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% Photon Production in Pb-Pb Collisions

ALICE

I Dlrect Photons = Photons not produced by partlcle decays (e g Tro) |

~ ——— =

, pp and Pb- Pb |

\
S

ﬂ

O Prompt photons from ﬁ 0 Thermal photons

initial scattering (NLO pQCD
8 ( PQ ) O Scattering of thermalized particles (QGP)

O Predominant '
redominant source in pp O Hadronic interactions (HG)

O Signal scales with binary collisions in
Pb-Pb (cold nuclear matter effects?) O Jet'Plasma Ph0t0n5

'®) Fragmentation phOtOhS O Scattering of hard partons with
thermalized partons

O May be modified by parton energy

loss in the medium O In-medium bremsstrahlung
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What can we learn from Direct Photons!?

ALICE

O Photons come out from every stage Freezo-Out At To To T
of the system evolution N ? T T f f * )
O Mean free path of photons much
. Hadron Gas
larger than system size
O No interaction with medium
(direct photon Raa =17)
T,=< 1 fm/c
O Photons carry undistorted o e z
NZ %

information about system at their
production time

Reinhard Stock arXiv:0807.1610

O Hadrons carry system information * PHENIX arXiv:1205.5759 [nucl-ex]
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% Direct Photon Spectrum QM 2012
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0-40% Pb-Pb, sy = 2.76 TeV

ALICE

PRELIMINARY

O Spectrum consistent

with NLO (pQCD)
above 4 GeV/c

(GeV2c?)
2

—_
o

—e— Direct photons
—— Direct photon NLO for = 0.5,1.0,2.0 p_ (scaled pp)

ton O Excess at low pr
—— Exponential fit: A x exp(—pT/T), T=3804+51 MeV

—h
<

—h
(@)
\}
| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| [T

21 N, p_dp_dy

'hﬂI_ I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII L LI
O

¢ interpreted as thermal
® o
’ photon signal
10°
10 Effective temperature
10° TF1=(304 £ 51) MeV
10°
) O TH > T, = dominant
10 0=| L é L1 ‘I‘- L1 é L1 é L |1I0| L1 1I2| | I1 . .
p, (GeVic) contribution from

QCD phase
*Tc. = 170 MeV M. Cheng et al. arXiv:hep-1lat/0608013
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% Azimuthal Anisotropy of Particle
ALICE Production

O Initial azimuthal asymmetry
coordinate space in non-central
A+A = momentum space

O Low pr:elliptic flow (collective
expansion)

O High pr: path length
dependence of in-medium
parton energy loss

O Fourier decomposition:

dN 1
% =5 (1 +22vn cos(n(¢ ‘Pffp))) v2: elliptic flow

n>1

Daniel.Lohner@cern.ch Oct 15,2012 5


mailto:Daniel.Lohner@cern.ch
mailto:Daniel.Lohner@cern.ch

% Azimuthal Anisotropy of Particle

ALICE

O Initial azimuthal asymmetry
coordinate space in non-central

A+A = momentum Space = 0'45 ALICE preliminary, Pb-Pb events at \/s,, = 2.76 TeV
0.35F ni’ V2{2! |An|>1} ‘z’40°/o-50°/o
o . 03k [4]20%-30%
O Low pr:elliptic flow (collective ' ®10%-20%
I 0.25 ¥ [¢] 5%-10%
expansion) : PRIt
02f o0 SOHHT
. e ]
O High pr: path length 0.15 P
. . g . " %1
dependence of in-medium NI O e L
parton energy loss 0.05) faree"
. L. O:—....|....|....|....|....|....|....|....| .........
O Fourier decomposition: 0 05 1 15 2 25 3 35 4 45 5
P, (GeV/c)
dN 1
RP _
—=—|1+2 E vpcos(n(¢ —¥,")) v2: elliptic flow
do 27
n>1
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(5

ALICE

O v, sets constraints on onset

of direct photon
production

O Early (QGP) = small flow

0.20

0.16

0.12

~

O Late (HHG)= large flow like 8:
>

hadrons

O From high T expect
dominance of thermal
photons and small direct
photon v,

0.08

0.04

0 .O%

What can we learn from direct photon v;!

ideal hydro thermal photon v, for different

QGP formation times To

E Thermal Photons L5

- Au+Au@200 AGeV
b=6fm

....... QM
- ——- 0.5xHM

— QM+HM

1.0 fm/c

~ 0.8 fm/c
0.6fm/c

7/
7,7 0.2 fm/c
7/ //
i
/////'._‘\‘.‘.--....,'_'.'.'.-.-.,._ .........
ﬁ"_(.I...--..___...‘ '-..__.'.'.- .:-. .......
/ ., --._...'.-.-.__: .......
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.......
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20 3.0

Pr (GeV/e)

4.0

R. Chatterjee, D.K.Srivastava

arXiv:0809.0548 [nucl-th]

50

6.0
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ALICE Detector and Data Sample

ALICE

4

O Pb-Pb at v/snn=2.76 TeV \

O |7 M min. bias events
(2010)

]
T
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% Photon Conversion Reconstruction using
the ALICE Detector

ALICE

O Photon conversion probability in
IN|<0.9 up to R=180 cm at 8.5 %

-100
-150

-2(28

B T 17 ‘ T T ‘ T T T T T 17 ‘ T 17 ‘ T T ‘ T T ]
- ALICE Performance _|
- Inl<0.9 pp@\Ns=7TeV |
~  SSD 10" May 2011 I
. SDD B
- SPD drift gas
- TPC inner TPC inner —
| field cage containment |
- vessel vessel .
B L 1] ‘ I T ‘ I ‘ I T ‘ | TTP‘C‘Fl,‘OgS‘ | ‘ I ‘ I T B
00 -150 -100 -50 0 50 100 150 200
X (cm)

10

track

_—— —

-~7  fiducial ~T~<_
zone

O Track reconstruction in TPC

and ITS

O Electron identification using

TPC dE/dx and TOF

O Reconstruction of VO decay

vertex using Kalman filter
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%& Measurement of Direct Photon v

Vzdirect Ve (RVZinCI Y 'V2decay Y)/(R_ I )

O Ratio R= Nincl Y/Ndecar ¥
O Inclusive photon vy"eY

O Decay photon v29% Y from cocktail simulation
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Measurement of Double Ratio 0-40%

ALICE

0 DOUbIe ratio: 6; 3.0_ T T [ T T T [ T T T [ T T T [ T T T ] T 11 T T
?_g i 0-40% Pb-Pb, s, = 2.76 TeV i
deClY/dy) = 25— ALICE .
: % B |
B (dNTCO /dy B NmClY P;g [ PRELIMINARY B
— — - ~  —¢— Direct photon double ratio |
(deeC;’W/dy) Ndecay}/ 0.0— —— NLO prediction: 1+ (N_v___ " NLO/«ydecay) |
dN™ /dy ) mc - for p =0.5,1.0,2.0 p, - .
| il -
O NindY from Pb-Pb data - -
C bty 8 -

] 1.0
O NdeY from cocktail - ' :
simulation i !
O% ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] I
2 4 6 8 10 12 14

P, (GeV/c)

O R=I:NindY=Ndecay Y = no direct photons

O Double Ratio R>1: = contribution of direct photons

Ndirect Y= ( | - |/R)Ninc| Y
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%& Measurement of Direct Photon v

Vzdirect Ve (RVZinCI Y 'V2decay Y)/(R_ | )

©” Ratio R= Nincl Y/Ndecay ¥
O Inclusive photon vy"eY

O Decay photon v29% Y from cocktail simulation
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ALICE

< 0.7
O VZERO event plane 3
P
© 0.68
O VZEROA:Nne[2.8,5.1]
0.66
O VZEROC: ne[-3.7,-1.7]
. 0.64
O v,= v/ resolution
0.62
sogfFT
% I Pb-Pb, |5,,=2.76 TeV | 0.6
D:06— —
1 . ——— ] 0.58
L . _ o0z A
oa—— . ] o056}
: | o054}
0.2 = VOA 3-subevent —
- = VOC 3-subevent . a
0.,_.|....|....|....|....|....|....|....|....|....|._,.
0 10 20 30 40 50 60 70 80 90

Centrality (%)

Inclusive Photon v, Analysis

x1 0P

Frr7yrrr 1ttt 7 r-trT 1 1T 1 1T ] 1T 1T 44
| | | | |

0-40%, Pb-Pb, Vs, =2.76 TeV |

s

ALICE

PERFORMANCE
10/04/2010

P, 0.9-1.0 GeV/c
e inclusivey
— No(1+2v_cos(2A¢))

0

12 14
Ad

extraction of inclusive photon v;

0.2 0.4 0.6 0.8 1
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% Inclusive Photon v, 0-40%

ALICE

>~ 0.3 >

2 i | | | | | | | | | | | | | | | | | | | | | | | | | 2z B | | | | | | | | | | | | | | | | | | | | | | | | ]
£~ | PbPb, Vs, =2.76 TeV | £00-22F 0.40%, P-PD, Vs, =2.76 TeV E
[ VZERO Event plane % ] 020 VZERO Event plane b
0.25F © 30-40% | - :
-V 20-30% 1 - N
" A 10-20% ALICE { 018f ALICE -
B 5-10% PRELIMINARY 7 . PRELIMINARY ]
02L e 0-5% ] i 0.l6p R
- o mﬂﬂ*—@— i [ -
B y : 0.14 : IIII'IE-;‘:E ]
0151 S & $ 1 o012f e - .
= ow T AAl @¢ i | i e ] ]
i oW CA] - é 1 01__ ‘E.:I | ; |__
o mmm o — 0.08] o S
0.1 E.:lIttEFt:b — : [ e -
i ? mm - T [ * ]
I : & o : ] 0.06F = .
| S'm o %@3@] - - . ]
0.05} ¥a o™ = =n DS i ; ! — 0.04 T e -
i *.. ..“E.D T i i i
i I... ¢ : 0.02 [~ 7]
O i L. L1 1 J A | | ] L I N | J | | ] L [ | _ ) J | O : IS N | J A | | ] L I N | J il | ] L L 11 1 J :

0 1 2 3 4 5 0 1 2 3 4 5
of (GeV/c) o (GeV/c)

O Magnitude increases with decreasing centrality

O Similar to hadrons
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%& Measurement of Direct Photon v

Vzdirect Ve (RVZinCI Y 'V2decay Y)/(R_ | )

VRatio R= Nincl Y/NJdecay Y
Vlnclusive photon v,n¢Y

O Decay photon v29% Y from cocktail simulation
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(5

ALICE

Ydecay

Cocktail Simulation - Spectra

10

102

103

10

107

barametrized with measured 0-40% spectrum

ALICE

PERFORMANCE

30/07/2012

all delcay Y |

n® — vy (e'ey)

n— vy (n'ny,eteynlyy)
o — 70y (y)

n — py (Y, YY)

0 -y (n°y, ooy)

p— T Y (1Y, MY)

(

|
|

g

0-40% Pb-Pb, |5y, = 2.76 TeV

0 2 4

6

;_IIIIIIII| IIIIIIII| I IIIIII| IIIIIIM [ IIII| IIIIIIII| IIIIIIII| IIIIIIII| L TT]

8 10 12
P, (GeV/c

~—"

ner resonances from mt scaling
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ALICE
; i | | | | | | | | | | | | | | | | | | | | | | | | | |
g 0251 0-40%, MC Pb-Pb, Vs, =2.76 TeV -
> : 0 + - :
T — Yy (e'€ey)
i " n— vy (mmy.eeynyy) 1
o2 Ap— n;n'v(nov,nv) ALICE -
v w—my(ny) PERFORMANCE -
on — DY(COY,XY) 10/04/2010 -
O ¢— Ty y,ny)
0.15| _
P o
: e ot LI
i ° = = °
i o =X O | |
0.1} o =t * S
, ° *
Y
o %%
| Oig
0.05[ e Omg _|
| O. A 4
| 90 $
=
| -iﬁ
&
| | | | | | | | | | | | | | | | | | | | | | | | | |
0 1 2 3 4 5
p, (GeV/c)

Cocktail Simulation va

O v, of hadronic resonance
decay photons

O Assumption: v2(TT¥) = vo(TT)

O Quark number scaling in
transverse kinetic energy

scaling with vo(TT%):

A (pX) = vE () (KE} +m™ )2 — (m™)?)

KEr =mr —m = \/p%+m2—m

Daniel.Lohner@cern.ch Oct 15,2012 |7


mailto:Daniel.Lohner@cern.ch
mailto:Daniel.Lohner@cern.ch

Comparison of Inclusive and Decay
ALICE .
Photon v, and Interpretation

>N [ I I I I | I I I I | I I I I | I I I I | I I I I | i
0.22] E
[ 0-40%, Pb-Pb, Vs,,=2.76 TeV : : :
.. VZERO Event plane | O Above 3 GeV/c inclusive
by (pbPby : photons significantly smaller
18| ]
e N ALICE - than decay photons
B PRELIMINARY |
0.16 |- .
0.14f Slene] e [ - O There must b.e a Fllrect.
: " — " photon contribution with
012 : : B smaller v,
0 13 [ u ° i
2ok — %1 O Below 3 GeV/c consistent
| : within uncertainties
0.06 |- h
0.0af ® - O Either contribution of
0.0l ’ B direct photons with similar
e J L E v2 or no direct photons
NS T U AU T A SN SN SR I R I 1 L1 |
% 1 2 3 4 . V5
eV/c
pT ( fc) Daniel.Lohner@cern.ch Oct 15,2012 18
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%& Measurement of Direct Photon v

Vzdirect Ve (RVZinCI Y 'V2decay Y)/(R_ | )

& Ratio R= Nincl Y/Ndecay ¥
& Inclusive photon v, Y

“Decay photon v29¥ Y from cocktail simulation
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% Direct Photon v 0-40% and Conclusions

ALICE

i | | | | | | | | | | | | | | | | | | | | | | | | | |
[ 0-40%, Pb-Pb, Vs, =2.76 TeV -
0.2~ VZERO Event plane % -
ALICE .
0.15( PRELIMINARY 7]
| s
0.1+ ++ + __ + —
f o
0.05|- ? |
i @
O el e e o |
.0.05F ]
i | | | | | | | | |
0 1 2 3 4 5
p, (GeV/c)

O Direct photons in
0-40% have a significant

nonzero elliptic flow
below 3 GeV/c

O Magnitude of v,
comparable to hadrons

O Unexpected from THf

O Similar results reported
by PHENIX (RHIC)
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Backup

ALICE
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(5

ALICE

Ed’N/dp>(GeV-?c?) or Ed*s/dp® (mb GeV2c?)
3 3 3

—
<
2]

—
<
=

Effective Temperature from PHENIX

NLO Vogelsang

Vsnn = 200 GeV

Au+Au
min. bias

_‘—\—\_“.v'._._

PH-ENIX

© PRL 104, 132301 (2010) °

1

2

3 4 5 6

7

P (GeVl/c)

O Exponential thermal

photon spectrum

O Inverse slope

TE = 220 + 20 MeV

O T from hydro 300-600

MeV

= Photons produced at

early time
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%ﬁ Direct Photon v2 from PHENIX

PHENIX nucl-ex, arXiv:1105.4126

0.25- v, - v"e v,

0.2:— F = EPP™(1=1.0~2.8)
i e E.P?8C (1n=3.1~3.9)

1| M

0.05F -

0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8§ 10 12

o [GeV/c]

O Large vy9"<t compared to hadron v2 supports
theory of production in hadronic phase

O Temperature (TE" = 220 + 20 MeV) favors early
production time
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ALICE

Hadron EM decay modes

Meson Mass (MeV/c?) Decay Mode I;/T (%)
0 (134.9766 4 0.0006) 2y (98.798 £0.032)
ete y (1.198 +0.032)
n (547.514+0.18) 2y (39.384+0.26)
Tty (4.694+0.11)
ete y (6.0£0.8) x 1073
ny (4.4+1.6) x 1074
p (775.5+£0.4) Tty (9.94+1.6) x 1077
ny (6.0£0.8) x 10~*
ny (2.95+£0.30) x 1074
) (782.65+0.12) 0y (8.97033)
ny (4.9£0.5) x 1074
n’ (957.78 £0.14) pY (29.440.9)
Oy (3.03+0.31)
2y (2.1240.14)
¢ (1019.460 +0.019) ny (1.301 4 0024)
7y (1.2540.07) x 1073
k% <35
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