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LHC Seminar

Charm production and hadronisation at the LHC with ALICE

by Jianhui Zhu (Central China Normal University CCNU (CN))

JHEP 21 10 (2021 ) 1 59 Tuesday 3 Aug 2021, 11:00 = 12:00 Europe/Zurich
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e L e . . ey : . .
CERN = EE Hij 5&@1:':" medium. Consequently, different production yields are observed at large momenta in

nucleus-nucleus collisions compared to proton-proton collisions. This effect can be

STRONG INTERACTIONS | NEWS / 'NCOURIER

Heavy flavours probe QGP geometry REl quantified using the nuclear modification factor, Ry, which is the ratio of nucleus-

22 January 2021 e nucleus and proton-proton particle yields, scaled by the average number of binary
i e : nucleon-nucleon collisions. Comparing measurements in different collision systems
16 coom25<y<s o epe |yN| g o sheds light on heavy-quark energy-loss mechanisms, and provides high-precision
ad = 0-10% Xe-Xe, ¥5,,, = 5.44 TeV = b=, 25<y<4  ...cb—-p tomograghy of the QGP.

N mmm— (ZER) 18R T ESHEMEERREN,
; HAH T SRR E R

—— 10-20% Pb-Pb, V5, = 5.02 TeV

6 8 The precision of the measurements brings new insights into the nature of parton energy

loss and new constraints to the modelling of its dependence on the size of the QGP

medium in transport-model calculations. Further constraints will be set by future

Phys. Lett. B819 (2021) 136637

higher precision measurements during Run 3, when ALICE will measure leptons from

P hy S. Lett- B820 (2021 ) L 36558 charm and beauty decays separately, at both central and forward rapidity. A short run

with the much smaller oxygen-oxygen system may also be scheduled and contribute to

a deeper understanding of the dependence of system size on in-medium energy loss for

heavy quarks.

T EE R = R
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LHC Seminar
Strangeness in jets and in the underlying event in hadronic collisions at

E—A ﬂ-l—: > >
CERN/S gERIG 1@ the LHC
Hadron formati()n diﬁers OutSide Of iEtS ' . n‘, by Dr Xiaoming Zhang (Central China Normal University, Wuhan (CN), for the ALICE Collaboration) %

1 July 2021 Lo T”";.f"':.i,i"g Tuesday 1 Jun 2021,11:00 = 12:00 Europe/Zurich

/ [ ]
p—Pb Vs, = 5.02 TeV .ALICE ?;erﬂg% HH (ﬁg I}l-ﬁ) @ CERN Semlnar
1,0 Jet antir R=04, Mt <0.35 ) g‘:r'l‘)’sg’:ne
A |
AR VY% in jets R(V°, jet) < 0.4 The production of different types of hadrons provides insights into one of the most
W v ch"jet > 10 GeV fundamental transitions in nature - the “hadronisation” of highly energetic partons
3 :
|§ E E 1V PT o > 20 GeV into hadrons with confined colour charge. To understand how this transition takes
2 () ﬁ $ é place we have to rely on measurements, and measurement-driven modelling. This is
- o ——
/ e H——.-_= RO M3y '] o~ —_— s = ‘18
Y ot Lo ——— g .. (Z—) R, BBTEARSEFNDE
- — P ¥ T £
N e z—: B FNARETHAEEHRHNET
| | | | |
0 2 4 6 8 10 12

additional important constraint - the absence of the jet. Moreover, finding that the

- - “within-jet” ratio is similar in pp and p-Pb collisions, while the “out-of-jet” ratio shows
arXiv:2105.04890 submitted to PLB

larger values in p-Pb than in pp collisions, gives even more to ponder about the

possible origin of the effect in relation to an expanding strongly interacting system.

Future measurements involving multi-strange baryons may shed further light on this

- (ARER) BEBFRATEEEH
= WHEERRS 40Ty HIRE
=i, SHE) B (8T WELEREE

i)

RN EILHCBE X I )= F{FPES
R EFEFNTFERAEAER

question.
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e Elliptic flow of electrons from heavy-flavor decays in Pb—Pb collisions
= Phys. Rev. Lett. 126 (2021) 162001

e Production of muons from heavy-flavor decays in Pb—Pb collisions at \/snn = 5.02 TeV
= Phys. Lett. B820 (2021) 136558

e Nuclear modification factor of heavy-flavor leptons in Pb—Pb and Xe—-Xe collisions
= Phys. Lett. B819 (2021) 136637

e Measurement charm and beauty production cross section in pp collisions
= JHEP 2105 (2021) 220

e =. production via semi-leptonic decays in pp collisions at /s = 5.02 TeV
= JHEP 2110 (2021) 159
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e Measurements of =¢ production and the branching ratio in pp collisions
= arXiv:2105.05187, accepted by PRL

e Fragmentation fraction and total cross section of charm in pp collisions
= arXiv:2105.06335, accepted by PRD

EiREXE (45F)
e Prompt D meson production in Pb—Pb collisions at \/snn = 5.02 TeV
= arXiv:2110.09420, submitted to JHEP

e Measurement of prompt D9, A¢, =c production in pp collisions at /s = 13 TeV
= arXiv:2106.08278, submitted to PRL

e Production of Ks? and A in jets in pp and p—Pb collisions /snn = 5.02 TeV
= arXiv:2105.048890, submitted to PLB

o Multiplicity dependent charmed baryon-to meson ratio

= arXiv:2111.11948, submitted to PBL 19
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e Measurement of D—p interactions using femtoscopy, target journal PRL
e Non-prompt D production in Pb—Pb collisions at \/snn = 5.02 TeV, target journal PRL
L

e Elliptic flow of heavy-flavor muons at forward rapidity in p—Pb collisions, target journal PLB

i

e Elliptic flow of particle associated with jets in p—Pb collisions, target journal PR

e First measurement of Q¢ production in pp collisions at /s = 13 TeV, target journal PLB

e Y production vs. event multiplicity in pp collisions at /s = 13 TeV, target journal PLB

e Inclusive J/P production in Pb—Pb collisions at /snn = 5.02 TeV, target journal PLB

e Flow fluctuations of identified particles in Pb—Pb collisions at \/snn = 5.02 TeV, target journal PLB
¢ \W= production in p—Pb and Pb-PDb collisions, target journal JHEP

e (Multi-)strange particle production in jets in pp and p—Pb collisions, target journal JHEP

e Underly event properties in pp and p—Pb collisions, target journal JHEP

e Multiplicity dependent charged jet production in pp collisions, target journal EPJC
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Progress in heavy-ion collision physics, s513/@ZE[ERFIIEF/REIN, Aug. 2021
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o oKA%EA (&I
o SKA%ER (B2IM

M), Highlights and perspectives from ALICE at the LHC, CPS Fall meeting, Oct. 2021

J), Overview of recent highlights on open heavy-flavour production with ALICE at the

LHC, FE13@EEMNFYIEFEARSIY, Aug. 2021
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i5%), Linear, non-Linear flow and flow correlations at ALICE, QPT, Jul. 2021

, Overview recent quarkonium measurements with ALICE, Montpellier, Aug. 2021

' e’

Measurement of the inclusive J/{ production in Pb—Pb collisions at 5.02 TeV with

ALICE, E13aEENFMIEF/ARZ=IX, Aug. 2021
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o =\t (EH), CMW measurement with ALICE, China ALICE Physics workshop, Jul. 2021
e £7%x7 (EB), p—d femtoscopy in Pb—Pb collisions, China ALICE Physics workshop, Jul. 2021
o S2|fTHE (4&lM), Open beauty production from small to large systems with ALICE, QPT, Jul. 2021

o K[ (Elf), Observation of multiplicity dependent of charmed baryon-to-meson ratio in pp

collisions at 13 TeV, QPT, Jul. 2021
e 7575 (f&UM), Measurement of =c production in pp collisions with ALICE, QPT, Jul. 2021

e Fan Si (3}:X), Data-driven isolation for HF decay electrons at RHIC and LHC, QPT, Jul. 2021
o S(|H)IX (%2!M), Fraction of non-prompt J/psi in pp collisions with ALICE, QPT, Jul. 2021
= 57K (IRFEERR), EW-boson production in p—Pb and Pb-Pb with ALICE, QPT, Jul. 2021
e Haidar Alfanda (%&!if1), Identified jet production with ALICE, QPT, Jul. 2021
o 17K (££IM), Measurement of jet quenching via h—jet correlations with ALICE, QPT, Jul. 2021
o E=IELE (f2UM), Strange particle production in pp and p—Pb collisions with ALICE, QPT, Jul. 2021
e Mustafa Anaam (%&!ifl), Particle-yield modification in jet-like corrections, QPT, Jul. 2021
o WZ;8 (%), Anisotropic flow fluctuations of identified particle with ALICE, QPT, Jul. 2021
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o oKEE & (%2l), Status and plan of the ALICE inner tracking system upgrade, QPT, Jul. 2021

o ;7B (££M), Measurement of jet particle v2 in p—Pb collisions, EPS, Jul. 2021

e Ahsan Khan (%&!ifl), Underlying event study in pp and p—Pb, EPS, Jul. 2021

o R EHEH (£2JM), Charm-baryon production and hadronization in pp with ALICE, ISMD, Jul. 2021

o T ZE (%ElM), Quarkonia excited state suppression in pp and p—Pb with ALICE, SQM, May 2021

o RGNE (£2JM), Charm-baryon enhancement in small systems and implication on the charm

fragmentation fractions, SQM, May 2021

ERiRE (10AR)
o | imeFE (%2JM), Multiplicity dependence of Y production rapidity in pp, LHCC, Nov. 2021

e T FE (%!M), Quarkonia production and excited state suppression in pp and p—Pb with ALICE,

Initial stages, Jan. 2021

o ;AETF (%), Open heavy-flavour hadron decay muon vz in p—Pb collisions at 8.16 TeV with

ALICE, LHCC, Nov. 2021
o ;AFETF (%UM), Study collectivity of particle produced in jets in p—PDb, Initial stages, Jan. 2021
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o {ZKIZ (£UiM), Measurement of the multiplicity dependence of charged-particle jet production in

pp collisions at 13 TeV with ALICE, LHCC, Nov. 2021
e Ahsan Khan (f2/), Jet-like event study in pp and p—Pb with ALICE, LHCC, Nov. 2021

e Ahsan Khan (%&!ifl), Underlying event study in pp and p—Pb with ALICE, Initial stages, Jan. 2021

’r

e Fan Si (f32X), Data-driven isolation for charm and beauty decay electrons at RHIC and LHC, £
13@EENFYIEFEARFIL, Aug. 2021

o KGINE (£2JM), Qc production in pp collisions at 13 TeV, LHCP, Jun 2021

e Mustafa Anaam (%&!if), Jet-like yield modification in Pb—Pb collisions, LHCP, Jun. 2021

CERN Seminar (2 A/R)
o JRUKE (M), Charm production and hadronisation at the LHC with ALICE, Aug. 2021

o oKB%AA (&), Strangeness in jets and in UE in hadronic collisions at the LHC, Jun. 2021
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ALICESS = BAiz1THe g3 F+ 4%

ALICEZE —HAiz1T

2015 2016 2017 2018 2019 2020 2021 2022 2023
JFMAMJJASOP‘ JFMAMJJF«SON JFM.ﬂMJJAsqﬁ JFMAMJJIASOQ JFMAPPPASON JFIMIAIMIHIAISPIN JFMAMJJLASO JFMAMJJASON JIFIMIAIM] ) | J]AIS|OIN|C

ALICE#RMa3 2% ALICEZE =BHiE1T

New Forward Interaction New Inner Tracking System (ITS)

& Trigger (FIT) to replace

~ the VO and TO detectors

\ o

S

ALICEE =Hiiz1TEEIRMIBAHLINE
o FixMzs

TPC with GEM
based readout Yy,

+ improved readout for TOF, ZDC,
TRD, MUON ARM

+ new Central Trigger Processor
+ new DAQ/Offline architecture

- BT REEEAB RN (52
[EEEET w m2aimB GRS (MFT)

/ - PRERE AR RIS (FIT)
R o WIEREE (TPC) BRELRIIRL RY:

= ZHRFERZE—. —HaiTiemiE=501E
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ALICESS = BAiz1THe g3 F+ 4%

o ITS2: 51 & Z S AT, Tl 7 HEERM /50 A RIRE IS
e MFT: Z5ixMZZR&D N ANIB o rI1TIH AR, STk T SIRFARIRMEB R FFBIREE
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ALICE%':\ %IT_EIHJi“" EEREITX

System JS(NN) Lint w.r.t.run 2
Pb-Pb 5-5.5 TeV 3 nb-1 x100
""""""""""""""""""""""" Pb  B88TV  08mbt  x1.000
""""""""""""""""""""""""""""" o 134TV 200pbt x20-3000
""""""""""""""""""""""""" o0 T  ostm -

2022F FIERE1TXI: pp ~40 pb-1 (=run 2), Pb-Pb 2.4 nb-1 (x2.5 w. r. t. run 2)
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ALICEE=.

B IUHRZ 1T 2R AL ERHE SR T2k

F2IEREZE: pp 500 kHz, p-Pb 200 kHz, Pb-Pb 50 kHz, {£%i#: > 1 TB/s (Pb-Pb events)

ALICE Detectors

First Level Processors

Local
Aggregation

<
-
&
D
Q
O
0
wn
0]
n
\_I_/
|

rocessing Nodes

Time-Frame
Building

i --------- )H Local QC tasks }-

! Processing ] ——————————

e
’
'
’
’
'
]
'
'
’ ..;'
r =
o 0
0 &
L
(®)
O
—
4))
w
48
w
T
— Y f—p—

QC
_ infrastructure | QC Object Quality
————— —>
User-defined
algorithms Physics data Object + Quality
) S
02 Dataflow
Quality Control Servers
] .
| 1 Machine
Data samples - - - QC tasks | Learning
|
. A
¥ . |
I—)H Checkers J ,--i_____
. l — u-;l:-; [E— E
'—>) I II - d RQeCo 98;-}
. Ao - =l B
SRS I Aggregators | ,f‘l*‘l"
| J |
................. . sl | —
B Tl el e | | |
| I | |
| i ) N
' HPost-processing }( -1
I
I
I
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Asynchronous processing

~ 3.5 TB/s ~ 0.5 TB/s ~ 0.1 TB/s R -

Detector | ﬁ -

————————————

Detector W ______ ﬁ ______

————————————

————————————

\ web clients

Detector 1 ______ @ ______

First Level Event Processing Compressed Time CTFs and Analysis
Processors Nodes Frames on Disk Buffer Object Data on

o HIEESLSENZIE

e GPUJHiZclustering. tracking. vertexing

o FRNBRS BRSEAEHCPURS BE

L




ALICEZEE =. FE/ERz1T2UIRLIEIEZSH 2

N — — ke

= 11, 1Z 1T B [ R0
2 DGRE RS ‘1‘)?

10°

Number of Tracks

|
10° 1 mm road

b
-
-
-

b
-_—
b
-
-

505193 - 6 clusters cut Eta

R [EALICE4ZE Tk
e LSS5 EMUBIMKRINGBHEESHEEZERSEEZMARE

e ZHHIRERIPMERBIUS HERRN, ETHOMEREIULS TIMRIE
o 1 ABE2021F (TF) MBTTHIREST R oMIRAR A 2T (FIH)
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FHEAR TR

YIEEE

o SRR FIE

o ZMEHMAEEMRNFIITE
o MIMRHEMHVTT E4TFE

FEZ5ALICEEMER BT —RRIEFEEZHRNZS (ITS3) Al
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FHEAR TR

FEZ5ALICEE B Z1TRIMIF {8 =3 F=8Ezs (FoCal) il

YIE B BIEIREXMALEF. BUERITESSE, SoFom
R ENZAE LERAE IR =
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FHEAR TR

Shower Pixel Detector (SPD)
<«<— Time Of Hight

____ insert-able
. oonversion layer

* tracking
* ~10 layers (blue, yellow, green) based on MAPS

e particle identification

 time-of-flight layers (orange) in central barrel
based on silicon timing sensors

* Pre-Shower Detector (outermost blue)
based on dense material and MAPS

22N ANALICE Phase 33323 FH 2% 898 & FO 4/ IE

* ultra-low material budget

e fast to sample large luminosity

* excellent spatial resolution

e precise time measurement

B P AR N A AR S S AR S S AT MR, P g S

key regylrements

for low prtracking 1
e X/Xo~ 0.05 % / layer :

e 50 - 100x Run 3/4

* large acceptance

 |nl <4 => An = 8 (total)
* |n| < ~ 1.4 (central barrel)

for tracking and vertexing i
e innermost layers: 0 <3 um i
e outer layers: o ~ 5 pym

for partlcle identification
~ 20 ps |

e o FEER - SRl

outperformlng ALICE in Run 3+4
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o ESRYIBERITESIT/NRAFFIIZIMRARPEG 7 ZINEE

E\Z% . A BA/II'Jtl'\/IZI\ﬁgjj *Dm/_.l_\ixm%}rﬂ%ﬂ

o WFEH. FIERE, FHUTHFEZRIHTTISHR

o [AiH5Thk FALICEZ =, FHIUEABITMEREIRES . B 5L IEY
ARFRTEBRFINES, NSEMNMBITHREAR F &R0

[HH|
+
—

L N4

o FIZBALICEEIIHRIZITITS3MFoCalfIFARINE, IUKALICE LHC
Phase SRR 2 EFRA L SYERH AT MR
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