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Physics target: Parton Energy loss

Collisional
∆𝐸 ∝ 𝐿

Radiative
∆𝐸 ∝ 𝐿!

QGP medium

QGP

Quark/gluon Jet

Energy deposit

Neuclear
QGP medium

Energy loss
∆𝐸 ∝ %𝑞𝐿"

%𝑞: transport coefficient
%𝑞 = 𝑚𝐷 ×𝜌×𝜎
𝑚𝐷: medium	mass
𝜌: medium	density
𝜎: cross section

𝐿: path length in QGP

Jet suppression mechanism

Partons deposit energy in the QGP medium.
→ Jet tomography of the QGP

Jet measurements help to:
- quan5fy 𝑞 ̂ 
- understand suppression mechanism
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Study Goal: Jet v2 and RAA measurement
Jet v2 measurement enable to measure the jet 
suppression effect according into QGP matter shape

v 2

model 

data 

pT

Radiation / Scattering dominant?
→ L2 or L

Scattering

Radiation 

It enables to two kinds of approach for 
measuring pass length dependency of 
jet suppression

In-plane

Out-plane

Section 4.6. Measurement of charged jets in Pb-Pb collisions 59
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Figure 57: Definition of in-plane and out-of-plane in this jet vjet2 measurement.

Using the definition of in-plane and out-of-plane as shown in the Fig.57, the jet yields1

at in-plane and at out-of-plane w.r.t measured event plane can be written as:2
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Considering only Fourier coefficient of 2nd-order harmonics, the integrals can be evalu-3

ated as:4

Nin = a
(
π + 4vjet, obs2

)

Nout = a
(
π − 4vjet, obs2

) (53)

where, Nin, Nout are the jet yield in each pT bin. a is a constant for a normalization.5

Using the Eq.53, eliptic azimuthal anisotropy of jet, vjet2 , is calculated as:6

vjet2 =
1

Res {ψmeas
2 }

π

4

Nin −Nout

Nin +Nout
(54)

The vjet2 in mid-central (30-50%) Pb-Pb collisions is measured as a function of jet pT7

using Eq.54 with the unfolded jet spectra.8

: Jet yield at in-plane 
and at out-of-plane
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Figure 57: Definition of in-plane and out-of-plane in this jet vjet2 measurement.

Using the definition of in-plane and out-of-plane as shown in the Fig.57, the jet yields1

at in-plane and at out-of-plane w.r.t measured event plane can be written as:2
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Considering only Fourier coefficient of 2nd-order harmonics, the integrals can be evalu-3

ated as:4

Nin = a
(
π + 4vjet, obs2

)

Nout = a
(
π − 4vjet, obs2

) (53)

where, Nin, Nout are the jet yield in each pT bin. a is a constant for a normalization.5

Using the Eq.53, eliptic azimuthal anisotropy of jet, vjet2 , is calculated as:6

vjet2 =
1

Res {ψmeas
2 }

π

4

Nin −Nout

Nin +Nout
(54)

The vjet2 in mid-central (30-50%) Pb-Pb collisions is measured as a function of jet pT7

using Eq.54 with the unfolded jet spectra.8

: Event plane resolution
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Analysis flow

Jet RAA

Jet v2

Raw Jet inclusive (𝝆𝐥𝐨𝐜𝐚𝐥)
Raw Jet in-plane (𝜌%&'(%)
Raw Jet out-of-plane (𝜌%&'(%)

Raw Jet inclusive (𝜌))

Event Plane

UnfoldingRaw Jet task Result

Embedding
Response Matrix (RM)
Jet energy scale shift
Jet energy resolution
Kinematic efficiency

(Already studied by other person)
Qn vector calibration
- V0A, V0C, V0M
- TPC (η<0), TPC (η>0)

RM
RM

RM
RM

Model
- JETSCAP
- LBT
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Event Plane calculation

Flow vector from detector measurement

𝑄",$ = :
%

𝜔% cos 𝑛𝜙%

𝑄",& = :
%

𝜔% sin 𝑛𝜙%

(𝜙% : Track angle, 𝜔% :multiplicity
weight, n: Fourier order)

Event Plane

Ψ'(," =
1
𝑛
arctan

𝑄",&
𝑄",$
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Qn vector Gain calibration

𝜔)* = 𝑀+
𝑀,-.
𝑀+

Gain equalization 

M
ul

$p
lis

ity

Channel number

V0C

V0A

Reference channels

Reference channels

This part is estimated for run-by-run.
This average means the run average.

Equalizate gain to uniform the each channel value 
on the same ring.

Rhian way: As the reference value, average value of 
8 ch on a ring is used.  
A.Dobrin way: As the reference value, the first ch 
value is uesed
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Qn vector re-centering calibration

𝑸′! = 𝑸! − 𝑸!

Recentring

LHC18q, Pass3, Run 296510 LHC18q, Pass3, Run 296510

<Q
2y
>V

0A

Rhian’s way
I still reproduce Alex way results

This part is esimated for run-by-run.
This average means the run average.
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Calibration of estimated event plane anlgle between V0C and V0A

The correlaWon seems correct.

𝑄*,, = #
-

𝜔- cos 𝑛𝜙-

𝑄*,. = #
-

𝜔- sin 𝑛𝜙-

Ψ/0 * =
1
𝑛 arctan

𝑄*,.
𝑄*,,
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Event plane angle resolution

Both side TPC resolutions are matched. → It is reasonable.

Run1 Result

Ideally, Ψ"#,!% − Ψ"#,!&'(&) close to 0.
In that case, ℛ!

* close to 1.

V0 sub-detector
(b: TPC η<0,	c:	TPC η>0)

TPC sub-detector
(b: V0C,	c:	V0A)
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Background pT distribu?on (ordinary way) 

background pT  for centrality 

→ Signal jets are reconstructed with the background particles.

𝜌 = median(𝑝<,%/𝐴%) 𝐴 : cluster area, i: cluster id

→Estimate background pT density (𝜌) except for jet area to subtract 
the background from the signal jets

𝑝<,)=,,
>-? = 𝑝<

>-? − 𝜌𝐴

𝐴 : jet area

𝜌 is considered uniform and determined 
event by event
→ subtract the background from each jet  

In HIC, a huge number of particles are produced.
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Local background pT estimation

The soft particle background is not uniform for 
azimuthal angle (φ).
→The background calculation should take the φ	
dependency into account.

The local rho is estimated using tracks except 
the leading jet η region. (Because of the statistic 
problem, it includes the sub-leading jet region.)

In this analysis, a following equation is used.

Ψ@A,! and  Ψ@A,B are calculated by the Qn vectors.
And 𝜌C, 𝑣!=DE, and 𝑣B=DE are fitting value.
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Local background pT results
ρch

# of bins =  𝑁&'%+,
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Soft pT particle v2

Run1
<v2>
<v3>

LHC18q (my result)
<v2>
<v3>

For <v2>, LHC18q results close to Run1 results untile centrality 40%, but over 50% LHC18q results become smaller.
For <v3>, LHC18q resutls mostly consists with Run1 results.
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Evaluation of background fit (δpT )
δpT is a gap between integration of 
background tracks pT and integration of 
background function in a random cone area.

We expect the local rho’s δpT should be 
smaller than the median one.
And in the local rho case, δpT phi dependency 
is expected to make small.

The Random cone is created once per event 
except the leading jet region.

∫dφ 𝜌+)(𝜑)

∫dφ 𝜌-
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The background δpT distribution 

As expected, the median rho has φ dependency and the local rho makes smaller the φ
dependency. Furthermore, the dispersion of local rho background is more narrow than 
median rho. And these same tendency is seen in the all centrality regions. 

𝜌!"
𝜌 #

Medium rho Local rho

Centrality 0-10%Centrality 0-10%

Centrality 40-50%Centrality 40-50%
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Background pT function fit quality

N𝜒. = PQ
!/-

0
𝑝1&'%+, − 𝑝12(3+&453

.

𝑝1&'%+,
(# of bins − 3)

# of free parameters (ρ0,	v2, v3)
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Raw Jet Spectrum

In

Out

Corrected Raw jet pT distribution (w/o unfolding): 𝑝<]^_ − 𝜌(𝜙)𝐴

Out-Plane jets are more suppressed than In-plane ones for each centrality.
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Raw jet v2 (R=0.4)

- Jet v2 distribution peak point become smaller as centrality becomes larger.
- The peck amplitude become larger as centrality becomes larger. 
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Raw jet v2 (R=0.2)

Run1 Result (centrality ?)

ALICE Pb-Pb
𝑠!! = 5.02 TeV

LHC18q (1/4 data)
Working in progress

Anti-kT Charged Jet
R = 0.2, |ηjet|< 0.7
Leading track cut 
0.15 [GeV/c]

Value of jet v2 is close to Run1 results. And the shape around 20 – 40 GeV/c is also similar with Run1 results.
-> Need to increase statistic. (remain LHC18q 3/4, LHC18r, Semi-Central, Central)
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Compare With w/ and w/o bkg subtract

Anti-kT Charged jet
R = 0.2, |ηjet|< 0.7
Leading track cut 0.15 [GeV/c]

ALICE Pb-Pb
LHC18q
𝑠!! = 5.02 TeV

Centrality 0-10%

Anti-kT Charged jet
R = 0.2, |ηjet|< 0.7
Leading track cut 0.15 [GeV/c]

ALICE Pb-Pb
LHC18q
𝑠!! = 5.02 TeV

Centrality 30-50%

No  ρch(ϕ) subtract
ρch(ϕ) subtract No  ρch(ϕ) subtract

ρch(ϕ) subtract
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pT hard bin
20 bins :[5, 7, 9, 12, 16, 21, 28, 36, 45, 57, 70, 85, 99, 115, 132, 150, 169, 190, 212, 235, 235∞] 

Plot 2 bins

Scale with cross 
section and # of 
generation trial
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Jet Energy Scale ShiQ

Centrality 0-10% Centrality 40-50%
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Response Matrix (RM)

Centrality 40-50% Centrality 40-50% Centrality 40-50%

Original RM: 
Scaled and merge RM of each pT hard bin

Rebin RM Normarize RM:
Normalize the detector level value
so that the sum of each truth level bin is 1
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Next Plan

Jet RAA

Jet v2

Raw Jet inclusive (𝝆𝐥𝐨𝐜𝐚𝐥)
Raw Jet in-plane (𝜌%&'(%)
Raw Jet out-of-plane (𝜌%&'(%)

Raw Jet inclusive (𝜌))

Event Plane

UnfoldingRaw Jet task Result

Embedding
Response Matrix (RM)
Jet energy scale shift
Jet energy resolution
Kinematic efficiency

(Already studied by other person)
Qn vector calibra5on
- V0A, V0C, V0M
- TPC (η<0), TPC (η>0)

RM
RM

RM
RM

Model
- JETSCAP
- LBT
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Backup Slides
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Train Problem
About 80% jobs stop with crash (does not specify a bad line)
Trace: https://pcalimonitor.cern.ch/jobs/trace.jsp?pid=2808317260
Stderr: https://pcalimonitor.cern.ch/users/download.jsp?view=true&path=%2Falice%2Fcern.ch%2Fuser%2Fa%2Falitrain%2Frecycle%2Falien-job-2808317260%2Fstderr

https://pcalimonitor.cern.ch/jobs/trace.jsp?pid=2808317260
https://pcalimonitor.cern.ch/users/download.jsp?view=true&path=%2Falice%2Fcern.ch%2Fuser%2Fa%2Falitrain%2Frecycle%2Falien-job-2808317260%2Fstderr
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Job status detail
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Test run result
https://twiki.cern.ch/twiki/bin/viewauth/ALICE/AnalysisTrains

My test train
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Test local train
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q2 value for centrality
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Wide pT range of jet v2

Anti-kT Charged jet
R = 0.4, |ηjet|< 0.3
Leading track cut 
0.15 [GeV/c]

ALICE Pb-Pb
LHC18q
𝑠!! = 5.02 TeV

Centrality [%]
0-10
10-30
30-50
50-90
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