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Introduction

4 Photon-tagged jet: the “golden channel” to understand the QCD medium:
QGP
> Photons do not interact strongly with QGP: isolated photon R,,=1

CMS \(s,=2.76TeV L, (PbPb)=6.8ub" L, (pp)= 231 nb"
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In this case, photon momentum is balanced by the recoil jet (parton).

4 Measure parton fragmentation to probe transport properties of QCD medium
with photon-tagged jet events.
» Study photon-tagged jet in pp collisions as a baseline for Pb-Pb collisions.
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Measurement observables

Imbalance parameter:

ph Isolated photon ph
Xy =—"—-COSAD > Tp e =
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Trigger phmo‘ﬁ
(Zirig = 1)
v-hadron correlations mainly reflect quark fragmentation

x distribution describes fragmentation function for 0.2 <x_<0.8
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ALICE setup and analysis data

Detectors involved

»EMCal (ElectroMagnetic Calorimeter) EMCal
a lead-scintillator sampling calorimeter [tpc
In| < 0.7 and A = 100°

¢ high energy jets
* high-p_ neutral pions and photons

ITS

- B

» TPC (Time Projection Chamber)
a cylindrical gas detector

In| < 0.9 and A@ = 360° e

e charged particle momentum | =

measurement (0.015 < p_ < 100 GeV/c)

e particle identification (dE/dx resolution better than 10%)
e two-track separation (resolution in relative momentum below 5 MeV/c)

EMCal trigger
»Use EMCal trigger capabilities to enrich high-p_ photons statitics

» Trigger threshold = 5 GeV/c
» Analysis used about 10M triggered events (Lint = 500 nb-1)
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EMCal: clusterization and shower shape

Clusterization algorithm
e The energy deposited by photons and charged hadrons in the calorimeter
IS reconstructed by grouping nearby cells into a cluster

e Add neighboring cells to a seed cell
with energy larger than E___ifE_ > E _ .

seed cell

If different particles hit EMCal closely,
a single cluster might be created.

Ll =fired cell M =local maxima
Shower sl21ape: ellipse axis e Shower shape long axis is the best parameter
e long }; and sl;kczrt Al to discriminate photons and merged w°

1
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Decay photons
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Direct photons

0<sn<48,0<¢p<24
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Cluster shower shape and pi0 reconstruction

wp 3 .
: . I 0.1<A3<0.27 main photon cluster
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15— I1so 0 .
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Isolation method

Select direct photons :

* most of direct photons are isolated, most of decay photons are not (jet)
* isolation parameters : cone radius R = \/Aﬂz + Aqoz, p,threshold

Annihilation );:: Compton X

c = NiSDIthOtal

Track and cluster

\

Isolated cluster
&

no particle with p; above 0.5 GeV/c
inconeR=0.4
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Azimuthal angle correlation results

I|IIII|III

T

1/ Nyggers N/ dA 0 (2. 1)
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70 (0.1<m_<0.18 MeV/c?)
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remrsangce e with isolation
1rionEoE >Near-side: no peak
» Away-side: similar correlations
“ between isolated cluster trigger
Ak A
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and ©°trigger
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Imbalance parameter analysis strategy

EMCal clusters : | Isolation + Photon identification

ik gk ke

J-jet | -jet n’-jet hadron-jet underlying event

Inclusive isolated clusters -

Purity : p = S/(S+B) (Background (B) dominated by 1i°)

Signal Background -

\ )
Y

~. 1 . (1-p)
Y isoN_ clusters iso P UE 0
xE = — xE - xE) (XEH ~ thadron)

p P
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Isolated photon purity estimation

* Isolated clusters sample = isolated photons + background
* Binned likelihood fit of the shower shape distribution :
—— combined signal (MC) and background (data) shower shape to fit data

o I )
lg 1400_— ::0;3: :zziz\.lfp;“’e%o.s GeVic + //\ Aﬁ =0.27
a + :,, ‘s: :fv ALICE f
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- Background t 25/07/2012 Purity = 7
- - 2-027 2027
1000 A A
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°00r i p; bins Purity
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400
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X_ distribution in underlying event

e Select two regions to estimate x_ from underlying event

In
“Away™

Isolated cluster Region

|Ap| < 60°, the “toward region”

60° < |Ap| < 120°, the “transverse region”

Isolated cluster

® ® |Ag| > 120°, the “away region”

*Transverse” “Transverse”

“Toward™ Region

e Estimate x_from underlying event in transverse regions (red)
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x_ distribution of isolated cluster and x°

e X from underlying event subtracted

] - ] I50 l clustersiso 1 - al) iso
P p P p
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e Result is a mix of isolated photons Background ~ 95% n” decay photons
and background e Use 7n° to evaluate background
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x_ distribution of isolated photon

e Sum up p; bins (Ap; =1 GeV/c)

25GeV/e 1 (1 p ) 25GeV/e ._|:g 10__ :J:s‘sNT.;TZpT
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Fit x_ distribution of isolated xt°

e Inclusive hadron-hadron correlations: jet energy unknown

e |solated % energy of n° samples a large fraction of parton
— <L 0>~ 0.8 (Pythia+cuts) § 0.025

g N p,, [5-6] GeVic
Z| ><""' g - non-isolated trigger
'O|-og) 10 = PP, 1s =7 TeV u._ 0.02— isolated trigger
| E Isolated n° 8 - _
B —4— 8GeVic<p"<12GeVic z - . Eyinie Mc
1 —— —— 12 Gewc<p'T"9<1s GeV/c (x10™) T 0.015
E —— ﬁ'f' —+— 16GeV/c < p; " < 25 GeV/c (x107) - B
- - -
B — 0.01j
10" s ——— i
i N = 0.005[
O =] :
102 o ] i
- e EEI t % 02 04 o6 o 2 1.4 1.6
B N trigger
w0l e, NI
- = L] isolation
: i f <z>~0.5—><z>~0.8
B ~ T T
104 I
E PRELEEICNHERY AN "
T N BN a | - : .
5 o5 7 os o5 LI Exponential fit (slope):

X [8-12] GeV/c: 6904
[12-16] GeVic: 8.1+ 0.6
[16-25] GeV/c: 8.5+0.7
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Slope parameter of x_ from fitting

e Compare slopes from isolated ©° with fragmentation function
e Isolated n° slopes sample <z >~ 0.8

g \s = 7TeV o 14
g T PP, 18 = s %}% pp, \s = 7TeV
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o e eaaa + © |
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B mmmmmmmmmmmmmE - Xg range [0.2-0.8]
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- [ R e e S  Suliuiainieee
8 * i gl—-""""" )
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of oL
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Neutral trigger correlations

e Statistical subtraction method to extract direct photon-hadron correlation

= 5 °r S =7 TeV
S| % EMCal LO trigger (5.0 GeV) I [ A £ PP \Sun=
© 6.0<p, <8.0GeVic 3. [ aide EMCAL LO trigger (5 GeV)
B ALICE 0 c %5 |— PERFORMANCE 6 <ng< 8 GeV/c;
g Bl Signal«Background 2 [ ez o 1 <pee5 Govic
B ~° side Band = r T ’
. L o n° -h
[ n signal+Background 4r peak
. L o nl.-ht
[ n side Band B side
1 [ A Tco_hi
— [ .A.
i i A uncorrected
: 2 __ O
B O-
L L T 2 ° 00
L ;_{;ﬂhxg
i aanet™ tﬁ%ﬁ*ﬁﬁ*ﬁﬁ » TRagq
1l | | | | I | 0 B 11 | L1 1 1 I L1 1 1 I L1 1 | I L1 11 I L1 1 1 I I
0 01 02 03 04 05 06 07 -1 0 1 2 3 4
M, [GeV/c?] A9 (rad)

»similar method to extract eta trigger correlations
»estimate decay photon-hadron correlations
»extract direct photon-hadron correlations

e Follow approach in reference Phys. Rev. C 80, 024908 (2009)
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Neutral trigger correlations

e Study medium effects in ©t° -hadron correlations in Pb-Pb collisions

=~ F 3 [
s [ PP, \s = 2.76 TeV s 20-40% Pb-Pb, | s, = 2.76 TeV
S r : s r il
.E L RLICE 12.0 < p:lg <16.0 GeV/c § : HLICE 12.0 < p:_ g <16.0 GeV/c
5 [ 20.< 7 < 4.0 GeVic 3, [ 20<pr <40 GeVe
25 — —=— Real event z'-‘- B + —=— Real event
= [ + —— Mixed event - o —— Mixed event
i uncorrected i uncorrected
- ++ ol +
o " " -
A P i ++++ + ++ +
?_ . L] : !l .-. “- L™ ++++ + ++ + + + + *ﬁ
Il | T r’l. I 1 1 | T .FI' 1 1 l 1 11 |‘ Iq“-ﬂ |
-1 0 1 2 3 4 2
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e Calculate I,, and I,
Pb—Pb| _n° _ch Pb—Pb| _n° ch)
° ch|__ Ycentral (pT > Pr ) ° ch|__ Ycentral (pT > Pr
I pal\ Pr > PT |= o Iep\Pr > Pr )= -
Y PP T ch YPb Pb
Pt Pt peripheral pT ’pT

¢ Follow approach in reference Phys. Rev. Lett. 104 252301 (2010) and,

Phys. Rev. Lett. 108, 092301 (2012)
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Conclusion and outlook

Conclusion
¢ Establish global shape of fragmentation function via the measurement of
isolated photon-charged hadron correlations with trigger p, range [8-25] GeV/c

in pp collisions at Vs =7 TeV.
»Isolated ©° slope parameter to study fragmentation bias in using isolated w°
- charged hadron correlations.

Outlook
¢ To study medium effects in Pb-Pb collisions with ©° -hadron correlations.
¢ To measure medium modified x_ distribution in Pb-Pb collisions in the same

trigger p. ranges.

¢ To measure direct photon-hadron correlations with statistical subtraction
method in pp collisions at Vs = 7 TeV.
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Backup
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systematic uncertainties in pp

Main systematic uncertainties are :
* Shower shape MC / Data
* Likelihood fit parameters (binning, range)
* Background template composition (signal contamination, shower shape)
* Underlying event subtraction
* Detectors effects correction

Xg systematics

[0-0.1] 24%
[0.1-0.2] 10%
[0.2-0.3] 13%
[0.3-0.4] 14%
[0.4-0.5] 15%
[0.5-0.6] 18%
[0.6-0.7] 25%
[0.7-0.8] 26%
[0.8-0.9] 23%
[0.9-1.0] 32%
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Isolation photon analysis in Pb-Pb

photon identification in Pb-Pb Collision:

« started to separate isolated photons from background, estimate isolation
photon purity

* need to understand the more complex background (flow)

PHENIX measurements

§ | 10<E, <25Gevic i | : | : : :
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w i —+— 0-20% Pb-Pb | 5,,, = 2.76 TeV L ALICE [ Heaad Ragan (e - 2l < =8 (][ g =148, 1681 jaGi_:'l.-'."rn ]
: combined fit 25/07/201 2 1 _- ----- h-‘:- ------------- T |
400 s
L Background $
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300 0
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i _E [ : Eaae T T 1
200 — I
- 11 """ T f 7
100 4 N ' __ o=
- . S — 4k e
- — =
L - I | 1 | | | | | | | 1 | 1 | | | I 1 | | ﬂ - TR CTTTTT _- - ) Tt T ------- -
0.1 0.15 0.2 0.25 0.3 0.32 | Sk p.<12GeVic || 12<p_ < 15GaVi]
i i i i i i
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ET IT
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Medium modified fragmentation function

X.N Wang et al.,PhysRevlLett 77 231 (1996)
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n°-hadron correlations analysis

¢ Study medium response by neutral pion trigger correlation in pp and Pb-Pb collisions

® Observables:

1. Azimuthal correlation: A¢ = ¢57 — ¢
2. Integrated yield measurements in Near-side and Away-side of correlation

YPbe

i) B mtmz(pT ,pT ) ALICE measurements in di-hadron correlation
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s g 15F T o v, bkg N
] =2 [ I O gap
S # |
10—": L L L L L L h L | L L L 1 i =~ m q;”] [
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