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e e . . final detected
Relativistic HCGVY‘IOH Collisions particle distributions

made by Chun Shen : Kinetic
reeze-out

Hadronization
Initial energy
density

EuErIn viscous hydrodynamics
ynamics ous nydrody = free streaming
—

collision evolution
t~0fm/c T~1fm/c : t ~ 10 fm/c t ~ 101 fm/c
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PbPb # 208208 pp

Run:244918

11-25 11:25:36(UTC)

Timestamp:2015-
System: Pb-Pb

Energy: 5.02 TeV
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EXPLORING QCD PHASE | (SPS)
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\/j ABOUT NEWS

New State of Matter created at CERN

10 FEBRUARY, 2000
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Au+Au 200GeV

B h*+h 0-10% /N+N [ n°0-10% /N+N

LHC 2.76 TeV

d+Au 200GeV = h*+h 0-20%/ N+N

p; [GeV/c]
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Baryon Chemical Potential p,
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DLIACE 11 /IDL

The RHIC Revolution

LHC 2.76 TeV

Quark-Gluon
Plasma

Elliptic Flow v, generated by
primordial source anisotropy

Sensitive to scaled shear
viscosity n/s

Viscous relativistic z
hydrodynamics y Z
x,b

Q
} .
-
4
S
Q
Q. .
E BUT: n/s is very small
2

QGP is a nearly ideal fluid

Baryon Chemical Potential pg
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The RHIC Revolution

Elliptic Flow v, generated by
primordial source anisotropy

Sensitive to scaled shear
viscosity n/s

Viscous relativistic z

hydrodynamics y Z
b

BUT: n/s is very small §

QGP is a nearly ideal fluid
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The RHIC Revolution

Elliptic Flow v, generated by
primordial source anisotropy

Sensitive to scaled shear
viscosity n/s

Viscous relativistic z

hydrodynamics y Z‘
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BUT: n/s is very small §
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QGP is a nearly ideal fluid

Baryon Chemic

. even ideal fluid!
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Ratio of yields to (w*+n") o
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Q+Q" (x16)

Baryon Chemical Potential pg ALICE
- pp, s = 7 TeV Nat. Phys. 13 (2017) 535-539
p-Pb, {Sy = 5.02 TeV PLB 728 (2014) 25-38
Preliminary Pb-Pb, |s,,, = 5.02 TeV

10_3 | IIIIII| | | IIIIII| | | IIIIIII l_
10 10° 10°
<dNch/dn>|17|< 0.5

ALI-PREL-134498




Quark-Gluon
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Baryon Chemical Potential pg

Ratio of yields to (n*+17) o
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pp, {s =7 TeV Nat. Phys. 13 (2017) 535-539
p-Pb, {'S, = 5.02 TeV PLB 728 (2014) 25-38
Preliminary Pb-Pb, |s,,, = 5.02 TeV
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ALICE
®pp, \s=7TeV
p-Pb, \'s,, = 5.02 TeV
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10
Nat. Phys. 13 (2017)535-539
(chh/d )

ALI-PUB-106925

Inl< 0.5
Baryon Chemical Potential pg
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Ridge in High Multiplicity pp

CMS, JHEP 09 (2010) 091

LHC 2.76 TeV

(d)CMS N=110,1 .l)GeWc<pT<3.DGeWc

Long-range
- \| Away-side jet oen
— Collectivity in small systems

~ year 2005: sQGP signature
~year 2010: sQGP in pp as well?

Q
S
>
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o
v
Q
5
=

Long-range
Ridge  Short-range
Near-side Jet

> ~ ¢ ridge includes vz + higher orders
Li Yi (Shandong University)

Baryon Chemical Potential pg



Ridge in High Multiplicity pp

CMS, JHEP 09 (2010) 091

LHC 2.76 TeV

(d)CMS N=110,1 .0GeWc<pT<3.DGeWc

Long-range
\ Away-side jet L
— Collectivity in small systems

~ year 2005: sQGP signature
~year 2010: sQGP in pp as well?
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Ridge  Short-range
Near-side Jet

) ¢ ridge includes vz + higher orders
Li Yi (Shandong University)
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ALICE Preliminary
® pp,is=13TeV
 pp, V8= T7TaV O Pb-Pb, {5, = 5.02 TaV
& pPb,\5,,=502TeV MW XeXa, |5, =544 TaV

Baryon Chemical Potential p,
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Baryon Chemical Potential p,

Ratio of yields to (x*+1)
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ALICE Preliminary
ALICE ® pp, (5=13TeV
 pp, V8= T7TaV O Pb-Pb, {5, = 5.02 TaV
& pPb,\5,,=502TeV MW XeXa, |5, =544 TaV
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Temperature

Baryon Chemical Potential pg
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ALICE Preliminary
® pp,is=13TeV
 pp, V8= T7TaV O Pb-Pb, {5, = 5.02 TaV
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ITS Upgrade in LS2 (ITS2)

C tITS Upgraded ITS Nt
urren Par Motivations and goals

* Improved vertex and tracking precision
= closer to IP, smaller pixels, less material

* Faster readout

6 layers (39mm <r <440mm) 7 layers (22mm < r < 400mm) |
1<n<1 13<n<13

Based on novel MAPS (ALPIDE)
* 10 m? active silicon area (12.5 G-pixels)
Spatial resolution ~5um
Power density < 40mW / cm?
Max particle rate ¥ 100MHz /cm? (w/o pile-up)
Fake hit rate: < 1Hz/cm?

X/X, (first three layers): 0.35% . " - — _
= further improvements exploiting technological innovations




ITS Upgrade in LS2 (ITS2)

Current ITS

. I N fz ace |
Motivations and goals L. 1vilod

* Improved vertex and tracking precision
= closer to IP, smaller pixels, less material

* Faster readout

6 layers (39mm <r <440mm) 7 layers (22mm < r < 400mm) |
-1<n<1 -13<n<13

Based on novel MAPS (ALPIDE)

* 10 m? active silicon area (12.5 G-pixels)

Spatial resolution ~5um

* Power density < 40mW / cm?

Max particle rate ¥ 100MHz /cm? (w/o pile-up)
Fake hit rate: < LHz/cm?2 Gate-less TPC for continuous readout Operate TPC at 50 kHz = no gating grid

Current MWPC: readout rate limited by ion backflow ~ Need to minimize IBF = Replace MWPC with 4-GEMs

X/X, (first three layers): 0.35%

= furthe

100 m? single-mask foils GEM production
Read Out Chamber

= GEM provides ion backflow suppression to < 1%
= 524 000 pads readout continuosly (10bit x SMSPS) via 6552 links = 3.4 TByte/sec




Upgraded ITS L
. S — Motivations and goals
e . .
* Improved vertex and tracking precision
= closer to IP, smaller pixels, less material

* Faster readout

6 layers (39mm < r < 440mm) 7 layers (22mm < r < 400mm) |
-1<n<1 -1.3<n<13

Based on novel MAPS (ALPIDE)

10 m? active silicon area (12.5 G-pixels)

L]

Spatial resolution ~5um

L ]

Power density < 40mW / cm?

Max particle rate ¥ 100MHz /cm? (w/o pile-up)

Gate-less TPC for continuous readout

o

Fake hit rate: < 1Hz/cm?

Full TPC

MWPC: readout rate limited by ion backflow

M provides ion backflow suppression to < 1%

4 000 pads readout continuosly (10bit x SMSPS) via 6552 links = 3.4 TByte/sec

Operate TPC at 50 kHz = no gating grid
Need to minimize IBF = Replace MWPC with 4-GEMs

100 m? single-mask foils GEM production
Read Out Chamber

pad plane




Vertex Detector (innermost 3 layers)
Eol for new ultra-light Inner Barrel in LS3 (CDS, ALICE-PUBLIC-2018-013) ; ' : : S e

Recent silicon technologies (ultra-thin wafer-scale sensors) allow
Eliminate active cooling = possible for power < 20mW/cm?

Eliminate electrical substrate = Possible if sensor covers the full stave length

SOTBSIE OSSP SVPEERTSSL T P E UNT SRRV T SRS RN AR NN

Sensors arranged with a perfectly cylindrical shape = sensors thinned to
~30um can be curved to a radius of 10-20mm

TfUIy cylindrical | END-WHEEL [Aside)
vertex detector o ! END-WHEEL {C-side)

—

0.05% x/X, per layer

Open cell
Pipe:r=16mm AR =0.5mm ,_ " carbon foam

0:r=18mm, L1:r=24mm. L2:r=30 mm

A new experiment based on a “all-silicon” detector

Tracker: ~10 tracking barrel layers (blue, yellow and green) based on CMOS sensors
Particle ID:

* TOF with outer silicon layers (orange)

* Shower Pixel Detector (outermost blue layer)

Shower Pixel Detector (SPD) Magnetic Field

Time Of Flight * B=05o0rl1T
(TOF)

Extended rapidity coverage: up to 8 rapidity units

Spatial resolution
* Innermost 3 layers: ¢ < 3um
* Outer layers: 6 ™~ Sum

STTRCIEOPVT VY SOVHISESTANR ST PV SV S TGRSR A SRR W PR RIS NG BEANENNS oe

Vertex material thickness
* X/X0~0.05% / layer

insert-able
conversion layer

Time Measurement
Outermost layer integrates high

precision time measurement
(o™ 20ps)
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Quark-Gluon
Plasma

Temperature

Criti cal Point Search

(st c uf’dcr phase transition)

e Iegh Tt s e e PP ST HCAANR WIS WRARMWAI R S WS ANMSARORNNV Y WSRO RNINC AN ASEN ARSI RN

R mean., 2" - variance (o)
3 - skewness (s), 41 - kurtosis (x)

STAR Preliminary
Net-proton
Au+Au collisions at RHIC
04< p, < 2 GeV/c, lyl<0.5
®0-5%
170-80%

Skellam & HRG
Expectation

et 50 100 200
CBM Colliding energy |s,, (GeV)




Au + Au Collisions at RHIC
{10 - 40% centrality)

STAR Collaboration PRL120 (2018) 062301
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Au + Au Collisions at RHIC
{10 - 40% centrality)
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EXPLORING QCD PHASE V

ta taking g?.:.b:r MRPC - multi p 2 a".‘. F \ ; 1 8¢ (DeTeCfOI’

resistive plate
chambers

2ZDC - zero 3 A“f" ‘.' 3 i ‘7"‘ 5 B ’; L ."‘ \\
degree B S L ; 3 e
calorimeter i 7 %
o ; MPD
A/ (Detedor)

A% = Injection Compleif
o & 1 :
¥ L #

Nuclotron
i r f =

C N\

/5= Booster- 2019 MPD - 2020

§ 020

——

ECal
SSSS sceol— (A

Yoke ——

4

Nuclotron (c=251,5 m) | ' S e |

Critical Point Search
(1st order phase transition)

Lo 3
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2030s
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BM@N
data taking ™

N (Detector)
cted beam

'l MPD - 2020
; = ECal —
3 ’g SC Coil —_ ]

Nuclotron (c=251,5 m)

/.

Compressed
Baryonic Matter
Experiment
SIS100 primary beams:
* 10%s Auup to 11 GeV/u
* 10%s C, Ca, ... up to 14 GeV/u
* 10"/s p up to 29 GeV
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Compressed
Baryonic Matter
Experiment
SIS100 primary beams:
* 10%s Auup to 11 GeV/u
* 10%s C, Ca, ... up to 14 GeV/u
* 10"/s p up to 29 GeV
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Facilitie R i
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» ALICIA made by IBS, Netherlands
» Customized machine for thiskzresee

« Measuring position, placing chip with

Mass Chip Test

» Temperature, Humidity under control.

» with realtime monitoring
» Mass Chip Test, HIC Assembl-

. . . — ﬁi’f\ Téstiné...
» Dimension Inspection s /
. i::r:;:.er:; ~5min/chip § : P /
’ Probecard Needles of Probecard Needle on pad 3 =
67 needles to contact . /
g, . T EIITET 5T o 7 e
» PNU/Inha participated mainly Pive Coich ovarto
5000 HIC Construction
at MAR2017 — May 2018 s
" —  — —Q— — ;: : ‘::' ’ ;’: ’ ::n : :; : ::’ : ; 2017 mﬁ;ﬁu_nm;Tmuunzou I 2018 Sep 2018
o e ——— S PE Me Mo N me we wa Accumulated number of tested chips
— — M.Mager (CERN) / 2TAUG2018 / ITS Plenary
23 of ALPIDE Chips in Tray Pads on ALPIDE
Time for Electrical Test about 190s.

30.81529

W PowsTest @ VEoNScH W OACScar [ FoweOriese @ CholD @ SEU W Regeos @ FFO @ Datsdort @ DograiScyn @ Fabetitine @ éndiogueScanDP W ThiesholeScanduess @ HSUrk

“
Uimension Inspection - Measuring B.Lim (PNU) / 26JUN2017 / 9th ALICE ITS upgrade, MFT and O2 Asian Workshop
Dimensions Nuclear Physics School 2019 | ALICE-ITS Upgrade Activities at PNU | 2019.06.27 | MINJAE ISAAC KWON 9




KOREAN CONTRIBUTIONS (ALICE ITSZ) (2012 ~ ...)

HIC Productlon

Construction of the elements

iyt iont *_‘_.4. vt st At Ny

Aligning ALPIDEs

in Position precision < 5pym

Pre-Curing in ALICIA Detach HIC

Gluing FPC to chips :
(min.) 5 hrs w from ALICIA

Mechanical connection

Put upside down

\ on aligned ALPIDEs
Glued FPC on Gripper
Wire-bonding In Pusan/Inha Team, wire-bonding is being done by

Electrical connection out-sourcing company MFMSPACK

HIC Production

Commissioning procedure

Visual Inspection *

» Visual Inspection
— Confirm bonding quality with microscope
* Impedance Test

— IV Scan
* Qualification Test
— Classifying the HIC
(Powering, FIFO, Digital Scan, Threshold Scan) N S -

— Lona time runnina test ( ~ 3.5days)



KOREAN CONTRIBUTIONS (ALICE ITSZ) (2012 ~ ...)

HIC Production | B s

Construction of the elements

Aligning ALPIDEs

in Position precision < 5um

Gluing FPC to chips . Pre-Curing in ALICIA Detach HIC |
Mechanical connection : ~ . - (min.) 5 hrs from ALICIA

Put upside down
on aligned ALPIDEs

Glu FPC on Gripper

Wire-bonding In Pusan/Inha Team, wire-bonding is being done by
Electrical connection out-sourcing company MFMSPACK B

luction

3 procedure

Qualification Test box Endurance Test Box — |

Threshold Measurement for 1 HIC

| G4 14 CHIP 13 Crb 12 G 1 CHI % oo

IC with poVI/er adapter | r r r n r r

& rection L I B e

onding quality with microscope g | : o=
- S 1B q
2 Test ) ] ’ A ] .

on Test :
i, e o | (o] the HIC ' » ] .‘ ] ; ] ]
F|na| assembly & Commlssmnmg is NOW ongomg at CERN, i
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EXPLORING QCD PHASE

e Experimental Dilemma

e How to touch ‘high T &&
region?

e Collider + Target?

Temperature

o Tri-llision
Ring-shape Pb or Si target




WHERE WE ARE

e KPS Nuclear Division ~ 100 incl. students
« LENS (Low Energy Nuclear Science): RIKEN, ISOLDE ... RAON
« HAPHY (Hadron Physics): JLab, JPARC ... RAON

« HIM (Heavy lon Meeting): CERN (ALICE, CMS), BNL (STAR,
PHENIX,... sPHENIX), FAIR (CBM) ... RAON

e Application, Neutron etc.
o Accelerators
e Pohang Light Source (PLS)
e Korea Multi-purpose Accelerator Complex (Proton@100MeV)
« RAON

21



HIGH ENERGY NAT'L LAB. (BLL)

seoas

The Oth step for possible Korean contributions to the world-community:

Nat'l lab based on RAON

Particle - Nuclear - Astro physics + (seed) Accelerator

Centering Manpower, Budgets
Centering Infrastructure (shops, computing etc.)

International Network Center for fundamental science

Issue:

« Accelerator Operation (Governance) Service for users?

i ot Applied (Technology) and Fundamental one (S‘cien‘c»e), i

| - Any form of endorsement (workshop output?) would be helpful . | -

g2



