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The HADES Physics Program

(Heavy-)lon Collisions Proton / Pion Beam Experiments

* Ar+KCl +/syy = 2.61GeV, 0.9 bil. evts. (2005) * p+Nb+/syy =3.2GeV, 4.2 bil. evts. (2008)
* | Au+Au+/syy = 2.42 GeV, 7.2 bil. evts. (2012) 7 e | m+W / +C / n+PE \/E =1.5GeV
o Ag+Agm — 255/ 2.42 GeV 1.8 billion events (2014)

15.2 billion events (2019) \4 e | p+p+/s =3.5GeV, 41.0 billion events (2022) )
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The HADES Experiment (Heavy-lon Setup)

* Fixed target experimentat  START VETO\\ MDC IV

SIS18 (GSI, Germany) MDC Il

Target

* Magnet spectrometer

 Low mass Mini-Drift- MDC I

Chambers (MDCs)

mMpcl | g 4 \(’ ’ v ™
* Time of flight walls \ "“V'\\ \
RPCand TOF \ ,\‘ "2 K/
* RICH and ECAL for e*/e" ‘? i A / 2 ECAL
and photon identification ) \\\\ q < / / T %%\\ F_\IR
* Forward hodoscope (FW) RICH Magnet TOF HADES

for spectator detection

* Almost full azimuthal angle and polar angles between 18° and 85° covered
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Nuclear Collisions at SIS18/HADES Energies
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Nuclear Collisions at SIS18/HADES Energies

0-10% most central
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Electromagnetic Probes

Reconstructionand analysis of virtualand real photons
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Dilepton Reconstruction Performance

e Significant statistics up to high invariant mass

% . =1000 MeV/c?
 w(782)and $(1020)signals visible
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Poster by Karina Scharmann: Contribution 201
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February 2022: p+p+/s =3.5/2.55 GeV

» Scientific goals p+p /s = 3.5 GeV p+p /s = 2.55 GeV
. < T I < LI L L RN
> Decays of excited o 41 billion events! ez, =456ev s 10°F PP E, 158GV
hyperons Q 009 Ol ”\ 0o
&) p, > 100 MeV/c B &) - % HADES acceptance
~ HADES work in progress ~ —6 2 " work in progress
> Electromagnetic tran- - e ] §810 2 ReES e
sition form factors of 5 5 7'* "
3 1 8 10780 w5
hyperons > " = 5 W* —L—T—q;
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region and above M., (GeVic?) Mee (GeVic?)
> Clear signals for w(782)and ¢(1020) Poster by Karina Scharmann: Contribution 201

04.09.2023 Quark Matter 2023 - Houston - Simon Spies for the HADES collaboration



Dilepton Spectra and Flow from Ag+Ag
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v, becomes 0 at M., > 120 MeV - Dileptons are penetrating probes
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Dilepton Excess Radiation

Au+Au /syn = 2.42 GeV Ag+Ag /Syn = 2.42 GeV Ag+Ag /Syn = 2.55 GeV
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VDM describes excess radiation in heavy-ion reactions properly using coarse graining approach!
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First direct evidence that VDM works for baryons

e Studying Baryon-p coupling - N ge=M_y>0
using Pion-induced reactions “variable
80
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. _,r"{e" E 40
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. . . 20 -
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First direct evidence that VDM works for baryons

— 4 Eb) \ quasi-free
S \
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Collective Phenomena

Flow, Correlations, Fluctuations of (abundant) particles
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« DADES A Fom = 2.4 Gov
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Two-Particle Femtoscopy Correlations

* High precision measurement of correlation PAr°i°”' P';"St;’;‘ S Proton - A
. . g+Ag Ys\y=2.55 GeV 10-30% - Ag+Ag+/Sny = 2.55 GeV 0-30%
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Statistical Hadronization Model

* Production rates of non-strange hadrons reproduced by SHM | " oe |
o RHIC/SPS/AGS
» ldeal hadron resonance gas model sufficient L Dhbee gy
. 200 A HADES (Ar+KCl) ]
. . . HADES (Ag+A
» Feed-down from excited nuclei states needs to be considered é ﬁ LE | *Q; L HADES (Acsau)
. o . ua% * g
* Chemical freeze-out point aligns well with world data 5 100- it 74 MeV |
R
15 _ _ O A. Andronic etal. %
% ' Data (0-10 % Centrality) HADES Preliminary @ A. Andronic etal.
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Strange Hadrons

Reconstruction and analysis of hadrons containing strangeness
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Weak Decay Reconstruction Performance
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| | I T | T
JADES AU+AU, |[s,,, = 2.42 GeV
o=1.45+0.06

. x*/NDF =5.90/10 = 0.59

Pan)

Strange Yields vs. (Ap. ;)

* Production below (at) free NN-threshold
» Missing energy provided by the system

<
E
=

* Centrality dependence compatible with universal
scaling assumption:
Mult &< (A, )¢ with oy .0, =1.451 0.06
» Hierarchy in production thresholds not reflected

» Suggests scaling with primary ss creation

» Hint for quark percolation
K. Fukushima, T. Kojo, W. Weise, PRD 102,096017(2020)

Data: Phys.Lett.B793 (2019) 457-463

1 075 | | | | |
80 90100 200 300 400
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. T | | | I T
Strange Yie |ds vs (A ) o EEBEEPreiiminary  Ag'hs, 5y =255eV -
) Part = | «=148+0.06 ]
= | ¥¥NDF =0.47/9=0.05
* Production below (at) free NN-threshold

,3_ |
» Missing energy provided by the system 10°F N .
* Centrality dependence compatible with universal /ﬂ(ﬂ/
scaling assumption: i T
Mult &< (A, )¢ with oy .0, =1.451 0.06 i K3 |

» Hierarchy in production thresholds not reflected - K-
» Suggests scaling with primary ss creation 104k _
» Hint for quark percolation
K. Fukushima, T. Kojo, W. Weise, PRD 102,096017(2020) i ]
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Reconstruction of 2° Hyperons

* 39 Hyperons measured via their two-step electro-weak M HADES (p+p) g :’;‘EE(S “;)Nb’
. . p+be
decay chain:Z3° > A+y > p+m +y 102 ¥ This work (Ag+Ag) I cosy1 (pep)
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Reconstruction of double-strange =~ Hyperons

=" Hyperons measured
via their double-weak
decay chain:
oM+t opt+tn e 2

HADES Preliminary

Ag+Ag ys,, = 2.55 GeV
0 - 25% most central

HADIES Preliminary

Ag+Ag ys, = 2.55 GeV
0 - 25% most central
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* First measurement of double-strange =~ Hyperons in few GeV heavy-ion collisions

* Outlook: Improved reconstruction efficiencies using KFParticle package
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Hypernuclei

Reconstructionand analysis of Hypernuclei
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Hypernuclei Lifetime Measurements

& 6 HADIES Preliminary
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AH lifetime of (251 £ 21, + 30,,) ps compatible with
free A lifetime and earlier measurements measured

AH lifetime of (216 + 7, + 10,) ps measured
» 4.85c deviation to free A lifetime

Interaction cross-section within first 40cm of
HADES detector material < 0.5%
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Outlook: HADES and CBM @ SIS100

>

85°

transverse to beam

in beam

e HADES and CBM will be
operated at the SIS100

% \ Talk by Claudia Hohne
* Angular coverage of both %é\ Wednesday

detectors complementary HADES LUl 202 200
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Outlook: HADES and CBM @ SIS100

Investigation of the QCD phase-diagram https://github.com/tgalatyuk/interaction_rate_facilities

. . '_|1 08 E T T T ‘ T T T T T T T ‘ T =
- N = =
in the 2.7-4.9 GeV energy regime FE R Heavy ion collisions
. . Q 107 = £ J-PAEE-.I;I*-‘-**"V E
* Interaction rates of up to 10 MHz with CBM ® E: -
using free streaming data collection 5 10° = RN e =
> Rare probes can be studied in detail BypsL I ALCES@LHC e
hud Eéﬁ“f\%i‘ O——-4O ALICE@LHC — — = =
CD — sF’HENIX_@Iﬂ% —
 Di-electron and di-muon setup available S0t e e E
103 ;— STAR FXT RS STAR@RHIC * —;
* Micro-Vertex-Detector / Tracker - Ff( ¢ -
> Reconstruction of further particles possible 10°E " R
e.g. Zi' Di' etc. 10 ;7 | | 1 1 | ‘ 1 | 1 1 I | ‘ 1 % é

1 2 34567 10 20 30 100 200
* CBM physics program: Collision energy s, [GeV
Lect.Notes Phys. 814 (2011) pp.1-980 Ualslery Claneli Woline W (S (EEY]

Wednesday 06.09.2023 12:00
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Summary

FAIR

04.09.2023

HADES detector is upgraded with FAIR technology
(ECAL, RICH, iTOF, STS1,2 and fRPC)

High statistics in dilepton invariant mass spectrum
» &(1020)signal visible in heavy-ion collisions

First direct evidence that VDM works for baryons

Detailed analyses of Protons, Light Nuclei and Pions
» Multi-differential flow measurement up tov,

> p+p, p+A, A+A, p+A, y+y Femtoscopy measurements
Universal strangeness scaling holds in Ag+Ag

3H and {H lifetime compatible to previous measurements
» 4.85c deviation of #H lifetime to free A
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The HADES _Col\abor_ation
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Coulomb Potential

All Plots: Ag+Ag \/Syn = 2.55 GeV
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Pions down to p,,, = 60 MeV/c

* Coulomb potential V. and effective charge radius r extracted from nt* and nt” transverse momentum spectra

e V.((Ap,)) well described by Vo< (Ap,1)% ress in peripheral events error-prone due to spectator contributions
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