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➝ Subthreshold strangeness production?

Strangeness exchange:
*)% → $(

(mediated by resonances)

Feed-down processes:
+ → ) *)

Absorption processes:
+% → $%

(OZI violation)

Re-scattering with Nucleons:
)%, *)%, YN, . .

➝ Resonance interplay: interference

➝ Resonance interplay: interference



Universal Strangeness Production
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Au+A
u

➝ All strange hadrons produced below      
NN threshold: 
➝ !! ⇾ !Λ$ (≈ - 150 MeV)
➝ !! ⇾ !$ %$/!!' (≈ - 450 MeV)

➝ Universal scaling with Apart

K−
K+

K0 (

)

HADES Collaboration, arXiv:1812.07304
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Associated K0 Production
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p+
p !

Agakishiev et al. Phys. Rev. C90, 015202 (2014)

K0

"

#

$%

&

'(
Reference measurement of $)% for the 
interpretation of p+A data 
(e.g. $* interaction)



N* Excitation Function (pKΛ)

Steffen Maurus 6EMMI Workshop 2019

p+p
K+

!

Münzer et al., Phys. Lett. B 785, 574 (2018)

Bonn-Gatchina PWA Framework
Sarantsev et. al., Eur. Phys. J. A 35 (2007)

➝ Cross-section decomposition: "# ∝ % &
➝ Partial wave composition %: sum of transition amplitudes ()*+

➝ ()*+ = (./0 + .20 3)56.&0

➝7∗ /9:; ,7∗ /=/; , 7∗ /=&; ,7∗ />=: ,7∗ />>; ,7∗ />?: ,7∗ /?;;
➝ Interferences + non-resonant pKΛ production

7∗

@

AB

Λ
How many 7∗ do exist? Interference?
Interference: coherent sum of different 
amplitudes contributing to final state. 



N* Excitation Function (pKΛ)
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Münzer et al., Phys. Lett. B 785, 574 (2018)

p+p
!∗

#

$%

Λ

K+

'

➝ Non-resonant contribution to total contribution
varies from 40-10% with increasing Ekin



N* Excitation Function
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K+

!

Steinberger et al., arXiv:1809.03828v1SM
AS
H K0

"
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Kinematic Distributions: K+
π- +
C
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UrQMD 3.4: Prog. Part. Nucl. Phys. 41, 255–369 (1998) 
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HADES Collaboration, arXiv:1812.03728
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Interplay of Antikaons with Nucleons
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Strangeness exchange in nuclear matter:
!"# ↔ %& !"## ↔ %#

%

&

!"

Cabrera et al. Phys.Rev.  C 90, 055207 (2014)

Λ(1405)

.
/0

Σ

2

Σ3(1385)

.
/0

Λ

2

★
➝ Mediated by resonances Λ(1405), ...

K−



Special Resonance: Λ(1405)
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p+
p K+

!

Agakishiev et al., Phys. Rev. C 87, 025201 (2013)
Agakishiev et al., Nucl. Phys. A 881, 178 (2012)

Λ(1405)

)
*+ Σ

-
)
.*Resonances:

/ (MeV)
1300 1400

Λ(1405)Σ0(1385)

Σ- 3*4
1327-1337 1432-1437

.*4
(quasi bound) (broad resonance)

Σ-

Λ(1405)

Λ(1520)
Σ0(1385)

) + ) → Λ 1405 + *+ + )
Σ± + -±
-± + 9

Λ(1405)

Kamiya, ..., Weise, Nucl. Phys. A 954, 41 (2016)



Special Resonance: Λ(1405)
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K+
!

Λ(1405)

)
*+ Σ

-
)
.*

Magas et al., Phys. Rev. Lett. 95, 052301 (2005)

Agakishiev et al., Phys. Rev. C 87, 025201 (2013)
Agakishiev et al., Nucl. Phys. A 881, 178 (2012)

Moriya et al., Nucl. Phys. A 835, 325 (2010)
Λ(1405)*/

-/

Λ(1405)
0

➝ Different line shapes in different 
reactions, dependent on reaction 
mechanism
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!"# → %&
!"## → %#

K−
K+

y
0 0.2 0.4 0.6 0.8 1

)y
∆

b/µ (y
/dσd

210

310

410

510

610
X+ K→ + W −π
X+ K→ + C  −π
X− K→ + W −π
X− K→ + C  −π

CM
y

(a)

y
0 0.5 1

0.2

0.4

0.6
(c) extrapolated

T
p

 [MeV/c]
T

p
0 100 200 300 400

C)+
/K-

/(K
W)+

/K-
(K

0.2

0.4

0.6
(b)HADES

acceptance

➞ At least 40% of K− get absorbed for ' ≤ ')
➞ First observation in heavy nuclei

%

&*
!+

!"
&

HADES Collaboration, arXiv:1812.03728
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Strange Meson: !
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φ
K −

C /W( )

➝ ϕ important source for K$ production
close NN threshold

➝ %$ from & feed-down:

φ→ K −K +, BR ~ 49%
Antikaon from Phi feed-down:

Blume et al., Prog. Part. Nucl. Phys. 66, 834-879 (2011)

K−

!

 [MeV]∈
1 10

210

 [
m

b
]

σ

7−10

5−
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10

1−10

10

HADES
ANKE

 nφ → p -π

 p pφ →p p 

 pφ → p γ

EPJA 7, 543

Hartmann et al., Phys. Rev. Lett. 96, 242301 (2006)
Balestra et al. Phys. Rev. C 63, 024004 (2001)
Landolt-Börnstein
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K−
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"#$$ → &$
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HADES Collaboration, arXiv:1812.03728

*$ → $'
*$$ → $$

$

'(

*
'

!

⁄! ,# - = /. 11 ± /. /3(5676)+/. /:−/. /<(5=5)
⁄! ,# > = /. :? ± /. /:(5676) ± /. @@(5=5)

In HADES acceptance:

➞ First model-independent observation of A absorption



Phi Transparency Ratio
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➝ Extracted transparency ratio lower in π− + A    

reactions compared to proton- (ANKE) and  

photo-induced (CLAS) reactions

➝ Signature of ϕ absorption

EMMI Workshop 2019

Within HADES acceptance (without pT/y extrapolation)

(12/184) )(*+
, *+

-) = 0.18 ± 0.02 2343 ± 0.11 252 +0.04
−0.03

9:;<

Polyanskiy et al. Phys. Lett. B 695, 741 (2011)

ANKE

(12/197) )(*+
?@ *+

-) = 0.29 ± 0.01 2343 ± 0.02 252

A

BC

Wood et al. Phys. Rev. Lett. 105, 112301 (2010)

CLAS
(12/208) )(*+

DE *+
-) = 0.46 ± 0.12 2343 ± 0.13 252

GC

HC
HADES Collaboration, arXiv:1812.03728



!d-Down
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➝ ϕ important source for K$ production
below NN threshold

 [GeV],thrφs - NNs
0 5 10

-
/Kφ

0

0.5

1

production φ
threshold

HADES Au+Au
HADES Ar+KCl
FOPI Ni+Ni
FOPI Al+Al
E919 Au+Au Central
NA49 Pb+Pb Central
STAR Au+Au Central
ANKE p+p

φ→ K −K +, BR ~ 49%
Antikaon from Phi feed-down:

Blume et al. Prog. Part. Nucl. Phys. 66, 834-879 (2011)
Adamczewski-Musch et al. Phys. Lett. B 778, 403 (2018)

K−

%

➝ ϕ contribution to (final) &$ yield around 25%
➝ Feed-down from ϕ can account for

different slopes observed for &$ and &'
➝ Role of absorption? Production mechanism?

Au+A
u

( = *+, ± . MeV

% K−
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Kaon-Hyperon Coupling
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π- +C
/W

Σ"

#"

Λ

%

&' → ) + +
≈ -''%/'

)
01

01

02

3

EMMI Workshop 2019

➝ 4 and K0 are entangled

K0 Kaon 57̅,9 = 498 MeV

) A0 Lambda B57,9 = 1116 MeV
Sigma B57,9 = 1193 MeV

A0
)

K0

➝ Strangeness conservation 

 [MeV]ε
10 210 310 410 510

 R
a

tio
Σ

 /
 

Λ

1

10

210

Diese Arbeit
BNL (p+Be)
COSY1 (p+p)
COSY2 (p+p)
LB (p+p)
UrQMD (p+p)
UrQMD (p+Nb)

Adamczewski-Musch et al.,
Phys. Lett. B 781, 735 (2018)



(Anti)Kaon in Medium

Steffen Maurus

Waas, Kaiser, and Weise, Phys. Lett. B 379, 34 (1996)

K0
s properties: Ar + KCl, p + Nb (p + p)

Agakishiev et al. Phys. Rev. C82, 044907 (2010)
Agakishiev et al. Phys. Rev. C90, 054906 (2014)

Kaon-Nucleon Interaction

23

Benabderrahmane et al. Phys. Rev. Lett. 102, 182501 (2009)

System (energy) Experiment Potential [MeV]

! + # 1.02 ()* FOPI 20 ± 5
p + A 2.3 ()* ANKE 20 ± 5
Ar + KCl 1.76 ()* HADES 39
p + Nb 3.5 ()* HADES 40

EMMI Workshop 2019

K−
K+K0



Hyperons inside Nuclear Matter
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Petschauer et al., Eur. Phys. J. A 52, 15 (2016)

➝ !/# single particle interaction within the nucleus?

$ = &. ( $&

Λ

$ =
). &

$ &$ =
). *
$ &

+0

$ =
). * $

&

$ =
). &

$&

$ = &. ( $&

K0

Λ
,0

-EFT -EFT 

200 400 [MeV/c] 200 400 [MeV/c]

200 ≤ 12 ≤ 800 456/7



Hyperon Propagation in Matter
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π- +C
/W

!" + $ → & + '(

↳ !" + !* ≈ ,-%

↳ !" + $ ≈ ,/%
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➝ Strangeness conservation 
➝ 9 and K0 are entangled

K0 Kaon :<̅,> = 498 MeV

& F0 Lambda G:<,> = 1116 MeV

Sigma G:<,> = 1193 MeV

F0
&

K0

Adamczewski-Musch et al.,

Phys. Lett. B 781, 735 (2018)

⁄ΛLMM Σ
2 = 2.3 ± 0.2(<STS) ± 0.6(<V<)
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based on #EFT  by Haidenbauer et al., Eur. Phys. J. A 52, 15 (2016)
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HSD v711n: Phys. Rep. 308, 65–233 (1999) 
IQMD c8: Eur. Phys. J. A 1, 151–169 (1998) 
UrQMD 3.4: Prog. Part. Nucl. Phys. 41, 255–369 (1998) 

Au+A
u

➝!"#: better agreement with simulation
including kaon potential 

➝ &: better agreement with UrQMD
(w/o) potentials, but inclusion of 
higher mass resonances

➝ No simultaneous description of !"#
and &

➝ Role of '#?

(0
)

K0

HADES Collaboration, arXiv:1812.07304
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➝ !"/$ clearly exceeds native application of OZI rule

EMMI Workshop 2019

Marek Palka PhD Thesis with HADES (2011)
Balestra et al. Phys. Rev. Lett. 81, 0572 (1998)

DISTO

Ar+KCl: Agakishiev et al. Phys. Rev. C 85, 014902 (2011)
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9: Ratio of phase space factors


