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1. Introduction

The shell-model Hilbert space is in general very large

* Truncation of the shell-model space
> to an appropriate subspace with a small dimension

" Truncation of the degrees of freedom
to a small number of the shell-model space

The problems in this subject are as follows:

(1) What are the relevant collective degrees of freedom?
(2) What is the method suitable for the truncation of the degrees of freedom?

(3) How can we renormalize the coupling effects from
the non-collective degrees of freedom?

We have found a very useful method to solve
all of these problems using the Dyson boson mapping theory.
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1. Introduction

Full details the Dyson boson mapping theory
K. Takada, Prog.Theor.Phys.Suppl.141(2001)179

Why Dyson bOSOl/l mapplng ? [and the relating references are summarized in:

A good point :  Finiteness of the boson expansion

Aw int :  Non-hermiticity of the boson Hamiltonian

) Takada’s hermitian method

And, great discovery

Renormalization of the effects from the non-collective part
Takada and Yasumoto NP A706 (2002) p.365

Dyson boson mapping 1s very suitable !
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2. Formulation —Isospin formalism—

w 2.1 Shell-model Hamiltonian
H = HO =+ Hint

Hy = Z () c;ca

(8

Hi =) Z GJT(ade)ABMTTz (ab)Ajmrr, (cd)

abed IM TT,

Nucleon pair operators

AITMTT ab) \[ Z Z (jamnaJoms| T M) (Vo7a o 1| TT)

Mg mb Ta Tb

B}MTT ab Z Z ]ama]bmbUM) <1/2Ta 1/2 T6|TT>

Mg Ty TaTh

Co = (=)™ (=) e B = (i, by, oy — 0, —T)
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2. Formulation —Isospin formalism—

um 2.2 Tamm —Dancoff phonon

)(ﬂ(j?)i;‘ t;z; — Z T)bi (Qb) Al mit;zi (ab)
ab

0) = E@) x O1 0)

It--mq;tizi

Eigenvalue equation : [H, X ]

imgt; z;

(€q + €p)10i(ab) + Z G, (aba'b)1hi(a'b') = EW g, (ab)

a't!

We get the lowest-energy TD phonons.

. B

The collective phonons : Xfﬂé Loz
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2. Formulation —Isospin formalism—

Closed algebra and coefficients

XN s X 1 = 0430mim, Oziy — 2Liltity (=) FTHET2Y i (ab)py (ca)

abe
oS t; t; T
ek s 4 5
Z( ) Je Jo Jab Ul Yo 1o
<l'7n3‘ i — m”]ﬂ/[) <t52itj - ZJ‘TTQ BJMTT; ({)C)
(X o Byurr(ab)] =3 > DY (ab) (I MIzmi|l;m;) (Tthz‘Za'|thj>Xliﬂljtjzj

Limgtit;.
j Mz
X e XD X 1= =230 30 Y CLp Uil | LM) (lmiim | LM)

I "z LT

!
X (tizit; 2| TT,) (tezitiz|TT,) Xl([‘rz'lgtizz )

Lol J\(t t; T
(i7) a-tjet+t; v T
DY) (ab) = 2JI,TT; Z )ets i(be);(ac) X {ja b jc}{ iy 1 1/2}

k) _ ol TT TR Ja Jb i o o 2
C’L% 201160ttt i(ab)i(ed) g (ac)hi(bd) x < j. ja l; iy 1yt
Iy 1 L ty & T

SO(2N)
Lie algebra
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2. Formulation —Isospin formalism—

m 2.3 Separation of collective and non-collective Hamiltonian

Nucleon pair operator

AI’MTT ab) 253 IO MOy, T0 5,7, 14{16))&} ?)n e [ X =Y wi(ab)Al, ... (ab) 1

ab

iy @
= Z O1;J O, MO, 102,703 (ab)XgE_i,;itiz?.

1=col

+Z {6(1.(1’ 53)5: — Z (Sgir](ggi]“’!!f'i((frb) n’lf)z'(a!b!)}fq:l}ﬂjzpr}; ((L!b")

a'b’ i=col

AL (ab) = Y {8 (aby V) + O (ab; o'V YA (8)
a’ b’
L_Uﬁ,l ab;a't’) = Z 61,701 7i (ab)p;(a'b)

i=col

1175,})((1{3 a't') = 5{0aaOpr + (=)0 T Sy Gpr | — lpﬁ?‘(abé a't’)
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2. Formulation —Isospin formalism—

Separation of Shell model Hamiltonian . _
non-collective” phonons

H = Hy + Hint

Him — H( ) —I—H( ) Coupling effects

1nt nt

()t -(7)
111t Z 5-’!’3 7T ZzzJF(??) }{f letzztﬁgjﬂlj Lz

1,7=—col
mt = ZZC (abed) Z ’1}MTT (ab) A jprrr, (ed) “collective” phonons
JT abed MT,
> Gy (abed)vi(ab)ij(ed), ifl; =1; and t; =1
.. abed
F(ij) =
0, otherwise

G’( ) (abed) Z Gr(a'b'c ’d’){ L[I,T)(a,’b’;ab)!ff}f})(c’d';cd)

a'b'c'd

+ W}nT) (a'b'; ab)lpgcjl(c’d’; cd) + LT/SC[) (a'b’; ab) @5r}) (dd'; cd)}
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2. Formulation —Isospin formalism—

m 2.4 Dyson boson mapping

Closed-algebra approximation

. B

Dyson boson images (X.;E?TL% )D

and the relating references are summarized in:

TD phonon operators {Xltm% o S
K. Takada, Prog.Theor.Phys.Suppl.141(2001)179

Full details the Dyson boson mapping theory }

i N ot LT (ki k) ()
(Xl(mzt zz) . bl N e 1 %;(_)mmnﬂg L FLTCS%” ) [[b J)Tbgktj]LTbllag]i ez
¥ +
' (¢)
(X.l(f?)rm,;zz) bl amgc 23

(Af it @)= 3 w(ab) (X0, o

3=l 5 =t:)

(Aﬂmtitizi(ab))[): Z % ab X mJLzJ)D

3=t =t:)

1 — ] _T 1 N()
(Bryrr, (ab))p = (LT) SO L DYR (ab) ()2 T4 01Dy, 1o arr—r.
j

(B;JMT’J; (ab))D = (fj)_l Z(*)Hmlﬁ%%” Zj%Dif’i?( )[b mb! ti } LMTT,

ij
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2. Formulation —Isospin formalism—

Commutation relations of the boson operator bgﬂi%

bgg’;etizi - \/g Z d)i(ab) Z Z(jamajbmb”imi) <1/2 Ta 1/2 Tb‘ig‘%) bjxﬁ
ab

Mgy TaTp
Symmetry property
bl = b},
Commutation relations

[bag, biryé} =0ay085 — 0as0sy, [bap, bys] = [b:;ﬁ, b%} =0
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2. Formulation —Isospin formalism—

u 2.5 Dyson boson Hamiltonian

= (Ho)p + (H)p + (HE)p = Hy + H) + H)

mt

H, = Z Omym; Oz,z; £0(1]) bgﬂ iz bgjgnj iz
LY}

mt Z 5'”1 m; z Zq ) bgzti)’n t;z; bi(jgnjtjzj

1,7=col

< DI ID I A Chler s [bgthlft):} [bz,gfbgg;hMTT

1,i'=col jki JT MT,

) Hl(:;t Z 57’?11??13 Zidq {F (?’j) + F( (?’j)} bl myt Izzbi({.gnj.t Zj

k)t l ]
+ 303 Fa(ikl) Y2 [0 aerers (b)), b1 Lyaerers

1jkl J'TY M"T?
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‘ 2. Formulation —Isospin formalism—

Coefficients in Dyson boson Hamiltonian

Z ) i(ab) (ab), ifl; =1; and t; =,
Eﬂ(ij) -
0, otherwise
( 27+ 1)T+1)
Z Z e )(+ D )G(ﬂz(abab) Z Yi(ac) ;(ac), if [, = I and {; = 1,
”’(n) o ab JT Ja P
Fy(ig) = S
0, otherwise

\

= 33 G (abed) ST DY (ad) DY (eh),  if L =1 and & = 1
~ () abed JT k
Fy(ig) =

0, otherwise

"

P k) = 3 3G (90 [ 5 96 0 T g

abed JT lk ll J b r
where
(n) ' ’ Ja Jb JI}{ o Y TI}
G (abed) = EEGJ,T, (abed) x (20" + 1)(2T +1){ . -
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3. Numerical analyses and discussion

s Akiyama, Arima and Sebe, Nuclear Physics A138(1969), p.273

22Ne and 2*Mg in sd-shell

Effective two-body interaction of Gaussian and Yukawa type forces

V(r) = (VisPrs + Va1 Psy + Viy Py + Vas Ps) f(7)

e~ (ur)? for the Gaussian type force

1) ={

e K /(ur) for the Yukawa type force

1%
Range of the interaction A=
g NeT

Size parameter ,, — JMuw/h

Effective charges
e(P)= 1.50[e]; e(N)= 0.50 [¢]
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3. Numerical analysis and discussion

The simplest type of collective boson space:

Two types of s-phonons and two types of d-phonons,
1.e. the lowest-energy TD phonons with

(l,t,£)=(0,1,-1)
(2,1,-1) Proton-proton TD phonon

1) } Neutron-neutron TD phonon

This boson space has a similarity to the IBM (Interacting Boson Model).
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‘ 3. Numerical analyses and discussion

= (Case of 22Ne €(0d5/) = 0.00MeV, €(1slp) =0.73MeV, ¢(0d3/) = 5.00 MeV
A=0.7

- Vig = =70 MeV, V3 = —52MeV, Vi =0MeV, Vi3 = 26 MeV
Ne (Gaussian int.)

MeV N
;J_6+L5
101~ . Dimension
_.__5“1;,f
_ sk —6 /;’ — J o or 1+ 2+ 3t 4+ 5t G*
g S SM | 216 534 777 798 723 525 345
_gh-TAF -1t T .
T e % . —1 L DBM | 4 2 7 3 4 1 1
9 =4 0 _ 0" _-—4—0173
5 1 i 4"
= —of —3 P
8 4 T
4T —2 e Q-moment [e X fm?] and B(E2) [e* X fm*]
_,,2**,,"""'24'
2 B ’_‘..._2“' ________ 24;,’;’ (c)
EEPRRE Exp. SM DBM  Hy+H,,
ob  —o0t-— gt —Q - —0* Q,2,) | -19+4 -1470  -11.82  -12.32
@) (b) (©) (d) 2—>0,| 456+1.8 5637 4629  36.76
Exp Shell model  DBM Hy+H© 4—>2,| 645+1.1 5460  21.15 4.27
Eo=-4939  -4571 —17.07 [MeV]
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‘ 3. Numerical analyses and discussion

Excitation Energy

= Case of %2Ne

€(0d5/) = 0.00 MeV, e(1slk) = 0.80MeV, €(0d3/k) = 5.00 MeV
A=2/3
Vis = —35MeV, Vi = —27TMeV, Vi; =0MeV, Vi3 = 13.5MeV

MeV 22Ne (Yukawa int.)
gl ,—6—5 . :
K Dimension
.H_6+ S
. 5+ _ 0+ _54 . ]71’ O+ 1+ 2+ 3+ 4+ 5+ 6"
6 3~ —5" —4
=4 T , - SM | 216 534 777 798 723 525 345
ot --—T+ HH_G-H 1+//’ﬂ_“
4l 2 =4 _& DBM | 4 2 7 3 4 1 1
B A it SN A o*
_2+ —_—
ol ot o Q,-moment [e X fm?] and B(E2) [e? X fm*]
o rmm— +___ ,-’”
—pt =T 2o (©)
Exp. SM DBM  H +H,,
0~ —0"--—--—- — Q"m0 - —0"
E ] ! | : | \ Q,(2) -19+4 -13.35 -11.47 -11.33
a b
@) (o) (©) @ 2—>0,| 456+1.8 5368 4356  35.56
Exp Shell model DBM Hy+ Hi(nct)
Eo= —34.02 —3274 ~11.82 [MeV] 4—>2,164.5£11 42.00 12.48 4.04
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3. Numerical analyses and discussion

m Case of 24Mg €(0d5/) = 0.00MeV, e(1slf) = 0.80 MeV, (0d3/) = 5.00 MeV
A=0.7
24Mg (Gaussian int
MoV ) Vis = =70 MeV, Va; = —52MeV, Vj; = 0MeV, Vi3 = 26 MeV
- —6' —5'6"
10l —6" 2 : :
—Ah Dimension
L /
3 8 —6+’:1+ MD$\‘—6+/_5+ —q* T 0* 1+ 2+ 3+ 4t 5+ 6+
[}
c —5
"2 6 :9; —3" T SM 1161 3096 4518 4968 4734 3843 2799
2 + gt L7 DBM 9 5 17 9 13 5 5
g —3 =8 _ =%
8o —a=2 T =2
2 e Q-moment [e X fm?] and B(E2) [e2 X fim*]
21 P R 2 ©
— ot — Exp. SM DBM  H,+H,,
ob —o~- ot — R —0 Q,(2,) |-16.6+£0.6 -5.73 12.93 9.00
L ul L I | | L |
(a) (b) (c) (d) 21901 86.5+1.7 89.67 47.36 40.30
Exp Shell model DBM H0+Hi(nct) 4—>2,| 15613 42.65 46.85 30.56
Ep= -84.56 -63.81 -22.34 [MeV]
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3. Numerical analyses and discussion

5 — i 7 1 = 0. y 3 = 5. ]
» Case of 24Mg ¢(0d34h) = 0.00 MeV, €(lslf) = 0.80 MeV, ¢(0d3/k) = 5.00 MeV
A=2/3
o , Vis = —4TMeV, Vi = —36MeV, Vi3 = 0MeV, Vaz = 18 MeV
M Mg (Yukawa int.)
eV ,— 6 —5'%6"
6 /” . .
10l —1 / Dimension
—6"
T 1 o 1 20 3 4 5 6
5 8k —6"- N 6_5+ “.4"'
& - - R SM | 1161 3096 4518 4968 4734 3843 2799
o ] et o — 4 —0"1
P — —0 ° DBM| 9 5 17 9 13 5 5
s} 6 & —ar _?’ﬁ
E “3+ 3+,-"_4¢8+
§ i —emr—e
2 T Q-moment [e X fm?] and B(E2) [e* X fm*]
2+ ,,./’_zt“ Toe—2 )
T Exp. SM DBM  Hy+H,,
ok —0-----—0 - —qt------ —0 Qu(2;) | -16.6+0.6 -2.22 12.42 9.28
L J L | L | L ]
2—>0 86.5*+1.7 86.46 45.16 17.20
(@) (b) (©) (d) T
Exp  Shellmodel DBM Ho+H© 4—>2.| 156%13  19.91 26.96 2.91
Eo=-81.07 -62.79 -22.05 [MeV]
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3. Numerical analyses and discussion

= Strength parameters search

Effective two-body interaction of Gaussian type forces

V(r) = (VisPis + Va1 Py, + Viy Py + Vis Pis) £(r)

4 parameters

[ We searched the ""best fit’’ by which the excitation energies }

of the ground band up to the 6™ state were reproduced best.

22Ne and #*Mg in sd-shell 46Ti in fp-shell

Range of the interaction )\ = (.85

Effective charges
e(P)= 1.50[e]; e(N)= 0.50 [¢]
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3. Numerical analyses and discussion

= Case of %2Ne

Excitation Energy

MeV

10

)

€(0d5/2) = 0.00MeV, ¢(1s1f) = 0.73MeV, €(0d3/) = 5.00 MeV

Strength parameters search

?2Ne (Gaussian int.)
[ Vis = —55.68 MeV, Vi = —41.37MeV, Vi, = 0.0MeV, Vi = 20.35 MeV ]
w__.5"'
_6+
Dimension
_St i+ - 6+ =1+
= %ﬁhn 6+ - .,__,8: ]71- O+ 1t 2+ 3+ 4+ 5+ 6t
=2 et
o — SM 216 534 777 798 723 525 345
—2 —4 — DBM 4 2 7 3 4 1 1
_4+ ——————— _4+ ________ _4+
__.._2"'
—3 Q-moment [e X fm?] and B(E2) [e* X fm*]
— R L Exp. DBM SM
— 0o — 0o —a' Q,(2,) -19+4 -12.77 -14.89
L L | | —
(a) (b) (c) 2—=>0, 45.6+=1.8 34.50 57.92
Exp DBM (best fit) ~ Shell model 4—>2.| 645+1.1 8.51 55.23
Eo= -48.38  —56.46 [MeV]
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3. Numerical analyses and discussion

» Case of 24Mg €(0d5/) = 0.00MeV, e(1slf) = 0.80MeV, ¢(0d3%k) = 5.00 MeV
Strength parameters search
MeV Mg (Gaussian int.) [1/13 = —59.19MeV, Vi = —43.81MeV, Vi; = 0.0MeV, Vi3 = 21.96 MeV]
101 —g"
— 6]
B 0
—_— e — fo—m T _6+ . .
i E— ° Dimension
> | —5"
= + + ]7T
o | — 0+ —3 —5" 0+ 1+ 2+ 3+ 4+ 5+ 6"
W . ot .
S 5f -3 = —4 SM | 1161 3096 4518 4968 4734 3843 2799
8 | _p—2 g DBM 9 5 17 9 13 5 5
O Te——
< —~—yqt
L i —
- o2 Q-moment [e X fm?] and B(E2) [e? X fm*]
_2+ _______ e T ==
i Exp. DBM SM
ob —0-------- — 0 - —
! s ! b Q2(2,) | -16.6+£0.6  13.85 -3.39
(a) (b) (c) .
Exp DBM (best fit)  Shell model 27—>0,| 86.5%17  49.50 89.95
Eo= -71.99 -103.23 [MeV] 47—>2,| 156+13 44.91 33.40
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3. Numerical analyses and discussion

= Case of #Ti

Excitation Energy

46 (Gaussian int.)

c(0f7)) = —8.3876 MeV,
e(0f54) = —1.8966 MeV,

€(1p3f) = —6.4952 MeV
€(1pth) = —4.4783 MeV

Strength parameters search

[Vlg = —59.19MeV, Vi = —43.81MeV, Vj; = 0.0MeV, Vi3 = 21.96 MeV]

MeV
i + 1
_"1+5 20+
4 N —5" Dimension
i — —4
— - —6+:é;-— —6 —4 I" 0* 1+ 2+ 3+ 4+ 5+ 6"
- ,____,,0+ _3"‘
—2 . ., SM |2343 6466 9884 11768 12424 11628 10073
ol —g e DBM| 4 2 7 3 4 1 1
—0"
P ot . Q-moment [e X fm?] and B(E2) [e? X fm*]
TTee- D
N S R _ EXp. DBM SM
E— — e Q,(2) 21+6 -15.37 -29.65
@) (®) © 2—>0 21717 73.85 211.92
Exp DBM (best fit)  Shell model 41%21 177120 143.80 285-70
Eo=-82.99  -102.14[MeV] = - ' '
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4. Program package

Program for jj-coupling shell-model calculation
<<jISMQ>>
(Ver. 2.10; 2004)
K. Takada, M. Sato and S. Yasumoto
Department of Physics, Kyushu University

This set of programs (named "j;SMQ"; the last "Q" implies "Kyushu Univ")
is a general-use program package to perform the jj-coupling shell-model
calculation.

You can download the program package from
ttp://kutl. kyushu-u.ac.jp/pub/takada/jjSMQ/
through anonymous ftp.
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4. Program package

Program for calculation of nuclear structure of even-even nuclei
by using the Dyson Boson Mapping
<<DBM3>>
(Ver. 1.02; 2005)

K. Takada, S. Tazaki* and S. Yasumoto**

Department of Physics, Kyushu University
*Department of Applied Physics, Fukuoka University
**International Health and Welfare University

This set of programs (named "DBM3") is a general-use program package
to perform the calculation of nuclear structure of even-even nuclei by using
the Dyson Boson Mapping theory.

4 N

You can download the program package from

ftp://kutl.kyushu-u.ac.jp/pub/takada/DBM3/
through anonymous ftp.

/
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5. Concluding remarks

The important results obtained through our numerical analyses.

(1) By diagonalizing the boson Hamiltonian
H=H,+H©, +HO,

within the simplest s- and d-boson space, we can well reproduce the energy levels
of the exact shell-model calculations and the experimental levels as well.

(2) The term H ™.  representing the normalization of the coupling effects between
the collective and non-collective degrees of freedom 1s indispensable for the DBM
method.

(3) Some of the Tamm-Dancoff phonons with the lowest energy eigenvalues are
selected as the ""collective" phonons, and then the corresponding bosons constitute
our "‘collective " model space.
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6. Some additions

Gauss type interaction

48 - -
C r Range [dimension-less] : 0.85 Dlmensmn
) NN PP int strengths (Vis, Vtt) [MeV]: —19.92 9.54 ]71-
MeV] NP intstrengths (Vss, Vst) [MeV]: 0.00 —86.61 Shell Model DBM
6 NP int strengths (Vis, Vtt) [MeV]: -19.92 9.54 0+ 41335 9
1t 118269 5

> . R
<) 3" . de2 2+ 182421 17
5 @ o
c ‘—\‘T\—\\ . . 2 +
S 4 o - - 3 225725 9
S ®) 0y e T 47| 246979 13
= + T 4"
T ° @ 5 — 5+ | 245387 5
O 0*2
X . 6" | 226259 5

2_ 4" - 13 2,

- 17 Q-moment [e X fm?] and B(E2) [e? X fm*]
. . Exp. DBM
o- 00—
—145.81 Q,(2) unknown 8.93
(a) Exp. (b) DBM3
Sum of the square deviations = 0.088669 47>2 unknown 209.54
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6. Some additions

Excitation Energy

50

6_

N
T

N
T

Cr

MeV

Gauss type interaction

Range [dimension—less] : 0.85

NN PP int strengths (Vis, Vit) [MeV] : —=27.54 13.04
NP int strengths (Vss, Vst) [MeV]: 0.00 —104.64
NP int strengths (Vis, Vit) [MeV] : —-27.54 13.04

1: 4"
— 2
4"
2
O+
(a) Exp.

15 5i
11 —3
21 3 4"
15
2
o+
28
31
14
-205.97
(b) DBM3

1100_2(1,~1) type

Sum of the square deviations = 0.003614

Dimension
I™ | Shell Model DBM
0t 267054 14
1t 771409 11
2+ 1200017 31
3+ 1510328 21
4+ 1686373 28
5t 1723299 15
6+ 1641492 15

Q-moment [e X fm?] and B(E2) [e? X fm*]

Exp. DBM
Q,(2) -36.7 -25.09
2—=>0, 217.2 180.54
4—=>2, unknown  301.77
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6. Some additions

52 Gauss type interaction
Cr Range [dimension—less] : 0.85 Dimension
MeWr NN PP int strengths (Vis, Vit) [MeV] : —28.51 14.89 T
NP  intstrengths (Vss, Vst) [MeV] : 0.00 —39.56 ! Shell Model DBM
NP int strengths (Vts, Vit) [MeV]: —28.51 14.89
6r . 0t 773549 22
- — T 1" 2242811 18
o)) 5
a—)— 32 +2 2+ 3505079 51
TR a7 ——2 3¢ | 4447300 37
5 1 +
I5 5 18 iﬁ 4+ | 5016447 52
s L B 2
2 6 — 22 34 5+ | 5195894 32
(&) + — +
5 f— 07 P 6" | 5029085 34
2 2
ol
2"’ 51

Q-moment [e X fm?] and B(E2) [e? X fm*]

o 22 Exp. DBM
—150.02 Q,(2) -8.216 -25.40

(a) Exp. (b) DBM3
1100_2(1,-1) type 2—=>0, 132.06 77.65
Sum of the square deviations = 0.083129 4—>2 unknown 184.62
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6. Some additions

Yukawa type interaction

52 C
r range 0.50 Dimension
NN PP int strengths (Vts, Vit) [MeV] -28.80 9.0 I
NP int strengths (Vss, Vst) [MeV] 0.00 -32.0 Shell Model DBM
MZV NP int strengths (Vts, Vit) [MeV] —28.80 9.0 o+ 773549 29
1t 2242811 18
1, 2+ 3505079 51
12 5%, 3t 4447300 37
3
2 4t . 6% 4+ | 5016447 52
c 5+ 18 1
T S — = 4, 5+ 5195894 32
8 6+ ___________ 2+_2 ________ 34 0+ +
2 — 2 6 5029085 34
S & _ o, 52
2 ol %
n ; 5 Q-moment [e X fm?] and B(E2) [e? X fm*]
Exp. DBM
1o . Q,2)) -8.216 -15.67
~149.02 2—>0, 132.06 72.56
() Exp. (b) DBM3 4—>2, unknown 84.18
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‘ 0. Some additions

MeV|

Excitation Energy

50
Cr

6..

N
T

N
T

Gauss type interaction
fpg 6 levels

Range [dimension—less] : 0.85
NN PP int strengths (Vis, Vit) [MeV] : -22.12 11.06

NP int strengths (Vss, Vst) [MeV]: 4.44 -85.08
NP int strengths (Vis, Vit) [MeV] : -22.12 11.06
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