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E']Structure study of A hypernuclei
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Ex.: Antisymmetrized Molecular Dynamics (AMD)[“!
— AMD describes dynamical changes of various structure
— No assumption on clustering and deformation

Combination of modern YN(YY) interactions and nuclear
structure models will open new era of hypernuclear study
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プレゼンター
プレゼンテーションのノート
So far, hypernuclear studies are concentrated in light Lambda hypernuclei.
Through these studies, our knowledge of LN effective interaction has been increased.

On the other hand, theoretical models that describe nucleon many-body systems has been developed through the studies of unstable nuclei.
The Antisymmetrized Molecular Dynamics, for short AMD, is one of such models.
The AMD model can successfully describe various structure and its dynamical changes without any assumption on clustering and deformation of nuclei.

One of the unique and interesting phenomena of hypernuclei is structure changes by hyperon.
Based on these developments, we will reveal structure of Lambda hypernuclei.


Unique Features of A-Hypernuclei

Y has no Pauli Blocking to N: a unique probe to study nuclear structure
Y supplies additional attraction to nuclear many body system
Trace the single A particle nature in hypernuclei allows to study the nuclear mean field

For example:

.

2.

A will change nuclear structure by its attractive interaction with N

Modify nuclear properties by A v & o°
SLi(a+d) [> SLi(a+A+d)
& O

By looking at the motion of the A, we’ll obtain information of nuclear mean field

o O
» [ ®
*H(unbound) ®H(bound)
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E']Structure change by A: “Shrinkage effect”

Shrinkage effect: A hyperon makes nucleus compact

Example:’,Li 2]

— Li: a + d cluster structure
A hyperon penetrates into the nuclear interior
A hyperon reduces a + d distance —> B(E2) reduction

(Observable)
2.186 3 e
N 5/2  2.050
B(E2) =10.940.9 e?fm* B(E2) = 3.6+0.533
efm*
0 vy 1t 3/2% 0.692
(MeV) 67:  ~——Y _1/2t 0

g
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プレゼンター
プレゼンテーションのノート
Here I will show you two examples of structure changes.
The first one is “Shrinkage effect.”
The Lambda hyperon tends to reduce the nucleus.

Li7L is a typical example of “shrinkage effect.”
Li6 that is the core nucleus of Li7L has an alpha + d cluster structure.
By adding a Lambda hyperon, Lambda hyperon penetrates into the nuclear interior, and reduces the inter-cluster distance between alpha + d.
This shrinkage effect appears as the reduction of the B(E2) values and was confirmed by theoretical and experimental studies.


E']Structure change by A: “Glue-like role”

Glue-like role: A hyperon stabilizes unbound state

Example:?,Be @ f'B
mp CIA
— 8Be is an unstable nucleus % gJ

 Itsg.s. lies at about 100 keV above o + a threshold 8Be f{Be
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プレゼンテーションのノート
The other example of structure change is “glue-like role.”
Adding a Lambda hyperon stabilized unbound state of nuclei near by threshold.
In the other words, the unbound states near by threshold can be bound by adding Lambda hyperon.

For example, Be8 is unbound nuclei where the ground state lies at just above the 2 alpha threshold.
By adding the Lambda hyperon, the ground and 2+ states become bound due to the “glue-like role.”


@Toward heavier and exotic A hypernuclei

Experiments at J-PARC, JLab and Mainz

— Various A hypernuclei will/can be produced
 p-sd shell A hypernuclei

 neutron-rich A hypernuclei etc.

p-sd shell region
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プレゼンター
プレゼンテーションのノート
I showed two examples of structure changes in p-shell Lambda hypernuclei such as Li and Be.

In near future, new experiments at J-PARC, JLab and Mainz will be performed.
And they will produce heavier and exotic Lambda hypernuclei such as p-sd shell and neutron-rich Lambda hypernuclei.
In these Lambda hypernuclei, we can expect the various structure changes because sd-shell and neutron-rich nuclei have many kinds of structure in the ground and low-lying states.

Therefore, structure study of the Lambda hypernuclei becomes one of the interesting topics. 


Theoretical framework: HyperAMD

We extended the AMD to hypernuclei

HyperAMD (Antisymmetrized Molecular Dynamics for

¢ Hamiltonian hypernuclei)

1 - 2 ~ ~ NN < Gogny D1S
H =Ty +Vi +To +Vin AN : YNG interaction (Central force) [l

¢ \Wave function
® Nucleon part . Slater 1 ]
determinant on (F)= ﬁdﬂ[ﬂ("j)]

Spatial part of single particle w.f. is coi(r)ocexp{— Sv,(r-2)% }m i=ax+ B,
described as Gaussian packet oy

1(1)=2 Cogn (1)

: : ®»
® Single particle w.f. of A hyperon:
Superposition of Gaussian packets 7l ‘“Xp[ 2 vl }f Xn = 8nir + 007,

o Total w.f. .

Zcmcom ®ﬁdet[¢.( r)

[1] Y. Yamamoto, T. Motoba, H. Himeno, K. Ikeda and S. Nagata, Prog. The’é%%ﬂ#@l‘gﬁpﬁﬂqmll@mﬁl%ﬂ.



Theoretical framework: HyperAMD

Procedure of the calculation

Variational Calculation dX; xoH*
« Imaginary time development method ~ dt ~ # oX

* Variational parameters: X =Z7.,z,a, 3 ,a,b,v,,C.

A hyperon
Initial w.f. © /
-

k<0

S nucleons
(Descrlbed by
Gaussian wave packets)
Energy varlatlon’ ‘
- Hw-‘ .
Cluster Shell
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Theoretical framework: HyperAMD

Procedure of the calculation

Variational Calculation dX, xoH*

« Imaginary time development method  dt 7 ox;
* Variational parameters: X. =Z.,z,a.,/3,a,b,v,,C

~_

4 ..
Angular Momentum Projection

D ;IM) = [ dQD; (QR(Q) D)

~_ =

/Generator Coordinate Method(GCM) )

sSuperposition of the w.f. with different configuration
eDiagonalization of Hi s andNesx

Hicow =(@5;3°M [H| D5 M)
L Nadawe =@k M |05 "M % ’

k<0

5. HOKKAIDO UNIVERSITY



Application of HyperAMD: 7, 1.1

Excitation Energy (MeV)
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Modifying Nuclear Structure using A




How A modifies nuclear deformation?
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Backup:

Reason of deformation change

Binding Energy of A hyperon
1 A hyperon in s orbit is deeply bound at smaller deformation
1 A hyperon in p orbit is deeply bound at larger deformation

13,C | Binding energy of A B,C Er)ergy Ccu "IVGS |
12.0—— 85.01
5 [To-—==== 2¢(Pos)®AG) B0 | o | 12¢ Pos,
S 12C(Neg) @A(S) > | e
S .0 = ] 2 |ewmmmoceeeess -
=2 or S rcron®AG)
"é =2.0¢t . E -90.0f
9 12 1 s !
< ..................... C- g.r-).(.).s..)@l.\.(.p.) ................ wl 12C(POS) ®A(S) + 80|\/|eV |
0-00:0 0.2 0.4 0.6 | ‘
quadrupole deformation [3 .95.0 , . . . 1
0.0 0.2 0.4 0.6

Quadruple deformation parameter 3

A hyperon In p orbit enhances the nuclear deformation,
while A hyperon in s orbit reduces it
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Modifying Nuclear Structure using A

Parity inversion of the 1!Be, ground state

— The ground state of 11Be is the 1/2+,
while ordinary nuclei have a 1/2- state as the ground state

—> Vanishing of the magic number N=8
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Excitation spectra of 11Be

~ 4 [ 13C(Exp) 'Be(Exp) | !Be(AMD) -
- i
W - — ' 5/2;
= 12t (3/2) ' 324 —
Eﬁ?’ i 32 ' 33 |
= 5 spi 3724 / Extra neutrons in nt
s2r s/2* ! —=l orbitl
= 5 512 (small deformation)
g0 : | 1Be1/2+
5| ; i
(-D-C-
oL 12 172" : 1/2{ -
Extra neutrons in o
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® Deformation of the 1/2- state is smaller than that of the 1/2+ state

— Difference in the orbits of extra neutrons
®'1Be has 2a clusters with 3 surrounding neutrons
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Excitation spectra of 11Be
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® Deformation of the 1/2- state is smaller than that of the 1/2+ state
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Excitation spectra of 11Be
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® A hyperon in s orbit is deeply bound at smaller deformation

® A hyperon in s orbit is weakly bound at larger deformation

Parity reversion of the !2,Be ground state may occur by A in s orbit |
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Parity reversion of °,Be

Ground state of 12, Be
— The parity reversion of the 12, Be g.s. occurs by the A hyperon
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Deformation and A binding energy

11Be 12Bg :0+‘f1'/2' ®A's):

e ) N (Gake) (Calc)

0.32MeV| - By =1022 Mev

= |/ B,=9.74 Me\i""\ ..... N
=" ”u 0.25 MeV
{MEU} Tﬂ VﬂN TA+VAN
0,(GS) 6.71  -16.93 —10.22
0,* 668 -16.42 —9.74

1 A hyperon coupled to the 1/2- state is more deeply bound than that
coupled to the 1/2* state
» This is because the deformation of the 1/2- state is smaller than that of the 1/2+ state
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Probing Nuclear Deformation using A




Probing Nuclear Deformation using A

Many nuclel manifests various quadrupole deformation
(parameterized by quadrupole deformation parameters f and vy )
Most of them are prolate or oblate deformed (axially symmetric)

Triaxial
v~ 30°

Spherical Prolate

e y=0
Triaxial deformed nuclei are not many and |ts |dent|f|cat|on IS not easy.
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Probing Nuclear Deformation using A

A simple idea ...

A 1s a “distinguish particle” to N (no Pauli exclusion): a unique probe to study
nuclear structure

Trace the single A particle nature in heavy hypernuclei allows to study the
nuclear mean field

Energy of p-orbit should split into three depending on the direction of its orbital
angular momentum, if the core nucleus is triaxially deformed.

=)
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Example: p-states of °,Be

In case of 9, Be with axially symmetric 2o clustering
— Anisotropic p orbit of A hyperon
{— Axial symmetry of 2a clustering

A hyperon in p orbit parallel to/perpendicular to the 2o clustering generates
2 different bands [1.2]

Excitation energy [MeV]

A
E, (MeV) "Be A P r. 018 [P e P P e e
N pll on i | | ! ! ; ; 5 ; {
20— : ! R0 ' ! : : : | L
- \ . - - : 1
- S [ . : , : T
n o o r  Z b ] : FI A
0F s = B N I e
- 2 2 008t
B = 3 I 3
- 6-! 0.06 e
i 1-
S N N S . ——— | L S S S S 0.04
0: 2" 8
= 0.02
B [I}ﬁ[] 165 170 ..I?ﬁ | 180 185 ilJ(-l 195 E(Hil 205
[1] H. Bando, et al., PTP 66 (1981) 2118. Mo~ Ma.[Ma¥]
2] H. Bando, et al., IJIMP 21 (1990) 4021. : .
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Deformation of Mg

® 2*Mg is one of the candidates of triaxially deformed nuclei

—_4
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5 g 6 — 3
L +
L | + %+
2 6 —4 2 6
g | 3T Km=0"
% 41 41 by 4
' Km=2F '
pA 12
0 0f 10
Kn=0* KT=0" Kn=0*
24M g AMD 24M g AMD 24M g exp.

(axial) (axial + triaxial)
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A Simple idea

S

A
25
Large overlap leads deep binding AM g < >
> o
| i
. S Split into 3 states?
Middle = T
& \ Y J
= 24Mg@A(p-orbit)
<€ > n
G.S.

, .
Small overlap leads shallow binding ‘Mg@A(s-orbit)

® p-orbit states split into 3 different state
®Observing such 3 different states is strong evidence for triaxial deformation of Mg
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Results . Single particle energy of A hyperon

A single particle energy on (B, y) plane
Mg (AMD, A in p orbit)

Lowest p 2nd lowest p state 3rd lowest p state

state % i'
60°

. Ny ==
0.0 . . 0.6 0.8 0.0

— Single particle energy of A hyperon is different from each p state
» This is due to the difference of overlap between A and nucleons
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Results . Single particle energy of A hyperon

A single particle energy in axial/triaxial deformed nucleus
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Results . Single particle energy of A hyperon

A single particle energy in axial/triaxial deformed nucleus
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A s. p. energies are different from each other with triaxial deformation
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Results: Excitation spectra

Excitation Energy (MeV)

25

\®
-

[—
()

[U—
-

N

. 2;
- K*=27

2-{——

+

0,
K*=0"
Mg AMD

K" = 2*®Ap

13/21,15/2 wm—
_?:”25 9:”23

_3;’24. 5;’23

0/21,11/2 | e

5/21,7/2 | we—

K™= 0"®Ap
(lowest p orblt)

(lowest p orbit)11/2:,13/25_

e 0/24,11/2;

K™= 2%®Ap
(2nd lowest p orblt) 7/210,9/28~_
5/23,7/25 — —
33’2(,,5&? I
32— ==
11257
K'= O+®A

e 7/27,9/2¢

9/2511/25/ s 5/ 2 72

24Mg + A threshold (Theor.)

249/ 2y mwwwwwen
5123, 72 w—

3/23,5/2 mem—

11253/

K™= 0"®Ap
(2nd lowest p orblt)

oL threshold (Theor.)

25

20

15

10




Excitation Energy (MeV)

Results: Excitation spectra
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Knowledge on YN(YY) interaction will open new era of hypernuclear study
* Modifying nuclear structure using hyperons as an impurity

* Investigating nuclear structure using hyperons as an probe

« Bounding unbound systems using hyperons as a glue

Combination of the modern YN(YY) interactions and nuclear models
« Antisymmetrized molecular dynamics + effective YN interactions

Modifiying nuclear structure using A as an impurity
e Reduction of nuclear deformation by A in s-wave
* Parity reversion of 12, Be

Probing nuclear structure using A as an probe
« Splitting of p-waves in 2, Mg due to the triaxial deformation
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