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I - Physics motivations for direct photon measurements
IT - Direct photon measurements in ALICE

i - Conversion method with the TPC and the ITS (p._0.5-14 GeV /<)

ii - Isolation method with EMCal (p_10-50 GeV/c)

IIT - Conclusions
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Direct photon production

B IOV

In pp and Pb-Pb collisions Only in Pb-Pb collisions

: e ! Thermal photons: from QGP or
hadron gas:
=) Direct information on the hot
and dense medium
g q q b4

Compton scattering and annihilation

Photons from interactions between

Independent of fragmentation functions (FF) hard partons and the medium:

==) Their measurement constrains parton - bremsstrahlung of partons
distribution functions (PDFs) ~Ghard + 90GP — a+

Fragmentation photons: production can be
atfected by parton energy loss in Pb-Pb

Electromagnetic probes do not interact with the color field
m=) Ideal to study HI collisions
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A medium thermometer: thermal photons

LR

In heavy-ion collisions, low p_ direct photon production is dominated by

QGP and hadron gas radiation => Access to medium properties

The "excess' seen at RHIC Prediction for the LHC
—_and -'G- § Pb-Pb — y+X, 5.5 TeV [0-10% central]
% 10 = 10°F
L na & 4+ AuAu MB x10* % = —— Totaly: prompt + thermal
1|:| Y o - - \"
5 o . AuAw 0-20% x10° g 1°2§ Prompt: NLO % N_, EmBE m, = 50 Ge
£ q1p? — Y Thermal: QGP
E AuAu 20-40% x10 S 10 .
- 10 - S Thermal: HRG
<] T 4L T,{t,=0.1 fmic) = 650 MeV
o 1 = E
o = F ‘
pu £ 10'F \
510" T f NN
o — -2 '\-‘H
¥ 1072 107 N
% - B -,
107 o
] -3 E
2107 g
L= 107
E 10 - E
Wqg® %3 10°F -
105E 10°F
E arxiv:0906.1746v1 Tt S £J.Phys. G35 (2008) 054001
1D_T_IIIIIIIIIIIIIIIIIIIIIII||||||# 1ﬂ-?IIIIIIIII'IIII|IIII|IIIIIIIII|IIII|IIIIl
1 2 3 4 5 6 7 o 1 2 3 4 5 8 T 8
P, (GeVic) p. (GeVic)
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[solated direct photons: an ideal probe

Compton scattering is the Unlike hadron production, high p_isolated
dominant channel of high p_ photon one is not affected by the medium
isolated direct photon at LHC created in HI collisions

==) constraints on gluon PDF =) ideal reference for PDF and FF

modification studies

.51 4 pp — v X, \'s=14 TeV, y=0 CMS (* preliminary) / PbPb\/s, = 2.76 TeV
E T v isolation: R=0.4, ¢.=0.1 2_| — ! | | T | ]
€400 —49-74q(Compton) 1 .S—I L dt = 7-150 ub" 2 (01007 > 20 Gelie
3 £ —-qq — 7 g (annihilation) L —¥— W (0-100%) p’ >25GeVic |
o I Fragmentation y 1.6-G. Roland —@— Isolated photon (0-10%) —
A | i 59 b-quarks (0-100%) 7
2 [ JETPHOX 1.1 (CTEQS6.6, u=E;) 1.4_—(QM 2012) via secondary Jv) 7
20.81- 1.2 -
D — < | + * |
. | e PR, SU —
0.6 e 1 "
- 0.8 —
0.4 B S N
f 0.6/ %# . 5o o N
o2 ] 0.4_@ % oQ 5
E'-'|———--—-—"‘”"_' ) -_|_-"-.- 0.2- C%DOO L& Charged particles (0-5%) |
0 11 | | | L1 111 | | I I T | _ I
10 20 30 100 200 1000 o! : | | | ' |
R. Ichou, D. d'Enterria, E:"r (GeV) 0 20 E‘r?] ) (Gg({/) 80 100
Phys.Rev D 82(2010)014015 p-r T
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Direct photon measurement: an experimental challenge

R W

Photon production is completely dominated by hadron decays

0
The @ — ¥ channel contributes for more
than 80% of those decay photons

OH L I I T T TT | I T T 1T _1
==) Direct photon signal extraction is challenging E INCNLO ]
I-E 1= =
o ]
1* approach, decay photon subtraction: 2 [ -
= ; e | +
Ydir — “Yinc — Vdecay 50_1__ P
L S
Used in the conversion method ; %ﬂ, :
10-2 — 4}"’#@ d}‘{lﬁ""- |
2nd approach, direct photon identification: 5 %,,..---*""Lﬂj :
Used in the isolation method 104__ &  s=7TeV pp CTEQSM BFszs_E
E | | I | | | | | %
10 P, (GeVic) 10°
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ALICE Detector Setu

R D
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ALICE Detector Setu

R D

ALICE-ITS
-In| <2, full @
- vertex determination

- centrality estimator
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ALICE Detector Setup

L

LHC France 2013

ALICE-ITS
-In| <2, full @
- vertex determination
- centrality estlmator

ALICE-TPC

‘ “In] <0.9, full

i} dN / dn = 8000
: -p O 1-100GeV/c
' ’ - particle identification




ALICE Detector Setup

ALICE-ITS

-In| <2, full @
- vertex determination
- centrality estimator

ALICE-EMCal

-] <0.7, Ap = 100°

- Anx Ag = 0.014 x 0.014
-p;+ 0.2-100GeV/c

- self trigger mode
- photon-nt’ separation

ALICE-TPC

il *
~ “In] <0.9, full =
L -dN_ /dn = 8000

= N p,: 0.1 - 100 GeV/c
' ’ - particle identification
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1% measurement: Conversion method with TPC and ITS
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Photon Conversion Method

EEI @ e

Conversion probability in ALICE inner material = 8.5 %
(in |1n|<0.9 to R=180 cm)

Remove other V0 sources (KSO N AN
- cut on opening angle

- cut on dE/dx of the tracks
200 T

Ze

T

Track selection (VO candidates)
- Large impact parameter (avoid

primary particles)
- Small DCA

track

-7 fiducial ~ " --
track Zone
-~

TPC dE/dx (a.u.)

Vf.:_‘tllll_llllIII|III|III

1 10 pTI(GeV/c)

Contamination from combinatorial background
estimated from MC simulation
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Analysis strategy

L B

Direct photon contribution is obtained from inclusive spectrum by:

< (1 B ’Ydecay)

Ydir = “Vine — Vdecay — 7Vinc
Yine

With double ratio: Yinc _ [Yinc / Vdecay From the cocktail
Ydecay 70 ’7‘1‘3 aram generator (see next slide)

5
& 103 T T L B T T T %\ 10 -
i U m ALICE Preliminar
> 2 . ¢ 10 y
3 10 . & Pb-Pb, \[SN =2.76 TeV S N ! Pb-Pb @\ s, = 2.76 TeV
~ b 103 [ -
> 10 . g o ALICE Z%i— * . = > yy—e‘e e'e
&l ® ° PRELIMINARY B2 102 .
O 'O'_ 1 L) Y 'U}_ | ® °
% Te e . e . *
—Z 10 e ® —AZ m . .
° °
Cﬁ b ‘\t;; 1 ® = .
o o
102 ® ° . . °
" ) o
=3 ¢ [ ] . 10 ! * o L]
10 o -® , L °
10° . =
10-4 [ ) [ ) . . ) " |
° ° 10 .
-5
10 - ° 10" e 1°Pb-Pb 0-20% (x500) . 4 -
105E- —#= Inclusive y (0-40%) —t ::::-l':z ig-gg:’f gxi;))
—e— Inclusive y (40-80% 10° . 7" Pb- -60% (x ¢ —
v o) ¢ & 0 Pb-Pb 60-80% (x1)
107 ! R | ! ! | L 6
p 10 10 1 2 3 3 5 3 7 8 9 10
p; (GeVic) p; (GeV/c)
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Cocktail generator

(K
Ol;' = T T T | T T T | T T T | T T T | T T T | T T T | T T T I T T T |
- NS Id
FF pp, Vs =7 TeV 2 1y (o' jz
0 ) ~F M-y (T'TY.e'eyalyy) 5
A part from 1 and 1) (in pp), decay '7E ALICE ® - 7% (m) E
L 1/08/2012 n — py (@Y, YY) ]
photon spectra are computed. 10g- ek E
1 :gk p— wy (Y, M) -
Cocktail generator is based on the il B
: 0 = =
m_- scaling of T spectrum o E
0~ E
. " Y _]
m_- scaling (mr = m? +»% ) o E" E
A -5 B 1 1 | | | | | I | | | | 1 1 1 | | | 1 | 1 1 | | 1 1 1 I | | | | ]
Same shape of cross-section f(mg) “o¢ Tz e w0 e e
0 T
of various mesons: Meson (Cpy) Mass Decay Branch B. Ratio
Ed3 o 0 134.98 R 98.789%
. e’ e 1.198%
dp> =|Cm|X f(mp) p 5473 e 30 21%
. . Tty 4.77%
Normalization factors (0.48) ete—~ 40 .10—3
o° 770.0 P 9.9.10 3
I
(1.0) w0~ 7.9.10"%
w 781.9 70 Ay 8.5%
. ! —~ —d
Considered mesons: 7, 1, 1/, w, (0.9) Yy 6.5 - 10
, n 957.8 p° 30.2%
Q@ and £0 Wy 3.01%
[0.25] AJ'"'.;" 2.11‘%@
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(yinc/no)/(ydecay/no)

Results for pp collisions at VS =7 TeV

L

20_ T T T [ T T T | T T T T T T T T T T T T |
1.8 Nl PP, Vs © Data set: ~350M events (2010 data)
[ PReLIMINARY Trigger: min. bias
1'6__ —+— Direct photon double ratio -
~  —— NLO prediction: 1 + (y ——— o/y decay) .
B for p = 0.5,1.0,2.0 ’ _ :
LA =k Pr 1 Yinc ’anc / '-)’decay
ol i 'Ydecay param
- [ ] |
- } S | 1 The double ratio leads to the
10 “‘H’ H543 ¢ ] T 1 cancellation of some systematics
- | errors (efficiency, normalization,
08 | | | | | ']’ spectrum)
12

O

N
N
»
oo

- No significative direct photon signal

- The result is compatible with NLO predictions

LHC France 2013




Results for Pb-Pb collisions at VSNN =276 TeV

R

_Yinc wa"’c / Vdeca’y Data set: ~17M events (2010 data)
F)’/decay param Triggel‘: mln biaS
6['\;: [ T T T T T T 1T | T 17T ] T 17T | T 17T | T 17T | T 17T | T TT I ] OE\ 30_ T T T | T T T | T T T | T T T | T T T I T T T T T T ]
§ T 40-80% Pb-Pb, s, = 2.76 TeV 7 5[ 0-40% Pb-Pb, sy = 2.76 TeV ]
o L 1 & F .
£ - ALICE 1% % ALICE N
\48 1.6_— PRELIMINARY —_ \.cga B PRELIMINARY 7]
< — —¢— Direct pho_top double ratio 1< | —e— Direct photon double ratio ]
o — NLO prediction: 1+ (N_ v direct’pp’NLo/y deCay) 7 20— —— NLO prediction: 1+ (N_y_ - i
n for u=0.5,1.0,2.0 P, i B foru=0.5,1.0,2.0 P, ]
1.2_— —_ 1_5__ :
B ° ) i B ] _
1.0 + + + + + I " L4 | l++¢ ++++ + + B
= ? 1Y ’
08— — - .
B o v v b b v b b g | } 05— 11 L e v b b Iy Ly
0 1 2 3 4 5 6 7 8 0 2 4 6
P, (GeVlc) P, (GeV/c)

- Above 4 GeV /¢, in both peripheral and central collisions, results are consistent
with NLO predictions

- We see a direct photon signal at low p_in central collisions
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Direct photons in central Pb-Pb collisions at \/SNN =2.76 TeV
«
(G(:; 103§| T T | T T T I T T T I T T T | T T T I T T T | T T T |§
3 102§ 0-40% Pb-Pb, s = 2.76 TeV E
z'} 10 ALICE = The direct photon yield is
S 1R —#— Direct photons = extracted from:
S E —— Direct photon NLO for i = 0.5,1.0,2.0 p_ (scaled pp) =
—=Z 10“55 —— Exponential fit: Ax exp(-p/T), T = 304+ 51 MeV "5 Ydecay
§10.2; ’*. J17dir = Yine X (1 - )
= . = Yinc
0% E . .
- 3 Using the double ratio:
0% =
10-5; ?: Yinc ’)’@nc / '.Ydecay
10'6_ ‘é F}’decay param
10-7El 1 1 I 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 _i;
0 2 4 6 10 12 14
P, (GeVlc)

- Atp_<2.2GeV/c, the spectrum is fitted with an exponential with a slope

parameter:

T = 304 + 51512t T5Yst Nrovy

- The excess is similar to the one measured at RHIC:

T =221 +19%7*" 4 19%Y% Mev
(Au-Au centrality 0-20%)
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2" measurement: Isolation method with EMCal
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Photon identification with EMCal

L 22

I - Charged particle veto (CPV)
Selection of clusters that are not matching a track (matched if An < 0.02 & A¢ < 0.03)

IT - Shower shape discrimination (}\20< 0.27)
}\20 vs E_of clusters (after CPV)

o= 3_ ‘i‘;‘f‘-‘ A FRE o ‘ _. j I 300
| :‘5;‘ ._:“'._.'" .
250 P _ovl0 - ALICE
— PERFORMANCE
B : - . 18/07/2012
21— T pp,Vs=T7TeV
1 5 150
. . , -
EMCal cluster Y large N ) 1 100
o r
0.5:— 50
/EO L
O_I TIN5 o s i T | .I | 'I | [ E R N N N N NI A R A R A R A
0 5 10 15 20 25 30 35
E; (GeV)

}\s cut provides a strong n’rejection between 5 and 60 GeV
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Photon isolation

L 222

_'_(E _.  — i —— i —— i e i —— i — L I T T T I LI l I_
hadrons _ 2, 2| Isolation R=0.4, p["**"<0.5 GeV/c _
Fragmentation = o i
photon QZ - m v Pythia (y-jet) \s=7 TeV ALICE 7
- PERFORMANCE —
wooL i
08 wmmm ]
B .......Il.l.ll..........l....iJ
proton - —
0.6 — ]
04 - -
photon z®0e ]
i s Y X
trajectory i ®0000000, 00000, 00000000,
ol b by b b b b by ]

8 10 12 14 16 18 20 22 24
p, (GeV/c)

'."‘"-. il 0 . . *

2~ ¢ - Theisolation technique strongly reduces the residual

r® contamination

- Fragmentation photons are also strongly suppressed
since they are surrounded by hadronic activity
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Isolation method: signal extraction

EEIl e

Cone UE

Computation of (ISO=E_ -E_ | for:

T

. 2
- BG template: clusters with 0.5 < }\0 < 2 (normalized using distribution tails: ISO>15 GeV)

- Signal+BG: clusters with 0.1 < }\20 <0.3

Yield is extracted substracting the BG
ISO distribution from Signal + BG one

— 0U

& <
81601~ pp, Vs=7 TeV 3 pp, Vs=7 TeV
EMCAL % - | 14<E;<16 GeV g i 25<E;<30 GeV
S0l 3 s
S ALICE | 3} ALICE
B PERFORMANCE B PERFORMANCE
120-_ 18/07/2012 : 18/07/2012
' ' i 40
¢ Coneradius=04 00[- . Signal+BG i
/// i K\\ 80: *” - BG template 30
4 Isolation b * C

Illr "‘I - :
|' area h Underlying 60k : +
| : 20—

- energy C H
i eslimation - I H

\ - - :
\H-“— _r“f’/f 205_ 1# I*l |h1f#f+++l | 10:— i i i%{_
B a?*“’*":,'"uz""zz*'""#””""’i*% utl iy

ISO distributions for 2 jb.
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[solated photons in pp collisions at V'S =7TeV

TICE  —
> f -
S% - — pp, Vs=7 TeV
w - -~
> ~+~ ALICE
102 :_ 18/07/2012
- , Data set: ~10M events (2011 data)
- EMCal Trigger (threshold =5 GeV)
- Rejection factor ~3000
10 -~100 x more luminosity
- | c e v by b b v P by

11 11 1 1 1 1 | | 1 1 1
10 15 20 25 30 35 40 45 50
E: (GeV)

- E_range covered is complementary with ATLAS and CMS measurements

p. range (GeV/c) n range reference
CMS 21-300/25-400 |n|<1.45/<2.5 Phys.Rev.Lett.106 082001 /Phys.RevD84 052011
ATLAS 15-100/45-400 |n|<1.81/<2.37 Phys.Rev.D83 052005/ Phys.Lett. B706 150-167
100-1000 In| <1.37 Moriond 2013
ALICE (in EMCal) 10 - 50 In| < 0.3 ALICE
LHC France 2013




Conclusions

R B2

ALICE can measure direct photons using two complementary methods:

Conversion method (0.5 - 14 GeV)
- No significative direct photon signal in pp and Pb-Pb peripheral

(consistent with NLO)

- Low p_excess in central Pb-Pb is interpreted as thermal photon production

with: T' = 304 + 51°tet+sYst Nroy

Isolation method (10 - 50 GeV)
- Measurement of raw isolated photons spectrum in pp at 7 TeV

- Outlook: extraction of direct photon cross-section (work ongoing)
GENERAL PERSPECTIVES

- Measurement in Pb-Pb and p-Pb with both approaches

- Measurement of the nuclear modification factor of direct photons
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