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confined matter: hadrons
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d deconfined matter: quarks and gluons

At high energy densities,
hadrons “melt”; the degrees
of freedoms are partonic:
Quark-Gluon-Plasma

Lattice QCD: phase transition at critical
energy density €, / critical temperature
T.= 160 — 170 MeV
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Extreme matter in the laboratory

In high-energy collisions of heavy nuclei, matter at high energy
densities (hot and dense) is created — for a very short time and in a
very limited volume.

Control parameters:
« Collision energy
« System size (ion species / collision centrality)



studying QGP properties
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* The picture would not be

e | f % - A ﬂ'

> 200Fm ‘ _\ o complete without detecting
= e e - 0 ks and Gluons the phase transition itself.

E { 3 . & » “ e Unlike RHIC and LHC, lower
= 2 e . . O energies probe matter at
400l I = Hadrons finite net-baryon density.

& e % . « The QCD phase diagram

= g might be more complex than

originally thought.
e Earlier data from AGS and SPS

Py : 1 .
> Compact_Stars iz___;?rvon density n/ n left key questions open:
n,=0.16 fm=3

* Isthere a critical point, and if yes, where?

e  Where is deconfinement first reached?
e Isthere a first-order phase transition?
 |sthere a difference between chiral and deconfinement transition?
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" Whystrangeness is interesting

* No strangeness in entrance channel (nucleons): strangeness is produced in
the reaction

* Hadronic production (e. g. p+p -> KAp): m,= 500 MeV >> T,

* Partonic production (e.g. g + g -> s sbar): m, = 100 MeV <=T,,

Relaxation of s-Quarks ina QGP
o | within few fm/c = lifetime of the
. fireball

06 I
Expectation: More

strangeness production in
A+A relative to p+p, if QGP
was formed

0.4

. .

o -"16_3-3 "Lm‘ﬁ- »otrangeness enhancement
t[sec]

Koch, Miiller, Rafelski, Phys. Rep. 142 (1986) 167

Volker Friese ICNFP 2016, Kolymbari, 13 July 2016 7



ALICE

Double side
ustrips

10 .
om Vo
8 : v

. Y pixel plane (3 0p + 403)
. Z pixel plane (402 + 203)

158 A GeVie:
d=60cm o =40 mrad

40 A GeVic:
d=40cm =72 mrad

Volker Friese

CERN Accelerators
(not to scale)

CMs

LHC

TPL SoliE

1+ 15

/

| Gasso ()

L] Pbi:m @

lider
watron
ot
tor OnLine DEvice Gran Sasso (1)
1 Boaster 730 km |
1
‘ator
ting Wadslf LU, 1% Grvisicn, CIRN, 0208 96
o Gran Sasso i ot ot S

wih
1, Mangluski, P5 (v, CRRN. 210501

ICNFP 2016, Kolymbari, 13 July 2016



=L
=]

Yield per participant relative to p-Pb

!
5
£
b
&
£
3

—

Q
¢ &0 100 150 200 230 300 350 400
Number of participants




- L ¥ - & Particle multiplicities
T TEs T N 5 el ; (multiplicity ratios) are well
c L vEE e <o f “ﬂ?; ' described by a hadron gas in
Gl Fs Tws 2T wef g = chemical equilibrium.
A d ¢n . g E
I - Including strange particles:
107 * =0
; i
3L } < mose =y70 e Fit parameters: T .., M, (V)
E Erperirmen

J. Stachel, Nucl. Phys. A 654 (1999) 119 c

Why equilibrium? Hadronic relaxation processes are not efficient enough..
* Tiem =170 MeV = T_: coincidence?
 What is the relation to strangeness enhancement?
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 Small systems: exact conservation of
strangeness (needs canonical
Q- formulation)

* Large systems: approximation by
conservation of strangeness on average:
grand-canonical formulation

IIJl_I
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Enhancment of strange baryons

i ,/’ | * Strangeness enhancement ->,,canonical
/ suppression”
[/ 7 = STAR Praliminary
e A ] VEw=200 GeV
e 2
1 ..'. 1 1 11 IIII| | L 11 IIHI | 111 IIIII Strangeness E:IU :2— -.l'
1 10 100 1000 enhancement as a F| 7 -l
Vo/Vo volume effect! E T &
S. Hamieh, K. Redlich und A. Tounsi, PR e
Phys. Lett. B 486 (2000) 61 .
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* Braun-Munzinger, Stachel, Wetterich
2004: Equlibration of strangeness
through collisions with more than two 5]
particles in the entrance channel ©
(strangeness exchange reactions, e. g.
2r + 3K -> Q);
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* Equilibration of strangeness (in 0 (fm)
particular of multi-strange baryons) is P, Braun-Munzinger, J. Stachel und C.
indirect proof of phase transition. Wetterich, Phys. Lett. B 596 (2004) 61
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* Following the argumentation ,,equilibration of multi-strange
baryons -> QGP“, one would search for the onset of
deconfinement by measuring strange baryon abundances at
lower energies.

— Down to which collision energies does the hadron gas model hold?
 Model fits describe data at lower SPS and at AGS

— But with a limited amount of particle species
— Data on multi-strange baryons are scarce
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HADES result for Xi- at SIS-18 (1.76A
GeV): Xi yield is off by an order of

magnitude from the statistical model.

N.b.: This is deep sub-threshold.
Production through multi-step
processes

AK =21 AA—=Ep EK —=Qn

LVL1 yields
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R. Holzmann, CBM Physics Workshop,

April 2010
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Proposed suitable observables: Feev™ Ficev™
(mt)/{Ny) (K)/(m) inverse slope T
of Kaon p; spectrum
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The Horn: Pb+Pb vs p+p

NA49 Pb+Pb
2000-2005
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NA61/SHINE Collaboration (CERN, SPS)
arXiv:1502.07916 [nucl-ex]




2005 fits, dN/dy data
M ratios

new fits (yields)
O dN/dy
O 4n

—— parametrization
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What about strange anti-baryons?

At large net-baryon density, the production of anti-baryons is heavily suppressed. This is not the
case in a deconfined phase.

pPHSD model: microscopic transport; assumes QGP in fireball regions where a
critical energy is exceeded

For comparison: HSD (purely hadronic)

At top SPS energy: small effect on Xi, huge effect on anti-Xi.
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!ummary

* Strangeness below top-SPS energy is far from being understood.

* ltis still one of the most promising probes to search for the first-
order deconfinement phase transition.

 Many open questions:
— Does thermalisation hold at lower energies?
— Can the ,,horn” be fully understood in terms of the statistical model?
— What happens at maximal net-baryon densities (30A GeV)?
— What are the production mechanisms near or below threshold?

* A systematic measurement of multi-strange hadrons is most
promising to answer those questions
— CBM, BM@N, MPD, NA61, STAR

* Multi-strange anti-baryons are probably even more sensitive
— Extremely rare probe; needs a high-rate experiment (CBM)
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