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CPOD — 2022 — selected impressions

e CPOD = Critical Point & Onset of Deconfinement
e Landscape of CPOD (QM, SQM, ICPAQGP, WWND, ...)

* Phase diagram(s) and the statistical model of hadronization — more
precise temperature and baryochemical potential @LHC, problem
with the proton yield

* Fluctuations and the role of acceptance
* Hypernuclei (HADES, STAR)

* Future of FAIR

* Extras



CPOD

online, November 28th- December 2nd 2022

The International Advisory Committee has decided that the CPOD 2022 is
closed for participants having appointments in RU, BE institutions, and JINR.

QM — Quark Matter (18 months, Krakéw 2022)
SQM - Strangeness in Quark Matter (Busan 2022)

CPOD
ICPAQGP — International Conference of Physics and Astrophysics of QGP
WWND — Winter Workshop on Nuclear Dynamics (Mexico 2023)
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T. Galatyuk, https://github.com/tgalatyuk/interaction_rate_facilities, 2022
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Phase diagram(s)
and the statistical model of hadronization

0. shortintroduction
1. more precise temperature and baryochemical potential @LHC
2. problem with the proton yield
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Relativistic Heavy-Ion Collisions particle distributions

made by Chun Shen
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Critical Points
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O CP: Second-order transition point.
O Singularities in thermodynamic quantities.

[ L1 These CPs belong to the same universality class (Z,). ]

=) Common critical exponents. Ex. C ~ (T —T,)~®



Thermal model for pedestrians
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 The system formed in AA collision has to exist long enough for particles to
interact several times, on the way to equilibrium

« The ratio of antiparticle to particle emission determines u/T

z - e—(E+ﬂ)/T ot

» o BT €

 From this u/T ratio and the second relative yield u and T are obtained

» The real model is much more complex (isospin, conservation of quantum
numbers, conservation of energy, volume etc.). Selection: microcanonical,
canonlcaf, grand canonical (— seminar by Krzysztof Piasecki 21 X 2021)
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Temperature T (MeV)
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Where is the Onset of Deconfinement?

« What we know: L e <E7
= QGP Signatures observed at low 11g (high ﬂﬂﬂji...‘.ﬁﬁiﬁﬂﬁ‘}ﬁ'ﬂ i |
\HENN] i:um- e (s} Particlos 1
m Partonic Collectivity, Enhanced Strangeness 002 sratddl $ v g
* i N P < . .5 S 1 P 48 Gav 0300 |
Production, Jet Quenching, etc. oy un i s
on2l - s L 1 ]
o Intuitively, at higher ;g "-"3“1‘_&5 {_lDW /SNN), 0 02 04 06 08 0 02 04 08 08
we expect the absence of said signatures Scaled Transverse Kinetic Energy (m_ - mg)in_ (GeVic®)
m Exhibit 1: NCQ Secaling at STAR . Md. Nasim. STAR: Phys. Lett. B 827 (2022) 137003
s Exhibit 2. Flavor Heirachy at freeze-out? E R
T 180 :_ ﬂ:l.nﬂ-"':-:lr_:nl;li‘u:c?:l::l Ensomble s WH Coklaborasion [y
- :—-ﬁ EEp
= What we would like to know: “E B —
o Precise value of \/Snn at the onset of 6o} S SR L P
deconfinement isof- 8 _.+__.'F_ _____ | _+_ +_a+q
o What about smaller systems? = '+' =
o Further Considerations (next contributions) :
= Additional onsets? TR T T R T
m Acceptance as key experimental challenges B, (Mev)

FAF, Olinger and Bellwied. Phys. Lett. B 814 (2021) 136098

Fernando A. Flor (fernando.flor@yale.edu)



Possible interpretation of the data
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The onset of deconfinement and others -
changeover strings - QGP,
changeover resonances - strings



Centrality dependence of ug in Pb—Pb 5.02 TeV
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Using particie-antipanicie raties = Most precise measurement in Pb-Pb at LHC

ﬂ S 1 — taking ratios allows to cancel uncertainties
— o exp [—2 (B -+ —) - 21'3&] €

h 3 T — 6x improvement in precision with respect to Run 1 estimate

= Small but non-zero pg = 0.7 MeV at LHC energies
" T=156.5% 1.5 MeV, fixed from SHM studies
" g and y; as free fit parameters
A. Andronic et al., Nature 561, (2018) 321

14



Proton yields at the LHC
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* Proton yield overestimated in standard thermal models
« The effect is larger in central collisions, hint of |centra|ity dependence



Mechanisms affecting the proton yield

* Re-evaluating the chemical equilibrium proton abundance
* Baryonic excluded volume [ et al., PLB 775 (2017) 71
* Finite resonance widths [V, Gorenstein, Stoecker, PRC 98 (2018) 034906]

* S-matrix approach to mN scattering [Andrenic et al., PLB 792 (2019) 304]
centrality-independent

* Multiple freeze-out scenario (strange vs light)

e.g. Flor, Olinger, Bellwied, PLE 814, 136098 (2021)
centrality-independent

« Effects of the hadronic phase stcinheimer. Aichelin, Bieicher, PRL 110 (2013) 042501
 Baryon annihilation, NN — 57

* No backreaction*, 5m — NN. Some baryons will regenerate

: Rapp, Shuryak, PRL 86 (2001) 2980;
centrality-dependent Pan, Pratt, PRC 80 (2014) 044911



Annihilation vs other mechanisms affecting the p/m ratio

SHM: Thermal-FIST 0.08 ' o o - ' B
[VV. Stoecker, Comput.Phys Commun. III ALICE Pb-Pb, 5.02 TeV
244 (2019) 295] SHM (T, , = 160 MeV)

-I, baryon excl. volume

Baryon excl. volume

(baryon-baryon int.) 0.06

[WVV er al., PLB 775 (2017) 71] i + S-matrix corr. -

p/m

S-matrix correction

(meson-baryon int.)

* annikjiss,
Alion,
[Andronic et al.. PLB 792 (2019) 304] 2

Baryon annihilation = = SHM(T , = 160 MeV)
(baryon-antibaryon int.) 0.04 + baryon excluded volume -
[VV. Koch, PLE 835 (2022) 137577] + S-matrix correction
— 4 baryon annihilation

L =
(dN_ /dn)

n}<0.5

Baryon annihilation and other mechanisms are complementary



Fluctuations and the role of acceptance
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Mapping the 3d ising model to qcd

P. Parotto Et al.

b T Phys.Rev.C 101 (2020) 3h 034901
Due to its M5

symmetries, QCD o -

is expected to be e

in the 3D Ising Mo

universality class peromsmetie | P

3D Ising QCD

o~ | oy o~ X~

M. A. Stephanov, Phys. Rev. Lett. 107, 052301 (2011)

T-T,

5”) T
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Acceptance — source of potential discrepency
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NA49, Phys. Rev. C 89, 054902 (2014)

Analysis performed in a wider acceptance can be restricted to smaller ones



Hypernuclei (HADES, STAR)



Introduction: what and why

 What are hypernuclei?

« Bound nuclear systems of non-strange and strange
paryons

4
+He

Marian Danysz (right) and Jerzy Pniewski (left)
discovered hypernuclei in 1952

el
» Why hypernuclei? | TI it g :
+ Probe hyperon-nucleon (Y-N) interaction ?rm,ié _
« Strangeness in high density nuclear matter [: _ME -
« Equation-of-State (EoS) of neutron star heutron star 5 ® L —E—“ : ‘m

2022M11/29 Xiujun Li, CPOD2022



2-body decay channels:  STAR PRI 128 20 3-body decay channels: E TP i m,,lm: ;
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‘ E' osk *H m[GeVicY) t m[GeV/c?) : . 0 . _ K
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I O ﬂ w }M i ++ .H}‘q, (] 1 i
' O g ......................... + sl #H,kmj 1.|.|,|,i a : e e :
- +H +.'FH'P‘ H 5.'|+| o 'f“uu *i+ ' : ,% ‘““: | Mixed-Event (ME)  Au+Au |5, = 3GeV |
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: maHEﬁ'[ ‘Hen’ ' - E‘ gol  sHe—MHepr 1 £
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J L ; . . A agl-  0-60% w hi :
* Combinatorial background estimated via: . Aey<0.2 kﬁ* o
_ i 20 p0Gevi Mﬁﬁ :
* Rotating pion tracks for 2-body decay channels - o " e ﬁ% L
(] o i 1
ol (] ) ] g
* Event mixing for 3-body decay channels : 38 882 394 396!

Xivjun Li, CPOD2022



f’_\H branching ratio R;

B.R.(GH — *Hex")
B.R.GH — Hexr")+B.R.(3H — dpz™)

Relative branching ratio: R, =

F. Hildenbrand et al. PRC 102, 064002 (2020)

o « Recent calculation shows that R, may be
[~ Word Average L ) r %
o= 0.6 - sensitive to the binding energy (B ,) of iH
— BAO(1962) TT(1970) Fm : 2 : .
IF e ] i 2ozg) B MeV) « B, — provide constraints to Y-N interaction
5 4_ L l L NPBE?  stanzorr 1595(1998) ceae 02
T [ 1 (s
B ; ‘{ T + T ™S « Using 4 /syy = 3.0 GeV data;
. oot oo i % ;. S Congleton e Ry =0.272+0.030(stat.) = 0.042(syst.)
O - an » Updated world average R, (0.32 &+ 0.03)
8 is consistent with theoretical models
| STAR Preliminary assuming Bﬁ,, 0.1 MeV

« Improved precision on R4
» Stronger constraints on absolute B.R.s and hypertriton internal structure models

Ziujun Li, CPOD



_iH, “H and 1He lifetimes

STAR, PRL 128, 202301(2022)
A o Outzot o (1980 A Gal (2022) Using , /syy = 3.0 GeV and 7.2 GeV datasets:
iH s iH :3].|- = 221 + 15(stat.) = 19(sys -
T o |aH:r =221 £ [5(stat.) £ 19(syst.)|[ps]
s 5 HADES preliminary i
=S HADES prefiminasy I‘EE — ,1H: r = 218 % 6(stat.) £ 13(sysL.)[ps]
|| AuceE e} | e ! w201 | |4 Hes v = 229  23(stat.) = 20(syst.)[ps]
*F STAR (z022) . H. Cuta et al (1985) :
L ALICE (2019) HF 8. Avramenko of al {1902} + Lifetimes of light hypernuclei ;"..H‘ 1H and iHE are shorter than
== 2 STRRIEN) w3 Pilips, Schnops (1969) that of free A (with 1.86, 3.06, 1.16 respectively)
= ECEng —i L s Y. W.Kang et al {1965}
== P eiliis  Puom swiben (1964 |« Consistent with former measurements (within 2.56 for \H,  H)
_EE'_'_ ST || g IR M. Craylon et al (1962}
il (3, Hagaess @l 4l (1873) o i N . . ) s
ik § « Ty consistent with calculation including pion FSI' and
—|—l— G, Kies ot al (15710) qu M . . . 2] o
. ik . Bolwn sa8 (19709 A calculation with Ad 2-body picture'! within 1e
HH—-e—> Philips, Schnops (1669) STAR preliminary
e G. Koyes ot ol (1965) 2.0.Parkor 2007y | * T4H and Tt e consistent with expectations from isospin rule
£ . Frarm, Steinbeng | 1564) H. Ot el | 1855) - z ..
il 3H, 4 H results with improved precision
J._]_I._]_I._]_I._J_L_J_L_J_I._J_]_I._J_L_J_L_J_l._J_I._J_I. 1 1 L | 1 1 I 1 L LB | I BN T - - h ! h

100 200 300 400 500 100 200 300 400 500

. — Provide tighter constraints on models.
Lifetime [ps]

[1]A. Gal and H. Garcilazo, PLB 791, 48 (2019
(20 G, Congleton. J. Phvs. G 18, 339 {1992

Xujun Li, CPOD2022
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*H Two-Body Decay: t1H = “He +
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‘H Two-Body Decay: tH - “He + 1
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Future of FAIR



The future Facility for Antiproton an Ion Research (FAIR)

Primary beams:

1012 /s 23828+ 1.2 AGeV
4-10"3/s Protons 90 GeV

10'%s U 35 AGeV (Ni 45 AGeV)

SIS 100 Tm
SIS 300 Tm

Secondary beams:
rare isotopes 1-2 AGeV
antiprotons up to 30 GeV

<
O\ SIS 1¢
1«6 Proton ESR cooled antiproton beam:
Linac Hadron Spectroscopy

HESR

o ——SFRS
; ] Radioactive
acfnharéd Laser[') IndLjr gd ;l\air:as- lon Beams
Igh Energy Dengity in Matter Bbar Structure of Nuclei

Plasma
UNILAC Physics

Nuclear

Collisions Atomic
Physics

Compressed Baryonic Matter

low-energy antiproton beam:
antihydrogen
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Parallel Operation

— gyt -

r-"'. e — § P g ;:-——.—.-
UNILAC

Duty-Cycles of the Accelerator Rings Duty-Cycles of the Physics Programs

Fazma
Py
Radioactive Beams | | ]
100 Tm Ring
g
ST Collisions
miprors
Collector & Storage Ring
Pasma-Physics [
High-Energy Storage Ring | i e s




o BB
L
w%"?t
i
pr, 1

NIKISTER Am naaram, om0 TR
WATIKT T PRGN TWA W TRG O
T T BT
e |
d_ e R
| ] I'an larssdee KACETRRRT
- 'hl " . [ Freaos Fady Slelsardm
AT el
T ® niidfieod
=
i
Eaummrg Tave Toaniiod
srwedala rowt Sam U 7 ek 14 ba s W00 g caesonh sepe e mbiraed oM

U R gm0 g o By Ry R, wmear v gedy
TR ORI T O R .||:.1lr¢l|;|. -r..,wui. dwrey | dririon’s Hwrapghbinre (Arcalia
Aadis dabapaaine | MNade (FARR - Fadids Do Aelym el ded e Braaeds o
Farmprs sree i bamooergse Eonmireeant drigmbie Nposde Chiede Nrpsidi
Codiwgd, Mrdroing FopaliBi Sdmbec. Nrobores Arrasdl Pl D8] Melewal!
Prpshil Frayesehid Tachie-eads Nrdborer BLaARY Jepodsl! § Sfaadi Pecfaaas)
Foankhls Gemdun Roskbls ok Poashhl WFledey Epepprgedio Babdery
Fopuhhly amydrihly). Mrereeni Nk s Krcbores Soerch repronairesrred
_llm.- ikl @ pobn) emecoweonpol pemer e ok de Prlileals o SERRA
=lla Males inimeweas w JFATE) 1a ¢ asx

ks Esrdarpikigm

P e o B LS

MIMETEA
MALED TSRO R A, e G

L S e

. I'|-||'-
Fan fuvelas RACLYREK]
Frioims Fvaly MLy

T ®5" w micjacy

Sorreve s Fares Sorres
sy xort 2o | eewey xden 1 bave nm 30 1 o wereach Tigboemesdensh (e
Hyopam AT e ox 3G s W DL wes TEE wetemg o onclikekea e i
e g ey B bk & dmbowis Foasmrirdeps tredly
Frdad Aopproemdy § D [FALL - FadEir B defiprems and
Fiiwwd wne b Raarcwd Bosfisad! Lbawde £k
Armerslony Nrprahbs Ve deideben Wogeash fopeeih

ILH

Featwnad

Fepall i Mraverdil, Siednaorangy Db (Ve Sommald §imand! Minec,

Papalf Grachls)l, SenaMM A, PapaMuT Alesilsl,  Rracypoealy) Pakiif
Brocddn Fomasdin Fedy Ereordey ooy Teleibm S, sprreiwmap b
T Mreciviedoe = el ampemwaepch peerr el gl @ doffinie v el
Tl Caepdiibese Odogs Dodad dagproioadss o Jande (AUES g 0 oos

WHISTER
FAUED | SEKULMIL L A WY EaLEL)

Wezren ils - 11 XA
TR LT AT

Tai Jaiailaw HACTVHSET
Freces Rady MEndoyie

womirjar

i
frem—— R -

SRR ML
3 irzimiz apede m

ranmms il 3wl | ook g dua
L S 15, por I pomie 2
rempeonsd el Noaks el Fosoioni Loy lalla
Nukw Awigprniinge | lww ke waml b Hemech i
Eorp=) eraz Lhs fadoewdms Eaglewecl ..‘-l.':.:ul-i- gl bkl Praabklly
Enlees Fadosalia) Raahill BMaabu, Dvilns Migaed, Braskhli Fadeaks
S Frommmibony, frdawamps Brai=dne Hombhrs Erokane o oy R,

B! Coveliyl NopsadlS! D Sepwdii! Pruily! Lererproossaly’ Mol
A Aevanieiiy), Fedeocl’ Popibd oner Eoiieows Oreacll raomds e ool
e Proedoamiel b p=le cevmommiamd prgy s mpdy A Qs @ e

[t [ vhiT; eyl NadAnd sy | Leeows [FOLAET 1 RO

womprsmh punkn




Dziennik Ustaw Nr 255 — 14866 — Poz. 1531

1531

KONWENCJA Ud2|a’f Polski: 23,7M€

dotyczaca budowy i funkcjonowania Osrodka Badan Antyprotonami i Jonami w Europie,

sporzgdzona w Wiesbaden dnia 4 pazdziernika 2010 r. I nfra Stru ktu ra a kce |erat0 rowa.
W imieniu Rzeczypospolitej Polskiej 18M€ dOSta rczone Ja kO kaad
PREZYDENT RZECZYPOSPOLITEJ POLSKIEJ in_ki nd/goto’wka

podaje do powszechnej wiadomosci:

» Detektory do badan fizycznych:

Dnia 4 pazdziernika 2010 r. w Wiesbaden zostata sporzadzona Konwencja dotyczaca budowy i funkcjono-
wania Osrodka Badan Antyprotonami i Jonami w Europie, w nastepujgcym brzmieniu: 5 7 M€

Przekiad

Konwencja
Dotyczaca Budowy i Funkcjonowania
Osrodka Badan Antyprotonami i Jonami w Europie’

Spis tresci

ATEYKUL 1 oottt sttt sttt e e s e sae e e snsbe e s b e e stanssbassesaasansansasensraens 3
USTANOWIENIE OBIEKTU ...ttt ceeeeeerer vt s esaessssessssesessassessessessasesnsenes 3
ATEYKUE 2 oottt et ae b e sae e sae s e R e era e sesaeebennenaenean 3
NAZWA | SIEDZIBA SPOLKI .ot eee oo e e eesseseeseseseesessessssessessesesssesasessesssssons 3
Dziennik Ustaw Nr 87 — 5322 — Poz. 481
481
USTAWA

z dnia 25 lutego 2011 r.

o ratyfikacji Konwencji dotyczacej budowy i funkcjonowania Osrodka Badan Antyprotonami i Jonami
w Europie, sporzadzonej w Wiesbaden dnia 4 pazdziernika 2010 r.

Art. 1. Wyraza sie zgode na dokonanie przez Prezy- Art. 2. Ustawa wchodzi w zycie po uptywie 14 dni
denta Rzeczypospolitej Polskiej ratyfikacji Konwencji od dnia ogtoszenia.
dotyczgcej budowy i funkcjonowania Osrodka Badanh
Antyprotonami i Jonami w Europie, sporzadzonej
w Wiesbaden dnia 4 pazdziernika 2010 r. Prezydent Rzeczypospolitej Polskiej: B. Komorowski



Future of FAIR and CBM

Substantial cost increase
surfaced in 2021,
Russian attack on Ukraine

Science evaluation in 2022
(chairs: R. Heuer, R. Tribble)

Recommendation:
downscope FAIR project

f,’;,,— APPA Cave
__ pbar Suggested scenario:
30 o o | FS+: SIS100 & SFRS/R3B & CBM

—“J/NUSTAR R3B

) ‘l'-/
{ / CR EV HEB S LEB
e _:3{;' (R3B)

-"-\_-'_‘-\.
S

— 515100 to CBM [ NUSTAR
Rest-10

CR

o HESRp-Linac

Decision by FAIR council
expected in Feb. 2023

— 55 @xisting facility

https:/ /www.gsi.deffileadmin/oeffentlichkeitsarbeit/fair/FAIR-report_221025.pdf

28112022 MN.Herrmann, CPODA0ES, wirtuat



Key features of CBM

» Radiation hard detectors
Tracking acceptance:

2° < O, < 25°
PID alternatives

- electron/hadron: RICH, TRD, TOF
- muon: MUCH, TRD, TOF

Free streaming DAQ

Software based event selection
+ Ry =10 MHz (Au+Au)

with MVD

R = 0.1 MHz (Au+Au)

Prepare start of operation: 2028
Replacements of former Russian contributions:

Magnet (urgent FAIR procurement item), PSD covered by in-kind contracts,
(MUCH, RICH) gas system and mechanics mitigation through FAIR resources
5TS module production workforce Missing STS funds got granted by BMBF on Dec. 1, 2022

Optimize setup for future extensions

28.11.2022 MN.Herrmann, CPOD2022, virtual



Conclusion

Very successful STAR program is ending
« lastrunin 2025
« ultimate physics goal of BES not reached yet

High pg program with CBM@SI1S100 is natural continuation T
« explore QCD matter at neutron star core densities
« employ high statistics capability
— to achieve high-precision of multi-differential observables
— to enable rare processes as sensitive probes

~ {30
Mel

FAIR project and CBM need support of community

« start of operation unclear, optimistically 2028
« US-CBM white paper [arXiv:2209.05009] very helpful

CBM Phase 0 activities: HADES, mCBM

+ reference measurements possible with SIS18

CBM collaboration is open for additions and invites for participation.

28.11.2022 M.Herrmann, CFOD2022, virtual



Extras

* Transition from high to low energies: the hadronic only phase is
,hew” observation

* 3-body femtoscopy
* Absorption of antinuclei in matter
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* Lorentz contracted (2D)

* Nuclei pass through
instantaneously

* loo quick to capture
baryons

Physics of \/E =3-20

GeV collisions

BEST = Beam
Energy Scan

Theory

. -*..-"-!'?-r-z-r =2;ZHIGIéU

0-5% Au+Au
-1 |ﬂ u-u 1 |ﬂ ‘llﬂ ﬂ‘.ﬂ‘ 1 |ﬂ
Z (fm]) z (frm}

* 3D nuclei pass slowly

* [1me to capture baryons




3-body femtoscopm correlatlons

& -

genuine 3-body

correlation
’GF: [
= 4
L% ]
2
-2
-6

=  Measured 3-particle correlation functions deviate from lower-order contributions—= hint to three-body effects

meaaured
3-particle moment
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— [= ] p-p-p genuine cumulant, flat feed-down
[ & ] p—p-P genuine cumulant, flat feed-down
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High Mult. (0-0.17% INEL)

-
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_ P-pP-p
__ ALICE _:
o+ pp Vs = 13 TeV ke

01 02 03 04 05 08 07 08
Q, (GeV/c)

c;(Qs)

Imwer-urdrer correlations
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Accepted by EPI A
ALICE, arXiv:2206.03344 {1!'.]21]

3ﬂh--'-|--~|----|----|' T T
o == p—p—A cumulant 2
- + Qs = \f"ﬁ: 23— @ E
-‘.;:';'rz'.':'{"f‘ it o e afi i e rte e 28 Le i
0 0.1 0.2 03 04 05 06 07 08

Q, (GeVic)

= N-N-N and N-N-A interactions for the EoS of neutron stars D. Lonardoni et al., PRL 114, 092301 (2015)
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Absorption of 3He nuclei in matter

Measurements of antinuclei provide important input for astrophysics and dark-matter studies
= One of dominant production mechanisms is DM annihilation (e.g. ¥ + ¥ > W*W- = 3He + X)
* Disappearance probability of antinuclei (quantified by o,,., ) is crucial for studying the galaxy transparency

o ALICE: antinuclei factory + interaction in detector material 2 measurement of g, , for *He

A= 1T 4 ¥ 95% confidence upper Hmit

o via baryon/antibaryon ratio (pp), or TOF-to-TPC ratio (Pb—Pb) ALICE, arXiv.2202.01549
accepted by Nature Physics
B LTI B RS R R A SIS RS = 5
ALICE pp Vs =13 TeV '; Ii'.? ALICE
Inl < 0.8 1 £ 0-10% Pb-Pb |s,,, = 5.02 TeV
(A= 1T.4 Elnam — — GEANT4 = j I = 0.8
3 v
(A =318 Ell:lam —— GEANT4 3 (A =347 .Dnu — — GEANT4

'l‘l‘l

B — =
IM el b il s e e i R R
1 2 3 4 § 6 7T 8 00123455?3911:-
p (GeVic) p (GeVic)

= GEANT4 modeling consistent within 2o with data
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