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Direct Photons

PHENIX, Phy.Rev.Lett.104, 132301 (2010)
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Thermal photons were observed!




Direct Photons

PHENIX, Phys. Rev. Lett. 109, 122302 (2012)
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Puzzle of Direct photons

Model comparisons
by Stefan Bathe(PHENIX) in HP2015, McGill, June



thermal only

Thermaly P; spectra, directy ViV Au+Au@200GeV, 20-40%
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PHSD Transport

thermal only thermal + prompt
Thermaly P, spectra, directy V.V, Au+Au@200GeV, 20-40% .
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Hydro

thermal only thermal + prompt

Thermaly P, spectra, directy V.V, Au+Au@200GeV, 20-40%

;9:: 1ﬂ§ E 1403.7558, PRCS1,024508 I].E:- PH* ENIX
z‘?;ﬂ - \§  soamemnin | a1s} * 3+1D viscous hydro
WA N * No pre-flow
“T |  Shen, Heinz, Paquet,
0] B NG Kozlov, Gale, PRC 91,
b ma 024908 (2015)
il ] [ * Both yield and v, low
107k o * Better description with
| Hl pre-flow—> see J.-F.
" prc s, osesns 005 | Paquet’s talk
1U-E||||||||||||||||||||| ol

0 1 2 3 4




thermal only

Semi-QGP

thermal + prompt

Thermaly p, spectra, directy VoV, Au+Au@200GeV, 20-40%
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Slow Chemical Freeze-Out

thermal only thermal + prompt

Thermaly P, spectra, directy ViV, Au+Au@200GeV, 20-40%
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thermal only

-8 PAL109, 202303
- —SUm

-==- Gonformal Anomaly

c= - Gonventional

?5 PRDAS, 026013
_b

" PRC 91, 064904

I PHIl-:NIJ{ | |

Magnetic Field

0.15

0.05

D.15

D.05 |

thermal + prompt

Thermaly P, spectra, directy V.V Au+Au@200GeV, 20-40%

0.2

0.1}

PHIENIX
pralimyary

0.1}

:_ v 3 PH :F_"”f,

|||||||||||

I @ Calorimeter
L @ Conversion

%HHH

|

0 1 2 3 4

P (GeV/c)

Initial strong magnetic field
produces anisotropy of
photon emission

Baser, Kharzeev, Skokov,
PRL109, 202303(2012),

— Weak coupling

Miller, Wu, Yan, PRD 89,
026013(2014)

— strong coupling
Only source that gives non-
zerov,atp;=0

No other sources included
No v,

11



Our Results
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AUAU @ 200GeV, hadron data constrain
1. Understand the spectra of direct photons with(Hirano’s hydro.
FML, T.Hirano, K.Werner, Y.Zhu, Phys.Rev.C79 ( 905.
2. The study of thermal photon v2 with@irano’s hydro.)
FML, T.Hirano, K.Werner, Y.Zhu, Phys.ReV. (2009) 034905.

3. Tryto explain the large v2 of direct photons witl@no’s h@
With delayed QGP formation.

FML, Shengxu Liu, Phys.Rev.C89 (2014) 3, 034906.

4. Explain the large photon v2 and predict v2 of dileptons Wit

(Recent)

Note: No modification to any hydro parameter after hadron data are
explained, for any of the upper hydro models.
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1. Explain Photon Spectrum

FML, T.Hirano, K.Werner, Y.Zhu, Phys.Rev.C79 (2009) 014905.
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What we learn:
Photon spectra are explained with hadron date constrained hydro!
Understand the sources of direct photons. Roughly Prompt + thermal!
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2. Study thermal photon v2

FML, T.Hirano, K.Werner, Y.Zhu, Phys.Rev.C80 (2009) 034905.
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What we learn: V2 _ V2
: : H _ "x y :
1. Centrality dependence tells us, Big vV, — > > big photon v2.
v, Ty,

2. We can use this thermal photon v2 to get direct photon v2, red lines
in next slide.
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3. Delayed QGP formation

FML, Shengxu Liu, Phys.Rev.C89 (2014) 3, 034906.
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What we learn:

1. The red lines from last calculation are much lower than PHENIX measured
photon v2. Similar results from other groups! The photon v2 puzzle!

2. Assume that QGP formation is later than thermalization,

calculated photon v2 can go close to data!
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Delayed QGP formation means

1. A gluon-dominant system exists in the early stage of HIC.

2. This system is very hot, but emits very little photons and leptons,
because gamma line doesn’t directly link to gluon line.

3. With the duality of energy and mass, this system provides us a possible
solution to the puzzule of the dark such as black holes, dark matter/E.

FML. arXiv:1305.5284
Be cautious!

Question: Is it the only solution to the photon v2 puzzle?
How about other EM probes, ie, dileptons?
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Dileptons with EPOS3
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thermal dileptons is large!
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Calculation approach

1. Sources of direct photons and dileptons
2. Hydro evolution for thermal contrinution

3. Initial Condition (IC) for hydro evolution
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Main Sources of Direct photons

Based on High pt direct photon data

Prompt A ds o
1. Prompt photons — = Qdx dx,G,, (x,, MG, (x,, M*) = (ab— cd)a(§ +i +i)
dyd’p, p dt
+ é‘ GI’ZG dsZ i2 Dgo/c (Zc ! Qz)
cqs  DADPZ

Dominant at high pt, zero V2.

thermal

2. Thermal photons aN —= (\)d4thherma| (E"\T), E =p"u_
dyd”p,

Dominate at low pt .

Photon emission rates:
QGP phase: AMY2001
HG phase: TRG2004
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Dileptons from the same system

v,

»
-3 A
-V -
-

Hard scattering QGP phase Hadron phase Freeze-out
Bremsstrahlung Q‘:‘P radiation Resonance (p) dey Long-lived particle (sz,77) decay

Sources of dileptons:

1. Drell-Yan N
M*=(E,+E,)’- (5,+D,)°

2. Light meson decay

— Cocktail dN| | J‘d4x Md 3q dNI+I

3. Heavy flavor decay - —
q° d*xd“qg

) dM

4. Thermal contribution (QGP + HG)
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Plasma in Hirano’s hydro
&, P, U”, S, B,...(T, XY, Z) described with 3+1D ideal hydrodynamics

( Initial Condition Glauber model, Wood-Saxon, initial time

Evolution: 3D ideal hydrodynamic equation 5 T#Y_—
Y7,

< EoS: 1st order phase transition at TC =17 MeV
QGP phase: 3 flavor free Q & G gas
HG phase: hadronic gas PCE

\ Freeze-out: e" =0.08GeV/fm®* or T" ~100MeV
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Glauber IC in Hirano’s hydro

Energy density or entropy distribution in the space:

d N C
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http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6TVN-4JNFN73-3&_mathId=mml47&_user=1529636&_rdoc=1&_acct=C000053552&_version=1&_userid=1529636&md5=e4a22099106db9cd75a687bde018c717
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6TVN-4JNFN73-3&_mathId=mml47&_user=1529636&_rdoc=1&_acct=C000053552&_version=1&_userid=1529636&md5=e4a22099106db9cd75a687bde018c717

Hirano’s hydro used since 2007

Many Groups developed Glauber IC:

+ fluctuations: MC-Glauber, ...
+ PDF constrains: IP-Glasma,...
+ Viscosity can not make photon v2 so big

Hadron data constraints

-—> Still, under-predicted photon v2
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EPOS3

For pp, pA, AA: A

z/z/

cut P uncut P

1C

\ //_

cut Pom : G = %21111 {FT{T}}(5,

b), T

do exclusive
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For pp, pA, AA: A_ S

EPOS3 IC
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Conclusions and Outlook

. Photon v2 puzzle in heavy ion collisions is important.
We may understand the dark with lights.

. EPOS reproduces spectra/v2/v3 of charged hadrons,

direct photons.

. It predicts large v2 of thermal dileptons. Centrality

dependence occurs not only to v2 but also v3,v4, v5.

More insights to v2 v3 v4? How artificial hydro ICs ?
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Thank you for your attention!
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Delayed QGP formation

a3e3s jeniur

(1) At r =0, prompt photons are counted according to
the next-to-leading-order QCD.

(1) At 0 < 1t £ 19, we have £ =0 and photon emission
rate I' = (.

(iii) At1) < T < ToGP, emission is estimated with [ov o
[ < T,

(1v) Fort 2 tggp, the thermal photon emission rate covers
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QGP phase-- AMY2001
HG phase -- TRG2004
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Photon emission rate in non-ed.

Quark distribution  f* ~ X f, quark fugacity &

Photon emission rate suppressed by fn

Flnw — 5 " FCnmntnn + E 2. Fannihﬂatinn
Fup — n‘:: . Fcﬂmpmn + 52 ) (FAMY — FCnmptnn)

EoS _ ”24
0 =(d, + Ed)—T"
¢ (g gq)?;[]

34



Is delayed QGP formation OK for explaining hadron data?

Yes, because

1) QGP is formed before hadrons freeze-out : particle yields, v2/n scaling..

2) Before QGP formation, dynamical EoS e=e(P) remains approximately
the same, no matter the value of quark fugacity.
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Dilepton Emission Rate

R, .. o o7 [14x T? 2912 q
o = f2(,:T)(D e’) 1+—In |+ 270, — KF (M ?)In(L+ -0
d'q 4 W (e, )[ q LH} e K (M) Ing 4ra, T)J

R. Rapp, Adv.High Energy Phys. 2013 (2013) 148253, arXiv:1304.2309.
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Spectrum, v2, v3, v4 ...

dN _N €

+a 2v,. cosn(f -
df 2p§?" ( y)L

0A 00

« InE-b-E case, y vary with event, ptand PID.
However, it is easy to show  (cosnf)=v, cosny,
(sinnf)=v,sinny,

(--) » average over all particles in each event

« Sowecanget v, =\/<C05nf>2 +<5i””f>2

Y.
« Then take event average.
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