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Photons: an “universal” probe of QGP

 Temperature : thermal photons
radiated from the medium

e Chemical composition : semi hard
photons produced by hard partonic
Interaction with the hot medium
(bremsstrahlung and conversion)

 Reference for the hard process
prompt photons are not interacting
with the medium

e Jet structure and quenching :
decay photon

o
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Jets: a special hard probe of QGP

Fragmentation:

Jet - QGP interaction:

hard scattered partons loose energy

by radiating soft gluons, which frag-
ment as low pT hadrons in the final state
- cause the modification on the
fragmentation function and jet shape

Borghini and Wiedemann, hep-ph/05062 18
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Experimentally, look for
* suppression at low & ;
« Enhancement at high & ;

 Jet broadening & radiation out of
cone;

* Increase of di-jet acoplanarity
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y +Jet : the “Golden” channel
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Pr,, > 5GeV |
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- Ejet

— the photon 4-momentum remains unchanged while
traversing the medium and sets the reference of the hard

process

@ « Measure the jet fragmentation: z = phadron/ g
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Y +jet correlation (1)

. Exploit 2—2 hard processes with a photon or a = ° in the final state to
study the QCD medium:

— in pp collisions, understand and characterize the probe: measure
the transverse momentum at parton level (intrinsic, IR, FSR/NLO)
from azimuthal vy /n9—h# correlations, —> hard partonic
fragmention function (FF)

arXiv: 1008.0413v1

y->EMCal at 5.5TeV
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Yy +jet correlation (2)

e Exploit 2—2 hard processes with a photon or a 7 9 in the final
state to study the QCD medium:

—in A-A collisions, measure the modifications inferred by
the created QCD medium on the final state of the jets:
transverse momentum kick, modified partonic FF(or CF)

v [ 70
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ALICE capability on charged particle and photon

identifications

e |TS+TPC+TOF+TRD+HMPID

— Charged particles || < 0.9

— Excellent momentum resolution up
to ~100 GeV/c: Ap/p < 6% —

— Tracking down to 100 MeV/c

— Excellent Particle ID and heavy
flavor tagging

— Mass resolution: ¢,~3.3 MeV

/ — High resolution photon spectrometer
e EMCal 74 (PbWO, crystals 56x64x5): A E/E~3%/E
- Lead-scintillator sampling EMCal, - Inl <0.12, 220°<¢ < 320°
13k towers of A XA & =0.014 X — Energy and position resolution (E in
0.014 GeV): [ae [ P

==\t +C¢(2=003b=0.03c=001)

- Ap=107° |n| < 0.7, - FE

- Energy resolution ~10%/ vE e Pt e
- Mass resolution: o ~ 16 MeV — Mass resolution: 6, ~ 4.7 MeV
- High pt triggers: y, n0, e — high pttrigger: vy, n9 e

- pt measured up to ~250 GeV/c

UT O IT I 1T &=U Xt T —_..H

— pt from ~100MeV/c to ~100 GeV/c




Strategy of correlation measurements

* Reconstruct and identify trigger particles (request leading)
In calorimeters (PHOS and EMCal) with invariant mass + shower
shape + isolation cut, =¥ p;", p ¢, p;7°

* Reconstruct charged tracks in CTS=» p;"

 Establish azimuthal correlation between
triggers and charged hadrons:
AD=oh-@clum" ¥ =3 (extract) k;

» Construct the correlation function (CF) variable
(xg) by correlating hadrons
opposite to the trigger particles
FX=(Pr" P ) YA AD =

» Subtract background
— decay and fragmentation photons
— soft hadrons from underlying event
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Photon 1dentification

« Photons are detected as clusters of cells in the
calorimeters

— clusters originated mainly from w0
decay photons (95%)

— at low = 9 energy, a cluster originates from
a single photon

— at higher energy (E ; o~ 25 GeV in PHOS

and ~8 GeV in EMCAL), the 2 decay
photons merge into a single cluster
=» shower shape analysis
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High energy photon identification:

Isolation slection

« Enrich the sample of isolated (direct) photon

« Study the hadronic (charged only) activity
around the detected cluster

e 3 parameters:
— R iIs the size of the cone
— ¢ |s a fraction of the cluster energy
— p+i"resis the energy from UE

IS

* The cluster with energy E gier | PHOS/EMCal]

Isolated If
Econe p_l_hi < I\/IaX( e X Ecluster’ pTCIUSIer)

o
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Feasibility study of CF in pp at 14TeV with PHOS

Y.X.Mao et al, Euro. Phys. J. C (2008) 57, QM2008 poster

M Ap+p=—r+X @ [s=14TeV
= \ ¥ underlying event
) 107 4 ;
S - @ jet-jet photons
& F —— fragmentation function
S
Z
— L, =10pb"
P, >20GeVie
- Pyy > 2GeVic
~ *_+__-?-
The signal: a good .
. - - 1L L L  — i I A A - A - -
description of the jet FF '/ o s 08 :
Z on
XE

The background: quite

@ well under control
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Feasibility study of CF in p-p and Pb-Pb at 5.5

TeV with EMCal

Yy — hadron correlation provide a sensitive measurement of

medium effects modifying the et structure
arXiv: 1008.0413v1 (EMCAL Physics Performance Report)

= [gPYTHIA=0 ‘
- 2
= 5 _qhat =50 GeV?/fm oo,
107
'ﬂg : _.:__ acAATATA " -.
g ST ol
e pp
102} l - PbPb (ghat = 50)
£ Wy y->EMCAL, CY@5.5TeV
e 4 without Quenching
: e, e with Quenching
. 10° - %
The modification of the E gl
signal by the medium is L p!>30 GeV/c
well measurable o By | | . ,
} jet quenching 0 1 2 3 4 In{1!:5:E)
luon radiation
@ tg Xe=-p7t" - p7Y¥ /|pTY|?
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Feasibility study of azimuthal angle distribution w/o

and with quenching in PobPb at 5.5 TeV

(8q7) = [dyi(r.E)

arXiv: 1008.0413v1 (EMCAL Physics
Performance Report)

y->EMCal at 5.5TeV
- © without quenching Q

.

The kT broaden effect is

possible to be observed, a

challenge

e withquenching * *

2 th
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e |low energy n O produces two separated clusters
=% Invariant mass analysis

% a o P ————
% 10" § + =Py in PHOS
o] P o e HLO,p=2 p
G<p, <10GeVic g 10 Al ICE r::rﬂ-ll"nlnﬂr'_“___“_D,F: p'
900 [~ A = 622.50 = 13.84 e pp @NS=7 TeV | |___ NLO,u=03p
: g 1 fHOS
800 |- p=137.474 = 0.202 =)
o 1
raoE @ o'=9.365 = 0.224 S
- p,=-507.8 = 53.6 10*
600 -ALICE performance p,= T7=08 10
[ pp @vsa7 TeV - -
500  emcaL o
. 0B/10/2010
400 . iy
m - 1 1 L
J: E o N — T e
L1 i
100 :‘.E:::“‘*"+* S ———
0 — o3
0 W é T 11 !45 =

Py Ge\ic

 high energy n,(E .- ~25 GeV in PHOS and ~8 GeV in EMCAL) the
2 decay photons merge into a single cluster
=» shower shape analysis
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Trigger selection

Charged trigger (tracks):
—  pr(ch) = Max(p;_track) |-x2 */2

Neutral trigger (cluster, n9):
— E(ne) = |\/Iax(EcIuster’ pT,track)l'“/2 ni2

Nirig (Nev~160M) SGp(Te\j/c 7Gp;\j/c 15%Te?//c
Cluster EMC 25993 10171 1291
Cluster PHOS 2288 623 69
Charged CTS 2,50E+06 | 1,10E+06 402189

n 9 EMC 254 30 0
19 PHOS 48 24 0
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Azimuthal correlation

pt9>5 GeV/c

pt9> 7 GeV/c

-4 o
=4 o

prp-=Triger(EMCAL)+X

1N, dN/da ¢
1N, dNida ¢
o
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p+p->Triger(EMCAL)+X

pp@7TeV

p:"' =7 GeVic

® Data from same event

o UE from mixed event

pttie> 15 GeV/c

Performan
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Charged versus cluster trigger

o
T

<
% - I, p+p->Trigger+X pp@?TeV
g6 ALICE  Cluster->EMCal
€ [ Performan * h->ITS+TPC . :
af- . ¢ p, >5GeV/c edata trigger cluster in EMCAL

- 2/12/2010

-

p:T”H GeV/c _

' B data trigger charged
pt"9 > 5 GeV/c

s = . pra >1GeVic

« The stronger correlation results from the selection of the
leading in EMCAL : the leading among clusters and
charged in the same hemisphere

@  The charged leading is only the leading among charged
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Cluster versus = %trigger

| A ¢ distribution between charged tracks and triggers

e 6
g ) p+p->Trigger+X
2 5|~ | + 70->EMCal
- -
-E-r : | ¢ Cluster->EMCAL
3 Performan
I ce
- ol 2/12/2010
2| 4 i) 4
n - - #
& * *Q t t. &
[, . y 1 AR
ot
A =P, b,

pp@7TeV

edata trigger cluster in EMCAL
Adata trigger 7°%in EMCAL

pt"9 > 5 GeV/c
Pra >1GeV/c

e Within the limited statistics, the cluster trigger is a good
@ approximation of the = © trigger
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|solated

cluster trigger

‘ ¢trl_ggar ) Ili'|-|= vs IJT trigger Entrien-sph'liaﬁrﬁ
o 9 Mean 1.04
< RMS 1.54
% . T:riigar-:-EMCﬂL,ﬁq; 7_|_ V UE bt " d
o *L 9> 5 GeV/
k. T pp@7Te subtracte
T gl * whlC
e = wIC:R=04.==0.1 . .
T e data trigger cluster in EMCAL
2_ . .
: o m data isolated trigger cluster
- Performan .
1 .- . ce In EMCAL
| 2/1,2&20110
nhﬂ‘f-' o TIPS e thrig > 5 GeV/c
pra >1GeV/c
-1 -1 0 1 2 3 4

Ad

|solation suppresses near side correlation by construction

Away side correlation subsists: direct photon or z~1
fragmentation = ¢ candidates
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Conclusion

* The studies of the ALICE detector performance on CF
have been presented

* Preliminary results on v (piO) - hadron correlations of pp
data are obtained

 The Pb-Pb data analysis is on going

o
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Thanks

Specially to: Y. Kharlov, Z.-B. Yin, C. Klein-Bosing M. Estienne,
A. Morsch and ALICE/PWG4, PHOS and EMCal teams

o
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Back up

o
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Jets: QGP hard probe

Final State Radiation
(FSR)

Initial State Radiation
(ISR)

Remnants

Beam
Remnants %

€ 2
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Di-jets in ALICE from p-p at 7 TeV

Reconstructed Jets UA1 Cone R =0.4:

let 1: n=0.02, ¢ = 306", p, = 71 GeV, Tracks 15
let 2: n=0.84, ¢ = 132, p, =47 GeV, Tracks 9
Ad = 174°

Total Tracks 108

@ Christian Klein-Bosing, WISH 2010
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Raw minimum bias Jet spectrum in pp at

[/ TeV

Jets within || < 0.5, Tracks within |n| < 0.9

-I;'l- 1 nE | | L] I I | | L] I I | | | | L] I | | 1 I L L] |
i
Q 107 = UA1R=0.4 @
;-'_.'.1 0f —_ Irar.:llas
= 10° « Anti-k,R=04 ALICE Performance
o e k,R=04 Uncorrected

10* " s SISCONER=04 06/08/2010

10° *""l:.. 128 M selected events

e
102 *a,
""m“#
| i
1['.1 ] | 1 1
o0 20 40 60 g0 100
p, (GeV)

Jet spectrum with charged particles safely reconstructed to 70 GeV

9. Christian Klein-Bosing, WISH 2010
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Tomography with leading particles in medium

' ratio of leading particles (charge only) with quenching on over off |

= 25
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® XE < 0.2 volume i

emission shows gluon SaL.
radiation increasing with L [, .
i > W WL e W e e
® XE > 0.8 surface e B T TR
emission shows jet i

61enching Increasing with L
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Jet PID composition

Composition can be affected by recombination, and color flow of the parton shower

Jet Composition
un & —m— ™ — @ — ™ —
E =14, 4 =T ,-. -,
.:}f. E":-HSG‘-‘ 8, = /2 "IN BN IPEPEPEE BRI EPEEPE PP B
= 5L — E‘l :'\-ikL'IJ.IJm:iI ) . 0 1 2 3 4 5 6 T
—_ vacuum) x 2.5 ; L
— pipl (vacuum) =25 100 GeV Jet g
4 b oo n" (medium) .
""" K* {medium) = 2.5 I
----- pip) (medinm) =25 4 I L
[ | .| | La i | | I S T— |
! 100 50 10 5 4 2 0.2 0.1
2t PT (GEV:‘"C)
ALICE PID Range
1t K O T T
0 . o O ——————— | | | E—
1} 1 2 3 4 s
Sapeta, Wiedemann EPJ €55 293 (2008) E=In|E. 1-FF'|1|
only effect of enhanced parton splithing »*

Christian Klein-Bosing at Pragure 08-2010
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In A-A, the high multiplicity soft
backgrounds hide the medium induced
soft jet-particles enhancement

[

o

45 gm’ =
2: — Ideal A=1.0 pt=0.0 5 -
— 4 A EMCAL + tracking R=0.4, pt=1,0 L.
£ .s O Tracking F=0.4, pt=1.0 S
3 o£ Annual ALICE run statistics E
£ <Enpur=~125 GeV 10k
25 . 1 =
£ 25E ph4Pb 0-10%: <-=50 5

10°

B TTTI

Christian Klein-Boring at Pragure 08 2010
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6 distribution of charged particles in cones

8 = 3D angle between et axis and particle PYTHIA full simulation: p+p collisions at 10 TeV
momentum. -
& . o—
Piet Bt R=0.4
" = | . i . i - |——E,, :10:20 GeV . 0.25
T - : <o | Ejy £ 20-30 GEV - -
i e ' _Erﬂﬁﬁz: " ® [ ——%— pT et = 3040 GeVic - Simulated data ]
= T — B 40 ' v [ * —=— pTjet = 10-20 GeW/c - Simulated data h
B - e D2 o -
i e __?__=':--_ . »
-____%__ . T
Pha o : : - o ]
B " = - -
- + - . + . : . + - = .. | . -.- |
i - Conefinder: UA1 : : : 0.1 . - .
| . Seed=2GeVic . - ! '.. -
= i - ]
n i m}etl <05 . i . I : 0.05 B -."‘ -._'.'"'_._ ]
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 " | -._-.-_._ o
0 0.1 02 03 0.4 [ wj
@ More particles close to jet axis with jet N N T T TR D T P TN
ener increasin ] ] i i i 3 04 05 06 07 085
9y g- Magali Estienne at WS2010 2=p,, JPs

@ Softer emission at larger angles. : :
9 9 @ <6> for high momentum jets below

@ With jet energy increasing, more particles at <6> of low momentum jets.
small angles over the full p; range ?

@ Support the idea of collimation !

Caveat: no background subtraction and track
efficiency correction
B &
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Expected p- distribution of charged

particles in jets

With Phythia full simulation : p+p collisions at 10 TeV

5 0=
o - Leading particles are recovered
5 = | atall angles and they are near
% - [Fomancey the jet axis
= :
— i |=——R=04
) « More low pt particles are recovered

at large angles

N : e Low pt particles emitted at small

Statistiical errors only -

§ L1 1 1 5| L1 I-|!|:|I L1 |1|5| L1 |2|u| L1 |2i5| L1 ||3D. more baCkgroundS enter the Cone
P, (GeVlc))

@ Magali Estienne at WS2010
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kg extrappolated from existing experiments | First kt measurement by di-
E | hadron correlation in ALICE:

J(k}) =49+ 0.1 GeVic

>
8 | * JEUS 199697
45 = COF vy
EFDG ¢
> B WATD, UAT vy
B 4 ¥ l (van I:J'.S'.T-I.ﬂs.pbl.l‘l.r'l'?
% @xpls. . T baam)

B (vanou

Vs (GeV)

extrapolationto vs=7 TeV: <k>=4.5+0.5 GeV/c' <pt>pair~6.3 0.7 GeV/c

o
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article identification in calorimeters e e

Shower Shape Analysis (SSA)splation Cut Method (ICM)

Invariant Mass Analysis (v /e, n 0, hadrons, ...) (v,e, 19
(IMA) (v, 7% n, o..) =>merged clusters not =>two clusters from 70
=>well separated clusters gppearical; A0/ 2 1=17 are merged

Isolated if:
* no particle in cone with pr > prthres
®*pT Sumin cone, Xpr < X prthres
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® Two partons (with hat) back to back in CM

® At an angle in lab frame due to Magali Estienne Kt
® Fragment into final hadrons (no hat)

® <ki>= <pT>pair/ 2
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