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e K% in p+A reactions: detailed studies of the production
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* A-p femtoscopy in p+A collisions: a new method to test
the Hyperon-Nucleon interactions
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¢ Messwerte Small Q (Nl GCV)
Large Distances (1 fm)

Q (GeV/e)

Effective Field Theory of interacting Hadrons '

® Test-bed of the strong interaction in few body systems
¢ Strange quarks are intermediate between “light” and “heavy”
-> Interplay between spontaneous and explicit chiral symmetry breaking

in low energy QCD.
® Testing ground: K-N and K-N interactions
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Hyperon Star aADES

N J. Haidenbauer, S. Petschauer et al.,
. eutron Nucl. Phys. A 915 (2013) 24

Possible Processes:

phenomenological
potential

n+n—n+A
p—l_e_ %A"—Ve— 20 400 600 800

0 200
1 P (MeV/ic)
ntn—p+3
neutron star matter

n+e — 2 +v.-

< A-p distance

It all depends upon the A-N and A-NN interaction and whether or not it has a
repulsive core
This repulsive core could stiffen again the EOS allowing for heavy neutron stars
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Fixed Target experiments, Eyi,~ AGeV

proton-proton proton-nucleus Heavy-ion Collisions 98 <2-3 Q¢
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Kaons in the Nucleus

p+Nb, 3.5 GeV
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Kaon interactions in nuclear medium:
Elastic scattering
Charge Exchange
Inelastic reactions

n-induced secondary reactions...
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K% Detection in p-induced reactions [
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“Associate KO production in p+p collisions at 3.5 GeV: the role of the A(1232)++, G. Agakishiev et al. (HADES Coll.) Phys. Rev C90 (2014) 015202
“Medium effects in proton-induced K° production” G.Agakishiev et al. (HADES Coll.) Phys. Rev. C90 (2014) 054906
J:-C. Chen, K& Ilapidus

K —
vacuum Qg = 0 p+p at 3.5 GeV in-medium QB < Qo p+Nb at 3.5 GeV

Data are interpreted with the GiBUU transport model

O. Buss et al., Phys. Rept. 512, 1 (2012)
http://gibuu.physik.uni-giessen.de/GiBUU/
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K® in p+p: reference measurement ZZREs
J:-C. Chen, K& Llapidus

Tsushima
Tsushima improved G.Agakishiev et al. (HADES Coll.) Phys. Rev C90 (2014) 015202
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4-body states produced via A-resonances

Final states with two pions (5-body) added to the model

via NN — A** Y* K Y* is X(1385) or A(1405).

Good description of the elementary reference.
L
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2+ Vo
=k-V
+ YN = 250 — 450 MeV
= BN = G

For nuclear matter at rest <V23> =0=k* =k

U= Vk2+m2+Vy—VkZ+m2_ ., mx<m
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i Eus Effect of the potential in p+Nb: pty e

K. LLapidus
GiBUU w/o pot. p+Nb

mmm GiBUU w. pot. G.Agakishiev et al. (HADES Coll.) Phys. Rev. C90 (2014) 054906
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¢ Systematical modification of pspectra owe to the repulsive potential.

¢ Uncertainties in the model parameters (np cross sections, ...).
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x* Analysis

G.Agakishiev et al. (HADES Coll.) Phys. Rev. C90 (2014) 054906

Parameter set

1
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5
6
7/
8
9

K Tapidus
Meaning |

“standard”
AN +25%
AN -25%
TIN +25%
TIN -25%
np3 +25%
np3 -25%
KN +25%
KN -25%
np3 +30% & 5b -30%




x* Analysis

Keliapidus

G.Agakishiev et al. (HADES Coll.) Phys. Rev. C90 (2014) 054906 Meanin g

“standard”
AN +25%
AN -25%
TIN +25%
TIN -25%
np3 +25%
np3 -25%

KN +25%
Potential strength is adjusted by changing: KN -25%

3

V, = . np3 +30% & 5b -30%
8f;2]u
U= Vk2+m2+Vy—Vk2+m2_ ., mx<m

Parameter set
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6
7/
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All the results pry

- Kaon potential at p
System (ener Experiment
y (energy) p 520 [MeV

p+A (2.3 GeV) ANKE 20+ 5

p+Nb (3.5 GeV) HADES 2) 40 + 5

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

HADES: 1) G. Agakishiev et al., Phys. Rev. C 82 (2010) 044907;
2) Phys. Rev. C90 (2014) 054906.
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A- or 2- Hypernuclei

A-Nucleon Potential 2-Nucleon Potential
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U~ -30 MeV (attractive)
from Hypernuclei
No idea yet about the momentum and
density dependence

No Idea at all
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Hyp-N: Experimental Evidence II TERES

A-p X-p scattering

A and X beams from K-+p collisions “seen” by
Bubble chambers

Cross-section -> scattering length -> Interacting Potential

difiicliid e noailcmiit S B se ialue wi et de TN U IFM BPlkAct MWZBROILE BN IO MSHI &/

® Sechi-Zorn et al. ® Eisele et al.

o Kadyk et al.
o0 Alexander et al.

Q
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P, (MeVic)

Scarce Data and all above 150 MeV/c




Distinguishable and Undistinguishable pairs

of particles emitted from a common source

Correlation function is a measure of the
source size and also of the particle
interaction

(’ correla- | )

~ S wa 2o S(paswa) S(po.o) | dret (P —Pa)|®

d4$a d4$ Sa _’a"wa S D ’x ° .
J bSa(Pasta)Sh(D:2p) Theoretical Function

N(P1,P2)same k= 5[p1— P2

N(P1.P2) mixed ’ Experimental Observable

p-p—, n-I Correlations in Ar+KCl at 1.75 AGeV Hades, EPJA 47, 63 (2011)
NG onRelliishiomsHhiini e it FEIR e RIS INLIG el Hia dle S PR RERGHE S Dt RO 24 SI0 1 SRt 201D 31 $3
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emtoscopy in p+A reactions (GeV)

p+Nb, 3.5 GeV

Interaction

kinematic freeze-our surface

Can be determined for p-p and Ap pairs via Transport Calculation
(UrQMD)
-> The Source is hence known and the measured correlation provides
the interaction strength.

v
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1 Calibration on the p-p Correlation

MUNCHEN

0. Atnold

pp Pairs:

Coulomb Interaction

Strong Interaction

Quantum Statistics for Fermions

_ N(pl;pQ)san1e k= %|p1 — p2|
C(k) o NN(p17p2)mixed

Koonin Fit Function -> Extraction of the Source Radius Rg
S. E. Koonin, Phys. Lett. B 70 (1977) 43

S. Pratt et al., Nucl. Phys. A 566 (1994) 103¢

C(k) = / dT3¢rel(rv k) exp <_ 4Ré

¢re1 from S.G. with Coulomb and
Strong interaction

) Preliminary

100 150 200

p-p Strong Pot. k [MeV/c]
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Determination via UrQMD

TTTT [ TT T[T IT T[T RTT[FITT 1777
TTT T[T T T T T T T T[T I T T[T TTT[TTTT

Pair Separation in the Pair-CM system

A-p source:

1.24 times smaller than p-p source
(from UrQMD)
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Ap Scattering Length HADES

0. Atnold

Experimental Distribution Fit Function

N p1,p2 same k= l\p — P | S
=N Nt Ck) =1+ gps [ CIREU) py (Qry) - %’“)Fg(@m]

Preliminary

200

k [MeVi/c]

First Fit of the correlation delivers parameters
in perfect agreement with scattering data !!!!
Further Improvements:
* Source-Radius Determination,
e Improved S/B Ratio,
* Fit for S=0 and S=1 components.
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Simulation of the particle After-Burner.which Comparison with
Production and Freeze- includes the relevant the measured
Out coordinates Interactions correlations

\ Constram / N

Mr=470 MeV potent|a| k [MeVic]

AN('So) = (27 + -84

3000

2500

2000

Hyperon-Nucleon Correlation
R — Hyperon-Nucleon-Nucleon
Correlation??

Mainly a matter of statistics

V(r) [MeV]

T. Inoue et al. Nucl. Phys. A881 (2012) 28
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Example for p-p correlations

Simulation of the particle After-Burner.which Comparison with
Production and Freeze- includes the relevant the measured
Out'coordinates ™ =——>» Interactions —> Correlations

p+Nb reaction simulated in UrQMD +
CRAB afterburner

Coulomb + 2§ - Excellent Agreement
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k [MeV/c]




UNIVERSITAT
MUNCHEN

K%-nucleons attractive potential verified with p+Nb
reactions at 3.5 GeV

7 8 9

Parameter set

Test the Hyperon-Nucleon Interaction with Femtoscopy at intermediate and high energies
( compare to Lattice potential or other calculations)

AN('So) = —[27] + -84
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Experiments with it Beams

® m-absorption mostly on the nucleus
surface
® Jess model dependent

Study of Hadron-nucleon interaction

Not so easy to measure, since T -beams are secondary beams with large
emittance

ADES cave

NES5 cave

TS

quadrupols \ /

pion
production / \

target

| Pv]e.chamévs -
MIP detection + Alignment

pion beam length 33m Pion beam simulation

CERBEROS: 3-heads dog at the HADES entrance

g
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Experiments with it Beams HADES

® m-absorption mostly on the nucleus
surface
® Jess model dependent

N =6918
My = 494.3 MeV/c? M, = 491.3 MeV/c®
6= 249 MeVc? W o7 MeVe

[0 ¥

First Measurement of K absorption in normal nuclear matter

g




Hyperon Star

. Neutron J. Schaffner-Bielich, NPA 804 (2008)

Possible Processes:
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Strangeness violation possible due to large time scale of NS

Appearance of Hyperon already starting at 209

This scenario might also be problematic for large masses (~ 2M)) since
the hyperon appearance implies new degree of freedom and hence a
softening of the EOS
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