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y Overview

" Anintroduction to jet quenching in heavy-lon collisions

= A (biased) overview of results from RHIC
o Single Particle Spectra

o Two-Particle Correlations

= Fully reconstructed jets in heavy ions with CMS

o Dijet Asymmetries arXiv:1102.1957

o Jet-Track Correlations

= Qutlook
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V The Quark Gluon Plasma

= Above T, lattice QCD

predicts a phase transition

? T
vy 16 } ey
“ o4t e/
= Quarks and gluons become ol T
relevant d.o.f.’s increasing 10 | I{E N
8t
the effective particle density of | 3 flavor -
o 4 . v
=  Color fields screened over , Te =73 4/ 15) MeV _
- g, ~ 0.7 GeV/fm (a)
extended region "0 200 3w 4w s0 6w

T [MeV]

Evidence indicates that a QGP is
formed in heavy-ion collisions

Boltzman limit 2 QGP not  What is the consequence for hard
an ideal gas scattering in such a medium?

- Quark-Gluon Plasma

= Not quite as Stefan-
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Jet Quenching in Heavy lons
= Partons lose energy as they
spectators
traverse the dense plasma -
-
= At high p; energy loss is 9 o,
[—
dominated by gluon radiation N
’e @ o
" Hadronization thought to occur g *
outside of medium ‘:
= Characterize eloss by, e.g., the
medium transport coefficient
Jocm’ O
9 pO P “Jet tomography”:

Debye mass (~gT) I density l

parton x-section

Use eloss to probe the
properties of the medium
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QCD Radiation in Medium

Eloss amounts to calculation of the spectrum of radiated gluons

For thick media (A<<L), scattering is coherent (LPM regime)

dIrad_ ~r2 ~ o~
wda) —(XS\/QL @ ‘ AErad'vaSQi

L2 Dependence

Various theoretical frameworks:
o Multiple soft scattering (BDMPS-type)
o Few hard scattering (GLV-type)

o Other approaches: Higher-twist, AdS-CFT, etc.

Models vary in their treatment of

o The space-time evolution of the system é = é()_é, t)
o Approximations in their treatment of the radiation itself

Different models give quantitatively different results!

Pessimist: “Hard partons are not a well Optimist: “QCD radiation far from
calibrated probe of medium properties” vacuum is a fertile area of research”
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Jet Fragmentation in-Medium

Typical approach: Eloss of parton followed by vacuum FF

A recent approach takes into account the full evolution

e Borghini and Wiedemann
— (&) hep-ph/0506218v1 Accurately calculates hadron

) distribution i
= OPAL.V5=192-209 GeV istribution in vacuum (e+e-)

— in vacuum, E;;=100 GeV

14 }
12 | ===~ in medium, E;,;=100 GeV
* TASSO,V/s=14 GeV

0 ___ in vacuum, E;;=7 GeV
i B 7 GV Calculates enhancement of
8 [ =-=1n medium, E;;=7 Ge — .
) e medium enhancement of low p;
4l

o

hewe Ty B 7 100GV, 6246

IR «/ = Hadron p; =1 GeV/c

._.
(%)
(3%)
~

Theory: Important to consider radiation beyond the leading parton
Experiment: Important to probe wide dynamic range
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Medium Effects on Spectra

The Nuclear Modification Factor quantifies the departure
of particle yields from “vacuum” QCD

_ N, Medium-Modified
~(N,,)N,  Vacuum-Like

R,

The baseline is p+p scaled by the number of binary collisions (N_,)
—> assumes A+A is the product of incoherent p+p collisions (high p-)

A Glauber Model is used to relate measured particle multiplicities

to N_,, and other geometric quantities (e.g., impact parameter)

é From a peripheral one: “
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Hence, we can tell
a central collision:




Single Particles at RHIC

g 2 PHENIX AutAu, \/Swy = 200 GeV, 0-10% most central €
18- i direct y (prelim.) ¥ 0 (arXiv:1004.3532)
1 6_ ¥ ° (PRL101, 232301) } e, (arXiv:1005.1627)
: §n (PRC82, 011902) { K’ (arxiv:1102.0753)
1.4 ¥ p (arxiv:1102.0753)
1.2
1 LT - T T, e . :: ......................................................
0.8~ Ltz I I
0.6 I
0.4k i l
0.2 B g @ :
RN R RN SRR | 1 PRI (TS T TR TR T (N TR S TR SN SR S S MY P T
00 2 4 6 8 10 12 14 16 18 20

pT(GeV/c)

Strong dependence of R,, on particle species
What can we learn from all this?
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Particle Production in Hi

2
. . . g . PHENIX Au+Auf \[s,, =200 GeV, 0-10% most central
Schemat!c VI_eW of Particle 1.8/ i direct y (prelim.) ¥ 0 (arXiv:1004.3532)
A Production in Heavy lons 1.6- §7° (PRL101,232301)  § e, (arXiv:1005.1627)

¥ n (PRC82, 011902) { K’ (arxiv:1102.0753)
¥ p (arxiv:1102.0753)

1.4
1.2
1
0.8
0.6
0.4
0.2

Hydrodynamics

Recombination

| T I T | T 1 T [ T | T

Fragmentation

L I I I -

L

i - >
27? 57 p; (GeV/c)

18 2C
pT(GeVIc)

N_
E =N
(2]
(o]
-
o
-
N
-
F N
-
(2]

* Thermal production dominates at low p; (hydrodyamics)

= Atintermediate p; phase space is dense enough for coalescence, particle
production driven by # of valence quarks

=  Only hard processes scale with N
fragmentation dominates

focus on p; > 5-6 GeV/c where

coll?
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o) R, at High p;

g 2 . PHENIX Au+Au, \[s,, =200 GeV, 0-10% most central
o 1.8 li] direct y (prelim.) + 0 (arXiv:1004.3532)
1.6 i ¥ n° (PRL101, 232301) } e, (arXiv:1005.1627)
| §n (PRC82, 011902) { K (arXiv:1102.0753) Photons are “color-blind”

¥ p (arXiv:1102.0753)

// they don’t radiate

1 rl]l{][}r[H”}'f}' [}‘% [}' ....... [}I ........................................ nght Mesons Suppressed by
0.8 : i [{] |z 5x > strong energy loss for
0.6 % light quarks and gluons
0.4

T R
18 20
pT(GeV/c)

S
N
»
o
©
N
o_
—
N
—
N
—
o

Heavy quark shouldn’t radiate, yet electrons from heavy—flavor lose energy
Suggests picture of Eloss is incomplete = collisional Eloss?
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Dihadron Correlations at RHIC

4 GeV/C < Py yigger < 6 GeV/C
2 GEV/C < pT, partner < pT, trigger @
PRL91 (2003) 072304
K I PR R

- —p+pm|nl bias
Near-side: g m * Au+Au Central {s\jik _- Awav-side:
:;Jc?rr:ecl)iif;idja % - | Nearycomplete
- supports \;’,-{1 / extinction of jet
surface bias 5 | correlations

o—;

A ¢ (radians)
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&N Low P; Correlations

At lower p, jet(?) correlations are recovered, but with

very non-jet-like shapes

Correlations can be fit to a
....... PHENIX '7“?7834015991"2908.’ S two-component ansatz:

30'03;_ 2.0-3.0® 2.0-3.0 GeV/c

So.02 1 ] 1) Broadened peak with a

z | 05% f dipat AQ =

~0.01 o T =

o R 5 ;

g | k) Q@@W 2) Suppressed, but un
R ———— modified jet peak

What is the source of modified shape?

= Enhancement of large angle radiation?

= A jet-medium interaction, e.g., a Mach cone?

= Systematic effect from subtraction of the underlying event?
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y Limitations

= Complicated dependence on geometry
Surface jet

o High p; trigger bias towards surface jets
o High p; partner bias towards tangential jets
= Near-side fragmentation bias Tangential jet
o Initial parton energy depends on p; of trigger and partner
o Makes it difficult to extract initial parton energy
= Two solutions:

o Correlations using direct photons

o Full jet reconstruction



Direct y—h Correlations =

Compton Annihilation = Compton scattering dominant

q Y ¢ Y
]J‘/ ! —> Study the eloss of quarks
= ToLO,vyp;=Inital parton p,
* Transparent to medium (R,, ~ 1)
8 q J o ,
" Vs tag an unbiased sample of
__p+p @ 200 GeV, CTEQ6 +LO pQCD jets!
S S e
Foof—— E
éz:: Compton Qg qy :
éo.si— — q+g->g+y —i
£ o5 =
4 035
03f- ml < 0. E
o2f-  Annihilation =
0.1;1’7/-1’_’- | | | 'Il'heslis, MfN' _;
O—I Ll T - I — I — I Y - I L - . .
z 4 5 @ W 1z w6 e % v+jet In Medium
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Cis,
V4
F’s from y-h =
p+p @ 200 GeV The5|s M N
w ET T T T T T T T T T T =
x = ° 5<p‘"9<7GeV/cx1o -
T B 0 i
E — on -h B 7<p"™<9GeV/ic —
T 10 Pr E
2 ; ‘Y'h A 9<p®<12GeV/cx 10" ;
§ 1 v 12<p'Trig<15GeV/cx102—§
; o -
hadron p., ol . . N
- . §
photon p.; - :
102 =
10-4:| P I E T T A K R R SN NN SR SN TR R S T :
0 0.2 0.4 0.6 0.8 1 1.2 14
Xg
dN
photon p.. = parton p.. .". x, = 7 = T o< D(z)
X
E

Fragmentation function measurable from photon-hadron correlations
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Medium-Modified FF’s

A ~ the ratio the medium to vacuum fragmentation functions

1.8

_3
Dmed(g) 'E. 1.6
Dvac(g) :g 14

o

1.2

ﬁ AN Au+Au 0-20% )/L ﬂ(mp)

I:l correlated systematic error
+ 6% Global Scale Uncertainty

IAA (5) =~ Enhancement of
. high € (low z)

fragments

PH ENIX
inary

1 %
5 < photon p; < 15 GeV/c

llllllllllllllllIllllllllllllllllll
0.4 06 08 1 12 14 1.6 1.8 g2

1

0.8
Familiar suppression

at large low € (high z)

-

—

LIIIIIIIIIIIIIlIIIIlIIIIIIIlIIIlIII

o
_O—
N

7, X,

Starting to probe the evolution of parton shower in-medium
However, further reach is limited by both statistics and systematics
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y Where Are We?

d—dj\;(f T)

m OPAL.Vs5=192-209 GeV

— in vacuum, E;;=100 GeV

14 |

12 | ===- in medium, E;;=100 GeV
10| * TASSO, Vs=14 GeV
| ~=< in vacuum, Ei:=7 GeV
8

- ===1in medium, Ej;=7 GeV”

-~

o
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Jet Measurements in AA

Large background of soft

, A schematic view of a jet
particles, dN_,/dn ~ 1600 for

5% central PbPb @ 2.76 TeV measurement in heavy ions
m Jets are reconstructed
'l from energy reaching
calorimeters
Partons lose energy as they Some jet energy lost to
traverse the dense medium —Low p; particles

—Large angle radiation
—Material interactions, decays, etc.

Modified jet fragmentation may result in:

= A different fraction of jet energy reaching the calorimeters
= A different response for non-linear calorimeters

Mar. 14th, 2011 Jet Quenching 18
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Jet Reconstruction at RHIC

A dijet in a central Au+Au Collision in STAR
Au+Au 0-20% p:j:' ~ 21 GeV
STAR preliminary T~

pt per grid cell [GeV]

At RHIC, difficult to disentangle jets from the soft background

cMms,
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y The CMS Detector

<3 Forward Hadron
Calorimeters (HF)
~3<In| <5

Silicon Tracker
In| <2.5

3.8 T Magnet J i
ECAL , ~ 7

< et
Inl<3 Beam Scintillator Counters (BSC)

Ideal to reconstruct jets of p; > 100 GeV/c and charged tracks down to < 1 GeV/c
- Allows to measure jet fragmentation out € of 4-5

Mar. 14th, 2011 Jet Quenching
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. CMS,|
o) Triggers =

= Minimum bias collisions are
triggered by a coincidence

/(})\ b rrrprrrrp et UL
on either side of the HF or @ 1_(a) ________________ CMS POPD \oyy =276 TeV
BSC é :

= 08

= Jet are triggered at HLT = |
with a p; = 50 GeV/c g L
threshold (uncorrected, g 0.4l
background subtracted) 3 T o
o 0.2 ~ (uncorrected p_> 50 GeV/c, |<2)
= The jet trigger is fully %’J 0:

efficient around corrected 0 50 100 150 200 250 300
Corrected leading jet P, (GeV/c)
p; of 100 GeV/c
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Background Subtraction Method

1. Background energy per
tower calculated in
strips of 1.

2. Iterative Cone (R=0.5)
algorithm run on
subtracted towers

3. Background energy
recalculated excluding
jets

4. Jet algorithm rerun on
background subtracted
towers, now excluding
jets, to obtain final jets

ip

(2) Run ICS jet finder on subtracted towers

O

O O

(4) Re-run IC5 "et finder on subtracted towers

Method: O. Kodolova et al., EPJC (2007) 117.




y Analysis Details

= Collision centrality determined from the
energy in the forward calorimeters

ETT T [T T T[T T T [T T T[T T T[T T T[T T T [TTT
- (a) CMS PbPb \[s,,=2.76 TeV

—— Minimum Bias Trigger

= Dijet Selection
o Leading jet: p;; > 120 GeV/c, |n| <2

Jet Trigger

o Subleading jet: p;, > 50 GeV/c, [n| <2
o Azimuthal Angle: Ap,, > 2/3 1t radians

= Monte Carlo

Fraction of minimum bias events

o PYTHIA 6.423, tune D6T

;I 'l. H | l.l llll

- : : : o R po 20" 140 ten
o Adjusted for isospin ratio of Pb(208) Sum HF Energy (TeV)

o Embedded in real data or simulated
data using the HYDJET generator
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1N, dNIdpT (GeVic)™, Arbitrary Normalization

107
102 ¢

10°E

Leading Jet p, Distributions

———r— ——
CMS det=35.1 pb”

—s— pp V5=7.0 TeV

=== PYTHIA

Anti-k;, R=0.5

P e s e s s e s s S e e s ey
1ttt }

1 llIIIIlI 1 IIIIIIII 1
TT

illllll' 1 l(llllll
TTTITT T—T

L I B B B B B

——
:_(b) 50-100% IL dt=6.7ub"

—— PYTHIA+DATA

Iterative Cone, R=0.5

—s— PbPb \5,=2.76 TeV

1) 3050%

p,,> 120 GeVic

P,,> 50 GeV/c

2
M’az > 3" rad

(d) 20-30% ]

1 1 l 1 | S 't i § N T | I 1 1 1 1 I 1

1 1 ] 1 1 1 1 l | B B T § l 1 1 1 1 l 1

1 1 l 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 I 1
150 200 250 300

No strong modification to shape of leading jet spectrum

150 200 250 300
Leading Jet P, (GeVlc)

150 200 250 300
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Dijet Azimuthal Correlations

Event Fraction
—_ -
o o
N N

—
e
w

-
Q
II—‘

-

=1
N
I

Event Fraction

-
o
w

.......................... e
«(b) _[Ldus.mb"

—a— PbPb \5,=2.76 TeV

i i

—=— pp \5=7.0 TeV

—=PYTHIA
Anti-k,, R=0.5

—— PYTHIA+DATA
Iterative Cone, R=0.5

50-100%

TT T T T T T T

p,,> 120 GeV/c

p,,> 50 GeV/c

30-50%

L)

|

0

0.5

0.

No strong angular deflection of reconstructed jets
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Angular Decorrelation Quantified

Rg(A0) is the The threshold of 3.026

fraction Of dijets 0_7 B T T TT l T T 1T T TTT | T T TT I T T 1T I T T TT I T T TT I 17T ] . . .
which are balanced C oMS e PbPbys =276Tev 1  radiansis the median
o - 1 value from PYTHIA
in azimuthal angle 0.6 __IL dt=6.7pub" * PYTHIA B
- H PYTHIA+DATA /
—~ 05 ISR IR S ST T N
N * L T -
0.4 *

Rg(A¢, > 3.02
o
w

P> 120 GeV/c

|IIIIIIIII|IIIIIIIII*

p,,> 50 GeV/c Nyt is the number

_~ of participating

IIII|IIII|IIII|IIII|IIII|IIII|IIM nUCIeonS

50 100 150 200 M 350 400

T 17T

o

No angular decorrelation beyond systematic uncertainties
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Dijet p; Asymmetry

0.2 e

0.1

Event Fraction

CMS JL dt=35.1pb"

*  ppVs=7.0 TeV

~— PYTHIA
Antik,, R=0.5 i

P, > 120 GeVic 7]

P, 50 GeVic

2
R

A, = pPT,1 — PT,2

0 05 1

B pPT,1 T PT,2

Dijet asymmetry quantified by A, =2
insensitive to shift in energy scale

Jet p; cuts place a threshold on A,
e.g., pr,=120 & p;,=50 GeV/c 2 A;<0.41

Mar. 14th, 2011
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0.2

Event Fraction

Event Fraction

Dijet pT Asymmetry

CcMS _[L dt=35.1pb”
—a— pp V5=7.0 TeV

—="PYTHIA

Anti-k,, R=0.5

IL dt=6.7ub"

—s— PbPb \5,,=2.76 TeV —
~— PYTHIA+DATA

Iterative Cone, R=0.5

P,,> 120 GeVic
P,,> 50 GeV/c

2
Aq)u > 31( rad

: 50-100% 30-50% ]
[ ) ! P | *« |
L AL AL LA L I B B L B B LA Y O B |
4 (e) ]
10-20% 0-10%
L Ly T TS PRI I 0 Y W Wt et i W llhlllllllllllllll.llll]llll-
02 04 06 038 1 02 04 06 038 1 02 04 06 038 1

Ay = (PrPr )Py *Pr )

Striking enhancement of asymmetry with increasing centrality

Mar. 14th, 2011

Jet Quenching

29



Dijet Imbalance Quantified

Here Rg(A ) is the
fractionofdijets O_7_IIIIIIIIIII]I|IIIIIIIIIIIIIIIIIIIIIII

, - CMS ® PbPb\s, =2.76 TeV :
yvhlch are balanced 06 ;ILdt—67 . * PYTHIA E
In momentum § =0 H B PYTHIA+DATA ]

0_5:* _____________________________________________________________________ ]
5 L+ "ot om =
S 040 - 3
\ C lil i
i‘a 0.3~ (] E 7

02 &

0.1 :_ pT,1>120 GeV/c _:

0:| | | | 1 III|IIII|IIII|IIII|IIIIIIIII|IIII:
O 50 100 150 200 250 300 350 400
Npart

Smooth decrease in the fraction of balanced jets with increasing centrality
Note: Dijets in which no subleading jet found above threshold are included
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y Jet-Track Correlations

Main idea: Use charged tracks to trace the fate of the energy lost by subleading jet

Look at the sum p; of charged Baseline is PYTHIA+HYDJET where generator
tracks in 3 different p; ranges information is available for charged particles

\ /

PYTHIA+HYDJET &7

> E

102 & > 8 GeV/c : =
- [ [4-8Gevic o 0-30% .
] 1-4 GeV/c A,<0.11 i

Leading Jet Subleading Jet

T

Py, > 120 GeVic

Yp_ per bin (GeV/c)
=

Pr, > 50 GeV/c

2
A¢"z> 3" rad

gi:\,sL;;ding jet 0 ARSubIead?’flgsjet
/
Plot against AR from the jet axis for Background is subtracted using a cone at
both the leading and subleading jet same ¢, but reflected inm (n =2 -n)
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Asymmetry Dependence of Fragmentation

= Both data and MC show that dijet asymmetry is also apparent in charged tracks
= |n MC, rare asymmetric dijets are due to the presence of a third jet
= Relative abundance of tracks in the 3 ranges is largely unchanged with asymmetry

.| @) ! (b) ! : (d) :
_10°F pyTHIA ! T p,, >120GeVic ! 99 ! E3 : 3
S | wvouEr [ Aj<om 37 socovic - 0.11<A,<0.22 7022 <A, <0.33F N A>033
- 1 a0, >2 + s
S | 0-30% 1 %% 5" 5
S— X
MC < 10 Leading det | Subleading JetF Leading Jet [ i i Subleading JetT Leading Jet + Ml Subleading Jef
c 1 T & :
o 1
a” 1
S E3 E3 E
(e) i ® (h) :
_ 0% s | Ed : £3 | E
S Frmsoorer il As<0M T 0.2 <A, <033} v A>033
%) r _[L dt=6.7 ub™" X T " T 2
e 0-30% s
D AT A g 10 E Subleading Jet} Leading Jet i - Subleading Jet} Leading Jet E Subleading Jet
o) - I 43 T $rH ]
o
-}
Q
W1E E3 E3 3

0.5 0 0.5 0.5 0 0.5 0.5 0 0.5 0.5 0 0.5
ARLeadingjet ARSubleadingjet ARLeadingjet ARSubleadingjet ARLeadingjet ARSubleadingjet ARLeading jet ARSubIeadingjet

= |n data the fraction of energy carried by low p; tracks increases with asymmetry
= An enhancement of low p; tracks at large angles is observed in asymmetric dijets
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y Missing p-

To explore momentum balance to low p; over all angles, calculate the “missing p;”

I > (I).S I(?aeillcI
0.5-1.0 GeV/c PYTHIA+HYDJET
1.0 - 2.0 GeV/c
2.0 -4.0 GeVlic
4.0 - 8.0 GeVic
> 8.0 GeV/c

I

40 0-30%

20

<p!> (GeVic)
o

P, > 120 GeVic

P, > 50 GeVic

-40

0.1 0.2 0.3 0.4

Sum the track transverse momenta projected onto the leading jet axis:

|1L — Z —PT track COS (¢traok — (/bleading jet)

tracks
Defined such that tracks on the away side give a positive contribution
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N/

Missing p,: Data vs. MC

20

> (GeV/c)

MC

T

-20

-40

40

20

> (GeV/c)

DATA

T

-20

-40

(a)

PYTHIA+HYDJET

T
30-100%

— P, >50GeV/c

IIII.IIIé/IIIIIIIIIIIIII
> 0.5 GeV/c o,
() [ 0.5-1.0 GeV/c 0-30%
[ 11.0-2.0GeV/c

[ 20-4.0Gevic

[ 4.0- 8.0 GeV/c

I > 8.0 GeV/c

P, > 120GeV/c

A¢1‘2> %n InLZI <1.6

T
P

(2)
~ T+

30-100% | @ 0-30%
[ CcMmS i
[~ Pb+Pb\’s,=2.76 TeV i ] : 7]
- |Ldt=67ub" ’ = .

- i R e e
i PRI (T SR SRS N SN TR ST SO AU N S SN BN [ENENENE ANEN A AN B AN AT BTN A A S AN A A
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
A, A,

In MC, events are balanced,
pr composition is
independent of centrality

For p; > 500 MeV,
p; balance recovered!

In data, for asymmetric
events, leading jet is
balanced by low p; tracks,
particularly in central events
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y Missing p;: In vs. Out-of-Cone

(b) ® >0.5GeV/c

(@) In-Cone | =0 0.5. 1.0 GeVic Out-of-Cone |
40| PYTHIA+HYDJET 0-30% AR<08 T  []1.0-20GeVic AR20.8 h
L i [CJ 2.0-4.0GeVic ]
L . [ 4.0-8.0 GeV/c i
L i I > 8.0 GeV/c
s 2F T
> - . .
MC S oF = Asymmetric events in MC
= I 1 show significant energy
=r o 1 beyond R=0.8, carried by
B pT,1 > evic : . .
a0l T 5, >s0ceve 1 high p; tracks = 3 jet events
B ] A¢1‘2>gn In1yzl<1.6 ]
_. PRI (U T T S NN S S T T N SO M SN NN R ._ PR TN N T N T T T T T TN T M N W T A T A M ]
i LN B LALENL L L L L L LR R BN LB B 1 LI | L | LI | LI | L 1
L © In-Cone _L (@ Out-of-Cone |
| CMS 0-30% 1 N
40~ pb+Pb \5,=2.76 TeV AR<0.8 T AR08 ] . L . .
L [Lat=e7un! 1 & | Little modification of jet
s 2 T . —— fragmentation in-cone
2 I e ——
DATA % 0
200 1 Majority of p; balance
a0l 1 recovered by low p; tracks
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y Conclusions

= Jet quenching well established at RHIC, but details elusive

= Large jet quenching in PbPb collisions leads to new observations
o No large azimuthal decorrelation
o Large momentum imbalance of jets

= Jet-track correlations demonstrate that
o Energy is transferred to very low z particles

o This energy is deposited outside the typical jet radius

= Data places constraints on the nature of parton energy loss and
should challenge conventional models
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y Where Are We?
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We've gained insight into where the radiated energy *doesn’t* go
Localizing it in phase space is a work in progress
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New Theoretical Ideas

Casalderrey-Solana, Milhano, Wiedemann

arXiv:1012.0745 =

Eto<Erq

Medium acts as “frequency collimator” effectively
decoupling the soft modes of the jet



y Identified Jets e

|dentified jets probe the flavor dependence of Eloss

CMS, | cMs Experimentat (HC, CERN~—___

— Data recorded: Wed Nov 17.05:49:31 20T8-CEST
A-RUN/Event: 151353 £ 2663081 . —

Y Lumi section: 481 i gy :

= y+jet = quark jets
= 3jet events =2 gluon jets

= p-tagged, displaced vertex
- b-quark jets

ATI AC Run 152409 b-tagged jet in 7 TeV collisions
: Event 4349994

Ml LM jet

% CYDEDIMENT py =49 GeV

— 6 b-tagging quality tracks in the jet,
http://atlas.ch including one muon
- .
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Jet Hadro-Chemistry

Medium expected to change the hadro-chemistry of jet framgentation
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PID’d fragmentation functions can be measured with ALICE
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Particle Flow in Heavy-lons

Currently a work in progress
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Particle flow jet reconstruction clusters individual particles

- Use of charged particle tracks reduces sensitivity of jet energy
scale to quenching effects
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C CMS Experiment at LHC, CERN

‘| Data recorded: Sun Nov 14 19;31;39 2010 CEST
Run/Event: 151076 / 1328520
Lumi section: 249

Tracking in the high multipicity environment is challenging!
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