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What 15 a J.ef 7

A SpPray of’ collimaled shoeoers,/ parz‘/c/e\s s .
- >z/éli‘czl/y ever betler defined... PT particles = PT jet

Jet = Pardon AND its radiation

Hard scattering

N ole: exfoer/menz‘ MeadsSUresS

spray of’ particles ( ~hadrons)

Jets Cunlike 5//73/ e hadrons) are
o Jecfé which are ” better”

wUnderstood,/calculable coithin
S.D Drell, D.J.Levy and T.M. Yan, Phys. Rev. 187, 2159 (1969)
p@@ N. Cabibbo, G. Parisi and M. Testa, Lett. Nuovo Cimento 4,35 (1970)
J.D. Bjorken and S.D. Brodsky, Phys. Rev. D 1, 1416 (1970}
Sterman and Weinberg, Phys. Rev. Lett. 39, 1436 (1977) ...




Particles {p}

—

J eZ‘ ﬁ na/ /‘/73

Jet definition

2

U

o Recombination scheme
o Algorithm
o Resolution parameter

Jets {j,}

Note: jets originate from hard partons,
however definition of a parton in terms of a
jet is ambiguous -> multiple jet definitions.




OPZ‘ 19U Jez‘ £inder d/ﬁor/f/’lm

Several important pro;;erti:u; that should be met by a jet definition are

[3]:
1. Simple to implement in an experimental analysis;
2. Simple to implement in the theoretical calculation;
3. Defined at any order of perturbation theory;

4. Yields finite cross section at any order of perturbation theory;

5. Yields a cross section that is relatively insensitive to hadronization.

Tevatron 1990

 and infrared safe and colinear safe (~2000)



4 CD a//\/ergencfej and Jez“ Finders

QCD probability for gluon bremsstrahlung at angle ¢ and L-mom. £;:

df dk;
dP s
X 7 T
Two divergences:
- m)e ~ () bt > \ -
ke < py
Collinear Soft

For pQCD to make sense, the (hard) jets should not change when

# one has a collinear splitting
I.e. replaces one parton by two at the same place (n, ¢)

# one has a soft emission i.e. adds a very soft gluon

e EEE—



Je el d/sor/Z‘/?M\S .
Colinear & infra—red safety

N g

LO partons NLO partons parton shower hadron level
Jet | Def" Jet | Def" Jet | Def" Jet | Def"
jet 1 jet 2 jet 1 jet 2 jet 1 jet 2 jet 1 jet 2
e — e ——————

Satfe efyf Keswults = L/}91‘6 = freconstructed oé/'ecfé — InSensitive o modificadions o
the Sof?t scale of radiation ( hadron zadion, Soft colin. raa//aZ‘/on>



Collinear Saft eZ(y

Collinear Safe

Infinities cancel

Collinear Unsafe

P14

jet 1 jet1
jet 2

O X (=0 ) O X (+0)

Infinities do not cancel
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Infrared sSat ety

Soft emission, collinear splitting are both infinite in pert. QCD.
Infinities cancel with loop diagrams if jet-alg IRC safe

IRC safe IRC unsafe
sum is finite sum Is infinite

Some calculations simply become meaningless

Infrared safedy also implies robustness
dga/‘n\s ¢ soft Aac%groana/ 7 /7@62\/}/ ron collisions
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Moderr JeZ‘ d/go/‘/Z‘/’lMS

e Colinear and infrared safe
* Improved performance
e Rigorous definition of jet area R T—
e Different algorithms -> different -
response to the underlying event ‘
*Developed for uniform bg
subtraction (pile-up) at LHC

72()0 PIUN c/ asSsSes of d/ﬂor/f/?/ylé .

rec.ombination (4, Cambridge/ Aac hen, arti ~4) and cone (Mid point cone, CDF, SIScone)

Jet axis

K jet anti-kT jet

ASiaua ajdnued
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Se?aenfz‘a/ recombinadion (alus Z‘er/n\9>

d/ﬁoh‘z(/IMS

Majority of QCD branching is soft & collinear, with following divergences:

N 2cv. Chp dE; dbj;

dk1IM?_ . (k;)| ~ . E: < E . 6; <1).

To invert branching process, take pair with strongest divergence between
them — they're the most /ikely to belong together.

This is basis of ky/Durham algorithm (eTe™):

1. Calculate (or update) distances between all particles i and j:

-2 min(E?. Ejz)(l — cos ;)
Yij = QQ

2. Find smallest of y; NB: relative k; between particles

» If > yeue, stop clustering
» Otherwise recombine / and j, and repeat from step 1

Catani, Dokshitzer, Olsson, Turnock & Webber '01
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Example: K7 alaoridhint

1.1 k; jet algorithm

The definition of the inclusive k; jet algorithm that is coded is as follows:
1. For each pair of particles 2, 7 work out the k; distance
d;; = min(kZ, kfj) AR?]-/R2 (1)

with AR?J- = (y; —y;) + (d; — ¢;)?, where ki, y; and ¢; are the transverse momentum, rapidity
and azimuth of particle z and R is a jet-radius parameter usually taken of order 1; for each
parton ¢ also work out the beam distance d;p = k2.

2. Find the minimum d,,, of all the d;;,dip. If dmin 1s a d;; merge particles ¢ and 5 into a single
particle, summing their four-momenta (this is E-scheme recombination); if it is a d;p then
declare particle 2 to be a final jet and remove it from the list.

3. Repeat from step 1 until no particles are left.

Anti-kt: k% is replaced by k™

M. Cacciari, G. P. Salam, G. Soyez JHEP 0804:063,2008. e-Print: arXiv:0802.1189 [hep-ph]
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Cone d/ﬁor/l‘/’lm\f

Jet Cones
— Cones are always understood as circles in rapidity (y) and azimuth ¢.
— A particle i is within the cone of radius R around the axis a if
* ARZia = (Vi — Ya)? + (Pi — $a)* < R?
* ... usual hadron collider variables
— Typical: R=0.4-0.7

Basic Idea:
— Find directions of dominant energy flow " find ALL stable cones
— center of the cone = direction of the total momentum of its particle contents

e — ST
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Speed matters!

€€81°9060:AIXJE ‘Weles "9

LHC Io-Iur%ni LHC hi-lumi . LHC Pb-Pb
100 1000 " 10000 100000

F\T' 51:9/7/‘{7 cant \9@/‘/7 for ///3/7 —-Mé(/ Z(/p/ 1cilies
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Jet #7 na//ng — Jez‘ Finders

Complete suite
of algorithms -
FastJet package: http://www.Ipthe.jussieu.fr/
] fr/~salam/fastjet/
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http://www.lpthe.jussieu.fr/~salam/fastjet/
http://www.lpthe.jussieu.fr/~salam/fastjet/

Je? shape — K —dependence
v f{é‘,)‘}’] ev qp/? - :v( p

7 « / (r) = 1 pr(0,7)
/’ / ‘ et pr(0, R)

x| jets
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Fraction of Energy within Jet Cone Radius
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fnergy - /nfegraz‘ea/ coithin a smaller K — depends on r
=2 importance of the jet defintion
Experiment & Theory must wse Che same detintions
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J‘eZ‘S /n CO/ / / a/er eXpeh MenZ‘S

08IIIIIIIIIIIIIIIIIIIIIIII(II)
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Yadronic collisions: p&CD and jets

dSO' , , da.ab—md 5
B & fayalta, Q%) @ fiy(e, Q%) ® = ® Diye(ze, Q°)
Jets are de:lnndeicin}l::rzgz;(;:; (collinear Del‘eqo 0QCD factorization:
r
clustering algorithms / Jet parton distribution fn f, ,

Al A
D/’

Same clustering definitions in partonic cross section

experiment and theory — integration
over hadronic/parton showers C fragmentation fn D,

Proton Remnant 5
P ff\ Xa a 6_ b Xp f P
(uud) (uud)
U_ d -\J

D(z, m;) is the
D Fragmentation

‘//‘ﬂ‘l' function
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Inclusive jet production: pdCD & data

Je?s are # cz/r/y eoel/

knocon Ay noceo... and

wwell described Ay
Zheory and MC

=2 attractive oo/
For Aeat/—ions

do/dp_ [pb/GeV]

10

o -
O U4 ;N -
e -

Data/Theory

LHC: 7 TeV

-o-

ATLAS -

. Iyl <2.8

|: Systematic Uncertainties

= —e— [ NLOPpQCD (CTEQ 6.6)x Non-pert. corr. 5

anti-k‘ jets, R=0.6

J. Ldt=17nb"  Ns=7TeV) 3

10°

—
o
N

data / theory
o

Inclusive jet production

in hadron-induced processes

* STAR 02<lyl<0.38

fastNLO

haplarge.cedar. ac.ukfastnlo

PP

Vs =318 GeV
MM (x 35)

Vs = 546 GeV
o CDF 0.1<lyl<0.7

Vs = 630 GeV
* D@ Iyl<05

Vs = 1800 GeV

o CDF 0.1<lyl<0.7

* D@ 00<lyl<05
+» D@ 05<lyl<10

Vs = 1960 GeV

O CDF cone algorithm
4 CDF k; algorithm

@, (M,)=0.118 |

Lol |

CTEQ6.1M PDFs |
NLO plus non-perturbative corrections

T

all pQCD calculations using NLOJET++ with fastNLO:

u’,=u|
| pp, pPP:
Lol
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v H1 600 < Q? < 3000 GeV?
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2000 < Q° < 5000 GeV*
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——

= p.r jet
incl. threshold corrections (2-loop)
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JET Compos 1t 1on

k 25% photons

15% neutral
hadrons

ﬁ A Typical Jet H

1-2% electrons
(conversions)

65% charged hadrons

Measure a JeZ‘?
Need 2o have control/ over a// COmponenZ‘S

Measire ofr ’ énoa)‘

ZA e Can,énownj rest From DATH + MC
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Decay

Hadronization

Parton
Shower

Hard
SubProcess

Parton
Distributions

—> —
p partons % p shower ~ J( p hadrons) ~ J( P cells/track:s)

Jet: £Fronr pdflon To

B, | 1
=¥ I
= cH 'ul‘::. >
by ; ,
F 1 I
v } alnlede I
T FH | [
- !
— I
> E==r}
ol I

{ - EM b

H
i

-
- == :
H

| “particle jet”

Minimum Bias
+ - -
Collisions

“parton jet”

f(x,Q?) f(x,Q%)
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A Jet Detector

Primary sub-detectors: Silicondtracker, ECAL, HCAL

muon chambers

[ |
om mm
Key:
Muon
Electron

Charged Hadron (e.g. Pion)
-~ = = - Neutral Hadron (e.g. Neutron)

°°°° Photon

R
® £
4 N .&".
w7
. "1\'.'
=

Silicon
Tracker

‘ Electromagnetic
)l " Calorimeter

Hadron
Calorimeter

Transverse slice
through CMS

Superconducting
Solenocid

Iron return yoke interspersed
with Muon chambers

D Bamey, CERN, Februwary 2004
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detector leve!/ =2 Pardic/e #/owo

clusters and tracks Particles

':P
HCAL :
Clusters

TH

) Prerel y Cld/ orimeler JeZ‘

hadron !

ECAL YN
Clusfers $

vs. Particle Flow JeZ‘

PF reconstructs > 95% of the jet p;

| CMS Preliminary |
0.2

- PYTHIA |
0_ ..... A ........... Juns

Betller response w.rZ.

ca/or/‘mezer Mea\garemeni -0.2 ___., ..... = .......... 1.:

Jet Response

Barrel: In| <1.5

ofesee

= sSpialler ‘/'eZ‘—-energy 0.4 :
Correldions L =& Particle-Flow Jets
Gaussian fitto | | = Gt 5

Reco p,- Gen p; L sk | Generator-level
100 200 300 400

S - - - T 500 600
Gen pT pT (GeV/c) /




Jet: enerﬁy scale &

resolution
08 Control/ over
" the Cwo
. | Width crecial
0'4: 7 p—'p d/?a/ 4 4
| Bias .
= k collisions

Bias == Scale
pidth == Kesolwdion
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JET: F/:OM Measwred o

mecyrunngredl ...
Reco Jet pr
Response =
True Jet pr

Physics Object
Underlying event!

e N\ [ N\
Offset Relative Absolute

X |Correction [X| Response [X| Response | =

pile up)) L s )L vs. p1)

~N

g

THS 15 an experimental enterprise .’
TZ 15 a swubstantial ef¥ort...



Events / 1 GeV
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resolution
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An examp/e : profon —-profon collisions
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7T he ~Hot ~-§CD /. aborddories

The Relativistic Heavy lon Collider (BNL)

July 18, 2001
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FCD phase diagranr

— ZAheore? ical lands Cape

Universality.

lattice results

Plasma
- 1st order transition ends 0§
Q) |
L ~170 =
- e
-I(_-'cs MeV ._ N
L crossover
Q
o ._
E N\, 0
Ii) Hadrons |
Color Superconductor |
E . )
. Nuclear |
lSt
Matter

Deconfined Quark-Gluon

The features of this diagram
are driven by QCD
symmetries and running of
the coupling constant

03}

~few hundred MeV L

Baryon chemical potential y; ~ Density

0.4 |

Tuly 2009

4 4 Deep Inelastic Scattering
oe e’ Annihilation

o0® Heavy Quarkonia

=QCD «;(Mz)=0.1184£0.0007

1

10 Q [GeV] 100
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Crecte Aot & colored sedicrs
Cemperalires ~1.5 Xx 107 K (200 Me\) l

Far hotder than center of the swun (~2 3 107K

Ordinary
nuclear

matter

As hot as an early universe! Primodal soup of quarks in
the laboratory?
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‘ Feco i yea/\S /az‘er?
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SieaA 000°00€

sea) uonig t

siea) uomig st-2t

Inflation
Quark Soup

10-35 sec

10-35 sec?

2 1010 sec

2:10-6 sec

6 sec

3 min

106 yrs

109yrs ?

Quantum Gravity

Grand Unification

Inflation

Electroweak
unification

Proton-Antiproton
pairs

Electron-Positron
pairs

Nucleosynthesis

Microwave
Background

Galaxy formation

Unification of all 4 forces 1032 K

E-M/Weak = Strong
forces

universe exponentially
expands by 1026

E-M = weak force

creation of nucleons

creation of electrons

light elements formed

recombination -
transparent to photons

bulges and halos of
normal galaxies form

1027 K

1027 K

1015 K

1013 K

6-10°K

10° K

3000 K

20 K
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Y/ ot §CD labs

1st order transition ends

u-’.-

Plasma
Crossover T~
\\
Hadrons N
5 Color Superconductor
N, Nucleas | ps
Matter
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Strateqy: how to study GCD

maller eXper/‘MenZ( a//) Y/ 7

Need to find those observables that:

— Are sensitive to crucial parameters of hot QCD
matter

— Can be modeled well — theoretical understanding
— Can be measured well — experimental control

— Can connect theory and data

=> Inclusive measurements; correlations;

compare with more elementary collisions (p-p,
p-A); compare different energy regimes

L ————— R ————



2.76 ATeV

: 1482
Event : 0x00000000D3BBE693

2010-11-08 11:30:46

Pb+Pb @ sqrt(s)
Fill

Run : 137124

=
O
e
0
>
o
©
O
O
e,
O
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N
9
s
X
\
U
S
0
:
J
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Colf. 1 S1O0ON evolLl Zion

Hydrodynamic
Evolution Pre-Equilibrium
Phase (< t))
|
a) without QGP// \\ b) with QGP z
A B

Note: hard SCQZ‘Z‘er/nﬁé oCCuUr edr/y (at Z‘~0>./

%//3/7 enerﬂy pdrfon\f ’ oIl hess " the evolwdion
and jet's "testiFy” about their Fute/CV




Mid Rapidity

Collision

e\/o/ W1 on

/7/0
4,
Q.

Hydrodynamic

Evolution Pre-Equilibrium

Phase (< ;)

a) without QGP/(/4\\\

A

b) with QGP
B

Feco notes:
We are interested in properties of the §GP phase
Need Zo a//SenZ‘ang/e effects From different phases
~ not a simple problem by principle: detectors do NOT measure Cthese
Zime —'per/oa/é / p/7a5 esS S eparai e/l v/
=2 need for deta/ uUnderstanding of the pAySICS processes, particle
production, dynamics of the Systes in each phasel ), etc
=2 podel "’73 , Various as Sampf/‘oné M/ p/ Q) an /‘Mporfdnf role in
PAYSICS inlerprelalion
Need for control of the intial conditions, geomelry of Che collision,
Che incorung pardon dist ribections Cnwclear—PDF Vs nucleon-PDF) ...




(dN_ /dn)/(0.5(N

%I collisSions: Pardicl/e pl‘oa/L(CZ‘/‘on

part )

Energy dependence Comparison to predictions
" ® PbPDb(0-5 %) ALICE ppNSD ALICE | bel ALICE ]
10— = PbPb(0-5 %) NA50 oppNSDCcMs /| O e et o< SR
A AuAu(0-5 %) BRAHMS s pp NSD CDF | 7227 HIJING 2.0 [5]
_ * AuAu(0-5%) PHENIX ¢ pp NSD UAS5 /o §0:15 ° DPMJET Il [6)
8} [ AuAu(0-5 %) STAR * pp NSD UA1 . UrQMD [7]
-V AuAu(0-6 %) PHOBOS x pp NSDSTAR .~ | N 77 Albacete [3] """"""""
> Levin et al. [9]
6 B | P Kharzeev et al. [10)
P Kharzeev et al. [10]
4 - - Kharzeev et al. [11]
. - Armesto et al. [12]
. s e Y S o Eskolaetal. [13] |
21— e Bozeketal [14)
i ——y Sarkisyan et al. [15]
0 L o i L e ] : Humanic [16)
10 10° 1000 1500 2000
\'Syy (GeV) dN_,/dn

PRL 105, 252301 (2010)
Energy dependence
p-p ~ SNNO'H
A-A ~ s, 21> (most central - 2x RHIC)
— stronger rise than log extrapolation
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~ ® PbPb(0-5 %) ALICE ppNSD ALICE | ® | ALICE
810 ™ PbPb(0-5 %) NA50 oppNsDcms /|~ o— o Buszafd) |
< A AuAu(0-5 %) BRAHMS  pp NSD CDF . HIJING 2.0 (5]
.3 | * AuAu(0-5%) PHENIX ¢ pp NSD UAS5 e s&:s ° DPMJET Il [6]
o‘ 8 [l AuAu(0-5 %) STAR * ppNSDUAT -~ | e uQmD[7]
E - ¥ AuAu(0-6 %) PHOBOS x pp NSD STAR o Albacete (8]
- AA —— Levin et al. [9]
O 6 1ol Kharzeev et al. [10)
'cc: - Py Kharzeev et al. [10]
% 4 o Kharzeev et al. [11]
~ P Armeslo et al. [12]
. A RN S °« Eskolaetal. [13]
21— Bozek et al. [14]
i —— Sarkisyan et al. [15]
0 el N N R T S | N Humanic [16]
102 1000 1500 2000

YT collisSions: Pardic/e production

Energy dependence

Comparison to predictions

e
100 sy (GeV)

PRL 105, 252301 (2010)

Feedback within the heavy-ion community:
1. Multiplicity is crucial [input] for modeling
2. Saturation models tend to predict lower multiplicity

3. Data driven extrapolations did not seem to anticipate the

results
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§y§ lemalic control: ,( %I C vs Z.%/C

Centrality dependence of particle production

The same experiment under

vastly different conditions! ” a#©
y oW
y o

* Identical variation of particle ~ o £ o - ~
production with centrality >\§ oy - ’\\g
(volume) at RHIC and LHC! 24 12 =2
= Global features of the system >‘;; - ®0 Pb-Pb2.76 TeVALICE  © Au-Au 0.2 TeV E :\é
independent on energy 1?5 2- » ppNSD 2.76 TeV —1 1?5
= |nitial conditions! S |+ pplnel2.76 Tev 1 3

- I | | | _ S’

More on RHIC:

R — "300"400
Phobos (Phys. Rev. Lett. 102, 142301 (2009)) CI) @ @

Centrality of the collisions: peripheral semi-central central
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End oF 1)/ 3
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Unli! noeo...

Jets in e/ eMenfary collisSions: »ust Speci Y an operal ronal
defimtion ( Q/gor/f A ) /(, raCamé/‘naf 1on S cheme>)‘ variet % of
infrared and coll. inear Safe a/gor/z‘/’}/yzé

Je? measwrerrientds in e—e and p—p colliSions wunder control
— eXpeh‘Menz‘a/ and theoretical wunders Z‘dna//nﬁ - a Z‘/?oaﬁ/z
pProper J'eZ‘ recConStruction 15 ar et Fort even in Z‘/?e ‘ S /‘Mp/ e )

case (vaceteenr)

Y/I CO/ / 1S1onsS: /[OZ‘ @ @ /)’/df Z‘e/‘)‘ / dfge /oari/c:/ e
( prodé(cz‘/on> densities as compared o vacuunr - evo/ \//ng

eoilh centralit v

. Aac(/ 2o calibration ) reaSurentents



(dN_ /dn)/(0.5(N

%/I collisions: Pardicle proa/é(czll‘on

part )

Energy dependence Comparison to predictions
" ® PbPDb(0-5 %) ALICE ppNSD ALICE | & AL el
10— = PbPb(0-5 %) NA50 oppNSDCcMs /| O e et o< SR
A AuAu(0-5 %) BRAHMS + pp NSD CDF o HIJING 2.0 [5]
_ * AuAu(0-5%) PHENIX ¢ pp NSD UAS5 o §215 ° DPMJET Il [6)
8} [ AuAu(0-5 %) STAR * pp NSD UA1 . UrQMD [7]
-V AuAu(0-6 %) PHOBOS x pp NSDSTAR .~ | N 77 Albacete téj """"""""
> Levin et al. [9]
6 B | P Kharzeev et al. [10)
P Kharzeev et al. [10]
4 - - Kharzeev et al. [11]
. - Armesto et al. [12]
R ol 2 e A U S N °« Eskolaetal. [13] |
21— e Bozeketal [14)
i ——y Sarkisyan et al. [15]
0 L o i L e ] : Humanic [16)
102 10° 1000 1500 2000
\'Syy (GeV) dN_,/dn

PRL 105, 252301 (2010)
Energy dependence
~ 0.11
P-P SNN
A-A ~ s, 01> (most central

— stronger rise than log extrapo{n




* Particle production’ source

[ [
di mensions
—~ 40— -
c C A E89527,33,3.8, 4.3 GeV -
T 350 A NA4987,125,17.3 GeV =
£ - ®  CERES 17.3 GeV ]
(C 300F % STAR62.4, 200 GeV E
o C O PHOBOS 62.4, 200 GeV .
L 250F ® ALICE 2760 GeV =
T 200F E
150 g%% z E
100E- & A =
50 =
% 500 1000 1500 2000
(dN h/d1r|)
(o}
T — ——8SCC

1. Energy dependence: Phys.Lett.B 696:328-337,2011

 system with larger (2x) volume and (1.4x) lifetime (w.r.t RHIC); follows the
trend of multiplicity; faster expansion <=> larger collective flow

2. Pair momentum dependence:
* larger radii, strong dependence on kT; Rout/Rside smaller than at RHIC;
overall agreement with extrapolations

3. Important constrains to [hydrodynamical] modelling

S — S



e Partic/e proa/aczll‘on - SourCe

[N [y
dimensions
e 400 — - - - 1 - - T T T T T 1 ] ) A L I I L | T T
c - A E89527,63.3,3.8, 4.3 GeV 1 € 1o[ Ao EB89527,33,38 43GeV ]
< 350 A NA4987,125,17.3 GeV 3 E '°F A NA4987,12517.3Gev
g - B CERES 17.3 GeV 1 « .. | ®m CERES17.3GeV @
C_ 300F * STAR62.4, 200 GeV - 10 % STAR®62.4, 200 GeV .
° - O PHOBOS 62.4, 200 GeV ] L O PHOBOS 62.4, 200 GeV
D;S 250F ®  ALICE 2760 GeV = gk ® ALICE 2760 GeV ]
° _F ; [ * :
T 200F = [ zé ﬁ 1
: . ; or A ]
180F E@ te ERE: s _'
100F ﬁ A = [ _
50F- = 2r ]
O - P — P S S S E— PN SRR E— P S—— ] O I T B S S S S
0 500 1000 1500 2000 0 2 4 6 8 10 12 14
1/3
(chh/dn ) (chh/dn )

1. Energy dependence: Phys.Lett.B 696:328-337,2011

 system with larger (2x) volume and (1.4x) lifetime (w.r.t RHIC); follows the
trend of multiplicity; faster expansion <=> larger collective flow

2. Pair momentum dependence:
* larger radii, strong dependence on kT; Rout/Rside smaller than at RHIC;
overall agreement with extrapolations

3. Important constrains to [hydrodynamical] modelling




49

Tdenti£ied pdl‘Z(/‘C/ eS
& eXpanS ron of ZAe 5}/52‘ e

'a_ KU K — o .
S 58 ALICE, Pb-Pb.AE < 2.76 TeV ftronger rac’i’la.l flow at the LHC
S - 70 PHENIX, Au-As(j_sw = 200 GeV Blast wave” fits to spectra indicate an
81 O"F ™ %, 7% STARAUAUNS, =200 GeV increase of the average radial boost velocity
. . . .
At "-., up to (2/3)c and a decrease in the kinetic
g 0? o, freezeout temperature to just below 100
| eestese,, . _
L0 | . * MeV relative to RHIC
Q. 3 “"“"‘31 '-&_’ o
2 | YOI T 0.2
:/ : soes,," .. ; . T T T
Z - o* J 'f"-& ! o Au-Au, pp, 0.2 TeV, =. K, p
o 10 - ” oP00npnp ( Cue _* g
T "Yopg_ IS 2 048 Pb-Pb, 2.76 TeV, =, K, p i
8 R =
@ % |a -
1F F T 0.1~ 0 R .
; - o Y
- ALICE Preliminary 0 Preliminary
- 0-5% most central 0.05 -
10-1 L | l | Ll | — | l 1 LJ Ll l 1 I
0 0.5 1 1.5 2 2.5 < Blast wave discussed yesterday - Pasi
) 0 1 1 1

(GeV/c

0 0.2 0.4 0.6

<[> (c)

LHC: Large kinematic reach to explore
ALICE: excellent particle identification capabilities at the LHC

T



>0 Statrstical Aadronzadion of Zhe
syster (Zhermalized 5y5fem 7)

/\/ofe paéz szCé(SSea/ Z‘/?e K%/IC \/erézon

Grand-canonical f SQM11 Ph Pb \sﬂfz ?ETev
e -— gu—-— N P P
107
ensemble anaIyS|s S T I s o o
1 .
N ocV f - . Prelimiriary :
E—uBB,.)/Tchil o n R
| e
T, Chemical freeze-out
temperature I - R
10°° ? ' Data ALIGE 0- ED% (preilmlnary} *
: E ..i..... Model calc. with parameters: | . . i i i
Mg Baryochemical T T=148MeV, (= 1 MeV fixed) T
potential i  T=164 MeV,u SMev
1oL Model A. Andronlc et aI PLB 673 142 (2009)

K'inwt Kix plvt Pt Elt Tl Qv Qi

All yields (but protons) described by thermal model with T=164 MeV (and p, =1 MeV)
* Similar temperature as at RHIC, however proton/pion below the fit — the tension
already present at RHIC

e Strange particles constrain fit
* Conclusions are model independent (confirmed with THERMUS)
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prer//yzenZ‘a/ control/ of collision

%ox,u Can e MeasSure /M,OQCZ‘
/DarameZ‘er 1N /Ieavy —1on
colliSions?

=2 Correlate observables

connecled on/ (v Ay 380/)7@5/‘}/

Collision in
transverse plane

Y

R — =

Characterize evern?s via pe/‘denf ile of ine/astic

Cross Section {/'argon : N7 nost central >

Energy in the central region

1 1 1 1 I 1 1 1 1 I 1 1 1
(b) CMS PbPb \'s,,, = 2.76 TeV

1 1 1]

115000

110000

5000

|||||llll|llllll

0

1 | 1 ] 1 ] | ] ]
50 100

—
ou

R

10

0
LEnergy in the forward region

1
1 1 ¥ :
i i 1
b e A el 1

III
20 40 60 80 100 120 140
Sum HF Energy (TeV)

2 E (@ CMS PbPb \5,=2.76 TeV

% 107 ——— Minimum Bias Trigger

7)) Jet Trigger .
g Cross-section
102 L fractions

>

E  Fel o g

=

£10° E
©

S

=10™ =
O

o

L

160

O O© O
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CenZ‘/‘d/ /‘fy Vg [TT) é(reMenZ‘ CUSe orﬂ 6/ aaéer N an eXper/‘MenZ‘

e Fraction of cross section, 2 approaches: ¢ Glauber fit ingredients

e it with Glauber Monte Carlo e \Woods-Saxon (constrained by low

e Correct: subtract BG, efficiency and energy electron-nucleus scattering)

integrate multiplicity distributions * Inelastic pp cross section

¢ Npart’ Nco||, Nspect: I'GQUire Glauber fit (measured by ALICE)

(computed using cuts on impact parameter) e Nucleons follow straight line trajectories,

e Estimators: interact based on their distance

V0, SPD clusters, TPC tracks, ZDCs, ... * Compute (fit) observables assuming:
N =N,y +(1-a)'N

ancestors coll

e /DC measures N, ... test of Glauber picture

spect-

- I Ll 1 1 r
0 1 O 20 30 40 50 60 70 80

centrality percentile

0 2000 4000 6000 8000 1000012000 14000 16000 18000 20000
VZERO Amplitude (a.u.)

(/)] 3 L UL LI L LI LI LI AL LA [ T T ’T """""""""""""" | LI LI LN NI |
= 10 Pb-ﬂ’b at\ s = é.?G Te\l .___.QOLSIS(%Performance S 3f Pb Pb at\'s,, =276 TeV -
T —— Glauber fit 3 ALICE - [ v VOA(28<n<S. 1) ]
102 NBD x f N, + (1-)N AT S 25F + VOC(37<n<1.7) N =
1=0.194, n=29. 003 x=1.202 Pant e’ - TPC (|n|<0.8) -
\ § 3 T+ SPD([n|<1.4) PERFORMANCE &
. 2t ¥
8 3 o - e VOA+VOC ’
10 1000 8 - y "
- h - . |
1 —= - n .
3 s 1 e
R 2| R ® * n o - .
4 é °8 é °8 :?, § X @ - ALICE Performance -
n | < (2] N — n o > I 13/05/2011
| caldl o PR P RTINS P TN AR P :.—:: Norma"zed to N ln dethtor a?ceptarrce 7]
=
—
o
Q
(&)




only charged particles visible

Peripheral Collision

—~ - ]
v — — %1 W b
1 . 43 gk AV . o £ 1y
| . Ay K- . s e
'Y { \ Y Fi ;\
R {-'/’ ‘-6':'5 p'; ‘.‘
£ o -:;. “y ' ;
' 2\
0 2

Color = Energy loss in TPC gas

e LIT »f; .\‘ i - : ’ -
| K *
' L f




o

m» only charged particles visible
”{ ,~' > P

\ Central Collision

" 'I.ll ' ‘ Ry '\ =5 % | /}I,x
.-’\A“.- : ;
,T'
s A . ' : ] -
— 5 s - iy
| = . g |
200 GeV Au+Au: Nch~4800 2N,
ii, i S
'ii| J:T ; / ‘ N
l 2 b
" ‘I
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/\/ L(CL/ ea) 330/)7@2‘/‘}/ — 6/ aaéer Moa/e/

— i e — — — Qowm. — Normalized nuclear density r(b,z):
b tﬁ @ fdzdbp(b,Z) =1

5‘ Glauber scaling: hard processes with large momentum transfer j
'u » short coherence length = successive NN collisions independent
’ﬂ * p+A 1s incoherent superposition of N+N collisions




G/ aaéer scali n3 of /mra/ prOCeSSeS

Glauber scahngL ha’” d = A O-hdm’

for 7 GeV muons on nuclei

Ojnel
M.May et al, Phys Rev Lett 35, 407 (1975) Opyrel Yan/A in p+A at SPS
3, PRELIMINARY
" p-p Inelastic = 0.16
O°3<q2<3-5 ) A!m E
Ein = 7 2 GoV » - — _
s04- 99 U U 1
o
A1.00 A’ =
10 S 012 - |
Yield {Nucieus »° Phatoabsorption B I
L ]
0.1 .o® N W |
- ?
104 0.08
>‘/dra/ Cross— |
Section scales 006 - NAS50 Phys Lett B553, 167
A .
N p( A >/4 as /4"0 -
p. : : 0.04 Y| Al A 2 -
i0 100
A —— 1 10 10 A

prer/‘MenZ‘a/ control in heavy —ton colliSions?
=2 direc? photons, Z s (discussed /ader...)
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fnerﬁy dens /‘Z‘y in AA collisions —

A V/IC eXdMﬁ/ e

- ( ca/ orimelers > MeaS LU e energy

* eStimale volurie of collisSion

%'ohéen enerqy dens /‘fy :

CAE, 11 dE
€ p ! 2
/R ’
R~6.5 fm Time it takes to

thermalize system
(to ~ 1 fm/C)

> TR 2

-

STAR preliminary
Au+Au @ 200 GeV

4

10

- 1 . min. bias

5% central

-
o
T = TTTTT
Ll
|
l_T_'

i

1Ll

0 50 100 150
EF (GeV)
l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 | I
0 200 400 600 800 1000 1200
dE/dn (GeV)

RATC:

~30 Cimes normal nuclear density
~ g &ines PV € o ridic (/atdice 4@)

N 5.0 GeV/£nr
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fnerﬁy a/en\S/fy . ( V/IC Zo Z.%/C

L%C ) 2.5 X ( %/IC . eoithin a volume (per nucleon)

IIIIIIIIIIIIIII]I]]I]]I]II]]]'] IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'II

T

B CMS Q04 ... ] e Inl<0.35 CMS _|
© (Mg =394 =+ AMPT 160 o174z i <2.17 -
- PbPb\s=276 TeV o (N =157 — HYDJET 1.8 . - 5 65< Inl <3.14 PbPb\'s\=2.76 TeV -
) par L . . —~~ — A . i . -1 B
4 |_[Ldt=0.31ub" _ Gaussian fit B 14— Ldt = 0.31ub —
10 - f " = Npa"> X Landau-Carruthers 3 % - BB 3.49< Il <3.84 f 7
- (N =16 _. | andau-Wong ] 5 B m 4.54<Inl <4.89 ]
- g . < 42 —mi<0.35 HYDJET 1.8 .
’>" B . N & PHENIX, Il <0.35, 200 GeV Mid—rapidity
D . X, qol * PHENIX, Ini<0.35,19.6 GeV \
C otk e S |
'g - m Z 8 —
~ - Y ~— | “ —
T R = N ]
S 8 -
: ] w4 V]
B — -_.-:if—-_-T_rr?gLTﬂ?':N ——— 7 P/ . N o & q g oW i
L ----l—_. _.\m.._ — 2 [ nh —
L L ~_-...T.?l T B x * * *x *x Kk * * * * i
1 1 1 1 | 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 | | O 1 11 I 1 111 I 1 111 I 1 111 I 1111 I 1111 I 1111 I 1111 | 1 1 1
0) 1 2 3 4 5 O 50 100 150 200 250 300 350 400
|Y]| < Npart >

\/ery Aoty Super dense(?7) =2 hoeo dense...?
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%/aa/l‘on Prodé(cz(/‘on vz
/78@Vy —1ON CO/ / 1 SI10ONS

L TC vs LYC

, 5 (LH/C: /7/:9/76» mean p7 - more Floww)

a//‘q/‘e\f Sion...

omZS—ITIIIII l]»lTTllT;ll-’lTll II ITIIITI_‘ sz.s '] l"rr'l"" T r]v 1]*[1'111']1
N el ﬁ Pb-Pb at \Syp = 2.76 TeV, |Y|<075 ! f Pb-Pb at\]sm =2.76 TeV. ly|<0.75
— .
- : o é »— 0-5 % centrality 4 < - o : .
2 ® - 20-40 % centrality 2 3 A 0-5% centrality
B S —¥— 40-60 % centrality | K * 60-80% T
[ Preliminary - 60-80 % cenlralllz i I 60-80% centralty |
i —o— 80-90 % centrality - - Prelimina Au-Au 200 GeV x A/A STAR -
15 N —&— (pp atVs = 7 TeV) B 1.5 B Yy : with 10% feed-down correction
L (PP atVs=09TeV) - O 0-5% centrality
: ) I ¢ 60-80% centrality
1k B 1 & -
: —— . i B -
o -‘ I 13- A
0.5 i _;__:_:?: 0 5 N t {?-:2‘_ | * —_
i -0 4 - R S
- —— .
——
0 I 11 1 1 11 | P | 3 | 1 : 0 - p o ey |
0 1 2 3 4 5 6 7 8 0 5 6 c7; - 8
P, (GeV/c) P, (GeV/c)

e —

Muc h baryons than mesons in centra/
more YO mesSonsS 1n Cendr / %/C Sl 2o ( Y/IC

/lisions as d ¢ Zon-prot
Co oNS as> Compare O prolon—prolon Mescimmeins o 5/{9/72(4/ /7/:9/78)‘ —p s

(coalescence/recormbinadion? b/ ,é-f:/‘ef ?)
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bull, ,é ) JeZ(S y medictm and y sl

P 23

<

2

1.5

0.5

. | 1
0 1 2 3 4 5 6 7 8

QI‘A/‘Z‘/‘QI}/ l‘eﬁ/oné
and INFOKMAL Langeage

] l L

1 ' ' L 1] 1] 1 ' L ] 1] 1 L l L 1 J 1 ' 1 ’ 1 L l 1] 1 1 1] ' L
Pb-Pb at\lsm =2.76 TeV, lyl<0.75

A 0-5% centrality —
* 60-80% centrality

" Preliminary Au-Au 200 GeV x A/A STAR -
A“A A with 104 feed-down correction

N = A O 0-5% centrality
As o ¢ 60-80% centrality

] ] ] '
>

L ] I

14 | LS ]
<)
V\
JV
<>
<
' ] :
-c.-g
r%l
1 1 4 l

1 only; stat. e[rors shown —{H—

2 1 1 1 ! 11 2 1
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<

bulk, Jez( Sy medicinr and pr

29 25—

1.5

0.5

o

aré/z‘rary regfoné
and INFOKMAL Largetage

llflltll'tll!llI‘IIITIIIVU']YIIV]IYUU
Pb-Pb at\l'.:.hN =2.76 TeV, ly|<0.75
— A 0-5% centrality u
. AL Cé * 60-80% centrality
" Preliminary Ad Au-Au 200 GeV x A/A STAR 1
AA with 10% feed-down correction
- A A O 0-5% centrality
—— ¢ 60-80% centrality |
A =
* A
*
x h** *-'D-

¥°$$
errors shown

0, 1 2 3 4 5 % 8
Soft P, (GeV/c)

Ll.

Z /”hermd/




bulk, JeZ‘ Sy medicinr and pr
CZI‘A/‘Z(I‘CZ/}/ /‘eﬁz‘oné
and INFOKMAL Langeiage

og 2.5 B L . L] I LA L B2 l LA ' LRI L] L] " L] | B ' LI L] ] LA LB ' 0]
N Pb-Pb at\[s,,, = 2.76 TeV., |y|<0.75
S
< - _ :
2 - A 0-5% centrality —
I ALIC[{: * 60-80% centrality |
150 Preliminary | Au-Au 200 GeV x A/A STAR

AA‘AA‘ with 10% f

Tl A O 0-5%
b < 60
1 A
O —A—
P,
S —r
0.5 e —‘g‘—
errors shown
o 1 l + 3 3 3 1, .. l I . | j 1
0 3 4 5 6

" sort”
—énf#
4 /lermd/

7 8
GeVICI o?
P ) hcrd

J'ef d om/naf ea/




bulk, JeZ‘ Sy medicinr and pr
CZI‘A/‘Z(/‘CZ/}/ /‘eﬁz‘oné
and INFOKMAL Langeiage

Zén D | Pb-Pb atl\[s_ 276 TeV. lly|<0.75 ] |
< 2 o A 0-5% centrality N
I ALIC% * 60-80% centrality :
150 Preliminary YN c& /‘\g% 2POGov x A/A STAR 1
A,
-‘_
1 O
'**oo-
Dok s
0.5 : o.'O'_o. N
.o.
errors shown
0 il BRI AP B
0,,51{%.2 3 4 5 6 (é V/}8
o p e CI ot
| " soft+hard Aard

JeZ‘ —medi et J'ef d om/naf ed

Zhermal §
1ntermediade
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adrom zation of be/f+Aard

— per‘on CLoa/ eSCenlCe

e proton/z*

m  proton/n?

Duke

Oregon

TAMU w/ shower
== TAMU no shower

1 | PHENIX proton/r ratio |

1 Fries, Muller et al 5 1'6:

— 10 Hwa, Yang et al 1.40
% 102 . ¢ Hon: ’ 12
9'10.3 ragme:n INng parton: | 1;
Er \Qyg e
% 10° {).6;—
&10° recombining partons: 041
= 07| P1+P=Py =
o
-8 _I 1

10 0

2 3 4 5 6 7 8 9 10
pr (GeV)
Recombination of
thermal (‘bulk’) partons

produces baryons at larger p+

Meson Baryon
pT=2 pT, parton pT_3pT,parton

A

1 2 1 3 1 1 4 1 5 1 1 6 1 ? 1 8 1 9 1 10
p; (GeVic)

Recombination enhances

baryon/meson ratio

Note also: v, scaling

60D uowieg Y
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p/‘OAI‘/?ﬁ Z‘/’le

Lnknowon medicin. ..

Induced
gluon
radiation

q: fast color triplet

g fast color octet

Q: slow color triplet

—»  Energy
Loss ?

QQbar: slow color
singlet/octet

Dissociation ?

Virtual photon: colorless
Controls

Real photon: colorless

Unknown Medium

Human body

J'ef SUppress 1oN

( ?aenc/vin3>
charm/ btlom dynarics

J/b &Y

color—/ess parz‘/c/ eSS
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JED: Passage of electrically

c%argea/ parz(/‘C/ e Z‘/?/‘oagh Md?f Zer

- | | | | | - | |
- ' |
- + | i
/\ ® u on Cu |
"g100 - ) _
E“g y - Bethe Radiative 7
> B — u
i 2"’ -/ Anderson- 1 |
T [ge Lesler Particle Data Group 1 |
[ ¢ [Ec
o o 5
20 - Radiative
\/ B Minimum effects
= ionization reach 1%
o ' Nuclear
| “ | losses
1 ¢ | |
0.001 0.01 0.1 1 10 100
By
| | | | | I
0.1 1 10 100, 1 10
[MeV/d] |GeV/(]

Muon momentum

Y/ 3/7 energy //M/f ( aa//dZ‘/\/e energy /os5S
wWhat is Zhe e?w\/a/enf in §CD?
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Brehrsstrah/ L(ng 17 @@ :
Formdalion time —2 cohlerence effects

Landau-Pomeranchuk-Migdal effect
Formation time important

radiated
gluon

propagating ;

parton S //x'
""""" E’"— Radiation sees
length ~t, at once
Formation time physics — —
< L >

’ /\/W 2w

T~ —

«— < >
A Tf

— Ty < A < L Incoherent multiple collisions

— A<ty <L LPM effect (radiation suppressed by multiple scatterings within
one coherence length)

— A <L <ty Factorization limit (acts as one single scatterer)

T — S
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BreAmssitrahlung in o CD

ALT=> Meltiple SCafZ‘eﬁrgS add cOAerenf/y

High energy color charged probe formation <~ W < We
propagating through color charged medium — o
(LPM effect; multiple soft radiations) é’

O
»

E

O“
’
’
()
)
PQOQOOO0O

Hard
Production

Define a transport coefficient:
Medium

A 2
a~ /A B Jdx ~ asGL>

Partonic energy loss in QCD medium is proportional:

* to squared average path length (Note QED ~ Imear ]
* to density of the medium - : —
=> energy flow (parton+rad|at|on) modified as compared to jet in vacuum

= jet “quenched” (“softened” fragmentation)
—— N

OO0

NS
A
-_—_—-
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Gener/c eXpecfaZ‘ ronsS £} o7 energy /os5S

E

jet ‘ kT~M >

F/:agmenz‘az‘/on £ollowwed éy E-los557

LOhﬂ/‘fé( dinal modificalion:
out —of ~cone: enerqy /ost, /o055 of y/‘e/ d, di —JeZ‘ enerqgy Imbalance
in-Cone’ softenng of Fragmentation

7 ransverse modificadion
out ~of ~Cone’ increase acoplanarity K7

In—Cone Aroaa/en/nﬁ of Jef -—prof? /e



67 Faclorization in heaty—ion collisions?

J elS 1» /78&\/}/ —on collisions

— an 1dea/izadion

PDF o tPDF o _hard
=> Factorized picture. o fo T @Sy v

_production vertex: high Q?
,,,,,, =>pQCD

Propagation in strongly coupled

Quark Gluon Plasma
=2 pQCD-based jet quenching
=>» hydrodynamics
=>AdS/CFT

A -

P 4
P 4
P 4
P 4
P 4
P 4
/’
P 4

Vacuum fragmentation into hadrons
=>»non-pert. QCD
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JeZ‘S /‘/7 /7@&\/&/ -—-/on CO/ / /‘5 /‘O/’)S

RATIC & L¥/C

STHR: Aeet+Hu at 0-2 faV

/.%/C -+ ’? >‘/IC J @@ evol, wlion of Jef ?é(enc/'}/nﬁ 7

\/dry enerqy o he Jef :
LHC: Vary 2he scale with which §GP is probed ( a la DIS)
Compare and contrast A TC and LYC
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Jetds /n Y/I collisions & prer/‘MenZ‘a/ difFice/ties:
\/acaam J'ef VS JeZ‘ oNn Z‘op of Che Y/I éac(’groana/ -

hHardEvent
hHardEvent
\/QCL(LZM ...................... Entries 70
........................................................ Meanx 0.1285
..................................................................................... Mean y 4 636
SO e el o e e, | RMS X 0.3781
........................................................................... e RMSY 1426
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Jetds /n Y/I collisions & é}per/menz“a/ difFice/ties:
\/acaam Jez‘ VS J'eZ‘ on op of Che Y/I Aacégroana’ .

hFullEvent

hFullEvent
Entries 6170
Mean x -0.001311
w~._|Meany 3.164
. | RMS X 0.6764

.| RMS y 1.833

dta
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Je?s i» /78&\/}/ —1ON
colliSions ( >//Z-‘C & Z.#C

Pythia p+p
s LHC:\/s = 5.5 TeV
— RHIC:\'s = 0.2 TeV

/C

Jets in heaty—1on emvironment — Feew ; | | |
10702040 60 80 100 120 140 160 180 200 720
expefi mental notes: i

- /arge combinadorial Aacégroana’é (especially at K TC)
— enerqy wwit/nn an event varies Ffropr point Co point O Fluctuations ™)
— a plus Ffor LY/C is /. arger Finematic reach - abundance of /7/3/7"
enerqy Jez‘s ( /7/3/78r —pfmeas wUrerenls less affecled éy éacfgroana’é )
=2 various approacfies arrong experiments for 5QCf9roana/
SUpPreSSion AND/OK et enerqy—res olution corrections
- 15 Chere an cplimal jet detimtion for heat/—ion collisions (7)
=> use multiple jet algorithms (7); sub-jets (2); £iltering (7)
—jels are reported on the part icle ( generat or) leve! — hadronization
cCorreclions ( Zo ZAe ’ de‘Z‘on ’ J'ef> v %I collisions /‘MPOS Sible




7
’ Easier ) ( Zhan £ 2t// Jef relC.ons Z‘ré(CZ‘/on> exercirse:

Jet —?aenc/']/nﬁ via /. eaa//ng Ahadrons

Measured as a Functds £ collision centralit o L
< < necren e ot cen ey Fotes of recoil ( czway-\s/o/e ) Ahadrons 54(;//13553:/
% 105§ T T 1 T T T ] T T T T [ T T T
> otk Pb-Pb \/S, =2.76 TeV 3 Leading particle
e - 3
;;\" 10°L — chaljd pp reference E; Azimuthal
& 102k ¢ 0% ] Correlation -
: \ o 70-80% EE ~ 180 deg ‘/
2 1053 - y
E._ 1;_ Loss of measured _;, i\
o E 3
& 101:E y/‘e/ O/ /‘/7 Ce/?Z‘l‘ Q/ 4 "4 E: S
F1of 4
10k =
_45 3 IS L L B L B L L
10 3 E _ o d+Au FTPC-Au 0-20% -
10_5- -] ~ 0.2+ ) ) ]
E E g - k- — p+p min. bias ﬁln |
10°F = ] - .
E E > - * Au+Au Central .
107 é ye) - )
10-8_ | | | | | | | | | | | | | | | | | | | g’ 0'1.__ __
0 5 10 15 2 2
P, (GeV/c) Ei— : :
— ———— T - : e ke
‘ : . AT A gt ke T
Note on correlddions: /nZ‘ereSZ‘/ng oo/ ik o 5 S R £ .
v ., . " . d I P R R T B B
o study the " intermediale —p7 regon - / 1 0 1 2 3 4
: Phys. Rev. Lett. 91 (2003) 072304 .
Jets vs flow and recombinadion Phys. Rev. Lett. 97 (2006) 162301 A ¢ (radians)

T — ——
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d*N/dp.dn

V/da/ron SUppresSS 1on BB =T mmw Jdpyd,,

/\/ ac/ ea, Moa//f; cal 1on ¢ aclor:

Kan =

T
—

1N, 1/(2
S5 3

— — — — —
S © © 9 29
~ (o)) (4] H w

—
S
©

E I I I I I I I I | I I I I | I I I I
Pb-Pb \[Sy, = 2.76 TeV 3
—— scaled pp reference é
° 0-5% =
o 70-80% E
"' Loss of rmeasured -
A y/e/a/ in central A-A -
e E
E 5
E 5
E 2 3
E E
- | | | | | | | | | | | | | | | | | | |
0 5 10 15 20

P, (GeV/c)

Tap =< Npin > /O'I.)p

el

=

#( /OCZI‘Z(/C’,/ es observed in AA collision per N-N( A/nal}» collision)

#( paI‘Z‘/C/ eSS obServed per p—p collision)

= = —-

I:{AA
[
T W—

SPS 17.3 GeV (PbPb)
O n° WA98 (0-7%)
RHIC 200 GeV (AuAu)
O |° PHENIX (0-10%)
% h* STAR (0-5%)
LHC 2.76 TeV (PbPb)
® CMS (0-5%)
¢ ALICE (0-5%)

T T TTIT | I I
GLV: dN,/dy = 400
GLV: dN,/dy = 1400
GLV: dN,/dy = 2000-4000
— YaJEM-D -
---- elastic, small P___ .

-.- elastic, large P
asc

--=+YaJEM
— ASW

PQM: <G> = 30 - 80 GeV%fm

O1 2 34

CMS, arXiv:1202.2554v1

10 20

100 20

o (GeV/c)

‘No effect” case is for K AA =1 « high p7 where hard processes dopnnade
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Je? oUenc /nhg - A TC

No “effect”:
#(particles observed in AA collision per binary collision) R < 1 at small momenta
Ratio = R =1 at higher momenta where
hard processes dominate

#(particles observed per p-p collision)

R 1.4
1.2
- R=1
10 === = =
Au+Au (central collisions): | 08
CS ' B  Directy (PHENIX Preliminary) 0.6 B R<1
10 — ¥  Inclusive h™ (STAR) B
- N 04+ " ftn
- ® = (PHENIX Preliminary) = SO
B 0.2
B [ GLV parton energy loss (ng/dy = 1100) -
- %9 1 2 3 4 5 6
= Tranverse Momentum (GeV/c)
W

ff++*+++.fT Photon — color neutral probe => No suppresion

o
)
oF
2.
Iy

? ++++ [-{ Hadrons from color charged jets => Suppression

0 2 4 6 8 10 12 14 16
p; (GeVic)

10
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'( ,4 4 . eXZ‘reMe ScenafiosS
Nete: I apr not showing you the KA E

P(AE) - probability for parton to loose AE

=

‘-\&:\ ‘

'enario RN 1
P(AE) = O0(AE,) |

)

INy;, d2N/d2p-

’ fnel‘gy /oss

\

“Shift” to lower pT -

Pr For both (/44 <
R/ﬁt Cross-section
P(Ag encodes the Fu// energy /oss prOCeSS 1 ratio AuAu/pp

'y 4 not Sensitive Co enerqy /oS5 distribution ,

deta/s of rechar'S»...
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Brehmsstrah/ u©unqg in o CD

ALT=> Meltiple SCafZ‘er/ngs add cOherenf/y

High energy color charged probe tformation Sw<w
propagaﬁng through color Charged medium o e ——— S—
(LPM effect; multiple soft radiations) é’ |

’

.
»

E

Hard
Production

Define a transport coefficient:
Medium

A 2
a~ /A g_‘ B Jdx ~ s L3

_Pa#tomiiC energy loss in QCD medium is proportional:
. to squared average path Iength (Note QED'”Imear )

’
0"
’
’
)
elejelelolele slelelele]ele

NS
A
e

= energy ﬂo(prton+ra |at|on modified as compared to jet in vacuum

= jet “quenched” (“softened” fragmentation)
T ——— B ———




tale

Brehnsstrat/, ¢ng in §CD

4 »n 1dec: \/ary Z‘/ms paf /7 /. engZ‘/’[ eXperfmenZ‘ a/ A y.7

~7 Sens /‘Z‘/\//Z‘y o /le colliSion proﬁ /e

— 2 different / " ol/isions Systems?

* to squared average path Iength (Note QEDIInear ¢
* to density of the medium ~ =
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Azimet hal angedlar asymmetry in pardic/e

production

( = arctan Py

pI

Px

( hvdrodynamicszz ) <pi>—<p§>

()~ (=) (p)+(p)

= <y2> N <x2> Final momentum anisotropy

Reaction plane defined by
“soft” (low p;) particles

Ap=p—

Initial spatial anisotropy

Reaction Plane

dN

Elliptic flow dASO ox | -+ Q@COS(QASO)
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0.08 [
0.06 |
0.04 |

0.02 |

-0.02 |
-0.04 |
-0.06 |-

-0.08 |-

Energy dependence of v2

4 Zi Pl Z‘/?d/ anS OZ‘/‘OF}/

f T T I III IIIII T T LI
¢
A
¥ (b-
‘;l' é ® ALICE
Y¢ STAR
“““““““““““““ o PHOBOS
v &
[0 PHENIX
H NA49
O CERES
+ E877
¥ EOS
* A E895
¥ FOPI
L Ll III IIIII IIIII
10 10? 10°
\/Syy (GeV)

PRL 105, 252302 (2010)

~ 01217 g
. ]
Two-particle 0.1 g o 7 o .
methods 0 ]
] oo om, ha i
1 Multi-particle 0.08 - B
4 methods . - T ]
] 0.06 - ° —
EII%‘ -
S V2 same chargo .
O ¥ same cnaroe
0.04 > v : -
- - O  V,{4} (same charge) -
© t %+ v,{q-dist} -
0.02 }-{,}1 i v,iLYZ} —
v,{EP} STAR .
N v,{LYZ} STAR ]
0....I....I....I....I....I....I....I....
0 10 20 30 40 50 60 70 80

centrality percentile

APS Viewpoint: A “Little Bang” arrives at the LHC (k. Shuryak)

1. Collective behavior observed in Pb-Pb collisions at LHC (integrated:
+0.3 v,HIC— consequence of larger <p,>) -> V,(p;) similar to RHIC —
almost ideal fluid at LHC ? Similar observation down to 39GeV!
2. New input to the energy dependence of collective flow

3. Additional constraints on Eq-Of-State and transport properties




80 RHA cortd reaction p/ ane — padh /enﬁ'c“ A

a/epena/enCe of JeZ‘ ?dend/?/nﬁ 4

10-20% central 30-40% central
1 1
g Centrality 10-20% @ e Inpla < Centrality 30-40% @
< | plane < ty e In plane
- E Out-of-pl x | ALICE
i QM11 ALICE Preliminary . -ol-plane L ALICE Preliminary o Out-of-plane
Pb-Ph at \[5gy=2.76 TeV i .f" Pb-Pb al \[Syy=2.76 TeV
[ ]
B | L ]
& by ° +
05— & @ 0.5 . .4 L] ’
> . . e .
i . ' - toe0 % s )\
| L] L [ ] ¢ T
Q - s . @ . wj O 0 p Q
% l--.‘l-'. o © o ] DUG DDDQG Q
0 | 1 I L L I I L u|||||||||||||||||||||||||||||||||||||||
0 2 4 6 8 0 12 14 16 18 20 0 2 4 3 8 10 12 14 16 18 20
FT (GeVic) pT (GeV/c)

Suppression out-of-plane stronger <= longer in-medium
path length - significant effect even at 20 GeV/c
=> Path length dependence of energy loss 7
Additional constraints to energy loss models (?)
- similar information from v2 at high p;

RAA(ga): RAA(1-|-2V2 CoS2(@p— w))
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'( AA for different parz‘/c/ e fype

Is ﬁd/‘fon enerqy /o5S different
For gluons, light —ouarks and heal/—-ouarks?

Epectation: Nég > NEye 7 NEy .,

5
AE « o5 CR q L2 Casirur (color 7(» act or> ’ Dead—cone | effect:
CR = 4/3 for guarks, - 3/&(0/75 ‘ 3/&(8 " better o mass of Che parent 4 wark
3 £for g/uon .
ror gluons Che medicm Chan f“aﬁé\s =2 radiation for an3/35 0 <r/E

I ——

’S SuUppressed

=> (4}{/@/75 < (442—»7350/75 < (443—»7350/75
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<
<
o

Discussion based on LY/C resu/ts

,( 4 4 Ffor different pdl‘z(/‘C/ e Z‘ype

2 I I I I I I I I I I I I I I I I
| | | ]
— PbPb\ s, =2.76 TeV —
1.8 — e Charged Particle 0 - 5% (CMS) ]
16 B —e— Charged Particle 0 - 5% (ALICE)
) B —4— J/y from B 0 - 10% (CMS) 7
B 0 . i
1.4 D? 0-20% (ALICE) -
- —&— K° 0-5% (ALICE) -
1.2 tyv —%— A 0-5% (ALICE) —
1—-- “l “““““““““““““““““““ ]
B Theory ]
L ‘ Ch. hadron (YaJEM-D) _
0.8+ l Ch. hadron (HT-M) —
B Ch. hadron (JEWEL) ]
L ‘ n+K+p (Vishnu) _
0.6+ J Ch. hadron (HT-W) —
B | | [ Ch. hadron (GLV) ]
- ‘N | ]
0.4¢ AL
0.25 2 Wieit
N iﬁ#-
O | | | | | | | | | | | | | | | | | | | B
0 5 10 15
p_ (GeV/c)
T
L — T

Sirnlar suppression for heasier—g

( Strange, char») and glwons ( /arge elastic
e-/055; le55 dep. on mass?; color
factor? - s»rall effect?)

T/ Fror B-decay/s — dead cone effect?

Lambda vs Ko Kyq below 2 GeV -
mcnifestalion of Flocw (7)

KiSe dowoards h’:ﬁh“-’f pfS :

D Yarder parz‘on/‘c 5peciram (as cOmparea/

2o KYIC)
2) Weak dependence of Ep@@j e—/o55 on
parion enerqgy



/{7 4 4 Ffor different pdl‘z(/C/ e Z‘ype

Sinular Suppression for Aeavier -9

DiScussion A@Sea/ on Z_%/C resul?s (5Z‘fdhﬁe, C/7Q/‘/)7> and 5/&(0/?5 (/dl‘ﬁe elastic

e-—/o\S\S)' /eSS a’ep. on MCZ\SS?)' color

2 B [ [ [ [ [ [ | [ [ [ | [ [ [ | [ [ [ ]
18 - PbPby\/s,, =2.76 TeV 7 factor? - small effect? >
° I T/ drom Bedecays - dead cone effect?
1 6 :_ —O6— lIsolated Photon 0 - 10% (CMS) _:
1.4 :_ | —s&%— z° 0-10% (CMS) _:
- ] La/néda vs Ko (44 beloww A 6@\/ -
1.2 ¢ —
B ] ricpntestcdion of /oo (7 >
1:—— ————— TR TR R -
n O /_;
0.8 - / ] KiSe dowoards ﬁ/ﬁher pTﬂS :
0.6 ;— B D Harder partonic spectrum (as compared
0.4 g il Ch. hadron (YaJEM-D) _: Zo (Y/IC>
02F x < EE E:E:f:: (:.E:I;r-w:%))L) — 2) Weak dependence of LpCD] e-/oss on
O ooy FI Chl' ha?row (GL|V) | pa/‘ Z‘O/? ene ), 3>/
0 20 40 60 80 @
N (GeV/c) \
Photons and 2 s not 5ap/9re5 Sed =2

?L(ench/ng 1S a final stale effect
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<
<
oC

CﬁdI‘M —'? energy / OS5 S \//a D—'Meé oNS

2_| T L T T L L | T T | T T | L | T I_

L 1 5 T T 1 T T 1 | T T 1

18 ALICE Preliminary  F &2 - Pb- Pb'F 276 TeV\
L 0-20% centrality ] D\:< 4.5[Centraliy: 0-20%
B — ~ Average D°,D",D ", |y|<0.5
.65 Pb-PD,\/Syy =2.76 TeV LT 4F from arXivi1203.2160v1
1.4F o Average D°, D*, D, lyl<0.5 - - Charged pips, ni<0.8
r o ' - 3.5 N\

1 of o Charged hadrons, ml<0.8 B - \
21 ¢ m*, Inl<0.8 (Preliminary) - 3;_ ~ \\
L ] o 5F NN

- ] T E e
0.8 — -

- : 2
0.6 = -

N ] 1.5
0.4 n — -

. T ’ 1
0.2 g - -

- : 0.5

O_I 1 1 | 1L 1 1 | | | 1L 1 1 | 1L 1 1 | | | | | 1L 1 1 | 1 1 I_ -
0 2 4 6 8 10 12 14 16 18 oL
p, (GeV/c) o 2 4 6

L
Rad (Vitev)

Rad + dissoc (Vitev)

WHDG rad+coll (Horowitz)
AdS/CFT Drag (Horowitz)
CUJET1.0 (Buzzatti)

FILICE N

PRELIMINARY —

8

Hint of larger R, , for D than &t
* Color-charge effect?

10

12 14 16

(GeV/c)

 No evidence for dead cone effect (p; dependence)
*  Higher precision in progress ( 4//;~ o)
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Hear/~Flavor suppression

— /‘@pl‘a/ /Z‘}/ d. epena/ ernCe

1.2 —T— — —— — = B 0 Rt N+
< " ALICE Pb-Pb \s,=2.76 TeV, =< HF in 2.5<y<4 1 o Average D", D", D7, lyl<0.5
e PP Centrality 0-10% | 1E .......................................................................... —
1_ ""7""""""""""""',"'."""h'.',,'.' """" o ALICE
[« 1 I 0-20% centrality ]|
0dl - -a NLO (MNR) with EPS09 shad. 0.8k Pb-Pb,\/Syy = 2.76 TeV—
Tl Vitev rad. + dissoc. o ]
. BAMPS 4 i ] Vitev rad + dissoc i
06 . BDMPS-ASW rad T 0.6 = BAMPS ]
R L BDMPS-ASW rad
T n I
5 B _2', | ‘ |
0.2_‘ oo | — L --------------------- o
bt ] : | | | | | | | |
1 1 1 1L 1 1 1L 1 1 1 1 1 1L 1 1 1 1 1 1L 1 1 1L 1 1 ]
0 2 4 6 8 10 % 2 4 6 8 10 12 14 16

pr (GeV/c) p. (GeVic)

Variants of radiative++ energy loss agree with data
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End of 2/3
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Unli! noeo...

J‘eZ‘S n el emenfary colliSions: »et ST Spec/f y an ope/‘az( /ona/
defimtion ( d/ﬁor/Z‘ A ) /(, radaméfnaf 10N Sc/%_ame>)‘ variel %4 of
infrared and collinear sSafe a/gorfz‘/?mé 5 wnder contro/

Z/?eory/ eXper/MenZ)‘

HIL collisions: hot JCD matiter; large partic/e

( proo/acffon> densities as compared Co vacuurn - evol ving
with centrality; Jet measurements difFicult (Today you
cill see that possible nevertheless )

Leda//hﬁ Ahadrons 5appreééea/ <L =) pa/‘Z‘on energy /oSS {/eZ‘
?aenc/w'ngb Yadrons select part icular ensSenmble of J'efé( 1)
— £} ragmenfaf 1ON A/QS ( more 7”oa/ay> — re/ dZ‘fon of’ pa/‘Z‘on VS
Ahadronr enerqy (7)

. Aacé Zo Jef ?L(end/’p‘nﬁ rMmeaSutreent’s
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’ Easier ) ( Zhan £ 2t// Jef relC.ons Z“rL(CZ‘/on> exercirse:

Jet —?aenc/w ng Vi /eaa// ng /zaa/roné

l
\
{

Ihclusive Aadron production |

Measured as a function of collision Cenz‘ra//iy

S 105§ | — T T T ] T T T T [ T T T
S F di ticle
> 10°k Pb-Pb \[s, =2.76 TeV Leading partic
) - 3
;;\" 10°% & —— scaled pp reference Ez Azimuthal
5 102k ¢ 05% - Correlation -
E _‘ o  70-80% E ~ 180 deg _‘/
2 105 3 .
o -\ 3 +
= k% Loss of measured A
o E =
S 107 y/‘e/a/ in central A-A 4 ~
2510'2'% _é'
10°F E
-4 E E _I I 1 1 1 1 | 1 1 1 1 | I 1 1 1 | 1 1 1 1 I I ] 1 1 I 1 T 1 1 |
107 E ! o d+Au FTPC-Au 0-20% |
10°E - = 0 in_ bi B
S = g - k- — p+p min. bias ﬁln |
10k 1 T | -
- E > - * Au+Au Central .
10'7_5 o L _
10-8 C | | | | | | | | | | | | | | | | | | | é g” 0'1 — ]
0 5 10 15 2 _g) = i
p, (GeV/c) zi- : :
\ .
| — ——— T - - ML
01ty ----------- i o SNEEE SHPROFS 7 &
L oot S ) GRS G

Note on correladions: /‘nz‘eresz‘/ng oo/ x> ok & o .
Il [ Y " Y ‘ k I_I l 1 1 L 1 I 1 1 1 1 l L 1 1 1 I L 1 L 1 l L L 1 1 I 1 L 1 1 ]
Zo study the  intermediate -p7 region "/ 1 0 1 2 3 4
: Phys. Rev. Lett. 91 (2003) 072304

Jets vis Flow and rec ombinadion Phys. Rev. Lett. 97 (2006) 162301 A ¢ (radians)
[ — B




Sens /Z‘/\//fy of parfic/ e Correlalions
o different cnder/ }/"’73 ﬁ/lyS 1S

. . t o an_ -10%
Two-particle correlations Py 34, pp 2:2.5, 0-10% @

- conditional [per-trigger] yields

1 dNassoc and 1 d2NCLSSOC
Ntrig dASO Nt?“ig dApdAn
Ri d g e See ex?ra S/ides for more...

T — ——

Hydrodynamics, flow

~ AtHigh-p,: T
| Quenching/suppression,
broadening

== S s

ICP‘ Yields in central v.s. peripheral
collisions

C(Ad, An)

| ,5: Yields in A-A compared to p-p
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ﬁuo —-per‘ /c’// e COI‘I‘e/ aZ‘/onS

RHlC @ O 2 Te\/ Reaperance of the away side peak

Most central at high-assoc.-pT:
o similar suppression as in the

d+Au Au+Au, 20-40% Au+Au, 0-5%
0.3} T T inclusive spectra
| 2 | o unmodified shape
0.2} =
w
o
o
0.1} N1
I A | |
[ =
0.2F & '
0.15} A
g g | <. | Differential measurement of jets
| — [ - w . .
|‘2=,.°" @ w/o interaction
— ! O
%.05- ey
o oF jels f’rdﬁmenz‘ as 15 vac UL

1
I

0.1 - .
High-pT ::
0.05} = +

0 e 0 b
Phys.Rev.Le’r‘r.97:162301,2006 Ao

Ye:%
e
9 < (oosse)'d




o1

<
<
~

2.0

1.5

0.5

0.0L

Conditiona/ y/‘e/ ds - Z.Y/C
Ye/a/ Pef f/‘/ﬂge/‘ Pd[‘élc/ﬁ 44/PP—> 1-44 Catni? y==no effecd)

1.0 |

PRL 108 092301 (2012)
I I I I I I I I I I I I I I I I I I I I I I I I
- Near-side 8 GeV/c < P iig < 15 GeV/c + Away-side ALICE
[ \[Spy =276 TeV P assos <Piig m<1.0 | _
i 0-5% Pb-Pb/pp  60-90% Pb-Pb/pp
[0 Flat bkg B Flat bkg
¢ v, bkg ¢ v, bkg
B {[I] (I) B O M-gap ® mM-gap H
B T
a) 1
I 1 1 I 1 1 I 1 1 I 1 1 1 I I 1 1 1 I 1 1 1 I 1 1 I 1 I
2 4 6 8 10 2 4 6 8 10
pt,assoc (GeV/C) pt,assoc (GeV/C)

Compare pp and Pb-Pb =2 1,,=Y,\/Y,,

rCentral everts:

- near—Side entiancenent (I change in FF? bias on parlon Spectrunm? 2/9=rtix

different in PLPL as COM/?ared Zo p—p ?7) = consistent with JeZ‘ ?é(end/?fnﬁ...

" recorl: SUppressed - consistent it h ?aench/ng
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TAA: data & Z‘/?eory a/e\Scr/pZ‘/on

é i I I I I I I 1 I I I I 1 l 1 I I I 1 I I 1 I ' I I I l 1 I 1 I I I I I j
™~ - Near-side 8 GeV/c < Piig < 15 GeVic + Away-side ALICE -
2 O \Spn = 2.76 TeV Py assoe <Piuig m<10 L N
i T 0-5% Pb-Pb/pp /A AdS/CFT i
I ,} % {, 1 [] Flat bkg ﬁ' Qi}’\E’M ]
150 % + 0 v2bkg 2 YaJEM-D N
F (tﬂﬁi 1 O Mn-gap + X-N Wang 1
: ‘tﬂ] m{b T x :
1.0_— --------- AN B {h -------- ﬁﬁ -------------------- e 1 A AN §— -
l T = Hg :
- T ke i i P
" 4 + L 0 + i
[ a) T )
0 0- T TR TR N NN SR TR T NN NN NN SN N N SN N T T T T T T

-2 4 6 8 10 2 4 6 8 10

P sssoc (CEVIC) P aeese (GEVI)

S

Near-side enhancement:

Reproduced by AdS/CFT - inspired (L3 path length dependence) and ASW - inspired (L?) models
YaJEM too high (L dependence)

o/é y SO... COMPQZ‘/‘A/ e twith J'eZ( ?L(end/w‘nﬁ -
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A TC Example’ %//3/7 —p7 hadrons - ?aanz‘/z‘az‘/\/e analysrs

Model calculation: ASW quenching weights, detailed geometry
Simultaneous fit to data.

Raa
«
—
-
E

10

40

P ﬁ J’HH T 35
??é‘,‘ﬁﬁ*ﬁ#% ++H %+ .

; T T T
3 i
B

' »
\
N »*
-
‘0
-

Ve

. 0‘
) *
‘O
d

107

16
Pr (G Vic)

.0
*
.0
*

25

Armesto et al.
0907.0667 [hep-ph]

|
IIIIIIIII]IIII|IIII|IIII|III[|IIII|IIII|III

llllllllllllllllllllllllllll

2 4 6 8 10 12 14

Density ~ ghat

oo

Keasonabl (VT elf—consistent £t of independent obServables
Mcain lirntadion 15 ZAe accuracy of the Z/]eo/‘y. ..
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So ) a.)/7y AoZ‘/?er coith Full J'eZ‘ reconstruction

I heavy —1ON Clo/ / 1SionsS?

Kug and correlations of /. ecza//nﬁ hadrons provide constrants on dens /Z‘y of’
the rmedicnt C ?/7Qf> y Aowoever do not tell us about the ¥ pardon® enerqy /oss
and iZs dynamics; leading hadrons are biased towards jets that interact

litl/e or not aé all eoilh the redicens
fpyf/ﬁa MODEL!

[ Et" >30GeV |

L2{ [ LI

Recoil Jet /
<« /j

...............

-
~ -
- i ' STH
A R e
- g
- [ =il l-'l” ’:!t’,v
- A%6) 7“
- . \ : -
" . e AL L :
- a
- o » % >
. ) ‘l 1 .
u 158 .
32 gim < 4 - H 10
v I TE TETTTrT
- -

R=7.1fm| -X’ X X b N R
ST

N R
. : ' ' nhl : ........ I10

0078 6 4 2 0 2 468 1

E—

[

0

So called Surfuce bas:
re?ae\S Z‘/ng A /1/3/7 —pf
parZ‘/C’//e Selec?s a

popa/ ion of JeZ‘S close Zo

Swurface of the medicrr —
Zhese Jets inleract on/y
/ittle Cor not at all) eoith

Zhe rmedicn

= fu// Jef reconstruction premx‘ée . /‘nZ‘egraZ‘ e over the Aadroric c/egreeé of

f’reea/om)‘ beller access to the parZ‘on enerqy SCQ/e/; dyndm/dé of he JeZ‘
faenc/yfnﬁ (7 >)' ol her promfé /‘ng observables: ﬁdmma-:/'ef correladdions
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JeZ‘S /‘/7 /7@&\/&/ -—-/on CO/ / /‘5 /‘O/’)S

STHR: Aeet+Hu at 0-2 faV

/.%/C -+ ’? >‘/IC J @@ evol, wlion of Jef ?é(enc/'}/nﬁ 7

\/dry enerqy o he Jef :
LHC: Vary 2he scale with which §GP is probed ( a la DIS)
Compare and contrast A TC and LYC
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Jetds /n Y/I collisions & prer/‘MenZ‘a/ difFice/ties:
\/acaam J'ef VS JeZ‘ oNn Z‘op of Che Y/I éac(’groana/ -

hHardEvent
hHardEvent
\/QCL(LZM ...................... Entries 70
........................................................ Meanx 0.1285
..................................................................................... Mean y 4 636
SO e el o e e, | RMS X 0.3781
........................................................................... e RMSY 1426




o7

Jetds /n Y/I collisions & é}per/menz“a/ difFice/ties:
\/acaam Jez‘ VS J'eZ‘ on op of Che Y/I Aacégroana’ .

hFullEvent

hFullEvent
Entries 6170
Mean x -0.001311
w~._|Meany 3.164
. | RMS X 0.6764

.| RMS y 1.833

dta
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>Z/I JeZ( £ind /‘/?3 .

50GeV jets + minbias + ghosts

A single event: all particles clustered (" assigned”) o a jet
Mary of these objects are simply bacKgrocind
fnergy of Che s lgna/ Jels overestimatled due Co 5&6/%3/“04070/ enerqy
=2 Severa/ possibilities to subtract he average background and/or
Suppress the background particles Land backgrowund jets’]
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De\/e/ opea/ £or pf/e —-L(p hg/ecZ‘/on ) PP

Pr — Pt

|

e §p: uncertainty due to noise

BacKground subtraction

qet cluster

— p X Area

p: median pT per unit area of the
diffuse background in an event —
measured using background “jets”
as found by kT algorithm

A: area of the jet — measured using
number of artificially injected
infinitely soft particles of finite
“size” into an event that are
clustered into the jet

fluctuations — non-uniformity of the |
event background

1/N dN/dm (GeV™)

S

1/N dN/dm (GeV™")

0.02

0.015

0.01

0.005

: ; : ‘noPU ----
M- =100 GeV : low-lumi PU ———-

l;t, R=Rbest

high-lumi PU

0.02

0.015

0.01

0.005

60 80 100 120 140
reconstructed Z’ mass (GeV)

: : ! ‘noPU ----
Mz =100 GeV : low-lumi PU ———-
kt R=05 h|gn-|:um| PU

..............................................................

P

: ; ; S ———
60 80 100 120 140
reconstructed Z” mass (GeV)

M. Cacciari, G. Salam, G. Soyez JHEP 0804:063,2008. e-Print: arXiv:0802.1189 [hep-ph]
M. Cacciari, G.Salam Phys.Lett.B659:119-126,2008. e-Print: arXiv:0707.1378 [hep-ph]

L —
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p (GeV/c)
N
o
o

100

p = median

/T et £ na//ng ! Credl rrent

bac k 5roand
Me hod |

_jet,i

PT

0-10%

1
0 20000
B entries

- FastJet k, (p["" = 0.15 GeV/c)
| Fit: (-3.320.3) GeV/c + (0.0623+0.0002) GeV/c x Ni'::m

- - _

Pb-Pb s =2.76 TeV

8
8 | \x
o £3

entries

'W'\'—M_
d —

o~

0-10%

o

2500
1 1

2000

2000

] |||||u] ] |||||u] il

10*

10°

102

35

30 | ¢

25

20 +

Pt,jet / Areaj ot

median

pT = pT™ - P

X Areajet

HOT all of the objects
relerned Ay Jef £inder
are 7764/61/'81‘5./ (déd -

f&ée/fd/éeJeZ‘S )

T

_ | ave rage Aackgroand energy

dens /Z‘}/

Must correc? #or rema/n/ng resS /a/aa/ enerﬁy resolwtion
= Mdﬁn/‘z‘aa/e of the correction 15 relaled to Zhe Aacégroana’ £fluctuadions

_ J‘ez‘ Area : small © (areq) — smaller correction
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Je? reconstrection in V/I colliSions:

BacKkgrowund fluctuations: characterized

Ay ) PT) SPeCZ‘ram Aef ore correclions

LHC2010 Pb-Pb ys=2.76 TeV

—
TT

2 F 0-10% centrality
7y - A j=
c f P RC Pb+Pb anti-k,
© 107 TG % o Re020=447
© " PERFORMAMNCE . LY
> [ 15/03/2012 o :.1 ¥ R=0.35=7.15
et 2 . 4 ¥a
E 10 P v* ¢« R=0.40=10.18
&
© . Y e piak 5 0.15 GeVic
S 10k . . e
E. a ¥ s ¥ .- \
Y . wé
107 . Loy e
v T t oyt
1075 - . +. -r
! ﬂ*
10-6 _I Lo bvv by T T f#* +
-60 -40 -20 D 1{]0
c:h
6p+ (GeV/c)

fnerqy resolwtion function: O YA

1/N,,, dN/dp_dn (c/GeV)

—h —h —h —h —h -
S © 9 9o 9 o
o (4] S W V) -

-t

107

LHC2010 Pb-Pb\ sy, =

2.76 TeV

charged jets

& " SAY
Gﬂ*

-.--H-_._

ALICE performance

Uncorrected
2011/05/19

I ; ; ; ; I
anti-k;, R = 0.4 (150 MeV cut)

M 0-10%

10 - 30%

® 30-50%

LULLm 1 rinne e i

50 - 80%

[ |
||||u||| ||||u|||

»
"O, b S
.’.

50 100
Not corrected Ffor Fluctuations p_(:_r:ﬂ+ (GeV/c)

NO7T all of the oé/'eCZ‘S retetrned éy Jef finder are TKUE Jefé I'Caka - Fake/Fa/se
Jefé ! > — even afler éac(/groand S aéz‘racz‘/on I'<=> fluctuations
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fnergy resolwtion deterioraled due o
Aackﬁroana/ enerqy Fluctuations

Mode/ derrionstradion
d NMeas d NTrue

Resol
= @ f7770p) & 10
dpT dpT e b —=— Pythia
B m}
S 108k :a:ﬂ:ﬁigigztz%m —=— Pythia smeared
8 10° = . |
5P distribution: 5 . ~= Pythia unfolded
1 H ’ . = 10
smearing’ of jet spectrum 5
due to background fluctuations & unfolding
= 10 ;%g

~~~~~

ii‘ o
£ Simulation H
10-2llllllllllllllllllllllllllll”
60

0 10 20 30 40 50
p;’ET (GeVic)

:f?Ea’_rge_é'ﬁFect on yields |
'ﬂ Need to unfold |
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Bac(/groana/ Correclions

' 4 Z/as

Reconstruction algorithm anti-k (0.2, 0.4).

Input: calorimeter towers 0.1 x 0.1 (An x Ag).

: . cell
Event-by-event background subtraction: E -, =

[ UE fluctuations from soft particles can be reconstructed

as jets (fakes)
@ Worse for larger R, contribute up to ~80 GeV
o Beguire additional signal qf harq Q_aj’tiql
- © Reject fakes by requiring jet to match:

production
s

| O Track jets or EM clusters with pr > 7 GeV |

O Residual fake rate estimated to be ~3% at 50 GeV

E(;_eﬂ . player (n ) v Aceh’

== Anti-k reconstruction prior to a background subtraction.

== Underlying event estimated for each longitudinal layer and n slice separately.

max

We exclude jets with D= ETtower/<ETt0wer>>4 to avoid biasing subtraction
from jets but no jet rejection based on D.

lteration step to exclude jets with E_> 50 GeV from background estimation.

Jets corrected for flow contribution.
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Bdclégroana/ S aéZ‘rdC’/Z‘/on / JeZ‘ energy
corrections (CM §>

PF pseudo-tower  a) Event-by-event subtraction of the heavy-ion
background

0.087 (barrel)
< >

- - Reconstructed particles towered into an (N,) grid according to

HCAL cell dimensions

' * Mean tower energy and dispersion are calculated for each n strip

v| ko .l * Same iterative background subtraction applied in [0], described in [I]
! * Random cone studies: good agreement between background
fluctuations in data and HYDJET simulations
* The effect of quenching on the energy scale is constrained using the
N strip jet associated charged particle spectra

b) Jet energy corrections (JEC) based on GEANT
simulation of PYTHIA jets

c) Validation of the BG subtraction + JEC for PYTHIA
g jets embedded in HYDJET

0.087 (barrel)

[0] CMS, arXivi1102.1957
[1] Kodolova et al., EPJC 50 (2007) 117
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¢ jef ?L(ehd/’[/nﬁ Vg [T é(re/y/enﬁf wz‘i/'/
£t/ /y recConstraced JeZﬂS
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JeZ‘ ’( Centra/ —-Per//?/?era/( 6O-S0% )

Krp i Sinvular as Ky, bed denorinador are not y/e/a/é £ror
proZ‘on —p/‘ofon AL(Z £ o per/p/zera/ heav}/—-/‘on Clo/ /. 1S10NnS

0-4| 0'2| MeasureSinglejetSUppreSSion
of ] of o ] . . . .
o | ATLAS Preliminary FPb+Pb s, =276 TeV & | ATLAS Preliminary Po+Pb s, =276 TeV with multiple jet sizes
. m ; . ; 1.5 T I T I T I lllllllll
T 15 antik R=04 [rae=7u * ISP ik A=02  [Lar=7u | il T tnis 2 b
s A R i ! ) 1 L gme:;z_z —— NLO + med. effects, R=0.2
| T ARt e = == R ] . 7
¥ = L ' 1 o F pr =0 entral Pb+Pb 4
:*:* i 1 = 075~ - —
0.5 vt i LS Y y g r \——-.—_“_‘__‘;_______z______;__:;___;__ _____
50 - 60 % [ 50 - 60 % Y RS T S e il
obov o b by b by b b Py 0] S T Y Y N N I A O OZSL """""""" ]
oL LI L L L L L L L L BB B I AFTTTTT T T T T T T T T T T T T T ) SRS S R R S R
M TR S S S SN S S ——— P WF::%’LSANM — NLOmod ofecs a0 |
s ] (0. B . -l " — NLO -+ med. offects, R=0.4 ]
0.5 I ] _ No nuclear effect —  NLO + med. effects, R = 0.2
30 - 40 % ; s ' ___ §
ok b bv boa b b b b a 144 Ot 55075— "':::’:"—”-::::::::
0 LA L L L L B BB B IR 1F -—n:gos— E:_.;;————:—— _____
P S S S T S = - —— 0.5 : oxsf = .
RS o ] L Omeq =2 LHC s =276 TeV 4
10'20°A) L 10'200/0 i 0 1 | 1 | 1
3 ‘ ‘ ‘ ‘ ‘ ‘ ‘ | 1 0 50 100 150 200
ok b o b b b b b 10 O =S T S A E, [GeV]
AT T T T T T T T T R 8| LI L L L L L I BB B B L U I _
: ] He, Vitev, and Zhang hep-ph/1105.2566
05,4-0—0— ...... . ] 05"\..:._._ T T Y TP I yrvY SrPIIEEETITe” eI RO - . I . D
0-10 % : 0-10% : Note: Fla. N
(o] S R I A W N WS N ok Lo b o o b b L [0
40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200 contrast Zo '< AA of’
p_[GeV] p. [GeV]
T hadrons
—— T | —— S—"

Kep~ 0.8 =2 Suppression — jets /ooSe enerqy in most central events
— 2he radiation 1s not caplured eontfun Zhe Jef cone ()
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with multiple jet sizes

1F | | |
89< p_ <103 GeV
T e ® —
(Y R e TTrTTen, Arvvreee oo SOOI

T

Centra/ even?s

2r .
- ATLAS Preliminary Pb+Pb\'s, =2.76 TeV
5F0-10 % Centrality

(CP o Jefé

Measure single jet suppression

Suppression pattlern as

A fuunction of Cenfrd/ /Z(y

o -
« 0.9
0.8F
0.7F
0.6F
0.5F
0.4F
0.3F
0.2F
0.1

%AS Prellmmary
L J

llllIlllllllllllllllllllllllllllllllllllllllllll

- anti-k, R=0.4

E 50 <p_<58GeV

| FYET FYET IR PYOTY PP PYOT Frei ivem |
L) LN LY LR LLLEY LALLY LLLES RLLLY LLLL) LA

wloo b lon bbb bbby

67 <p,< 77 GeV

@ 0.9F
0.8F
0.7F
0.6F
0.5F
04F
0.3F
0.2F

0.1F

= 89 <p, <103 GeV

Y1 FETT FYET1 AT PYTE FYOT1 POTT1 IYTT1 FOOT I T

T T T T T T T T T
1 1 1 1 1 1 1 1 1

- 119 <p_<137 GeV

T T T T T T T T YT
Lk AR R LA LLAAH LALES RAL RAA |

n

Pb+Pby's,, =2.76 TeV
Ldt=7ub"
158 <p. < 182 GeV

PRI FETRIRTETY ARRTY AYRTE ARATA FRTRY FRTT1 AT ATP

0

!

50 100 150 200 250 300 350

(N o

part’

0 50 100 150 200 250 300 350 0

)

50 100 150 200 250 300 350

(N

part

Peripheral

(See Adclééz/?>

Certral

Note: KAA o A IC also /arge/y belowo an/‘z‘y...



108
Suppression as a function of K

(\ID_ 2_! | | | | | ]
06:0 - Pb+Pb\'s,, =2.76 TeV 0-10% -
b 1.8:—det=mb'1 -
o - SR * =03 -
ee i ; "R=04 -

: . + + IIIIII ' ...... * =05
TR T
S b IR St 6 AN I A

e I S T | B2 3 -

Fr to4 ]— —

- ATLAS Preliminary -

“®40 50 60 70 100 200

p_[GeV]

E—
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Pb-Pb |s,=2.76 TeV
o
= Centrality [__] correlated error
D_D:<E e 0-10% [ shape uncertainty
= 10-30%
1- s 30-50% atee M
v 50-80% PRELIMINARY

o E!H!EEI

!

Charged Jets
Anti-k R = 0.3
p'ack > 0.15 GeV/c
L T R T T TN T A NP
10 20 30 40 50 60 70 80 90 100 110

P, (GeV/c)

NOTE: 5}/‘5 lematicall (v different

meaSurenent — Sare effectd Fowund!

JeZ‘ ?aenc’//ﬁng a)/Z‘/l C’//?a/‘gea/ JefS -
ALTICE

< | Pb-Pb \s,,=2.76 TeV
<

o i % Centrality 0-10%
i [[#7] ALICE Charged Jet
= ALICE 9

PRELIMINARY A PYTHIA+JEWEL

Anti-k, R = 0.2
p:’ac" >0.15 GeV/c

Pyth

107+

30 40 50 60 70 80 90 100 110

p, (GeV/c)

Mode! tenned on hadrorn FHAA
- reproa/L(Ce\S J'eZ‘ KA A
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JeZ‘ ?aenc’//ﬁng w/‘Z‘/l Clhal‘gea/ JefS -
ALTICE

4 not her oééer\/aé/ e ( alio of x—Seclions:
@/(2 where KL A2

2
) —
- . 18— Pb-Pb \s, =2.76 TeV * PbPb 0-10%
o Proton-prolon @ 2.76 TV (:I:I',) 1 : %% Y PbPb 50-80%
?; 1 Ratio of jet cross-sections D‘: 16 - ALICE 4+ Pythia
c — -
Do N 1.4 C ERELOMINMRX
§ - -
N 0.6 Il -
E:b’ E . " | D: 1=
04 pe- | | 08
_ . — —
L ant -kT — e
02 B —I-— ALICE pp Vs = 2.76 TeV 08 —
o [ Systematic uncertainty 0.4 - Charged Jets
- . EIBH-:I.I\-IBadronization (G. Soyez) 0.2 — I:I correlated error Anti-k ,
02— NLO (G. Soyez) . shape uncertain rack 5 g
° 2: PR@LIEE&HERY N 1O (G. Soyez) 0 - L1 q L " |P'E L rtﬂl I:'.Ill [ R |Fl L :='|t:I 1|5 G'IE'L‘HIT [
o4l 1L L L ] 0 20 40 B0 80 100
20 0 60 80 100 120
) P, (GeV/c) pt (GEV! C)
\
e — B
NOTE: Systemadically different Ratio R=0.2/R=0.3 consistent with vacuum jets
reaSirement — Same effect Lovnd! for peripheral and central collisions

T — B
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Note ( Aac(/ap>-‘ No de —-cOrré\yaz‘/on a/so Seen

Z.Y/C 2 D UeZ‘ aS y/)’lMeZ(/‘y

% E [GeV]

“ Calorimeter
» g Towers
»

;5_ 40-100% %

z e

© T 3
8 z

< =

0 0.2

06 0.2 04

0.6

08

ATLAS

1514004
Date 2000-14-12
Time: 04:11:44 CET

Em

(1/N_ ) dN/dA
ovt

)

_ETI_ETZ

A,=
" EntEL,

7, d[‘h/‘hﬁ : /‘4/ IS Sensitive Zo

Aackgroana/ fluctudadions!

" 10-20%

Need proper Crealment in the data.

- 4
S s, =2.76 TeV 0-10% |
> \0““ ATLAS
- Pb+Pb‘
ZS +L~ =1. 7}lb 4

0.2 0.6 0.8

§Z‘ron9 /méa/ canie ﬁaz‘ /\/ 0 a/e —COrre/df 1O Aeyona/ a)/?df eXpecZ‘ea/ rn or p p CQSe( I

) dNn‘dAO

ol

(1/N

—

) dN/dAo

(1/N

-

il

2K
=2

) dN/dAO

evt

(1/N

—
o

10°

—Tg

& RATICTPHENTIR TR Coetlu; also
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CMS - ?adnf/‘f y/nﬂ Zhe di :—/eZ‘

as yMMeZ‘ ry

06 - T [ rrr [ r T T T 1T 1 | LI LI | LI | LI | LI T LI I LI I UL I UL I LI I LILLE
0.55F(@) F(b) p,,> 120 GeV/c ) cus ® PbPb\s,=276TeV
05F k3 P, >50 GeVle I fracerw ¥ PR E
C I 2 I B embedded PYTHIA N
C ¥ Ag, >5m ¥
A_O40F Ed E3 E
= : ¥ - mR
o 04r El T T o E
AC\L C I M ® 1 l N = 1
o~ 0.35F mn + + JL * + .0, ) ) =
I - L ® + Uy (I [
F 03F :E $ L —+ = I B
L vt T * i : i
- + N
Viooosg - ¥ oo AR 8- K oo £ k- F- Foooo Fo-o- 2
0.2F T + 3
o5k 30-100% 3 10-30% § 0-10% ]
0.1:|||||||||||||||||||||||::|||||||||||||||||||||||::|||||||||||||||||||||||:
120 140 160 180 200 220 140 160 180 200 220 140 160 180 200 220
Leading Jet P, (GeV/c)

The fractional imbalance:

- grows with collision centrality and reaches a much larger value than in PYTHIA or PYTHIA+DATA

- clearly visible even for the highest-pT jets observed in the data set

- the pT,1 dependence of the excess imbalance is compatible with either a constant difference or a constant fraction

of pT,1.
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dr -:/'eZ‘ aAS ymmefry . w/msre does Z‘/’le
energy 30 7

I\/IiSSing pT”: "|[|‘ — E _p}"rack COS (QbTrack — PLeading ]et)

Tracks
0-30% Central PbPb . :
S T Calculate missing p+ in
[ CMs 0-30% -
o}, PP Bm2ToTev _- ranges of track p-:
L fl.dt=6.7ub“ ; 1 | excess away - -
201_ = —— |from leading jet ® >05GeV/ic
S I 0.5-1.0 GeV/c
S == 1.0- 2.0 GeV/c
_e._- 2.0-4.0 GeV/c
201 excess towards [ 4.0-8.0 GeV/e
ol 1| leading jet [ >8.0 GeV/e
:I L1 1 I L1 1 1 I 11 1 1 I 11 1 I 11 1 l- L
0.1 0.2 0.3 0.4
7 Ay N _
balanced jets unbalanced jets %@mm@

7773 Momen’é‘a/y/ a///’ rﬂ erencCe

balanced by low-p7 particles
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a//‘ -Z'/ez( aS yMMeZ‘I‘y . Ld/?c.‘if‘@ d oS Z(/7€
enerﬁy 30 7

0-30% Central PbPb NN

AN
,I LI I L I L L | I LI L I LI I-- """"""""" --I LI I 1T 1T 1 I llllllllllllll i
1 “ 0-30% | @ >05GeVk In-Cone | Out-of-Cone -
i Pb+Pb \'s,=2.76 TeV T [] 0.5-1.0 GeV/c AR<0.8 L
40 fL dt=6.7 ub” i ] [CJ1.0-2.0GeVic I AR<0.8
: + [CJ20-4.0Gevic + v
I . f [ 4.0-8.0 GeV/c .
< 20? ; " T I >8.0GeV/c T
S of ' REmm
x |
|
=20+
a0k _ N
: arXiv:1102.1957 [nucl-ex]
hIIIIIIIIIIIIIIIIIIII |||||||||||||||||||||||||||||||| IIIIIIIIIIIIIIIIIIII-
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
] Ay \ . A, A,
balanced jets unbalanced jets

The low-p7 pardicles ’ Aa/ancing " Yhe [ost
enerqy appear a /. arge dng/ esS wrt recoil/ Jez‘
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05:0 pp\@=2.76Tev,det=231 ' 1 Pp,>30GeVic
~L T 2
- —+ Ap >&m
O
: PYTHIA+HYDJET 50-100% ] 03
O e b b b b e b e e e e
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Same rale — constant offset over 200 72V in yoa
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Modi£ied JeZ‘ £ rdﬁﬂ?enfaf 1O
— an expeclalion from Jez‘ ?aenc/w‘ng

5 — ln(Ejet/phadron)

LEP 7 S.
N e Data Shown Jet vector

in vacuum, E;;=100 Ge ,
---- in medium, Ej,=100 GeV

>‘ Jet quenching

“hump-back
plateau”
projection

N = O

hadron

N 6 EJZIII(EJet/ phadron)

..

%:9/7 morment U, Low momentin

Ahadrons Ahadrons
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JeZ‘ £) raﬁmenZ‘QZ‘/on 117 Y/ed\/}/ -

-l

% w@\i@&; /‘O/’? CO/ / 1‘5 /‘Ol’?\s

3
10 CMS Preliminary anti-k (R=0.3) PFlow Jets with PU Tracks in cone (AR < 0.3) O Leading jet 1
= 5 — - - pp reference h
102 f Ldt=7.2ub P5100 eV, p%40 GeVic p,>4 GeVic o Subleading jt
10 k- PPoPbVs,, =276 TeV .
Ap > 2/3n —— pp reference
A o - o o T @ 1 0_' —c L 0_' -
o ~ — ). I O . I 'g
©r ® o, = O]
Q ‘ ' '? : | | o | ?
Hed t-1
0.13<A <0.24 ; 0.24<A <0.35 ; 0.35<A <0.70
3F ' j | . i
. [o]Leading Jet |
2.5F e Subleading Jet-
Q f 5
O 2r It .
~ X
O [ | fo} + ]
O 1.5¢ % + $ ® + .
O X ]
B | + O |
o i .Aii_q»_:g—.._____ T U I t - - o -é--- L= e---%—o0l__ -
1 E = — ¢ F 194 Fs o= - =l =1+
I o 2le]e 8 + % [ers %T T ®ois(ol° + b $IQ1e 5 ]
0.5F + ' | .
ot

0051152J2533544‘0051152J2533544‘0051152f533544‘0051152f5335445
et et et et

E ( Track ) E ( Track ) % ( Track ) E ( Track )

CMS observation: ﬁaﬁmenfaf ron of JeZ‘S thad /ost enerqy Cons 1Slent eonth J'ez‘
£ ragmenz‘az‘ 10n 1h proton-prolon (vacceenr) — Sinnlar observalions Ay ATLAS
- a ?ae\SZ‘/‘on ' 1S Zhe pdﬁZ‘ 1C/e Compos 1lion of the J'eZ‘ rrodifled?



118

1/N, 171 dN/dj_[(GeVic)?]

77‘@/75 ve,rse JeZ‘ SCrecture:

J*f rmeasSurenents £rony A2/, asS

o E; ,>100 GeV
— ... O R = 04, 0-10%, pT>2 GeV
10 o o R = 0.4, 40-80%, p>2 GeV
= >
B Qg
1 %
= U
- 8
- e,
107 eg:&:
- &=
- ==
| ATLAS Preliminary
10” EPp+Pb\/sy= 2.76 TeV ©
- I—int=7 Mb-1 g
Lo b b b b b b b b

 Measure distribution of fragment pt normal to
jet axis: jr = p?sin AR = pi?9 sin \/ An? + A¢2)

— Compare central (0-10%) to peripheral (60-80%)
=No substantial broadening observed.
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TIrterna/ CormposS 1lion of >//I J'efé .
proton/pion ratio ewilfnn a et

Pb-Pb, \'s,, = 2.76TeV, 0-10% central

t

280003 _
O +$ 14__ Bulk Ratio (-0.52 < A¢ < 0.52,1£0.6 < An <+1.5)
27000 ®OTH .
= ~ Peak - Bulk Ratio (-0.52 <A¢ < 0.52,-04 < <0.4)
@ [ ALICE [e] a e
26000 & . B PRELIMINARY Pythl (Pe ok - Bulk Raﬂo)
55000 1:— 5.0<p,,. <10.0GeVic
24000 0.8
23000 0.6/
22000 0.4:—
21000 0.0l
- 0 1 e S 4 F | | | | | | |
Ad, {rad\ 0 llllllllllllllllllllllllllll
1 1.5 2 2.5 3 3.5 4 4.5
A(I) P assoc (GeV/c)

“n 'h i'ez aegg ( fmgmenzaz;on> consistent with PYTHTA

No eVidence of medicunr—induced »odification Note: consistent eoth

Caetlion: P /I}/‘S 1CS evolVes I‘@P/‘a// y wlf/’l p’f’ 2 f/’[/‘S /‘83/0/7 ( 4 4 o /7’3 /7 __p.f- — Siow /d/‘
pﬁ,,'ﬂ =) frdgﬂ?enz‘dzl/on 5/&6 Zo al/ \Specfeé

(RYTCEL/C)
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Pholorn— e

Note: p/}ofoné evaecfea/ o proée ZAe
Ciomp/ ole 3@0/)7@2‘/}/ " of Ahe medicrt

A E)O ( .7> => no " surface bias”
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Direct photork —jet) measurertent

Su per Clusters Signal like / to ee Anti-kT 0.3
spike rejection Orn<0.01 5| eg‘g;ifgﬁﬁgctﬁgn 5 pile-up subtracted
Paseig e plhoier 0 et | Jet candidates [n[<1.6
Photonisolation
i Elect jecti
mergyconection | [ S s }
1-3%
) Selected Jet
Shower shape Leading Cluster candidates
Background like Shower shape <l i
0.011<0,;<0.01 l Signal like l R 03 e to eading photon
0n<0.01
Photon Candidates Selected Jet

Photon Candidates- AllJet

|Ag| > 711/8 /\Event Mixing

Photon Candidates- All Jet Photon-Jetcorrelationsin
. Signalregion MIXED events
Purity
Determination \ 2
Photon-All Jet
Dijet Background subtraction Slgnal regiOn Ph Oto n_JEt

Final result

4 V] eXper/MenZ‘a/ C/IQI‘Z‘ ... oF Z‘/}e efFe orz“( ! >



- D/‘recf p/?o’é‘on( -:/eZ‘ > MRS é(re/y/enZ‘

Signal photon-jet Background from dijet Contribution from
uncorrelated multiple
interaction/fake

. A Jet f A Jet A Jet

o > (b) \ s, =2.76TeV
, Jet
AL MW Ay St IL dt=150ub”
& N & A “ﬂ . Data ’ cf.Slide 13
g 30% - 50%
Photon Background photon  Photon ’ ’
from jet
B

Background Photon-Jet

Background Photon-UE
Combinatorics

Photon-UE
Combinatorics

Estimated from event mixing
method using minimum-bias

__—" data

Signalregion
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peripheral |

eVenls

0.65
0.6

p AOZ(O/?( A £=0) —J‘eﬁ AE>D)

The asymmetry ratio x;, = pr]re t/ p+. is used to quantify the photon+jet momentum imbalance.

L

= ppData 1 (® o PoPbData 1
1 PYTHIA + HYDJET 1

30% - 50% §

L e e e L
\S\=2.76 TeV CMSI

Ldt=150ub”

0% -6% ;

UCIRDT/PS S 9/4/2%/29 3L/ gu'r ccvd
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Solanat+Milarno: Z‘Q/KS @ >l/ara/ Proéeé 2012 .T1

N,
o
©
1
1
o
)

18 f - sk
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[ _ . - i -
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| /’ N - ‘l
14 ;e A i
i vd o T4r s
=8 12F / - 0.7 =
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o - 0-20% centrality ~ i
06 | °

’
/ 1
!
/ 1 | -
/
s / - - |
o4F g - M i [ PYTHIA+HYDJET [CMS]
5 /'I 7] 0.4 05 eeeeees parametrization
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02 F / 1 -

14 180 <py ; <220 GeV | 02 | ghat = 17 GeVA2/fm \

R T S T ST | T T T I S SR R
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all jet components accumulate transverse momentum
(k1) ~ /4L

early availability of soft modes
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an

dx

1

N events
o

] PbPb

[#dijets/#leading jet

A rmode/ c/eécr/‘éfnﬁ 2he FIrst measwuresents Calll >E

--------------------

® 180 < pr . <220 GeV |

O
...................... | ‘
........
........... - )
D...El.mm'm ) t f
83 A ) E
| et |
°11
PYTHI JET | ]
param |
PbPb .
: A2/fi ‘(

i/ano: Hard Probes 2012 ~T1

More in development - this is a representative...

but working extremely well!

...much to learn about jet quenching...

N . “1 //’ n=
: e, 000705 10 1.5 20 25 30 35
“““““““““““““““““““ 00.°015:%1gm£_~12 §=logl/z
P e e
all jet components accumulate transverse momentum
(k1) ~ /4L

early availability of soft modes

w W
TNk—Q —><7'>N -
Log2yegr V4
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SUPIMA SUMMIC) LU

- %3h energy heaty—ion collisions: Yot and dense ( opagite Zo /7/:9/1 —enerqy partons ) ?aaré-—
3/aon /ﬁ/ asMAa

- Yadron Speclra SuUppressed (both at R IC and LHC) 5 Correlations of” Aadrons ( proxies
for 2-2 Jel process ) consistent with et ?aench/ng

- ﬁ(//y reconstrected J'ef S SuUppressed ( pTdependenCe of the SuUppression pattersn
different than For hadrons) - constant Fractional enerqy Joss (7)) => Up Co /7{9/7&6% J'ef
energfeé measwured (RHTC & L/C)

- T he observed J'eis consistent with wunmodified (vacewn?) £ ragmenz‘az‘/on Ceorthiin 2he
cetrrent eXper/menZ‘a/ assesSrent >)‘ 7T he radiated enerqy " recovered’ at /arﬂe ang/e\s eort JeZ‘

axrs

- AH/so: no indication fFor particle T e Composilion ( »/plon et &) modifications of
/7/3/7 4 7 (/.eZ‘S

- Sipilar Co Jel—jet, the photon— et correlddions do NOT show de-correl/adion éeyono/
p-p casSe (recoi/ et a/lso with wunmodified £ raﬁmenZ‘aZ‘ on)

Check the extra slides for more...
RHIC jet results and examples of
other observables (correlations)

- Mode/s ex/ﬁ/cz/n/‘ng Zhe p/?@/?omena Ae/nﬁ put Fforeard. from LHC...

| — ———
Do we wunderstand e\/eryz‘h/‘nﬁ aboett J'ei fae_nc///ng ard cohat /Z(//y reconstructed J'ei observables tell ws?
NO/! But roe /learned a/recza/y a /ot... and ZhHis Is JL(SZ‘ a 3000/ 533//7/7//73 !

R
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4/40@}/5 ﬁooa/ Zo ask: WAhdtd IS rnext?

IM/ﬁ/‘O\/e control of ¢ e JeZ‘ recConstruction in >//IC - s¢///
/‘MP/‘O\/QMQI‘)iS POSS 1ble (less biases , other observables ) —
concept wal, /y different agpproaches in Ma,é/nﬁ...

Neeo oééeﬁVdA/eS? %/ao/ron—ljezt eZ‘c)' ( les for 24141 even?s?
Strecture of the JeZ‘ coith 1mproved /oa)—-p'f'reSO/az‘/on? (seb-

Correlation of jets with Che " sof?” Aacéﬁroana/ and ot her
observables? (low,/intermediate —pfhadron correladions — Zake
a look a the extra slides...) Look at the extra slides!

I —

%eavy—-rp Javor JefS 7 and therr correladions?

fnerﬂy —evolulion of Jef ?aench/nﬂ — more Co learn? Y//:g/?er
energy ( L>//C> ... ( %/IC s¢i// wor,é/nﬂ on J'eZ‘S ! L/ar/oas colliSion
SYSters...

JJworth to look forward to...
Your ideas can make a difference!
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Keoferences Cand refrs therein! )

® |et reconstruction (p-p and HIC), algorithms etc - FastJet : http://fastjet.fr/about.html
® PHENIX results: http://www.phenix.bnl.gov/results.html
® STAR results: http://drupal.star.bnl.gov/STAR/publications

® ALICE results: http://aliceinfo.cern.ch/ArtSubmission/publications

® ATLAS HlI results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults

® CMS HiI results: http://cms.web.cern.ch/org/cms-papers-and-results

® Opverview of first LHC results: Mueller, Wysloluch, Schuckraft: http://arxiv.org/abs/1202.3233

® Hard Probes 2012 conference:

® http://agenda.infn.it/conferenceOtherViews.py?view=standard&confld=4157


http://aliceinfo.cern.ch/ArtSubmission/publications
http://aliceinfo.cern.ch/ArtSubmission/publications
http://cms.web.cern.ch/org/cms-papers-and-results
http://cms.web.cern.ch/org/cms-papers-and-results
http://agenda.infn.it/conferenceOtherViews.py?view=standard&confId=4157
http://agenda.infn.it/conferenceOtherViews.py?view=standard&confId=4157
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Extra Slides

g D/a/ not £1t for ¢ IMe FeaSons Aé(f

a/So re/e\/anz(( ! > Ma,ée Sufre oLl go
Z‘/7roa3/7 Zhese as well.
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@ CD ﬂermoa/ynam/cxf —
calcu/adion

QCD on the lattice (ug=0)

Slow convergence to non-interacting Steffan-Boltzmann limit
Degrees of freedom? Note: In more recent calc. dlfference stlll persists.

16 B ) —]
T
JU 4 €sp
€ 14 ‘£=%gDOFT 1
4 — —
T 124 ﬁ%i%

10

%%
.-
8 L 3f|avor
vor
6 + “2+1-flavor® X
O flavor

Cross-over, not sharp phase transition
(like ionization of atomic plasma) i
i Tive
0

O 600

L — —————




Partdicle detection

Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
[ Transition

Radiation
Tracking Tracker

Pixel/SCT
detector

' Proton

The dashed tracks
are invisible to
the detector

> AT1 AC

g RN BmN AW

2 CYPEDIMENT

http://atlas.ch

-
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ALICE Glauber Monte Carlo

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

s000- Glauber Monte Carlo: Pb-Pb at\ s, = =276 TeV ° 3

-2?3‘&

* Glauber model: geometrical picture of AA collision

« Straight-line nucleon trajectories

* N-N cross—section independent of the number of
collisions the nucleons have undergone before

% 2 4 8 & 10 12 14 1w w2

Impact parameter [fm]

A VAP SAALMAA A 3¢ Nuclear density profile: Woods—Saxon (2pF)

Glaubef Monte Carlo: Pb-Pb at\ s, =2.76 TeV 0 - il

B 0-5% B 30-40% ' (r)= '

£95-10% £40-50% ALICE | P P,

. 10-20% [ 50-60% r-R
10° B 60.70% . 1+exp

— 80_0'8090% ALICE Perlormancef

B 90-100% 100572011

- Radius=6.62+0.06fm
- skin depth=0.546+0.01fm
- Intra-nucleon distance=0.4+0.4fm

It Nucleon-Nucleon inelastic cross section
oNN=64iS mb at 2.76 TeV

10

N. of Participant

e Estimate uncertainty by varying model
assumptions
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lllIllllIllIlllIllll

(AN /ar)(O5(N_ )

P /c/ e ma/ Z‘/p/ /CL/Z‘y & CenZ‘ra/ /‘Z‘y

O NSD SppS S 0.153
8?, NSD RUIC 0.75s
“ pp NSD FNAL ... .

PP NeD LHG 0.78InVs - 0.4 1t
AuAu AGS -==- 0.808"'"
PbPb SPS
AuAu RHIC average et
PbPb ALICE (shifted) A
PbPb ATLAS (shifted) L’
PbPb CMS (shifted) Lot
PbPb LHC average P

O4r o+

10 10? 10°,
Centre of mass energy \'s,, (GeV)

—h

dN/dv) scales faster than pp

Trend predicted by some saturation
model

Excellent agreement with LHC
experiments

Energy density x t, = 3 x RHIC

dEr/dn 3 dNeh/dn
£ > = —(E+/N
— 19 TR? 2< r/N) To TR?

(chh/d'n)/(O.S(Nparl?)

» o o

H
°I_llIIIIIIIIIJ--I_>I_.IIIIIIIIII

\\\\\

W
Wy
W
wh
Wy
|||||||
e
L
e
o

\\\\\\

LHC PbPb 2.76 TeV
®  RHIC AuAu 200 GeV x 2.14
¥ pplnel 2.76 TeV

A pp Inel 200 GeV x 2.14

------------ DPMJET Il
—— HIING 2.0 (sg=0.23)

', e
",
o,
2
.,
‘s
“a
”

‘,
,
,
s,
.
‘,

-=== Albacete et al.

PR S T SR WA N N ST ST SR R S S S T |
100 200 300 400
Number of participants ( N, "

Scaling similar to RHIC:

« Contribution of hard processes
(N, scaling)?

Classes of models

« Saturation

« 2 components (hard/soft)

=»models incorporating moderation

of multiplicity (shadowing/saturation)

favoured
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g More on oo —-pal‘z(/c’// e Clorre/ aZ‘ 1ONS
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Sens /Z‘/\//fy of parfic/ e Correlalions

o different cnder/ }/"’73 ﬁ/lyS 1S

. . t o an_ -10%
Two-particle correlations Py 34, pp 2:2.5, 0-10% @

- conditional [per-trigger] yields

1 dNa,ssoc 1 dQNa,SSOC
and

1.05

Hydrodynamics, flow |
At High-p;:

Quenching/suppression,
broadening

C(Ad, An)

ICP‘ Yields in central v.s. peripheral
collisions

| ,5: Yields in A-A compared to p-p
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Beyona/ V2

Aigher moments - 2 fluctudtions / hotspots

Single event!
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0.1

0.05

%//:9/7;9/‘ Acrrorncs — meaSured

Alver, Gombeaud, Luzum & Ollitrault, Phys. Rev. C82 034813 (2010)
[ v, Glauber n/s=0.08

— ..V, CGC 1}/5=0.16

ALICE
& V2{2, An > 1}

Vo{2, An > 1}

V{2, An>1}

v,{4}

VWF!P

100 x vg,q,g

+ @ [ ¥ H

L1 1 ! | | ;.‘I | | | I'I | | | I.I | | | I.I | | L1 1 1 | | ] O | |*.I' I — |

0 10 20 30 40 50 60 70 80

0.3}

centrality percentile
- Centrality 30-40% Model: Schenke et al, hydro,

o V.{2} i .

. Vi{g} full- | An| > 0.2 Glauber init. conditions
™ v4{2} open:|An|>10 .-

+ =

Alver, Roland, 2010

vV, - triangular flow :

- weak centrality dependence
- vanishes as expected when
measured w.r.t. reaction plane

Similar pT dependence for all v,

Higher harmonics - additional
constraints on n/s

n/s small, similar as at RHIC

e
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<

ratio

p‘T < 4 GeV/c OPI:‘)II;F 2.76 TeV
p2<25GeVic 1~
LA
1.05-
1_ =
Fb-Fb 2.76 TeV, 0-2% central
2 < p! <2.5GeVic
1.015— T
** 1.5 <p; <2 GeVic
1.01— 4_ * 0.8 <|An| < 1.8
1.005 ¢}
~ N N i W e
RN G o TR
A *“"’ i N
0.9951% i A
* ¢ L
% ol
0.99 yiindf=33.37 35
1.002f ] EREAERE
¥ '
1
0.998 | | | ,ﬂ
0 2 4
A [rad]

72)0 —per(I‘C/ e correl alions -

Fourier decomposition

Integration of the correlation function in
0.8 < |An| < 1.8 (long) and Fourier decomposition
Collective flow: the coefficients factorize V_,=v (p;')v,.(p;")
1 Anmax
C(49)= Aﬂmax—ﬁnmmf"”mm C( i, 49)~1+20 ¥ oyc05(n49)
Pair-wise coefficients

0.35+ . 5F 5
& Centrality | - Centrality
0.3+ — 0-2% ——40-50%
4__
0.25+ 2<p. <2.5GeVic ——20-30%
[#] 1.5 <p2 <2 GeVic 3 e 10-20%
— 1 — -1 — o
£ 02 T 2:10%
=015.| = 1 ~—0-2%
> = 2 - N 2 <p! <2.5GeVic
0.1 1 1.5<p* <2 GeVic
0.05-F T
0 g 0{=8= Y L ——
N A
n n

Few components describe the low-pT correlations
< Strong near side ridge and double-peak on the away
& Also recoil jet up to p,'"e>8 & p,@*°°¢ 6-8 in central
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Correlcddions & hydrodynam/‘CS .

Long range correlations — collective flow: the coefficients must factorize such that:

VnA:<COS[n(¢trig_¢assoc (Ptrig_syn ><COS[I’I ¢assoc_SUn > (p?”lg) "( D*aSSOC)
arX|lvl. 1_1 09.2501

)={cos|n

Global fit S.P. (CERN-PH-EP-2011-073) e % Icl'eln;r;|lit; ('_]_'1;/0,' |.l1|l<lol_3l | _:
08<An|<1.8  1.0<|An| <16 S o lAni>1 :
8- 30-40% 1.008 B Vsga o2, 1AN > 1}
0.25— Pb-Pb 3 1.006 |
276TeV g€ ¥ o ; * 5P 0-2% i : ~\1 C (ACI) 1+Zv cos A(I)j
0.2 " +. 1.004 | )l a—— - A
= -+-5P3{'.I-4ﬁ% B
=015+ ¢ o : 1.002
S ort [ ©
% -
>
0.05 ." . E 0.998
A —1-" B Dralirmmim=es
e - * am1  oo%
e l 0.994
: I : I : : : : : Igtati:sticl-al e:rrur iﬂnl'{f : 0.992 fl I
0 1 2 3 4 S 6 7 8

P, {GeVic) PRL, 107, 032301 (2011)  A¢ (rad.)

Global fits show:

- Collective flow dominates to about 3-4 GeV/c for all n>1

- Description breaks for high pT or peripheral collisions

- For low pT: double peak and ridge structures seen in two particle correlations are
naturally explained by measured anisotropic flow coefficients
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Jet—riedittrr—F7oww cOap/ //73

\//d Z‘wo parz‘/c/ e CO/‘re/ aZ‘ /‘on\S .7

data points:
0.9 STAR preliminary
Vacuum Static medium: Flowing medium: 0.8 _ An rms
(reference) Broadening Anisotropic shape 0.7 ] A
+ \ +
Q.5 —
0al i # +
0.3 —Ii + + + /l
o _ A, Near o
i o by
g Agp rms
> : @ Near o, ¥
05106 200 300 400 500 800 . 700
dN_ /d)
T — T
N. Armesto, C. Salgado, U. Wiedemann: PRL 93,242301 (2004)
Measuring the Collective Flow with Jets ———

[PRL 93,242301 (2004)]

=> [YC? - more Jefé -+

§omew/7@f mMore £7 / OLo...

T——



142 wider /pea,é in central collisions

Je e -‘pe@é S /7@98 Peripheral and p-p Sirular shape
Sz‘ronﬁ P77 dependence

e\/o/ L(Z(/‘OI? — /‘hZ(el‘M@a//dZ(e 77”
=2 Characterize the peak

0-10% 60-70% op

>
=

>
2 GeVic < Pririg <3 GeVic 2 GeVic < - < 3 GeVic 2 GeVic < Priia < 3 GeVic
2 < pT,trlg < 3 G eV - 1 GeVic < Pr assoc < 2 GeVic 1 GeVic < P! assoc < 2 GeVlic % / 1GeVic < Py ssoc <2 GeVic
1< p T assoc< 2 G eV ) ' PJ?LEE&ERY I R 2|nT|6<Ter o 3 05 "“'?LI;EIEERV. | i Ziﬁffﬁi . 5 051 -pR@LI;EgERY . anTZ 2;2\[
% :—i o.4—§ ‘i'i;_ 0:42 e e
3 Jm’.ﬂ' AN \\ N N . 3 0-25 . e ' I" ‘\ e : . 3 7 e " "“ e
Eg ;ﬂ%‘ii}&'l’;‘\"‘{;\&‘\\\&\ S Eé 0.1 | //'f"';"“\\‘\\\\\ A Eé 0'25 e /i ‘\\\\\ :
z. : i ""[4‘(0'}'\'0“\“\'&\\\‘:{‘\\\ oo z 0.0 v | 'A'A“.‘A\‘\“ - . z o1y ol Ah‘\\\\‘“
2 (AL A 2 i v _ 2
£ 15 i ‘ ) £ s SSRR =
\]//1.00.5 - \1,}1.00.5 \ . L =
R 5 a0 ;&"Uad.\ AT] ! o 08 ;L'QOUBA.\

1.5
1.0
0.5 4
0.5 00 A @

1.5 410 A(P 45 4 10 ACP T 4510 A(p

4 GeVic < Prurig < 8 GeV/c 4 GeVic < Pririg < 8 GeVic 4 GeVic < Pl g < 8 GeV/c
/ 2GeVic<p < 3 GeVic % 2 GeVic<p < 3 GeVic % 2GeVic<p < 3 GeVic
Tassoc Tassoc Tassac

ALICE | Pb-Pb2.76 Tev 0-10% ALICE Pb-Pb 2.76 TeV 60-70% ALICE L pp 2.76 TeV

P

;:. 10_: PRELIMINRRY ml < 0.9 ; 10{ PRELIMINFII?‘.(. Ml < 0.9 ;“' 1 PRELI.MINHR‘( ’ Il < 0.9
£ o8} s ' £ o.s]
§ 0.6—;-- § E .
v E 04 ! ‘ _ 5 z
T o) " = T
= > - o =] ]
= "'““\\‘ Z = & 1
4<p <8 GeV+E : °, % 00
Tt g .5 z z
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>
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O, (fit) [rad]

0.8

0.7

0.6

0.5

0.4

Meas L(r/ng toId?2hs of Zhe correl/ddions 1r

Z Pb-Pb |/ = z 76 TeV
~ ppVS=2.76TeV
__|T}|..g.uva ................ —

A\

ALICE

PRELIMINARY

I

N7 - __________________

QZ/MuZ(/”} and pé eudo *l‘@p/‘dl‘fy

/;th vz ,é/ ne/)?af / CS

2<p,, <3
3<p; <4
3<p <4
4<p;<8

1<p;,<2 GeVIc
1<p,;,<2GeVic
2<p;,<3GeVic
1<p;,<2GeVic

4<p;,<8

80

Centrality | 100 = pp Y

- P T,assoc

Note: %g/msr Z‘r/:iaer

27" - /7/:9/78/‘ av'.

parion pT

2 < p, <3 GeVic |

o, (fit) ‘[/r’ad]

No centrality dependence of o,
dependence governed by j. ~

0.8

0.7

0,,,0, from Fit

A’
e 2<p_<3-1<p <2 GeVic
" Pb-Pbys. =2.76 TeV %%%% m 3<p, <4-1<p <2 GeVic
: PpYs = ETGTBV ALICE N 3<p <4-2<p <3 GeVic
L =09 e ' *
B lﬂl PRELIM]NRRY v 4<th <g.-1< pT <7 GeVle
: <3 GeVic

Centrality | 100 = pp

pTassoc o = const.

— Same for o, in peripheral collisions

Significant increase of ¢, towards central events
— For the lowest p; bin, eccentricity (o,-0,) / (0, + 0,) increases

from0to 0.2

Smooth continuation from peripheral to pp

L —
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Meas ar/ng a.)/a/Z‘/mS of Z‘/}e correl alions 1h

azimuth and 7S eudo —-rqp/a//fy

0.8 ~ 2<pr <3 1<p;,<2GeVic

- :::Ebv;sri\: 4 < th <8 2< pTa <3 GeVic

0.7 _._{-ql..s:.o,g ................ ..................................... PRELIMINRRY ..... ............................................................................... f ........

Vacuum Static medium: Flowing medium:

—~~
=
4—

~

(reference) Broadening Anisotropic shape é_
©

&

<
)

7, H : H = H
~ Voo
/
| : | : H : :
| 2 ; e : H : :
|
| i
|
= L
H . i . ] : : : H
| / 5 : : : z
4 s W -+ ;
0.2 1 | | | | | | | ] | | | | | |
0 20 pp
.

Centrallty| 100 pp Centrality

S — ————————

« AMPT (A MultiPhase Transport Code)
MQQSL(/‘e Ofl/efS - Initial conditions simulated using HIJING

. f Z‘ . './f - Parton scattering
1nCeralClions i /7 — Hadronization: Lund model + coalescence

longitudinal Floc (7) | ladonsatens e
« « AMPT describes the main features of the |

near-side shape evolution observed in data
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8

Run-5 Cu + Cu at +fspy = 200 GeV
0-1% cent,, 23.3 GeV/c jet

Jets at KA IC in HIC

Jets in Cu+Cu at /s = 200 GeV

0

Cuwustonr J'ef Linder ( Gawtssian Fri /ier/n3>

1y
Cu+Cu p+pX ALT
°*0-20% ©°0-20%

*20-40% = 20-40%
*40-60% * 40-60%
*60-80% * 60—80%
P N A T

PHENIX Preliminary
Run—5 Cu + Cu\s,,, = 200 GeV/c
Gaussian filter,c = 0.3

;

1;

uncorrected p + p compared to
background—-unfolded Cu + Cu

|

N
PH-<ENIX

by

1

Zenned Zo r{z/ecZ‘ combinadorial JeZ‘S

— Zwune based on vac s # rag»?enz‘ alion

» Suppression of reconstructed jet Raa:

=> over a wide pr range
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prTec‘p” (GeV/c)

=> increasing suppression in more central collisions

p’Tec"p"’ (GeV/c)

dN/dA¢ area normalized to 1

———
- PHENIX Preliminary MIX 32
7

2.5

(@) —_—
o wn o n

» Reconstructed di-jet A¢ distributions unmodified:

| = no angular de-correlation in central collisions!
[ — T
- PHENIX Preliminary v 60-80%
- Gaussian filter,c = 0.3 . 20-40%
T symmetric jet-jet I
- 7.5 <p < 11.5GeV/c 0-200
E ) :—::: .
— K% Sdmbid 253
L ? hd T
L 'l';’ \*\\
L R *,
:— ’,// \\“
= o *
— "' ‘“‘*
: %,, %
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Jets at KA IC in HIC

A)ohé on Final results in pragreéé

c L

10, Lol il T I

[.czrge 6y§Z‘e/r/cZZ‘/c wuncertanties!

Au+Au and p+p at\/s,,=200 GeV/c

Au+Au: 10% most central

kt R=0.4

—— anti-kt R=0.4

Inclusive Raa

STAR Prellmlnary

10 15 20 25 30 35 40 45 50
plt (GeV/c)

STHK 44(-{-44( K775 > By Single particle

<
o

2r
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2¢

PHENIX Preliminary

* 0-20%
¢ 710 0-10%,(z) = 0.7 (PRL 101, 162301)

W‘F}"H’H* g -

Run-5 Cu + Cu\/ =200 GeV
Gaussian filter,o = O 3

Lo R B
Y 5 10 15 20 25 30 35

prTec_pp (GeV/c)

=) ﬁa/‘Z‘ of’ Z‘/’le pd/‘z‘on enerﬁy rec overed
PYENTX Ce+Cu Ky S LR 14 Aadrons

=D pmeasure of Vacuu»r ) ragmeniazz‘on
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/\7 ecor/ Je?f S /oecz‘ram a ( >//I C

ﬁ{gjer -\-/'ef ! blased Powoards swurface
- 5z‘ron3 £ ragmenz‘af/on bias ~ vacuun JeZ‘

| v AntiKt R=0.4, p"*>10 GeV
. AntiKt R=0.4, p:"°>20 GeV

)4
Mg’

<L & -

"3 .

1 1 | | l | 1 1 1
9o 15 20

- Se/. eCZ‘/ng biased /‘/393/‘ Jef PIAXI PN ZeS de‘ A/ engf/’} for Zhe
recoi! (b-2-8) JeZ‘S ! extrene Seleclion of Jei /90/%(/ alron
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Awayside Gaussian Width
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10"

o - -
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A TC: Jed-hadron corncidences

Broaa/en/ng & sSoft en/ng of he

A AuAu, 0-20%

® pp
[ v2 & detector uncert.
rigger jet uncert.

. 10< pjTe‘ <15 GeV/c
[ 15<p" <20 Gevre

B 20 <p* <40 Gevre

STAR preliminary

T [N - A o A

1416
p25s° (GeVic)

A AuAu, 0-20%

- 10< pj:t <15 GeV/c
. v2 & detector uncert. - 15< pjTet <20 GeV/c
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rigger jet uncert.
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Figure 1. The Gaussian widths of the awayside

jet peaks in Au—Au (triangles) and p—p (circles)

indicate broadening of the awayside jet in Au—Au.

STHR @ 4 IC

% 3.5F A AuAu, 0-20% [ 10<p <15 Gevrc
g< 3 -v2&detector uncert. -15<pjTet<20 GeV/c
T F ;
E 251 trigger jet uncert. -20<p’Te ' <40 GeV/c
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' STAR preliminary
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Figure 2. The awayside 14 4 (left) and D 44 (right) indicate a softening of the awayside

jet for three reconstructed jet energy ranges. The awayside D 44 shows that high-p

assoc

suppression is compensated for by low-p enhancement.

assoc
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