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Experimental Access to Medium Effects
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Cold nuclear matter:
The easiest way to distort the QCD vacuum, 
controlled conditions (static medium).

Heavy-ion collisions: 
Larger effects compared compared to cold matter.

“Observed hadron masses are nature's 
compromise between distortion of the 
vacuum and localization!” F. Wilczek

à Change vacuum, change hadron properties!



HADES at GSI/FAIR in Darmstadt, Germany

©Hosan

November 2021

Future HADES 
and CBM

Current
HADES
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Fast detector: 16 kHz Ag+Ag, 50 kHz p+p
Large acceptance: full azimuthal and 
polar angle coverage of Θ = 18° – 85°
Hadron PID: β, dE/dx
additional PID for leptons: RICH, SHOWER

HADES: Setup and Performance
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pions



HADES: Setup and Performance
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ΛK0s

Fast detector: 16 kHz Ag+Ag, 50 kHz p+p
Large acceptance: full azimuthal and 
polar angle coverage of Θ = 18° – 85°
Hadron PID: β, dE/dx
additional PID for leptons: RICH, SHOWER



Data and Observable
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Au+Au @√sNN=2.4 GeV
4.0x109 events collected in 2012

Ag+Ag @√sNN=2.55 GeV 
1.4x1010 events collected in 2019

𝝿- + C @ p𝝿- = 1.7 GeV/c
1.3x108 events collected in 2014

𝝿- + W @ p𝝿- = 1.7 GeV/c
1.7x108 events collected in 2014

and phase space distributions

direct line shape modifications à see Tetyana’s talk 

Production yields and phase space distributions.
Steep excitation function, sensitive to conditions 
reached (strange hadrons).
Important to compare also various hadrons relatively to 
each other.

Partial decay branch might be suppressed 
by collisional broadening:

→ nuclear suppression sensitive to in-medium width
(indirect measurement) à see also Volker’s talk

Heavy-Ion Collisions

Cold Nuclear Matter



Part 1: Heavy-ion Collisions at HADES
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Baryon dominated system

M. Hanauske, J.Phys.: Conf. Series878 012031 (2017) 
L. Rezzolla et. al. PRL 122, n0.6, 061101 (2019)

T < 70 MeV, 
ρ≈3ρ0

Merging Neutron Stars

Central Au+Au √sNN=2.4 GeV

N
ature Phys.15 (2019) 10, 1040-1045



(Sub)-Threshold Strangeness Production NNàNYK+ √sNN= 2.55 GeV
NNàNNK+K- √sNN= 2.86 GeV
NNàNN𝜙 √sNN= 2.9 GeV

Manuel Lorenz |       Reimei Workshop “Hadrons in dense matter at J-PARC”
K

aoS: Phys.Rev. C
75 (2007) 024906

Ph
ys

.L
et

t.
 B

77
8 

(2
01

8)
 4

03
-4

07

K+ yield 2 orders of magnitude 
higher than K- and 𝝫 yields

Lower inverse slope parameter of K-

compared to K+
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K+ yield 2 orders of magnitude 
higher than K- and 𝝫 yields

Lower inverse slope parameter of K-

compared to K+

T=104±1 MeV

T=84±6 MeV

T=108±4 MeV

“”

“Later freeze-out of 
K- compared to K+,  
due to coupling to 
baryons and 
strangeness 
exchange reactions.”

Still true if 𝝫 is taken 
into account?
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Φ-AntiKaon Interplay in HIC 
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à No indication for sequential K+K- freeze-out from K- spectrum  if corrected for feed-down.

Phys.Lett. B
778 (2018) 403-407

84 MeV

104 MeV

“cold” K- from φ

Increased in HIC at low √sNN:
à 25% of K- result from Φ decays!

Φ feed-down can explain lower inverse slope parameter of K-

spectrum (Teff = 84 ± 6 MeV) in comparison to the one of K+            

(Teff = 104 ± 1 MeV) 
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à No indication for sequential K+K- freeze-out from K- spectrum if corrected for feed-down.

Phys.Lett. B
778 (2018) 403-407

“hot” K- similar as K+

“cold” K- from φ

Increased in HIC at low √sNN:
à 25% of K- result from Φ decays!

Φ feed-down can explain lower inverse slope parameter of K-

spectrum (Teff = 84 ± 6 MeV) in comparison to the one of K+            

(Teff = 104 ± 1 MeV) 
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Centrality Dependence in Au+Au @ √sNN=2.4 GeV
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Complete set of strange hadrons produced below NN-threshold:

à unique observable:

Strange particle yields rise stronger than linear with

<Apart> (M ~ <Apart>α) 

à Hierarchy in production threshold 
not reflected in scaling

Scaling with absolute amount of ssbar, not with individual 
hadron states.

Universal <Apart>  dependence of strangeness production 
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Energy must be provided by the system.

NNàNYK+ √sNN= 2.55 GeV
NNàNNK+K- √sNN= 2.86 GeV
NNàNN𝜙 √sNN= 2.9 GeV



Centrality Dependence in Au+Au @ √sNN=2.4 GeV
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Complete set of strange hadrons produced below NN-threshold:

à unique observable:

Strange particle yields rise stronger than linear with

<Apart> (M ~ <Apart>α) 

à Hierarchy in production threshold 
not reflected in scaling

Scaling with absolute amount of ssbar, not with individual 
hadron states.

Universal <Apart>  dependence of strangeness production 
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Centrality Dependence in Ag+Ag @ √sNN=2.55 GeV
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Complete set of strange hadrons produced at or below NN-threshold:

à unique observable:

Strange particle yields rise stronger than linear with

<Apart> (M ~ <Apart>α) 

à Hierarchy in production threshold 
not reflected in scaling

Scaling with absolute amount of ssbar, not with individual 
hadron states.

Universal <Apart>  dependence of strangeness production 
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𝞥/𝞝- the yield excitation function in HICs
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STAR data and model curves: https://arxiv.org/abs/2108.00924



Part 2:  Pion Induced Reactions in Cold Nuclear Matter
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Effects mainly at small momenta 
à Advantage of pion induced compared to p induced reactions

𝝿- + C @ p𝝿- = 1.7 GeV/c
1.3x108 events collected in 2014

𝝿- + W @ p𝝿- = 1.7 GeV/c
1.7x108 events collected in 2014



Charged Kaons in Cold Nuclear Matter
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Phys.Rev.Lett. 123 (2019) 2, 022002



K- production relative to K+
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not possible for K+

K- -baryon coupling

à Suppression of K- relative to K+

Phys.Rev.Lett.123 (2019) 2, 022002



𝞥 production relative to K-
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à Similar 
suppression for 
ϕ like for K-

à see Volker’s talk
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Summary

Manuel Lorenz |       Reimei Workshop “Hadrons in dense matter at J-PARC”

Part 1: Heavy-ion Collisions 

𝞥 yield increases relative to K- with decreasing √sNN.

Universal <Apart>  dependence of strangeness production.

No indication for sequential K+K- freeze-out from K-

spectrum if corrected for feed-down.

Part 2: Pion Induced Reactions in Cold Nuclear Matter

K- are suppressed relative to K+.
Similar suppression as for 𝞥 mesons as for K-.

Thank you!



Proposals for beam time at SIS18: 2021 - 2025
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Running  now

Λ

K0s



The Team

QCD on lattice Effective QCD

ρ0

ρ0

©Hosan



Back Up
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Kaons and antikaons show different slopes

KaoS: Phys.Rev. C75 (2007) 024906

(Sub-threshold) Strangeess Production


