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Introduction

® Heavy-ion (HI) collisions at the LHC energies
2 QGP phase expected (lifetime ~ O(10 fm/c))

e Why heavy flavours and heavy-flavour jets?
*®® Mmco » Naco = PQCD initial production
¥ Mmep » TrHicLHe  — negligible thermal production
** 70 = 1/2mq (<0.1 fm/c) « 1aep (O(10fm/c)) — witness of all the QGP

> “Calibrated probes" of the medium

® ALICE: dedicated detector for QGP study at the LHC

e ALICE-b [2017], ALICE-HF [2018-] projects goal

*» determine medium properties and energy loss mechanism (color and mass
dependence of the parton energy loss).

- measurement of heavy flavour hadrons (B mesons, A, , =c...) and b-tagged
jets
*» understand hadronization mechanism (fragmentation, recombination, ...)
- charmed baryon to meson ratio (Ac/D°, =./D9, ...)
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Organization: ALICE Asian France developed by F(X)PPL

® A long standing collaboration started from
FJPPL in ALICE (2010)

e FKPPL ALICE-b from 2017 (b-tagging in pp and
p-Pb collisions, charmed baryon measurement)

® Physics analysis and Calorimeter system
operation in F[C/J/K]PPL ALICE TF

- Regular annual workshops
- Weekly AAF meeting
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Annual Workshops and visits [FKPPL ALICE-b, ALICE-HF]

Workshops

e 2017. 12 Inha University (1%Y:

Heavy-flavour tagged jet analysis -
FKPPL and a grant from National Research Foundation of Korea. We would like Lo focus on discussiag the status of charm- and beauty-1agged Jet analysis ia high

WorkShop enorgy hoavy-ien collisions, and setting up 3 concrote work Mow to get physics resuits.

Inha-Grenoble “Heavy-flavour tagged jet analysis” workshop

14-23 December 2017 Jo!
Inha Universty

Overvwes

(https://indico.cern.ch/event/687697/) s

e 2018. 12 Inha University (2"9):

Heavy-flavour & heavy-flavour tagged jet
analysis workshop

( https://n-ext.inha.ac.kr/event/320/
overview) Inha-Grenoble “Heavy-flavour & heavy-flavour tagged jet analysis”

workshop

4-7 December 2018

School & visits
® Jinjoo Seo was enrolled in the ESIPAP "

2018 edition (European School of e e e e
Instrumentation in Particle & Astro- T

Transiation Card Starts 4 Dec 2018, 0900

particle Physics)
e 2018 Feb. M. Kweon visits Grenoble
e 2019 Feb. M. Kweon visits Grenoble
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Annual Workshops and visits [FKPPL ALICE-HF]

During the workshop,

Machine learning (HAND ON) tutorial session given by J. Norman (LPSC)

e 2018. 12 Inha University (2"9):

Heavy-flavour & heavy-flavour tagged jet
analysis workshop

( https://n-ext.inha.ac.kr/event/320/
overview)
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: Transformation applied to input variables : None

: Cut[ 9): 1.2497 < Ptp <= 7.43324

: Cutl 1): 9.4563183 < PtK <= 4.98971

: Cutl 2): 9.B47978 < Ptpi <= 4.19725
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: Cutl 4): 9.0106533 < Decayl <=  9.378458

: Cutl 5): 0.00178967 < Distl12 <= 9.238537

: Cutl 6): ©.80272726 < SigVert <= 9.0405 Secondary vertex
: Cutl 7): 0.000699961 < DCA <= 9.0509993 L7

: Cut( 8): 8.297375 < DecaylLXYSig <= 24.7165
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[ ght e

: Cut values for requested signal efficiency: 0.7

TTTTITTTT]TT1T]1771]’71"7]’"‘1’7]1’17

0 - CutsSA
-02 -015 -01

005 0

005 01 015 02

BDT response

MindJung Kweon, Inha University

¢ Pewessmn ~+4ing background efficiency : 9.4328

tion applied to input variables : None . I )
X F 3
1.4876 < Ptp <=  6.27735 Z 35F This Thesis E
TTCUTITITTTT 0.378967 < PtK <= 6.02901 = E 6<p <8GeVic — signal .
: Cutl 2): 9.759493 < Ptpi <= 4.19846 = 3 y — background
: Cutl 3):  9.800426 < CosP <= 1.89974 F p-Pb, |5 =5.02TeV — data 3
: Cutl 4): -9.00194159 < DecayL <=  ©.33112 2.5E E
: Cut[ 5): 0.00513014 < Distl12 <= 9.421242 2:* E
: Cutl 6): 9.90179349 < SigVert <= 0.8457336 E ]
: Cutl 7]: @.00129939 < DCA <=  ©.045092 150 E
: Cut[ 8): ©0.0874312 < DecaylXYSig <= 23,4249 = E
e — 1 —
: Cut values for requested signal efficiency: 9.8 0.5 -
: Corresponding background efficiency : 9.5764 S C e
: Transformation applied to input variables : None Q-] -08-06-04-02 0 02 04 06 0.8 1
: Cutl @):  1.23365 < Ptp <=  7.14002 BDT response

: Cutl 1]: 0.449847 < PtK <= 5.99651 I
: Cutl 2):  0.621941 < Ptpi <=  4.95804 6


https://indico.cern.ch/event/687697/
https://n-ext.inha.ac.kr/event/320/overview

Thesis defense [FKPPL ALICE-b]

e On February 19th, 2019, Mr. Hadi Hassan presented the results of his doctoral
research dedicated to “modeling and measuring the b-jet nuclear modification
factor in p-Pb collisions at /snn=5.02 TeV with the ALICE experiment at the LHC”.

e All members of the thesis review committee attended the defense.
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Heavy-flavour production [ALICE-HF]

Charmed baryon production, pp and p-Pb o, ,-
< I

e Charmed baryon-to-meson ratio probes e
hadronisation mechanisms 1.0F

e 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

ALICE Preliminary

pp, Vs =5.02 TeV pp, {s=7 TeV
ly| < 0.5 ly| < 0.5
—e— data —e— data (JHEP 04 (2018) 108)

e PYTHIA8 (Monash)
PYTHIA8 gg,qq— cc, Mode0
=.=u= PYTHIA8 SoftQCD, Mode0 -
- DIPSY (ropes)
- HERWIG7

p-Pb, \,'SNN =5.02 TeV
096 <y  <0.04
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Heavy-flavour production [ALICE-HF]

Charmed baryon production, pp and p-Pb 2,0, piminay

+
Cc

C pp, {s=5.02TeV op, {5 =7 TeV !

' 1.2 [y| <05 V<05 E

’ Charm?d b-aryon-to-m'eson ratlo prObeS I data —e— data (JHEP 04 (2018) 108) E
hadronisation mechanisms o I UHEP 04 2016 106)

------- PYTHIA8 gg,qq— cc, Mode0
=== PYTHIA8 SoftQCD, Mode0 -
- DIPSY (ropes)
- HERWIG7

e Baryon production measured to be larger than 0.8
expectations from MC generators

IIIIILIIIII'III'III'I

] o _ 0.6 p-Pb, |5, = 5.02 TeV .

- Colour reconnection modes within PYTHIA aim 0.96 <y, <0.04 -

to model hadronisation in multi-parton system  %* —e— dets E

- Colour reconnection modes qualitatively 0-2 # E
describe the data 0. L

e To further probe hadronisation mechanisms, one -

can correlate baryon and meson production with: 2 | Fythiad GolorSof
. g = 0.8 -
- Multiplicity = |
- Hard scale of event 0.6~ |_\_
» Production within jet 04|
» Production within underlying event sl |
L . “t R. Sadek
e Comprehensive simulation and measurement .
0

feasibility studies ongoing
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B (30) =3947122 =815 .
: Sigma = 0.009 = 0.000 1
L S/B (30) =0.0023 2

5801 signif (30) =4.7 = 0.8

Heavy-flavour production [ALICE-HF]

Counts/8 MeV/c?
[¢)]
[0
(3]

Charmed baryon production, Pb-Pb

*
30-50%

: 4-6 GeV/
Ac, Pb-Pb @ 5 TeV M Sonfedt

e Analysis of Pb-Pb data to measure heavy-flavour a2 2 20 o® a4 2
observables well underway :

e Clear /¢ signal seen, analysis ongoing

Counts/8 MeV/c?

Mean = 2.294 + 0.003
Sigma = 0.009 = 0.000

215 2.2 2.25 23 235 24 245
M (GeV/c?)
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Heavy-flavour production [ALICE-HF]

Charmed baryon production, Pb-Pb and pp

Ac, Pb-Pb @ 5 TeV

® Analysis of Pb-Pb data to measure heavy-flavour
observables well underway

e Clear /¢ signal seen, analysis ongoing

=c, pp @ 13 TeV

® Measure =c in pp collisions at 13 TeV using semi-
leptonic decay channel

e Subtract wrong sign spectra from right sign spectra,
then correct the raw spectra, well underway

Counts/8 MeV/c?

Counts/8 MeV/c?
3
o
o
U

@ 2500

= C ——
oo F- -+ Right S|9n
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1500 _—
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1000 —
Va - e
neutrino  <— e i . ‘ 500 -
\‘ "o N\ - ——
— |—!—|
: e+ : @ 00_’_1 1 2| 1 1 I 4| I 1 L 61 | — J— r 1%EE-EE
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e= pair pt
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Heavy-flavour production [ALICE-b, ALICE-HF]

Heavy-flavour jets, pp and p-Pb

This Thesis
6F p-Pb |5, =5.02 TeV
b-jet, pp and p-Pb @ 5 TeV . d b-jets R=0.4 In_I<0.5

® B-jet production in pp and p-Pb collisions
measured

- Consistent with NLO predictions 0.2~ POWHEG predictions
O LAl L 1 I L L 1l I L. L 1 I L. L 1 I LAL L 1 I Ll L 1 I Ll 1 1 I LA L 1 I Ll L 1
i i I 10 20 30 40 50 60 70 80 90 100
- Rppb consistent with unity ... (Gevic)

- Plan to request propose paper in coming
months

Mindung Kweon, Inha University 2019 Joint workshop of FKPPL and TYL/FJPPL
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Heavy-flavour production [ALICE-b, ALICE-HF]

Heavy-flavour jets, pp and p-Pb

This Thesis

p-Pb |5, = 5.02 TeV

b-jet, pp and p-Pb @ 5 TeV 4 A

® B-jet production in pp and p-Pb collisions

32 0k T N=tJetRpPb

measured T 4E Esyst unc. oaTA
- Consistent with NLO predictions 0.2f- — POWHEG predictions
. . . | E T FEETE FEETE FETES FETTE FEETE FERTS FEETE S
- Rppb consistent with unity o 20 30 40 50 60 70 80 % 100
T,ch jet
- Plan to request propose paper in coming
monthS g 1§ ALICE Simulation o <
g § i E/T’ﬁ; 1§5Ti\; <09 GeV/c® s yig(:e)_) E 107 R E
Beauty hadrons, pp and Pb-Pb ir 3 B oo
§10 7 DDDDDDDD ooo.. U| %._10’ ;
beauty decay electrons, ﬁi e "
[ a gttt el i sl Notyetpublic ~—
PP @ 13 TeV and Pb-Pb @ 5 TeV 10_0.*2***_%.2, R e ::.2 B (removed scale)
d,x Sign[charge x field] (cm) R4 T T T .

o1 (GeV/O)
e Measurement of beauty decay electron production in pp @ 13 TeV and Pb-Pb @ 5 TeV
IS ongoing
- B—e separation is based on the impact parameter distribution

- Both analysis are close to the final, paper committee is being formed
Mindung Kweon, Inha University 2019 Joint workshop of FKPPL and TYL/FJPPL 13



Hadron+jet measurement [ALICE-HF]

g 1.6 |— Pb-PIb \/lﬁ =I5.olz Tlevl B —
GIE [~ anti-k; charged jets —e—0-10% ]
= 14 moAe<06 = 30-50% —
e Ratios of combinatorial background-subtracted & ,.b 4 50-90% E
e a . — : — PYTHIA ]
recoil jet yield : 8 [ E
. . ] n .
- R=0.2 over R=0.5 consistent with PYTHIA € s E
expectation < o8 -
» Out-of-cone radiation predominantly to v E
angles > 0.5 o2l e
» Consistent with run 1 “ oo ® 1,30 GoVI)

- Yield over PYTHIA expectation shows
. o) < T L B s e o B s
suppression of 20-40% 1= Y T
. . o< —_ anti-k; R=0.4 charged jets i230-50% ]
» Consistent with run 1 N 12_ x-Ap <05 — o E
® 2018 data will offer large increase in precision < b — sy
- ~Xx9 statistics in 0-10% = 3
- ~x3 statistics in 30-50% 08 - =
0.6 - —
0a E
0.2 f— —f
0_ 2IO 4|0 6|0 I 8|0 1(;0 1_20
P, (GeV/c)
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ALICE Inner Tracking System upgrade for LHC Run 3 & 4

e | HC Long Shutdown 2 [LS2] (2019-2020) < 350,

o r
S 300}

% ALICE major upgrade including replacing Inner Tracking System 3 250 ‘o %
200}

ALICE 1
Current ITS (data

A UTO
arS

/[r-
N

e
o
)
O

(improve spacial precision on track and vertex position) £ 150, \ T\ *a%@%
. - S S S \ “Sag
¢ High precision measurements of rare probes at low prt o S ol NN
< D mesons: high-precision measurement down to zero pr 0 10

% Exclusive reconstruction of the charm baryon Ac(cT, only 60 uym) and =,

even multi-charmed baryons
» Exclusive reconstruction of beauty mesons (B) and baryons (Ag)

The new ITS design goals

* Improve vertex resolution

* High efficiency and pr resolution

* Fast readout: 50 kHz (Pb-Pb), 400 kHz (pp)
-escigpies | %° Fast insertion/removal Rl e

~ 10 m’ of silicon

" Outer barrel

Beam pipe

~ Shielding box interior

Inha university has been participated for chip R&D,
massive chip test (over last year) and HIC module
assembly (will over within 2 weeks), will participate
detector commissioning at CERN until next year.
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Summary and Plan

Heavy flavour analysis of b-tagged jets, charmed baryon
production and beauty decay electrons are in good shape

ALICE-HF continues this year

Continue participating ALICE Inner Tracking System upgrade
this year

Annual workshop of ALICE-HF is planed to be on October, 2019



Thank you for your attention!



