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single particle

di-hadron

Aut+Au (central collisions): — i : ) -
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jet-hadron

n: ner arid cell

jet reco.

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



single particle

Aut+Au (central collisions):
B Directy (PHENIX Preliminary)
¥ Inclusive h* (STAR)
® =% (PHENIX Preliminary)
GLV parton energy loss (ng/dy =1100)

di-hadron

+‘§§:ﬁ*‘+§*#+{#”m”

3-particle corrl.

Foouls P I 11
0 2 4 6 8 10 12 14 16
pr (GeVic)

tary
o A TTPC A 1
Au W ~
e
’5'. e 1
A ) -
. a
4 ‘;‘l
- 3 I
‘ E 4
0 / as o
X X
’ » AgeAu Cortrad ) X » - .-
. @ ®

control-exp.

AuAu
AuAu |an|«0.72
Aulu 0.72<|An|<1 44

0-12%

Understanding/consistency ?

0.2<pt,assoc<1.0 GeV

w

"STAR preliminary

jet-hadron

n: ner arid cell

— full jet reco.

Au+Au 0-20% p:j:‘=21 9651003

1, Run-s cu+ Cuat JERN =200 Gev
0-1% cent,, 23.3 GeV/c jet



Outline

Short intro: Jets and Jet-Finding Algorithms

Jets as a calibrated probe: p+p and d+Au reference

Our new tool: Jets in heavy-ion collisions (RHIC)

e Background in heavy-ion collisions: fake-jets and fluctuations
e |[nclusive jet spectrum and jet Raa

e Jet energy profile (R=0.2/0.4)

e Di-Jet coincidence measurements

Consistency? Connection to single/di-hadron results!?

Summary

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010



Jets connect theory and experiment

sz particles = ijet

Hard scattering

pQCD factorization/jet spectrum:

d3o

F— fa/A(xa7 QQ) ¢ fb/B(mthQ) ®

dp?

Jets are the experimental signatures
of quarks and gluons. They reflect the
kinematics and “topology” of partons.

Goal: re-associate (measurable)
hadrons to accurately reconstruct
partonic kinematics

* pQCD calculates partons

* experiments measure fragments of
partons: hadrons

Tool: Jet-finding algorithms:
Apply same algorithm to data and
theoretical calculations

da.ab—wd

dt

PDF Partonic x-section

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010



Jet definition < Jet algorithm

The construction of a jet is unavoidably ambiguous.
On at least two fronts:

e which particles get put together into a common jet?
e How do you combine their momenta?

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010



Jet definition < Jet algorithm

Thecanstriictinn of 3 iet ie 11navnidahlvy ambiniiniie

On Jet Definition

oW
o Hi

particles
4-momenta,
calorimeter towers

+ parameters (at least the cone radius/
resolution parameter R)

+ recombination scheme

Jorn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010



Jet definition < Jet algorithm

The construction of a jet is unavoidably ambiguous.

On at least two fronts:

e which particles get put together into a common jet?
e How do you combine their momenta?

Modern Jet Finder Algorithms

Sequential Recombination

Cone

* bottom-up

* successively undoes QCD
branching

e top-down
e centred around idea of an
‘invariant’, directed energy flow

» kt algorithm
» anti-kt algorithm
» Cambidge-Aachen algorithm

» CDF JetClu

» CDF MidPoint
» DO (run ll) Cone » Getlet

» Gaussian Filter » SISCone
» CMS Iterative Cone

» ATLAS Cone
» PyCell/CellJet

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010




Before we can utilize hard probes/jets (and their
modifications/tomography) to probe the medium in
heavy-ion collisions we first have to establish that:

1) The probe is calibrated:
Comparison of pQCD calculations with p+p measurements

A@[ Jet
p+p

<4 "=

Jorn Putschke



Before we can utilize hard probes/jets (and their
modifications/tomography) to probe the medium in
heavy-ion collisions we first have to establish that:

10
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Before we can utilize hard probes/jets (and their
modifications/tomography) to probe the medium in
heavy-ion collisions we first have to establish that:

1) The probe is calibrated:
Comparison of pQCD calculations with p+p measurements

“[ Jet
ptp
< * =

2) Control experiment:
Measure initial state/Cold Nuclear Matter (CNM) effects;
Probe the “cold medium” via d+Au collisions (compare to p+p)

Jorn Putschke



Before we can utilize hard probes/jets (and their
modifications/tomography) to probe the medium in
heavy-ion collisions we first have to establish that:

Phys.Rev.Lett.91:072304 (2003)

425 e d+Au FTPC-Au 0-20%
0:2 - NSTAR 4 d+Au Minimum Bias ]
2~ .
15 -
L . --\-\-#--—:

- dN“" | dpdn ¥

05  Ruu(pr)= o ]

- Tys,do™ Idprdn .

- A _

B <Ncoi> ]

O 1 | 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
0 2 4 §) 8 10
pr (GeVic)

) ; ® d+Au anti-kt R=0.4, |n| < 0.55
>
3 o
= q0° ¥ p+p MPC R=0.4 rescaled, 0.2 <n < 0.8
28
O = n
5 5
,-|Z;
-1&
10 * —
=
107 200 GeV ~
F STAR Preliminary '
&
'

12\ | \14‘ L |16| ) |18‘ 1 ‘20‘ I \22‘ : .24. | IZB‘ | ‘26‘ | \30‘ ) \32

jet P, (GeVic)

00|

1/Npi-set dN/dkT

| PP, P, 10 - 20 GeV/c
" Oyt raw = 2-831 0.05 GeVic

| d+Au, p_,: 10 - 20 GeVic

!oo; OkTraw = 2,98+ 0.08 GeV/c

GeV/c

a9
. >
T

eliminary

= o I T RS TS FNEE AT N

Fy L= m
0m° 8 € -4 -2 0 2 4 6

kr=Pr,1*sin(Ad)

Jorn Putschke

-0 7L




Before we can utilize hard probes/jets (and their
modifications/tomography) to probe the medium in
heavy-ion collisions we first have to establish that:

1) The probe is calibrated:
Comparison of pQCD calculations with p+p measurements

“[ Jet
ptp
< * =

2) Control experiment:
Measure initial state/Cold Nuclear Matter (CNM) effects;
Probe the “cold medium” via d+Au collisions (compare to p+p)

Jorn Putschke



Full-det reconstruction in Hl collisions

rec

p+p JP trigger Pt ~21 GeV

t,jet

STAR preliminary

p: per grid cell [GeV]

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010



Full-det reconstruction in Hl collisions

rec

p+p JP trigger Pt ~21 GeV

t,jet

STAR preliminary

w &~ OO~

2 oo

p: per grid cell [GeV]

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010

Au+Au 0-20% p:‘;:t ~ 21 GeV

STAR preliminary




Full-det reconstruction in Hl collisions

Au+Au 0-20% p:‘;:t ~ 21 GeV

STAR preliminary

—
o
|l|

T

p: per grid cell [GeV]
o i

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

Full jet reconstruction in HI collisions is a challenge
due to the underlying background !

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010



A word of caution (especially in Hl): Jet Definition & Jet Algorithm

“A jet is what you ask for!”

Jet-finder based on (unmodified) jet-shapes/jet
core = veto against modified/quenched jets !?

pt cut to minimize background
= bias towards non-interacting jets !?

“Anti-quenching” biases are “everywhere”!

Y. Lai QM2009
Qc:(( 2; PHENIX Preliminary
1.8« 0-20%
1.6 ¢ ™ 0-10%,(z) = 0.7 (PRL 101, 162301)
1.4;*
1.2F
- me e
0.8_<IL
0.6;%‘@> %{’% o+ Jr -
S S ‘ﬁ’% i
0.4 HH . +
0.2 ~Run-5Cu + Cu\/si\,,\, =200 GeV
= Gau55|‘an fllter‘,o =0.3 ‘ ‘ ‘ ‘
% 5 10 15 20 25 30 35
prTec_p” (GeV/c)
S. Salur HPO8
5': 'F Au+Au 0-10% g 'r Au+Au 0-10%
AL S SR S A MBTH
10_2%_ _ 1‘ A MB_Tng 102 %E A‘ I\/IB—TrIg
JES =, W N, Scaled p+p JEE “ s B Ny, Scaled p+p
10°F 2 e, 10°F= el
10° —% —"q 104 S ‘u‘* —-—
F Y Foc -
10°F o ‘d.'}_ 10° S ++++
F %)
10 * 10°F -
F D F —a—
107 g‘ KT R:O_4 107 3 KT
10‘“%‘ pT cut > 0.1 GeV 10 — pTcut>2 GeV
E. [GeV]
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There are no shortcuts!

We have to deal with the full
complexity of the heavy-ion
background!

Good news:
The tools are available and our
understanding is improving!




The challenge: Heavy-ion Background

A jet in HI collisions schematically:

pr (Jet Measured) = p; (Jet) + HI Bkg. £ F(A)

Three main components:

1.

HI background: for example determine

energy density per unit area p (event-by-event)

with A the jet area (determined by FastJet algorithm)
p A~ 45 GeV for Rc=0.4 (S/B ~0.5 for 20 GeV jet)

. “Fake jets” = signal in excess (due to jet

clustering) of background model from
random association of uncorrelated soft
particles (i.e. not due to hard scattering)

. Background fluctuations:

A priori unknown background fluctuation
distribution F(A). In a gaussian (random area)
approximation: ~ 6-7 GeV for Rc=0.4

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010
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“Fake-Jet” contribution

“Fake” jets: signal in excess of background model oy T, Cantkeda
from random association of uncorrelated soft 1075 antiokt - "fake” jets
particles (i.e. not due to hard scattering) 10° |
105
10°¢ .
Inclusive jet spectrum (STAR): 10° w
Spectrum of “jets” after randomizing HI event " sTan Prel-mrr HW
in & and removing leading jet particle v N
3 605 Trigger jet p; > 10 GeV
Di-Jet / Fragmentation function (STAR): : Preutparicee = 0-1 ‘??V.'AMU HT 0-20%
Background di-jet rate < i STAR Preiminary |
. . s - [
= “Fake” + Additional Hard Scattering sof -
Estimated using “jet” spectrum at 90 deg. 2
10
PHENIX (gaussian filter): o P TS
Gaussian fake-jet rejection; use O owenkpratminary . g > 49 (Gevic?
= [ Run-5Cu+ Cu 0-20% 5
% 21 \5yy = 200 GeV/c g >75(GeV/c)

overall shape of jets for discrimination

T8 [ Gaussian filter,oc=0.3
[ 75 P e < 11.5 GeV/c

g > 11.5 (GeV/c)?

g01> 17.8 (GeV/c)?

Caveat: If quenching distorts jet-shape substantially, T L g >27.4(GeV/cP
) 0.1

danger of vetoing quenched jets! 1i

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010 Ad 10



“Fake-Jet” contribution

E
“Fake” jets: signal in excess of background model oy T, Cantkeda
from random association of uncorrelated soft 1075 antiokt - "fake” jets
particles (i.e. not due to hard scattering) 10° .

10%E

10'5;— o0 *
Inclusive jet spectrum (STAR): 10° w
Spectrum of “jets” after randomizing HI event 1° STAR Prel-mrr HW

10%5- 30

in ¢ and removing leading jet particle

dpJ o (GeVIc)

3 605 Trigger jet p; > 10 GeV

Di-Jet / Fragmentation function (STAR): 2 ® Propanoe =01 GOV upu T 0-20%
Background di-jet rate s " - STAR Proliminary
= “Fake” + Additional Hard Scattering 0 -3 . ]
Estimated using “jet” spectrum at 90 deg. 2

10
PHENIX (gaussian filter): o 2
Gaussian fake-jet rejection; use $ 2 pueniceretiminary . g > 49 Gevc? -
overall shape of jets for discrimination 3 2y j foféﬁ@f)

g meeee i e

Caveat: If quenching distorts jet-shape substantially,

danger of vetoing quenched jets!

SN

Conceptual difference
between STAR and PHENIX!
(Quantitative difference !?)

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010

0.
T . g >27.4(GeV/cY
b 0.1
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Background fluctuations

dpy dpy

o~ 108§ 3

3 107;_ . —e— Pythia ‘ . _

S st — Pythia smeared Jet spectrum in Au+Au (schematically):
~ E 1

T 10° i

o -=- Pythia unfolded do‘AA do

S Lol _ pp

:3 104 - %Y F(Aapt)

=

N

,,,,, Effect of background fluctuations F(A,p+)
ok ﬂ = substantial “feed-up” in the jet x-section

p;'ET (GeVic)

“Generalized probe” embedding (conceptually the same in STAR and PHENIX)

Systematic extension of random region-to-region fluctuation estimate. Embed probes
(single particles, pythia jets, p+p jets ...) into Au+Au/Cu+Cu events and measure the
fluctuations spectrum (used for unfolding). Takes the effect of clustering/jet-finding
algorithms into account; conceptually higher bound for fluctuations

(diluted due to random embedding; has to be estimated; and what about v2!?)

Statistical description (strictly lower bound, in context of estimating systematics)
Conceptually F(A,pt) for stat. independent thermal (exp.) particle emission :

F(A,pt) = POZSSO’I’L((M(A)) X F(M(A), <pt>) More details/first data comparison: E. Bruna (STAR), AGS Users Meeting 2010

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010
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Background fluctuations

—=— Pythia ‘

~ Pythia smeared Jet spectrum in Au+Au (schematically):

“Fake s” and background fluctuation corrections
are still work in progress!

One has to discuss the conceptual differences,

biases (concerning “fakes”) and
their quantitative effects!

But, o

one also has to discuss how to estimate “conservative”
systematic errors associated to these corrections!

(diluted due to random embedding; has to be estimated; and what about v2!?)

Statistical description (strictly lower bound, in context of estimating systematics)
Conceptually F(A,pt) for stat. independent thermal (exp.) particle emission

F(A,py) = Poisson((M(A)) @ T'(M(A), (p:))

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010

More details/first data comparison: E. Bruna (STAR), AGS Users Meeting 2010
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Example STAR: Spectrum Unfolding

Corrections for smearing
of jet p, due to HI bkg.

nonuniformities:

1) raw spectrum

2) removal of “fake”-
correlations

3) unfolding (bayesian) of
HI bkg. fluctuations

4) correction for p; resolution

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010

M.Ploskon QM2009

(/2] 107 E
- =
§ u :‘". * Raw data
Q 106 = = ..o .
o = oo % o "Fake" jets removed
; - !E“{}{:’{"}..
© 10°- . * "‘?‘t:::.;!. = HIl background corrected
§ j;'.‘ "-. o p, resolution corrected
10°L W,
; l'. Q’"QQ
10°E TN,
E - l. .Q
L ._.I—. Q“
20 = .
1 0 E v ‘: i .'l. *
— jx3 ‘I-. ”
105 R
E » ‘:: l‘il *ﬁ
1 :_ | } ﬁl T. ﬁ
= STAR Preliminary i
10-1_111IIIllIIlllllllllllvlul:l~lllll
0 10 20 30 40 50 60

pft (GeVlc)
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What do we learn from the Au+Au/Cu+Cu jet spectrum ?

dO Jet

dE,

Energy shift?

Absorption?
Au+Au

ET

Cross-section ratio
AuAu/pp

ET

Momentum and energy is conserved even for quenched jets

If full jet reconstruction in heavy-ion collisions are unbiased

= Inclusive jet spectrum scales with Npinary relative to p+p

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010

Initial state nuclear effects at large x “EMC effect” as measured in d+Au seem to be small
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Inclusive jet x-section in heavy-ion collisions

Y. Lai QM2009 Au+Au collisions 0-10%
— 104 3 _
S 10 % PHENIX Preliminary g 10 : , ,
S 105 Run—5Cu + C\[s,,=200GeV/c | = F lines=unfolding
quJ e Gaussian filter,0 =0.3 2 104L uncertainties
= 10 E_ 4 uncorrected p + p compared to © =
%1 10—7é_ &%% OEO background—unfolded Cu + Cu ) - STAR Preliminary
P e, 107 M.Ploskon QM2009
QI\ = *ir*%.gggzoo B
S 10°F *@‘*%:%; 10°:
10" cu+cu p+prAZT fi13 ; ~ . ktR=0.4
L® [ *0-20% °©0-20% P i 1071
T 107 F =20-40% = 20-40% = . anti-kt R=0.4
10—12' 40-60% * 40—60% ¢ -
d * 60-80% * 60-80% 108 = kt R=0.2
—13 o v b by b N O P Y il §
10 0O 5 10 15 20 25 30 35rec40 45 50 E - anti-kt R=0.2 |
pT pp(GeV/C) 10-9IIIIII|IIII|IIII|IIIII]I{—mlllllll

0 10 20 30 40 50 60
py* (GeVic)

* Inclusive Jet spectrum measured in central
Au+Au and Cu+Cu collisions at RHIC

 Extended the kinematical reach to study jet
quenching phenomena to jet energies > 40 GeV

Remark: New high statistics Au+Au runs on tape (Phenix and STAR) will increase significantly the kinematic reach!
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Jet Raa in central Au+Au and Cu+Cu

M.Ploskon QM2009 Y Lai QM2009
= | & *FPHENIX Preliminary
Au+Au and p+p at\/sy,=200 GeV/e 1?5 20_59%0%,@) =0.7 (PRL 101, 162301)
Au+Au: 10% most central -
HS 1.4F
3 1.2F
i — JE oo
I —  ktR=0.4 0.8C
i o anti-kt R=0.4 0.6: ﬁi}{b W{;{' % + ‘% : -
i 0.4 +
Inclusive Rax 0'2: El;zssslaiuﬁ]rtgr%/_o 3200 oev
10 15 20 25 30 35 40 45 50 PP (GeVi/c)
plet (GeV/c)

STAR sees a substantial fraction of jets in Au+Au
- in contrast to x5 suppression for light hadron Raa

Strong suppression (similar to single particle)
in Cu+Cu measured by PHENIX

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010 15



First look at the jet energy profile

M.Ploskon QM2009

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

Au+Au: 10% most central —— Au+Au kt @

—— Au+Au anti-kt

STAR Preliminary — p+p kt

0.8

0.7

Yield Ratio: R=0.2/R=0.4

0'6;_ —=—  p+p anti-kt
0.5 ' t

- —e ‘; «" H ” 1

- — — p+p: “Narrowing” of the jet
0-4:_ _i__D— : structure with increasing jet energy
0.3- ‘Mj/ =.
0.2 _Qﬁ/ \\ Au+Au: “Deficit” of jet energy of
0.1~ jets reconstructed with R=0.2

15 20 25 30 35 40 45 50
pf‘ (GeV/c)

Strong evidence of broadening in the jet energy profile

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010 16



Recoil jet spectrum Raa

E. Bruna QM2009

Q .
14 v AntiKt R=0.4, p"°>10 GeV
S F AntiKt R=0.4, p."*>20 GeV
o = ,
Trigger jEt S 1.2 — —— Background uncertainty 6, + 1 GeV
2 = N Trigger jet energy uncertainity
= B
T A
/0x 0.6
0.4
0.2 »
~ STAR Preliminary — |
B 1 1 1 | | | 1 1 1 | | 1 1 1 | | | 1 1 I | | 1 | l | | | 1
qO 15 20 25 30 35 40
P,. (recoil)

e Selecting biased trigger jet maximizes pathlength for the
back-to-back jets: extreme selection of jet population

e Significant suppression in di-jet coincidence measurements!

Remark: Compatible with a p_. shift A = 7-8 GeV (E. Bruna, Praque WS, 2010)
Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010



Di-jet azimuthal correlation in Cu+Cu

Y. S. Lai, arXiv:0907.4725v2

3.5

Centrality Width

0-20% 0.223 £+ 0.017
20-40% 0.231 + 0.016
40-60% 0.260 %+ 0.059
60-80% 0.253 + 0.055

9 g PHENIX Preliminary v 60-80%
® 25— - e 0-200
€ F 75<pl*c<115GeV/c | 0-20%
O — (1]
c 2
(‘G — »‘_:~~‘
v - RS
c 1.5 A S
= N l':':' \‘\;\
3 1 4 "
< - s/ Y
0.5 '3” ““o
: 6 ’%:, s@\ -~
O‘:t:".";EEI':‘ - [ AT S A NN T S N RN RN R |~T.‘=|~=-l:.~'|:
24 26 28 3 3.2 34 36 8

A¢

Small kr broadening of surviving parton in Cu+Cu

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010
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Di-jet azimuthal correlation in Cu+Cu

Y. S. Lai, arXiv:0907.4725v2

— 3.5¢
9 - PHENIX Preliminary v 60-80%
= . syar:rjmfriztr:icl jeetr}c;t— | " 20-40%
© 2.5__ E e N_ONO
€ F 75<p"<11.5GeV/c 0-20%
O — (1]
c  2C
(G - -
o f :
o 1.5__ 2
s Tt ¢
3 1 4 %

— Y. <
s 7 %
© L . N

05__ i '00 "x

- ¢ %”' "o

O:::".—":EEF?' A R B B BT Tl o = ot

24 26 2.8 3 32 34 36 38

Adp

Centrality Width

0-20% 0.223 £+ 0.017
20-40% 0.231 + 0.016
40-60% 0.260 %+ 0.059
60-80% 0.253 + 0.055

Small kr broadening of surviving parton in Cu+Cu

Are we biasing our (di-)jet measurements towards

non-interacting jets? Or is our HI jet energy

underestimated due to jet broadening!?

Can we test this with an independent measurement!?
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Jet-Hadron correlations (JH) 0-20% Au+Au

87.5F

1/NJet dN/dAC')

86.5-

86

85.5

1/Nyet dN/dAS

S STAR Preliminary J[

0 by
o
TTTTT

=]
-~
TTTTTT

High Tower Trigger (HT): tower 0.05x0.05 (nx¢) with E> 5.4 GeV

O.2<pt,assoc<1 0 GeV

Mean
RMS

hdPhi2
intries 3649278

2,098
1.81

—  0-20% Au+Au

pt,a3300>2.5 GeV

hdPhi2

ntries 31152

1 . O<pt,assoc<2 . 5 G eV

STAR Preliminary
0-20% Au+Au

hdPhi2
trles 699162

Mean
RMS

2.087
1.807

A(b:d)let - (I)Assoc.

_ As an example:

2 gaus+
constant bkg. fit

Jet axis

Trigger jet

Assoc.

0-20% Au+Au

Mean
RMS

1.577
1.759

STAR Preliminary

4A(|)5

djet = HT trigger jet-axis found by Anti-kt with R=0.4, picu>2 GeV
and prec(jet)>20 (10) GeV

No An “triangle acceptance” applied (in progress ...)
Corrected for single particle tracking efficiencies

Trigger jet energy: correction for tracking eff. (p+p vs. Au+Au),
background fluctuations ~1 GeV; uncertainties: p+p=Au+Au
and +2 GeV in jet energy (p+p relative to Au+Au)
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1N, dN/dAG

1IN,,, dN/dAG

Jet-Hadron correlations (JH) 0-20% Au+Au

High Tower Trigger (HT): tower 0.05x0.05 (nx¢) with E> 5.4 GeV

O.2<pt,assoc<1 0 GeV

w
T

- STAR Preliminary

-~

=

0-20% Au+Au

pt,assoc>2.5 GeV

STAR Preliminary
0-20% Au+Au

Open symbols p+p

A%, -6

Jet ' assoc.

1 . 0<pt,assoc<2 . 5 GeV

w
T

STAR Preliminary
0-20% Au+Au

| +Open symbols p+p
-1""o""1""2""3"4"4""5

A(b:q)Jet -

(I)Assoc.

Oyt = HT trigger jet-axis found by Anti-kt with R=0.4, ptcut>2 GeV

and prec(jet)>20 (10) GeV

No An “triangle acceptance” applied (in progress ..

As an example:

2 gaus+

constant bkg. fit

Corrected for single particle tracking efficiencies

)

Jet axis

Trigger jet

Assoc.

Trigger jet energy: correction for tracking eff. (p+p vs. Au+Au),
background fluctuations ~1 GeV; uncertainties: p+p=Au+Au
and +2 GeV in jet energy (p+p relative to Au+Au)

Increased kinematics in JH due to jet requirement!
Different systematics in bkg. correction compared

to full-jet measurements!
Can be used to study jet-finding biases in di-jets!

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010
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Events

First look at “Jet v>”

25000

20000

15000

10000

5000

STAR mid-rapidity (TPC+EMCal): Anti-k,. R = 0.4, p_tracktower > 2 GeV/c, pJet > 10 GeV/c

A
\ |

STAR Preliminary
Au+Au HT

|
|.

|

A. Ohlson (STAR), JET Collaboration Summer School

Is it possible to remove the jet
particles from the EP calculation?

First attempts:

1 I 1 1 1 I 1 | 1 I 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 I 1 Ll

o

0.2

0.4 0.6 0.8 1 12 1.4d,
|4>jet - Wep| (radians)

— All Particles Used to Calculate EP

- Jet Cone Removed

—— Random Jet Cone Removed
Specific Jet Cone Removed

- Jet Cone at Different n Removed

The presence of a jet influences the EP calculation!

For the jet definition used: “jet v2“~ v2{2}

(used in jet-hadron correlations;
max vz uncertainties: no v2 and +50% of vaJet*y,Assoc{a1)

Next steps: Using forward detectors to calculate the EP (FTPC, BBC, ZDC-SMD), to suppress non-flow!

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010

20



JH: Look on near-side first ...

5 0.8 C g 10 —
:§ - & Au+Au 0-20% HT 10<pie;c<15(;ev E ¥ A Au+Au 0-20% HT 10<pfr;c<1SGeV
g% —— ZYAM [ % — ZYAM
S 0.6~ (B max. v, uncertainties 2 |LA [ | max. v, uncertainties
S A ptpHT A
§ 0_5% % D Trigger jet energy uncert. B E Trigger jet energy uncert.
v
_’é 04— STAR Preliminary 1R
G Ai 0-20% Au+Au -
03— 4 -
- A B
02— LN ~ STAR Preliminary pal
TE - 0-20% Au+Au
0-1:_ \\\
: H‘
0_ o e e b ey gy 7 Lo Ly by
o 2 4 6 8 10 12assoc 14 10-10 1 1 1 2| 1 1 1 4| 1 1 1 é 1 1 1 é 1 1 1 110 1 1 1 1|2 1 1 1 1|4 1
pT [GEV/C] p:ssoc. [GeVIC]
e Jet broadening on trigger/near-side! =
e Enhancement at low pT (pT<2-3 GeV): =
Ridge, bkg. biases, bulk effects v3 !? o
Assumption:

What if this is energy loss (AE~2 GeV) even on the near-side!
— Compare to p+p jets (+ 3/2*AE)
— NS (and AS) low-pt enhancement balanced with high-pr suppression
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JH: Away-side width and laa

< 10 £ -
- T -
= — ZYAM Normalization ~ Au*Au 0-20% HT 314 — ZYAM Normalization ~ Au+Au 0-20% HT
- Jet c 7 Jot
u">, max. v, uncertainties - 1O<pT,,ec<15 .g max. v, uncertainties - 10<me<15
© Y
Jet o 12k Jet
5 - trigger jet uncert. A 15<pTiec<20 a l trigger jet uncert. A 15<pTiec<20
Jet Jet
i STAR Preliminary 4 20<pT.rec<40 § gre + 4 20<pT‘rec<40
-20° ®
0-20% Au+Au > b.a + STAR Preliminary
5 ) -, 0-20% Au+Au

II|I||_|III}

N
F =N
(=]
(o]
-
o
-
N
-
i
°°
N
F
[=7]
(o]
-
o
-
N
-
F

p:SSOC. [GeVlc] p:SSOC. [GeVlc]

e Significant (gaussian) jet broadening for recoil jets

decreasing with increasing jet energy; ~6-9 GeV out-of-cone (R>0.4) energy
e Softening of jet “fragmentation”:

suppression at high pT and enhancement at low pT (pT<2 GeV)

e Measurements/conclusions robust wrt to background subtraction

Further studies: jet energy scale/uncertainties on near-side (An study), included in systematics
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JH: Away-side Daa Vs jet energy

Daa(p7™) = Yaa7™) - 0704 — Yop(07°°) - PTpp.  AB = / dp%5°° D 4 4 (p2s5°€)

S A
(A B
O, L — ZYAM Normalization ~ Au*Au 0-20% HT
- Jet
Q} 3—4 max. v, uncertainties A 10<pT,rec<15
Q — Jet
2 B f‘ trigger jet uncert. s 15<pTiec<20
> | A 20<p™ <40 Jet energy [GeV AB [GeV] (stat. onl
g 2 Ly STAR preliminary Prrec gyl[GeV] [Ge ¥ Y)
< U\ 10-15 2.3 +- 0.48
15-20 1.2 +- 0.64
20-40 1.5+-1.2
: | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14

p:SSOC. [GeVIC]

Away-side yields enhancement/suppression not fully
balanced, more energy at low ptin Au+Au

But significant amount of energy ~3-4 GeV at
low pr compensated by high-pr suppression!

Jet-quenching at work !

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010
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“Jet-finding bias” assessment via jet-hadron correlations

E. Bruna, Prague WS, 2010

pt assoc range [0.30,1.00] pt assoc range [2.00,20.00]
= 10 = 10 T
3 - 3 = AuAu all recoil pt
Z p. =2 GeV AuAu all recoil pt Z X
'aﬂ - © Teut 'oﬁ B AuAu pt(recoil)>10 GeV/c
T 8 N AuAu pt(recoil)>10 GeV/c 2 8 B
z [ zZ L #®% PP
S pp S imi
61— STAR preliminary 6— STAR preliminary “
B B pT,cut=2 GeV
41— 41—
2 CI O
Fr N # |
“*u . Pl I R T
0 L |Tf—| oll Lo | ! il S S A
1 0 1 -1 0 1 2 3 4 5
Ad

Away-side shows broadening and softening in jet-hadron correlations

= Highly biased jets seem to be modified;
jet-finding algorithm not only reconstructing unmodified jet!

= Suppression of di-jet coincidence due to “out-of-cone energy”

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010
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But what about di-hadron correlations at lower pr’s ?

STAR, arXiv 1004.2377

Increasing pt trigger

>

trig

25<p_ <3.0GeV/c

trig

3.0< P, < 4.0 GeV/c

trig

40< P, < 6.0 GeV/c

6.0< P, < 10.0 GeV/c

Same observation in:

PHENIX, arXiv:1002.1077

(PRL in publication)

0.5< p: % < 1.0 GeV/c

15< p:ss“ <2.5GeV/c
0.4 _ B %,
0.2 ") L + +

(o]

(]

o]

B 00

Increasing pt.assoc

M ellO

25< p:ss“ <4.0 GeV/c
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A simple model: Mono-energetic Pythia jet in thermal bkg. model

In general: Two-component (ZYAM) approach

1 dN 1 /dNpeus. . . | | Jet axis
\lzzq (]AO(AO) \'rl'r-ig ( dA¢ (AO> N BA<D(AO)> \
[y
BAO(AO v trl(] gsso() = bAo (l + 2< trig, ass()(> CcOS 2A(7) )Q
> bag (1 + 2(vy ) (v3°5°¢) cos 2A¢) A

1 [ IN
/(]A(,*)( -(Ag)

‘(l A \fl ig (]A(b
N
In simple model: QD
1 dNmeas 1
meas. A 5) = Sr /A b [ Ag).
"‘V""‘l‘y (]A(D ( ( ) ;'T\rrr'ig( ( ( ) N = )
N BA(]
. . Bl p ) trig
i\"trlq - \rfzf, + \tnqj \f{zf/ (1 + f) W ith f - &\‘111_'11‘
rig
Y'Em,b. 1
Sim — - | Two cases:
YPy 1+ f

(i) hyet-h: Trigger associated to jet (AR<0.4)
(1) h-h: All “trigger particles” in event
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Simple MC model results

A. Adare (STAR), RHIC AGS Users Meeting 2010
pt 2-3 GeV/c ptB 1-2 GeV/c

3.53—

= o
< 3:_
s
< 25
Z C
o) 2
< :
Z 1.5
— C
1=

05

of
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Simple MC model results

A. Adare (STAR), RHIC AGS Users Meeting 2010

2.3 GeV/ B 1-2 GeV/ ions i |
prA eV/c pr eV/c To start: produce h-h correlations in pythia.

1/NA ANAB/dAd

N
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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Simple MC model results

A. Adare (STAR), RHIC AGS Users Meeting 2010

2.3 GeV/ B 1-2 GeV/ ions i |
prA eV/c pr eV/c To start: produce h-h correlations in pythia.

37

Add isotropic thermal background; calculate
hjet-h. Trigger particles are inside AR = Rc = 0.4.

36
35

34

1/NA ANAB/dAd

33

|III_|__|_III|IIII|IIII|IIII|II

32= .
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Simple MC model results

A. Adare (STAR), RHIC AGS Users Meeting 2010
pt 2-3 GeV/c ptB 1-2 GeV/c

37

36

35

34

1/NA ANAB/dAd

33

TrT T pI T T T [ TrrrryrrrrJyrrrorJ T T
I I I I I

32= .

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010

To start: produce h-h correlations in pythia.

Add isotropic thermal background; calculate
hjet-h. Trigger particles are inside AR = Rc = 0.4.

Background pedestal calculated
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Simple MC model results

A. Adare (STAR), RHIC AGS Users Meeting 2010
pt 2-3 GeV/c ptB 1-2 GeV/c

1/NA ANAB/dAd

Jorn

To start: produce h-h correlations in pythia.

Add isotropic thermal background; calculate
hjet-h. Trigger particles are inside AR = Rc = 0.4.

Background pedestal calculated

hiet-h: Pedestal subtraction recovers
PYTHIA yield (dark points)
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Simple MC model results

A. Adare (STAR), RHIC AGS Users Meeting 2010
pt 2-3 GeV/c ptB 1-2 GeV/c

s | Nyig(AR<0.4)/ Ny, = 0.24

trig

1/NA ANAB/dAd

Jorn

To start: produce h-h correlations in pythia.

Add isotropic thermal background; calculate
hjet-h. Trigger particles are inside AR = Rc = 0.4.

Background pedestal calculated

hiet-h: Pedestal subtraction recovers
PYTHIA yield (dark points)

Inclusive h-h: many fake/uncorrelated

background trigger particles (at “low p1”’)

- peak yield is suppressed
by 1/f = 0.24 (1/f=Nrig’®/N1rigBk9)

- pedestal raised by ‘
1/2pi *(1-1/f) NyetAssoc = 0.67 ‘/C3

Fake trigger

27



hiet-h vs. h-h in HT Au+Au, p+p

. . |
A. Adare (STAR), RHIC AGS Users Meeting 2010 Anti-ky R = 0.4, pytrecktover > 2 GeVie, pJet > 10 GeVic

b1 — 1 1 1 1T 1A
T [ STAR prelimi A 2.5-3.0 GeV/c ] : :
& f prefiminary Py 1 h-h: Event contains a 10+ GeV jet,
2 M4 > p2 0.5-1.0 GeV/c —
s I - T - but no AR cut
€ r ¢ ’
8 3 huet-h: Same events, with AR<0.4
42— . o =
n 1 Same vz currently used for both as initial estimation
41— —]
o e
sk 7 4 ZYAM applied for consistency with STAR
- If V2 TAR’I -planc, V2{4|} average 1 and PHENIX h-h analyses
= —— T
..-“c.! B —0— 0-10% HT Au+Au:AR< 0.4 .
8 a4 - —— 0-10% HT Au+Au: noARcut  _
g B —©o— HT p+p:AR<0.4 i
a - o ©® —o— HTp+p:noARcut -
= 3 7
S r ]
< - ]
= L . . ]
% E ,‘*.1.:.1. E
< n - @ .
£ 1 — e 8 3 ,.,' o ¢ *
T B . e o e 298 o _ ]
- e 8T T8 S, 0088 egnety
A¢ (rad)

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010 28



hiet-h vs. h-h in HT Au+Au, p+p

44

43

1/N* dNB/dAg

42

41

40

2
= N w
O N o w o »

1/N* dN*B/dA¢ (v_ subtracted)

0.5

A. Adare (STAR), RHIC AGS Users Meeting 2010

S

‘I|II,II|IIII|IIII|III

L B B A N A B
TAR preliminary p_’: 3.0-4.0 GeV/c _:
. p$ 0.5-1.0 GeV/c .

o o |

- o _:
.'05’7. oo &::: t‘ _:

v2 = STAR even

-plane, v2{4} average
T S R S | ] P

- —@— 0-10% HT Au+Au: AR < 0.4 ]
— —— 0-10% HT Au+Au: noARcut  —
- hd — 65— HT p+p:AR<0.4 =
— ® ® o  HTp+p: no AR cut =
- ® - .
= pre 3 3
[ @ -@ i
— @ 8 @ =
- S P % aa- %88 o o®o |
- & € o $ o0 8ege8%e §
+%e o ©
380 *28800° Co0g
E 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 IE
-1 0 1 2 3 4

A¢ (rad)
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Anti-k_ R = 0.4, p_tracktower > 2 GeV/c, pJet > 10 GeV/c

h-h: Event contains a 10+ GeV jet,
but no AR cut

hyet-h: Same events, with AR<0.4

Same v2 currently used for both as initial estimation

ZYAM applied for consistency with STAR
and PHENIX h-h analyses
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hiet-h vs. h-h in HT Au+Au, p+p

1/N* dNB/dAg

1

40.5

40

39.5

N
(R

N

2

—t

1/N* dN*B/dA¢ (v_ subtracted)
o —h
3 3]

(=)

A. Adare (STAR), RHIC AGS Users Meeting 2010

I B B L L .
— STAR preliminary p_’: 4.0-6.0 GeV/c -
= + pZ 0.5-1.0 GeV/c .
3 e E
- RS $4¢ =
R At R4 A AN C TN
- ] y r r S -
S L e +40s
" ot .
- v2 = STAR event-plane, v2{4} average

— | — | P R ST R TSI S I S S R

I e A BB L L B B
- —®— 0-10% HT Au+Au:AR < 0.4

:_ —&— 0-10% HT Au+Au: no AR cut

5 2 —o— HT p+p:AR< 0.4
& © —oc— HTp+p:noARcut

Q
Q
e
-IIlld)II#llIII|IIII|IIII|IIII|IIII-IIII

sbats
| & ‘ +§ e ! +
‘-3§3,° 5655@@‘*-.
. 49O o9 * o
gﬁ 2o < ! 500 O0.0
E P P | | TR B! P
-1 0 1 2 3 4
A¢ (rad)
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Anti-k_ R = 0.4, p_tracktower > 2 GeV/c, pJet > 10 GeV/c

h-h: Event contains a 10+ GeV jet,
but no AR cut

hyet-h: Same events, with AR<0.4

Same v2 currently used for both as initial estimation

ZYAM applied for consistency with STAR
and PHENIX h-h analyses
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hiet-h vs. h-h in HT Au+Au, p+p

A. Adare (STAR), RHIC AGS Users Meeting 2010

L B B A L B
STAR preliminary p¢ 6.0-10.0 GeV/c
| p? 0.5-1.0 GeV/c

b7l

¢1_I_LHJ_LI|III|III|III|III|III|III|_

1 |III ¢

v2 = STAR event-plane, v2{4} average
—
—@— 0-10% HT Au+Au:AR < 0.4
—@— 0-10% HT Au+Au: no AR cut
—o— HT p+p:AR< 0.4

—=o— HT p+p: no AR cut

1.6

2

—r
=Y
I|III|III|III|III|III||||| |||||| [

1/N* dN*8/dA¢ (v_ subtracted)
o O -t
D 0 a N

© o
N B
T e

o
RN
O—00—
0
Q
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I <>QH bo—
i o e 1
Illllllmlllll|III|III|III|III|III|III|||
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—_
=
<]
Q
N’

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010

Anti-k_ R = 0.4, p_tracktower > 2 GeV/c, pJet > 10 GeV/c

h-h: Event contains a 10+ GeV jet,
but no AR cut

hset-h: Same events, with AR<0.4
Same v2 currently used for both as initial estimation

ZYAM applied for consistency with STAR
and PHENIX h-h analyses

hjet-h and h-h correlations similar
at highest trigger pt!

HI “trigger” and “associated”
background complex ...

What do we measure with di-hadrons
at lower trigger pr’s?
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So, what do we learn ?

A. Adare (STAR), RHIC AGS Users Meeting 2010 STAR Phys. Rev. Lett. 97 (2006) 152301
£ b pessocee [ PRV ARSI A RA
g Y“C . p7 0.5-1.0 GeV/e E (@)p/r A 60-80% Au+Au (b)p/r 770 Hwa:Recombination
z C e © ] O d+Au === Fries:Coalescence+Jet
T a3 STAR preliminary - T E
o o« o = 9 el e 1 L '
42; : %o ® E E I"‘ IT% ? I*é :: gé(;L %’T. e _ I T :
41; 5 ‘;.' ‘t— - K 04—:::t.:"'::;t:lo—f{ = “‘ J 1 ‘%% % IO T ]
= o . o® o o < URRRSTETTTE T TERL 5 ®o J
=§ ;; ; I ; ; ; ; } ; ; ;—.—; } ; ;0.;1(;0/} FLT;AL:AL;AR;QO;4I ; ; E -I ll].l I 111 I 11 | I 11| I 11| I 11| I Igl 1 I 11 | I 11 | I 1 I.I-I.l..|.:.|.:.|..|-|:
g al- .« 0-10% HT Au+Au: noAR cut ] 0 2 4 6 8 10 120 2 4 6 8 10 12
2 f . O fTewiaR<04 ; Transverse Momentum p_(GeV/c)
a B o & —0o— p+p: no AR cut i T
> 3 ]
N ]
g 2 e . Secondary (n-th) hard-scattering reduces h-h
T °r :
T - % 0 N . .
v [ N et tee ] due to different jet energy scales sampled wrt hyet-h!
= 17 s % ® ® & 1
N . oS8, o 2 0o 80 ‘o0 ®q . 6 4 :
Regs® %e%ﬁg}g@@ﬁg'ﬂ%@% If h-h is the true Au+Au “jet” correlation
R T 4(d) < dominated by semi-hard scatterings!
Ad (ra

But there is the B/M enhancement!
So some dilution due to “fake” triggers expected in h-h!

We can not have both!

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010
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So, what do we learn ?

A. Adare (STAR), RHIC AGS Users Meeting 2010 STAR Phys. Rev. Lett. 97 (2006) 152301
: [ massoceve | [ RP IR AP ANV NSRS N AR
g s . p7 0.5-1.0 GeV/c E (@)p/ A 60-80% Au+Au (B)p/a 7 Hwa:Recombination
2 r o ® ] O d+A ==== Fries:Coalescence+Jet
T a3 STAR preliminary - +u T E
r 7] 7)) ()
r . A o égo o
42: ° o . = i\ % T:T oo
u %, ,,:i::.':j’; 1 E “" J% J T fT s TI l
“a- e * et e Lo J S % 20 |
oas’ Svee®t ~—2< SRR oo T J
40M T A . } t -
g ;HIHH}H::};;011;%}>H;T;AL:AL.;A;<;O;4;;;E o |.........|....-|.,",.:.|.:.,",-|'
S .« 0-10% HT Au+Au: noAR cut | 0 2 4 6 8 10 120 2 4 6 8 10 12
£ [ —o— HTpipiaR<0d § Transverse Momentum p_(GeV/c)
a B o & —0o— p+p: no AR cut i T
> 3 ]
s L ]
§ 2" e . Secondary (n-th) hard-scattering reduces h-h
T . . . "’""’g 3 due to different jet energy scales sampled wrt hyet-h!
" : Q;%G hd ] H [1H th H
Regs®” %, t"@ soee ﬂ@*@‘j If h-h is the true Au+Au “jet” correlation
s e 4(d) < dominated by semi-hard scatterings!
Ao (ra
—————— But there is the B/M enhancement!
/20.085+80<Npan<120 AMPT ] H H “ ” g . _h!
2 e sy | So some dilution due to “fake” triggers expected in h-h!
Loost Laoallaw g T We can not have both!
30.047 A ' § 1
Oz ]
~ 0.02 Loa Y i X 3 — . -
S gr)gl;,efog;;;gj"fb) My take on that: At lower trigger pt we
Ly Y ] 14 = L)
o S Cony are dominated by “bulk correlations™!
.

Remark: More quantitative studies needed, but | think we have all the tools/measurements to answer this unambiguously! 29
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Summary from RHIC:

(Light flavor) Jet quenching measurements at
RHIC can be (qualitatively) explained in a
consistent picture by a significant broadening
and softening of the jet structure caused by
(PQCD- Ilke) partonic energy loss in the medium!
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A word of caution: Initial state effects at LHC ...
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y~3 at RHIC probes similar x as at mid-
rapidity at LHC

Suppression/de-correlation at y~3 in central
d+Au collisions at RHIC! Onset of CGC !?

Can we learn more about the initial
effects from other measurements
before the p+Pb run?

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010 31



The “Ridge” in p+p collisions at the LHC ...

CMS, CERN Seminar, Sept. 21, 2010
Intermediate p-: 1-3 GeV/c
MinBias high multiplicity (N>110)

(b) MinBias, 1.0GeV/c<p_<3.0GeV/c (d) N>110, 1.OGeVIc<pT<3.OGeVIc

> A
OO
.

R(An,A¢)

Pronounced structure at large 6n around 6¢ ~ 0!

Is the ridge in p+p caused by the CGC ? Onset of CGC at
same x measured at forward rapidity's at RHIC ?

(for example A. Dumitru and J. Jamal @ RBRC Workshop March 2010)

Jorn Putschke



The “Ridge” in p+p collisions at the LHC ...

CMS, CERN Seminar, Sept. 21, 2010

Intermediate p-: 1-3 GeV/c
MinBias high multiplicity (N>110)

(b) MinBias, 1.0GeVIc<pT<3.OGeVIc (d) N>110, 1.OGeVIc<pT<3.OGeVIc

LA

Contol experlment p+Pb at LHC necessaryt
measure with high precision initial state effects

R(AH,A(P)

to allow an unambiguous interpretation of
jet-quenchlng measurements in Pb+Pb collisions!

Pronounced structure at large 6n around 6¢ ~ 0!

Is the ridge in p+p caused by the CGC ? Onset of CGC at
same x measured at forward rapidity's at RHIC ?

(for example A. Dumitru and J. Jamal @ RBRC Workshop March 2010)

Jorn Putschke
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Summary

Qualitative picture (so far) from RHIC:
Jet-quenching measurements

can be “consistently” explained

by jet-broadening/softening due

to radiative energy loss in the medium!

Large kinematical reach and precise
(full) jet measurements at the LHC:

= Quantitative constraints on
underlying partonic energy loss
mechanisms (for light quarks)!

Landscape of hard probes:
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RHIC and LHC jet measurements will be complementary!

But this is just the start!

The landscape of hard probes is rich at the LHC (and RHIC II)!

Measure heavy quark energy loss (b-tagged jets), still open theoretical
issue to describe heavy and light flavor energy loss in a consistent framework!

Jérn Putschke, 5th Workshop on High-pt Physics at LHC, Mexico City, September 2010
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