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High-energy Heavy-ion Research in Hungary

Past — Present — Future — Beyond

Why?
Where?
Who?
What?




WHY?



Investigating the primordial matter of the Universe

The Universe is 13.7 billion years old? How was it milliseconds after the Big Bang?




WHERE?



A Large lon Collider Experiment, CERN LHC
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A Large lon Collider Experiment, CERN LHC




A Large lon Collider Experiment, CERN LHC




WHO?



ALICE
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J. Zimanyi: Zimanyi medal for HI theory

Gy. Vesztergombi: Vesztergombi HEP Lab




Hungarian ALICE Group
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Team Leader/CB member: G.G. Barnafoldi
Dept. TL/Heavy Flavor coordinator: R. Vértesi

h 4
2 G



h 4
2 G

HUNGARY
Employments: 34

Engineer
Physicist
Technician
PhD Student
Master Student
Bachelor Student
Guest
Postdoc
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Team Leader/CB member: G.G. Barnafoldi
Dept. TL/Heavy Flavor coordinator: R. Vértesi
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Hungarian ALICE Group Members (2002-2022)




Hungarian ALICE Gr (2010-2022)

Q1-Q2 publications:
Total publications:
PhD researches:

Msc/Bsc works:

570+

2480+
16
26

Papers per year

2010 2022
Papers
Citations
h-index @
Citations/paper (avg)
Papers  — Citeable Published

987
262
213 180
79
0 19 10-49

Citeable ®

2,482
23,071
72

9.3

44 43
—

Published @

575
19,044
70

331



Hungarian ALICE Gr (2010-2022)

Q1-Q2 publications: 570+ e
Total publications: 2480+
PhD researches: 16
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Hungarian ALICE Gr (2010-2022)

Q1-Q2 publications: 570+ e
Total publications: 2480+
PhD researches: 16

National Competition (TDK) 18 iﬁ

Posters 50+ 2 / \
10 'q.‘.___. .

Conference contributions: 160+ 4

90 /.\.
Msc/Bsc works: 26 80 \

Prizes 9



Hungarian ALICE Group (2010-2022)

Funding Agency: NRDIO (NKFIH in Hungarian)
Grant Holder: Wigner Research Centre for Physics

5
G NATIONAL

m’m RESEARCH, DEVELOPMENT
= AND INNOVATION OFFICE

v MNO-A & B for 6(7) scientists ~9kCHF/MNO-A/year + students

v Related NRDIO grants

Running: 2020-2024:K135515, 2019-2023:FK131979, 2020-2022:2019-2.1.11-TET-
2019-00050, 2020-2022:2019-2.1.11-TET-2019-00078, 2020-2023:2019-2.1.6-
NEMZ_KI-2019-00011

Past: 2016-2020:K120660, 2012-2016:NK106119, 2009-2013:NK77816, 2009-
2013:CK77815, 2007-2010:H07-C 70464, 2007-2008:IN 71374, 2006-2009:NK62044

v" In connection with National TOP50 Research Infrastructures

Vesztergombi High-energy Research Laboratory (VLAB)

Wigner Scientific Computing Laboratory (WSCLAB)



Hungarian ALICE Group (2010-2022) 3
ALICE
Further investment into ALICE projects by Hungary (salary of employed team
members and experts, laboratories, etc.) during the period of 2009-2022:

v VHMPID project: 1000 KCHF — Letter of Intent, EPJ Plus 129 (2014) 91

v" HMPID project: 200 kCHF — detector in operation 2009-2013, 20kCHF 2013-2022
v" DAQ Upgrade: 50 kCHF — during the period 2009-2013

v" TPC Upgrade local: 150 kCHF — Wigner Innovative Detector Laboratory, 2013

v" TPC Upgrade cost: 200 kCHF — 2014-2022

" Yearly upgrade & other costs 10kCHF — 2022-2024



Hungarian ALICE Gr (2010-2022)

1. Well developed theoretical background in

heavy-ion physics — Theory talk (Z. Trécsanyi)

2. Intense participation in R&D activity

Upgrade of the
Time Projection Chamber

— Lol preparation and deliverables (D. Varga)

3. Intense participation in data analysis
MAR 2014

— QGP: PID hadron spectra, Heavy Flavor
physics, jet physics, correlations

4. Enhanced activity in data taking
— ALICE Remote Operation Site @Wigner RCP

5. Intense computing activities at large scale
— Software & hardvare developemnt (G. Bird)



WHAT?



ALICE LS2 R&D

1 2020 2021 2022
W ~

DEC: JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC: JAN FEB MAR APR

mmissio;\ing | i beam tesfz

—

- End of MIFT surface operation on Fri Nov 13th 2020

Reinstall TPC, beampipe and Miniframe |

: - End of ITS surface commissioning on Mon Jan 4th 2021
ml{::: Reinstall FIT-C and MET | - 16w global commissioning before cavern closure

. —— Install FIT-A |

e
—_— ITS/MFT/FIT standalone tests
H

Detector commissioning Global commissioning

——— Experiment ready far physics
=——— Exp y for physi

» —— 's2end1*Feb22 |

| 3 months contingency wrt the LS2 end date 1st February 2022

A A

2020 2021 2022

L&2 Run3
Com missigning i
Physics un Wﬂ&lﬂlﬂm

2020 2021 2022 2023 2024



ALICE LS2 R&D

ALPIDE-based Monolithic Slllcon Detectors

GEM based TPG

MNew Central Trigger System
new RDO for EMCal, PHOS, TRD, HMPID, ZDC

. Huna
Com missigning I

2020 2021 2022 2023 2024



ALICE LS2 R&D - the Hungarian Contribution

1. The upgrade of the ALICE’s DAQ

-

system, CRU2 R&D —> 4TB/s speed il — Hee

2. QA & building the new, GEM-based
ALICE TPC R&D — World record: 90m?

3. Inner tracking system (ITS2) upgrade
(silicon-pixel MAPS technology) test —
10m? & 13Gpixel

4. Big Data: First large scale Specialized
Analysis Facility @ WDC — 100 PB adat

5. Data Analysis & software developments
— 100 000 line of code




ALICE LS2 R&D + Ongoing Run3

* More precise pesudo-rapidity distributiuon
measurememnts, PID hadron spectra N T P it timersd. BT

J. Adam er al.
(ALICE Collaboration)

¢ Jet-structure measurements: jet-fragmentation, gHEP .
hadronization, pp, pPb

Jeck ending
PRL 119, 102301 (2017) PHYSICAL REVIEW LETTERS 8 SEPTEMBER 2017

Measurement of inclusive charged-particle b-jet

* Deuteron-production: testing coalescence model i L e S

/SN = 5.02 TeV

THE EUROPEAN ®
PHYSICAL JOURNAL C %

* Investigating the charm hadron production (Ac/D
ratio & DD Correlations) l?‘_:d:c;izl;gfjsg}:-?gv’?:‘l]wdmnsin pp collisions at

- Heavy flavor production in XeXe and PbPb e e oo

== Evolution of the longitudinal and azimuthal structure of the near-side jet peak
COI I Is I 0 n s in Pb-Pb collisions at ,/syy = 2.76 TeV

J. Adam et al.*

(ALICE Collaboration)
(Received 28 September 2016; published 8 September 2017)

THE EUROPEAN ®

L S 2 Hun a o PHYSICAL JOURNAL C %

22102673
Com missigning i I Regular Artcle - Experimental Physics
Phyics un I igating charm production and fr ion via azil
correlations of prompt D mesons with charged particles in pp
E'D 1‘] 1'}2 ] 2“21 E'[l: 3 1‘[' 2‘# collisions at /s = 13 TeV

ALICE Collaboration®




ALICE LS2 R&D + Ongoing Run3

* More precise pesudo-rapidity distributiuon
measurememnts, PID hadron spectra

¢ Jet-structure measurements: jet-fragmentation,
hadronization, pp, pPb

* Deuteron-production: testing coalescence model

* Investigating the charm hadron production (Ac/D
ratio & DD correlations)

* Heavy flavor production in XeXe and PbPb

collisions
. Ls2 Run3
Commissioning T
Pryaiza run WLM
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ALICE LS2 R&D + Ongoing Run3

* More precise pesudo-rapidity distributiuon
measurememnts, PID hadron spectra

¢ Jet-structure measurements: jet-fragmentation,
hadronization, pp, pPb

* Deuteron-production: testing coalescence model

* Investigating the charm hadron production (Ac/D
ratio & DD correlations)

* Heavy flavor production in XeXe and PbPb
collisions — Vote for HI Run in 2022!

¢ Status of today?

23-Sep-2022 07:50:54  Fill #: 8176  Energy: 6800 GeV  [(B1): 2.44e+11  1(B2): 2.43e+11

ATLAS ALICE CMS LHCb
Instantaneous Lumi [{ub.s}"-1] -0.000 0.173 0.000 0.041
BRAN Luminosity [{ub.s)~-1] 0.0 0.0 0.0 0.1
Fill Luminosity {nb)~-1 0.000 0.000 0.000 0.000
Beam 1 BKGD 0.000 0.000 0.421 0.000
Beam 2 BKGD 0.208 0.000 0.000 0.000
Beta* 19.20m 19.20m 19.20m 24.00 m
Crossing Angle (urad) o) 145(V) O(H) -300({H)
LHCb VELO Position Gap: 53.9 mm TOTEM:
Performance over the last 24 Hrs
25611 7000
|- 6000
= 2E11 75000%
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2 | B
£ 1E11 3000 =
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— 1iB1} — I{B2) — Energ:
Beam 1 BKGD Updated: 07:50:44|Beam 2 BKGD Updated: 07:50:52
o
a 10
5] 1
T r T RE ﬂﬂ il
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WHAT ELSE?



R&Ds for the LS3 period

« FOCAL and ITS3 R&D in ALICE

* ITS3: bendt silicon pixel detector
technology: MAPS has been
tested at DESY. (Our task:
Cooling simulations ITS3 WP5)

L52 Run3 L53

Coom missigning

Physios run |
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2020 2021 2022 2023 2024 2025 2026 2027



R&Ds for the LS3 period

« FOCAL and ITS3 R&D in ALICE

* ITS3: bendt silicon pixel detector P
technology: MAPS has been MLRT test system
tested at DESY. (Our task:
Cooling simulations ITS3 WP5)

~1 year to
prepare the next
test system

~2 years for the
“final” test system

g ER1
65nm tech. 'es@‘n pixel opt. building blocks,

ALPIDE cfips)

 Detector-part tests + DAQ-

system R&D il e
m; Y cution
Y qualificati ont
samples
2022 0 2024 0 2026
\ I
Long Shutdown 2 (LS2) | Run3 Long Shutdown 3 (LS3)

Huna
Coom missigning |

2020 2021 2022 2023 2024 2025 2026



R&Ds for the LS3 period

* FOCAL and ITS3 R&D in ALICE

 ITS3: bendt silicon pixel detector
technology: MAPS has been

tested at DESY. (Our task: § . —
Cooling simulations ITS3 WP5)
- Detector-part tests + DAQ- !
system R&D e o
1.7 1.75 1.8 1.85 1.9 1.5 :ﬂ(mi.ESGes.1 17 175 18 185 19 195 2
- Better then 2x more precise _ = = o s =7
heavy flavor measuremetns: fine Project | 550 0.15 84 0.60
structure of the jets, measuring Hasehe o ase Lo el — —
fragmentation & hadronization.
L&2 Run3 L3 fpm—
Coom missigning | T i T
Physizs run MHMWWMJ
2020 2021 2022 2023 2024 2025 226 2027

D* reconstruction efficiency with ITS3-like model

Project ITS

W,
£ oo
=

M(rzK): signal+background(100M)

ITS3-like

. MxK): signal+background(100M)
10°

|
2.05 21

M(nzK), GeV




R&Ds for the LS3 period

* New radiation tolerant DAQ system R&D

+ Versatile+ link optical receiver
¢ 20x10x2,5 mm

« 4x5-10 Gb/s download + 1x2,5 Gb/s
upload

- Between -35C and 60C

- Radiation tolerance: 1 MGy or
1000+hadron/cm2

- Optoelectronic data transfer: 28/56 Gb/s

CEE PR T T

L52 Run3 L53 —

i CF"""ESIJ'I'IJ .I. - ey . - - =
Physios run \ !
2020 2021 2022 2023 2024 2025 2026 027




ALICE3 Letter of Intent

* Physics: Test of principles of quantum field
theory (QFT), in medium effects (QCD chiral
symmetry restoration, exotic hadrons, DM).

* Large Acceptance: An=38

* PID: TOF 20 ps time resolution, aeroge-
based RICH

¢ Zero momentum detector: pr< 50 MeV/c (at
mid rapidity); = 10 MeV/c (forward)

* MAPS detector systems: 12 layer + CMOS-
disks + Cherenkov detectors

L52 Run3

Gommissigning |

Physios run |

e—
200 2021 2022 2023 2024 2025

2026 2027

Superconducting RICH TOF
magnet system

Muon
absorber
Muon

chambers

FCT

L3 ¢———— Run 4§ ——— 154

2028 20249 2030 20351



ALICE3 Letter of Intent

Electron ID: Low-mass di-electron spektum:
50 MeV/c < pT < 3 GeV/c

Hadron ID: Heavy Flavor (secondary vertex)
50 MeV/c < pr < 5 GeV/c, /K/p ID with 3sigma

Photon detection: ultra low energy photons,
calorimetry for 10 MeV/c < pt < 100 MeV/c

Primary vertex: with mm resolution: bendt
silicon pixel technology

MuonlD: Search for quarkonia & exotic hadrons:
precise muon detection around ~1 GeV/c

200

2021 2022 202% 2024 2025 2026

0.6

0.4

[ driven by
[ momentum

resolution

N

with i
start-time |

sl |

O

2027

107" 1
Xe-Xe, s, = 5.86 TeV, Pythia8 / Angantyr

10
p (GeV/c)

di"\'(!!'if. dl:'\,'wii'

d?prdny  dPppdy

2028 20249 2030

20351



ALICE3 Letter of Intent

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

@

v Physics, analysis, performance simulations
* Contribution to the ALICES3 Lol:

N
ALICE
E. Frajna, R. Vértesi UL
- J I . ALICE-PUBLIC-2021-xxx
™ . . . e . 0_0 T ;-
3..3.1.5 DD az@uthal correlations Azimuthal co.rrel‘mons of D'D ].Jdll‘.h in PI:_}—.Pb colli Letter of Fatent:
sions provide a direct measure of momentum broadening by the QGP, which is sensitive to the ALICE 3
Draft v4
Monday 24" January, 2022
3
‘ - - | —~ 800X | —_— ALICE Collaboration[]

Expected ALICE 2 performance, L, = 13 b’ £} Expected CMS performance, Ly, = 13 nb”

PYTHIA B2, {s, = 5.5 TeV, 0-100% central 1| ® 5 PYTHIA 8.2, {5y, = 5.5 TeV, 0-100% central .

D°-0° azimuthal correlations, bkg-subtracted H o — 600 I 0°-07 azimuthal correlations, bkg-subtracted _,

pY 4 Gevic, 2 <pT <4, Iy | <0.8 2 |e r o >4 Gevic,2 <pl <4,y | <25 ]

i 1 5| 400f 1
13° |
—|="200 |
0
=200
o |
PR | - L L L | L L L L L
-1 0 1 2 3 4
Ao (rad)




EVEN MORE?



ALICE Technology Transfer — Medical Application

HADRON THERAPY R&D

v Detector UG & Medical applications (A. Sudar, M. Varga-Kéfarago, GGB)
* ITS3 — ALICE3 MAPS technology, DAQ systems, cooling

* Bergen Proton CT collaboration
* RICH technologies (earlier HMPID/VHMPID group)

Front. in Phys. Med. Phys. Im. ID: 568243,
Nucl. Instrum. Methods Phys. Res. Im. ID: 162626



Participation in FCC-hh heavy-ion programme planning

* FCC-hh: A general purpose ,100km
circumference hadron collider —»
proposal for detector optimalized for
heavy-ion programme

System e Lin tt—=bbéfvy tW — bélvy
Pb-Pb  39TeV 33nb! 3.1 x 10° 8.6 x 10°
p-Pb  63TeV  8pb! 8 % 10° 2.1 x 104
Quantity Pb-Pb 276 TeV Pb-Pb55TeV  Pb-Pb30TeV
dNg, /dnaty =10 1600 2000 3600
Total N, 17000 23000 50000
dEr/dpaty=10 1.3-20TeV 23 26TeV 52-5.8TeV
Homogeneity volume 5000 fm? 6200 fm® 11000 fm*
Decoupling time 10 fm/c 11 fm/c 13 fm/c
catT =1 fmlc 12-13 GeV/ifm*  16-17 GeV/fm®  35-40 GeV/fm?
L3z Run3 L&3

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032



Participation in FCC-hh heavy-ion programme planning

. - Pl Pb-Pb 39 TeV :
* An order of magnitude higher o . -
: 5
c.m. energy: Testing the ] 5/
promordial matter EoS at unknown 10 Pb-Pb55TeV
energy regimes. .
* Heavy quark production: top RV e e e
physics beside beauty and bottom. . : : g o
1.2 Prompt J/'¥ mid-rapidity - .
1ok __Pob@booim
* Small-x physics: New regimes for . — @ Tova FCC «ff
PDF/FF. o= ool ~: \ 5.5TeV at LHC g
Eoo —— 276 TeVat LHC 5
- 0'42_ \\\ ] 1i T
* - Nuclear effects with new HIi 02 RN ] iy
MC generator, HIJING++ (new, 0., o = 8 R _
fast' paralel) pT(Gerc) 10° 107 10% 10° 1;:: w010t 1 4
LS2 Run 3 L$3 +—————— Run4 ——————— |54 = Run5
Com misginning T J i I i I TRTTT
Physcs nun

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032



Heavy-ion Research at RHIC (M Csanad)

A | RHIC
LHC Beam Energy Scan
i:{ ’! STAR fixed target,
FAIR-CBM

Quark-gluon

* Goal: explore the QCD phase diagaram
* Cover largest part of landscape, SPS-RHIC-LHC

* Hungarian participation:
* PHENIX (disassembled) + STAR (data taking)
* 3institutes: EGtvos U, Wigner, MATE normal
* 4 staff, 1 postdoc, 1 PhD + 1 MSc + 1 BSc Baryochemic:;‘e[r)c}ential
* Covered by NRDI grants (OTKA, TET, TKP)

* Research topics:
* Femtoscopy, quantum statistics
* Critical point search
* Hydrodynamics and flow, small QGP droplets

Hadronic matter # Golorsupers
conductor
phases

Temperature




Summary: Heavy-ion Research with ALICE

STRENGTH

* Well-defined physical programme

* Relevant group, good local experts |

* New technological challenges

* Supportive environment
WEAKNESS & RISKS

* Lack of stability

* Low salaries

* Eastern-European effects



The Hungarian ALICE Group (2002-2022)

Support: NKFIH/OTKA FK131979, K135515, NEMZ_KI-2019-00011

Web: http://alice.wigner.hu, http://alice.web.cern.ch



http://alice.wigner.hu/
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