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What are we measuring at high-pt @ RHIC ?
STAR, Phys. Rev. Lett. 97 (2006) 162301

STAR, QM06

p/π(Au+Au)p ( )
≈ p/π(d+Au)

R (e) R (π)

K. Werner, 
Phys.Rev.Lett.98:152301,2007Do we have a black/white picture ?

PHENIX, QM06

RAA(e)≈RAA(π)

y ,

Surviving high-pt particles do not lose energy ?

Can this explain the p/π ratio at high-pt,
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RAA(e) ~ RAA(π) and no shape modification 
of the di-hadron FF ?



Extracting the transport coefficient “via suppression” @ RHIC

Di hadron suppression

Di-hadrons

Di-hadron suppression

Zhang, H et al, nucl-th/0701045

Inclusive hadrons

Inclusive hadron suppression

Di-hadrons provide stronger constraint on densityp g y

Extracted transport coefficient from singles and di-hadrons consistent

2 8 ± 0 3 GeV2/fmq̂ =
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BUT: Different models extract different transport coefficient values …

2.8 ± 0.3 GeV2/fm q =



Measuring the radiation spectrum

Limited sensitivity of current measures to energy loss distribution P(ΔE)
Need to better constrain parton energy to measure P(ΔE)

P(ΔE) tests theory !
Salgado and Wiedemann, Phys. Rev. D68, 014008

P(ΔE) tests theory !

Two approaches:
1. Full jet reco.1. Full jet reco.
2.  γ-jet
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P(ΔE) ≈ radiation spectrum



LHC: ALICE/EMCal physics reach

EMCal enables measurement 
of a “logarithmically large” 
variation in jet energy 

⇒ study QCD evolution 
of jet quenching    
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EMCal jet-trigger simulation
Rejection Factor Efficiency

pp

Rejection Factor Efficiency

3000

Reference (p+p/p+Pb)

Jet yield in 20 GeV bin

Reference (p+p/p+Pb)
and periph. Pb+Pb
measurements require 
EMCal jet-trigger
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Benchmark observable: modified fragmentation function

• MLLA: good description of vacuum fragmentation (basis of PYTHIA)
• Introduce medium effects at parton splitting Borghini and Wiedemann, hep-ph/0506218

Jet quenching
“hump-back
plateau”

pT
hadron~2 GeV

plateau

ξ=ln(EJet/phadron)

T

Jörn Putschke, ECT Workshop on FF, Trento (2008) 8

Jet quenching ⇒ fragmentation strongly modified at pT
hadron~1-5 

GeV



Quenching simulation
Simulations: AliPythiaQuench PQM with fragmentation of radiated gluons (A Morsch)

Radial profileFragmentation function

Simulations: AliPythiaQuench, PQM with fragmentation of radiated gluons (A. Morsch)
Includes full geometry & energy loss fluctuations

Idealised simulation:
All particles, no background R=1

Energy loss depletes high-z
and populates low-z

Low-z fragments (from gluon radiation)
show up at large Rand populates low-z show up at large R

This model: in-medium energy loss leads to redistribution of particles in the cone

Model has the main phenomenology included; use as benchmark
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Model has the main phenomenology included; use as benchmark
Caveat: Model/theory needs to become more quantitative to extract physics



Jet-finding strategy in heavy-ion collisions

J t f ti t idJet energy fraction outside cone 
R=0.3

CDF preliminary
• Unmodified (p+p) jets: over 80% of 
energy within R~0.3

• Baseline algorithm to suppress 
heavy ion background: 

R = Δ η 2 + Δ φ 2

small jet cones R~0.3-0.4, pT>1-2 GeV/c

Estimate remaining background EbyE in out-of-Cone area:

Out of cone area:

η

used to estimate mean background energy
and “mean background FF function”
Caveat: Precision depends on acceptance, event-
by-event fluctuations and elliptic flow …
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φ reconstructed jets

y p
Algorithm needs to be tuned on real data !



Background subtraction: jet-spectrum

• Energy difference < 10 GeV for jet energies > 100 GeV• Energy difference < 10 GeV for jet energies > 100 GeV

• Jet-spectra similar for jet energies > 50 GeV

⇒ Only minor influence of background (fluctuations) for this model 
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y g ( )
and jet-finding algorithm in reconstructed jet-energy



Background subtraction: fragmentation function  

R=0.7 and no pt-cut for charged particles used to extract the ξ-distribution Charged particle FF:
Rc=0.7 and pt>0 GeV

Jet energy determination:
Rc=0.4 and pt>1 GeV

Heavy-ion background has only minor influence
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Heavy-ion background has only minor influence
in the fragmentation function for ξ<4.5



Fragmentation function measurement 
1 N AA dN AA /dξ

RAA
Jet (ξ) =

1 N jet dN /dξ
1 N jet

NN dN NN /dξ
R=0.7 and no pt-cut for charged particles used to extract the ξ-distribution 

Jet q enching effects can be meas red ith high precision for ξ<4 5
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Jet-quenching effects can be measured with high-precision for ξ<4.5

Caveat: background subtraction uncertainties greater than 
the assigned 5% systematic;  More studies are needed! 



Remark on jet-finding: Jet energy response

ALICE PPR, part II 100 GeV Jets

R=0.4

Note: tail due to jet-splitting
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TPC+EMCal recovers large fraction of jet energy
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Remark on jet-finding: Jet-splitting
N
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Reducing the cone-leads to a significant amount of (artificially) split jets 
Offline jet-summing improves jet-energy reconstruction => increase of background area in HI

Jet topology ≠ circle ⇒ sub-cone-clustering or kt jet-finder favorable
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Studies of different jet-finding algorithm like sub-cone-clustering and kt-algorithm (Salam, Cacciari) are in progress …  



Split-jets = “trigger” on early hard gluon radiation ? 

R 1fR0 = 1fmΘ

tform = 1/(Θ kT)
1/

Θ

tsep = 1/

“Sub-jet” Suppression ?
Identify “hot spots” at larger distance with respect to primary jet axis

“split jet” event characteristics~ split-jet  event characteristics 

Small formation time of initial hard radiation. 

Can we measure the difference in the suppression pattern ?
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Can we measure the difference in the suppression pattern ? 
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PID FF studies

MLLA + LPHD  Sapeta, Wiedeman hep-ph/0707.3494

ALICE well suited for these kind of 
measurements due to excellent PID 
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capabilities up to 20 GeV 



Heavy flavor/b-tagged jets

ALICE+EMCal trigger and electron identification 
allows b-jet measurements up to 80-90 GeV (and above)
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allows b-jet measurements up to 80-90 GeV (and above)



Heavy flavor jets: quark vs. gluon energy loss
PDG, 2007PDG, 2007

b-quark FF

“Dead cone” effect expected to be small for energies > 50 GeVDead-cone  effect expected to be small for energies > 50 GeV
=> can use heavy flavor jets to study quark vs. gluon energy loss   

FF is significantly harder for heavy flavor jets as compared to light quarks jets
b k d t ib ti f h fl j t t d t b ll
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=> background contribution for heavy flavor jets expected to be smaller
=> increased sensitivity, potentially good and reliable  quark tag

More quantitative studies needed …



jT broadening (transverse heating)

jT=kT=p × sin(θ)BDMPS

Θ

Partonic energy loss leads to 
a significant broadening of the 
jT spectrum:jT p

“transverse jet-heating” 
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jT - Spectra

Statistical error

ALICE PPR, charged jets only

Statistical error
104 events

Small background contribution in the jT  region where 
transverse heating is expected to have a significant effect
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g p g
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Di-jet Correlations/Acoplanarity

Acoplanarity: “direct” measurement of qhat

pppp
PbPb: PYQUEN 
T = 1 GeV charged jets

J. Casalderrey-Solana and XNW,
arXiv:0705 1352 [hep-ph]arXiv:0705.1352 [hep-ph].
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Work in progress …



γ-Jet correlations

Direct γ are likely to be produced isolated. 
Two parameters define γ isolation:
cone size R and p thresholdcone size R and pT threshold.

Direct  γ candidates:

No particle in cone with  pT > pT
thres

or
pT sum in cone, ΣpT <  ΣpT

thres

Dominant processes in pp
– g + q → γ + q (Compton)

q + q → γ + g (Annihilation)

φmin φmax

EMCal
γ Identification in ALICE:

– Time of flight– q + q → γ + g (Annihilation)

γ-jet correlations
– Eγ ≈ Ejet
– back-to-back

IP
TPC γ

g
– Charged particle veto
– Shower shape
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– back-to-back

PHOS

γ
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Identifying prompt γ in ALICE

p+p:
– R = 0.3, ΣpT < 2 GeV/c

Effi i 69%– Efficiency: 69%
– Background rejection: 1/170
– First year (10 pb-1)

3000 (E > 20 G V)
bkg.

• 3000 γ (Eγ > 20 GeV) 

Pb+Pb: 
R 0 2 thresh 2 G V/

g

– R = 0.2, pT
thresh = 2 GeV/c

– Efficiency: 50%
– Background rejection: 1/14

O th f i signal ALICE PPR
– One month of running 

• 2000 γ (Eγ > 20 GeV)
• Increases to 40 GeV with EMCal

× 5
signal

bkg.
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jet-quenching suppress
bkg. contribution 24



Fragmentation function

ALICE PPR ALICE PPR

non-quenched

quenched jetq j

Sensitivity ~ 5% for z < 0.4
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Summary

Full jet reconstruction and modifications in the fragmentation 
function can be measured in ALICE with high precision over a
b d f j t i ( t 225 G V ith 10% iti itbroad range of jet energies (up to 225 GeV with 10% sensitivity
around ξ ~ 4) 

ALICE is well suited for measuring PID fragmentation functions
in addition to heavy-quark jet measurements up to 80-90 GeV 
ll i t t th fl d d f l i HIallowing to map out the flavor dependence of energy loss in HI

γ-jet correlations can be measured for Et> 20 GeV with aγ jet correlations can be measured for Et> 20 GeV with a 
sensitivity of ~5% for z<0.4
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There are still open questions concerning jet-finding algorithms and how to
subtract the HI background. This work is still in progress …



Backup slides



Summary of statistical reach

Ratio ξ>4 ALICE+EMCALLarge ξ: ~10% error requires 
several hundred signal 
events (Pb central) and RAA 225

RpA 225

events (Pb central) and 
normalization events (pp,pA).

Large z>0.5 requires 
RAA(5.5 TeV) 225

RAA(φ) 150

R 150

several thousand events

RCP 150

Ratio z>0.5 ALCIE+EMCAL

RAA 150

R A 150
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RpA 150

RAA(5.5 TeV) 140



Sub-Cone-Clustering (SCC*)
100 GeV mono energetic jet no p *To study SCC (implemented in ktJet the ALICE

et
a

100 GeV mono-energetic jet, no pt,cut
To study SCC (implemented in ktJet the ALICE 

EMCal+TPC setting was used as an example, but the 
results are meant for general discussion about jet-finding 
in HI.

Normal Cone-Finder
R 0 4 (E d)

Sub-Cones RSC=0.2
(Eseed,SC)

active search area for sub-
cones around the highest
sub cone (Eseed)

RC=0.4 (Eseed)

phi

sub-cone (Eseed)

Pragmatic approach: do clustering, but during jet-reconstruction and using smaller RC

• Area ~ R2 ⇒ Using RSC<RC reduces area by a factor of (RSC/RC)2, whereas summing goes linear!
• Not pure “circular” jet-topology anymore
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Not pure circular  jet topology anymore
• Hybrid between kt-algorithm and cone-algorithm; including energy/dist. weighting ~ “kt-like”

Caveat: Introducing more cut-variables; but also more flexible (!?)



SCC* in heavy-ion collisions
*To study SCC (implemented in ktJet the ALICE

100 GeV mono-energetic jet embedded in central HIJING Pb+Pb
To study SCC (implemented in ktJet the ALICE 

EMCal+TPC setting was used as an example, but the 
results are meant for general discussion about jet-finding 
in HI.

Random cone e-by-e
bkg. subtraction
method in Pb+Pb

Improved jet-energy reconstruction using SCC; due to strict cuts (optimum still has to be determined) 
only half of the events have more then 2 sub-cones ⇒ use cone-finder (Rc) if NSC=1 (Hybrid)

Using SCC active jet area significantly reduced compared to cone-algorithm using RC=0.4
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Using SCC active jet area significantly reduced compared to cone algorithm using RC 0.4

SCC has all the ingredients necessary for a jet-finding algorithm in HI collisions!



kT algorithm
M Cacciari and G SalamM Cacciari and G Salam

Example p+p event Result

Use background jets to Resulting spectrum after Use background jets to 
subtract uncorrelated 

particles

g p
bkg subtraction fairly 

similar to input 
Large tail due to
bkg fluctuations

No p cut needed?
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No pT-cut needed?


