
Review of strangeness physics programme at 
HADES – past and future perspectives

HYP2022
June 29, 2028

Rafał Lalik
Jagiellonian University, Kraków



2 

Strangeness Production
(in pp, πA and HIC)

Hyperon Structure
(Λ(1405), Hyperon eFF)

Hyperon-nucleon interactions
(via correlation functions)

Hyperon polarization
(from pp to AA)

Hypernucleai
© Clara 
Schuster

Mesons interactions
(K/φ absorption,

KN potential)

See L. Tolos’s talk

HADES Strangeness Physics Programme

See S. Spies’s talk
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HADES at FAIR PHASE-0
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 STS/FRPC
 Instruments the field-free forward hemisphere
 Straw Tube Stations (STS) compatible with

Phase-1 PANDA STT and FT
 Boost physics capability for hyperon e/m 

transition FFs

 InnerTOF improves triggering efficiency and purity

STS1

STS2 fRPCInnerTOF

HADES Forward Detector upgrade
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 G-PAC 44: HADES III
 Production and decay of hyperons, and inclusive hadron and dilepton production in p+p reaction at 

4.5 GeV
1) Hyperon electromagnetic decays Y→Λγ∗ and Y→Λγ
2) Hyperon hadronic decays
3) Production of double (Ξ− , ΛΛ) and hidden strangeness (φ)
4) Inclusive hadron and dilepton production as a reference for p+A and heavy-ion data

Feb22 beam time – p+p@4.5 GeV beam energy

FEB22 experiment from February 2022

p+p @ 4.5 beam energy
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Strangeness production
Hyperon production
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HADES, Phys. Rev. C 95, 
015207 (2017)(Mainly) data driven model

based on exclusive
measurements in HADES

Measurements of Λ in p+p@3.5 GeV
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Phys. Lett. B 785, 574-580 (2018)

 Combined PWA analysis of COSY-TOF, DISTO, FOPI and HADES data
 Contribution of seven N* resonances to pK+Λ

 90% of pKΛ goes via resonances (at HADES energy)

p+p: 2.14 to 3.5 GeV, fixed target

Resonant production of hyperons in p+p
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Preliminary

p+p@3.5 GeV
data

p+Nb@3.5 GeV
data

Phys. Lett. B 781, 735-740 (2018)

Preliminary

Preliminary

See W. Esmail talk’s on Wednesday

Σ0 production
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p+p@3.5 GeV
data Λ(1520) in pp and pNb

p+p@3.5 GeV
p+Nb@3.5 GeV

data

p+p@3.5 GeV (scaled)
p+Nb@3.5 GeV

HADES Preliminary

σ pp→Σ(1385)+ pK +=22.27±0.89±1.56− 2.10
+ 3.07 µb

Λ(1405), Λ(1520) Σ(1385)

Heavier hyperons production
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Ar+KCl  p+Nb  

HADES, PRL 114 (2015) 212301 HADES, PRL 103 (2009) 132301

Ag+Ag  

Multi-strange baryons - historically a signature for QGP
An impressive set of data, however data below AGS energies are missing for less abundant particles (Ξ,Ω)!

Ξ- (far below NN production threshold) is observed by HADES

√sNN=3.2GeV √sNN=2.6GeV √sNN=2.55GeV

Work in progress

Ξ- hyperon



12 

Observations:
Double strange hyperon multiplicity above 
expectation of Statistical Hadronization 
Model (SHM)
o Not in equilibrium?
o Role of YY interaction, high mass 

baryonic resonances?

HADES p+Nb 3.5

HADES Ar+KCl 1.76

HADES, PRL 103 (2009) 132301
RVUU: F. Li et al., PRC 85 (2012) 064902
UrQMD: J. Steinheimer et al., J.Phys. G43 (2016) 015104
ART: C.M. Ko et al., PLB595 (2004) 158-164

Observations:

Does UrQMD microscopic transport models Ξ- 
dominant role of high mass baryonic resonances?

Spectroscopy of N*→Ξ+K+K is badly needed

p+p@4.5 GeV
sim

Ξ- hyperon, model comparison
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Hyperon structure
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 Σπ decays of Λ(1405) are sensitive tests of its structure (Σπ/KN poles)
 Line shape of Λ(1405):

 Σ-π (pp beams [HADES, ANKE])
 K-N (K beams [LEPS] and electro-production [CLAS])

 Λ(1405) measured in HADES in p+p@3.5 GeV via Σ±π∓, but Σ±π∓ are also allowed for Σ(1385)+ → 
overlap of mass peaks

 HADES ECAL allows to measure Λ(1405) via Σ0π0 →pπ−3γ, which is not allowed for Σ(1385)0

 Previous pp data suffered from low statistics, HADES can improve statistical precision by two orders 
of magnitude

p+p@3.5 GeV
data

Λ(1405) structure
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p+p@3.5 GeV
p+Nb@3.5 GeV

data

p+p@3.5 GeV (scaled)
p+Nb@3.5 GeV

Phys. Rev. C 73, 045213 (2006)
 is Λ(1520) a Σ(1385)π molecule?
 studies of in-medium modifications of Λ(1520)

HADES Preliminary

Cold matter effects on Λ(1520)
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 eTFF are sensitive probes oh hyperon internal structure
 Measurements of eTFF

 Space-like region |Q2|>0 is inaccessible for excited hyperons 
(as target or beam)

 Time-like high |Q2| is probed by electron-positron annihilation 
(BaBar, CLEO_C, BESIII)

 Time-like low |Q2| available via Dalitz decays in HADES

Hyperons electromagnetic decays Y→Λγ* and Y→Λγ
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Phys. Rev. C 95, 065205 (2017)

p+p@3.5 GeV
data

Hyperons electromagnetic decays Y→Λγ* and Y→Λγ

Phys. Rev. D 102, 054016 (2020)

 Comparison of strange and non-strange baryons: i.e. 
Δ(1232)→ Ne+e- with Σ(1385)0→Λe+e- (flavor 
symmetry partner of Δ in SU(3))



18 

Complementary HADES results for 
Λ(1520)→Λπ+π- from p+p@3.5 GeV

p+p@4.5 GeV
sim

Hyperons electromagnetic decays Y→Λγ* and Y→Λγ
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Hyperon-nucleon interactions
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 EOS and “neutron star” puzzle
 purely nucleonic neutron star agrees with measurements
 strangeness softens EOS
 repulsive core of ΛN interaction is crucial for description

ΛN interactions
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Λp interaction studied (for the first time) via femtoscopy

Access the region of very low relative hyperon-nucleon 
momentum (k < 50 MeV/c)

Source size uncertain
 
ΛN, ΞN further studies in high statistic p+p and p+Ag in 2022+

p+Nb  

EFT NLO LO

√sNN=3.2GeV

HADES, PRC 94 (2016) 025201
J. Haidenbauer et al., NPA915 (2013) 24

Phys. Rev. C 99, 024001 (2019)

p+p@4.5 GeV
sim

ΛΛ interactions

ΛN interactions
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Hyperon polarization
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HADES, Eur.Phys.J.A 50 (2014) 81

F. Kornas et al., HADES, Springer 
Proc.Phys. 250 (2020) 435-439

p+Nb  

Negative values of the polarization in the order 
of 5 − 20% over the entire phase space 

non-central heavy-ion collisions 
      large orbital angular momenta 
            vortical structure of the system?

global spin polarization of the particles

Ag+Ag  

    still shows the increasing trend from 
7.7 GeV down to 2.4 GeV 

√sNN=3.2GeV

PΛ

√sNN=2.55GeV
Λ polarization
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 G-PAC 44: HADES III
 Production and decay of hyperons, and 

inclusive hadron and dilepton production in 
p+p reaction at 4.5 GeV
1) Hyperon electromagnetic decays Y→Λγ  ∗

and Y→Λγ
2) Hyperon hadronic decays
3) Production of double (Ξ− , ΛΛ) and hidden 

strangeness (φ)
4) Inclusive hadron and dilepton production

as a reference for p+A and heavy-ion data
Eur. Phys. J. A (2021) 57:138

Feb22 beam time – p+p@4.5 GeV beam energy
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