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Heavy lon Physics at LHC

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 [Oeorat =~ 98% (is only 50% at
RHIC)

Prompt photons, and jets ...
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Why we want to measure
photons!?

o 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
el




Why y-jet/hadron correlations!?

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 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
GeV)

> The jet cannot be reconstructed in the AA
environment
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t_] ALICE: The dedicated HI Experiment
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" ALICE? - ITS: /<09

Ad: 2n

> 10 GeV - AE/E < 3 %
ox =[3,50] mm

Ap: 2n : \ h

Tracking System resolution

PHOS: |n|<0.125
Ag: 1000

E> 10 GeV —» AE/E < 1.5%0,

o, =[0.5,2.5] mm

How can we measure direct photons and jets in

W =Sl }
TR FTVS S 7
R |"|_ ; . .- {..- .t :
TPC: |T1|{El-g__'___,--""r.-ﬂ-.’.‘- o ; .m'l,:_:-,: ...'--""":. H""I th%"'\-\.

“HMPID: n/<0.6
A¢=57.6°

~ TRD: |n|<0.9
o: 2t

~_ TOF:|n|<0.9
o 21*

*Holes are made
in front of 3
PHOS modules
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Photon identification in calorimeters "%
Three regions of analysis

increasing p-

. well separated merged clusters Opening angle << 1 cell
clusters | not spherical . all 0s at this energy are
=» invariant mass = = shower shape analysis et

e njes
analy =» isolation cut

10 - 30 GeV/c 1n

<10 GeV/cin = EMCal > 30 GeV/c only
El\;(?él Ve 30 - 100 GeV/c in | Irtnde_tfhod in EMCal

< e c in Solatedq IT.

PHOS PHOS *no particle in cone with p; > p; thres

*OF p; sum in cone, Xp; < Zp hres

4
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o  with materials and air
s without materials, with air
s without materials nor air

5 10 15 20 25 30

v and ¥ identification efficiency is lowered due to
the material of the tracking detectors in front of

PHOS
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Direct photon in ALICE

data taking of direct photons for pp@10TeV |

3 10’ = PPOY X @10TeY .
S F |5>£o§;e9 eS¢t month 3 EMCal super modules or
g i , A 3EMCaI supper module 3 PHOS modules
% ;m,. “AAM_ * 3PHOS module * Triggered y-jet energy: E,
SO e e >20 GeV
> I 1'++++ “WHH * [dentification efficiency:
Tt " iy g, =0.7
_ o YL TR A |
10F ) ﬁ f ﬁw“ * 1 month data taking
| ﬁ*ﬁwﬁw i I
] L] HH.HH MMU. ‘ Triggered rare process
Y% 30 40 50 70 100
p (GeVIc)

L =2.e28cm2s’! L =1.8e29cm%s’!

L =7.3e29cm%s’!

MB 2.69%10° 2.4%10'0 9.83*10'°
W SALEE 2.17*%103 1.95%10* 7.9%10*
VRIS 50 546 2213

S 1B 300 3183 12917

No trigger ﬁ“”’ﬁ“ﬁﬁr




v-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 heutral n°
(EMCal or PHOS):

90°< (I) (I)hadron < 270°

pT hadron > 2 GeV/c

PHOS/EMCal

0
Jet ﬂln

Background:

Decay photons misidentified as
isolated photon
Soft hadrons from the under'lymg
event (UE):

take the hadrons from the same

side of direct photons as UE Prompt v
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Correlation Function (CF) in pp

7| ERIC(2008) 57: Y. Mao Xe=-pr, - Pry/ IP7yI?

) —
= - S Aptp— v+X @ [s=14 TeV
o .
o — V¥ underlying hadrons
s % 103 w .
N = @ decay photons
k] v Y . .
> " —— fragmentation function
© B v
102|__ * L,y =10pb™
= v P, >20GeVic
— P;, > 2GeVic
B L
B v
10 L
E v
E ¥ v ﬁ__f_
B v L
1 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I
0 0.2 0.4 0.6 0.8 1

e 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. Josen UH‘FF{FF




Effects modifying the correlatior

°Inpp

Intrinsic k;

Initial state radiation (ISR) and final state radiation
(FSR)

° In AA

In addition, interaction with the medium
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D(z) from gamma tagged correlation

PRD74(2006) 072002

h-h: Leading particle does not fix . cde fragments -
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Experimental measurement of k

. PRD74(2006) 072002; M. Begel, PhD thesis

o

\
% ZEUS v 1996-97

45 = CDF .
) . Emﬁq‘? * Many experiments have made
A WA70, UAT vy measurement of the effective
< v up (various expts., p beam) L .

35 e (various expts., @ beam) 7 parton k; in the proton

. = Lower energies: expect a value

~ 0.5 GeV corresponding to size
of the proton

= Higher energies: higher values
obtained

* Different exp. use different
methods, but the trend is evident
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PYTHIA <k;> in y-jet events at LHC

. Extrapolated from existing measurements:

k extrappolated from existing experiments

- PRD74(2006) 072002:
_ M. Begel, PhD thesis

<k;> (GeV)

102 1n®

Vs (GeV)

_ 104

* Use PYTHIA generator
(with ISR/FSR on) and tune
kr (PARP(91)) to reproduce
measured

<pT>pair = <pT>y-jet

<kr> = <pr>., / V2

e fitting function:
<Pr>pair = A*log,o(B* V's)
A=2.06 = 0.171
B=0.16 &= 0.045
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Pythia k; and ISR/FSR in CF and FF

CF and FF after UE with different kt settings

1] [
5 —
K — pp@10TeV, E >20GeV
Z 107 ———— kt=4.7, ISRIFSR on, CF
= Ne3 ISRIFSR on GF
—h =5.3, on,
- SR/F SR —  kt=0.0, ISR/FSR off, CF
- — kt=0.0, ISRIFSR off, FF
10° = S — kt=4.7, ISRIFSR on, FF
10° =
104 =
10° ol kT..
— |
- I|‘J‘W—W| I
_I | | | | | | | | | | | | | | | | | | L1l Il |-||-|| | IH{I||||-|I’—I
0 0.2 04 0.6 0.8 1 1.2 14

* kr generates a tail at Xg >1 (Xg= -p, " p, / P,

—
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Ratio ISR/FSR ON over OFF in CF

| ISR/FSR effect on Imbalance distribution
2
kt=0, on/off ||
t=0, on/o
Ejet >20GeV kt=1, onfoff
kt=5, on/off
kt=10, on/off

On/Off

1.8

S
o

CF ratio
(IR
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» ISR/FSR depletes the CF at high X; values and increases
the CF at low X; values. —
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H| environment simulation

* PYTHIA: (E,..>20GeV) without quenching (10
month of pp data)

e HIJING: merged into y-jet PYTHIA events
(Imonth of PbPb data) :

> b= 10-15 fm(dN/dn ~ 550), no quenching
> b =0-5fm(dN/dn ~ 7500), quenched
e Quenching model: PYQUEN

° event generator for simulation of rescattering, radiative and
collisional energy loss of hard partons in expanding quark-gluon
plasma created in ultrarelativistic heavy ion AA collisions
(implemented as modification of standard pythia6.4xx jet event)
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CF in pp and HI...

CF after Underlying event substraction

Am1 0° =
X = e CF_:pp@5.5TeV
£ L » CF,,: Pb+Pb@5.5TeV (dN/dn=547)
T
z 10° ** = CF,,: Pb+Pb@5.5TeV (dN/dn=7443)
o —+— f
| — ~ @A
AT | 4 +
104 = T
e + T
— +* 3
L + 1
10 :a= —A- K - L
E )T e S
102 =1 . T
; e + —A—
B -9
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 l | 1 1 1 | 1
0 2 4 6 8 10 12 14

* Y- hadron correlation distribution as a"ffliction of
_ , 2.
In(1/xg) , where x¢= Pt Pty |Pryl” s
e Correlation distribution after the underlying events

subtraction.
el g




laa = CFAa/CF,,

CF ratio from AA and from pp

w 10 . .
S [ s CF,,/CF_: dN/dn=547
8— = CF,,/CF_: dN/dn=7443
6 I
— ——
4— A
2 -

o —N—
N == | =+
0 A
_IIII|IIII|IIII|IIII|III.lIIIIlIIIIlIIIIlIIII|II
0 1 2 3 4 5 6 7

* Medium modification factor |
hadrons correlation (CF) distribution.

« Enhancement at low xg and suppression at large x

9
In(1/x)

calculated from the y-
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a0 A different model: QPYTHIA .. Leticia%“"'*"’“

* N.Armesto, L. Cunqueiro and C.A.
Salgado change of the splittings

e Quenching comes through medium-
modified splitting functions

* Quenching weights in the multiple soft

scattering approximation are used based
on “BDMPS” formalism
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Josert FOUR m’



Configuration of the production

- Yy-jet events at pp@5.5TeV without quench
from PYTHIA;

- vy-jet events at pp@5.5TeV with quench from
PYTHIA merged into PbPb@5.5TeV from
HIJING;

- Quenching model (QPYTHIA) implemented in
PYTHIA, 3 different settings:
> q hat = 1.7GeV?#fm

> q hat = 50 GeV?/fm
> q hat = 85 GeV?/fm

UNIVERSITE
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Raa in y-jet events

Hadron pt distribution ratio from AA and from pp

2
2

. . qhat=1.7GeV?/fm
= q hat = 50 GeV%*/fm
q hat = 85 GeV?/fm

++

>

- = =
N A O

© o
o OO

© III|III|III|III|III III|III|III|I

+ T T+ 1 k
f*—ff ii‘*_ -

10 15 20 25 30 35 40
Pr

o
'S

o
N

o

(4]

e q hat is the average medium-induced transverse momentum
squared transferred to the parton per unit path length

UNIVERSITE
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* Modification will be stronger if g hat is large




|,a iN y-jet events

CF ratio from AA and from pp

2
= o _ qhat=1.7GeV¥/fm, L = 4fim
TEe | q hat= 50 GeV%/fm , L = 4fm
1'65_ : q hat= 50 GeV?/fm , L = 6fm
45 ] q hat = 85 GeV?/fm , L = 6fm
1.2 ¢
1= T
0.8/ 1= * 4
0.6;— i _*__*_
0.4— i v
ey
0: | | | | | | | | | | | | | I_n_l | | | | | | | | | | | |
0 02 04 06 0.8 1 1.2 14 18

Xg

e | 5 behaves the same as R, to reflect the medium effect
* Medium length setting in QPYTHIA is not working
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200GeV Aulu— y+h® b=5fm g=-m2

, E'j_:llllllllll|||||||||||||||||||||||||||||||||||||||||||||||||||||_
What's more -
e 0o 0o 3E = a |- -4 A
2F L | TR
e According to the idea of X. . HEEEE 1 O
4= |] ¥ (e 1 E " -
N.Wang, y-hadron <A s JREEREY | 2
. ] ; ) ] ..r E ==
correlation could probe i3 Iiaa#.!-'- ER-
. el o ER
volume (surface) emission of ””ir”ﬁi”?i”ﬁiﬁ“i””i”:ﬁi”|“”|“”|“”|””|=E
HI collisions by selecting x : M. -
: : SEEEEEEERERS:- o
* 2F AN EEEEEEEEEN &
at different range (arXiv: 2 i
. = ok ) || |
0902.4000v | ): ATy ||
<o e (HEMEHE ] 2
> large xg, contributions to CF 2 “, |cHEEEEEEERC 7
come mostly from the surface; OE g e | RRREREE e ] 2
0 A ATV i
> small x¢, contributions to CF s 5432101234568
are mostly from the whole y (fm)
volume.

FI:. 3: {cobr online). Transverss spatial distributions of the
initial ~v-jet production vertawes that contribute to the final

e Is it possible to illustrate this by y-haden et skoaga ghven direction (atreae) with
picture in ALICE!?
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On going testing...

* Generate Yy-jet events with
PYTHIA;

* Quenching the jet with
QPYTHIA;

* Get the jet production point
(Xo» Yo) inside AA geometry by
fast glauber model;

e Calculate medium length based
on jet direction.

UNIVERSITE
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Medium length of jet hadrons

| ’ hadron distribution of medium length with X <0.6 |

_10.03
20
g C 5500GeV PbPbLy+h
B Y
0.025 — 20GeV<p_<50GeV
C Lo No Quench
- -7 s —— Quench On
0.02— ! .
0.015—
0.01
0.005—
- M-n
oL 1 | P l l | hadron distribution of medium length with xE>0.6
(] 1 2 3 4 5 6 7 8

ilzo 045_ _ 5500GeV PbPbLy +h
T r ZOGeV<pT<50GeV
0035 " Quench on

o.osg— %g > 0.6
0.025) :

o.ozi— .
0.015 | Il

0.01 jaiiy
0.005 1 _

C I | BRI BRIy o |

°O

1 2 3 4 5




High p; hadrons over low p’s

hadron distribution ratio with x_>0.6 over x_<0.6

3 3

N
IIII|IIII|IIII|IIII

0.5

]
5500GeV PbPbl¥+h

2oeev<p2’r<5oeev
No Quench
Quench On

oo

10

L (fm)
e Did NOT see enhancement at small L and suppression at
large L as expected, something is wrong!?
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Quenching effect on L

‘ quench on over off with x_< 0.6 |

5 F 5500GeV PbPbCx+h
§ 25 Xg <0.6 20GeV<p!<50GeV | |
e [
g_ O o [ XE<0.6
2:_ e
C < -
1.5
E -
= = e i quench on over off with xE>0.6 |
C e 3 -
o5k s [ P 5500GeV PbPbLiy+h
D c L ' i
. %2_5-_ o Xg > 0.6  20Gev<p’<50GeV
0:““1““1““"1““1“Hmuuxuu & - : | ‘ 4 x>0.6
0 1 2 3 4 5 6 7 8 9 10 3 | i 1
L (fm) 2 I A -k
R S I i ‘
1.5— A A 1
: IESRanlE
il ——
: BEREESRNE S
- R I S
o bbbl
—AAAklkAkklAkikiAikiliklAikiAilikiklkkkklkkkklkkkk

°°
-
N
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a
»
~
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©
-
o

e Why enhancement for low p; hadrons (small x;) at small L?

e |s there suppression for high p; hadrons (large x;) at large L

as expected? Jﬂ&”'ﬁ'lﬁ?ﬁr




In progress...

* Verify the tomography of the medium on
v- hadron correlation measurement.

e v- hadron correlation measurement with
EMCal and central tracking system

(ITS+TPC) in pp and in AA.

* Prepare well for the first year data
analysis...
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Back up

31 Yaxian.Mao@EMCal-offline, Frascati 19-21 May, 2009



Underlying Event (UE)

o Based on:

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

UE (l(l)y'd)hadron |<O'5 TC) = UE (0.5713 <|(I)y_(|)hadron |<1'5 ﬂ:)

e Strategy:

o Calculate UE contribution on the same side as photon wher
there is no jet contribution

LIN[YERSITE
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P, spectrum of hadrons entering in the construction of FF\%¥
(R=1) and CF (opposite to photon)

Comparison of hadron pt in FF and CF

nderlying event FF, auenchon

CF, quench on
FF, quench off
CF, quench off

10*

10°

10?

10

o
N
=}
>
[=)
o
o
=}

100
Py, (GeVic)

Quenching effect will make hadrons’ distribution shift from high

momentum to low momentum UNIVERSITE
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Medium effects on jets: FF

Borghini and Wiedemann, hep-ph/0506218

th
Az (&,7)
p hadron~,2 GeV for
* OPAL, Vs=192-209 GeV “ =100 GeV
14 in vacuum, Ej;=100 GeV )

12 = =--- in medium, E;;=100 GeV LOW pT
- * TASSO, \/E=l4 GeV / enhancement

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

8 = —-—in medium, Ej=7 GeV

§=In(EJet/phadron)

* Fragmentation strongly modified by medium
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In HI ...

CF and Underlying events (UeCF)

:I.u1 08 % -y / | |2
- E v i X-= - .
E 10" T " a - E pTh pTy pTy
g E i _@_—@—‘W‘—m— ., h v o
o 106 - - & & i .
E - _Q_—@— v
— - & - -
10° & - +38—'_9;'::’:+_._ _m_—Q-_@_ Hu .
= - —0— -
- 5—0—::: e e B
104 = Ao —0—_._ :%4} -~
= be - o o
— . a=
10° Lo -~ e CF,: pp@5.5TeV * . -,
= o o UeCF_ : pp@5.5TeV e —?ﬁ@;
102 il A CFAA: Pb+Pb@5.5TeV (dN/dn=547) _6_:9:7 -
= - o UeCFAA: Pb+Pb@5.5TeV (dN/dn=547) :8:*
10 B ) | CFAA: Pb+Pb@5.5TeV (dN/dn=7443) :?74:
%_ UeCFAA: Pb+Pb@5.5TeV (dN/dn=7443)
1 B | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14
In(1/x)

PYTHIA: 10k events —» 10 month of pp data taking
HIJING: 1k events——> Imonth of PbPb data taking
Quenching model: PYQUEN
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|, = CF,,/CF

nD

CF ratio from AA and from pp

w 5
w Sp
T s CF,,/CF_: dN/dn=547
4
- s CF,,/CF_: dN/dr=7443
3
2 -
o

.
EE
4
.
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[ B ¥
=TT TTT | T T
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o dN/d

S dNidi,
] o
o ]

0.02

0.015

0.01

0.005

o

Medium length of jet hadrons

hadron distribution of medium length with X <0.6

hadron distribution of medium length with xE>0.6

L 200GeV AuAuy+h

- 7GeV<p1<QGeV

I No Quench

C —— Quench On

= Xg < 0.6

:1lllllllllllllll11111111111111111}1111}1111}111’1’

0 1 2 3 4 5 6 7 8 9 1
L (fm)

0031
2 [ 200GeV AuAuCy+h
0.025 — 7GeV<pT<QGeV
- L No Quench
N —— Quench On
0.02— ¢
0.015 :_ - --i I-I | 'I E -:-‘E-'l R
0.01— ik
0.005_— EL XE > 0.6 .:E. ”:r
0:|'-||||||||||||||||||||||||||||||||||||||||||||l||':||".
0 1 2 3 4 5 6 7 8 9 10

L (fm)
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High p+ hadrons over low p+’s

hadron distribution ratio with x_>0.6 over x_.<0.6

= N N

200GeV AuAux>+h

7GeV<p1<SGeV
No Quench

—— Quench On

-
N A O O DN

# X >0.6/(# x_<0.6)

=N

=N

T

=
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=
N B
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2 effect on L

N

uench on over off

%uench

||||||||||||||||||||

I
+

|.A»l
nmw
<3
AV.<T
Ve
O3 Vv S
SO w w
AN M b

~ x.<0.6

N ® @ ¥ N v

U . . -

Jojuo ysuanb

10

L (fm)

9
* Quenching effect generates enhancement of the small L but

suppress at large L???

¥
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