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Baryon dominated matter at HADES

Early Universe
QCD Lagrangian on lattice Effective Lagrangians
QGP
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Hadron Gas
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Data collection: ML, HS. 2023 \"“SNN (GGV)

Baryon dominated system,
large amount of bound nucleons.



Baryon dominated matter at HADES

Central Au+Au Jsyy=2.4 GeV

Early Universe
QCD Lagrangian or

e all Baryons

® free Baryons

Nature Phys. 15 (2019) 10, 1040-1045

10 102 J)s Hadron Gas
Data collection: ML, HS. 2023 \"“SNN (GeV) .
PB
Baryon dominated system, Created matter has similar properties in merging neutron stars.

large amount of bound nucleons.

Clear hierarchy in hadron yields: This talk, focuses on:

P ~ 100, Poouna~ 50, ~ 10, cent. Au+Au 1. p, light nuclei and 1 to characterize bulk properties

K*~ 1072, K =10 2. strangeness as rare probe
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2012: Au+Au @ syy=2.42 GeV, 7 x 107 evts.
2019: Ag+Ag @ syy = 2.55 GeV, 14 x 107 evts.
2024: Au+Au @ sy, =2.24 GeV, 2x 107 evts.

C+C 3 x 107 evts.

BES with 0.6, 0.4 and 0.2 A GeV beam planned for 2025.
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Improved spill shape due to active
regulation of knock-out of SIS18.




Performance
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Bulk Properties




HBT Radii and B, paramter

m; = 260 MeV
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HADES HBT data suggest rather smooth
trend from high to low energies.
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Phys.Lett.B 795 (2019) 446-451, Eur.Phys.J.A 56 (2020) 5, 140



HBT Radii and B, paramter
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Parametrisation with HADES EOS Au+Au
E878 Au+Au p/A =0

Parametrisation wo HADES E877 Au+Au p/A = const.
E864 Au+Pt(Pb) p /A < 200 MeV
NA49 Pb+Pb pt/AéO
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Smooth trend supported by extracted B, parameter

Data collection: P. Braun-Munzinger, B. Donigus, Nucl.Phys.A 987 (2019) 144-201




 yields in the few GeV regime

FOPI (Reisdorf et al.) e FOPI

® HADES

Au+Au 1.23 A GeV
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Discrepancy between HADES and Very similar shape of spectra.
FOPI data (factor = 1.35).

Eur.Phys.J.A 56 (2020) 259, private communication W.Reisdorf
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 yields in the few GeV regime

Centrality determination Higher order effects in eff. correction

HABES Froiminary o g +  §-electron emitted if beam ions traverse target

i e
Au+Au Sim VSn = 242 GeV —@— SMASH (AccxEff META)

0 10% Goriralty «  SIS18 beam exhibited significant intensity
jumps within milliseconds

«  J-electrons reduce the performance of the
inner tracking by occupying detector cells

— use measured intensity on start detector to
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* Investigation of correlation between Hits in ToF- \

detectors and reconstructed tracks \ /
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« Testing different variants of centrality selections for
models: sharp impact parameter, various versions of . |
sampling the amount of hits, tracks etc. — adjust §-electron event-by-event

— No significant change in selection of in simulation

0-10% most active events 12



Influence of Coulombpotential on extrapolation procedure in m;
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Take Coulomb interaction via potential into account.
Difference due to extrapolated in m,: 3% for m- and 8% for n* in case of HADES.
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Eur.Phys.J.A 58 (2022) 9, 166



T —diStribUtiOnS * Defined by Boltzmann-slopes T; and To.
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Strangeness
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Phys.Lett.B 793 (2019) 457-463
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ypernuclei Signal Simon Spies 05 Juni 2024 11:20 Room Londres 1

HADES Preliminary
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HADES Preliminary Ry

Deuterons Ag+Ag |s,,=2.55 GeV
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Hypernuclei Decay Curves
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3H lifetime in agreement with free A, %H significantly lower.
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Sub-threshold Strangeness Production in Au+Au @ ./syy= 2.4 GeV

Complete set of strange hadrons produced below NN-threshold: NN->NYK*: . /syn= 2.55 GeV

Phys.Lett. B793 (2019) 457-463

NN->NNK*K= sy = 2.86 GeV

a=145+0.06
x?/NDF =5.90/10 =0.59

- unique observable:

Energy must be provided from the system.

Strange particle yields rise stronger than linear with

<Apgar> (M ~ <A, >9)

Universal <A,,.> dependence
of strangeness production

- Hierarchy in production threshold not reflected.
Scaling with absolute amount of strangeness,
not with individual hadron states.

19




Sub-threshold Strangeness Production in Ag+Ag @ ./syn=2.55 GeV

Complete set of strange hadrons produced below (at) NN-thresholddN->NYK*: . /syn= 2.55 GeV
’ NN->NNKK= Jsyy = 2.86 GeV
a=1.46 = 0.03 HADIES Preliminar
x?NDF =11.41/9=1.27 A g - unique observable:

Energy must be provided from the system.

Strange particle yields rise stronger than linear with

<Apgar> (M ~ <A, >9)

Universal <A,,.> dependence
of strangeness production

- Hierarchy in production threshold not reflected.
0=273+0.18 Scaling with absolute amount of strangeness,
x*/NDF =0.60/3 = 0.20 not with individual hadron states.

Zl
60 70 80 90100 Q Hypernuclei yields scale stronger with centrality.
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Excitation functions: Energy
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Shift of Hyperhydrogen maximum due to excited ;H states, which are not yet included in the HRG.

Phys. Lett. B, 754:360372, (2016)., Phys. Rev. Lett.,128(20):202301, (2022)., Phys. Lett. B, 697:203207, (2011).
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The ratios can not be described simultaneously with same value for R, for the given T-pg parameterization.
Similar observation as STAR in Phys.Lett.B 831 (2022) 137152.
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Summary .

Smooth trend suggest by HBT measurement supported by extracted B, parameter

Investigations on higher order eff. corrections and Coulomb potential on  yield

HADES Preliminary

Bell-like dN/dy distribution of Hypernuclei. Al

2H 0-25% Centrality

3H lifetime in agreement with free 4, 1H significantly lower.

Hints for importance of decays from short lived- 1H states. e

— Free A-t=263ps

Stronger A, scaling compared to other strange hadrons. o

HADES Preliminary

The ¢/K-and ¢ /=-ratios can not be described simultaneously with R_ value ' ey
- THERMUS R; = 4.2 fm
THERMUS R; = 6.2 fm
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Sub-threshold Strangeness Production in Ag+Ag @ ./syn=2.55 GeV

Complete set of strange hadrons produced below (at) NN-thresholddN->NYK*: . /syn= 2.55 GeV

Phys.Lett. B793 (2019) 457-463

HADBES Preliminary
o.=1.48 +0.06
x?/NDF = 0.47/9 = 0.05

60 70 80 90100

NN->NNKK= Jsyy = 2.86 GeV
Ag+Ag, \syy = 2.55 GeV
- unique observable:

Energy must be provided from the system.

Strange particle yields rise stronger than linear with

<Apgar> (M ~ <A, >9)

Universal <A,,.> dependence
of strangeness production

- Hierarchy in production threshold not reflected.
Scaling with absolute amount of strangeness,
not with individual hadron states.
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¢-AntiKaon Interplay in HIC 2
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Increased in HIC at low /syy: - No indication from K- spectrum for sequential
> 25% of K- result from @ decays! K*K- freeze-out if corrected for feed-down.

Phys.Lett. B778 (2018) 403-407

28



Open symbols are reflected
» STARFXT ys,, = 4.5 GeV
m EB895 |5, =43 GeV

® E917 (s, =4.3 GeV

D. Cebra, INT Workshop 22-84W: Dense Nuclear Matter Equation of State 2022
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|dentical 7 Intensity Interferometry
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Rca =(8.0 +/-0.5 ) fm
i = (3.61 +/- 0.09) fm
a = 0.41 +/-0.07 14, :=0.0
i (7.5 +/-0.9) MeV [T, =120 MeV]
e = (17.0 +/- 3.5) MeV
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P, ., [MeV /c]

VS [GEVI

4O+ OO %

ALICE mr+n'n*

Indications for charge-sign A
. . 3
differences reported previously: o [GeV]w HADES data suggest rather smooth

E866 R. A. Soltz, M. Baker, J. H. Lee, Nucl. Phys. A 661, 439¢ (1999) trend from high energies—> room for
E877 D. Miskowiec et al., Nucl. Phys. A590, 473c (1995) structures?
NA44 |.G. Bearden et al., Nucl. Phys. A638, 103c (1998)

First time observation of substantial differences! How does the trend continue at lower energy?

Phys.Lett.B 795 (2019) 446-451 30
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Sensitivity to EOS

UrQMD prediction: P. Hillmann et al. J.Phys. G45 (2018) no.8, 085101




EM Formfactors of Baryonic Resonances

pion cloud
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Good agreement with model of Ramahlo & Pena
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Consequences for the created system?

[fm_l] ' ' '
' |)t11‘y0121 (lonsity} N. Kaiser.
2 4mr” pp(r) U.-G. MeiBner,
W.W,
p Nucl. Phys.
» -~ Lo B A4eeu(c|987y)sess
~ compact . ";’f’:z(p‘;'(lf_; ¥
baryonic core E — ' _ N——
:ij:1‘2:]:r }13/2 ~ 0.5 fm bal’)’OI‘lIC
Vo i
core
L L JM ] .
0 02 04 06 08 I"1.0 1.2 r [fm]
i
|
mesonic cloud ...treated properly .
12\ 1/2 - . pp =0.15 fm ™3
\1 I fscnis =108 HO in Chiral EFT

Can we connect this to an observable?

Figures from W. Weise




