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• M.S. in Experimental Nuclear Physics 
March 1998 - February 2001. 
Thesis title: “Test of Thermal and Chemical Equilibrium 
at Freeze-out in Si+Au Collisions at 14.6 A·GeV”  
(Advisor: Prof. Byungsik Hong)  

• Ph. D. in Experimental Nuclear Physics 

March 2001 - February 2006. 
Thesis title: “J/Ψ production at forward rapidity in √sNN 
= 200 GeV Au+Au collisions” 
(Advisor: Prof. Byungsik Hong)  

• Relativistic Heavy Ion Collider online since 2000.  
• Design Gold Gold energy and luminosity achieved.
• All experiments successfully taking data

STAR

RHIC FacilityRHIC FacilityRHIC Facility PHENIX ExperimentPHENIX Experiment

Central Arms:
Hadrons, photons, electrons

J/ψ Æ e+e-
|η|<0.35
Pe > 0.2 GeV/c
Δφ = π (2 arms x π/2)

Muon Arms:
Muons at forward rapidity

J/ψ Æ μ+μ−
1.2< |η| < 2.4
Pμ > 2 GeV/c
Δφ = 2π

Centrality measurement: 
Beam Beam Counters &
Zero Degree Calorimeters

J/ψ measurement from Run4 
Reconstructed ~ 600 J/ψÆe+e- and ~ 5000 J/ψ Æ m+m-
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J/ψ measurement from Run4 
Reconstructed ~ 600 J/ψÆe+e- and ~ 5000 J/ψ Æ m+m-

• Also heavily participating muon 
detector construction

How was my research career started in this field?

2MinJung Kweon, Inha University 2019 Joint workshop of FKPPL and TYL/FJPPL
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A Large Ion Collider Experiment

ACORDE

EMCAL

TRD

TPC

ITS

TOF

PHOS

FMD
V0

ZDC
~116m from I.P.

DIPOLE
MAGNET

ABSORBER

TRACKING
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MUON
FILTER

TRIGGER
CHAMBER

ZDC
~116m from I.P.

Collaboration: 31 countries, 109 institutes, > 1000 people

Starting from RHIC, moving to LHC
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Installation at ALICE

• 1st TRD super module installed in October 2006

• 6th super module installed January 2009   

12

1st super module being installed in Oct. 2006
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Super Module Integration 

11

Install electronics, assembles into one super module    

2nd layer being tested in the super module
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Working Principle of the TRD

• Drift chambers with cathode pad readout combined 
with a fiber/foam sandwich radiator in front

• Transition Radiation (TR) photons are absorbed by 
high-Z gas mixture (Xe + CO2)

4

(� > 1000)

A. Andronic et al., NIM A522 (2004) 40

Nucl. Instrum. Meth. A558 (2006) 516

Designed, tested, built in Heidelberg University

• Since 2006, my research career 
has been heavily engaged to the 
heavy-flavour measurement in 
heavy-ion collisions together 
with the relevant detector 
constructions 

• ALICE heavy-flavour 
measurement, ALICE Transition 
Radiation Detector (TRD) 
construction, ALICE Inner 
Tracking System (ITS) upgrade  

TRD construction, installation and commissioning
3MinJung Kweon, Inha University 2019 Joint workshop of FKPPL and TYL/FJPPL
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Introducing highlight of the research works 
: dedicated to the heavy-flavour measurement and 

relevant detector construction



• Quantum Chromodynamics 
(QCD) works fine if you treat 
one particle at a time and 
when the ”scale” is high 
enough (above several GeV/c). 

• We want to understand how 
QCD works for large systems, 
systems containing 1000’s of 
particles occupying ”large” 
volumes. 

• We want to understand how 
(nuclear) matter behave under 
extreme conditions, under 
extreme temperatures and 
densities.
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By colliding nuclei at enormous energies, two 
extraordinary accelerators — RHIC and now 
the LHC — are making little droplets of “big 
bang matter”: the same stuff that filled the 
whole universe for the first few microseconds 
after the big bang.

One goal of heavy-ion collisions is to understand 
what happened in the early universe.

via  
heavy ion collision

Why Heavy-Ion Collisions?

5MinJung Kweon, Inha University 2019 Joint workshop of FKPPL and TYL/FJPPL
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Why heavy flavour?
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• mc,b ≫ ΛQCD pQCD initial production 
• mc,b ≫ TRHIC,LHC  negligible thermal production 
• 𝜏0 ≈ 1/2mQ (<0.1 fm/c) ≪ 𝜏QGP (O(10fm/c)) witness of all the QGP

0 0.5 105
𝜏 [fm/c]

✤ Initial production 
- pQCD-NLO 
- MC-NLO 
- CNM effect

✤ Dynamics in QGP 
- energy loss via radiative 

(“gluon Bremsstrahlung”) 
and collisional processes

‣ color charge (Casimir factor) 
‣ quark mass (dead-cone effect) 
‣ path length and medium density 

✤ Hadronization 
- via quark coalescence and/

or fragm. 
- hadronic rescattering

“Calibrated probes" of the medium

								 								04/10/2016					 	 	 	 	 	 	CERN	seminar       
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QGP	tomography	with	heavy	quarks	
 
•  Early	produc9on	in	hard-scaKering	processes	with	high	Q2			
•  Produc9on	cross	sec9ons	calculable	with	pQCD	
•  Strongly	interac9ng	with	the	medium		

•  Hard	fragmenta9on	➜	measured	meson	proper9es	closer	to	parton	ones	
	

Study	parton	interac9on	with	the	medium		
•  energy	loss	via	radia<ve	(“gluon	Bremsstrahlung”)	
				 	 	 	 				collisional	processes	

Ø  path	length	and	medium	density		

Ø  color	charge		(Casimir	factor)	
Ø  quark	mass		(e.g.	from	dead-cone	effect)	

	

“Calibrated	probes”	of	the	medium	

at all pT for charm and beauty  
(large masses >> ΛQCD) 

 

€ 

ΔEg > ΔEu,d ,s > ΔEc > ΔEb} 
l  medium	modifica<on	to	HF	hadron	forma<on	

l  	hadroniza9on	via	quark	coalescence			

l  	par9cipa9on	in	collec9ve	mo9on	➜	azimuthal	anisotropy	of	produced	par9cle	
2019 Joint workshop of FKPPL and TYL/FJPPL
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Measurement of beauty decay electrons

๏ Measured RpA at 5 TeV and RAA at 2.76 TeV: published in July 2017, JHEP 07 (2017) 052 
๏ We are now working on RAA at 5 TeV and cross section measurement at 13 TeV (close to final) 
๏ Beauty electron elliptic flow analysis is ongoing

Beauty production is studied via the measurements of electrons from semi-leptonic 
decays of beauty hadron in pp, p-Pb and Pb-Pb collisions.  
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Measurement of electrons from beauty-hadron decays

in p-Pb collisions at
√
sNN = 5.02TeV and Pb-Pb

collisions at
√
sNN = 2.76TeV

The ALICE collaboration

E-mail: ALICE-publications@cern.ch

Abstract: The production of beauty hadrons was measured via semi-leptonic decays at

mid-rapidity with the ALICE detector at the LHC in the transverse momentum interval

1 < pT < 8 GeV/c in minimum-bias p-Pb collisions at
√
sNN = 5.02TeV and in 1.3 < pT <

8 GeV/c in the 20% most central Pb-Pb collisions at
√
sNN = 2.76TeV. The pp reference

spectra at
√
s = 5.02TeV and

√
s = 2.76TeV, needed for the calculation of the nuclear

modification factors RpPb and RPbPb, were obtained by a pQCD-driven scaling of the cross

section of electrons from beauty-hadron decays measured at
√
s = 7TeV. In the pT interval

3 < pT < 8 GeV/c, a suppression of the yield of electrons from beauty-hadron decays is

observed in Pb-Pb compared to pp collisions. Towards lower pT, the RPbPb values increase

with large systematic uncertainties. The RpPb is consistent with unity within systematic

uncertainties and is well described by theoretical calculations that include cold nuclear

matter effects in p-Pb collisions. The measured RpPb and these calculations indicate that

cold nuclear matter effects are small at high transverse momentum also in Pb-Pb collisions.

Therefore, the observed reduction of RPbPb below unity at high pT may be ascribed to an

effect of the hot and dense medium formed in Pb-Pb collisions.

Keywords: Heavy Ion Experiments

ArXiv ePrint: 1609.03898

Open Access, Copyright CERN,

for the benefit of the ALICE Collaboration.

Article funded by SCOAP3.

https://doi.org/10.1007/JHEP07(2017)052
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Figure 6. (Left) Nuclear modification factors RpPb and RPbPb of electrons from beauty-hadron
decays at mid-rapidity as a function of transverse momentum for minimum-bias p-Pb collisions at√
sNN = 5.02TeV and 20% most central Pb-Pb collisions at

√
sNN = 2.76TeV. The data points

of the p-Pb analysis were shifted by 0.05 GeV/c to the left along the pT axis for better visibility.
(Right) RPbPb of electrons from beauty-hadron decays together with the corresponding result for
beauty- and charm-hadron decays [89] for the 20% most central Pb-Pb collisions. The vertical
bars represent the statistical uncertainties, while the boxes indicate the systematic uncertainties.
The normalisation uncertainties, common to all points, are shown as filled boxes at high pT for all
nuclear modification factors.

at
√
s = 7TeV as described in section 6, are shown for comparison. The pp reference

spectra were multiplied by the number of nucleons in the Pb nucleus (A = 208) for the

p-Pb and with the nuclear overlap function (⟨TAA⟩) for the Pb-Pb comparison. The Pb-Pb

result shows a suppression of electrons from beauty-hadron decays at high pT compared

to the yield in pp collisions. Such a suppression is not seen in the comparison of the

p-Pb spectrum with the corresponding pp reference.

The nuclear modification factors RPbPb and RpPb are shown in figure 6 (left). The

RPbPb was obtained using equation (1.1). The RpPb was calculated as the ratio of the

cross section of electrons from beauty-hadron decays in p-Pb and pp collisions scaled by

the number of nucleons in the Pb nucleus (A = 208). The statistical and systematic

uncertainties of the Pb-Pb or p-Pb and the pp spectra were propagated as independent

uncertainties. The systematic uncertainties of the nuclear modification factors are partially

correlated between the pT bins. The normalisation uncertainty of the pp spectrum and the

uncertainty of the nuclear overlap function ⟨TAA⟩ or the normalisation uncertainties of the

p-Pb spectrum, respectively, were added in quadrature. The normalisation uncertainties

are shown as filled boxes at high transverse momentum in figure 6.

The RpPb is consistent with unity within uncertainties (of about 20% for pT > 2 GeV/c)

for all shown transverse momenta. The production of electrons from beauty-hadron decays

is thus consistent with binary-collision scaling of the corresponding measurement in pp

collisions at the same centre-of-mass energy. The values of the RPbPb for the 20% most

– 21 –
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1. Charged particle tracks selected fulfilling track quality and eID cuts (composed with 
electrons from conversion, Dalitz/di-, charm hadron decays, beauty hadron decays)

Impact parameter cut

2. Minimum impact parameter cut   
applied to increase S/B

3. Subtract remaining non-HFE and 
charm hadron decay electron 
backgrounds based on ALICE 
measurement

4. Unfold background subtracted 
electron spectra

2

Reminder of the analysis methods

16 The ALICE Collaboration
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Fig. 8: (Colour online) Invariant differential production cross sections for neutral pions and ⇥ mesons in pp
collision at

⇧
s = 7 TeV as function of pt [52] together with fits using Eq. 2 (left panel). Ratios of the measured ⇤0

and ⇥ spectra to the fits (right panel). In both panels the error bars depict the combined statistical and systematic
uncertainties of the neutral meson data.

5. background electrons originating from partonic hard scattering processes. This includes electrons
from the Drell-Yan process and electrons related to the production of prompt photons, i.e. both
virtual prompt photons (electron-positron pairs) as well as real prompt photons which can convert
in the material of the detector.

Of the background contributions listed above, the first one (Dalitz electrons and photon conversions in
material) is the largest in electron yield. Towards high electron pt, contributions from hard scattering
processes (prompt photons, decays of heavy-quarkonia, and Drell-Yan processes) are important and will,
eventually, become dominant.

The signal of electrons from heavy-flavour decays is small compared to the background at low pt but rises
with increasing pt as will be shown in Section 4 (Fig. 9). One technique to extract the heavy-flavour signal
from the inclusive electron spectrum is the so-called “cocktail subtraction” method described in detail
here. In this approach, a cocktail of electrons from different background sources was calculated using a
Monte Carlo hadron-decay generator. The resulting background spectra were then subtracted from the
inclusive electron spectrum. This approach relies on the availability of the momentum distributions of
the relevant background sources.

The most important background source is the neutral pion. The contribution from ⇤0 decays to the
background is twofold. First, the Dalitz decay of neutral pions (⇤0 ⇤ e+e�� , with a branching ratio BR
of 1.174±0.035% [11]) is a primary source of electrons from the collision vertex. Second, photons from
the decay ⇤0 ⇤ �� (BR = 98.823±0.034% [11]) can convert in material into e+e� pairs in the ALICE
acceptance. This process gives rise to a secondary source of electrons not originating from the collision
vertex. It is important to point out that, although the total material budget in the ALICE central barrel
acceptance is relatively large (11.4± 0.5% of a radiation length X0 integrated over a radial distance up
to 180 cm from the beam line in the range |⇥ |< 0.9) [32], the material budget relevant for the present
analysis is much less (see below). In fact, electron candidate tracks considered here are required to
be associated with either a hit in the first pixel layer of the ALICE ITS in case of the TPC-TOF/TPC-
TRD-TOF analysis or a hit in any of the two pixel layers in the TPC-EMCal analysis. Therefore, only
conversions in the beam pipe and in a fraction of the ITS material are relevant here. Consequently, the
background contribution from photon conversions is similar to the contribution from Dalitz decays (see
below for a detailed calculation).

MinJung, University of Heidelberg February, 14, 2012

• Considered mesons

• D+,D0, Ds, Λc 

• ALICE measured charmed mesons

• D+: Measured at 1 < pt < 24 GeV/c

• D0: Measured at 1 < pt < 16 GeV/c 

• For 16 < pt < 24 GeV/c, use ALICE measured D*+/D0 ratio provided by D2H 
group (details in later slide).

• Ds: Measured at 2 < pt < 12 GeV/c (details in next slide).

• Unmeasured charmed mesons

• Λc: (details in next slide)

• Consideration of contribution from unmeasured pt range

• D+,D0 at 24 < pt < 50 GeV/c was obtained based on FONLL(like) extrapolation 
(details in later slide)
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Consideration of Input Charmed Mesons
Charm production at central rapidity in proton–proton collisions at

√
s= 7 TeV 15
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Figure 5: (colour online) pt-differential inclusive cross section for prompt D0, D+, and D∗+ mesons in pp
collisions at

√
s = 7 TeV compared with FONLL [1, 30] and GM-VFNS [9, 31] theoretical predictions. The

symbols are positioned horizontally at the centre of each pt interval. The normalization uncertainty of 4% is not
shown.

uncertainties from charm mass and perturbative scales, varied within the aforementioned ranges1, and
from the CTEQ6.6 PDF sets [32]. The cross sections for the three mesons are:

d!D
0
/dy= 511±41(stat.)+ 69

−173(syst.)±20(lumi.)
+119
− 37(extr.) µb,

d!D
+
/dy= 245±29(stat.)+52−90(syst.)±10(lumi.)

+56
−18(extr.) µb,

d!D∗+
/dy = 244±27(stat.)+36−80(syst.)±10(lumi.)

+57
−16(extr.) µb.

1The +0.29 (i.e. +23%) uncertainty is mainly determined by the case µF = 0.5mt, for which the PDFs are used in the region
Q ≈ 0.5mc that is not constrained by experimental data [32]. If this case is not considered, the uncertainty becomes +13% on
the high side.

(averaged with their anti-particles contributions)

published

Two complementary approaches

2 The ALICE Collaboration

MinJung Kweon, University of Heidelberg                                                31st May 2012, Hard Probes

 Analysis Approach for Electron Spectrum from B,D Hadron Decay

4

c, b → e + X
= Measured inclusive electrons - 
cocktail of background electrons based on data
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Open charm measurement at pp → C. GEUNA’s talk
D meson measurement at PbPb → Z. CONESA DEL 
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b → e + X
= Preferential selection of electrons from B decay 
via their large impact parameter d0 
((cτ)B ~ 500 "m, B meson mass ~ 5 GeV/c2)

• photonic, Dalitz/dielectron decays 
of mesons based on measured !0,η 
spectrum and mT scaled spectrum 
for heavier mesons (η’,ρ,ω,φ)
• direct radiation based on NLO 
calculation
• J/Ψ and Υ based on measurement
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Fig. 1: Definition of the transverse impact parameter (left) and transverse impact parameter significance distribu-
tion for electrons from different sources (right).

choice is illustrated in the analysis note supporting the inclusive analysis [7].43

The run and event selection criteria are the same as the ones used for the inclusive HFE paper. In addition,44

further checks were done to assess the quality of the impact parameter resolution and distributions (see45

Subsection 3.5). The exclusion of a few runs due to this quality assurance checks reduced by about 15%46

the number of events compared to the inclusive HFE analysis.47

For data, the pass2 reconstruction of the period LHC10d was used. In particular, the analysis included48

the following 49 runs: 122374, 122375, 124751, 125085, 125097, 125100, 125101, 125134, 125296,49

125630, 125632, 125633, 125842, 125843, 125847, 125848, 125849, 125850, 125851, 125855, 126004,50

126007, 126008, 126073, 126078, 126081, 126082, 126088, 126090, 126097, 126158, 126160, 126168,51

126283, 126284, 126285, 126359, 126403, 126404, 126405, 126406, 126407, 126408, 126409, 126422,52

126424, 126425, 126432, 126437.53

The data sample corresponds to a total integrated luminosity of 2.2 nb�1.54

For Monte Carlo (MC), two PYTHIA samples were used: LHC10f6a with minimum bias events and55

LHC10f7a (d period), where events are enriched with heavy flavour hadrons decaying into an electron in56

the ALICE barrel acceptance.57

The analysis was performed with the AliRoot analysis tag v5-03-27-AN.58

3.3 Track reconstruction and selection59

The track selection criteria are the same as those for the TPC-TOF analysis in the inclusive HFE paper60

(see Table 1), except for two components discussed below. The cut on the impact parameter itself will61

be discussed in detail in Section 3.4.62

The � range in the inclusive analysis was limited to |� | < 0.5 because of a variation of the particle, in63

particular the electron, specific energy loss dE/dx in the TPC as a function of the track pseudorapidity.64

In the meanwhile, a correction for the electron dE/dx was introduced and the dependence removed.65

Therefore, we could extend the analysis to the range |� | < 0.8.66

By requiring the maximum distance of closest approach in xy to 1 cm and in z to 2 cm, only < 1 % of67

beauty decay electrons is cut.68

Separate B→e from D→e 
using impact parameter 
distributions

๏ Measured B→e production cross section in pp 
collisions at 7 TeV & 2.76 TeV, published in 2013, 2015

Author's personal copy

Figure 1: Production cross section of electrons from heavy-flavour
decays in pp collisions at

p
s = 7 TeV [5] compared to FONLL

pQCD calculations [14].

Figure 2: Production cross section of electrons from beauty
and charm-hadron decays and their ratio in pp collisions atp

s = 7 TeV [12], compared to FONLL pQCD calculations [14].

beauty decays take over those from charm decays and become the dominant source for pT > 4 GeV/c. The relative
beauty contribution to the heavy-flavour electron yields was measured using e-h correlations at

p
s = 2.76 TeV (Fig-

ure 3). In all analyses, Fixed-Order plus Next-to-Leading Log (FONLL) calculations [14] are in agreement with the
measurements within uncertainties.

4. Results in Pb-Pb collisions at

ps
NN

= 2.76 TeV

The results were obtained from a sample of minimum bias Pb-Pb collisions (6.2⇥105 events) recorded in fall 2010
at
p

sNN= 2.76 TeV. The Silicon Pixel Detector (SPD) and the two scintillator hodoscopes (V0) provide the minimum
bias trigger, and events are classified according to their centrality based on percentiles of the distribution of the sum of
the amplitudes in the V0 detectors [15]. The inclusive electron spectra and background electron cocktails, calculated
based on the charged pion spectra measured by ALICE, were obtained for six centrality classes. The systematic uncer-
tainties are dominated by particle identification (⇠ 35%) on the inclusive spectra and background cocktail (⇠ 25%) [16].

The pT dependence of the nuclear modification factor RAA of background-subtracted electrons for the centrality
ranges 0-10% and 60-80% in |y| < 0.8 has been calculated with respect to pp reference spectra (Figure 4). The
reference cross section in pp collisions at

p
s = 2.76 TeV was obtained by applying a pT-dependent scaling factor,

calculated based on FONLL predictions [14], to the cross section measured at
p

s = 7 TeV. A factor 1.5-4 suppression
is observed for 3.5 < pT < 6 GeV/c, where heavy-flavour decays are dominant. It suggests us a strong energy-loss of
heavy quarks in the medium produced in central Pb-Pb collisions.

The measurement of electrons from beauty decays is under study by fitting the measured d0 distribution with
Monte Carlo templates from individual sources (top of Figure 5). Di↵erences between the fit and the data are con-
sistent with statistical variations (bottom of Figure 5). Higher statistics are being analyzed for both peripheral and
central collisions. An analysis approach similar to that used for pp data is also being pursued with the Pb-Pb data.

M. Kweon / Nuclear Physics A 910–911 (2013) 405–408 407
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Measurement of b-tagged jets (FKPPL project)

Separate b-tagged jets using track 
counting method based on the track 
impact parameter 

• B-jet production in pp and p-Pb 
collisions measured 
- Consistent with NLO predictions 
- RpPb consistent with unity 
- Plan to request propose paper in 

coming months

Hadi Hassan’s thesis

Outcome of FKPPL ALICE-b project to measure b-tagged jets 

FKPPL ALICE-b project started since 2017 
Main French and Koeran Institute: CNRS/IN2P3, Inha University 

Project Leader on both sides: Rachid Guernane, MinJung Kweon

MinJung Kweon, Inha University 2019 Joint workshop of FKPPL and TYL/FJPPL
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 Charmed baryon measurement: Λc, Ξc  production in pp, 
p-Pb, Pb-Pb collisions (FKPPL project)
• Charmed baryon-to-meson ratio probes 

hadronisation mechanisms 
• Baryon production measured to be larger than 

expectations from MC generators 
- Colour reconnection modes within PYTHIA aim to 

model hadronisation in multi-parton system  
- Colour reconnection modes qualitatively describe 

the data 
• Analysis of Pb-Pb data to measure Λc to lower pT 

region well underway 

• Measure Ξc in pp collisions, extend to p-Pb collisions

TMVA
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21

Sgnf = 4.7

Sgnf = 3.7

Sgnf = 3.0

Sgnf = 4.6

Sgnf = 2.8

Sgnf = 3.1

30-50% 
4-6 GeV/c

eΞ pair mass eΞ pair mass raw yield

eΞ pair pt raw yieldeΞ pair pt  11

- Make eΞ pair and subtraction
• Make the pairs of e+Ξ−(RS), e−Ξ+(RS), e+Ξ+(WS), e−Ξ−(WS) when they satisfy the following two 

conditions
1) The opening angle between e and Ξ is less than 90 degrees
2) The invariant mass of pair is less than 2.5 GeV/c2

• Due to the missing momentum of neutrino, the invariant mass distribution of the e+Ξ− and e−Ξ+ pairs 
does not have a peak at the Ξ0

c mass.

Analysis statusAnalysis status

# of events = 750M

 9

Analysis status

- Select electrons

• Time-Of-Flight(TOF) and Time Projection Chamber(TPC) detector are used to identified the electron.
•  The nσTOF and nσTPC distributions of electrons get from real data.
• eID Cuts applied in this analysis

TOF nσ as function of pT. The black line is the cut values. TPC nσ as function of pT. The black line is the cut values.
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MinJung Kweon, Inha University 2019 Joint workshop of FKPPL and TYL/FJPPL
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 ALICE Inner Tracking System upgrade for Run 3 & 4

• The new ITS design goals: 

✤ Improve vertex resolution  
✤ High efficiency and pT resolution  
✤ Fast readout: 50 kHz (Pb-Pb), 400 kHz (pp)  
✤ Fast insertion/removal

GRN Workshop, Korea 2015                                              Yvonne Pachmayer (University of Heidelberg) 6

Upgrade Inner Tracking System (I)

 The new ITS design goals:

 Improve vertex resolution

 High efficiency and  

p
T
  resolution

 Fast readout: 
50 kHz (Pb-Pb), 400 kHz (pp)

 Fast insertion/removal

 The new ITS features:

Current ITS New ITS

Layers 6 7

Inner radius 3.9 cm 2.2 cm

Pipe radius 2.9 cm 1.9 cm

Material budget: X/X
0
/layer ~1.14% 0.3% (Inner Barrel)

Pixel size 50 μm × 425 μm ~30 μm × ~30 μm

Max. Pb-Pb readout 1 kHz > 50 kHz

Inner barrel

Outer barrel

ª 12.5 Gigapixels

~ 10 m2 of silicon

Beam pipe

ALICE, CERN-LHCC-2013-024

New pixel
technology

3

Overall chip test system in INHA

Shielding room

Cooling system

Cooling pipe

Shielding room interior
Shielding box interior

Chip & DAQ borad

Shielding box

Chip test system

koALICE workshop | 29 Mar 2017 | Jonghan Park

New ALICE ITS: tracking performance

HF workshop, ECT* Trento, 19.03.15                           Andrea Dainese 15

Pointing resolution x3 better in transverse plane (x6 along beam) 
Tracking efficiency x10 better at low pT 

CERN-LHCC-2013-024  • Inha university has been participated for chip R&D, 
massive chip test and HIC module assembly

MinJung Kweon, Inha University 2019 Joint workshop of FKPPL and TYL/FJPPL



MinJung Kweon, Inha University

Still things are interesting…

11

"If we take cats as our example, the fact is that they can adapt their shape to their container if 
we give them enough time. Cats are thus liquid if we give them the time to become liquid.” 

Calculated relaxation time, experimental time, the type of container, and the cat's degree of 
stress 

The conclusion? Cats can be either liquid or solid, depending on the circumstances

Physicist Wins Ig Noble Prize For Study On Whether Cats Should Be Classified As 
Liquids Or Solids (Nov. 2018)

2019 Joint workshop of FKPPL and TYL/FJPPL



Thank you very much!



First B Measurement via NEW METHODS

13

D,B → e + X 
⇒ Measured inclusive electrons 
                       -  
cocktail of background electrons based on data
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7% error on cross-section not included
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Study of Beauty Production in pp Collisions at !s = 7 TeV with ALICE, 
using Displaced Electrons

PHENIX, PRL 98, 172301 (2007)
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• RAA of the heavy-flavour electrons approaches the π0 value 
for pT > 4 GeV/c
� Indicate strong coupling of heavy quarks to the medium 
(larger than expected by dead-cone effect)

��Additional energy loss mechanism required?
� Role of individual D, B meson contribution? 
    ��Requires separation of charm and beauty

Heavy Quark Energy Loss at RHIC 
via Heavy-Flavour Electrons
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• RD/h enhancement probes colour-charge dependence of energy loss
• RB/h enhancement probes mass dependence of energy loss

RD(B)/h (pT ) = RAA
D(B) (pt ) / RAA

h (pt )
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9

/fm2 = 4 GeVq
/fm2 = 25 GeVq

/fm2 = 100 GeVq

/fm2 = 4 GeVq
/fm2 = 25 GeVq

/fm2 = 100 GeVq

 = 5.5 TeVNNsPb-Pb 0-10%, 

!Eq < !Eg

mass effect

Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027. 

Heavy-to-light ratios:

Compare g�h, c�D and b�B (Light flavour hadrons come mainly from gluons)

What do we learn more at the LHC?

Primary
Vertex

B

e

X
d0

rec. track

d0: Transverse impact parameter
σd0: error of d0

Inner Tracking
System

ACORDE

EMCAL

TRD

TPC

ITS

TOF

PHOS

FMD
V0

ZDC
~116m from I.P.

DIPOLE
MAGNET

ABSORBER

TRACKING
CHAMBERS

MUON
FILTER

TRIGGER
CHAMBER

ZDC
~116m from I.P.

Collaboration: 31 countries, 109 institutes, > 1000 people

The ALICE Experiment
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 B tagging

� Secondary vertex reconstruction of 
beauty decay through electron + hadrons

� Cut on distinctive variables

Large mass 
(~ 5 GeV/c2)

B Tagging via Secondary Vertexing
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Signal has distinctive distribution due to its decay length being larger than that of backgrounds; therefore 
we can preferentially select electrons from b-decays. With invariant mass cut (2.0<Minv<5.2 GeV/c2), we 
obtain ~80% purity by applying a cut on 800 μm of the minimum signed Lxy
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Summary and Outlook

MinJung Kweon for the ALICE Collaboration
Physikalisches Institut, Universität Heidelberg

•  ALICE has excellent electron identification and vertexing capability. This allows beauty electron 
measurement using displaced electrons

•  At !s = 7 TeV data, electron transverse momentum spectrum from beauty meson decays is 
measured and shows agreement compared to the FONLL prediction within errors

•  The analysis on Pb-Pb collision data at !sNN = 2.76 TeV is ongoing, and, together with the D meson 
reconstruction analysis it will give insight to understand the colour charge and mass dependence of 
energy loss in the medium

Dokshitzer and Kharzeev, 
PLB 519 (2001) 199.

The distributions are 
normalized to have the 
same number of entries.

• Serves as a baseline for studies in heavy-ion collisions
• Provides an important test of pQCD calculation

Measurement of heavy quark production in pp

• Invariant mass
• Secondary vertex �2/NDF

Performance

(Analysis is ongoing)

Impact parameter
(defined below) 
resolution

Inner Tracking System
Time Projection Chamber
Transition Radiation Detector
Time Of Flight
ElectroMagnetic Calorimeter

} Excellent electron 
identification capability

Excellent vertexing
capability

after TOF+TRD PID cut

Signed decay length distribution Purity vs. minimum signed decay length cut

Signal and background yields

 The backgrounds are estimated by weighting 
electron yields""in"PYTHIA"from different sources 
based on the source yields obtained via ALICE 
measurements(D meson, #0 and η)."          

 It is reliable at pt > 1.4 GeV/c since the electrons 
from charm meson decays are obtained by            
D mesons at pt > 2.0 GeV/c from the measurement.

Efficiency with |d0/σd0| > 3 cut

 The impact parameter cut efficiency is 
parameterized in 1.4 < pt < 6.5 GeV/c. 

Systematic error for:
- impact parameter cut is obtained by deploying 
different impact parameter cuts
- charm background is obtained based on errors 
of the D meson measurement
- non heavy-flavour electron backgrounds is 
obtained based on errors of the light meson 
measurement

Systematics on the impact parameter analysis

Beauty Measurement via Impact Parameter

Results

 * : Cacciari, Greco, Nason, JHEP05(1998)007 and  M. Cacciari private communication
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cut on 

|d0/σd0| > 3

1.  Electron identification with 
TPC, TOF and TRD combined
2.  Impact parameter cut to reject misidentified #±, e± from 
Dalitz decays, γ conversions and charm meson decays
3.  Estimate remaining e± from charm decays via measured 
D meson cross section and e± from Dalitz decays and γ 
conversions via measured #0 meson cross section

High rate of electron production via 
semi-leptonic decay                
   (~11%[b�e] + ~10%[b�c�e])

(PYTHIA 
p+p 
@ !s = 10 TeV 
MC PID)

 As an alternative method, beauty electron 
spectrum is obtained by subtracting charm 
electron spectrum(charm cross section 
measured with D meson decays in the barrel 
is used to produce the electron spectrum) 
from the inclusive heavy-flavour electron 
spectrum. The result agrees with the one by 
the impact parameter analysis within errors.

GeV/c

� allows charm and 
beauty separation

(Tracking + PID + impact parameter)

Impact parameter performance 
for electrons

Beauty meson has cτ ≃ 500 μm 
and a hard momentum 
spectrum, which leads larger 
impact parameter of decay 
electrons than those of 
backgrounds 
� obtain a high purity sample 
with the following strategy:

(PYTHIA 
p+p @ !s = 7 TeV )
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 Beauty electron spectrum is compared to 
the FONLL* prediction and shows agreement 
within errors.

 The ratio of beauty electrons to charm 
electrons shows a tendency to increase as a 
function of pt which indicates beauty electron 
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spectrum.  
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• photonic, Dalitz/dielectron decays of 
mesons based on measured π0,η spectrum 
and mT scaled spectrum for heavier 
mesons(η’,ρ,ω,φ) 
• direct radiation based on NLO calculation 
• J/Ψ and Υ based on measurement
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Study of Beauty Production in pp Collisions at !s = 7 TeV with ALICE, 
using Displaced Electrons

PHENIX, PRL 98, 172301 (2007)
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• RAA of the heavy-flavour electrons approaches the π0 value 
for pT > 4 GeV/c
� Indicate strong coupling of heavy quarks to the medium 
(larger than expected by dead-cone effect)

��Additional energy loss mechanism required?
� Role of individual D, B meson contribution? 
    ��Requires separation of charm and beauty

Heavy Quark Energy Loss at RHIC 
via Heavy-Flavour Electrons
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• RD/h enhancement probes colour-charge dependence of energy loss
• RB/h enhancement probes mass dependence of energy loss

RD(B)/h (pT ) = RAA
D(B) (pt ) / RAA

h (pt )
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Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027. 

Heavy-to-light ratios:

Compare g�h, c�D and b�B (Light flavour hadrons come mainly from gluons)

What do we learn more at the LHC?
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Collaboration: 31 countries, 109 institutes, > 1000 people

The ALICE Experiment
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� Secondary vertex reconstruction of 
beauty decay through electron + hadrons

� Cut on distinctive variables

Large mass 
(~ 5 GeV/c2)

B Tagging via Secondary Vertexing
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Signal has distinctive distribution due to its decay length being larger than that of backgrounds; therefore 
we can preferentially select electrons from b-decays. With invariant mass cut (2.0<Minv<5.2 GeV/c2), we 
obtain ~80% purity by applying a cut on 800 μm of the minimum signed Lxy
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Summary and Outlook

MinJung Kweon for the ALICE Collaboration
Physikalisches Institut, Universität Heidelberg

•  ALICE has excellent electron identification and vertexing capability. This allows beauty electron 
measurement using displaced electrons

•  At !s = 7 TeV data, electron transverse momentum spectrum from beauty meson decays is 
measured and shows agreement compared to the FONLL prediction within errors

•  The analysis on Pb-Pb collision data at !sNN = 2.76 TeV is ongoing, and, together with the D meson 
reconstruction analysis it will give insight to understand the colour charge and mass dependence of 
energy loss in the medium

Dokshitzer and Kharzeev, 
PLB 519 (2001) 199.

The distributions are 
normalized to have the 
same number of entries.

• Serves as a baseline for studies in heavy-ion collisions
• Provides an important test of pQCD calculation

Measurement of heavy quark production in pp

• Invariant mass
• Secondary vertex �2/NDF

Performance

(Analysis is ongoing)

Impact parameter
(defined below) 
resolution

Inner Tracking System
Time Projection Chamber
Transition Radiation Detector
Time Of Flight
ElectroMagnetic Calorimeter

} Excellent electron 
identification capability

Excellent vertexing
capability

after TOF+TRD PID cut

Signed decay length distribution Purity vs. minimum signed decay length cut

Signal and background yields

 The backgrounds are estimated by weighting 
electron yields""in"PYTHIA"from different sources 
based on the source yields obtained via ALICE 
measurements(D meson, #0 and η)."          

 It is reliable at pt > 1.4 GeV/c since the electrons 
from charm meson decays are obtained by            
D mesons at pt > 2.0 GeV/c from the measurement.

Efficiency with |d0/σd0| > 3 cut

 The impact parameter cut efficiency is 
parameterized in 1.4 < pt < 6.5 GeV/c. 

Systematic error for:
- impact parameter cut is obtained by deploying 
different impact parameter cuts
- charm background is obtained based on errors 
of the D meson measurement
- non heavy-flavour electron backgrounds is 
obtained based on errors of the light meson 
measurement

Systematics on the impact parameter analysis

Beauty Measurement via Impact Parameter

Results

 * : Cacciari, Greco, Nason, JHEP05(1998)007 and  M. Cacciari private communication
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cut on 

|d0/σd0| > 3

1.  Electron identification with 
TPC, TOF and TRD combined
2.  Impact parameter cut to reject misidentified #±, e± from 
Dalitz decays, γ conversions and charm meson decays
3.  Estimate remaining e± from charm decays via measured 
D meson cross section and e± from Dalitz decays and γ 
conversions via measured #0 meson cross section

High rate of electron production via 
semi-leptonic decay                
   (~11%[b�e] + ~10%[b�c�e])

(PYTHIA 
p+p 
@ !s = 10 TeV 
MC PID)

 As an alternative method, beauty electron 
spectrum is obtained by subtracting charm 
electron spectrum(charm cross section 
measured with D meson decays in the barrel 
is used to produce the electron spectrum) 
from the inclusive heavy-flavour electron 
spectrum. The result agrees with the one by 
the impact parameter analysis within errors.

GeV/c

� allows charm and 
beauty separation

(Tracking + PID + impact parameter)

Impact parameter performance 
for electrons

Beauty meson has cτ ≃ 500 μm 
and a hard momentum 
spectrum, which leads larger 
impact parameter of decay 
electrons than those of 
backgrounds 
� obtain a high purity sample 
with the following strategy:

(PYTHIA 
p+p @ !s = 7 TeV )
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 Beauty electron spectrum is compared to 
the FONLL* prediction and shows agreement 
within errors.

 The ratio of beauty electrons to charm 
electrons shows a tendency to increase as a 
function of pt which indicates beauty electron 
spectrum is harder than charm electron 
spectrum.  
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 Beauty Measurement via Impact Parameter

1. Electron identification with TPC, TOF, TRD and EMCal 
2. Impact parameter cut to reject misidentified !0, e± from 
Dalitz decays, γ conversions and charm meson decays
3. Estimate remaining e± from charm decays via measured 
D meson cross section and e± from Dalitz decays and γ 
conversions via measured !0 meson cross section 

Analysis steps

Beauty mesons have a cτ = 500 μm and large mass compared 
to charm mesons, which leads to a larger impact parameter of 

decay electrons than those of backgrounds 

Thanks to excellent electron PID + vertex detectors 

Results in this talk based on this method

PYTHIA, 
pp at 7 TeV

B tagged jet 
  ⇒ Secondary vertex 
reconstruction of 
beauty decay through 
electron + hadrons

B → e + X 
⇒ Preferential selection of electrons from 
B decay via their large impact parameter 
d0 ((cτ)B ~ 500 μm, B meson mass ~ 5 
GeV/c2)
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QGP tomography with heavy quarks (for large systems!)
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• Early production in hard-scattering processes with high Q2 

• Production cross sections calculable with pQCD 
• Strongly interacting with the medium  
• Hard fragmentation ➜ measured meson properties closer to parton ones 

ΔE(εmedium;CR ,m,L)
ΔEg > ΔEc≈q > ΔEb

Study parton interaction with the medium 
→ via radiative (“gluon Bremsstrahlung”) 
and collisional processes 

✤ color charge (Casimir factor) 
✤ quark mass (dead-cone effect) 
✤ path length and medium density 

RAAπ < RAAD < RAAB?

  Might translate into a hierarchy of      
nuclear modification factors 

“Calibrated probes" of the medium

→ medium modification to HF hadron formation 
✤ hadronization via quark coalescence 

→ participation in collective motion 
✤ arzimuthal anisotropy of produced particle 

								 								04/10/2016					 	 	 	 	 	 	CERN	seminar       
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Hard probes: medium tomography
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•  Heavy-ion (HI) collisions at LHC energies 
✤ QGP phase expected (lifetime ~ O(10 fm/c)) 

•  Hard probes: produced in the early stages of the HI collision, traverse the 
medium interacting with its constituents 

➡ Transported through the full system evolution  
➡ Efficient probes for understanding the transport properties of the 

medium 
•  Observables 

✤ High pT particles, jets 
✤ Open heavy flavors 
✤ Quarkonia (J/ψ, ψ’, Υ, …)

The Little Bang

! "

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

NOTE: Hard probes not only give information about 
the QGP phase, but also about the hadronization 
phase (i.e. to study hadronization mechanisms like 
fragmentation vs recombination -Ds,…)


