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MinJung Kweon, Inha University ICNFP2015, August, 28

Deconfined QCD matter and its probes

3

•  Heavy-ion (HI) collisions at LHC energies 
✤ Deconfined QCD matter (Quark-Gluon Plasma phase) is expected 

(lifetime ~ O(10 fm/c))  

•  Hard (large Q2, large mass scale) probes are produced at the 
beginning of the collisions →probe the whole evolution of the collisionsThe Little Bang

! "

U. Heinz HIM 2013, 6/28/2013 2(65)

Hard processes: 
• Charm, Beauty, W, Z, 
photons, Jets

Why Heavy Ions 

26/07/2013 5 

!  First phase diagram for nuclear matter: 
Cabibbo, Parisi  PL B59 (1975): “We suggest … 
a different phase of the vacuum in which quarks 
are not confined”  

!  T.D. Lee (1975) suggested to distribute a high 
amount of energy over a relatively large volume 

!  So: collisions of   nuclei at very high energy 
!  Temperature of the produced “fireball” O(1012 K) 

!  105 × T of the centre of the Sun 
!  ≈T of the Universe 10-5 s after Big Bang 

!  Study nuclear matter at extreme conditions of 
temperature and density  
!  Collect evidence for a state where quarks and 

gluons are deconfined (Quark Gluon Plasma)  and 
study its properties 

!   Phase transition predicted by Lattice QCD 
calculations 
!  TC ≈ 170 MeV → εC ≈ 0.6 GeV/fm3 

LHC 

3 flavours; (q-q)=0 

Hard Tomographic Probes of QCD Matter II

Why are hard probes interesting?

•  The creation process is to a large extent calculable within pQCD
•  While the production (of a high-pT particle, a heavy QQ-pair) is insensitive to 
the presence of a medium, however the probe then has to travel through the 
medium, and possibly be modified at that stage

17/44France-Asia, Les Houches, Sept. 2008                                                                                   David d'Enterria (MIT)

Hard  tomographic  probes of QCD matterHard  tomographic  probes of QCD matter
■ Hard-probes of QCD matter:

Z,

QCD probe in

QCD medium
(possible quark-gluon plasma)

Modification?

QCD probe out

_
   ® jets, g, QQ ... well controlled experimentally & theoretically (pQCD).

   ® self-generated in collision at t<1/Q~0.1 fm/c.

   ® tomographic probes of hottest 

     & densest phases of medium.

•  Eventually, before the hard process, its 
“progenitors” had to travel through the medium: 
here as well, some modification is possible
•  Tomographic probes of hottest & densest 

phases of medium

17/44France-Asia, Les Houches, Sept. 2008                                                                                   David d'Enterria (MIT)

Hard  tomographic  probes of QCD matterHard  tomographic  probes of QCD matter
■ Hard-probes of QCD matter:

Z,

QCD probe in

QCD medium
(possible quark-gluon plasma)

Modification?

QCD probe out

_
   ® jets, g, QQ ... well controlled experimentally & theoretically (pQCD).

   ® self-generated in collision at t<1/Q~0.1 fm/c.

   ® tomographic probes of hottest 

     & densest phases of medium.

Tomographic probes

Introduction 
Hard probes of the QGP 
•  Study of jet quenching phenomena in HIC 
–  Hard scattering processes relative to baseline           

cross sections precisely calculable w/i pQCD            
and/or measured in pp and p-Pb collisions          
(‘control experiment’) 

•  Medium properties constrained from a wide range of 
observables 
–  Inclusive production cross-section of (full) jets 
–  pi0/photon-hadron/jet correlations 
–  (Full) di-jets 
–  Semi-inclusive hadron-jet distributions 
–  c/b-tagged jets FKPPL ALICE-b new proposal 

Prospects for 2017-18: More differential study of jet quenching 

FJPPL  
HAD_01  
extension 
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Organization 
•  Since 2014 Annual ALICE France-Japan Workshop w/i the FJPPL framework 

–  This year 4th edition https://indico.cern.ch/event/619443/ 

•  21 Talks (1 from theory) 
•  Keynote talks by PC & PWG conveners 
•  Upgrades & futur experiments 

3 Thanks to IPHC! 



Organization    
ALICE Asian France 

•  Seminal long standing FJPPL 
HAD_01 project 

•  Physics analysis (and more)      
F[C/J/K]PPL ALICE TF created in 
2015 thanks to the very unique/
decisive impulsion from LIAs  
–  Coordinate our effort to effectively/

forcefully impact the worldwide ALICE 
physics program 
•  Maximum use of the (young) talent 

dispersed throughout the groups 
–  5 (co-supervised) PhD, 3 Master, 2 postdocs 

•  Ecosystem to foster new/starting physics 
analysis 
–  3 papers in preparation 

•  Hold detailed discussions during weekly 
meetings 

AAF 

FKPPL 
M. Kweon 

FJPPL 
T. Chujo 

FCPPL 
Y. Mao 

4 

“Synergy is the creation of a whole that is 
greater than the sum of its parts” 



4/3/16 08.11.2016 

FJPPL HAD_01  
Calorimeters for LHC Run 2   

EMCal 

DCal 
PHOS 

12  EMCal Super-Modules 
  8  DCal Super-Modules 
  4  PHOS Modules 
  1  CPV Module 

Nominal geometry 
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Big challenge for the Japanese & French teams! 

+ brand new L1 trigger fw! (see next slide) 



ALICE Calo trigger meeting, Dec 16, 2016 

Conclusions
• Successful participation of EMCAL 

triggers in the 2016 pPb data taking 
period 

• Collected ~14 M EG1 ~5M DG1 
and in FAST partition in p-Pb 
collisions at √sNN = 8 TeV 

• Suffering from missing central 
barrel in a significant fraction of the 
runs

15

• First look at QA looks 
promising 

• Bad channel map to be 
revised for all p-Pb data sets 

• At cell level 

• At Fastor level

Event display pictures: 
Friederike Bock

EG1

DG1

ALICE Calo trigger meeting, Mar 8, 2017 

EMCAL trigger performance in pp 2016 3
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LHC16h only

FJPPL HAD_01 
Calorimeters 
operation w/ L1 
triggers 

ALICE Calo trigger meeting, Dec 16, 2016 

Conclusions
• Successful participation of EMCAL 

triggers in the 2016 pPb data taking 
period 

• Collected ~14 M EG1 ~5M DG1 
and in FAST partition in p-Pb 
collisions at √sNN = 8 TeV 

• Suffering from missing central 
barrel in a significant fraction of the 
runs

15

• First look at QA looks 
promising 

• Bad channel map to be 
revised for all p-Pb data sets 

• At cell level 

• At Fastor level

Event display pictures: 
Friederike Bock

EG1

DG1

+PHOS	

•  New original STU L1 firmware 
developed and commissionned 
(+on/off-line) in 2015-2016 by 
University of Tsukuba & LPSC 
Grenoble 
–  for EMCal, DCal, and PHOS 

(Hiroshima) 
•  Aggregate DCal+PHOS 

–  for gamma and jets (2 patch sizes), 
2 threshold levels each 

–  for pp, p-Pb 
•  Constant threshold 

–  for Pb-Pb 
•  Soft background event-by-event subtraction 

in EMCal estimated from the median of jet 
patch energies in DCal (and vice versa) 

ALICE Calo trigger meeting, Mar 8, 2017 

EMCAL in 2016 2
pp √s = 13 TeV

pPb √sNN = 8.16 TeV

Pbp √sNN = 8.16 TeV

L0 G1 G2 J1 J2
EMCAL 2.5 9 4 20 16
DCAL 2.5 9 4 20 16

L0 G1 G2 J1 J2
EMCAL 2.5 8 5.5 23 18
DCAL 2.5 8 5.5 23 18

L0 G1 G2 J1 J2
EMCAL 3.5 8 5.5 23 18
DCAL 3.5 8 5.5 23 18

Thresholds (GeV)

Thresholds (GeV)

Thresholds (GeV)

ALICE Calo trigger meeting, Mar 8, 2017 

EMCAL trigger performance in pp 2016 3

 (GeV)clusterE
0 10 20 30 40 50 60 70 80 90 100

Tr
ig

ge
r /

 M
in

. B
ia

s

0

2000

4000

6000

8000

10000

12000

14000  3.9±EMC7: 105.5 

 352.4±EG1: 8782.5 

 45.7±EG2: 1180.8 

EMCAL

 (GeV)clusterE
0 10 20 30 40 50 60 70 80 90 100

Tr
ig

ge
r /

 M
in

. B
ia

s

0

2000

4000

6000

8000

10000

12000

14000
 1037.3±EJ1: 8304.0 

 368.1±EJ2: 2963.9 

 (GeV)clusterE
0 10 20 30 40 50 60 70 80 90 100

Tr
ig

ge
r /

 M
in

. B
ia

s

0

5000

10000

15000

20000

25000

30000

 19.8±DMC7: 262.1 

 1288.0±DG1: 16087.7 

 175.3±DG2: 2269.8 

DCAL

 (GeV)clusterE
0 10 20 30 40 50 60 70 80 90 100

Tr
ig

ge
r /

 M
in

. B
ia

s
0

20

40

60

80

100

120
310×

 18327.1±DJ1: 76451.5 

 8900.9±DJ2: 37377.8 

LHC16h only

pp@13TeV 
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FJPPL HAD_01  
pi0 in p-Pb and Pb-p@8TeV w/ PHOS L1 

217-Mar-2017

π0 in p-Pb and Pb-p 8 TeV with PHOS

Full PHOS-L1 statistics LHC16r,s: 1.4M events
π0 can be measured up to p

T
=50 GeV/c (upper limit defined by cell size rather than statistics)

7 

•  Same hw as 
EMCal/DCal 
(STU board 
from Grenoble) 
+ dedicated fw 
(Tsukuba) 



FJPPL HAD_01  
J/ψ with EMCal L1-gamma trigger 

ALICE Calo trigger meeting, Mar 8, 2017 

EMCAL trigger performance pp 2016 5

Cristiane Jahnke
8 



ALICE Calo trigger meeting, Dec 16, 2016 

π0 in triggered events 14
Run 266318, L1 Triggers

FJPPL HAD_01  
EMCal/DCal Performance w/ L1 triggers in 2016 

ALICE Calo trigger meeting, Mar 8, 2017 

EMCAL trigger performance pp 2016 4

Adam Matyja

•  Calorimeter trigger         
meetings during                
ALICE Weeks                    
chaired by T. Chujo 

•  Next challenges 
–  Pb beams in 2018 
–  Enable PHOS in                          

DCal Jet Trigger 
•  ALICE Calorimeter               

L1  trigger performance      
paper in preparation 

p-Pb@8TeV 

167-Mar-2017
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L1-high 



FJPPL HAD_01 [2017-2018] 

ALICE Calorimeters Trigger Simulation 
•  Assess trigger performance 
•  Full simuation describing the whole 

trigger electronics chain 
–  Include timing effects 

•  Sakurako Ishimaru Master 2 student 
from Nara  
–  Awarded MEXT ‘TOBITATE! Young 

Ambassador Program’ 
–  6 months internship at LPSC Grenoble 

Timing Calibration of EMCal Trigger 1
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Fig. 1: Calibration constant as a function of the tower ID number.

1 Timing

The histogram that is used to do the timing calibration here can be found from $ALICE_ROOT/OADB/

EMCAL/EMCALTimeCalib.root/AliEMCALTimeCalib/000195344-000197692/pass1/hAllTimeAvBC0.
This is plotted in Fig. 1. In this histogram the number in the x-axis is the ID of the EMCal tower. It tells
us the supermodule to which this tower belongs to and the place inside the supermodule. In the y-axis
there is the signal delay in nanoseconds for this tower. It tells the amount of time for the signal that it
takes to come from the tower to front-end electronics. In the figure one can see the ten supermodules that
are in the EMCal detector. Each of them corresponds roughly to a line segment with different slope.

The idea of the calibration is to study the timing constants in Fig. 1 and then in the TRU level calibrate
all the timings such, that the total signal comes everywhere at the same time. For this, one constant needs
to be extracted for the towers that whose signals come to a single TRU. There are three TRU:s assigned
for each supermodule. In my notation I will call the region inside a supermodule governed by one TRU
a sector. So what we need to find is a timing constant for each of the sectors inside each supermodule.

The sectors can be found from the towers ID:s using indices for pseudorapidity h and azimuthal angle
j . The tower ID number can be transformed into a supermodule ID number, h ID number and j ID
number. These numbers give the exact tower position inside the detector. The sectors can be identified
using the h ID number. This number run from 0 to 47 for each supermodule. The first sector consists of
the numbers 0� 15, second of 16� 31 and third of 32� 47. The j bins run from 0 to 23. This means
that for one sector there is 16 ·24 = 384 towers.

The physical positions of the supermodules in the detector and the sectors inside the supermodules are
given in Fig. 2. The indexing of sectors from 0 to 2 and supermodules from 0 to 9 is also illustrated in
this figure.

I have made two plots for each sector in each supermodule. You can see these for example in Fig. 4
In the first plot I show the timing calibration constant as a function of the tower index corresponding to
those shown in Tab. 1. This is basically the same info as in Fig. 1 but organized in sectors. In the second
plot there is the timing calibration constant in the x-axis and in the y-axis the number of towers in the
current sector giving the specified timing calibration constant is shown. The shape of this plot can be
either a Gauss function, or a sum of two Gauss functions. I determine whether the fit should be done

07/10/2010 EMCal meeting, Jiri Kral 13

Timesum - rollback relation known

● Now we know and have confirmed by multiple 
measurements, what rollback belongs to which 
timesum

● So .. one should ask: Which is the desired 
timesum?

● The maximal one

● It is # 7 and #8!

● .. remember .. 
cable based jitter

Average time sum

Optimum 1

Optimum 2

10 



FJPPL HAD_01 [2016-2017]    
Inclusive jet production R. Hosokawa 

H. Yokoyama 11 

•  See Hiroki’s Talk  
–  Co-supervised (Grenoble-Tsukuba) thesis defense end of 2017 
–  Winner of the 2017 TYL-FJPPL Young Investigator Award! 

•  Fully reconstructed charged jets 
–  Anti-kT FastJet algorithm 
–  Corrected event-by-event for average background density  
–  Unfolded for residual background fluctuations & detector 

effects 
•  RPb-Pb measurements 

–  Increasing suppression w/ increasing centrality 
–  Weak pT dependence 
–  No significant increase of the suppression from 2.76 to 

5.02TeV 
–  Similar to hadron RAA → h-jet correlations (see next slide) 

•  Talk & poster at Hard Probes 2016 
Conference in Wuhan, China 

•  2017-2018 
–  Add up HIR run statistics (largest fraction) 
–  Description by models 

•  POWHEG for pp collisions (H. Hassan) 
•  JEWEL PLB735 (R. Hosokawa) 

–  2 papers publication 



Semi-inclusive hadron+jet correlations in ALICE

Hadron trigger (|⌘| < 0.9) selected as single
inclusive

In events with a high-pT trigger hadron analyze
recoiling away side jets [1,2]

................ |'trig � 'jet � ⇡| < 0.6 rad

Charged jets (tracks: |⌘| < 0.9, 0� < ' < 360�, pT > 150 MeV/c)

Jet reconstruction: .. anti-kt algorithm (FastJet package [3])

Given jet R, charged jet acceptance is ....... |⌘jet| < 0.9� R

Background energy density ⇢ estimated by area-based method [4]

........................ ⇢ = mediankt jets {pT,jet/Ajet}

...... event by event .... preco,ch
T,jet = pT,jet � ⇢⇥ Ajet

[1] de Barros et al., arXiv:1208.1518

[2] ALICE, JHEP 09 (2015) 170

[3] Cacciari et al., Eur. Phys. J. C 72 (2012) 1896

[4] Cacciari et al., Phys. Lett. B 659 (2008) 119 5

•  R. Hosokawa’s PhD thesis 
–  Co-supervised Grenoble-Tsukuba 

defense foreseen for end of 2018 
•  Enables study of intra-jet and inter-jet 

angular broadening  
–  from 2.76 [JHEP 09 (2015) 170] to 

5.02TeV 
•  Directly comparable to analytic pQCD 

calculations  
•  No jet fragmentation bias & very low 

IR cut-off  
–  Unique sensitivity to jet energy 

redistribution due to jet quenching 
–  High-pT hadron trigger imposes a 

significant “surface” bias 
•  Maximize path length in matter for 

recoiling jets 
•  Measure more differentially V. EV for 

(semi-)peripheral collisions 
–  path-length dependence of jet quenching 

(in-plane = shorter path-length in the 
medium = less suppression) 

•  Work towards publication 

FJPPL HAD_01 [2017-2018] 
Semi-inclusive h-jet correlations in 
Pb-Pb@5TeV 

Trigger	tracks

• Number	of	triggers	in	LIR,	0-10%
• TT[20,50]:	~2.1k	events	
• TT[8,9]:~19k	events

28/Apr./17 Jet	substructure	meeting 8
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Pb-Pb 0-10% 
LIR runs only 

R. Hosokawa 

Recoil	jet	raw	spectra
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28/Apr./17 Jet	substructure	meeting 10

• Centrality:	0-10%
• R=0.4
• Jet	area	>	0.6πR2
• |ΔφTT-jet	– π|	<	0.6

R=0.4 
|ΔΦTT-jet-π|<0.6 

12 



FJPPL HAD_01 [2017-] 
Full di-jets in pp&Pb-Pb@5TeV 

4

R. Hosokawa 

B. Kim (Tsukuba) 

13 

•  Byungchul Kim’s PhD 
thesis started in 2017 

•  Di-jet pT asymmetry 
observed in central Pb-Pb 
collisions due to jet 
quenching 

•  Study path length 
dependence dependence 
of quenching 

•  Include calorimeter 
clusters in jet finding 

•  Make use of the new L1 
triggers  Pb-Pb MB only 



FKPPL ALICE-b [2017-] 

Motivations for b -tagging in HIC 
•  Main investigators  

–  Inha University (6), IPHC&LPSC (8) 
•  Determine b -quark production via the measurements of beauty jets 

–  Jets V. heavy-flavor hadrons  
•  Access the kinematics of hard scattering in an unbiased way 

•  Color and mass dependence of parton energy loss in the Quark-
Gluon Plasma (QGP) 

arXiv:1306.0909 

Jet measurements  
by ALICE 

14 Complementary to CMS/ATLAS 



FKPPL ALICE-b [2017-] 
b -tagging in p-Pb@5TeV 

22 

x 

y 

B 
d0<0 
d0>0 

Primary vertex 

Jet axis 

Secondary Vertex 

•  p-Pb system as a testbench for Pb-Pb 
•  Jet b-tagging 

–  Exploit long lifetime & large mass of beauty hadrons 
–  Track Counting algorithm (Grenoble & Inha) 

•  Very simple 
•  Discriminator defined as the signed impact parameter 

significance of the Nth most displaced track (N value 
driven by efficiency & purity) 

–  Soft electron tagger w/ calorimeters (Grenoble, Inha & 
Tsukuba) 

•  Jet finding  
–  Jet reconstruction with charged tracks 

•  Corrections 
–  Correction of jet transverse momentum pT (or jet 

energy) for background and detector response 
(unfolding)  

–  Corrections for b -tagging efficiency and  charm/light jet 
contamination 
•  Extracted from MC 

ITS+TPC 
6 ITS clusters 
per track 

15 
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Minjung Kim, Inha University 5

Track counting method

The probability to have several tracks with high positive values is high for b jets due to the 
displaced secondary vertex. 

1. Sort tracks in a jet by decreasing values of the signed impact parameter  
2. Impact parameter of the Nth most displaced track used as discriminator 
3. Select jets which have large discriminator exceeding certain threshold (d0min) 
4. Subtract contamination from charm and light-flavour jets and correct for efficiency
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Track counting method

The probability to have several tracks with high positive values is high for b jets due to the 
displaced secondary vertex. 

1. Sort tracks in a jet by decreasing values of the signed impact parameter  
2. Impact parameter of the Nth most displaced track used as discriminator 
3. Select jets which have large discriminator exceeding certain threshold (d0min) 
4. Subtract contamination from charm and light-flavour jets and correct for efficiency
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• Signed impact parameter : Impact parameter distribution of all tracks (pT > 1 GeV/c) 
inside given flavor jet

b-jet tagging via track impact parameter
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Performance on MC (Pythia6+Perugia2011) 2016 large p-Pb@5TeV MB data sample 
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FKPPL ALICE-b 
b -tagging after ITS upgrade 

•  Improvement of track impact 
parameter resolutions by a factor 3 
(5) in the transverse (longitudinal) 
direction 
–  Better light flavor rejection 

•  Higher integrated luminosities 
–  ∼10 pb-1 for pp collisions at √s = 14 

TeV & ∼10 nb-1 for Pb-Pb collisions   
at √sNN = 5.5 TeV required by the 
ALICE upgrade program  
•  High precision heavy-flavor measurements 
•  Possibility to study on-line b -jet tagging 
•  Photon+c/b-jet correlations 

[JHEP1101(2011)152] I. Scheinbein 
LPSC 

•  + ALICE (O2) upgrades (IPHC-J/K) France-Japan workshop on ALICE physics, Strasbourg, 09.05.2017,  I. Belikov 3

A Large Ion Collider Experiment

Detector performance (CERN-LHCC-2013-024, fast simulations)
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Summary & Outlook 
•  FJPPL HAD_01 project is in continued ramp up 

–  Study jet quenching through more differential measurements 
–  5 PhD + 3++ Master students  
–  3 publications in preparation (done by end of 2018) 

•  FKPPL ALICE-b will open new avenues towards post-LS2 
ALICE physics program after ITS upgrade 
–  Warm up w/ Run 1&2 p-Pb@5TeV data 

•  1 publication in preparation 
–  Performance studies for Run 3 

•  Application to ‘Programme Exploration Japon’ → rejected 
•  UGA (delegation at UT Oct 2016) IdEx International 

Strategic Partnerships (UGA Office at UT) 
–  ESIPAP (LabEx ENIGMASS) 
–  Master double degrees… 
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