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Central heawon collisions at SIS18
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High Acceptance fBlectron Spectrometer

Afixed targetc pion/proton/deuteron/nuclei induced collisions on p/A targets
Alarge acceptance full azimuthal and large polar angle acc.
Ahigh rate capabilit A+A up to 16kHp+pup to 40kHz

o
85 HADES UPGRADE

/ Experiments
A 2002¢ 2008 == 1K F_\lR
15°

Light collision systemp<p, d+p, p+Nh Ar+KQOI
| A 2012¢ 2015
Au+Auat+/syy =2.42 GeV 7x10 events (April 2012)
" -induced reactions 1.5x10 events (summer 2014)
A since 2019 as FAIR Ph#&se
Ag+Amaty/Syy = 2.55 GeV 14x10 events (March 2019)
ptpat\/syy = 3.46 GeV 40x10 events (February 2022)

Forward Detector




Observables at baryon dominated hot and
dense matter

ABulk observableg protons (many bound in light nuclepions(N,/N- ~ 10)
AVirtual photons; vector meson spectral function modification
A Strange hadrong subthreshold production effects
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Protonrnumber fluctuations

Phys. Rev. C 102, 024914 (2020)
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p. [GeV/c]

AProton dominated at SIS18 energies | aladadd B
AVery large coverage by HADES 1. — I
ABackground effects eventwise, trackwise g L I

y
A Detection efficiency, phasespace & occupancy dependent
ACentrality selection & Volume fluctuation corrections

N ,
0.08F .
Nuisance effect Relative contribution — - -
. 0.06 su'”“ﬂdﬂ)‘(e -
Event pileup <3 x 107 [ St o e ]
Au+C reactions <2.5 % 1073 004" \t\ ° \*‘; B
PID impurities <1073 i N K3' 1
Knockout reactions <3 x 1073 0.02- \+“\\ N
Hyperon decays <6.5 x 1074 i NGRS
Antiprotons (model fit) ~2 x 1078 Jevt o- IQMD >




Protonrnumber fluctuations

Phys. Rev. C 102, 024914 (2020)

A Protonrnumber cumulants ratios compared for 2 rapidity width and Poisson limit
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Protonrnumber fluctuations

Phys. Rev. C 102, 024914 (2020) & arXiv:2112.0024@+8%]

ACollision energy dependence of C,=¢ 2 -interesting for potential
critical end point search
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Chargegionsc Coulomb effect

arXiv:2202.12750auckex]

A Positive charge of fireball => influence kinetic energy of different charges (long
range effect!)
AFaster particles do not contribute, assuming common freezeof pions

=> ' .
effective pOtentlaI Ve (erf(x) . (z/ﬁ)xe—xz) where x = /(Ex/mz—1)m,/T,

Atg2 O2YUNRAROdzIA2Y A AY RAFFSNBYUGAIFE &AC¢
details INEPJA 56, 259 (2020)
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Chargegionsc Coulomb effect

arXiv:2202.12750f2auckex]
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Heavyion collisions

Nature Phys. 15, 1041045 (2019)

Aeb mostly via RICH detector
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Medium heawvyion collisions

AUpgraded RICH photon detector
(using FAIRZBM technology, ~27000 pixels)

A Efficiency corr. viaingle &
embedding

A Combinatorial background NN ref. measured just very Only minor temperature
A <> =2k sqrt(<++><) recently (Feb22) dependence on centrality
A for M >400MeV/@ mixed => usingsiBUU
event technique

L BE.; L L L L L R B ‘g L F 7 I L L T T I L L L L
G 10° E -’ & sameevente'e E G o Ag+Ag |s,,=2.55 GeV 0-40% . S 107 13 Ag+Ag |f5,,=2.55 GeV 0-40%  _|
% i C ::.===.. ¥ combinatorial background N %‘ 10 HADES work in Erogress 3 S E HADES work in progress E
s 10 Ea" ta,, :A.=::.. I dielectron sigral E S 107 0.1 <Se (GeVic)'<1.2 % C Cocktail + NN sub. ]
< i sailligee, 1 = T g, G ] dam s 5 10°E E
§8 1078 E !!lll:... = §8 - T mmqu‘mmm —— cocktail sum PLUTO i §8 g E
35 = ".:;. R 1 5 A e a dd. NN from GIBUU 3 3 N 7
£ 10°g Tayteen, E £ PR 5 10 =
g E Ag+A -2.55GeV 0-40% Baiiiz, 3 3 Era E = w M2 oxp(- 3
= o H%\DEQS%k in pro;ress "uaii, ] < F Vo U S 3 % c AN/AMee o Mee Xp(-Mee/kT) ]
C 10TE 0i<p (GeVie)'<1.2 '-ﬁi: ; = O 110 e, e, - T xN=14 ]
Z b ow S | E— nE' E 2100 ro7eti2 118 130 408 oy i
:: 107 ? l.?f i é : 10* = L T e ~— E “Vstat ~Csys ~n “ONN E
T R R S R B E I L R A LA EE b Y SR Ll 4’\: 1 A N E N R BN BN B |
0 200 400 600 800 1000 1200 10 120 200 400 600 800 1000 1200 107" 200 300 400 500 600 700 800 900

M. (MeV/c?) M., (MeV/c?)

M. (MeV/c?

—



strange quark number
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Strangeness
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Subthreshold production

A Final state Threshold/Syn

b Y 2.55 GeV
NNKK 2.86 GeV
NN 2.90 GeV

A Measurements
system ./syy[GeV] #events

Au+Au 2.42 7xX10
Ag+Ag 2.55 14x10

A e.g. effects allowing subthreshold
production

A Fermi momentum

A Multistep process (resonance
excitation)

A In medium effect (Wyor Wy
potentials, EOS)
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Charged kaons and phi mesol

AM. Kohls talk on Wednesday 11:10 AM (GBR"‘*002

K" M,-Spectra
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Neutral strange hadrong.

AWeak decay topology

ASelection criteria

optimized with TMVA

framework
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Yields as </¢
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A Strange hadronsyieldswith £ ,_145+006 1 S oo w-16+00s  HADES Preiminary .
M ~ <A = [ ¥NDF=5.90/10 = 0.59 1 = :
=> not reflected hierarchy = | A : K* ]
in production threshold /E/E/ETE/ I ]
(significant difference: I Q@ ]
2.55 vs 2.90 GeV) J04k K2 g i |

A Scaling with absolute f : %20
amount of §s M /E/H/H/

/EM/ o ;
A Quantum percolation ! | i ]
at” dmgpy ”’
[PRD 102, 096017 (2020)]
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Phys. Lett. B 793, 45163 (2019)
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Kaon flow

A No significant difference in flow of charged

and neutral kaons

A Good statistics to constrain models
A Observed differences with selected

transport models

Au+Au |s, =2.42GeV 20-30%

HADES work in progress
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I @RP

Lambda polarization A\

A Global polarization of Lambdas
8 (sin(Vgp — gb;’;)) 2

Py = 7
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A Collision energies at SIS18 are at e B oS AuAr o AGAG
maximum polarization ! — COSSOVrEOS o 2040% O 2040%
L PRC104 L041902 (2021), STAR 20-50% p. €[0.5,6.0] GeV/c y<1

A vanishing at 2 6

A PRC76 024915 (2007)

) ! ] ] ? Au+Au, b=5fm, |y|<1, pTe[0.4,2.0]
A matching prediction from 3Huid- 5— e AMPT model * Naturesas 62 (2017)
. — w ¥ PRC98 014910 (2018)
dyn amics 4= ALICE 15-50% p_ €[0.5,5.0] GeVic |y|<0.5
A Strong centrality dependence = ¢ PRCLOL 044611 (2020)
. = STAR 20-50% p. €[0.7,2.0] GeV/c yd-0.2,1]
A Remarkable ag reement with SE + PRC104 6, L061901 (2021)
UrQMD+ thermal vorticity lf L* |
A Origin of polarization? Not only QGP, = -5 | T i
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Counts / N,

Hypernuclei- 5 H

ASimilar approach as for neutral strange hadrons (decay®Ints & -
AFirst measurement with midapidity coverage
AObserved lifetimg256+ 22 + 36) pscompatible with free
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Counts / Ngois

Hypernuclei- * H

AHigher binding energy and BR (decay fitaS 8 than hypertriton

AObserved lifetimg222+ 8 + 13) pscompatible with other
measurement (significantly lower than free0
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Summary &Outlook

AMany interesting published/upcoming results
AGlobalf polarization
Aetin Ag+Agextracting omega peak
A Strangeness &ypernucleproduction inAg+Ag
AFlow measurements iAu+Au(p/d/t, pionsand kaons)

AFirst real photon measurements Ag+Agwith ECAL

APublications on chargegions[Phys.Rev.€02,024001 (202§, )
and etfrom ™ -+p farXiv:2205.15918 | i KaAr monwd apR§+

vacuum



Thank you for your attention!
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counts

Protonrnumber fluctuations

Phys. Rev. C 102, 024914 (2020)

AProton dominated at SIS18 energies
AVery large coverage by HADES
ABackground effectg eventwise, trackwise
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Nuisance effect Relative contribution
Event pileup <3 x 1073
Au+C reactions <2.5 x 1077
PID impurities <1073
Knockout reactions <3 x 1073
Hyperon decays <6.5 x 107*
Antiprotons (model fit) ~2 x 1078 fevt
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Protonrnumber fluctuations

Phys. Rev. C 102, 024914 (2020)

ADetection efficiency phasespace & occupancy dependent



