pb ys,, = 5.02 TeV 7 L
[ — " from C. Gale et al. Phys. Rev. C 105 (2022) 014909 uncertainties

I L L s el e N #

. ~
- - 7] . . .

oF [t - + Hydrodynamic model including prompt and thermal
] A R photons consistent with data down to low p;
[ [(#]60-80% Pb-Pb ys,, = 5.02 TeV ]

L4 Ty pQCDx T, PDF: CT14, FF: GRV ¢ . C. Gale et al. Multimessenger heavy-ion collision physics,

. - W.Vogelsang etal. J. Phys. G 23 At T 7 Phys.Rev.C 105 (2022) 1, 014909

1.0 = -
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Direct photon yields in Pb-Pb at y/s = 5.02 TeV
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-2 E - T E}E W. Vogelsang et al.
& 10k A J. Phys. G 23 AT : : - .
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Direct photon Bose-Einstein correlations

Correlation function: , , L
* Interferometry in heavy-ion collisions is based on the

CFE symmetrization of the wave-functions of two identical particles
— for bosons: Bose-Einstein (BE) Correlation

. » Increased probability of finding particles with low relative
Decay photons: momentum of the pair () — estimation of the size of the
o<l eV emitting source

« Photons are color neutral — access to the initial stage of QGP, to

] its hottest regions with thermal photons at low K; (see next slides)
Direct photons: . | | .
o~50 MeV « Experimental observable for the interferometry is correlation

function (C,) - ratio of correlated two-photon distribution to
noncorrelated distribution

e S Py (g, K)
Calg, K
> ( ) Pnoncorr<q’ K )
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Direct photon correlation function

C, measured with PHOS:

ON [ I I I | [ [ I [ | I [ [ I | I I I [ | [ [

_ ALICE Preliminary

1T Pb—Pb, |5y = 5.02 TeV, centrality 0-10%
1.004|— 0.35 < K; < 0.45 GeV/c

i e Data

B = Contam.
1.003 | - —BEy

Ll . -~ BE,

B — Flow+jet

: -—Sum
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1.001~

1
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C, is decomposed into the contributions:

- Contamination: photon conversion, hadron
bremsstrahlung, residual correlations in
resonance decays

- Direct photon BE correlations

« Residual correlation in decays of BE correlated m°
(negligible in this K; bin)

+ Long-range (flow and jet) correlations

« Summary of all contributions

Kinematics variables:

« 3D relative momentum of the pair in

- =
Longitudinally Co-Moving System: qrems = |pi — p3|
1
« Mean pair transverse momentum: Kt = §(p1T + Do)
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Correlation radius
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- ! mmm- R, csws Pb—Pb, estimated ]

8_ —

_ " _

o -

— 0 [ ] ]

Al — . TI , i

- '--.t ------------------------------ —

2 -

B | | 1 1 I | 1 1 | I 1 1 | | I 1 | | 1 I | | 1 1 I | 1 1 | B

0.2 0.3 0.4 0.5 0.6 0.7 0.

K (GeV/c)

Hydrodynamic calculations:

Pb-Pb: O. Garcia-Montero et al., Phys.Rev.C 102 (2020) 2, 024915
Au-Au: D. Peressounko, Phys.Rev.C 67
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« Assuming gaussian spherically symmetric
source with radius R, C; might be described as

Cy =1+ Aexp(—gions RY)
where A is correlation

— radius of source size could be
estimated with measured G,

« Results are consistent with estimated radii
from hydro predictions
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Direct photon yields with BE correlations

Double ratio estimated with C,: Direct photon yield:
© | ALCEPreiminay ' o 1 &E; - ' T T T ' ' LI B I L
155 Pb-Pb, s = 5.02 TeV — g Vc;::eHeet;.;:I{s&lj:rFi;zig;fgzs _E N> 102 E\¢ ALICE Preliminary —
o4k ; g:;gzo. Cz(?quMi) T P. Dasgupta et al,, Phys. Rev. G 98, 024911 B @ = ~ Pb Pb _ 5 02 TeV 3
Fo. 0-100,:: :Iae;o:so,n:r‘Xiv:ZSUBJGTM ----- O Hmiceta, Pys. Rev. € 52, 054314 ] - S_D_, - = M NSNN - e ]
1l3:_ . o x _: - Q-|_ I I
12; [ et R "’f: = = 10 E_ ®  0-10%, C(q, o) 3
ok | —H Aﬁ— . NZ -Z'- - & 0-20%, real photons, PCM
1.1 I “j;f%r 1 - Ole = \ i
il - —= = ] QU] S 5 —
1_}.L{,f I e E .3 E E
- L1 — ] = C -
0.9 L i N I - N
1 10 10 ' =
p. (GeVic) = =
Correlation strength (A) of G, — R: 102 N
| Ndn\ 7 Nine 1 : 5
)\ = — /Y — R — _ 7 — 10°E C. Gale et al. Phys. Rev. C 105, 014909 (2022) =
2\ \inc v Ndecay 1 /2 \ B -
fy ry - r H. van Hees et al. Nucl. Phys. A 933, 256 (2015) 7]
1074 JEEREEEEEEED P. Dasgupta et al. Phys. Rev. C 98, 024911 (2018)

« Extended measurements down to 250 MeV/c SR 0. Linnyk ot &l Pys. ev. C 92, 054914 (2015)

» Method provide consistent results in the overlap region oSl ] | |
« Measured spectrum exceeds predictions at low p; by 1 10
factor = 2 p. (GeV/c)
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Further improvements

« Photon identification in calorimetry might be improved by implementing time cut on a signal:
« That requires good time resolution might be achieved using SiPM as read-out electronics
« For example, simulation for PHOS shows that time resolution o, ~ 0.1 ns could significantly
improve purity of photons at low p; (< 200 MeV/c)

& | PHOS upgrade projection Disp, CPV PID cuts S - PHOS upgrade projection Disp, CPV, TOF PID cuts
© 1= PP, Vs=13 TeV -0 0-0-00000000000-0000 00 © 1 PP, Vs=13 TeV . 6. 006 0 0 0 00000000000000000 0 ¢
< = R Sadd c = — e — 0o &
E Es et - E o
S i = =Tt « = . T
= B + - B — - +
(@] - o) K_ @) —.— . o K—
o107 T +time cut O107E -
- - o O 5 = O p - - - 0 p
= RS 5 mE) = f - ~
% - —— _x:jﬁim— o ‘ll-.-’l AP % - e —.‘il_._' N
= e g, | c e |
R e L S = e secsee
- f@f¢¢++¢? @ *ﬁvﬁ 4}? 4 ei = —A—_A__‘_—ﬂ'——%}‘- s B *ﬁ;} ™ q st
- Ak B Aara- -A- —A—A—_‘__A
L = * *+ ++ + other - % w + other
Bl + 4 A _ == A =
10—35_ —Fl-{—]u * _*_J\ 10 35_ —— *+ + A A A&
: 1 1 1 1 I 1 1 1 1 1 1 1 1 | ﬁj] 1 X 1 : 1 1 1 1 I 1 _(]_I_‘_'_ i 1 i i 1 1 | + | l *
4 4
10 ' p, (GeVic) 10 " p_(GeVk)
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ALICE provides measurement of direct photon spectra with several
independent approaches

Direct photon spectra were measured in Pb-Pb at Vs, = 5.02 TeV

Consistent scaling with N, at high p; was observed according to predictions
of scaled NLO pQCD calculations in pp

Direct photon Bose-Einstein correlations were measured:
 Correlation radius is consistent with hydrodynamic model predictions
 Direct photon yield was estimated with correlation analysis, consistent
with other measurements
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Backup. Direct photon yields in Pb-Pb@2.76TeV

Double ratio: Direct phOton Y|9|d:
m}‘- [T T T c|) T T T T T I. ] L . - % T T T T T T | T T T T T T T II T ?
- 010%Por (5 -270Toy  ALCEPrfminay | :i’ o ALICE Preliminary :
- | ] = 5
, 5 EIPHOS i ] S N Pb-Pb |s, =2.76 TeV
: = A —— S N A
: mells = , : : _g-'_ = S _* ]0-10% combined 3
i SR same 'IZ!i ] 2|2 oL \&—L | ¢ |20-40% combined _J
1.0—--- ==t — % |9% E * =
i ] o F N L Yot pQCD NLO x T, 5
o : — - s 1k N AN PDF: CTEQ6MS, FF: GRV
- 20-40% Pb-Pb, |5, = 2.76 TeV i ~2 E \&\. W. Vogelsang et al. E
- o | S10 ' J. Phys. G 23 A1 —~
1.5 [ - =
- n - - [ ]
- i — 21— =
- ™ * . 10 = .. }m R E
L ryi) (] | ] - S -
1.0—--- | m R R — 103 NG
0 Bl ] = @ == E
1 1 1 | 1 1 1 1 1 | | 1 | E \m \\ E
1 10 4 A8 e
p. (GeV/c) 10 IE_ --- C.Galeetal. S e x 10 _§I
o Phys. Rev. C 105 (2022) 014909 =% < .
) ) ) 10°E . p.Dasguptaetal. = s E
« Agree with NLO calculations scaled at high p; > 4 GeV/c ool Phys. Rev. C 98 (2018) 024911 Mo -
" — - O. Linnyk et al. N S
» Excess of direct photon production beyond pQCD (0T e s et 0o N7
. o o E Nucl. Phys. A 933 (2015) 256 3
* In general measured yield is higher than predictions jo8 L L
+ pre- < 1 10
(thermal + pre-eq. photons) at p; <4 GeV/c p_ (GeVie)
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