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Objective

® Exploit jets at LHC energies:

» High prt partons produced in hard interactions in the
initial phase of the collision...

v in pp: understand and characterize the probe

» ...Undergo multiple interaction inside the collision
region prior to hadronization

v in AA: probe the QCD medium created in the
collision
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Jet fragmentation function

Borghini and Wiedemann, hep-ph/0506218

Fragmentation:
g * OPAL.V5=192-209 GeV

—— in vacuum, E.,, =100 GeV

[o—
NN

7 = P hadron <

p parton

* TASSO, Vs=14 GeV

--= In vacuum, E., =7 GeV |

1/N, . dN/dE

- =-=in medium, E;.,=7 GeV

6 .
4
5 ,
T N
Eor = 100GeV &=In(Ejet/ pT)
! 1 | I l
100 50 10 5 4 2 0.2 0. 1

® Modification of the fragmentation function (FF) and the
jet shape: hard scattered partons loose energy by

radiating soft gluons which fragment as low pT hadrons in
the final state
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Y+Jet “Golden™ channel -~

* Tag the jet with the direct photon,
emitted back-to-back 5 e S
10— i ¥ Inclusive b (STAR)
» Photon 4-momentum remains - |r GV pron eery s ¥ty = 100
unchanged while traversing the Tl -HH bayoo
T -
medium and sets the reference of the - f c L
F AL
hard process v***?ﬁﬁw'}t{ ++HH; H
10"§_~

» Independent measurement of the jet oz "¢ e s 0 T e e

pr (GeVic)
energy, balance jet and photon energy |
Raa = medium /

* Measure the jet fragmentation function vacuum
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Photon-tagged hadrons Correlation

Pr,
. PP CF 103- Pr, > 50 GeV
3 < > 10 GeV ‘
B PbPbCF " oy F Arleo
s | =
P, —— ppFF =7
. L "ep &
e Pb Pb FF o PbPb 0, = 70 GeV
iiw 7 - - 10 -l- 1 1 1 | 1 1 1 1 " " " 1 1 " " 1 PR M
0 0.2 04 0.6 0.8 |

ZYI

w=Xe o

* Jet reconstruction in ficult especially at low
energy (E < 50 GeV)

* Within appropriate kinematics condition, the fragmentation
function (FF) can be measured by photon-tagged correlation

function (CF) without the need to reconstruct the jet.
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T

\

® Measure and identify direct photons (calorimetry
+ shower shape + isolation cut)

® Measure charged hadrons (tracking, pT)

® Construct the fragmentation function by
correlating opposite hadrons with the direct
Photons (XE= 'pTh i p_l_y/ |p_|_y‘2) 3/5 PHOS

718 TRD

® Subtract background e
p decay and fragmentation photons« emca I: i

) soft hadrons from underlying event \

»
o

Strategy of measurements
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.~ Large lon Collider “xperiment

http://aliceinfo.cern.ch/Collaboration/
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%
Particle identification in calorimeters

EMCal 0 %0 PT (GeV/c)

oroc —IMA §§r________EE:._

, . Shower Shape Analysis (SSA) Isolation Cut Method (ICM)
Invariant Mass Analysis (y/e, TT°, hadrons, ...) (Y, e, T10)
0 ’ ’ 9 oo r ™
_ (IMA) (v, % n, ... =>merged clusters not =>two clusters from TT° are
=>well separated clusters spherical: Ao / A =1 ? merged

Isolated if:
* no particle in cone with pt > prthres
® pT sum in cone, 2pt < 2pTthres

Meson Signals
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Direct Photon Spectrum

— 6
- 105; Eurd. Phys. J. C (2008) 57 2 1P § p+p->y + X, pp@\'s=5.5TeV
- s pp>y+Xat\s=14TeV 3 | ¥ L._=0.5*10°mb!
10° i‘ ot - iot ph :»—10 §__v_ « isolated decay photons
Q@ ® Jet-jet photons S | F.., v isolated direct photons
5 . 9 L= 10pb™ S [V =
8 107 E C...’.;;:._ = e
& o “._ 2PHOSModules w= |-, |l EMCAI SMs
z 1°F e, = T
- E ® ’V-h"‘f-;;__.&l‘ | 102 = Al -
10} NNy :
: o Rikas SRR WNyPr>30GeVie = 29743 Ty,
{ " VRS L PR e LT E L Ty
0 30 40 50 60 70 80 ?0 o & e e e by T
p. (GeVic) 20 40 60 80 100 120
Ty p, (GeV/c)
® Direct photon measurements by PHOS and EMCAL
® Contamination for misidentified decay photons are
estimated as well.
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Photon Tagged Correlation

= azimuthal correlation: A® = ©y - P,
= correlation function (CF): Xg= -pt" - p1¥ / |pTY|?

T‘
Pr,

P
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Azimuthal Correlation

otons from y-jet events Decay phOtOIl

8
o b —
g MC  Generated Ki atics g Euro. Phys. J. C (2008) 57
o s M ESD Reconstructed Kinematics 1051
®10° -
m [ v
u - e
I ) | | .
W undeclying event [ [ .
; | |
l l
- I I .
QM2008 |_ | - r o
I I e
10 : 10°F
L ] - i BT B
-1 0 1 2 3 & 0 ! 2 1¢= ¢,-¢,:dm(rad)

4
0 -9, (rad)

® (Clear jet signal opposite to the photon in Y-jet events

® A near side and a far side peak found, the later being
shifted and broader compared to Y-jet events.
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Correlation Function (CF) in pp
‘2

Xe=-pt" - pr’ /1L5F_)TY

7 Euro. Phys. J. C (2008) 57 ; QM2009 poster >
= E § A p+p->y+X@\s=5.5TeV
§ N Ap"pd_T VX @ Js=14TeV 8 N v underlying events
< = V¥ underlying event ] 04 = o D7 ot
5 103;_A_ @ jet-jet photons g S L=0'56 107 em™s
2 - —— fragmentation function © - _A__A_ TY=10 S
Z T oL N p/>30 GeV/c
© 102]__ ° L, =10pb” - N
oy, > 20 Gelle *. |1 EMCAI SMs
E Th 1 02 E_ 'A'_A__A_
10 — -A-—A— |
- 2 PHOS module: __Tl_ 10E N '-+-_+_|
l : . Tl
0 0?2 0?4 O|.6 0|.8 1I I+ | ‘+l‘
XE 10I | I0.|2I | I0.|4I | I0.|6I | I0.|8I - 'll | IHﬁZ
Xg
® Statistical errors correspond to one standard year of
data taking with 2 PHOS modules or || EMCal SMs.
® Systematic errors from decay photon contamination
and hadrons from underlying event.
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Going to AA...

= Azimuthal correlation broadening:
= Medium modification: Iaa = CFaa/CFy;,

€ = In (I1/xe)
= Tomography: path length L
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Azimuthal Correlation

§ . y->EMCal at 5.5TeV N
2 | ° PP
%o e PbPb
>~ |
-
10'1:—
- -.-
} oy |
@ @ .
o & ' D thres_n = O 0
102!® o IC:R=0.4,p""=05 7,
- 00 L=0.5*10"" cm2s™" 'O"Q'-o-o-_o
5O T=10%s |
] pYr>30 GeV/c
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Medium effect
broadens the azimuthal
correlation

A measure of the
transport properties of
the medium

(Aq7) = [dvq(y.E)

The broadening effect
is challenging to
measure.
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Medium Modification of CF

Em _ EMCal PPR o | EMCalPPR
% B N B —‘—_|_
§101:_ Ntrig = 22743 _.__._—0~0—"‘_*_-o—_.__._ _é i I AA — CFAA/ C FPP Y ! T
% o, aAATATATL L e i R
! ) _"'—o—_._ : -0
102 4 i &
- N 1.5
N v->EMCAL, CY@5.5TeV i N
N i3 L pp | i
sl l * PbPb L e e —
10 = ! L=0.5*10“ cm™s™ i ,
A- T=10°s i o *
f‘ ] pYT>30 GeV/c 0.5 T oo
10'40‘I |I ] ] ‘ll ] ] ] ] 2| ] ] ] ] 3| ] ] ] ] 4|. ] ] ] ] 5| ] 0: I_?_I | | | | | | | | | | | | | | | | | | | | | | |
In(1/x) ° ! 2 3 ) In(1/§( )
® Medium modification measured by full EMCAL super
modules.

® A suppression at large xe and an enhancement at small xe
could be observed

® Modifications related to the medium transport properties
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Toward a true tomography measurement of QCD

medium in AA
X. N.Wang, arXiv: 0902.4000v |

200GeV AuAu— y+h* b=5fm g=r/2

. . . 6T::

® Triggering Y-hadrons correlation £ 1 MRiee. ] -
. . 3 = CCeEEE. _‘_é*
measurement with hadrons of various - T
Xt allows to select the production S RS )
point of the hard scattering: AN 2
4f Bl \ | RRRET <
® large xg, contributions to CF come I )
. 3 ;:::l...ll _] -é
mostly from hard scattering at the 2 T Y
T 1 1 m W
- S . CHSESEEEEESI . <
surface; < e (MR 3
_ 2 | 1
® small xg, contributions to CF are Y e I 1 8

5 1 3

6-543-2-10123145€6

mostly from hard scattering inside
y (fm)

the volume.

FIG. 3: (cobr online). Transverse spatial distributions of the
initial y-jet production vertexes that contribute to the final

® What can be measured with ALICE? e 00 (apper ponch) and 08 (lwer pendty
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® High pt particles come
mostly from h.s. at the
surface

® | ow pr particles come
mostly from h.s. in the
volume

® However separation
not very much

pronounced!!
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Suppression vs Enhancement

laa = CFaa/CFpp

2.5
B A A N
- A A
2 o N .
B N
15 5500GeV ppLiy+h
- |20C39V<p§;10 Gev
_ eading:.dharge on
i . X = qf:g; 9202 )
frmmmmmmmmee s
-
0.5_—
:. [ ] . . .
oL | R R S S L
0 2 4 6 8 10
L (fm)

High pt particle suppression
stronger for h.s parton
traversing large L

Low pt particle enhancement

stronger for traversing large
L

But L dependence is not very
pronounced

XE and L dependence study
will be necessary since L is
not measurable: L=f(xE)
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Conclusions

® Photon-hadrons correlation measurement is feasible
in ALICE

® Medium effect could be measured by Y-hadrons
correlation:

® Modification of the photon tagged hadrons
correlation function -> medium properties

® Detailed tomography of HI collision is possible

® Kkt from pp to HI is an additional way to infer the
medium property

® The measurements in HI are challenging but worth
the effort
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Back up
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ALICE detectors

http://aliceinfo.cern.ch/Collaboration/

EMCAL: |n| < 0.7

3/5 PHOS o
7/18 TRD Ap=110
18/18 TOF
4/11 EMCAL

G Ll PO TPC:|n| < 0.9

et A =2

PHOS: |In| < 0.125
A @ =100 22 Yaxian.Mao@FCPPL 2010, Lyon
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Prompt Photon: Hard Probes

® Prompt photons: pt¥ >> Aqcp, Tmedium

o |O q
9-66° W =

® Measured as isolated photons

S

® Reference study for medium effect
® Prompt photons: pcY >> Aqcp, Tmedium

® NLO (parton fragmentation)

® Measured as non-isolated photon

® Quenched by the medium (aka parton)
24 Yaxian.Mao@FCPPL 2010, Lyon
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Photon Source: medium generated

® Thermal: peY ~ Tmedium ~ | GeV

q q Y
Q Raa>1,v2>0
9° q 4

® |et conversion: ptY ~ pd

q
q

® Bremstrahlung (aka g radiation): p.Y < p9

9 g
m@ Raa> 1, vo <0
q

25 Yaxian.Mao@FCPPL 2010, Lyon

Wednesday, April 7, 2010



Photon Source: Decay

® Decay photons form the bulk:
pp, dAu, pPb, AuAu, PbPb — vX CTEQ5M BFG setliM=p =M_ = p;

PtY = P t'IT / 2 < Ptq pp, dAu, pPb, AuAu, PbPb — X CTEQ5M KKP M =y =M, = p_

(=] I | 1 | L | 1 I | | |
: A \s =200 GeV AuAu EKS98 Eloss 1
v 5 n \s =200 GeV pp .
%O'pf«y 2. L \5 =200 GeV dAu EKS98 il
q '5 - \§ =200 GeV dAu EKS98 A" E
Raa< l,v2>0 2
< |
q % -
® + I . a0l
p+p collisions: $10
=
o 0
® mainly TT =
10}
® A+A collisions:
3 5 feV PbPb EKS98 Eloss
® - I i 5feV pp
Jet-Quenching .l oV
- eV pPb EKS98

o |HC: : A |

p; (GeV/c) 10

o Ny /NTr ~ 0.3 for PT =
|00 GeV/c

Yellow Report hep-ph/0311131
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ldentification Efficiency

reconstruction efficiency for EMCal
1

14— .95

o with materials and air

ESQ/MC

1.2 - ®  without materials, with air 0.9

A without materials nor air

0.85

P g g LY afrgn oty

0.75

0.7

EMCAL Y

0.65
0.6

0.55

| | | | | | | 0.5 1 1

| | | | | | | | | | | | | | |
20 40 60 80 100 120
P (GeV/c)

® Photon identification efficiency ~ 80% (PHOS and EMCAL)
® pi0 reconstruction by IMA ~ 68% (PHOS)

28 Yaxian.Mao@FCPPL 2010, Lyon

Wednesday, April 7, 2010



CF Measurement with EMCAL
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® Statistical errors correspona to one stanaara year or
data taking with | | EMCAL supper modules.

® Systematic errors from decay photon contamination and

hadrons from underlying eyents.
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