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ALICE

RAON 
LAMPS

Create hot and dense nuclear matter in lab

Control the isospin parameter (N/Z) of matter using RI beams
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Interest of our group
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Hard probe 기반 QGP 특성 이해, EOS & symmetry energy 이해, 
에너지 및 위치 측정용 실리콘 검출기 제작 기반 확보
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ALICE Timeline: 과거, 그리고 앞으로 15년

ALICE with LS2 upgrades

+ ITS3, FoCal, fixed target, … next-generation experiment

HL-LHC
ALICE upgrades time line

(Run 3 extension)
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Phase II upgrades ATLAS/CMS

major ALICE upgrades

Pb-Pb in Run 3+4:  
ℒ = 13 nb-1

NB: next-generation experiment could start in ~10 years,  
similar time line to current upgrades!
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system √sNN (TeV) Lint

pp

0.9 ~ 200 μb-1

2.76 ~ 100 nb-1

5.02 ~ 1.3 pb-1

7 ~ 1.5 pb-1

8 ~ 2.5 pb-1

13 ~ 25 pb-1

p-Pb 5.02 ~ 15 + 3 nb-1

8.16 ~ 25 nb-1

Xe-Xe 5.44 ~ 0.3 μb-1

Pb-Pb 2.76 ~ 75 μb-1

5.02 ~ 0.25 + 1 nb-1

datasets from Run 1 & 2

I Run 2 data taking concluded
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system and energy dependence at LHC
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Black: Run 1 (2009~2013), Red: Run 2 (2015~2018)

Past

Future
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Basic scales and physics of heavy flavour in HI collisions

• 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

✤ 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	

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

space

time

pre
-eq

uili
bri

um
QG

P
mixed

 ph
ase

had
ron 

gas
freez

e out

c-quark b-quark

BD

Competing mechanisms for the HF hadronisation in the QGP 

1. Fragmentation Dq→h(zq, Q2) 
➡ energy-loss of partons while traversing the QGP modifies fraction              

of the parton momentum zq taken by the hadron 
‣ equal for all hadron species 

2. Coalescence 
➡ partons close in phase space can recombine into hadrons 
➡ quarks with different mass coalesce if have similar velocities 

PRL 90 (2003) 202302 
PRL 90 (2003) 202303 
PRC 67 (2003) 064902 
PLB 595 (2004) 202-208

Statistical hadronisation model 
➡ Hadrons emitted from the interaction region in statistical equilibrium at 

the QGP phase boundary PLB (2008) 659:149-155
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How can we measure the medium effects?

R. Averbeck, 32 Inha University, 2015/02/24 

●  in-medium energy loss leads to RAA < 1 
● QCD-based models with in-medium radiative                                

or collisional energy loss (Dokshitzer, Kharzeev, PLB 519(2001)199; 
Armesto et al., PRD 69(2004)114003; Djordjevic et al., NPA 783(2007)493)  

! ΔE(g) > ΔE(u,d,s) > ΔE(c) > ΔE(b) 
! RAA(light hadrons) < RAA(c) < RAA(b), but with caveats: 

●  different shapes of the pT distributions in pp collisions 
●  different fragmentation functions 
●  role of soft particle production at low pT 

  
 

Nuclear modification factor RAA 
RAA = 1: binary scaling 
RAA ≠ 1: medium effect  

Binary scaling based on the Glauber Model

RAA suppression: a QCD medium effect?"
!  The observed suppression can have a contribution from 

initial-state effects, not related to the hot QCD medium 
!  High parton density in high-energy nuclei leads to reduction/

saturation/shadowing of the PDFs at small x (and small Q2) 

dNPbPb
D

dpT
= PDF(x1)PDF(x2 )⊗

dσ̂ c

dpT
⊗ P(ΔE)⊗Dc→D(z)

see e.g. Eskola et al. JHEP0904(2009)065  

valence quarks sea quarks gluons 

Nuclear modification of PDFs 

GSI seminar, 27.11.13                                                 Andrea Dainese" 41"

Trivial but important caveat:

“Vacuum” parton spectra
Initial-state effects

Parton interaction 
with the medium (Modified?) 

hadronization

What we want to 
probe

Measured spectra in AA collisions result from a convolution of many pieces 
⇒ interpretation of the results requires comparison with models 
⇒ must measure observables with different sensitivity to the various ingredients 

Nuclear modification factor (RAA): compare particle production in Pb-Pb with 
that in pp scaled by a geometrical factor

Why%Heavy9Flavour%in%AA%collisions?%%

ALICE%Heavy9Flavour%Results% D.%Caffarri%%%%%%%%%%5%%

HF%in%Pb9Pb%collisions%
Study$the$interac0on$of$heavy$quarks$with$the$medium$via:$$
!  Energy%loss%%%

$ %Colour9charge%dependence$
$
$

$ $Quark9mass%dependence$
% % % %ΔE(light)%>ΔE(c)%>%ΔE(b)%%"%%RAA%(π)%<%RAA%(D)%<%RAA%(B)%%%

$
$
$
!  Collec`vity%in%the%QGP%%

% %Ini0al$spa0al$anisotropy$$"$$momentum$anisotropy$of$par0cles$
$ $Charm$hadron$v2$"$charm$quarks$par0cipate$in$the$collec0ve$

$$$$$$$$$$$$$$expansion$of$the$QGP? $Energy$loss$path$length$dependence?$

ΔE ∝CR
gg CR = 3 
qg CR = 4 / 3Y.L.%Dokshitzer,%et%al.,%J.%Phys.%G%17,%1602%(1991);%%

Y.L.%Dokshitzer%and%D.E.%Kharzeev,%Phys.%Leh.%B%519,%199%(2001).%

RAA =
dNAA / dpT

Ncoll × dNpp / dpT
=

dNAA / dpT
TAA × dσ pp / dpT

?%

HP13%Cape%Town,%6/11/2013%
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Measurements of heavy-flavour hadrons with ALICE 
Open HF hadrons fully reconstructed via hadronic decays: 
➡  

➡  

➡  

➡  

➡  

➡  

➡  

➡  

➡

D0 → K−π+

D+ → K−π+π+

Ds
+ → ϕπ+ → K+K−π+

D*+ → D0π+

Λ+
c → pK−π+

Λ+
c → pK0

s

Σ0,++
c → Λ+

c π−,+

Ξ0
c → Ξ−π+

Ξ+
c → Ξ−π+π+

➡ Displaced decay-vertex topology selection 
➡ Particle identification of decay tracks 
➡ Signal extracted via invariant-mass analysis

K—
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 61±S = 534 

ALI−PREL−319265
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TOF

Open HF hadrons partially reconstructed 
via semileptonic decays: 
➡  

➡  

➡  

➡  

Ξ0
c → Ξ−e+νe

c, b → e±X
c, b → μ±X
cc, bb → e+e−X
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ALI−PREL−344791

➡ Yield subtracting wrong-sign from right-sign Ξe pairs  
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p%+

&e

ITS

V0

TPC

TOF

➡ Identification of electrons at mid rapidity 
➡ Identification of muons at forward rapidity 
➡ Subtraction of hadron contamination and e± and !± from non-HF sources

e
μ

TOF

ITS

V0

TPC

EMCAL
MUON ARM

Open HF hadrons partially reconstructed 
via semileptonic decays: 
➡  

➡  

➡  

➡  

Ξ0
c → Ξ−e+νe

c, b → e±X
c, b → μ±X
cc, bb → e+e−X

ALI-PUB-347958

arXiv:2005.11130

Ξc0,+ & Σc0,++ is not yet measured in p-Pb and Pb-Pb.  
Ξc0  in p-Pb will be finalized within several months 
Next run (run3) for Pb-Pb result (after inner tracking detector upgrade)!

서진주 @ pp 13 TeV 
복정수 @ pPb 5 TeV

박종한 @ PbPb 5 TeV 
권지연 @ pp 13 TeV

도재현 @ pp 13 TeV high multiplicity
조재윤 @ ITS3 upgrade physics performance
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Why toward measuring charmed baryons? 
;more than the energy loss in the medium

Enhanced production of strange and multi-strange hadrons observed in heavy-ion collisions 
Hint of enhanced Ds+/D0 in Pb-Pb compared to pp collisions for pT < 8 GeV/c 
Qualitatively described by models implementing charm-quark hadronisation via fragmentation+coalescence in a strangeness rich QGP 
Ds+/D0  at low pT consistent with prediction from statistical hadronisation model (SHM)
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Enhanced production of strange and multi-strange hadrons observed in heavy-ion collisions 
Hint of enhanced Ds+/D0 in Pb-Pb compared to pp collisions for pT < 8 GeV/c 
Qualitatively described by models implementing charm-quark hadronisation via fragmentation+coalescence in a strangeness rich QGP 
Ds+/D0  at low pT consistent with prediction from statistical hadronisation model (SHM)
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Hint of enhanced Λc+/D0 
in Pb-Pb compared to pp 
collisions for pT < 6 GeV/c

Catania: EPJC 78 (2018) 348 
SHM: arXiv:1901.09200

Measurement described for pT > 4 GeV/c by model with charm hadronisation via fragmentation+coalescence  
Measurement slightly underestimated by SHM  
Λc+/D0 in pp collisions largely enhanced compared to e+e— collisions

e+e— collisions
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Highlight of the analysis; b→e in Pb-Pb

RAA of electrons from open beauty-hadron decays

in Pb–Pb collisions at

p
sNN=5.02TeV with ALICE

Jonghan Park

10th International Conference on Hard and Electromagnetic
Probes of High-Energy Nuclear Collisions

Flash Talk (ID #63)

Jonghan Park (Inha Univ.) Hard Probes 2020 2020-06-05 1 / 6

Electrons from beauty-hadron decays
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Beauty-decay electron’s RAA in semi-central collisions up to 8GeV/c is

compared with the one in central collisions and with the RAA of heavy-flavor

decay electrons [4]

! Similar behaviors observed as central collisions

Outlook
! Extend to high pT using calorimeter performances

! Compute RCP to estimate correlated systematic uncertainties

in di↵erent centrality cases

Jonghan Park (Inha Univ.) Hard Probes 2020 2020-06-05 5 / 6

Hint of quark mass dependence of the energy loss in medium!
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Highlight of the analysis; Ξc0 in pp

Baryon/Meson ratio in charm sector!

13CENuM Workshop 2020.07.04

Current Status

• Energy dependency

• Energy dependences are shown(5,7 and 

13 TeV). 

• Constraint branching ratio

• Branching ratio fraction is calculated 

using Ξ0
c measurements. 

• Measurement comparison 

• Ξ0
c measurement is compared with D0 

and Λc+. 

• Model comparison

• The measurement ratio is compared with 

model.

• The measurement provides constraints 

on model calculations. 

Result

-  Ξ0
c production in pp at 13TeV
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ALICE

Phys. Rev. D 98, 030001 (2018) and 2019 update
PDG
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13CENuM Workshop 2020.07.04

Current Status

• Energy dependency
• Energy dependences are shown(5,7 and 

13 TeV). 

• Constraint branching ratio
• Branching ratio fraction is calculated 

using Ξ0
c measurements. 

• Measurement comparison 

• Ξ0
c measurement is compared with D0 

and Λc+. 

• Model comparison
• The measurement ratio is compared with 

model.

• The measurement provides constraints 

on model calculations. 

Result

-  Ξ0
c production in pp at 13TeV

0

0.5

1

1.5

2

2.5

3

3.5

4)-
Ξ+ π

→0 c
Ξ

) /
 B

r(
eν-

Ξ+ e
→0 c

Ξ
Br

(

ALICE Preliminary
| < 0.5y = 13 TeV, |spp, 

ALICE

Phys. Rev. D 98, 030001 (2018) and 2019 update
PDG

ALI−PREL−345624

0 2 4 6 8 10 12 14
)c (GeV/

T
p

2−10

1−10

1

10

210

)
-1 )c

b(
G

ev
/

µ (yd Tp
/d

σ2 d

ALICE Preliminary
| < 0.5ypp, |

 uncertainty not shown0
c

Ξ 22.0% branching ratio of average ±

 5%(13TeV) lumi. uncertainty not shown± 3.5%(7TeV) and ± 2.1%(5TeV), ±

 66.67% branching ratio of electronic channel uncertainty not shown±

eν +e-Ξ → 0
cΞ = 5.02 TeV, s

 B781:8-19,2018)Phys.Lett. (eν +e-Ξ → 0
cΞ = 7 TeV, s

+π
-

Ξ and eν +e-Ξ  average  of 0
cΞ = 13 TeV, s
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ALI−PREL−345123

It was not our intention. :)

Interest getting toward…  not only the energy loss in the medium  
but also production mechanism of heavy flavour in PbPb  

(even in pp, especially high multiplicity events)
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Going further! for next-generation experimentMulti-HF hadrons
• Statistical coalescence between uncorrelated heavy quarks in thermal equilibrium at the hadronization point 

[Beccattini, PRL 95 022301 (2005)]

- Up to 2-3 orders of magnitude higher Ωccc/Nccbar w.r.t. models based on QCD hard scattering 

- Significant enhancement of ratios of MHF baryons over singly HF hadrons, especially Ξbc/B and Ωccc/D

Hadron Yield in central Pb-Pb  
(full phase space) Expected enhancement w.r.t. pp

Ξcc , Ωcc 0.02-0.38 1-10
Ξbc , Ωbc , Bc 3x10-4 - 0.02 >10 for Ξbc

Ξbb , Ωbb 2.6x10-6 - 7x10-5 -
Ωccc 10-3 - 0.03 100-1000

Production yields calculated using different approaches

• Probe kinetic equilibration/thermalization of charm in the QGP

!7

PRODUCTION OF MULTICHARMED HADRONS … PHYSICAL REVIEW C 101, 024902 (2020)

FIG. 6. Transverse momentum distribution ratios (a) between the X (3872) and the !c, (b) between the "cc and the !c, (c) between the
#ccc and the !c, and (d) between the #scc and the !c at both RHIC

√
sNN = 200 GeV and LHC

√
sNN = 2.76 TeV.

B. Transverse momentum distribution ratios between
a multicharmed hadron and a !c

We compare the transverse momentum distribution of mul-
ticharmed hadrons with that of the singly charmed hadron, the
!c. For the !c transverse momentum distribution we have in-
cluded the contribution of the !c production by fragmentation
as well as feed-down contributions from $c(2455), $c(2520),
!c(2595), and !c(2625) baryons. We show in Fig. 6 four
transverse momentum distribution ratios, (a) between the
X (3872) and the !c, (b) between the "cc and the !c,
(c) between the #ccc and the !c, and (d) between the #scc and
the !c for both RHIC,

√
sNN = 200 GeV and LHC,

√
sNN =

2.76 TeV.
As we see in Fig. 6, the ratio is much smaller than unity,

again reflecting the small possibility to coalesce more charm
quarks to form a multicharmed hadron. Since the number
of charm quarks is smaller than that of light quarks by an
order of 2, the ratio between the X (3872) and the !c is
also smaller than that between the X (3872) and the "cc by
the same order. Nevertheless we still see peaks appearing in
the intermediate transverse momentum region, but at lower
transverse momentum about 4 GeV.

We have argued that the peak can appear for the ratio in-
volving both light quarks in thermal equilibrium with an expo-
nential transverse momentum distribution and charm quarks
with a power law type transverse momentum distribution in

addition to an exponential transverse momentum distribution.
We have also found that the peak appears in the ratio involving
pure light quarks with the same kind but different numbers in
the numerator and the denominator, e.g., qq̄/q.

We further argue that a peak appears in the ratio involving
charm and light quarks, especially when a remaining charm
quark is in the numerator and a light quark remains in the
denominator, e.g., c/q. As shown in Fig. 5 the peak appears
in ratios c/s (b) and c/q (c), except the peak in the ratio qq̄/q
(a). No peak appears for the ratio q/c (d), s/q (e), and qq̄/s
(f). We see that all the ratios shown in Fig. 6 involve at least
one charm quark in the numerator and one light quark in the
denominator, q̄c̄/q (a), c/q (b), cc/qq (c), and cs/qq (d), and
therefore we find that the peak always appears in the ratio
between a multicharm hadron and a !c.

Transverse momentum distribution ratios shown in
Figs. 6(a), 6(b), and 6(d) look very similar in both shape and
magnitude, ∼10−3; three ratios represent cc̄qq̄/cqq, ccq/cqq,
and ccs/cqq, respectively. If we neglect spectator quarks we
see ratios c̄q̄/q, c/q, and cs/qq. The inclusion of one more
light quark in the numerator, cc̄qq̄, not only suppresses more
the ratio cc̄qq̄/cqq to ∼10−4, it also broadens the peak in
Fig. 6(a) compared to the other two ratios. The same expo-
nential transverse momentum distribution and 200 MeV mass
difference between light and strange quarks give the similar
ratios c/q and cs/qq as shown in Figs. 6(b) and 6(d).

024902-13

S. Cho and SH Lee, 
PRC 101, 024902 (2020) 

조성태 교수님과 공동연구할 영역이 많음!

Multi-HF hadrons

● Test of coalescence models and of statistical-hadronisation expectations
○ 𝝣cc and Ωccc yields from different models are consistent within a factor 2 (link)
○ Ωccc decays suggested in JHEP 08 (2011) 144, assumption: BR=5%

2Post-LS4 experiment - 15/06/2020
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We have a plan… 

not only the plan, the R&D started! 

Highly connected to the heavy flavour.
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LS2 upgrades - tracking particles close to interaction point
LS2      upgrades - tracking particles close to Interaction Point

!22

Brand new Inner Tracking System: 
➡ taking 20% of chip module assembly, installation and calibration of upgraded ITS 

• 7 layers (10 m2) silicon pixel (MAPS) sensor tracker  
• 22-406 mm to Interaction Point with spatial resolution O(5 µm)

La Thuile | March the 12th 2019 | B. Hippolyte 

A Large Ion Collider Experiment

➡ Bs,  Bc Λb , b-jet measurements

Muon Forward Tracker: 
• 920 silicon pixel sensors (0.4 m2)  
• 280 ladders of 2 to 5 sensors each 
• -76.8 cm < z < -46.0 cm

➡ More precise measurements of heavy 
flavour and low mass dileptons

10 half-disks 
2 detection 
planes each

disks 4&3  disks 
2&1&0

-3.6 < η < -2.45

MFT doses 
< 300 krad

(2019- 
21)

Time Projection Chamber: 
• New readout chambers using GEM 
• New electronics for continuous readout 

(SAMPA) 

Electron microscope 
photograph of a GEM foil

Construction & commissioning is ongoing

construction & commissioning

TPC

! E. Hellbär, Fri 12:24

ITS Inner/Outer Barrel

Half-layer 0 Half-Layer 1 Half-Layer 2

Jochen Klein (INFN) ALICE overview Puebla, May 2019 28 / 30Inha: contributed significantly on  
         chip characterization, mass chip testing,  
         module assembly, commissioning at CERN (ongoing)

박종한, 권지연, 서진주

construction & commissioning

TPC

! E. Hellbär, Fri 12:24

ITS Inner/Outer Barrel

Half-layer 0 Half-Layer 1 Half-Layer 2

Jochen Klein (INFN) ALICE overview Puebla, May 2019 28 / 30

(LS2: 2019-2021)

ALPIDE
The chip for the ITS2

• Type: Monolithic Active Pixel Sensor (MAPS)  
→ everything (detection, readout) in a single chip 

• Process: 180 nm CMOS Imaging (TowerJazz)


• Dimensions: 15 mm (height) ⨉ 30 mm (width)


• Thickness: 50 μm (Inner Barrel) / 100 μm (Outer 
Barrel)


• Pixels: 500k (512x1024) 
pitch: 26.88 μm ⨉ 29.24 μm


• Production: >70k and counting  
i.e. many low-grade/non-working  
chips available

5Magnus Mager (CERN) | 15.05.2020 | Meeting with NorFab | 

3cm

1.5cm

524 288 pixels
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After LS3 (Run 4): flexible silicon detector

Physics motivation

• Heavy-flavour (charm, bottom): focus on low transverse momenta 
→ production yields, flow, in jets, vs event shape, …

• Exclusive reconstruction of D, Ds, B, Bs,!c,!b, "c, #c decay channels

• Analysis of non-prompt signals 


• Low-mass di-leptons:  
First high-statistics signals for di-leptons at LHC


• New ideas:

• c-deuteron, c-triton 

• Strangeness tracker (“Kick-off” meeting)

5

7"

Table 1: Geometrical parameters of the upgraded ITS.

Beam pipe inner/outer radius (mm) 16.0/16.5

IB Layer parameters Layer 0 Layer 1 Layer 2

Radial position (mm) 18.0 24.0 30.0

Length (sensitive area) (mm) 270 270 270

Pseudo-rapidity coveragea ±2.5 ±2.3 ±2.0

Active area (cm2) 305 408 508

Pixel sensors dimensions (mm2) 140⇥56.5 140⇥75.5 140⇥94

Number of pixel sensors / layer 4

Pixel size (µm2) O(30⇥30)
a The pseudorapidity coverage of the detector layers refers to tracks originating from

a collision at the nominal interaction point (z = 0).

3.3 System Integration272

The requirement to locate the first layer at a minimal distance from the beam pipe drives the273

design of the mechanical support structure. The integration scheme is similar to the one adopted274

for the ITS2, with the detector mechanically decoupled from the beam pipe and completely275

supported by an extractable barrel (service barrel) which is fixed to the cage, as shown in Fig. 10.276

Figure 10: Layout of the ITS3 Inner Barrel. Two end-wheels provide precise position and
fixation of the detector relative to the beam pipe.

The End-Wheels at the barrel extremities provide accurate positioning and fixation of the detec-277

tor with respect to the beam pipe. The End-Wheels also provide a path for the services to exit278
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DRAFT

Geometrical"Parameters"of"ITS3""

Beampipe#######

IR###16#mm

ΔR##0.5mm#


~14cm


Beam"pipe"thickness:"500µm"(0.14%"X0)"

Sensor"thickness:""20"−"40µm"(0.03"L"0.05%"X0)"

Pipe:"r"≈"16mm","ΔR"="0.5mm"

L0:"r"≈"18mm","L1:"r"≈"24mm."L2:"r"≈"30"mm"

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

6"

Silicon&Genesis:&20&micron&thick&wafer&Can we exploit flexible nature of thin silicon ? 
 
 
&

Chipworks:&30µmNthick&RFNSOI&CMOS&

UltraLthin"chip"(<50"um):"flexible"with"good"stability"

van"den"Ende"DA"et"al."Mechanical&and&electrical&properQes&of&ultraNthin&chips&and&flexible&electronics&assemblies&during&bending.""
Mircoelectron"reliab"(2014),"hcp://dx.doi.org/10.1016/j.microrel.2014.07.125""

distribution of polishing stresses (Fig. 13). The silicon material
directly under the bump experiences a tensile stress, which in
extreme cases incurs micro cracks originating in the silicon in this
region. An example is shown in Fig. 15, where polarized light
microscopy analysis of the weakest 50 lm polished chip (12 MPa
failure stress, see Fig. 11) reveals polishing damage at the bump
locations. In Fig. 15C the position of the crack can be seen with
respect to the bending setup, showing the failure occurred inside
the inner two loading supports, in the constant stress regime. Evi-
dently the damage on the bump positions at the backside of the
chips leads to a severely reduced stress at failure.

The strength of the plasma treated chips is shown in Fig. 12. The
mean chip strength quadruples and minimum chip strength
increases by a factor 10 compared to the background chips from
Fig. 10. The plasma treatment etches away the surface layer and
this reduces the subsurface grinding damage in the chip, however,
the Weibull modulus remains comparable to the background chips.
This similar Weibull modulus may indicate that the plasma treat-
ment is not fully effective in eliminating all the grinding induced
subsurface damage at the bump sites, although the surface and
edges of the chips are strengthened by the plasma etching treat-
ment, leading to a higher CDS.

In Table 3 all the properties of the different tested chips are
summarized. For application purposes, the reliability of ultra-thin
chips in flexible electronics devices can be characterized by the
minimum die strength (MDS), the strength at which 1% of the dies
has failed [7]. The MDS is calculated from the fitted Weibull mod-
ulus of the chips and presented along with the corresponding
bending radius for this characteristic die strength.

The minimum bending radius that can be achieved by the
plasma treated IZM28 dies is around 4.7 mm while that of the
ground and polished dies is 33 mm. In the case of the polished dies
the higher bending radius is partly caused by the higher die
thickness and partly by the higher bump thickness. For the plasma
treated dies a minimum bending radius of 4.7 mm is perfectly
suitable for many applications of flexible electronics.

5.3.2 STM8 microcontroller dies
Failure distributions of microcontroller dies are shown in

Fig. 16. The microcontrollers are comparable in backside strength
to the IZM chips and have a high flexural strength, even having a
higher Weibull modulus to the IZM28 test chips (2.8 compared
to 2.64). This is possibly related to the bump configurations, which
differ between both chips. The IZM28 chips have a small number of
bumps with a large pitch, whereas the STM8L dies have a much
smaller pitch, leading to a more even stress distribution across
the back surface during polishing. In contrast, the front side of
the die is somewhat weaker than the test chips (CDS is 960 MPa
compared to 1207 MPa). This is to be expected, because the micro-
controllers involve more complex processing, leading to more
intricate patterns with a larger variety of different materials and

more possibilities for developing residual stresses in the active
layers.

Using the MDS values from Fig. 16, the 20 lm thick microcon-
troller dies are calculated to have at least a minimum bending
radius of 2.4 mm when the back side is stressed but when the front
side is stressed the minimum achievable bending radius at 1% fail-
ure is much higher: 8.5 mm.

5.4 Bending of bonded chips

5.4.1 IZM28 test chip mechanical results
When thin dies are bonded to foil assemblies several factors

influence the bendability compared to stand alone dies, such as
the bonding process and the increase in stack thickness. The flip
chip ACA bonded die in Fig. 17 has an experimentally observed
minimum radius of 2.4 mm when the backside of the die is tensile
stressed. The neutral plane in the assembly is calculated at 16.7 lm
from the die surface (Eq. (5)) resulting in a calculated maximum
bending stress in the die of 1460 MPa. Typically the bending
strength of the bonded dies was found to be lower than the stand
alone dies. By comparing the results of the unbonded (Fig. 12) with
those of a bonded chip (Fig. 18) it can be seen that the character-
istic bending strength of the bonded dies is much less than the
stand-alone dies. This could be related to the residual stresses in
the assembly caused by the relatively high curing temperature,
which leads to stresses from thermal shrinkage of the adhesive
and substrate [29] and CTE differences between the silicon die
and the organic substrate [30,31]. These residual stresses are also

Table 3
Chip properties including MDS and corresponding minimum bending radius of tested dies.

Die type Front/back side Ground/polished/plasma Bumps Die thickness (lm) CDS (MPa) Weibull modulus MDS (MPa) rmin (mm)

Blank Front Ground No 15–20 1263 7.42 691 2.46
Blank Back Ground No 15–20 575 5.48 221 7.72
IZM28 Front Ground Yes 15–20 1032 9.44 636 2.70
IZM28 Back Ground Yes 15–20 494 2.04 52 32.7
Blank Back Polished No 25–35 1044 4.17 334 7.72
IZM28 Back Polished Yes 25–35 482 2.98 107 24.3
Blank Back Plasma Yes 18–22 2340 12.6 679 2.50
IZM28 Front Plasma Yes 18–22 1207 2.64 833 2.05
IZM28 Back Plasma Yes 18–22 2139 3.74 362 4.72

Fig. 16. Probability of failure for ground and plasma treated microcontroller chips.
Front side strength distributions of 20 lm thick chips (blue, x) and backside
strength distributions of 20 lm thick chips (black, h) and 50 lm thick chips (black,
s). (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

8 D.A. van den Ende et al. / Microelectronics Reliability xxx (2014) xxx–xxx

Please cite this article in press as: van den Ende DA et al. Mechanical and electrical properties of ultra-thin chips and flexible electronics assemblies during
bending. Microelectron Reliab (2014), http://dx.doi.org/10.1016/j.microrel.2014.07.125

UltraLthin"curved"silicon"chips""

L.&Musa&(CERN)&–&ALICE&Physics&Week,&23&Oct&2018&
R&D"with"IZM"ALPIDE"started""

(LS3: 2025-2027)

Inha: test-beam data analysis, searching thinning & wire 
bonding company for curved wafer bonding. searching 
people to contribute on chip design. discussing the possibility 
to import chips and electronics for LAMPS in the future.

박종한, 서진주, 조재윤

구부러지는 칩으로 얇은 검출기 제작!

Electrical tests of bent chip
First setups with ALPIDE

7Magnus Mager (CERN) | 15.05.2020 | Meeting with NorFab | 

manually wire-bond after curving and gluing

breakout board to 
connect to DAQ 

system

flex cable

rotational stage 
(used during bonding)

50 μm 
ALPIDE

Set-up and procedure ready and tests are starting!
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After LS4 (Run 5)

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&

(LS4: 2031-2032)

Inha: multi-charm physics performance study
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Toward heavy-ion physics with RI beam
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LAMPS starting counterMotivation
⚫ LAMPS (Large Acceptance Multi-Purpose Spectrometer) is a detector 
system for studying the nuclear symmetry energy in the RAON (Rare 
Isotope Accelerator Complex for On-line experiments)

⚫ Starting counter is used as a trigger of LAMPS detector. 

⚫ Starting counter is made of a thin scintillator and MPPC sensor. The 
scintillator should cause as little loss of beam energy and produce as 
many photons as possible.

▸we made a starting counter using thin scintillator (0.2mm) and 
veto counter using thick scintillator (5mm)

⚫For avoiding magnetic field effect, we used MPPC(Multi-Pixel Photon 
Counter) sensor.

⚫To perform the role of the trigger of LAMPS well, the starting counter 
must have good timing resolution.

▴starting counter ▴veto counter

hj0521.lee@gmail.com 2

⚫ The scintillator of a starting counter is 200mm × 200mm × 0.2mm in size

⚫ The scintillator of a veto counter is 400mm × 200mm × 5mm in size

⚫ For blocking light, an experiment was conducted in a dark box.

⚫We used Am-241 source instead of Cosmic muon since the signal size of 
the cosmic muon is too low.

Set up

hj0521.lee@gmail.com 3

Result
⚫ Modified the circuit. :

⚫ For Making the overshoot small, we increased the capacitance value.

⚫We checked that the noise and overshoot became smaller.

Differentiator. HPF
Inverting 

amp.
MPPC

hj0521.lee@gmail.com 8

Am-241 signal

Dr. 도재현,  
이형준

2020.7 2020.12 2021.6

Proto-type 완성 및 테스트 본제품 제작 시작 본제품 제작 완료 Beam Test

2021.10
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Low energy silicon detectors: FAZIA (SPIRAL) & LAMPS

• FAZIA와의 공동연구 진행 시 업그레이드 용 웨이퍼 수급, 가공, 전자보드 제작은 국내 개발을 목표로 
하며 논의 진행 중 

• NOTICE와 협력해 FAZIA upgrade용 electronics board 개발 → Low energy RAON 실험 
실리콘 검출기에 응용 

• 국내 업체 및 연구소를 통해 Wafer 수급 및 공정 → Low energy RAON 실험 검출기에 응용 
• 실리콘 검출기 시뮬레이션 (조재윤)

• FAZIA 검출기는 중이온 충돌 실험에서 생성된 isotope을 구분하는데 최적화된 검출기  
• 두 개의 실리콘 검출기와 한 개의 CsI 신틸레이터로 구성, 에너지 손실량(ΔE)과 총 에너지(E)를 측정하고, 
실리콘 검출기에서 생성되는 펄스의 모양을 측정해 핵의 A 및 Z를 구분  

• ~5 < Z < ~54, 10 MeV/n <핵자당 에너지< 30 MeV/n 범위 내의 입자 구별 가능  
• 현재 FAZIA 실험에서는 검출되는 입자 에너지의 kinematic range를 넓히고, Z=1 까지 측정 범위를 넓
히기 위한 업그레이드 R&D 중 (논의 시작단계)

Dr. 도재현, 이형준
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Show goes on beyond 2024...

Wide ALICE upgrade program for LHC Run 3 and 4 crucial for HF 
➡ increase collected Pb-Pb luminosity by more than one order of magnitude  
➡ new silicon Inner Tracking System 

‣ Run 3: ITS2 
‣ Run 4: ITS3 

➡ Run5: all silicon ultra-light detector

TDR: CERN-LHCC-2013-024

LOI: CERN-LHCC-2019-018

New / more precise HF measurements down to low pT 
➡ Precise measurements of charm mesons and baryons 
➡ Access to measurements of beauty-strange meson and 

beauty-baryon production and azimuthal anisotropy 
➡ Run 5: multi-charm baryon production in heavy-ion 

collisions

arXiv:1902.01211

28 May 2019 15

LAMPS: Large-Acceptnce
MultiPurpose Spectrometer

Seminar @ GANIL

Beam energies up 
to 250 MeV/u for 
132Sn (≤ 108 pps)

ALICE Inner Tracker
Future Idea

3Magnus Mager (CERN) | 15.05.2020 | Meeting with NorFab | 

Figure 7: Layout of the ITS3 Inner Barrel. The figure shows the two half-barrels mounted
around the beam pipe.

Figure 8: Layout of the ITS3 Inner Barrel. Two end-wheels and the CYSS provide precise
position of the detector relative to the beampipe. On the C-side, the cables first exit from the
C-side End-Wheel, then they are folded to the outside of the CYSS and routed towards the
A-side.

the baseplate, brings it in position on the carbon foam spacers inside the CYSS. A thin layer
of glue, at the interface, provides the mechanical fixation of the half-layer. The two spacers,
positioned at the two edges of the half layer, provide the fixation interface for the 5mm wide
area at the chip edge, where the mechanical and the electrical connection to the FPC are made .
A second set of spacers is then glued to the internal surface of the half-layer 2. The same proce-
dure is then repeated for half-layers 1 and 0, respectively, using their corresponding cylindrical
vacuum chucks and carbon foam spacers with the appropriate curvature radii.

The main layout and geometrical parameters of the ITS3 Inner Barrel are summarized in Tab. 1

10

ITS2 ITS3

wafer-scale chips


(1 per half-la
yer)

FPC (power+data)

ALPIDE chips

support + cooling

Key points: 
- Ultra-thin wafer-scale sensors 
- Wrapped around the beam pipe 
- Reduce material budget by factor >7

Silicon Genesis: 20 micron thick wafer


