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Collision System Zoo

N
nN - N*" > YK Strangeness exchange:
N - N* > NKK KN — Y
. nN - N* - ¢N (mediated by resonances)
— Resonance interplay: interference
Feed-down processes:
¢ - KK
NN

Absorption processes:
¢N — N
(OZl violation)

NN - NN* - NYK ...

o0 nN - N* - YK ... 9

— Resonance interplay: interference

Re-scattering with Nucleons:
KN,KN,YN,..

AA

> NN + N ?
— Subthreshold strangeness production?
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HADES Collaboration, arXiv:1812.07304

| I
a=1.45+0.06
¥?/NDF = 5.90/10 = 0.59

Mult/ (A, )

— All strange hadrons produced below
NN threshold:
— NN — NAK (=-150 MeV)
— NN — NKK/NN¢ (= - 450 MeV)

— Universal scaling with A,
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” .‘ Reference measurement of K2 for the

interpretation of p+A data

(e.g. KN interaction)

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

MM(p,m*,m*,m) (MeV/c?)
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N* Excitation Function (pKA)

Ve How many N* do exist? Interference?
” Interference: coherent sum of different
amplitudes contributing to final state.
» @ : :

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

— Cross-section decomposition: do « |A|?
— Partial wave composition A: sum of transition amplitudes A%.

- A% = (af + afV5)e'™

— N*(1650),N*(1710), N*(1720),N*(1875),N*(1880), N*(1895), N*(1900)
— Interferences + non-resonant pKA production

Mdnzer et al., Phys. Lett. B 785, 574 (2018)
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Function (pKA)

Minzer et al., Phys. Lett. B 785, 574 (2018)
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pp~ApK*+ Steinberger et al., arXiv:1809.03828v1 p-—AK°
--- exclusive -== N(1900)p 1.0 --- exclusive === N(2250)
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N (1880) 24+ 1%

N (1895) 18 £5%
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Collision System Zoo

N
nN - N* - YK ~ Strangeness exchange:
N - N* > NKK KN -» Y
. nN - N* - ¢N (mediated by resonances)
— Resonance interplay: interference

Feed-down processes:

¢ - KK
NA
NN

NN = NN* = NYK ... Absorption processes:

o0 N - N* - YK ... % $N —> N

(Ozl violation)

— Resonance interplay interference
Re-scattering with Nucleons:
KN,KN,YN,..

AA

> NN + N ?
— Subthreshold strangeness production?
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Kinematic Distributions: K*

urQMD
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UrQMD 3.4: Prog. Part. Nucl. Phys. 41, 255-369 (1998)
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dN/(dp dy) [1/(60 MeVic)]

dN/(dedy) [1/(Ay MeV/c)]

HADES Collaboration, arXiv:1812.03728
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Steinberger et al., arXiv:1809.03828v1
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Collision System Zoo

N
nN - N* - YK ~ Strangeness exchange:
N - N* > NKK KN - Y
. nN - N* - ¢N (mediated by resonances)
— Resonance interplay: interference

Feed-down processes:

—— ¢ - KK

NN
Absorption processes:

¢N — N
(Ozl violation)

NN - NN* - NYK ...

o0 nN - N* - YK ... 9

— Resonance interplay: interference

|

Interactions_with Nucleons:
KN,KN,YN,..

AA

> NN + N ?
— Subthreshold strangeness production?
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Interplay of Antikaons with Nucleond®

- 0.0
Strangeness exchange in nuclear matter: X Kp->mX
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0
10 — — - p=p,, T=100 MeV
A(1405) 10-1 o P p()s' c
_ 2
> > 10 -
o0 o
20(1385) 10-411.:;11111111111111111111111111
1000 1100 1200 1300 1400 1500 1600
— —_— 12
N. s [MeV]

Cabrera et al. Phys.Rev. C 90, 055207 (2014)
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do/dM [pb/(MeV/c?)]

~

(F .
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| | L,
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/

Agakishiev et al., Phys. Rev. C 87, 025201 (2013)
Agakishiev et al., Nucl. Phys. A 881, 178 (2012)
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MM(p,K") [MeV/c?]
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(quasi bound)

KN

’ | T
(broad resonance)

1450

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




Special Resonance: A(1405)

A(14O 5) Agakishiev et al., Phys. Rev. C 87, 025201 (2013)
Agakishiev et al., Nucl. Phys. A 881, 178 (2012)
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Strangeness Exchange

HADES Collaboration, arXiv:1812.03728
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= At least 40% of K~ get absorbed for p < py
= First observation in heavy nuclei
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Collision System Zoo

N
nN - N* - YK ~ Strangeness exchange:
N - N* - NKK KN -» Y
. nN - N* - ¢N (mediated by resonances)
— Resonance interplay: interference

Feed-down processes:
¢ - KK

)
NN

NN = NN* = NYK ... Absorption processes:

o0 N - N* - YK ... O $N —> N

k (OZI violation) )
— Resonance interplay interference
N Re-scattering with Nucleons:

KN,KN,YN,..
4 A4 )

> NN + N ?
— Subthreshold strangeness production?
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Antikaon from Phi feed-down:
¢— K K*, BR~49%

X
> I ¢ ANKE p4p
0 @ E919 Au+Au Central
1= V NA49 Pb+Pb Central
i % STAR Au+Au Central
0.5
° * vV
B |
O i I I | | | | I I
0 5 10

ISy - \/gcb,thr [GeV]

— ¢ important source for K™ production

close NN threshold

— K™ from ¢ feed-down: i(C/W)
e

Blume et al., Prog. Part. Nucl. Phys. 66, 834-879 (2011)
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Hartmann et al., Phys. Rev. Lett. 96, 242301 (2006)
Balestra et al. Phys. Rev. C 63, 024004 (2001)
Landolt-Bornstein




Absorption Processes: ¢

HADES Collaboration, arXiv:1812.03728
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= First model-independent observation of ¢ absorption
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Phi Transparency Ratio

Within HADES acceptance (without p;/y extrapolation)
HADES Collaboration, arXiv:1812.03728
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— Signature of ¢ absorption
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Antikaon from Phi feed-down:
¢— K K*, BR~49%

oK

x40 EN

HADES Au+Au
HADES Ar+KClI
FOPI Ni+Ni
FOPI Al+Al

E919 Au+Au Central
NA49 Pb+Pb Central
STAR Au+Au Central

ANKE p+p

Steffen Maurus

ISy = Sy e [GEVI

— ¢ important source for K™ production
below NN threshold

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

0

024 <y <0.44*10

~@—- 044 <y <0.64*10' K’ cocktail

@ 064<y <0.84*10°

T =108 + 7 MeV

| Tor (K*)=104£2 MeV N\ _

, 25% K- from ¢
. o - H
El Ll l L Ll l L L | Ll I Ll L I Ll 0 005 01 015 02

N

1

50 100 150 200 250 30 2
my-m, [MeV/c?] my-my [GeV/e’]
— ¢ contribution to (final) K™ yield around 25%
— Feed-down from ¢ can account for
different slopes observed for K~ and K™
— Role of absorption? Production mechanism?
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Collision System Zoo

N
nN - N* > YK
nN - N* - NKK
. nN - N* - ¢N

— Resonance interplay: interference

NN

NN - NN* - NYK ...

0 TN - N* - YK

— Resonance interplay interference\ [

4 A4 )

Steffen Maurus

Strangeness exchange:
KN - Y
(mediated by resonances)

Feed-down processes:
¢ - KK

Absorption processes:
¢N — N
(Ozl violation)

Re-scattering with Nucleons:
KN,KN,YN,..

> NN + N ?
— Subthreshold strangeness production?

EMMI Workshop 2019




Kaon-Hyperon Coupling

— Strangeness conservation
p — A and K° are entangled

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

T i ¢+ Diese Arbeit
e ¢ BNL (p+Be)
i } COSY1 (p+p)
I H t COSY2 (p+p)
- T 4 LB (p+p)
n I UrQMD (p+p)
SA+y '{"H * — UrQMD (p+Nb)

A/ X Ratio

(~ 100%) 3
-

Kaon (ds,m = 498 MeV)

Lambda (uds,m = 1116 MeV) e o
Sigma (uds,m = 1193 MeV) e [MeV]
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(Anti)Kaon in Medium

Kaon-Nucleon Interaction Benabderrahmane et al. Phys. Rev. Lett. 102, 182501 (2009)
| T I T I T I T I 1 I T I 1 I T i
20 M DATA FOPI K% +A) N
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0 H .
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Agakishiev et al. Phys. Rev. C82, 044907 (2010)
Agakishiev et al. Phys. Rev. C90, 054906 (2014) Ar + KCl (1.76 GeV) HADES 39
p + Nb (3.5 GeV) HADES 40
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Hyperons inside Nuclear Matter

Petschauer et al., Eur. Phys. J. A52, 15 (2016)

40— 70—
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— A/X single particle interaction within the nucleus?
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n+p->A+K°
L™+ 7 (= 69%) p
LT~ + p (= 64%)

X0 5 A+y
(=~ 100%)

Ay /20 = 2.3 £ 0.2(stat) + 0.6(sys)
Adamczewski-Musch et al.,
Phys. Lett. B 781, 735 (2018)

Kaon (ds,m = 498 MeV)

Lambda (uds,m = 1116 MeV) — Strangeness conservation
Sigma (uds, m = 1193 MeV) — A and K° are entangled
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Counts

In HADES acceptance
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Transport Model: GiBUU
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Counts

Transport Model: GiBUU

1.
In HADES acceptance
800
- KO +W — KAX
o ¢ Data
600—
400 HBBBBB@
- |E| |E|
. 0
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@ .
. g
0 | I
0 500 1000
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No K%/A/X°N potentials

<




Effects of Hyperon Potentials

Transport Model: GiBUU

1. NoK?° ON potentials
In HADES acceptance K®/A/X"N p |

o 800
§ i KO +W — KAX
o - ¢ Data
600 - ES(Y,K): 2/ndf = 2.28 \
400_— E|E|E|E|E|E|E|
W ¥
[/ 0
200 @ O
W .
e e
0 . . . . ' . oo 00000l
0] 500 1000

p_ [MeVic]

— Simultaneous fit of all kinematic
observables: K°(pr,y, p, ®) and
A(pT; Y, D, G)
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Effects of Hyperon Potentials

Transport Model: GiBUU

1. N 0 0 ial
In HADES acceptance oK /A/Z N potentials

o 800 2. No A/xON potentials (ES(Y))
§ [ KO +W — KAX
o - ¢ Data .
600~ ESOY.K): 2ind = 2.28 KN potential
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400 BBBHB S
= EIEIEI 8 60
: EIEI |§| a —{50
oo © 0 .
w ® ]
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Agakishiev et al., Phys. Rev. C 90, 054906 (2014)
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Counts

Effects of Hyperon Potentials

In HADES acceptance
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- ¢ Data
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Transport Model: GiBUU
1. No K°/A/x°N potentials
2. No A/xON potentials (ES(Y))

KN potential
MeV

3 %

S

Q 60

o,

Q —50
TO
=30
=20
I,o

""""" 01 015 02
p [fm?]

Agakishiev et al., Phys. Rev. C 90, 054906 (2014)

EMMI Workshop 2019




Counts

Transport Model: GiBUU

1.
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In HADES acceptance

800
- KO m+W - KAX
- ¢ Data
600— ES(Y,K): 2/ndf = 2.28
: |E| ES(Y): x2/ndf = 2.46
L STD: ?/ndf = 0.76
400 BBH BHE
- @El EI@
200/ o
| f= ®
& N
0 ! .
0 500 1000

Steffen Maurus

Transport Model: GiBUU
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Effects of Hyperon Potentials

Transport Model: GiBUU(Loniki)

1. N 0 0 ial
In HADES acceptance oK /A/Z N potentials
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based on yEFT by Haidenbauer et al., Eur. Phys. J. A 52, 15 (2016)
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In HADES acceptance
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based on yEFT by Haidenbauer et al., Eur. Phys. J. A 52, 15 (2016)
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Counts

In HADES acceptance
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— Data agrees best with attractive AN
and attractive ZON potentials (@p,)

— Also favored for lighter target (C)

— Possibility of testing single particle
potentials with YEFT
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HADES Collaboration, arXiv:1812.07304
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In HADES acceptance

In HADES acceptance
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In HADES acceptance

In HADES acceptance
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Marek Palka PhD Thesis with HADES (2011)

Balestra et al. Phys. Rev. Lett. 81, 0572 (1998)
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