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Introduction

o See the talk by P. Crochet

Study of QCD matter with the ALICE detector =#i*

LLE LHC-CCNU-IN2P3-ALICE

* heavy-ion collisions in short

* the ALICE experiment at the LHC

» Chinese & French groups in ALICE
« status of the FCPPL-ALICE project
» the FCPPL-ALICE project in 2009

° | will focus on photons, ih pt and jets as probes of the
LHC QCD matter
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measuring photons?

° Direct soft photons radiated from the medium
Temperature reached by the medium

> Direct semi hard photons produced by hard partons
interacting with the hot medium

Chemical composition of the hot medium
> Direct hard photons

Non interacting probe provide a reference for the hard
process

> Decay photons (neutral mesons)

Chemical and momentum modification of the fragmentation
of jets traversing the medium
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Photon source identification: the®&Y:

param eters
e Two variables:

° Nuclear modification factor (R,4):

d*N* /dp.d
T..d2N ™ /dp,d7

> Elliptic flow (v,)- 2" coefficient of Fourier expansion
of angular distribution with respect to the reaction
plane:

dN
dh — W)

= Npl1 + 2 cos(p — W) + 2eg cos(2(d — ) + .......)

* ¢ :azimuthal angle of particles

W :azimuthal angle of reaction plane
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Photon source identification:

medium generated
o Thermal:p.Y ~ T

~ | GeV

medium

Raa > 1,v2>0

° Jet conversion: p.Y ~ p.I

Raa > 1,v2 <0

° Bre lung (aka g radiation): p,Y < p,9

Raa > 1,v2 <0
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Hard probe: prompt photons

* Prompt photons: p.¥ >> A

-
q o

medium

Raa=1,v, =0

Measured as isolated photons
Reference study for medium effect

 Prompt photons: p,Y >> Aqcp, T

> NLO (parton fragmentation)

medium

Ria<1,v,>0

Measured a$ non-isolated photons
Quenched by the medium (aka parton)
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- Decay photons form the
bulk: p/=p™/2 <p

Raa<1,v2>0
q
- p+p collisions:
> mainly m°
- A+A collisions:

- Jet-Quenching

o LHC:

N, /N, = 0.3 for pr= 100
GeV/c

q

NLO Theory y/NLO Theory n°

c i

—
UL

-

U

—y
o

10

pp, dAu, pPb, AuAu, PbPb — yX CTEQSM BFG setlI M =p =M, = p,
pp, dAu, pPb, AuAu, PbPb — 1°X CTEQSM KKP M =y =M, =p.

A \= = 200 GeV AuAu EKS98 Eloss
[ \s =200 GeV pp
° \ls = 200 GeV dAu FKS98

Nz = 200 GeV dAu EKSgg A"®

Ym0 = 0,01-011

eV PbPb EKS398 Eloss

eV pp

eV pp
eV pPb EKS38

2

p; (GeVic) 10
Yellow Report hep-ph/0311131
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How can we measure direct photons and jets in
. ALICE!? ITS: n|<0.9
Ap: 2n /

HMPID: |n|<0.6

Ag=57.6°
Ad: 1109
> 10 GeV — AE/E < 3 % ~ TRD: |n|<0.9
ox =[3,50] mm X 2

! )‘w@; g
TPC: l<0.9 _—— ;;ﬂ L f \
I TOF: |n|<0.9

Ap: 2n . \
_ . 2 o: 21
Tracking System resolution P

*Holes are made

PHOS: |n|<0.125 in front of 3
Ap: 1000 PHOS modules

E > 10 GeV — AE/E < 1.5%,

o, =[0.5,2.5] mm
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Direct photon in ALICE

|__data taking of direct photons for pp@10TeV |

q 10° =N p+pOY+X @10TeV .
S [ |5>£o§;e9 ek 1t month 3 PHOS ( 3 EMCAL super)
S f AA“A N 37EMCaI supper module modules
% oo, AA‘A“A * 3PHOS module * Triggered y-jet energy: E,
%1 02 3 .”’% MH*M >20 GeV
: I +1'+++++ “**m“ * Identification efficiency:

: H i £ =07

w0 L v
10E° w Wﬁﬂl | * 1 month data taking
- ﬁwmﬁ HﬂT ﬁ * Assuming a®t =52 mb
| (R i
| P T . m HMHWM A Triggered rare process

L =2.e28cm2s’! L= I 8e29cm2s! L =7.3e29cm%s’!

MB 2.69%10° 2.4%1010 9.83*] 010
yE>20GeV 2.17%103 .95%] 0* 7.9%10*
y3PHOS 50 546 2213

y3 EMCAL 300 3183 12917

No trigger hﬁfﬁﬁfﬁ:‘.‘;ﬁﬁﬁr



Why jets? Jet-quenching

Aurhu (central eollisions)
o B DiFedy mmrnamwm}

0  Study of reconstructed jets bl . e ey
Increases sensitivity to medium 5L poron aneray s @' = 1083
parameters by reducing
=Trigger bias T
= Surface bias 1 ;‘ ..... ;Liii*.ii-*i*?+u+:q:{--f-p-“”.T’p---.-.-.-.-..

O Using reconstructed jetsto study | ety t
= Modification of the leading hadron | ﬁwmff,ﬁ?ﬁr .}{'H tE
= Additional hadrons from gluon 0L J
radiation =,r,f,,r|,..|...|,,,;,,,|,,r|..,e

¢ 2z 4 6 & 10 12 FT‘E(&M ]

d  The measurement =
FDAntirls onprice enortrna 'ﬁE ﬂ:q . LE
T Ul 1i1ciIc Dl.lbblcb DlJCbII u

L. o (pr") dAE I
1. Ran = 644/(Norm x o) d- *q-

oFragmentation function
1. FF(z=pEi)

1. RFF: FFAA/(NOI"m X FFPp)

medium coefficient transport g
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Jet Reconstruction

Fragmentation:

/ :z’::. ““.‘

7 = phadron <
pparton

L
I.Ill.l",.':

L arge background in HI Collisions—
must limit jet coneradius R, track p- cut

= only measure fraction of parton energy - calibrate
LINIVERATE
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Medium effects on jets: FF

AN Borghini and Wiedemann, hep-ph/0506218
aF (£.7)

p hadron~2 GeV for
= OPAL, V5=192-209 GeV ' e =100 GeV

4 iy vacuum, Ej=100 GeV

12 [ ---- in medium, Ej,;=100 GeV Low p
f” T
o T TASSO, Vs=14 GeV / enhancement

-=-- in vacuum, E; =7 GeV

8 = —-—in medium, E;=7 Ge\{'."
High pr
suppressi 3
2 Y
T 2 3 4 5 6 In(

&‘:In(EJet/phadron)

* Fragmentation strongly modified by medium
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e The photon 4-momentum remains unchanged while
traversing the medium and sets the reference of the hard
process

e Balancing the hadron and the photon provides a
measurement of the medium modification experien;fd

by the jet
* Allows to measure jets in an energy domain (E, < 50
GeV) where
o The iat lnacec 2 larcse fraction of ite anarcv (/\I:_ =~ )0
1 11\ ,\-—\- INV\WIWwD L 101 6\-— Il Ll GIWIT WIE W Wwililwl 61 \l—lhlet M I

> The jet cannot be reconstructed in the AA
environment
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Correlation Function (CF) in pp
\ J rr
EPIC (20(3_23) 57: Y. Mao Xe=-pr, - Pry/ |P7y?
P —
5 - Aptp— v+X @ Js=14 TeV
8 - ¥ underlying hadrons
S 10 A
%:" =, @ decay photons
= - —— fragmentation function
o ~ v
102 . L, =10pb™
= v p, . >20GeVic
Z P, = 2GeVic
B o
10 |- .
1 | | | | | |' .I | | | | | | | | | | |
0 0.2 0.4 0.6 0.8 1

 Statistical errors correspond to one standard year of data taking E

with 2 PHOS modules.

* Systematic errors from decay photon contamination and hadrons .. ..
from underlying events. Joser ,...T‘F.F{*r



‘:C;Foffter Underiying event substraction Xc= 'pTh ) pTY / IpTylz
é"‘ = e CF,: pp@5.5TeV
%’ 5 u + s CF,,: Pb+Pb@5.5TeV (dN/d=547)
% 10 = + = CF,,: Pb+Pb@5.5TeV (dN/dn=7443)
- e 500 f
. B+ Tt
1005 * T 1T ey
102 g—* - + | -A-
- | T
i l l l | l l l | l l l | l l l | | l l l | l I‘I | l l l | l
0 2 4 6 8 10 12 14
In(1le)
PYTHIA: 10k y- jet (Ej>20GeV) events —>10 month of pp
data taking

HIJING: Ik MB events —> I month of PbPb data taking
Quenching model: PYQUEN
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JUDL d |Jl SVIEW.
CF ratio from AA and from pp

w 10 . .
8 s CF,,/CF,: dNIdn=547
8— = CF,,/CF_: dN/dn=7443
B ——
6_
— ——
4_ —A—
2_
,;A A —A— A _ -
| —A—
0% L
_IIII|IIII|IIII|IIII|III.|III|IIII|IIII|IIII|II
o 1 2 3 4 5 6 7

9
In(1/x,)
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e There is enough material for very
exciting studies ...

e But now let us ...

* Wait patiently until LHC delivers
collisions to make all what | said
become eventually true...

UNIVERSITE
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couple to the medium, in equilibrium with

the medium

particle ratios, v,, HBT, strange/charm

particles, resonances

Medium generated photons and neutral

mesons

Probe the matter formed in HIC
Originate from the initial state

decouple from the medium, non-equilibrate
with the medium

“Easy” to measure at LHC
significant fraction of the cross section

— Opard [Ororat ~ 98% (is only 50% at

RHIC)

total

Prompt photons, and jets ...

—_—
(=

Cross section
3
o
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=
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10 10? 10° 104
Energy (GeV)
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Threeregions of analys

well separated
clusters

=» invariant mass
analysis

Opening angle << 1 cell
al t¥sat thisenergy are
Injets

=>» isolation cut

<10GeV/cin > 30 GeV/c only
EMCad | method in EMCal
<30 GeV/cin |solated if: . res
PHOS *no particle in cone with p; > p;

*Or p; sumincone, Xp; < Ip,ihes

( £1)
UNIVERSITE
andidateseiti m&tr
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aAanclirarmaont o 'Fif‘iﬁnf‘\l ih D
I 1IGADUT GHITTGITHIU GlHTINTGTL TG it 1 1
12 : : 2
g [ Y Chinese Physics C 32 (2008) 7 - 0 PHQOS analysis meeting,.Y. Mao
2 Y.Mao CTT
£ U
T 3“131 Efdkik Ad A ] Wﬁ%ﬁw
¥ A LTS S A ‘:‘ 8_4{ + + ¥
T eh - Hipprbigrd
i R - j@@jh @*{{” ot + e, RS
06/T Ny vy Vv Ty 6 +
SRR TRAS " Vygw !
- ,7,, - *  with materials and air
04— A PHOS - = without materials, with air
‘ PHOS+TPCHITS A B A without materials nor air
vl V¥ PHOS+TPCHTS+TRD+TCH 2~
7|||||III||||||||||||||||||||||||||||||||||||||| :
5 10 15 20 25 30 35 40 pTY(EeVIc)so 0 ! | | 5| | | | | 1|o | | | | 1|5 | | | | 2|0 | | | | 2|5 | | | | 3'0

« vy and 110 identification efficiency is lowered due to
the material of the tracking detectors in front of
PHOS
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EPJC (2008) 57:Y. Mao

=~ 10°E
o E
E n s+ pip->y+X at\s=14TeV
o 10*
3 L * decay photons
§ 10° L= 10pb*
O =
g .l
2
= 10°c
o -
105—
o

Estimated counting statistics in one pp run for 2 PHOS
modules

*Systematic errors from misidentified m°
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Transverse momentum (GeV/c)
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- 10TeV, pp mb, 1>2y, Int. Lum. = 10nb "

...... 1 rrindulé

10Taz\f, PP irnb,mé-:*r:oy,élrrt. LiIJl 5

= 1 module

T IIIIII|
el

T 1T ||||||
e
37

T
e O P o e

b oy
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5 10 15 20 25 30 35 40 45 50
Transverse momentum (GeV/c)

10 15 20 25 30 35 40 45 50
Transverse momentum (GeV/c)

* For thefirst pp run at
LHC

--by R. Wan
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ed Jet

\[s = 5500 GeV

P9 > 8 GeV.

-
et
-t

<p P> isafunction of p{"9but *

[ )
[ =]
rrrrfrrrroepyrirrrprrerrprrirrirrr e T T r T T
| | | | | | |

also p;=¢ s, near-side/away- 1 Near-side
side, AE 5 e Away-side
hep-ph/0606098
| Ll 1 | ‘ Ll 1 | | L1l 1 1 ‘ I | Ll 1 | | L1 | ‘ Ll 1 | | L1 1 | | l
Y01 2z 3 4 7_ 8
p:l-ssoc [Gevl
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“10° Generated Spectrum

< ——— Charged jets, background free

[

o . + Charged Jets, full simulation

0,10

P Cone-Algorithm:

k]

2 R=04, p;>2GeV

—
L=
T

_I.

10°

|
140
E, [GeV]

Selection efficiency ~30% as compared to 6% with leading
particle!

UNIVERSITE
ﬁ:‘t‘jil1:‘]‘}li.l'ln:’.f]_-lr



» Do we really need to reconstruct the jet?

« We could do the same study in a simpler way:
tagging hadrons opposite to the isolated 7.

» Suggested by X. Wang, F. Arleo et a/ in:
> Phys. Rev. Lett. 77 (1996) 231
- JHEP 0609:015,2006, hep-ph/0601075
- JHEP 0411:009,2004, hep-ph/0410088
° hep-ph/0701207
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Y¥-hadron correlations in ALICE

Strategy (event by event):

Search identified prompt
photon (PHOS or EMCal)
with E, > 20 GeV

Search for all charged
hadrons (central tracking) or neutral m°
(EMCal or PHOS):

90°< (I)y'q)hadron < 280°

pT hadron > 2 GeV/c

Background:

Decay photons misidentified as
isolated photon
Soft hadrons from the - =

underlying event

Prompty

LNIVERSTE
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In HI ...

| CF and Underlying events (UeCF)

:‘”1 0’ E -y
X T Xe= -Pr, " Py ! [Pl
S - “a e= “Pr, " Pry |pTy|
= = -
g ~ " _@_—m——ﬂ-@-_m__ﬂ_ o
S 106 E - & _Q__m_ v -
= = —-a- -
— - & —u—_“_
10° = e e, * i~
= —\1——A— 90— +_._ _Q_'Q' _“__‘7_
— O -@- & <
104 Ao .. o -
E —Z_;Q: " ‘.—* B _:Qc@; —H
10° . e CF,.: PP@5.5TeV - . -,
° o UeCF_: pp@5.5TeV * jk%
102 s CF,,: Pb+Pb@5.5TeV (dN/dn=547) ¢*7 )
—0- o UeCF,,: Pb+Pb@5.5TeV (dN/dn=547) 4y
10 m CF,,: Pb+Pb@5.5TeV (dN/dn=7443) ﬁfx
: UeCF,,: Pb+Pb@5.5TeV (dN/dn=7443)
1 | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14
In(1IxE)

PYTHIA: 10k events —» |10 month of pp data taking
HIJING: Ik events——> Imonth of PbPb data taking
Quenching model: PYQUEN
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CF with X....

- - _ i '2
CF from different events generation Xg=-Pr, - Py / |pTY|
1]
§ e CF,: pp@5.5TeV
5 10° s CF,,: Pb+Pb@5.5TeV (dN/dn=547)

s CF,,: Pb+Pb@5.5TeV (dN/dn=7443)
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¢

10° o
- e,

10 T
- TL f*rf+f

10° T
LTt F* *T

1025— +
:..|...|...|...||.|..||.|..||.T.|%.J|'
0 0.2 0.4 0.6 0.8 1 1.2 14

PYTHIA: 10k y- jet (E;q
of pp data taking

HIJING: Ik MB events —>Imonth of PbPb data taking
Quenching model: PYQUEN

>20GeV) events —> 10 month
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CF ratio from AA and from pp

w 5

w 5S¢

T s CF,,/CF_: dNIdn=547
4
- = CF,,/CF_: dN/dn=7443
3
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