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Production of Hypernuclei

…we are at the point to discuss:

• dynamics of the hyperon in nuclear matter

• dynamics of the projectile and the ejectile

• description of the production dynamics



Field Theoretical Lagrangian Approach:
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Non-relativistic LN Interaction:

…plus momentum dependent higher order 
terms!



DDRH Flavour Dynamics: L Single Particle Energies

Density Dependent NN and NL Dirac-Brueckner Vertices

Nuclear 
Matter      
SL = 28 MeV



Relativistic Self-
Energies and 

Schroedinger- type 
Potentials

in 12C



Size of a hypernucleus:

…halo-type configurations
due to weak binding in a shallow potential

1p3/2

orbits in 
12C
(S=100keV)



Scaling Factors from Potentials:
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V. Hadro-Production of Hypernuclei



5.1 Reaction Dynamics:



…DWIA -Distorted Wave Impulse Approximation:
• derive/obtain pion-nucleus and kaon-nucleus self-
energies (optical potentials)

• solve Klein-Gordon wave equations for the A and K+BL

systems
• high energies: eikonal approximation: ~eiS(z,b)

• evaluate the production vertex 



5.2 Meson-nucleus Interactions at high 
Energies (~300MeV…2GeV):







5.3 Resonances and their Interactions



…remind our model:



Spin-1/2 Resonances

Pseudo-vector coupling:



Spin-3/2 Resonances

Rarita-Schwinger equation(s)

with

Gauge-invariant Pascalutsa-choice:
Elimination of non-physical s=1/2 degrees of freedom 

(„off-shell parameter“ z=-1/2)

Phys.Rev.C82:015203,2010. Phys.Rev.C80:058201,2009. 



The Giessen Resonance Model:
Nucleon Resonances, Branching, and Coupling Constants



The invariant Matrix Element:



5.4 Results: Hadro-Production of 
Hypernuclei and Spectroscopy



DWIA Matrix Element in Momentum Space: 

…numerically quite involved: 12-D integration!!
(Monte-Carlo Integration) 



Total (angle integrated) production cross 
sections





Results for 51VL

S. Bender, R. Shyam, HL, Nucl.Phys.A839:51-69,2010



Results for 89YL

S. Bender, R. Shyam, HL, Nucl.Phys.A839:51-69,2010



L-States in 89Y and 41V 
Including:
• relativistic tensor int.
• core polarization

j s IjH H s H I j 
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L-States in High Spin Core Nuclei:
|89Y>=[|88Y(4-)>|L>]j

and 
|41V>=[|40V(6-)>|L>]j



• 89Y = L + 88Y(4-, g.s.) 

• LCore Interactions

• Tensor Interaction

DDRH Spectrum of 89Y:



5.5 Production of Hypernuclei by Protons





…dependence on Pion-short range Correlations



What is controling the size of the production cross 
sections?

…it‘s the Nuclear Form Factor!!



Form Factor Effects in (,K)@1GeV



VII. Production of Hypernuclei in 
Relativistic Fragmentation 

Reactions



Sketch of covariant Transport Theory (GiBUU)…

The one-body density matrix :
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Equation of Motion for the Wigner distribution f(x,p)
(Kadanoff and Baym)



Sketch of covariant Transport Theory…



Scenario of a fragmentation reaction 
(Tlab>2AGeV)

Phys. Lett. B 675, 297 (2009) Phys. Lett. B 663, 197 (2008)



The Fragmentation scenario in practice…

• Initial stage of the Collision: Transport Theory

• strangeness production by resonance excitation and 

direct production

• Fragement formation by grand canonical statistics

• SMM: Statistical Multi-fragmentation Model 

• SMM for the formation of the pure nucleonic 

fragments: formation of core nuclei

• hypernuclei by capture (coalescence) of hyperons from 

the fireball 



The SMM: grand canonical approach to 
fragmentation



L

Production 

X-section

Fragment 

Production 

X-section

Formation of a Hypernucleus by capturing a L to a 
pre-formed fragment F:



Production of Light Nuclei by GiBUU+SMM
(FOPI data)



Production of Hypernuclei in 12C+12C@2AGeV

(Th. Gaitanos, HL, U. Mosel, Phys. Lett. B 
675, 297 (2009))



(Th. Gaitanos, HL, U. Mosel, Phys. Lett. B 
675, 297 (2009))

Production of Nuclei and Lambda‘s in p+12C@50GeV

(J-PARC)



Hypernuclei from p+12C@50GeV (J-PARC)



Production of Hypernuclei in HI-Collisions: 
where do the hyperons come from?

• direct (resonance) production: N+NN+N*N+Y+K

• indirect (mesonic) production : +NN*Y+K

(Th. Gaitanos, HL, U. Mosel, Phys. Lett. B 675, 297 (2009))

12C+12C@

2AGEV

p+12C@

50GEV



Summary:

Contributors from Giessen: 

Urnaa Badarch, S. Bender, A. Fedoseew, Th, Gaitanos, W. Heupel, 
Anika Obermann, Stefanie Lourenco, V. Shklyar, R. Shyam

• Aspects of YN Interactions

• Structure and Spectroscopy of Hypernuclei

• Strangeness Production on the Nucleon

• Hadro-Production of Hypernuclei 

• Photo- and Electroproduction of Hypernuclei 

• Production of Hypernuclei in Relativistic
Fragmentation Reactions HypHI

• Production by Antiprotons PANDA@FAIR


