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% Photons in pp and Pb-Pb collisions

/- Direct photons (not produced by decay) \
proton-proton and Pb-Pb :
- prompt photons wam) test of pQCD (gluon PDF)
Annihilation )i Compton ;ﬁ
Pb-Pb:
- Thermal photons mww> QGP properties
\ - Photons from parton interactions mmm) parton energy loss /
. )
* Neutral mesons (nt%n,w) via decay photons :
- Spectra in proton-proton :> test of NLO pQCD
- Medium suppression in Pb-Pb ) parton energy loss
N - Needed for direct photon measurements (Ygiect = Yincusive™ Ydecay) y

* Correlations photon-hadrons/jets :
- Medium effects on parton fragmentation in Pb-Pb
LP<x= - See Catherine’s talk
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Photon reconstruction with ALICE

3/26
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Photon conversion + tracking 3, csemscen E
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—> independent measurements | (conversion probability = 8.5%) of
—> different systematics 2!
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Photon reconstruction with ALICE

vze 4 N§90§10P3be\[57276TeV s )

Photon conversion + tracking = ” i

3 different sub-systems : (PCM) Ls HRE e P
—> complementary to each other | ‘s converted into e* pairs 0

—> independent measurements | (conversion probability = 8.5%) :Zf i E

—> different systematics " E

In] <0.9, Ad = 3602 n: 3

n% mass resolution in pp : 0, = 4 MeV/c? et | ittt
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£ L —
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S [ EmcAL Y 07[ PHOS =
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PCM: Photon Conversion Method

* Photons converted in ALICE material (2 opposite charged tracks).
e Reconstruct neutral mesons using invariant mass method.
e Cuts on tracks energy loss in TPC (to separate e* from p,K,m, ).

0 > > e+e'e+e' 200
"r“: - - — T T T TT T T T T T T T T
7Y § | mi<oo . e T
R e [ e ssp Aoy 2001
Y (cm) ~400 0 400 run 10472, > 1501 3 .
; event 4024 =
£ 300 300 — SDD 1 10°
f 100— —°
ﬂ 200 200 = N ] E
i 00 00 : >0 .
=1 1 I B —
; 0 0= 0 <_§ 1 ()2
: -100 100 = 50 E
k -200 -200 = ]
= . ; ) iy e 10
£ -300 -300 — 100 SPD : i Ak e D N R drift gas
: I%l -400 = =150} TPC inner TPC inner
" f 3 . field cage containment
-400 -200 0 200 400 X (cm) vessel fPC ﬂods | vessel
1 ‘ [ | I | 1 1 ‘ [ 1 - Ll | Ll Ll 1 L | | |
2QQOO -150 -100 -50 0 50 100 150 200 1
X (cm)
1-P<= Distribution of photon conversion points
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Neutral meson production in pp collisions
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nt’ spectra in pp at 0.9, 2.76 and 7 TeV

ALICE data: Phys. Lett. B 717 (2012), pp. 162-172

) gz;s\t(,g;taz eV e) g;’s{,gs?azt'n TeV g;’sqt,g;taq'g eV e) 7, ‘tgzt-ltTev * 7, t$=t 2t-75 TeV 7%, |tE=t fi-g TeV ()
combined Spec. ° * u ) syst, sta syst, sta syst, sta
fit combined combined Spec. ° * [
NLO u= 0.5 P, i - - - i NLO u=0.5 P, - - -
NLOp=p  ~  =-=----- = =----- ------ NLOp=p, ~ ====== ======  =ee==-
NLOp=2p ~ -o-oov-ee e NLOu=2p_  ~ =rmvmemier e
(*) arXiv:1205.5724 NLOp=2p, (BKK) v (*) arXivi1205.5724
_ 1013§ T T T T T T T T T 3 O - - = = * ', ]
nu 12E PCM: > yy—e'e ete ALICE Preliminary = | E 3;7-[:0 E — 7 Tev PRIt ,,” -
L 10 PHOs: n°-yy pp,Vs=09&276&7TeV = 2 A - e IR
S 10" ~ 2 - e -
B - Gpp UNcertainty = — - T e ‘}' ]
bs:: 1010?)(10'1 Z;e\_,r . $37.§ éz 17 ++ =t e ‘_'_'__L_,__ —'_ b , I —{— |
"-’cl% 10% 0TV 1 8.0% - 3.9% — - = ‘ ‘ - .
w - i O - ‘ ‘ B
1085“0_ 3 E‘E 3;750, (s =2.76 TeV - -
107: E 2i ———__—"——E
10°-- — - PP i ]
- E 1* 5 " RN E SE SLELIEEN __r_—i*— + N
10° - | .
4 Ol .f o ‘ . b
10 dE 3-1°% (s=0.9TeV N -
103 Z E \"u\. E
102 2 L T ALICE -
10 1f % e T~ +:+—+-. ______ - PRELIMINARY f
1 1 10
Py (GeVic) p, (GeVic)
; *
° Good agreement PHOS/PCM ® Compare data W|th NLO pQCD ( ), reSUItS can
* Use Tsallis fit function as parametrization. help to tune PDF and FF.
o e (Calculations overestimate cross section and
L=P= predict different slope for 2.76 and 7 TeV col.

(Greneb.e

irstoee o Pt (*) P. Aurenche et al., Eur. Phys. J. C13, 347-355 309 (2000) 7/26
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N spectra in pp at 0.9, 2.76 and 7 TeV

M, Vs = 0.9 TeV

n, Vs =7 TeV (*)
syst stat

M, Vs = 2.76 TeV
syst, stat

i syst, stat
combined Spec.

fit combined E—
NLOu=0.5p ———— - e - ———— -
NLOp=p. ' = ====== emmeooaoaoo-
NLOu=2p_ = -omimimeme  eieieiaien e
(*) arXiv:1205.5724
: 1011E T T T T ] T T L T E O
o - PCM: n—yy— e‘e e‘e ALICE Preliminary - _I‘E
«Q B PHOS: n—-vyy pp, (s =0.9 & 2.76 & 7 TeV 7]
% 1010? x1 E Z
o - .
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e x 10 27oTeV 1 7%
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w F EE
107E 4z
10° -
105 .
0" 3 Ol|-
- 7 - |t
10% -
B | L1 | ‘ | L1 | ‘ ]
1
P; (GeV/c)
* Good agreement PHOS/PCM.
e Use Tsallis fit function as parametrization.
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(*) P. Aurenche et al., Eur. Phys. J. C13, 347-355 309 (2000)

th dPnyq
Subato q et

ALICE data: Phys. Lett. B 717 (2012), pp. 162-172

n, Vs =7 TeV (*) M, Vs = 2.76 TeV M, Vs = 0.9 TeV
syst, stat syst, stat syst, stat
combined Spec. ° * ]
NLOu=05p, e - - e
NLOp=p = ======  mmemee eemeas
NLOp=2p  ~ =mimvwns mieieieien e
(*) arXiv:1205.5724
3 n,is=7 TeV __________________________ =
— \ o -7 _
2 Beosle - —emTT L —]
‘: 1 1 by 3 —,— l - -'-.‘-'. ) .l ---- ‘—+—l ____ :
li I ¢ T — = TS I ]
3-m,Vs=276 TeV e =
2 -
1 . S -
| | I 1 T P =
3-n, V's=0.9 TeV T =
2 : ALICE |
_': L T —l PRELIMINARY |
T S ]
1 0
P (GeV/c)

Compare data with NLO pQCD (*), results can
help to tune PDF and FF.
Calculations overestimate cross section and

predict different slope for 2.76 and 7 TeV col.
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n/m’ ratio

ALICE data: Phys. Lett. B 717 (2012), pp. 162-172

(e 0:
Compilation of n/a” in pp at Comparison with NLO pQCD

Vs=13-7000 GeV
%% L L N R B Py — _
=0 e ) sooazTesTTv | B | . -
1— ALICE — - )
- k R . ] 0.8 ALICE -
B t 3 ’ . | _
- M'%‘H”M’“ | ‘ i : i
- & - - 0.6/ —
wﬁﬁ 4 M et -
¥ 2 PR AMGE (ST I ins T e p R (epTen et ; -
i e BRI | e, TTASESE -
L  Piplis=Et0cen \ L L g NLOw=p |
0 2 4 6 8 10 12 14 [ e NLOp=2p, .
p. (GeV/c) Ol L )
: 2 4 6 8 10 12 14

P; (GeV/c)

* The measured ratio n/n° in a wide * The measured n/n° ratio is

collision energy range Vs = 13 to 7000 reproduced by pQCD.
GeV shows an universal behavior.
1-PSC
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m mass peak in pp at 7 TeV

(w—> LA A A )

Counts / 10MeV/c 2
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e Using t* reconstructed in Central
Tracking System and zt® — in PHOS.
* Data collected in 2010: ~400 M
events, ~ 6 nbl.
PHOS trigger data
o~ 300 T T T T l T T T T I T T T T I T T T T T T T T
% _ ® — T°n*T, pp, Vs=7 TeV |‘ E
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W — n°w*T, pp, Ys=7 TeV

ALICE

PRELIMINARY
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o — T°n*T, pp, Ys=7 TeV
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Spectrum of w has a slope consistent with that of n° above 4 GeV/c.
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w/m” spectra ratio in pp at 7 TeV

% 22 — p+p \s=200GeV

2 — A ® — e'e” Phys.Rev. C84, 044902
— ®® — n*t Phys.Rev. C84, 044902
18— "o n®Y Phys.Rev. C84, 044902
— O — n°*n Phys.Rev. C75, 051902
1.6 ® - 1% PhysRev.c75,051902

— p+p,\s=62 GeV

1.4 » © - 1’y Phys.Lett B89, 432 (1980)
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12 14

16

P, (GeVi/c)

* The measured ratio w/mxt°
in a wide collision energy
range Vs = 62 to 7000 GeV
shows an universal
behavior.

 Comparison to theory
prediction would be
interesting (NLO
Fragmentation Function
for w is missing...).
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Neutral meson suppression

Parton energy loss in QGP

eeeeeeeeee
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Tomography of the QGP

« Make a tomography of strongly interacting QCD matter produced in Pb-Pb collisions.

)
A
A

" Medium features :
* mean free path A
* gluon density dN&/dy
* temperature T
\__*transverse size (L)

)

Laboratoire de Physique
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KSingIe hadron suppression \
d°N,, /dvd
R, (pr>y)= aa CIPr
<Ncoll> X d Npp /dyde

—> Particle identification can help to
understand energy loss dependences
(quark vs gluon, quark mass, ... ).

« Parton fragmentation
—> Fragmentation function modified
due to parton energy loss.
—> Gather observables to constrain models:
- hadron-hadron correlations.
- jet reconstruction.

- gamma-hadron correlations.
\ (see Catherine’s talk)

/
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n®R,, Pb-Pb 2.76 TeV

* mn®spectra measured from conversion photons for different centralities.

* 1Y R,, strength and shape described by theoretical models.
* Next step : higher p; by using calorimeter reconstruction.

ALICE Preliminary
Pb-Pb @\|s,, =2.76 TeV

N\ WHDG 7/ Vitev IS & FS E-loss

1% —yy —>e‘e e‘e

HHHH‘ HHLLLL‘ HHHH‘ HHLM_UMM

. L]

e x°Pb-Pb 0-20% (x500) . §
& =° Pb-Pb 20-40% (x50)

&1 =° Pb-Pb 40-60% (x4) $
[ ]
|

10°
7 Pb-Pb 60-80% (x1)

P; (GeV/c)

_VTWW‘ HHHH‘ HHW" HHHH‘ HHW—[UHH\‘ HHW‘ HHHH‘ \3m

|
1

ey
e
L

<
<
o ® 100-20% ® °60-80% % ALICE Preliminary
D Chen (HT) B3 Vitev FS E-loss

Pb-Pb |5, = 2.76 TeV
ALICE > yy—>e'e e'e

See D. Peresunko talk QM 2012, arXiv:1210.5749 (nucl-ex)

\
10 12 14

p, (GeV/c)

* (WHDG) W. A. Horowitz. Int.J.Mod.Phys. E16 (2007) 2193-2199, arXiv:nucl-th/0702084 [nucl-th]

. R.§harma, l. Vitev, and B.-W. Zhang. Phys.Rev. C80 (2009) 054902, arXiv:0904.0032[hep-ph]

* X.-F. Chen, T. Hirano, E. Wang, X.-N. Wang, and H. Zhang. Phys.Rev. C84 (2011) 034902, ArXiv:1102.5614 [nucl-th]
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I:‘AA

* Suppression follows the energy
dependence seen at RHIC energies.
* Suppression agrees with charged
pion R,, within errors.
B T T L I I S R
B ALICE _
0.8; [® |ALICE  0-20% Pb-Pb |y =2.76 TeV_|
— O PHENIX 0-20% Au-Au @:200 GeV —|
B %;% PHENIX 0-20% Au-Au \sy, = 62.4 GeV |
0.6; %% ﬁ% < WA98  0-13% Pb-Pb {Sy,=17.3 GeV |
0.4 % Jii+ ; -
L —b— 1 —
0.2 TP s e 98 6 oaly 99
n —— " =
L S P E— T |
B B T TR S AN S R

<
o

m°R,, LHCvs R

1.0

0.

o)

(o))

0.2

IR o I
—_— e
I

et

|,
1
Lr

® | ALICE  60-80% Pb-Pb \syy=2.76 TeV |
O PHENIX 60-86% Au-Au |Sy, =200 GeV _|
PHENIX 60-86% Au-Au |Syy = 62.4 Ge\.|

6 7 8 9 10
p, (GeV/c)

ALICE Preliminary
Pb-Pb s, = 2.76 TeV
a®—yy —e'e e'e

&

~ ALICE

\\‘\\\\‘\\\\‘\\\\
1 2 3

‘\\\
4

[S.Bathe et al., PHENIX collaboration.
J. Phys. G: Nucl. Part. Phys. 38 (2011) 124001 ]
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Low p; direct photons
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(Y inc/no)/(Y decay/no)

* Direct photons from inclusive spectrum : |Y s =V inec =V decay

Direct photons in 7 TeV pp

. : el Y d : , .
+ Double ratio: R= —Lire_ y”’g [ ===, if > 1 direct photon signal.
ydecay T 7T
From converted photon From cocktail generator
measurements (mY data+simulation)

20_ T T T | T T T | T T T | T T T T T T | T T T |_

- {1 The NLO double ratio is
18— pp, Vs =7 TeV - RNLO= 1+ )/NLO/ V decay cocktail

~  ALICE i

| PRELIMINARY _
1.6— _

. —¢— Direct photon double ratio . : :

C T NLO prediction: 1 + (1, o7, ] The meas.u.red direct photon signal
. forp=051020p 1 in pp collisions at Vs=7 TeV shows

B || no excess
ra |

- | | - See M. Wilde talk QM 2012,
1_0: + ; : | T : arXiv:1210.5958 (hep-ex)
0.8— —

B | | | | | | | | | | | | | | | | | | | | | | |_

0 2 4 6 8 10 12

b, (GeVic) 18/26



% Direct photons in 40-80% 2.76 TeV Pb-Pb

(Y inc/J-|:())/(Y decay/no)

* Direct photons from inclusive spectrum : |Y s =V inec =V decay

e Double ratio: R=

y inc

y inc / }/ decay

}/ decay

From converted photon

measurements

P~

.7'50

JU

0

, if > 1 direct photon signal.

From cocktail generator

(mtY data+simulation)

The NLO double ratio is

RNLO =1+ Nco//y NLO /)/ decay cocktail

Double ratio for peripheral events
shows no excess at any value of p;.

See M. Wilde talk QM 2012,

arXiv:1210.5958 (hep-ex)

T T 1T 17 17T 17T 1T | T 1T T T | T 1T 17T | T T 17 | T 1T T T | T T 1T | T T 1T |
8 40-80% Pb-Pb, s, = 2.76 TeV ]
B ALICE .
1.6—  PRELIMINARY —
— —¢— Direct photon double ratio T
1.4__ — NLO pl’edICtIOI"IZ T+ (Ncolleirect,pp,NLO/Ydecay) __
L for w=0.5,1.0,2.0 P, i
1.2 | -
S YRV .
1.0_ + | + | +T g | + ‘ |
0.8— * —
_I 11 1 | 1 1 1 | 111 1 | L1 1 1 | I 11 1 | 111 1 | | I I | | | I I | | N

0 1 2 3 4 5 6 7 8

P, (GeVic) 19/26



% Direct photons in 0-40% 2.76 TeV Pb-Pb

* Direct photons from inclusive spectrum: Y s =V inec =V decay

y inc }/ inc / ’}/ decay

* Double ratio: R= ~ T/ if > 1 direct photon signal.
ydecay 7T 7T
From converted photon From cocktail generator
measurements (mtY data+simulation)
6\ 30 T T T | T T T | T T T | T T T | T T T | T T T | T T T |
< [ 0.40% Pb.Ph p 76 ToV 7  The NLO double ratio is
8 - -40% -FD, \/S =Z2. e - _
= ~ NN N RNLO_ 1+ Ncolly NLO /V decay cocktail
€ 25 ALICE —
>—§ | PRELIMINARY | . o
L Direct photon doubl ratio - Clear extra. yield of Z_OA for p;< 2
20— —— NLO prediction: 1+ (N v . fy. ) | GeV/c. High p; direct photon
- foru=051.02.0p, 1 measurement agrees with the NLO
n 1| prediction scaled by N_,
1.5— ]
- : See M. Wilde talk QM 2012,
RS 1 arXiv:1210.5958 (hep-ex)
1.o—+

1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0-% 2 4 6 8 10 12 14

p, (GeV/c) 20/26



Direct photons in 2.76 TeV Pb-Pb

* Spectrum derived from double ratio:

Vi =7 ine X (1= decay 7 i

—> NLO predictions in agreement with data for p; > 4 GeV/c.

——> Exponential fit for p; < 2 GeV/c slope : T = 304 + 51 s¥s*stat \MeV (Cen: 0-40%).
(Cen: 0-20-%).

—> RHIC: T =221 + 19 stat + 19 s¥s MeV

&(; 103§ T T T T T T | T T T l T T T I T T T | T T T ] T T T Ig

@ 10 E? 0-40% Pb-Pb, VSNN =2.76 TeV EE

B 10 ALICE =

ol — . PRELIMINARY ]

i [ —¢— Direct photons -

S F —— Direct photon NLO for = 0.5,1.0,2.0 p_(scaled pp) 3

'-IZ;, 107 —— Exponential fit: A x exp(-p/T), T = 304+ 51 MeV 3

oY} - 4 3

102~ % —=

= . 3

107" =

104 E:

105 =

10°- =

10'7_§| T P I R N T N T R N [ I T N N N TR R 4;

— 0 2 4 6 8 10 12 14
P p, (GeVIc)

Sropeb. See M. Wilde talk QM 2012, arXiv:1210.5958 (hep-ex)
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%}% Direct photons in 2.76 TeV Pb-Pb: R,

 Ratio of measured direct photon yield to NLO prediction, scaled with N

—> p; >4 GeV/c : Clear scale of NLO with N_, and data.
—> 2 < p;<4 GeV/c: Clear enhancement.

coll*

s 7
™ [ 0-40% Pb-Pb, |5, = 2.76 TeV

65 —4— Direct Photon R,, (NLO pp reference)
- [ ] NLO energy scale uncertainty, u = 0.5, 1.0, 2.0
- pRHEHI%nEY (PDF: CTEQ6MS5 FF: DSS)

or —— Constant Fit: 0.94 = 0.17 (p_ >4 GeV/c)
. id

A

3 (1]
: bd
- A l

1 %ﬁ . ! .
- l [ : T .

o () B | | | | | | | | | | | | | | | | | | | | | |
- FH:; 0 2 4 6 8 10
!Ten-ble p, (GeV/c)
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Direct photons v, in Pb-Pb 2.76 TeV

Reaction plane (W)

® space asymmetry < momentum asymmetry,

. . d3N d?N - L
* Fourier series: FE = 1 20Uy, d— U,
d>p QWPpoTdy( ” Z vncosin ) ﬂ_‘.\

n=1
( W
* v, (elliptic flow) <> onset of direct photon production L J L/
(early(QGP) : small v,, late(HG) : large v,). _LV

Ny
0.20_I T T | T T | T T T | 1T 1T | T T I/ ,/://T T I_
: " Thermal Photons - )
@(perlmental method : \ 016 AutAu@200 AGeV 7 B
* v, direct photon : - b=6fm i .
y direct y inc y decay B Phe :,:’//// i
V, = (sz -V, )/(R_l) ~ 012 ... oM //:,”:// ]
, J 5 L ———- 0.5xHM ,///:’/ 1.0 fm/c -
with double ratio R=N""/N""% G S . }
* Get event plane (W,F) 0'08:_ 0.8 fm/c E
* Extract v, = <cos[2(D-W,EP)]> -
\ / 0.04
. 00 li'| =7 | L | | III II --......'._'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'
See D. Lohner talk HQ 2012, arXiv:1212.3995(hep-ex) : 9),0 1.0 2.0 3.0 4.0 50 6.0
_— p.. (GeV/c)
ILFH:—, R. Chatterjee, D. Srivastava T

e arXiv:0809.0548 [nucl-th] 23/26
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Direct photons v, in Pb-Pb 2.76 TeV

5 L I B B |

N I L L L L B L L UL L R 2 L 4
02F VZERO Eventplane ] 4" VZERO Event plane ]
L m Y (Pb-Pb) ] i . 1
0.18 - L i
- @ Y (MC Pb-Pb) ALICE - 0.15} — ALICE ]
0.16 - PRELIMINARY - M +_ PRELIMINARY .
0.14[ g 01l * + -
0.12| j . [ ++_+ Jr— |
i ] 0.05|- .
0.08F . I — ] ]
s E i — 9 ® i
006 B B N R e | h
0.04 | ] | ]
0.02F ] : ]
- -0.05+ —
O _EL L 1 L 1 L T S S S R | ] i 1 ] 1 ] | |

0 1 2 0 1 2 3

4 5
p, (GeVc)

Inclusive " s v, has same behavior to
hadrons v, with centrality. .
Decay Yy’ s v, obtained from cocktail

spectra, different mesons decay scaled

- P<X=Vvia m;and quark number.

\/Gr'enob

ogie

sz direct _ (szy inc _ sz decay)/(R _ 1)
— T

4 5
p, (GeV/c)

Significant flow of direct y below 3 GeV/c
Magnitude comparable to pion flow.
Unexpected from high T measurement.

ve See D. Lohner talk HQ 2012, arXiv:1212.3995(hep-ex) 24/26
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0.15|

0.05F

0.25F

0.2f

0.1f

_Yd"-vz(@fB") ®) PHENIX VS ALICE
direct photon v,

i
- 5
0255— (c) | F i (d)
~ "t PHENIX nucl-ex, g | ——
> 02K . r : = 02l S;SZ,(,)PE@#;?#JNGEV 1
£ *’ arXiv:1105.4126 : .
>. 0.1 5 — :_ : 0.15 | PlgLEEIERERV
.- C i
g 0.1 -=—--E-E-ET---} ------------------ Ot e ]
> c [] | —
n 0.05_ — } 1 0.05 %
2 : i { J i
S oF o o . e g . v vt . -m}-- ----- -ﬁ--—u—-----g--r---
: : '
-0.05 - : i SR § SO O B
o | L | | | | | | P AP A B | p; (GeVic)
. :
0.25F i (f) .
0.oF | The strength of the v, is
o : similar in both experiments,
B I . .
01k e - but the different centrality
0.05F E ranges do not allow to do a
of : i __}_]' i full comparison.
0.05] 3 i ?
| TR R R R N l l l l l l | .L | l L l l
0 2 4 6 8 10 12 0 2 4 6 8 10 12
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%}% Summary and Outlook

* ALICE reconstructs photons with 3 complementary methods :
——> Tracking (conversion photon) + 2 calorimeters (EMCal, PHOS).

—> Large p;range with useful overlap (from 1 to 50 GeV/c).
——> Independent measurement with different systematics.

* Photon measurements provide wide-ranging results :
—> Global QGP features (apparent temperature, direct photon flow v,).
—— Parton energy loss (neutral meson suppression R,,).
—— Besides in pp, tuning of NLO pQCD with neutral mesons.

* More results to come from pp, p-Pb and Pb-Pb analysis :

——> Photon/n®-hadron correlations (see Catherine’s talk ).
—5 Neutral mesons R,, from calorimeters measurement.

—> Direct photon spectrum from calorimeters measurement.

Laboratoire de Physique
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Cocktail simulation

¥ parametrized from 0-40% spectrum measurement

* other resonances from my-scaling

o
=
~

ydecay
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Comparison of spectra measured in PHOS and

with conversion method

ALICE data: CERN-PH-EP-2012-001, arXiv.1205.5724

: B T T T T T T I T T T T T T LI I T ]
L 0 _ stat syst
E - 5, is=7TeV PCM ¢ ——= [ ] 7]
o PHOS m —— .
Q 1.5— ¢ —]
i * ]
+ i EINN S

1. _*_ t _]..“
- L -

o.s 1 1 1 | 1 11 I 1 1 | 1 1 1 11 I 1
1 ° p_(GeVic)

Neutral pion spectra measured in PHOS and Photon Conversion Method
(PCM) agree within errors
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Minimum bias

€ PHENIX direct photon v,

PHENIX nucl-ex, arXiv:1105.4126

inc. v

E.PFXN (In1=1.0~2.8)
BBC
E.P.°Y (In1=3.1~3.9)




Direct photons in 2.76 TeV Pb-Pb

101_ '|"'|"'|"'|"'|"'|"'_§
0 ALICE Direct Photon @ 2.76 TeV ]

~ 100 - ¢ 0-40% data
% I Ann+Comp _
< ~— quark fragmentation E
2107 | % 1% —— pQCD (Ann+Comp+frag) 1
& L F -~ — Thermal (QGP+Hadron)
& 4, T
Z 10 3 3
=
#2107
Qo oo N ey
=10 = J.K.Nayak, B.Sinha  \ = g
—  _ [lnucl-th]arXiv:1210.3993

10 T SR N N TR TN S NN TN T S S

0 2 4 6 ”8 ”10”'12”'14
p, (GeV)

* Thermal: (2+1) dimensional relativistic

hydrodynamics, prompt: CTEQ6M

* EoS: crossover like transition
* Initial temperature: T, = 546 MeV
* Formation time:t;=0.1fm

10‘ T I T I T I T I
—— Thermal+prompt photon
— —— prompt photon from pp data
---- Thermal photon
0
100 N
TA
> ALICE@2.76TeV Pb-Pb
3 A 0-40%
~ -2 AN
> 10~ - n
=
[
B
2
Z —4
107 - i
S. Mitra et al.
[nucl-th] arXiv:1303.0675
10_6 1 | 1 | 1 | 1 I 1 =
0 2 4 6 8 10

p; (GeV)

Thermal: lattice QCD EoS +
resonance gas

Prompt: photons from 7 TeV pp
* Initial temperature: T, = 553 MeV
* Formation time:t;=0.1fm

Both calculations ignore jet-plasma photons
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