


Create hot and dense nuclear matter in lab
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Control the isospin parameter (N/Z) of matter using Rl beams
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ALICE Timeline: 27, 32|11
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+ ITS3, FoCal, fixed target, ...

Shutdown/Technical stop
Protons physics
Commissioning

Ions

ext-generation experiment

NB: next-generation experiment could start in ~10 years,

similar time line to current upgrades!



Basic scales and physics of heavy flavour in HI collisions

®* Mcp » Nacp PQCD initial production
°* Mcb » TRHIc,LHC hegligible thermal production
* 70 = 1/2mq (<0.1 fm/c) « tqap (O(10fm/c)) witness of all the QGP

> “Calibrated probes" of the medium

0 0.5 5 10
T [fm/c]

'

** Initial production < Dynamics in QGP %> Hadronization

- pQCD-NLO - energy loss via radiative - via quark coalescence
- MC-NLO (“gluon Bremsstrahlung”) and/or fragm.

and collisional processes : :
- CNM effect P . - hadronic rescattering
> color charge (Casimir factor) . =

> quark mass (dead-cone effect) -
> path length and medium density N i, o




How can we measure the medium effects?

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

Binary scaling based on the Glauber Model

dN, /dp, dN, /ldp,
<Ncoll>x dN,, | dp; <TAA> xdo,, |dp;

R,, = R, = 1: binary scaling

R, # 1: medium effect

Trivial but important caveat: Parton interaction B
~—— With the medium (Modified?)
dND d(’)\'c hadronization
b s por el 22 e 066 3
dp; » dp; —
Initial-state effects —/ What we want to
“Vacuum” parton spectra 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
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Measurements of heavy-flavour hadrons with ALICE

- DV -5 Kzt
- D" - Kzt i
- D" — ¢pat - KK z*

- D" —» Dzt= -

\ , MZIFE @ pp 13 TeV
N D =X~ @ pPb 5 TeV

- A - pKzt "CES - E_e+VeD
- At 5 pK© -(¢,b - e*X )
- c,b = u™X

- X0t 5 Atz
e

= (Ej - Bt

J
5713 @ pp 13 TeV high multiplicity
I @ ITS3 upgrade physics performance

- cc,bb —» efe X

HtE5t @ PbPb 5 TeV
x| @ pp 13 TeV

=0+ & Z.0+ js not yet measured in p-Pb and Pb-Pb.
=0 in p-Pb will be finalized within several months
Next run (run3) for Pb-Pb result (after inner tracking detector upgrade)!



Why toward measuring charmed baryons?

D:/D°

:more than the energy loss in the medium
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ALICE Preliminary lyl<0.5
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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 /sx\y=b5.02 TeV with ALICE

Jonghan Park

10th International Conference on Hard and Electromagnetic

Probes of High-Energy Nuclear Collisions < 2 - . —
< n .
@, gE ALICE Preliminary =
- Pb-Pb, |5, = 5.02 TeV .
1.6 = 30-50% centrality E
14 4b—e -
10 L +b,c— e, arXiv:1910.09110 B
INHA UNIVERSITY = 1 e
0.8 pEanE =
- _,1( | . :
06 L i -
0.4 —
0.2 —
O : 1 1 1 L1 1 I 1 1 1 1 1 L1 1 I :

Hint of quark mass dependence of the energy loss in medium!



Highlight of the analysis; =c° in pp

Baryon/Meson ratio in charm sector!

OD 0.5 T L L L L L m M- 5
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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 experiment

Multi-HF hadrons:

ZAE| B4HT 2SATE Yolo| B!

strategy and plan

M. Kweon', A. Rossi?, J. Seo ', S. Trogolo?

1.

Inha University

2. INFN and University - Padova

Post-LS4

experiment - meeting
15/06/2020
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S. Cho and SH Lee,
PRC 101, 024902 (2020)

Hadron Yit(efllcji"i:;ae:;r:;:;;? b Expected enhancement w.r.t. pp
Zccy Qec 0.02-0.38 1-10
Zbe s Qbc, Be 3x104-0.02 >10 for =pc
Zbb , Qbb 2.6x106 - 7x10-5 -
Qccc 10-3-0.03 100-1000

Test of coalescence models and of statistical-hadronisation expectations

o Z__ and Q_ vields from different models are consistent within a factor 2
o Q. decays suggested in JHEP 08 (2011) 144, assumption: BR=5%

B.R. B.R.
Qi-oB+K 5% x 0.5 QfF - BfF + KO 5% x 0.5
B S A+ K +at 4+ 5% B S5 Er 4+t 5%
A >p+K +at 6.35% Ef>p+K +n" 29 +0.8%
K°:50%K) — n* +n 70% K:50%K° >zt +2= 0% |
0.0055% 0.0019%
B.R B.R.
Qfr-=8ft+0pD* 5% Q> QFf ot 5%
Bf »p+K +z* 2.2% Q> Q0+ 7t 5%
Dt > K +at+7n 9% Q> Q +at 675:00/
0.0099% Q > A+k- o7 oK.
Ao pig m—tull_
0.0054%
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We have a plan---
not only the plan, the R&D started!

Highly connected to the heavy flavour.



(LS2: 2019-2021)
LS2 upgrades - tracking particles close to interaction point

Half-layer O

Brand new Inner Tracking System:

= Construction & commissioning is ongoing

* 7 layers (10 m2) silicon pixel (MAPS) sensor tracker

« 22-406 mm to Interaction Point with spatial resolution O(5 um)
[ _

— B Layer-4 J ». COMPLETED
T e, SRS i I s ‘ -
: B ’

o ‘ i

Inha: contributed significantly on
chip characterization, mass chip testing,
module assembly, commissioning at CERN (ongoing)
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After LS3 (Run 4): flexible silicon detector

(LS3: 2025-2027)

m Pipe:r=16mm , AR =0.5mm ?ﬁE.IIIl— ilOE oLO 7**7| I.IIIH
LO:r=18mm, L1:r=24mm. L2: r= 30 mm T- = AaH L O= — =

)/

Silicon Genesis: 20 micron thick wafer

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 coverage® +2.5 +2.3 +2.0

Active area (cm?) 305 408 508
Pixel sensors dimensions (mm?) 140 x 56.5 140x75.5 140x94 > 4 ‘

Ultra-thin chip (<50 um): flexible with good stability

Beam pipe thickness: 500um (0.14% X,)
Sensor thickness: 20 - 40Mm (003 -0.05% XO) Number of pixel sensors / layer 4

o R
L. Musa (CERN) — ALICE Physics Week, 23 Oct 2018 Pixel size (um~) 0(30x30)

« Heavy-flavour (charm, bottom): focus on low transverse momenta
— production yields, flow, in jets, vs event shape, ...

* Exclusive reconstruction of D, Ds, B, Bs,Ac,Ab, Ec, c decay channels
e Analysis of non-prompt signals

HEX=
=3~

—)
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.




After LS4 (Run 5) (LS4: 2031-2032)

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

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

Hadron ID: TOF with outer silicon layers (orange) Extended rapidity coverage: up to 8 rapidity units

Electron ID: pre-shower (outermost blue layer) + FoCal

Preliminary studies

Magnetic Field
1006 * B=05o0rlT
Spatial resolution

* Innermost 3 layers: ¢~ 1um
e Quter layers: 0~ 5um

Time Measurement

Outermost layer integrates high
precision time measurement
(0, < 30ps)

< ~360cm >
L. Musa (CERN) — ALICE Physics Week, 23 Oct 2018 9

Inha: multi-charm physics performance study
15



Toward heavy—1on physics with RI beam
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LAMPS starting counter
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Low

energy silicon detectors: FAZIA (SPIRAL) & LAMPS

e FAZIA £
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Show goes on beyond 2024...

Shower Pixel Detector (SPD)

<— Time Of Flight

'T (TOF)
¥100cm
v
insert-able

conversion layer

< ~400cm

Cylindrical
Structural Shell

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