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Sasang metro station



Central heavy-ion collisions at SIS18

HADES

ÅHigh B˃ and moderate T
ÅSystem under study:
ÅFree nucleons ~ 200
ÅBound nucleons ~ 100
ÅPions ~ 50
ÅK+ ~ 10-2

ÅK- ~ 10-4

Nature Phys. 15, 1040-1045 (2019)



Link to astrophysical observations

Merging
Neutron Stars

UrQMDAu+Au
ҞsNN =2.4 GeV

Nature Phys. 15, 1040-1045 (2019)



High Acceptance Di-Electron Spectrometer

Åfixed target ςpion/proton/deuteron/nuclei induced collisions on p/A targets

Ålarge acceptance ςfull azimuthal and large polar angle acc.

Åhigh rate capability ςA+A up to 16kHz, p+pup to 40kHz

Experiments
Å 2002 ς2008

Light collision systems (p+p, d+p, p+Nb, Ar+KCl)
Å 2012 ς2015

Au+Auat = 2.42 GeV 7x109 events (April 2012)
-̄induced reactions 1.5x109 events (summer 2014)

Å since 2019 as FAIR Phase-0
Ag+Agat = 2.55 GeV 14x109 events (March 2019)
p+pat = 3.46 GeV 40x109 events (February 2022)



Observables at baryon dominated hot and 
dense matter
ÅBulk observables ςprotons (many bound in light nuclei), pions(Np/Nˉ~ 10)

ÅVirtual photons ςvector meson spectral function modification

ÅStrange hadrons ςsubthreshold production effects

Ag+Agat = 2.55 GeV



Bulk



Proton-number fluctuations
Phys. Rev. C 102, 024914 (2020)

ÅProton dominated at SIS18 energies

ÅVery large coverage by HADES

ÅBackground effects ςevent-wise, track-wise

ÅDetection efficiency ςphase-space & occupancy dependent

ÅCentrality selection & Volume fluctuation corrections



Proton-number fluctuations
Phys. Rev. C 102, 024914 (2020)

ÅProton-number cumulants ratios compared for 2 rapidity width and Poisson limit

Ån-particle correlators fitted with power-law Cn(N)=C0N shuggest a dominant long-
ǊŀƴƎŜ ŎƻǊǊŜƭŀǘƛƻƴǎ όʰϤƴύ

ɲȅ= 0.1, 0.2, .., 0.5



Proton-number fluctuations
Phys. Rev. C 102, 024914 (2020) & arXiv:2112.00240v3 [nucl-ex]

ÅCollision energy dependence of C4/C2 =ˁ2̀ - interesting for potential 
critical end point search



Charged pionsςCoulomb effect
arXiv:2202.12750v2[nucl-ex]

ÅPositive charge of fireball => influence kinetic energy of different charges (long 
range effect!)

ÅFaster particles do not contribute, assuming common freeze-out of pions
=> effective potential

Å¢ǿƻ ŎƻƴǘǊƛōǳǘƛƻƴǎ ƛƴ ŘƛŦŦŜǊŜƴǘƛŀƭ ȅƛŜƭŘ όɲ ŘŜŎŀȅ ǾǎΦ ǘƘŜǊƳŀƭκōǊƻŀŘ ǊŜǎƻƴŀƴŎŜǎΣ 
details in EPJA 56, 259 (2020))

where

NEW term



Charged pionsςCoulomb effect
arXiv:2202.12750v2[nucl-ex]

ÅCentrality 
dependence for 
mid-rapidity region 
(| yc.m.| < 0.05)

ÅRapidity 
dependence for 
central collisions 
(0-10%)

spectator 
contribution?

Open symbols w/oCoulomb

ÅEnergy dependence



Virtual photons



Heavy-ion collisions
Nature Phys. 15, 1040-1045 (2019)

Åeҕmostly via RICH detector
(original photon detector ~ 5000 pads)

dN/dMeeᶿ
(Mee)3/2 ŜȄǇόҍMee/T)

subtract measured 
NN ref.
andsimulated
,́ c̟ontributions



Medium heavy-ion collisions

ÅUpgraded RICH photon detector
(using FAIR-CBM technology, ~27000 pixels)

NN ref. measured just very 
recently (Feb22)
=> using GiBUU

Å Efficiency corr. viasingle eҕ

embedding
Å Combinatorial background
Å <+-> = 2k sqrt(<++><-->)
Å for Mee>400MeV/c2 mixed-

event technique

Only minor temperature 
dependence on centrality



Strangeness



Subthreshold production

Å Final state Threshold
bYɽ 2.55 GeV
NNKK 2.86 GeV
NN 2.90 GeV

ÅMeasurements
system [GeV] #events
Au+Au 2.42 7x109

Ag+Ag 2.55 14x109

Å e.g. effects allowing subthreshold 
production
Å Fermi momentum
ÅMultistep process (resonance 

excitation)
Å In medium effect (VKNor VYN

potentials, EOS)



Charged kaons and phi meson

ÅM. Kohls talk on Wednesday 11:10 AM (GBR2)



Neutral strange hadrons

ÅWeak decay topology

ÅSelection criteria 
optimized with TMVA 
framework



Yields as <Apart>

Å Strange hadrons yields with 
M ~<Apart>

ʰ

=> not reflected hierarchy 
in production threshold
(significant difference: 
2.55 vs 2.90 GeV)

Å Scaling with absolute 
amount of ss

Å Quantum percolation 
atˊϤмΦуˊ0

[PRD 102, 096017 (2020)]

Phys. Lett. B 793, 457-463 (2019)



Kaon flow
ÅNo significant difference in flow of charged 

and neutral kaons
ÅGood statistics to constrain models
ÅObserved differences with selected 

transport models

K+K+



Lambda polarization

ÅGlobal polarization of Lambdas

ÅCollision energies at SIS18 are at 
maximum polarization
Åvanishing at 2mN
Åmatching prediction from 3D-fluid-

dynamics
ÅStrong centrality dependence
ÅRemarkable agreement with 

UrQMD+ thermal vorticity
ÅOrigin of polarization? Not only QGP, 

baryon-dominated hadronic matter as 
well



Hypernuclei- 3
ɽH

ÅSimilar approach as for neutral strange hadrons (decay into 3IŜҌˉ-)

ÅFirst measurement with mid-rapidity coverage

ÅObserved lifetime(256 ± 22 ± 36) pscompatible with freeɽ



Hypernuclei- 4
ɽH

ÅHigher binding energy and BR (decay into 4IŜҌˉ-) than hypertriton

ÅObserved lifetime(222 ± 8 ± 13) pscompatible with other 
measurement (significantly lower than freeɽύ



Summary &Outlook

ÅMany interesting published/upcoming results
ÅGlobalɽpolarization

Åe± in Ag+Agextracting omega peak

ÅStrangeness & Hypernucleiproduction inAg+Ag

ÅFlow measurements in Au+Au(p/d/t, pionsand kaons)

ÅFirst real photon measurements in Ag+Agwith ECAL

ÅPublications on charged pions[Phys.Rev.C102,024001 (2020)],
and e± from -̄+p [arXiv:2205.15914ϐ ŀǘ ҞǎҐмΦпф DŜ± ҐҔˊ ƳŜǎƻƴ ƛƴ 
vacuum



Thank you for your attention!
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Proton-number fluctuations
Phys. Rev. C 102, 024914 (2020)

ÅProton dominated at SIS18 energies

ÅVery large coverage by HADES

ÅBackground effects ςevent-wise, track-wise
Raw multiplicities



Proton-number fluctuations
Phys. Rev. C 102, 024914 (2020)

ÅDetection efficiency ςphase-space & occupancy dependent


