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Since 2013
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• Very lucky (and good decision) to participate ITS upgrade project together with 
other Korean institutes. 
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Overall chip test system in INHA
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2013

from no space

Started to setup experimental place
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During last 6 years (ITS project related)
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Focused project 
• Chip characterization (on site) 
• Mass chip test together with Pusan 
• HIC assembly together with Pusan 

Additional academic study to understand silicon chips 
• Silicon detector simulation using ROOT based program 
• photon conversion study in the detector materials using GEANT4 & 

analytical function

Kept doing physics analysis very much related to ITS performance  
• B→e production in pp, p-Pb and Pb-Pb (published last year) 
• Ξc production in pp and p-Pb using electron decay channel
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Fig. 7. Result of calculating induced currents. (a) Inci-
dent on the center of pixel perpendicularly(default) (b)
Increasing back vias voltage (c) Incident on the center of
bulk (between the pixels) perpendicularly (d) Applying
Magnetic field (e) Considering thermal di↵usion
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FIG. 6: (Color online) Left figure shows the modified geometric structure of the detector from the

cylindrical shape. The closest distance of the detector from the center was configured to be 3 cm.

Right figure shows the normalized production yield of the electrons as a function of d
xy

for di↵erent

detector radii and di↵erent detector configurations.

D. Comparison of the results of the numerical and sampling method

To demonstrate that this analysis method, so-called sampling method, works as it is

implemented, we compared the mean value of d
xy

distribution for a given photon energy

obtained by the sampling method with that from numerical calculation. The numerical

calculation of the mean of d
xy

distribution for a given photon energy was calculated using

Eq. (4):
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E(✏) and f(u) are the probability-density functions of energy and polar angle for electrons,

respectively. ⇥(✓
�

) and �(�
�

) are the probability-density functions of polar and azimuthal

angle for incident photons, respectively. The details of the functions are described in [11].

Figure 7 shows the results from two di↵erent methods are in agreement as expected.

E. Comparison with the full Geant4 simulation

In this calculation, we considered the key processes considerably a↵ecting the calcula-

tion. At high energy we are interested in, the dominant energy-loss process of electron is

bremsstrahlung in detector materials. The significance of bremsstrahlung process for this
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Fig. 6. Electric field for each cross section. (a) pallalel
to x-axis (y=0 µm) (b) pallalel to x-axis (y=45 µm) (c)
pallalel to y-axis (x=0 µm) (d) pallalel to y-axis (x=15
µm)
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LS2 and Run3 plan (short term?)
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HIC assembly together with Pusan 

ITS detector commissioning 
• Participating the activity at Point 2 (or any onsite commissioning work) 

from the beginning of 2019 to 2020

STAYING ON SITE 
(CERN)

STARTING 
FROM PERIOD DUTY 

FACTOR

Jonghan Park Ph.D student 2019.01~ 1 year 

(or 1.5 year) 70%

Jiyeon Kwon Ph.D student 2019.07~ 1 year 

(or 1.5 year)

70%

Jinjoo Seo Master student 2019.07~ 6 months ~ 1 year 70%

• Dedicated work (with responsibility) to be assigned for each student (service work) 
• Not only shift at 2020 but also works on various topics listed in Felix’s list

Man power

(for the rest of the period) Nirbhay Kumar Behera Jiyeon Kwon Jinjoo Seo

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

LS2 RUN3 LS3 RUN4 LS4 RUN
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LS2 and Run3 plan (short term?)
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Heavy flavour using Run3 data 

• B± , Λc, Λb, Ξc, … (not all but some of them) 
• Important play ground to demonstrate ITS performance upgraded

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

LS2 RUN3 LS3 RUN4 LS4 RUN

26

B±

Displaced J/y➞e+e-

at midrapitity down to 0 GeV/c
Primary J/y

e+

e-J/y

Primary 
vertex

Secondary J/y

e+

e-
J/yB

Lxy

• B± accessible with new ITS
• A unique measurement at pT down to 0 

at mid-rapidity at the LHC
• Measure energy loss for b, quantitative 

verification of DEc>DEb vs. pT

ALICE, CERN-LHCC-2013-024

Zhongbao Yin@LHCP201720/5/2017

B±

28

Lc
+ and Lb

• Lc
+ accessible down to 2 GeV/c

• Enhancement of heavy flavor baryon/meson 
ratio at intermediate pT in Pb-Pb collisions?   
ÆInformation on thermalization and 
hadronization of charm quarks in the 
medium 

ALICE, CERN-LHCC-2013-024

• Lb accessible down to 4 GeV/c

Zhongbao Yin@LHCP201720/5/2017

Λc, Λb
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Going further on enegy loss & hadronization mechanism
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28

Lc
+ and Lb

• Lc
+ accessible down to 2 GeV/c

• Enhancement of heavy flavor baryon/meson 
ratio at intermediate pT in Pb-Pb collisions?   
ÆInformation on thermalization and 
hadronization of charm quarks in the 
medium 

ALICE, CERN-LHCC-2013-024

• Lb accessible down to 4 GeV/c

Zhongbao Yin@LHCP201720/5/2017

Λc

Open beauty:	particle ratio
ddìä/dZ(d!e)
ddìà/dZ(d!e)
ddÜqä /dZ(d!e)
ddìä/dZ(d!e)
• ég/éh about	1-d
from	1,	explained	by	
systematic	
uncertainties
• Λ%g /ég ≈ 0.4,
decreases at high !e,
and	is	compatible	to	
Λĥ/fg in	the	same	
region, similar to
LHCb !! data [JHEP	08	
(2014)	143]

13
LHCb-CONF-2018-004

open	charm	and	beauty	in	LHCb,	ATHIC	2018

• "#$%
Üqä/ìä ≡ "#$%

Üqä /"#$%ìä ≈ 1 and	is	independent of !e at forward rapidity,		suffers	
larger	fluctuations	due	to	higher	level	of	background	at	backward	rapidity

Recently at LHCb

Λb

  

thermal production yields of exotic states 
in central Pb-Pb collisions at 5 TeV/u

Andronic, pbm, Koehler, Redlich, Stachel 
preprint in preparation

Further moreHadrons
4

Light Charm Bottom

Mesons D mesons B mesons

Baryons Lc, Xc, Wc Lb, Xb, Wb

Exotics Hypernuclei, 
Dibaryons, 
, …

Tcc, Wccc, … Tcb, …

See Jihye’s talk

Yosuke WatanabeExHIC2016

A lot of !
Charmonia Bottomonia

Ξcc

Hadrons: measured, unmeasured in heavy-ion collisions! 
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Towards LS3 and LS4 (long term)
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2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

LS2 RUN3 LS3 RUN4 LS4 RUN

9"

ALICE"Upgrades"
“Silicon[only”"Cylindrical"Vertex"Detector"(Inner"Barrel)""

L.&Musa&(CERN)&–&ALICE&Physics&Week,&7&December&2017&

Layer"0,"1,"2"
Si[only"30~50µm"

Beampipe""""""""
outer"radius"16mm"

Pipe:"r"≈"16mm""

L0:"r"≈"18mm"""(113mm"circumf.)"""
L1:"r"≈"24mm"""(151mm"circumf.)"
L2:"r"≈"30"mm""(188mm"circumf.)"

• We cannot tell explicitly yet where we 
participate and can contribute 

• Very much interested into the technology & 
coming R&D process 

• As far as we understand, a lot of work required 
for the R&D but less construction work  

• In the end, interested in importing(?) the 
technology into detector in Korea

≪NOTE≫  we may be able to contribute already 

• Recently, we bought TCAD package from Silvaco for silicon detector simulation 
‣ Device simulator (3D) 
‣ Interactive tool (based on GUI) 
‣ REM 3D (module for the radiation simulation including modeling of SEU effect)
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HNrR VsoaopR 8PPRlRrNaor PomplRe  
Sor FE-lVnR RepRrVmRna

��

�	

from google map.

H8FE

https://www.google.com/maps/
@36.4787623,127.3733995,770m/

data=!3m1!1e3

Daejeon

Brief idea of importing technology
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LAMPS detectors
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• To understand nuclear symmetry energy (totally different topic)
DRaRPaors
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Bottom to fix PAD & GEM : Al
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GEM : 3 layers

PAD

150 mm Drift 
length : 570 mm
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Proto type TPC (1/8 volume of real TPC)

IpRPVpVPNaVon 
-:omplRaR VnSormNaVon oS PUNrTRd pNraVPlRs 

o momRnabm & G@D oS PUNrTRd pNraVPlRs 
-HRNdoba RlRParonVPs 
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o -l sr 

Installation and commissioning from 2020~2021
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LAMPS detectors
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• Possible upgrade: install silicon detector inside TPC     
• Ambitious idea to import the outcomes(?) coping with LS3 R&D

DRaRPaors

 9
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Cathode

GEM : 3 layers

PAD

150 mm Drift 
length : 570 mm

490 mm

Proto type TPC (1/8 volume of real TPC)

IpRPVpVPNaVon 
-:omplRaR VnSormNaVon oS PUNrTRd pNraVPlRs 

o momRnabm & G@D oS PUNrTRd pNraVPlRs 
-HRNdoba RlRParonVPs 

o G<J RlRParonVPs 
-@nsVdR solRnoVdR mNTnRa 

o DNTnRaVP SVRld sarRnTaU 4 bpao + J 
-DVmRnsVon 

o DVNmRaRr 4 +000 mm  
o CRnTaU 4 +,00 mm 
o ,-k PUNnnRls 

-8PPRpaNnPR 
o -l sr 

Originally, silicon detector was in the plan, 
but it was canceled due to a budget issue.  

For upgrade? Rooms to be included.
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ALICE"Upgrades"
“Silicon[only”"Cylindrical"Vertex"Detector"(Inner"Barrel)""

L.&Musa&(CERN)&–&ALICE&Physics&Week,&7&December&2017&

Layer"0,"1,"2"
Si[only"30~50µm"

Beampipe""""""""
outer"radius"16mm"

Pipe:"r"≈"16mm""

L0:"r"≈"18mm"""(113mm"circumf.)"""
L1:"r"≈"24mm"""(151mm"circumf.)"
L2:"r"≈"30"mm""(188mm"circumf.)"

ITS for LS3

Table 3: Project cost estimate breakdown.

Item R&D Construction Total Cost
(kCHF) (kCHF) (kCHF)

Total 2000 3300 5300

Beampipe 600 900 1500

Pixel CMOS Sensors 700 700 1400
Sensor test 100 150 250

Thinning & dicing 200 300 500

Hybrid printed circuit 100 100 200

Mechanics 150 350 500
Assembly & test 50 200 250
Installation tooling 0 200 200
Air cooling 100 150 250

Services 0 100 100
Patch panels 0 150 150

will certainly need to be replaced to match the new mechanical layout. The total cost is
estimated to be of the order of 250 kCHF.

• Readout Electronics and Power Supplies. The readout and power distribution system
that will be installed in LS2 will also be compatible with the ITS3. No additional costs are
expected for these systems.
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Towards LS3 and LS4 (long term, if happens)
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LS2 RUN3 LS3 RUN4 LS4 RUN
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• We cannot tell explicitly yet where we 
participate and can contribute 

• Very much interested into the technology & 
coming R&D process

19"

A"new"experiment"based"on"a"“allLsilicon”"detector"

~100cm


~360cm


Tracker:""~10"tracking"barrel"layers"(blue,"yellow"and"green)"based"on"CMOS"sensors""
Hadron"ID:"TOF"with"outer"silicon"layers"(orange)"
Electron"ID:"preLshower"(outermost"blue"layer)"

SpaBal#resoluBon#

•  Innermost#3#layers:#σ"~"1µm"
•  Outer#layers:#σ"~"5µm"

Time#Measurement

Outermost#layer#integrates#high#
precision#Bme#measurement###
(σt"<"30ps)"

Preliminary#studies


MagneBc#Field

•  B#=#0.5#or#1#T


Extended"rapidity"coverage:"up"to"8"rapidity"units"
+"FoCal"

L.&Musa&(CERN)&–&ALICE&Physics&Week,&23&Oct&2018&
19"

A"new"experiment"based"on"a"“allLsilicon”"detector"

~100cm


~360cm


Tracker:""~10"tracking"barrel"layers"(blue,"yellow"and"green)"based"on"CMOS"sensors""
Hadron"ID:"TOF"with"outer"silicon"layers"(orange)"
Electron"ID:"preLshower"(outermost"blue"layer)"

SpaBal#resoluBon#

•  Innermost#3#layers:#σ"~"1µm"
•  Outer#layers:#σ"~"5µm"

Time#Measurement

Outermost#layer#integrates#high#
precision#Bme#measurement###
(σt"<"30ps)"

Preliminary#studies


MagneBc#Field

•  B#=#0.5#or#1#T


Extended"rapidity"coverage:"up"to"8"rapidity"units"
+"FoCal"

L.&Musa&(CERN)&–&ALICE&Physics&Week,&23&Oct&2018&

≪NOTE≫ 

• Starting with detector simulation for quantitive expectation of the performance 
until next May?
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Manpower and budgets
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2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

LS2 RUN3 LS3 RUN4 LS4 RUN

• Besides personal grant & koALICE grant, another common grant of 7M dollar for 
continuous 7 years sharing with 9 faculties (CENuM). In the proposal, future silicon 
detector development was included in general.   

• Plan to have at least one hardware expert (post. doc.)
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Why do we (I) do this?
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"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)



Many thanks for being a collaboration! 
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KOBRA at RAON
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The basic module
(looking very standard, but actually somewhat special)

4

1st  element: reverse mount 300 μm thick,  nTD Silicon of doping uniformity apt to PSA 

2nd  element: reverse mount 500 μm thick, nTD Silicon for redundant PSA

3rd element: 10 cm long CsI(Tl) crystal, coupled to Si-photodiode

First and second Silicon detectors are cut out of a <100> crystal along a properly 

selected direction in order to avoid channelling.

Total thickness variation of both Silicon detectors over the active area ≈ 2-3 μm

1st Si 2nd Si

CsI(Tl) + photodiode

LIA COPIGAL - Krakow 13-12-2017

Identification by (ΔE
1
+ ΔE

2
) - E

3

Identification by ΔE
1
- E

2

Identification by PSA on 1st Si 
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Z and A identification  thresholds

Z id from PSA - current max

Z id from DE-E

A id from DE-E

A id from PSA - current max

LIA COPIGAL - Krakow 13-12-2017

Z=1 particles stopped in the 
first Silicon are not mass 
identified – plasma delay is 
strongly suppressed for low Z 
and PSA is not effective

A significant improvement 
for mass identification with 
current PSA: G.Pastore et 
al, NIMA 860 (2017) 4

Summary of FAZIA A and Z identification
(updated)

The added value of PSA: much lower energy thresholds


