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Pb+Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a




Heavy-ion collisions produce‘quasi-thermal’ QCD matter




Experimental Program

e CERN-SPS (since 1986):
Heavy ions on fixed targets
Vs, = 20 GeV
====) 2000: ,Discovery of New State of Matter”

* BNL-RHIC (since 2000):
Heavy-ion collider
Vs = 200 GeV

mes)  2005: ,,QGP is a strongly coupled liquid®

 CERN-LHC (since 2010)
Heavy-ion collider
Vsyy = 2.76 TeV

m===) Precise characterization of QGP
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Central tracker:
In| <0.9

High resolution
e TPC

o |TS

Particle identification®™ —

«HMPID
*TRD
«TOF

Forward muon arm
-4<n<-25




Time Projection Chamber TPC

central drift electrode (100 kV)

, ,,;“Q

e 557.568 readout channels

® 92 pus maximum drift time
e 10 bit ADC at 10 MHz

85 m3
NeCO,N,
(90/10/5)




ALICE

* Tracking and momentum measurement
of charged particles: ITS,TPC,TRD

Hadron PID (p, K, m):
ITS, TPC, TOF, HMPID

Topological reconstruction of secondary
decay vertices (A, K°, v, D, B, A,,...):

ITS, TPC, TOF, TRD

Electron ID:
ITS, TPC, TRD

Muon ID:
Myon-Arm

Photon reconstruction:
PHOS, EMCAL




Current and Near Future Data Sets

 20009:
— pp 900 GeV
 2010:
— pp 7 TeV
— pp 900 GeV
— Pb-Pb 2.76 TeV
e 2011:
— pp 2.76 TeV
— pp 7 TeV
2.76 TeV







Particle Production in pp

W

Vacuum:

,hard“ scattering of
partons (q,g) from
incoming nucleons

fragmentation into , jets”
of hadrons




Particle Production in pp
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Parton Distribution elementary cross fragmentation
Function (PDF) section (perturbative) Function




Particle Production in Heavy lon

w

Basic Assumption: Initial-state
production known from pQCD

Probe medium through energy loss

Sensitive to medium density, transport properties
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Medium-Induced Radiation

radiated

propagating

pdrton

AE

med

AE 00> AE, 4> AE > AE, Identified Particles




Not really like X-Ray

Interaction with medium not known

[// (to be understood)
q 7

Parton momentum not known

Parton position not known
(only probabilility)

Medium not static

For theoretical understanding:
Study system systematically

For experiment:
High p; = High rates necessary




Systematic Studies
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Systematic Studies

B,

Single particle spectra
(identified, unidentified)




Systematic Studies

Single particle spectra
(identified, unidentified)




Systematic Studies

Full Jet reconstruction /

Slngle particle spectra
(identified, unidentified)




Systematic Studies

i qf//

Full Jet reconstruction

)

Single particle spectra
(identified, unidentified)
) © —>——
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Photon tagged jets




Single Particle Production
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Compare Heavy lon and pp

Heavy lon

* N_,:Number of collisions




Nuclear Modification Factor: R,,

Number of particles in Hl

'

_ VNG -d°N,,/dpdn

R
. <Ncoll> . dszp /dedTI

Number of collisions Number of particles in pp

from
Glauber calculations




A Discovery at RHIC

2001

Quark Matter 2001

Au-Au at Vs = 200 GeV

-

PHENIX Preliminary

Expected range with
Cronin-effect
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Syst. on N, added

Syst. ont® added

Data + stat. error

- Wounded Nucleon Scaling Prelimin ary
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R,, at RHIC

L en $ v(0-10%) @ y* (0-20%)
PH “ENIX & 1° (0-10%) § '+ (0-10%)
Au+Au & 1 (0-10%) $ o (0-20%)
\/S. = 200 GeV © K'+K™ (0-10%) & ¢ (0-10%)
NN % Jy (0-10%)  § e'+e (0-10%)
& p*p (0-10%)
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0.8

<0.6

R,, at RHIC

PHENIX O - 5%
AMY,b=24fm, a =0.33

HT,b=2.4fm.§ =19 GeV/fm,c, =0.
- ASW,b=24fm,K=36

2 L l L
1 h 1 M 1 b 1

PHENIX 20 - 30%
AMY,b=7.5fm, a _=0.33

HT.b=7.5fm.§ = 1.9 GeV/fm, ¢, =0.

- ASW,b=75fm, K=3.6

X 0.4
0.2

-
lll L

reasonably well
described by theory..

precise determination
of medium properties
not yet possible

not constraining enough
on models




Single Particles at LHC
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Charged Hadron p; Spectra
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ALICE Preliminary

ALICE, pp, INEL, | n] <0.8

o~
g
Q‘-
-]
5
p— %
z
aﬁ-
"
N
.-
~
3
<
F

= \s=7TeV

-
=

e \[s=276TeV
\s =0.9 TeV

i aaal L ' lllllll
T L]

total syst. uncertainties
normalization uncertainties

-
S o
. -
N .

o
-
(&)

N

relative uncertainty
o
o o
O,

o

P, (GeV/c)




Neutral Pion p; Spectra

@Vs=7TeV n°@\Vs=276TeV n° @\s=0.9 TeV

combined Spec. ey Sy systestat, NLO pQCD (W. Vogelsang):
E:L_g’ﬂ;bt')'.'fg, R — S PDF: CTEQ6MS, FF: DSS, scales, p=0.5 pr, pt, 2 pt
NLO o2 . T Also: INCNLO with BKK FF
NLO ;(=2pI(BKK)
: 1013 - L S B | T T T T T T T O - [~ e = ]
(4] . ‘10_.., — o'e o'e’ imi 1 aemTmE T et
L 10" - ,‘338‘; 30_.{,: oo ee :;I;i(gflcgll;ag7s&7nv i'l" - 2 @\s=7TeV _{-_‘.’______---"’_—_.‘--' et
8 10" ool PP L . "
2 10 - Opp UNncertain 1 o~ ° =
g 10 s JE _
“b|°°_ 10° 276 TeV + 7% — _
ol T 09TeV = 2.4%
w40t 10? OIH
<=
107 Z
10°
10°
10* ol
10° = |
10? <
10 1E
1 s

P; (GeV/c)

NLO pQCD with DSS FF describes 0.9 TeV data, but overestimates
cross sections at 2.76 TeV and 7 TeV for all scales

Better agreement with 7 TeV data with BKK FF




Insert: Neutral Pions by Conversion
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Charged Hadron p; Spectra

I III ]
ALICE Pb Pb

.............. \Syy = 2.76 TeV, | n | < 0.8

-

ALICE Preliminary

® 0-5% (x10%
® 20-40% (x10?)
e 40-80% (x1)
...pp - reference (scaled by <Nco”>)
R !
1

Shape of spectra in Pb-Pb differs strongly from p+p




Nuclear Modification Factor

ALICE, charged particles, Pb-Pb
\Ssyy=276TeV,|n|<0.38

|‘| ) g ® 0‘5%
| ©20-40%
©40-80%

ALICE Preliminary

Large suppression R,, rises with p-




Comparing to RHIC

T L) T 1 I 1 T L) 4 I

ALICE, charged particles, Pb-Pb
S =276TeV,|n|<0.8

ALICE Preliminary |

e ALICE Pb-PbV\/s=2.76 TeV (0-5%)
e PHENIX Au-Au \/s=200 GeV (0-10%)
e STAR Au-Au\/s=200 GeV (0-5%)

P; (GeV/c)

PHENIX, Phys. Rev. C 69 (2004) 034910.
STAR, Phys. Rev. Lett. 91 (2003) 172302.




R,, Schematics

: constant relative energy loss
log (yield) AE/e(e) gy
Stronger suppression if
Spectrum is soft (RHIC)

A

—> Observations indicate
significantly larger energy loss
at the LHC
(higher density, lifetime, etc.)

- rise of R ,(p;) at high LHC:
relative energy loss decreases
with p;




Comparing to Theory

ALICE, charged particles, Pb-Pb
Many Predictions Sy =276 TeV, 0-5%, | n | < 0.8

E

Ingredients:
- pQCD production
- Medium density profile
tuned to RHIC data, scaled
® ALICE Data

- Energy loss model \ . — HT (X.N.W.) lower density
\ o/ — HT (X.N.W.) higher density
—HT (A.M.)
— ASW (T.R.)
— YaJEM-D (T.R.)

Variety of results elastic (T.R.) large P

— elastic (T.R.) small P__
— WHDG (W.H.) =°

Needs careful review

All calculations show increase with o




Identified Ry, - 110, ¥+
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® 1°60-80% o

o m® 0-20% ALICE Preliminary —
[0 ] (n*+n") 60-80% ) Pb-Pb @\/s, =2.76 TeV |
(e | (n*+r1’) 0-20%

® 5yy > e'e e'e

o= )

L 11 1 | I | J_ I | | I l I | L 111 | I
4 5 6 7 8 9 10
P (GeVic)




ldentified R,, - strangeness

| T T T T | T T T T T T T T T ] T T
ALICE, Pb-Pb.Ns =276 TeV,0-5%

® K’ |y|<0.75
m A% |y|<0.75

I

A: R ,~1 at pT™~3 GeV
Smaller suppression,
A/K enhanced at low p;

e unidentified charged particles, || < 0.8

1
" L —_
. ¥Yrx+m,|y|<08
....... S e et oy

II1I1IIIII
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Kaon, pion RAA
similar

LI

pr = ~8 GeV: All hadrons similar

Partonic origin of suppression?



Insert: Mesons with Charm

SSD
SDD
SPD

=97.6 cm avey o va'l

Router=43.6 cm
T
pointing angle epom .
T Dreconsiructed momentum e secondary vertex reconstruction

resolution <100 um

secondary vertex

impact parameters ~100 (L m




Charm Nuclear Modification
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Pb-Pb \/s),=2.76 TeV A D°R,, 0-20%CC
0 = D'R,, 0-20%CC
: e D*R,, 0-20% CC

ALICE Preliminary n* Rya 0-20% CC
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Path Length Dependence




G =C*(1+2-v,-cos@+2-v,-cos2 @)




Centrality 20-30% @ e In planc

o © Out-of-plane
ALICE Preliminary

Pb-Pb at \[8,,,=2.76 TeV

Larger suppression out-of-plane:
Path length dependent energy loss




Di-Hadron Correlations
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Di-Hadron Correlations

= oy E

- 8 <Pyig < 15 GeV/c _:

- 4<p. . <6GeVic ]

— \Sjy=276TeV
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Compare AA to pp
Near side: yield increases

Away side: yield decreases

Energy loss+fragmentation

After background subtraction
—— Pb-Pb 0-5% centrality

O  Pb-Pb 60-90% centrality
O pp

ALICE, arXiv:1110.0121 A (rad)



Trigger Particle

Yield for the associated particles

for a given trigger

Per trigger yield

_UNZ-d"N,,/dpdn

RAA < N

coll

V-d>N, /dp,dn




Di-Hadron Suppression

Near side Away side
g R I I I 1 1 I 1 1 1 I 1 I 1 1 1 I I 1 I l 1 I 1 I
L Near side ALICE preliminary J Away side ALICE preliminary
25 _ 8.QEV/C.S Ry S AR.GOVIC. ... Py S P _':_..a.Ge.V/.c.s.pmé.s.lﬁ.ﬁe.\l/.c. ceneeRrssgs S Prgrgreeeeees
ml<1.0 ml<1.0

m 0-5%/pp

| A 60-90%/pp

Pb-Pb 2.76 TeV

m 0-5%/pp

| Ao 60-90% /pp

Pb-Pb 2.76 TeV

0.5F

i Points: flat pedestal @ —:: Points: flat pedestal _:

- Line: v, subtracted S Line: v, subtracted A

O 0 - I 1 1 1 l L 1 1 I 1 1 L I 1 1 1 | T I 1 1 1 I 1 1 1 l 1 1 L l 1 L 1 I ]
2 4 6 8 10 2 4 6 8 10

P (GeV/c) P (GeV/c)

T,assoc

Near side: enhancement Away side: suppression

Energy loss reduces fragment p;

Energy loss changes underlying
kinematics 48




Di-hadrons and Single hadrons

1
g 'L
o - B ALICE h* ALICE Preliminary
i —— Renk ASW 0-5% Pb+Pb \/'s,,=2.76 TeV
08— ... Renk YaJEM \ S
i --- RenkYaJEM-D -
0.6 '

0 1 l 1 l 1 1 1 1 1
0 10 20 30 40 50
p; (GeV)
!“2- 0-5% Pb+Pb §<‘- ALICE, arXiv:1110.0121
=L trig . ' < }
! 8<pT < 15 Ge ;’ ______ 4 !
1'5': ;';1-’-;’ e : 1.5L
I .t’
} L . ....... )
| B N -
[ m ALICE (v, bkg) .
0.5 — Renk ASW 0.5
--- Renk YaJEM ]
- .- Renk YaJEM-D
[ 1 L L I L 1 1 l L L 1 l L 1 L I 1 1 L i 1 1 1 l 1 1 L l 1 L L I 1 1 1 l L L 1
G 2 3 6 8 10 9D 2 2 6 8 10
p;=°" (GeV) P (GeV)

Energy loss calculations
depend on:

-Initial production
spectrum

-Medium density
profile/evolution

-Energy loss model

Need of simultaneous
comparison to
several measurements
to constrain all aspgcts



Next steps




Jets Reconstruction

Background fluctuations
Underlying event
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® UAlconealg. R=04

tracks

e Antik R=04
e Kk R=04

e PYTHIAMC:antik R=04

PYTHIA MC: tracks




Photon Tagged Jets

High rates needed
2011: big fraction triggered data




Conclusion and Outlook

First round of parton energy loss results available at LHC:
— Single hadron, di-hadron suppression

— Ry, similar for all measured hadrons at p;> 8 GeV
— Dependence on reaction plane angle

— Heavy quarks (charm only for now)

Need careful comparisons with theory
Jet reconstruction being worked on

2011: factor ~10 increase for main results
p+A runin 2012




