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Deuteron propertie®: tensor force
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Nuclear clustering & tensor force

wArgonne Group

¢ D NB Swidlién Monte Carlo
C.PieperR.B.Wiringa
Annu.Rev.Nucl.Part.Sci.51 (2001)

wUnitary Correlation Operator Method %
(UCOM similar to SRG)

¢ Neff, Feldmeier NPA 713 (2004) 311.

¢ Unitary transformation oWy into Vg a-a structure
for shortrange & tensor withir2-body approximation

¢ Fermionic Molecular DynamidsNID) for nuclear w.f.
wAntisymmetrized Molecular DynamigNID)
G Vg With central, LS -dependence.

wlt iIs iImportant to clarity the role of tensor force on the mechanisi
of nuclear clustering, such as Hoyle (triplestate int?C. 4

z (fm)

Laboratory
L l - ' Ll 1 I - l

.. w00
| Intrllnsu: | |
g | -2 0 2 4 -2 0 2
r= (X2+y2)l/2 (fm)

O\ 1




Energy [Me\)

12C with AMD
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TensorOptimized Antisymmetrized
MolecularDynamic(TOAMD

TM, Hiroshi TokiKiyomilkeda,HisashHoriuchi
and TadahiroSuhara

A Toward clustering description of nuclei frov, .

A Multiply tensortype pair correlatiorfunctions to AMDw.f.
V A Sugie P. E. Hodgson and H. H. Robertstngc Phys. Sod@.0A, (19571
V S. Nagata, T. Sasakawa, T. Sawad@arRagakiPTP221959)274.

A CorrelatedHamiltoniang s 3 generatesnany-body operators
using the cluster expansion
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Formulation of TOAMD

K. Ikeda, TM, K. Kato, H. Toki

wDeuteron wave functlon Lecture Notes in Physics 818 (2010)

|Deuteron =|s -wave +d -waw 'Y X i 'Y

Involve highk component induced bV ansor spatially
compact
wTensoroptimized AMD TOAMD
F

|FTOAMD> :| EI\/ID> F"D| AI\;I:D> isospin g

A Aﬁ.t_, _ . \L _» Ne oy 2
FD:a afD(ri 'rj) (@ ][)O fDQ’) S12 :@nean

t=01 ¢ n

APair excitation viéensor operatorwith D-wave transition
AOptimize relative motion with Gaussian expansion
AGeneral formulation with respect to mass numiger



General formulation of TOAMD

tensor  short-range(central type)
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Matrix elementsof correlated operator

Correlated Hamiltonian
\/
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A Correlated Norm

Classify the connections between
F & H into many-body operators
using cluster expansion method.
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Diagrams of cluster expansion, Kinerergy
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Multiple correlation functions in TOAML
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Double Qeffect iIn TOAMD
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w Correlated HamiltoniafD "0"0"0"0"0 are independen

w Number of diagrams in the cluster expansiorif
i F,V..2-body operator, T ...1-body operator
w We treat all the resultingliagrams for the variation.

Number of diagrams bra Number of diagrams
ket

Operator | A=3 A=4 Operator | A=3 A=4
FVF | S 12 FTF| 5 8
FFVFF | 41 336 FFTFF | 41 224




Matrix elements with Fourier trans.

w Fourier transformation of the interactio & b, Fs
¢ Y. Gotoand H.Horiuchi Prog Theor Phys.62(1979) 662
¢ Gaussian expansion ¥, /, Fsfor relative motion .

¢ Multi-body operators are represented in the separable form
with respect tothe single particle coordinates

¢ Threebody interaction can be treated in the same manner.
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Matrix elements with Fourier trans.

A Example : Fp3 V7 ¢ Y % L.
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Results
w 3H,*He,*He, L1
WVinY 2y Q O0O0OSYUNI > [{Z
w 7 Gaussians f6GIORO to converge thesolution.

w Full treatment of mampbody operators (all diagrams)
to retain the variational principle.

w Successively increase the correlation terms
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3H in TOAMD with singl® ¢ © ol a
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“Hein TOAMD with singl® ¢ o o &
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Correlation functionsO , 'Oin 3H
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Many-body operators ofO0"Gn °H, “He

Energy [MeV]

3-body 3-body  4-body
8 . ‘ 10 . . .
6 5
4 =
5 | A
T LT S F
20 -10 |
_2 I -15 |
3 Energy | 20} Energy
-10 L 2'b0dy— 25 | | | | )

005 0.0 015 020 025 030 005 010 0.5 020 0.25'\0.30
wide Vv [fm”] compact v [fm”] 2-body
! "’ NOenergysaturation

| 0 - 2 9 = within 2-body

C&) 0 C { } T

wMany-body term plays a decisive role for energy saturation.
¢ Similar toBetheBruecknerGoldstone approactvith Gmatrix Baldg



Energy [MeV]

Hamiltonian components
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Double™O effect in TOAMD . go

Malfliet-TjonV (p O "O0)K a

(central shortrange) single double

F areindependent

0
-5 \
10 |
15
20 |
25 |
30 |
35 L

compact,”

wide,”

A DoubleFs reproduces the exact energy .
A Small -dependence indicates the flexibility B
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Double QOeffect in TOAMD . go
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Double”Oeffect in TOAMD | go
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Energy [MeV]

Double Qeffect in TOAMD . go
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Double"Ceffect in TOAMD . go
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ANext order is tripleO
such asO 'O 0.



