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Scope

 Aim: to study
— structure of A-hypernuclei (spectra, transitions)

- electroproduction of A-hypernuclei (cross sections)

* Tools
- Realistic NN+NNN potential, effective AN interaction
- NA Tamm Dancoff Approximation
- Equation of Motion Phonon Method (talk by P. Vesely)

extended for hypernuclel



Some facts about Hypernuclel
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experimentally confirmed ~40 A-hypernuclei, a few A A-, =-hypernuclei (?)

Z: protons
A-hypernucleus “,Z : bound system < A-7-1: neutrons

1: hyperon

N\ not restricted by Pauli principle —» deeply bound — help stabilize neutron-rich nuclei

hypernuclei lifetime ~ 101°s >> 102 s time-scale of strong interactions
- hypernuclei: stable baryonic system

Studied / planned to be: in JLab, KEK, ]-PARC, KAOS@MAMI, HypHI@GSI, STAR@RHIC,
Alice@LHC, BM@N, PANDA@FAIR , BNL




Production mechanisms

Vi Y sirangeness exchange
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c.s. ~ 50 nb/sr weakest, but much better energy resolution



Electroproduction of A hypernuclel e +47Z — e + Kt +1 (2 -1)
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Cross sections

Oy : unpolarized transverse
o, : longitudinal*

o p . polarized transverse

o7 . interference*

* important even for low virtualities



Many-particle matrix element

elementary production m.e. effective Lagrangian models -
on j-th proton of target nucleus coupling constants fitted to data

.

TV = (Uul Y XyXic)! (Pr. DK Py, D)W a)

P |

hypernucleus w.f. target nucleus w.f.

T T

X~ : virtual photon in plane wave approximation

XK : kaon w.f. « Distorted Wave Impulse Approximation

partial wave expansion: X~ (&)X x (&) = ZFLM(f)YLM(é) _— d_a

LM dS) g



NN and AN interactions

ﬁ:TN+TA+VNN‘|‘VNNN+VAN_TOM

Nucleon-Nucleon interaction

Vnn , Vinnn 2 realistic chiral potential NNLOsat

Hyperon-Nucleon effective (in-medium) interaction

VAN 4
G-matrix - NA potential in nuclear medium
Gaussian expansion of Nijmegen YN potential (NF)

3
Vana(r) =) (a; + bikp + k%) exp(—r?/57)
1=1

3) Phys. Rev. C 91, 051301(R) (2015)
4 Prog. Theor. Phys. Suppl. 117, 361 (1994)



Tamm Dancoff Approximation

 Harmonic Oscillator basis up t0 Nmax

* Hartree-Fock - single particle basis

« TDA: diagonalize H in basis of

H = HO —|_Hres

= Z e, ala, + Z Vi M/N a,,/au /)
uvp' v’
alaz |[HF) - TDA phonons: Ol = N alaz, |\ =O! |HF)
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How to create a multiphonon basis?

A1, A,

AN)

2p-2h 3p-3h

O}, 0% |HF)

overcomplete

> hot orthogonal basis

013012011 HF)



Equation of Motion Phonon Method

create n-phonon states iteratively, starting from TDA phonons |)\> = O; \HF>

Equation of motion

\

(n, 8 [H,0{]In— 1,0) = (Es — Ba) X {7
v Generalized eigenvalue problem

where Xii) = <n,5]01\ n—1,a) | ﬂ

e Cholesky decomposition

o . 0 ﬂ

n=1 construct linearly independent states

(TDA) solve gen. eig. problem
for n-phonon subspace

- Ol |(n—1),a)

diagonalize whole matrix

O n=3 >

5) Phys. Rev. C 85, 014313 (2012)




TDA and EMPM for hypernuclei - |Wx)

* Hypernucleus: A-particle, nucleon-hole state coupled to nuclear w. f. |(A N—l)J X \I;A>

 Harmonic Oscillator basis up to Nmax

* p-n-A\ Hartree-Fock

AR
« NA-TDA: diagonalize H in basis of A particle - nucleon hole configurations b;f?a,—l |HF)

- NA TDA phonons RL |HF)

R = r* bl as NA phonon
H 2}; ph”P™ reation operator
p

* EMPMAa: NA-TDA phonon configurations =

= NA-TDA phonons ® multiphonon excitations of nuclear core

H=HoDH1 P HD...

Ho = {R||HF)}
My = {RLO]L\ |HF>}
Ha = { RO, O, |HF)}

>

ﬂ Rl |HF)

EMPM

RI,O} |HF)

multiphonon hypernuclear excitations




Convergence in EMPM calculation
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Cross sections for *2,B electroproduction
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by P. Vesely



12/\B electroproductlon comparlson with experlment
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Summary

 We used EMPM and NA TDA with realistic NN and effective NA
Interactions to study electroproduction of hypernuclei

 Examined convergence of calculations, calculated cross sections
for 12,B electroproduction

* Future: make predictions based on tuned parameter values for
40,K, 48,K planned to be measured at JLab
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