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The QCD medium

. » A new state of matter is produced in heavy-ion
: collisions at RHIC: parton degrees of freedom with
hydrodynamic properties of a liquid

o Several observations lead to this conclusion:

- Energy densities reached exceed the critical temperature
at which LQCD predics a phase transition

Large elliptic flow established during the early partonic
phase

Quark scaling
Very low viscosity

Jet quenching

o
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. jet-quenching: first measurement'E3

| Au+Au (central collisions): B
o B Direct (PHENIX Preiminary) O The measurement:
10— ¥ Inclusive i (STAR) . .
- ®  (PHENIX Preliminary) oOParticle species spectra
B GLV parton energy loss (dN*/dy = 1100) 1. 9 ( pTh)

2. Ryu=0,,/(Normxc,)
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e hard scattered partons traversing the dense formed medium are
modified = observed as reduction of high pt hadrons (jet
fragments)
e direct photon traverse the medium unaffected
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Measurement does not strongly constrain the interaction mechanisme
or the medium properties

UNIVERSTE
A




h
%@an

* OPAL, vVs=192-209 GeV
4 i vacuum, E;;=100 GeV

12 | === in medium, E;(=100 GeV
* TASSO, Vs=14 GeV

8  —--in medium, Ej =7 GeV,”

High p;
suppression’

.....

e Difficult to reconstruct jet in
HI environment

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

et-quenching: more exclusive measuren

Borghini and Wiedemann, hep-ph/0506218

py"adron~2 GeV for
“. Ej=100 GeV

QW Pt
enhancement

)

.4....5. ..6

gzln(EJet/phadron)
J  The measurement:

O
1.
2

oFragmentation function
1. FF(z=p"/E.)

2. Rgg= FF,0/(Norm x FF )
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jet-quenching: even more exclusive
measurement (the golden one)

i Direct photon - jet

° The photon 4-momentum remains unchanged
while traversing the medium and sets the
reference of the hard process

o 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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Toward a true tomography measurement of
QCD medium in AA (X. N. Wang)

» The azimuthally misaligned 200GeY AuAti- (+h* beSim =2

back to back jets (from a 2->2 : r

hard process) may add to k, E 3

which is a measure of ghat: S 3

(Ad7 )= [ dyd(y,E) 4 :
» Triggering y-hadrons s

correlation measurement with i 3

hadrons of various xg allows £ :

to select the production point o ;

of the hard scattering: '} _ .

> large xg, contributions to CF come mostly -
from hard scattering at the surface;

- small xg, contributions to CF are mostly Eika1 75, pobicion vt i coxbibte e s g
from hard scattering inside the volume. cbesrved 9-hadron pairs abng a given direction (arrows) with

#p 72 0.0 (upper panel) and z4 72 0.3 (lower panel).

e \What can be measured with -
ALICE? eSS



ALICE: dedicated HI Experiment

ITS: |n|<0.9 |
Ab: 21 HMPID: [}<0.6

Ap=57.6°
EMCAL: |n|<0.7
Ag: 1109 _ .
= > 10 GeV — AE/E < 3 % o 4 X . ~ TRD:[n/<0.9
ox =[3,50] mm (L e | o: 2m*

U\‘}';:_-:,.-' e
TPC: ;ni<0.9_ I — N/ |\
A: 2n ANy PS ~_ TOF: [n|<0.9

0: 21*

Tracking System resolution

*Holes are made
in front of 3

PHOS: |n|<0.125
PHOS modules

Ag: 1000

E > 10 GeV — AE/E < 1.5%0,

o, =[0.5,2.5] mm
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v-hadron correlations in ALIC

Strategy (event by event):

Search identified prompt
photon (PHOS or EMCal) TPCHXTS | hadron
with E > 20 GeV

EMCal/PHOS

Search for all charged P
hadrons (central tracking) or neutral mn°
(EMCal or PHOS): Y

90°< (I)y'(l)hadron < 270° v

PHOS/EMCal

Background: Jet \‘@gg‘f

Decay photons misidentified as
isolated photon -
Soft hadrons from the under'lying<-
event (UE):
take the hadrons from the same 5
side of direct photons as UE rom[a;[t%m -
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Correlation Function (CF) and |,,

|2

dN/dz_ (counts)

EPJC (2008) 57: Y. Mao e~ P, " Pr,/ [Py,

e Systematic errors from decay

; e A prp—v+X @ Js=14 TeV
. ¥ underlying hadrons
10 @ decay photons
; —— fragmentation function
1[}2; ® Ly =10pb™
: oo
- —_*__ *_ I AA CF A A/ CFPP
17 s . . | . |cFratiofrom AA and from pp |
’ - - - - < 10: s CF,,/CF,: dN/d1=547
_< ~
« Statistical errors correspondto  °F 4 " T s
one standard year of data o
taking with 2 PHOS modaules. -
47 —A—

photon contamination and 2 A XLH L
hadrons from underlying AN T i
events. I R T e e T

9
In(1/x )
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S e 7EUS 7199697
G455 = CDFyy

= o E706

j‘ 4 WA70, UAT vy

. <k-|-> in y—j et at LHC 7.« @ mtssmssd
* measurem
e Extrapolated from existing -

15

measurements by PYTHIA |

ot

tunin o) 0'2 PRD 74 (2006) 072002
k; extrappolated from existing experiments - o WJO:Ge
2 I .
o e Intrinsic Ky
¢ °F > (PARP(91)) and
= ISR/FSR on
E <pT>pair = <pT> Y -jet
3:_ <I(T> = <pT>pair / \/ 2
2 « fitting function:
13— <pT>pair = A*Ioglo(B* \/
- S) |
L1 ! Lo ! L1 I

10 03 oy, A =2.06 + 0.1



<pr>,.; dependence on p;

pt pair vs. generated P bins

S 2F + photonCparton pair Reference: y —parton pair:
& 18 - v photonUjet pair: R =1.0
A 16 o  photonDjet pair: R =0.4 ]
V 14 + photon(jet pair: R =0.2 / 1] - 363+14 0.05+0.0
- / e T e
121 L 0 3
0L Fitting:
- - .
65— <pT>pair =A+B Pr
4?? Measurement: y —jet
2— i
pyT (GeVic
. R =1 8.49+3.01 0.04%0.05
e 202 R=07  4.82+191 0.07+0.04
i vrsl R=0.4  3.42+145 0.10+.0.0
- e wsom R=02  3.19%+1.19 0.13+0.04
5:1 o f MM W#* W o L@H?ﬁ_ﬁﬁﬂﬁr
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Leading particles with medium length (L
traversed "

| leading particle (charge only) without quenching |

F0r 00GeV . . :
g | sscevcp Hiodiay > High x leading particles come
go5- Iea_lqaumlep’c |n|yoff
f =R s mostly from h.s. at the surface
b O medium effect »Low x leading particles come
" ” mostly from h.s. in the volume
o.oosf—;J e ) | leading particle (charge only) with quenching |
: | “ ALy L _0042 1
LA R N ! S0Gevp 2100GeV
00 ooding: Shareoni.
w |1 SRR
0.025— :
- I
. 0.02— ! , : . .
However separation not : il withymedium interaction
0.015 W e
very much pronounced!! ¢ |
0.01F I
- 1 |
0.005 : HJ@
oLl :'l"'s" sﬂﬂﬂlmﬂ -
surfﬁce( > volume L (m)
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CF (differ x-) dependence on L

CF (with UE) ratio with and without quenching

~ 14
1.2 ° O .
1=
0.8 p+py+X @5.5TeV
B q=3GGe\)I(ZI m
- A ¢ = (1.5, 4.5)
0-6__ M ° XE<0.
- v XE>0.8
0.4—
0.2 vy vy,
0:| I B |v| L |v| L |v| |v|V|v|
0 2 4 6 8 10

e Ratio of quenched to unquenched scenario whthnk
selection on CF UNIVERSITE r
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Conclusion

'« Medium effect could be measured by y-
hadrons correlation:

- Modification of the photon tagged jet
fragmentation function -> medium properties

- Detailed tomography of HI collision is in “theory”
possible

> Kk from pp to HI is an additionnal way to infer the
medium property

» The measurement is challenging but worth
the effort

o Let's take a break...until LHC tell us the

truth!
J _,_.4-_;-1”2"}3"%’&'5#
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What is k; ?

e Two partons (with hat) back to back in CM
e At an angle 1n lab frame due to k;

e Fragment into final hadrons (no hat)

° <kT> - <pT>pair / \/ 2

LNIVERSTE
Joseri u._.wrftr




Delta phi between 2 jets and pair of pt | hPair2J_py

F Entries 9924
n [ n 7°°; Mean 1
- - RMS 8.202
<pT>pajr ln let let eV‘ 600; ZIndf  91.53/27
800 Constant 4023 + 60.9
pt pair vs. generated P bins a0 MPV  6.0670.064
3 30 . . 300 il Sigma 2.7531+ 0.039
S e parton(Jparton pair : - '
A ]petDjet pgir: R =EI).0 : 2004
© [ 4 jetOjet pair: R=0.7 _ » o
£ 25— < Jetd]et pair: R =0.4 . - ™,
A~ [~ Jetljet pair: R =0.2 P I e R L
o B i // P (GeVic)
v 20_— /" “‘“ ......
sF a/// ------ “_4-  Strong dependence on jet
- IR Pt 5 i B reconstruction (R) !?
10 P | N
B I S e I K W TR o
A S e 1 _______ I ------ +- I Fitting:
= - <pT>pair =A+B* Pr
046203020 50 60 70 80 90 100"
P (GeVic) . |A(Gevio) | B (Gevicy?
|
R =1 6.25+£2.56 0.10£0.05
- A (GeV/c) |B (Gevic)L
R=0.7 2.84+1.56 0.16=%x0.05
----- R R=04  142%145 0.21+0.05
‘ ; N R=0.2 - 0.24+0.05
0.36%+1.08 M



Pr>pai from leading-leading

pt pair vs. generated P bins

Jgy— Fitting:
)
-~ — = 1 . %k
E -« partonUparton pair | _ : <P pair =A + B * p;
=~ 12— .
£ [ = leadingleadin ir
i [ = leadinglleading pa - A (GeVic) | B (Gevic)™
9:_ 10 -
N —— 0.45%x0.4 0.07%x0.0
8 Y )
I S B ol B N i 3.27x1.4 0.07%0.0
6— v v
4 :_' | Delta phi between 2 leadings | hPairLL_py
- 3000
L f Entries 49753
2 25001 Mean 14.1
= | I I I I I I I I I 2000 RMS 11.08
10 20 30 40 50 60 70 80 9% 100 1500/l 2 I ndf 198.2/27
I:)JT (GeVIc) ] Constant  1.589e+04 t 1.095e+02
1000 |-
[ MPV 7.643+0.039
S0~ Sigma 3.531+ 0.025
e TrVl T e 50
p'T’" (GeVic)
| L |
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Approach to confirm...

1) Generate y-jet events (E, > 20
GeV) with PYTHIA generator with _)\
B |I|
|

and without quenching
(QPYTHIA)

2) Get the jet production point (X,
Yo) Inside AA geometry from Fast
Glauber model

3) Calculate the traversed medium
length (L) based on direction of
hard scattered parton using Fast
Glauber

4) Search leading hadron with the
highest p- _;_::4-.fi’§‘}3jﬁi“|¥é#



Phi correlation (Ieadmg and \
|_A ¢ and x without quenching (charge only) |
e Ap
g o9
fros = . Ut 50
ozt INO quench1ng_.~v’; .
0.6F e
oSt 0 the found Ip comes
0.4
03E 20 from the UE
0.2;— r"w" o .
0.1;— (IR : ~ [_A ¢ and x with quenching (charge on)y) |
T 1 2 3 4 1 /
Ad= 5~
£ 09
2o .
- ! uenchin
Quenching effect: X 07 Q g
0.6

e loss of high x leading
particles

e broadening of the A @
correlation at low X
ex=0.2->p~4GeV/c

e o
> o
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and x without quenching (charge only) |

T I_

1

¥

leading Ip

|
T

X=p,
e © o 9o
® N o ©

S
>

o
[Pt}
- -~ 2
B

o
N

o
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o
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e Quenching produces
more low x particles
from h.s. occurring in
the volume (large L)

Y
T
-

| I18I | I20

L (fm)

100




Leading particle distribution: x =

— laadinmas .
] fraction of leading particle (charge only) and photon |
!,gooo B SSOOGevyppD3+h
Sl laading: dnarge onl
5000~ ‘L o No Qu%hch g y
B o 4+ Quench On
4000 * o
3000;
zooof— .
1000 - AOO | A ¢ between leading particle (charge only) and photon |
O X B R Ry Y By -y >t 5500GeV.pply+h
= peading, 5 20GeV<p_<100GeV <
x=p e $10° Iead?ng:péharge gnly s
- I Quenehon )
. . - A u A
* Quenching will generate i s
: L &
more low x particles "
N
. . 2 &
e More fake leading particles "¢ . s
from underlying events will B TSN - s
be found due to the quenching - ; °
Dz}lllé{l11611114111151111]11114}1111&1111
A ¢= ¢yaleading
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Medium effect for high pleading
I‘.pﬁﬁliel%nly) with pt fraction of y larger than 0.8 |

¥ *F Leading particles with:
> - 5SOOGeVpJJD3+h
T 70— f 20§e\L§RmI1 9>oGgV o h 1
- IeEadilrong: chgfge'only C arge on y
60—  uunno s No Quench
- —— Quench On X > O 8
50—
40 ;
30 ;
- ratio of leading particles (charge only) with quenching on over off
20 RN & 2.5
: L: " | - ()
10? " :\‘H‘“\m E
: T :
0 a I I Ll m Hﬂqﬂ\mm d ‘H\:"h'\hﬁwm RETTREN .g 2
0 2 4 6 8 10 12 1 £
g
Q
3
15

e Suppression
stronger for parton :
traversing large L

» But L dependence is
not very pronouncec

5500GeV yppD=y+h

20GeV<pT<1 00GeV

leading: charge only
o Xg= p!:ad'"glp_yr>0.8

o
(C)

V-~
e,
e g - —
| 1 1 1 | 1 1 1 T-IJI_ _I—T‘I -Ihl—*

4 6 8 10
L (fm)

LNV ERN | E
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Medium effect for low p; leading parti

’ leading particle (charge only) with pt fraction of y smaller than 0.2 |

3000
S F
5900

800/

28&“?( PJ%EB G

)&adm chaF eonl
ffffff No Qubench g v

700 —— Quench On

600
so0- | ‘
aoof- | {1
300 :.—"“'
2001
100

0:\\\\\\\\\\\\\\\”\‘\

- Opposite to before:

Enhancement
stronger for
traversing large L
Again L
dependence is not
very pronounced

o 2 4 6 8 10 12 14 16

Leading particles with:
e charge only
°x <0.2

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

f
N
o

quenching on/o

1.5

0.5

_______ _,,_.x__pnaqm,pt ———————-

A A
A

A

A.A A
A

5SOOGeVP
20GeV<p <10 GeV

Ieadlqg dr}pagge only

o

1 8 1 1 1 10
L (fm)
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L dependence (ll)...ratio

ratio of leading particles (charge only) with x>0.8 over x<0.2

N 4r
¢ E 5500GeV pplix+h
= 3.5 20GeV<p! <100GeV
© [ leading: charge only
L 3 e quenching on: x>0.8/x<0.2
X - s quenching off: x>0.8/x<0.2
H — °
2.5
2—
- . .
1.5—
— [ J
1 :_ A = ) 1 = A A N
- “ .. .
0.5 ¢ LI T ° s 4
— L A
0 : | | | | | | | | | | | | | | | | | | | ? | | | | | | | | | |
0 2 4 6 8 10 12 14

* Particles are generated symmetric if no quench is apphfén(i due to the L
calculation approach

* High p; leading particles have higher probability to come from |
surface than to the volume. Jm”?;':ﬁ”‘ﬂﬁ r



Gamma-+lp triggered x

dietrihiitinn
| CF ratio with and without quenching

3
= F p+px+X @5.5TeV -
- q-3GGeV21fm
2.5 — pleadlnglp <0.3
- pi'éadmglp >0.3
ol
B —o— —Y
B — — —o—
1.5 Ve +
- s
1 : _—v——8— == o
.
0.5 T
u —o
0 B | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10
. . In(1ix))
e Ratio of quenched to unquenched scenario
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