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‘Grand challenges of hypernuclear physics

Interaction: “baryon-baryon interaction”
® 2 body interaction between baryons (Y: hyperon, N: nucleon)

e hyperon-nucleon (YN)

e hyperon-hyperon (YY) } Major issues in hypernuclear physics

Structure: “many-body system of nucleons and hyperon”

e Addition of hyperon as an impurity in (hyper)nuclei

e No Pauli exclusion between N and Y Structure changes
* YN interaction is different from NN Unique structure, -+ etc.

Today: “deformation of hypernuclei”



Structure of A hypernuclei

& A hypernuclei observed so far

® Concentrated in light A hypernuclei
® Most have well-developed cluster structure
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Structure of A hypernuclei

& A hypernuclei observed so far
® Concentrated in light A hypernuclei

® Most have well-developed cluster structure
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Toward heavier and exotic A hypernuclei

¢ Experiments at J-PARC, JLab, etc.

® Heavier(sd-shell) & n-rich hypernuclei can be produced

® Various structures will appear
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Today: “deformation of hypernuclei”



‘What is expected in deformed A hypernuclei

® Deformation change

e A particle can change nuclear deformation

e Difference of B, depending on nuclear deformation

e Energy shifts in excitation spectra

® Coupling of A to deformed nuclei shows unique structure

e For example, rotational band, mixing of configuration, ... etc.



Deformation change by A particle

& A particle in s orbit reduces nuclear deformation

Example: 13AC, AMD calc M., etal., PRC83, 044323(2011)
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Deformation change by A particle

Many authors predict the deformation change by A in s-orbit
Skyrme-Hartree-Fock (SHF)

AMD, present
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‘What is expected in deformed A hypernuclei

® Deformation change

e A particle can change nuclear deformation

e Difference of B, depending on nuclear deformation

e Energy shifts in excitation spectra

® Coupling of A to deformed nuclei shows unique structure

e For example, rotational band, mixing of configuration, ... etc.

* Triaxial deformation of Mg nuclei: 27, Mg, future exp at JLab

Toda { . . . . .
Y * Ongoing project: production cross section with AMD wf



Coupling of A in p-orbit: p-states of °,Be

9 Be: axially symmetric 2a clustering
* Anisotropic p orbit of A hyperon
e Axial symmetry of 2a clustering

—> p-orbit parallel to/perpendicular to the 2o clustering
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M.I., et al., PRC83(2011) 044323

Theoretical Framework: HyperAMD M., et al, PRCB3(2011) 054304

HyperAMD: Antisymmetrized Molecular Dynamics for hypernuclei

¢ Hamiltonian  NN:Gogny D1S
H T +VN,\| +T +VA,\| — T, AN:YNG interaction (ESC14, NSC97)

& Wave function

1
. on (F)=——detlp (F )
e Nucleon part:Slater determinant VA

Spatial part of s.-p. w.f. is described goi(r)oceXp{—GEEG(r—Zi)i}zini
as Gaussian packets Xi=oix+bix,

e Single-particle w.f. of A hyperon: %(r):ZCm%(")
Superposition of Gaussian packets o Ocexp{ Zﬂv i }(

e Total w.f.: W(F): ;Cm(om (rA)®ﬁdet[ I(FJ )] X = A Xr "‘bm



Theoretical framework: HyperAMD

& Procedure of the calculation

7

Variation

: : dX, xoH*
* Imaginary time development method: o i K <0
e Variational parameters: X, =2,,z;,a;, B, a,b,v, ¢
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Theoretical framework: HyperAMD

& Procedure of the calculation

® Energy variation with constraint on nuclear quadrupole deformation

Described by (3, 7)
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Theoretical framework: HyperAMD

& Procedure of the calculation

® Energy variation with constraint on nuclear quadrupole deformation
Described by (3, 7)
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Middle = e
Triaxial
Candidate: Mg isotope

0

Spherical

* Energy variation is performed at each (3, y) _
* p states are obtained by constraint on A single particle wf: V, =13 los){¢/]



M.l., et al., PRC83(2011) 044323

Theoretical Framework: HyperAMD M., et al, PRCB3(2011) 054304
& Procedure of the numerical calculation
4 + )
dX. xoH"
 |maginary time development method: — Ll =—— k<0
Variation sinary P dt 7 oX,
. e Variational parameters: X.=2.,%,a;,5,a,b,v.,cC )
. . S . J* S+
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( )
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e Superposition of intrinsic wave functions
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Deformation of Mg nuclei

26I\/Ig * Shell gap in Nilsson diagram: Z=12 (prolate) vs. N=14 (oblate) — triaxial

* 3,y-soft nature is discussed by several authors Mg Mg
AMD Expt.
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Results: ¢/, Mg

® 3 bands are obtained by A in p-orbit
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Results: Single particle energy of A hyperon g,

60°
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* A single-particle energy is different in each p orbit with triaxial deformation
e 3 different p-states appear if the core nucleus is triaxially deformed



Production cross section of hypernuclei
with HyperAMD

* Strategy
* Current status
e Future plans



. Strategy In collaboration with T. Motoba

Production cross section of hypernuclei with AMD wave functions
to see effects of various structures

e In future: (y, K*) reaction T. Motoba et al., PTP185, 224(2010)
do spr-ExEy _
OK") = K R(fi: M),
ds) ( ) rr (Eg + Ek) — B E g cos Q}?b Z (fi f)’

My

. JymMy | s M JimM,
R(fi:My) = 57, +1Z‘IJG{:1MJC Lyl vl -
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Various structure p(e, e’K*)A
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'M:‘“

O = /dS'f'xfr{) (p. Er)x
Plane wave B Elementary amplitude
— Distorted wave

® Current status: PWIA based on effective nucleon number approach



Current Status

¢ Effective nucleon number approach using (do/dQ)

elem

do do f:  kinematic factor
dQ =F (d_ﬂ)elem Neff (Z—;)elem: elementary cross section

Negr: effective nucleon number including structure information

A
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T 2+ 1

One = | @ ) ¥ (3~ 1),
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j=1
AMD + GCM wave functions Ocp = f dsxz eﬁ.f/hg(,g _ ,71),7{ : 5-]17]
Various structure -

Applicable to (K-, m) & (t*, K*) for A hypernuclei, (K-, K*) for Z hypernuclei, ... etc.



Current Status
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Current Status

[ ° 9 - - 9
OAppllcatlon to BE(K y TU ) ABe cf. o+ o + A cluster model calc
9Be (AMD B — : Motoba, et al., PTP71, 222(1984)
200 ABC AMD) 2407 T ey A pifstates "y
- - , - . ' - e(K~ Be
— 3/235 5/22 E 20F HL =0 deg 3/25 - 196 5 | K515 :
= - - - — - ] ——————— P =720 MeVA
T —— £ | AE=3MeV ] e e
_ _ — ! . B 104 1_=0° HL=13
E 1/22 ) 3/22 % 1OF 3 3 ___-;_____ 1 )
> i ——— - o E E 14.7 9= -
S 521 ¢ PWIA, non-flip : g ——— s -
g 10 : 0.0 E N SN S AN T P . a4 37 12 5+ 12 54 2
@ i B . . . ] 10.2 4% '
C 127,321 _ £ Px=720MeV/c _ | |
% : s 1T - L
.g : _“a 205 HL = 13 deg _5 6.71% 555, _ D-'_ 1 U-_ 1
2 510 E [ AE =3 MeV ] |
N - + + G - . : L
i : 3/21, 5/2; E 1.0; 3/2; /25-5 — _5_. ot o >
oL 121 ot PWA nonflip I\ e e o
NSC97f w/o AN LS, k. = 0.98 fm-! O s o 1S 20 e 7 M0 mpg

Excitation energy [MeV]



Future plans

¢ Application to (n*, K*), (K", K*), and (y, K*) reactions
For example,

“How 3 different p-states appear?” = hypernuclei
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Future plans

¢ Information of elementary process in sd/pf-shell hypernuclei '

Model dep. of elementary amplitude can affect peak structure
A | Sotona, Frullani, PTP117,151(1994)
O = /dg'f‘xfrf)*(l)-. co)nie (ko) Y V6 (r — ;) (k — p,plt/k.0) Motoba, et al, PTPS185, 224(2010)

=L |nput: elementary amplitude by theoretical model

* |n sd/pf shell hypernuclei, a proton in higher orbit is converted to hyperon
* Angular momentum dep. of elementary amplitude can affect peak structure

Example: *Ti(e,e’K*)>%,Sc 40Ca(e,e’K*)%, K
particle
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Summary

& Hypernuclear deformation

® What is expected: [ * Deformation change by A particle
4 ¢ Difference of B, depending on deformation
_ * Coupling of A to deformed nuclei

Today’s topic: p-states in triaxially deformed Mg hypernuclei
— possibility to use A as a probe of deformation

& Hypernuclear production with HyperAMD
® Current status:
Effective nucleon number approach with PWIA using elem. cross section

® Future plans: applying to (K-, K*), (y, K*) reactions
e Unique structure of hypernuclei, elementary amplitudes, ... etc.



