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I. Introduction



Strangeness and Hypernuclear Physics:
From SU(2) Isospin to SU(3) Flavour Dynamics

Double Hypernucie! ( Three-Dimensional Nuclear Chart )
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Hypernuclear Physics and Reaction Studies:

« production mechanism of strangeness

* reaction dynamics

* YN and YY interactions

« dynamics of nuclear many-body systems with
strangeness

» spectroscopy of hypernuclei

 which types of hypernuclei do exist?
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Theory of Strong Interactions: QCD
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..and from asymptotic freedom...

to confinement...

to the nuclear shell model

=QCD «4(My)=0.118910.0010

‘Nucleus ~ cold, degenerate
Fermi-Gas of Quasiparticles
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http://arxiv.org/find/nucl-th/1/au:+Nemura_H/0/1/0/all/0/1�
http://arxiv.org/find/nucl-th/1/au:+Ishii_N/0/1/0/all/0/1�
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Hypercharge Y and
Strangeness S:

S+ B =2Q—1I)

(Valence)
Quark Content of
Octet and Decuplet
Baryons
Octet: weak decay of
hyperons

7, ~10%.10%s >> 7 ~10"%s
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QCD and Low-Energy Nuclear Physics:
Weinberg Hypothesis (~1979):

‘Nuclear Physics = EFT of Pions and Nucleons

-Symmetries of the underlying fundamental theory of QCD

-Spontaneously broken chiral symmetry
‘Low energy theorems

‘Order-by-Order expansion in Q/A with Low Energy Constants (LEC)

Weinberg 1979




EFT NN-Phase shifts
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IT. Aspects of YN Interactions



Some facts about YN interactions:

. AN interaction is weaker than the nucleon-nucleon interaction,

2. AN spin-spin interaction is weak and therefore spin vector py — hy excitation is

suppressed,

3. a A hyperon with zero isospin can excite only isoscalar py — hy modes of the core

mclens,

. no exchange term with nucleons is required.




Meson-exchange
picture for YN
interactions




Results by the
Jilich Group:
E. Epelbaum et
al.

xEFT (LO)
Jilich 04

Nijmwegen
SC97

OBE and yEFT NY-Cross Sections:
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Scaling of (In-Medium) Hyperon Interactions

AWV

Naive Quark Model Scaling:
9mA= 2/3 9ImN -

or SU(3)/SU(6) relations...
but...
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..characterizing interactions by their strength:
s-wave Effective Range Expansion

* scattering lengtha
 effective range rw/‘\



..scaling for free space NA Interactions?

a.” =—-23.751fm
a," =+5.423fm

Kur =Ky +K(;Oy0, + ..

alt ~K =K, -3K,~K_ +K -3K
a, ~K =Kyu+ Ky~K +K, + K,

N

—>Scaling Factors R, =K . \a/Knv~ 1740..1/4

(m=06,0,1) (:\ \



IV. Strangeness Production on
the Nucleon



The Giessen Model: Coupled Channels Approach
to Meson Production on the Nucleon below 26GeV

T,(0,0) =Va (a,9)+ Y | X v (@,k)Gc. (k, ) Te, (K, ')

(27)° *




vp 2 KA Results from the Giessen Model
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V. Shyklar, H.L., U. Mosel, nucl-th/0505010/PR

* separate fits to
and
CLAS data

- constraints from
other hadronic
and y channels

6@210 (2005)



IV. Production of Hypernuclei:
The Giessen Resonance Model



4.1 Known A-Hypernuclei and
Spectroscopic Studies

A Hypernuclear Chart
(2005)

Spectmecopic studies by
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4.2 Dynamics of strangeness production:
The Giessen Resonance Model

A (n*,K*),B*

™

N * (1650), N"(1710), N*(1720) resonances (PDG).




..we nheed:
« dynamics of the particles used as probes
 description of the production dynamics

« dynamics of the hyperon in nuclear matter

Pt
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