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O Outline

ALIC.

EXPERIMENT

® Motivation of y-hadron correlation measurement:

o Probe the medium created in HIC
o Photons sources
® ALICE experiment: Detector performance
® Offline photon identification
® Prompt photon correlations
® Summary
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Why v-jet correlations ?

Fragmentation vy

- —>

Prompt vy

e The photon 4-momentum remains unchanged by the medium and
sets the reference of the hard process

e Balancing the jet and the photon provides a measurement of the
medium modification experienced by the jet
* Allows to measure jets in an energy domain (E;, < 50 GeV) where
— The jet looses a large fraction of its energy (AE;, = 20-50 GeV)
— The jet cannot be reconstructed in the AA environment
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N Photon sources
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e Direct photons (the signal)

— Prompt pQCD photons (E,>20GeV)
* g Compton scattering

e qq annihilation
* Fragmentation
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AV Photon sources

EXPERIMENT

e Direct photons (the signal)
— Photons produced by the medium (Ey < 10 GeV)

e Bremsstrahlung
e Jet conversion
e Thermal
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b\|\@ g\‘\q \\q b
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N Photon sources
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Hadron Decay

Rate

* Decay photons (the
background)

— Hadrons, mainly m°

QGP\Jhermal

— But suppressed by the

medium Brersstrahlung
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High p; hadron suppression

E Authu (central cellisionsk

5 IIIIIIIIIIIIIIIIIIIIIIIIII B Diecly {FHENX Pesltminary) i

¥  Incheswvel (5TAR:
® T {FHENE Preliminary}
LY pasion anergy ogs (dNigy = 1100

g7 S T
AU, T——
Bre=srrsemsise Jframseen

T T1TH:
-
-1"—.—1
—
i
e et
Yol
——
il
N
'-—IJ—:-
4
el
—_———
Py
I
H
o
Q
2
o
X
g

S N dzo_pp
$94 W‘éfmf +’§ H H
..“Iﬂ;
N S S S (R R S
py (GeVic)
e Hard scattered partons interact with the color dense

medium
e The energy loss is imprinted in the fragmentation hadrons
e The medium is transparent to photons
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* Cross section of hard
probes increased by
large factors

1 kHz

— 105 for very high p+ jets

e Differential
measurements become
possible

— Jet fragmentation function

1 Hz

Cross section

1 mHz

Event rate at L=10*"cm2s""

0 1t 1 10°
Energy (GeV)

— Photon tagging
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Charged hadrons:

CB

A =360° |n| <0.9
Ap/p < 5% at p; < 100GeV

Photons:

Ad =100° |n| < 0.12
AE/E = 3%/\E




AQE Strategy for a feasibility study

EXPERIMENT

1. Identify prompt photons with ALICE PHOS detector (PID +
Isolation Cut)

2. Construct y-charged hadrons correlation from detected events
(detector response)

3. Compare the imbalance distribution (CF) to the fragmentation
function (FF)

4. Do the same study in y-jet events (signal) and jet-jet events
(background).

5. Estimate the contribution of hadrons from underlying events
6. Start with pp, base line measurementin AA
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O ~ Monte-Carlo data production
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* v+jetinfinal state = y—jet @ Vs = 14 TeV

— Prompt yis the signal under study: 6 X105 events (5 GeV <E, <100
GeV)

e 2jetsinfinal state = jet—jet @ Vs = 14TeV

— These events constitute the background: high-p,m° [O(0.s)] and
fragmentation: 24 X105 events (5 GeV < E ; < 200 GeV)

e ALICE offline framework AliRoot
— Generator: PYTHIA 6.214; PDF: CTEQ4L
— Luminosity: L, , =10 pb
— Acceptance: two PHOS modules
N = [-0.13, 0.13]; & = [259, 301]

[ 21-24 May 2008 maoyx_Wuhan@HIP 1 J




ALIC.

EXPERIMENT

Fromgt phaons from 7§81 sents
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e Cross section of generated photons from y-jet events in pp@14TeV

e Colored lines are the simulation bins
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De=cay & feagmentation photons from jet-jat events
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e Cross section of generated photons from jet-jet events in pp@14TeV

e Colored lines are the simulation bins
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AQE Photon identification (PID)
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* We can discriminate 7y, e* and nt° from anything else,
based on:
— CPV :Charged particle identification
— TOF : Identification of massive low p; particles
— EMCA : Hadron rejection via shower topology (SSA)

YA ﬁ‘z\
o ©
NP Shower from:
,»"'; v e single photon/e : e/e,=1
) e « 0 (p,o > 30 GeV/c) : efe, > 1
h—.
X
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AQE Photon PID efficiency
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e discriminate yand m° (5SA) 30 GeV < E <100 GeV
— High yidentification efficiency, ~ 70%,
— Misidentification efficiency decreasing from 70% to 20%
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* Not good enough
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Isolation Cut (IC)

 Prompt yare likely to be produced isolated

— Cone size

— p; threshold carg :\/Aq)z +An2 dif:
* no particle in cone with p, > p_thres

* p;, SumMincone, Xp; < Xp;hres
— pp collisionsi R = 0.3, Zp;" = 2.0 GeV/c
— Identification probability 98 %
— Misidentification 3%

candidate
PHOS
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Most photons are isolated in y-jet events, few hadrons
around them are from underlying events.
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Most decay/fragmentation photons are not isolated,
hadrons around them are from jet fragmentation

[ 21-24 May 2008 maoyx_Wuhan@HIP 18 J




ALICL

EXPERIMENT

10F O X 14 :ﬁ
; ¥ lsolefad
1
E | |
- Tz ) .
[ '

10 a
-

10.]1n||||1|.||||’|n||||=|!||||$||||'Il|||||“|||||||| Linaalonus

Vic
e S/B: pﬁ(& r

— ~o0.1at p;=25GeV/c (generated events)
— ~ 0.3 at p; =25 GeV/c (reconstructed events + SSA)

— >10 at p;=25GeV/c (after IC selection)
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O Photon spectrum after one

ALICL year of data taking
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A prp>yEX at\e=i4TeV

Ly 10p0*

e Estimated counting statistics in one pp run for 2 PHOS modules

e Systematic errors from misidentified nt°
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Fragmentation Function

e Construct jets within jet finderin PYTHIA;

» (Calculate fragmentation function of these jets: the
distribution of charged hadrons as a function of the fraction

of jet momentum z = pT (Mo, %0)

R = \/(n'no)z + ($-0g)° =

* Requirement: reconstruction of jet energies

— Possible in pp
— Difficult in AA
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y-hadron correlation

e Momentum imbalance variable

— Zyn= Pr - Pry/ P72 t
* Inleading-order kinematics (o.,) P,
_ Zy—hE pTh / pTy

e According momentum conservation,

— Pty = kL - Eparton
* Therefore,
— (exp.) z, & z (th.) pTY
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O Imbalance distribution from NLO (seeF.
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Within appropriate kinematics condition, the fragmentation function
(FF) can be measured by imbalance distribution (CF) without the
need to reconstruct the jet.
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O_ Kinematics condition
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 Photon and hadron momenta cuts must be very
asymmetric:

cut cut
>>
pr, > pr,

* Photon must be produced directly from the
partonic process and not from a jet
fragmentation:

isolated and p;Y>20GeV/c
* Photon — hadrons are back to back:
1t/2 < AD < 37/2
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Direet photons from y-j2t events
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Clear jet signal opposite to the photon in y-jet events




ALTEr Azimuthal correlation
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Decay photon
:
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A near side and a far side peak found, the later being shifted and
broader compared to 'y -jet events.
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Underlying Event (UE)

e Based on:

— Hadrons spatial distribution from underlying events (UE) is
Isotropic:

UE (l(l)y'q)hadron |<O-5 TC) = UE (O-STC <|¢y_¢hadron |<1'5 TC)

e Strategy:

— Calculate UE contribution on the same side as photon where
there is no jet contribution
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Forp,, >2GeV/, contribution from UE represents less than 15%
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AQE Comparison CF with FF
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— Pythla FF
v  Imbalance distribution

P, »20GeVic
pr;szo.vm

p; Cut

Fragmentation & decay
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Imbalance distribution is equivalent to fragmentation function
forz=0.12-0.8

e
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My final result
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e Statistical errors correspond to one standard year of data taking with 2
PHOS modules.

Systematic errors is contributed by decay photon contamination and
hadrons from underlying events.
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Summary

e Measuring the modification experienced by jets
traversing the color dense medium formed in heavy-ion
collisions is a valuable approach to access the medium
properties

e Tagging jets with direct prompt photons is the only
approach to identify low energy jets (E;., < 50 GeV) in AA

e The modification is best measured in the jet
fragmentation function

e The fragmentation function can be measured in photon —
charged hadrons correlations
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Summary

e The feasibility of such a measurement with the ALICE
experiment has been evaluated in pp at 14 TeV

— identification of direct photon and rejection of decay photons (PID and
isolation cut)

— counting statistics estimated and systematic errors due to decay
photons

e The measurement in pp will be dominated by systematic
errors not by statistics

* Near future, different kinematics cuts and AA ...
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Thanks for your attention!
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Different cuts
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O._ Difference between CF and FF
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