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. Tensor Force Effects
. in Real & Model Spaces
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On the Role of NN Tensor Force in Nuclei
July 24, 2000 Y. Akaishi
Realistic NN interaction
V = VG [f)+VT(r)S12 +H_5{F)E§+VW(FJWLE +VLL(r)£2 OPEP : Main origin of tensor force
Prog. Theaor. Phys. Suppl. No.3 (1858)
R. Tamagaki, Prog. Theor. Phys. 39 (1968) 91.
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Alpha Particle
(MeV)
H-J RSCvs
Energy -20.6 -21.9
Kin. E
Pot. E -151.7 1254
c [ 1E -51.3 -37.2
3E -26.2 -0.6
10+30 -0.4 0.5
r [ 3
|30 -0.5 -0.7
LS+QLS -3.6 1.9
P(D) % 12.8 11.0
f

KE

hw = 21.6 MeV

=3x %hm =48.6 MeV

are 2~2.5 times larger than
Strong short-range correlation

The largest contribution

D-state correlation due to tensor force

M. Sakai, |. Shimodaya, Y. Akaishi, J, Hiura & H. Tanaka,
Prog. Theor. Phys. 56 (1974) 32.
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(The.-«t::rylr of Nuclear Matlerj "Model space”

K.A. Brueckner & C.A. Levinson, Phys. Rev. 87 (1855) 1344
J. Goldstone, Proc. Roy. Soc. A239 (1957) 267
H.A. Bethe, Phys. Rev. 103 (1956) 1353

(Foundation of shell model )

[independent-pair scattering mode in nuclear matter |

L.C. Gomes, J.D. Walecka & V.F. Weisskopf, Ann. Phys. 3 (1958) 241
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[Hole-line expansion method |

Independent-pair scattering mode in 4He F?:;bszfy

Y. Akaishi & S. Nagata, Prog. Theor. Phys. 48 (1972) 133

Multiple Scattering Theory)
K.M. Watson, Phys. Rev. 89 (1953) 575

(ATMS MEl’hDdJ "Real space"

Y. Akaishi, H. Tanaka et al., Int. Rev. Nucl. Phys. Vol.4 (1986) 259

Y. Akaishi, H. Bando, A. Kuriyama & S. Nagata,
Prog. Theor. Phys. 40 (1968) 288



Real Space versus Model Space

Geal space J r

Hl‘”)“ Eu"p}

H=T+V, V=EVH
()

(Mndel space)
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Plane wave basis

Hyl®) = E,|®) | r
o W
HM = P(T +VM}P, VM = {Z}V# ‘ v;j
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[Transfurmaﬁon)
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i) Plw)=|®), i) (o|¥)=1

(E, —QTQ)¥)=(E, -QTQ)|®)+QV|¥)
E,lw)-TQ|¥)=Ey|l@)+QVI¥)
Eolw)-T(1-P)W)=E,|®@)+(1-P)V|¥)
Eo|®)-TW)+T|®)=Ep|®)+ Viw)-PVI¥)
Eol¥)-H|W)= Eo|®)-T|@)-PVI¥)

-

Now we define W, so as to satisfy the relation;
PVyl®)=PV|¥) .

Then, (E;—H)¥)=0




[Fleactiun matrix)

Def. of g

Q
’ 9 =V +Vi 5 9i

PV|w)= P{};] v;Fl®)= P% giFil®)
; il /I

Q
F=1+%]§QEF.'}' 3 =Pzgﬂ|¢>+P z]g.ﬂf ;gjkldj)"‘ .......
=1+ 2 0ufu PUll9)=PEV]I0)+.....

Multiple scattering process Q
eff _ eff _ “
Vﬁ-%],vﬁ-%sgﬁ
Effective interaction
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Nuclear Matter
"Model space"

(MeV)
H-J
E/A -7.8
KE/A 23.9 1 0. 03 0& 05 0§ witm™)
PE/A -31.7
1S Similar to "Volkov". i K% #
38 ¢ o \x\‘g\
P 3.2 Svy o VT isincluded. | 3
3p 0.3 o
1D -2.2 N
as - B
P(D) No D e
N.M. 4He
3S/1S ratio 1.0 soocceal 1.5

"Tensor enhancement”

Y. Akaishi & S. Nagata,
Prog. Theor. Phys. 48 (1972) 133.



Y. Akaishi, H. Bando & S. Nagata, Prog. Theor. Phys. Suppl. 52 (1972) 339.

Tensor force effects on clusterization

Q V.2 v
Fstm;stm \He LS,

Central Tensor
A=(g +€5)—(t; +15),, ~ 200MeV

Central ~-100 MeV at 1 fm

Q
ViSia g ViSia

e Enhanced
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Saturation of Nuclear Matter

H.A. Bethe, Ann. Rev. Nucl. Sci. 21 (1971) 93.

u T T
- -10 N“\.\ ]
~ . 35
L .20 J
E/A 2
(MeV)

Thedepends on three factors,

in decreasing order of importance:
(a) tensor force; (b) exchange force; (c) repulsive core.
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Alpha Particle

hw = 21.6 MeV
d‘ Live fish “Sashimi” KE=3x %ﬂm = 48.6 MeV
(MeV) H-J H-J (D.tr.) H-J (Sc.tr.) Volkov
Energy -20.6 -20.6 -20.6 -29.0
Kin.E  |(131.1)323(3) S 106.1 3 48.6
Pot. E i LA R 126.7 691 |  |__ 776
o [ 1E 51.3 -58.8
3E 26.2 67.9 -
10430| 0.4 . f 0.0
- uncation o Truncation of
N 1 3E D-state short-range 0
|30 -0.5 correlation 0
LS+QLS -3.6 0
0

P(D) % 12.8 Structure-dependent ||
38, interaction




ATMS |Representation of Multiple Scattering Operator

- . Q -
F=Fy+20iF

. Q -
. ” - F=ll 1+ —=g; IFy - [1+ ,]}
ot = 3 B g0 (¢ 2a -4 Sar )

M e off-shell on-shell corell. fn.
=EF".|' +(P—1) LTr; U‘I.'
(i) 2
1 F =;(F 1)+

F=1 zﬁ__,-| \
R (-)-0(F-u)

\ s 0,7(F-uy)

F=1+ 2.Uj
Mpair =10 '

Amalgamation of Two-body correlations
into Multiple Scattering process

1 = 1
F:— nair_‘l] L {_1
D[il‘:’l?u L‘%Uﬁ 0y ={r = Ll;f[]u I]L% aj (s =)
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Realistic Wave Function of 4He

Spatial
symmetric

W =W + ¥ = (Fs + Fp)@° {0,01*

S-,D- Spin-isospin
correlations  antisymmetric

Fs ={E} {W,I P1E+W_.I H?E}
ij
E
Fp= Z “’u 7;1( nﬁ"u)ﬁi‘a

wi = H'E(fm}{1“s(f#)-g"‘7 (’ﬂ)}
Wi = n U(fm){aus(fﬂ)‘gﬂfﬁf)} <—

TE : 3 3
wi = [1'0(ng)—= “uplri
i (R”UT kl)rﬁz o(rj)

Ti( & B)= 3{(6:8)(66) +(:)(38)} - 5 (b))

Traceless 2nd-rank tensor

Two-body correlation

ujj= lug

1E

{3U5+ UDSH }PEE
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Y. Akaishi & S. Nagata, P. T. P. 48 (1972) 133

Akaishi-Bando-Nagata, P. T. P. Suppl. 52 (1972) 339
Tensor effects on clusterization
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NN Relative Wave Function

L --H""'--._\_
exp(-jar’] a=0521m* Inalpha particie. e P
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Ik} {in g mpaspm " Nuclear mattor. ;
(3) k=090fm"
o s 1 15 2 25 ; rim 3‘5
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Momentum Distribution of N in 4He

"Density correlation”

W(p) = (2n)~° [ drdF'exp(iB(7 - 7)) p( 7. 7")

F

.)=(%J3”d§1dézqf*[ & &2 gf] '*'( RS %F]

Form factor "Density fluctuation”
F(p) = dr exp(ipr) p(F,F)

89 % 11%

W(p) = G{exp(—Bﬁz) +8 exp(-Bp° .-'t)} ‘

B=1.79fm? t=12, s=0.00286.

B 2
[K.E.=(A-u¥1dﬁwm) L J




N MOMENTUM DISTRIBUTION TN “He
ERSC potential
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log W(p2)

N Momentum Distribution in 4He

T~50MeV AT ~ 20 + 20 MeV
‘..‘ . w
Model space | Tensor |[Short-range
Y correl. correl.

100 200 300 400 500 GO0 700 800 8500
p2 (MeV/c)

1000



|
Sl
an o
£
= |
a E-'.
Sl
5|
- L
: L
- L
29
W
[ =4
s
E
2
El-
0
(=]
=

df{e,e’p)n
E=Sﬁn’HE1l|'

Hul ben - Famagu

Ar-u solt core,

i

100

200 300
p (MeVrc)

\
\
\S-state Vo
R e 'l'b .F;
v/ |/
i 1]
. T 1 [
250 500 750 1000

q (MeV/c)




Detection of Short-Range Correlation

S. Tadokoro, T. Katayama, Y. Akaishi and H. Tanaka, Prog. Theor. Phys. 78 (1987) 732.

“He ground spectral function

“He(e,e'p) *Hg

Selk) (tm3)




Th f Effective Interaction
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3p-1h

T.T.S. Kuo & G.E. Brown, AMD
Nucl. Phys. 85 (1966) 40

Y. Kanada-En'yo, H. Horuchi, ... J

K. Ando, H. Bando, S. Nagata et al., Prog. Theor. Phys. Suppl. No.65 (1979)



Recipe for Effective Interact

¥. Akaishi & K. Takada, Prog. Theor. Phys. 37 (1967) B47

ul
1E central: i

ge (r)= .M — Vg atl 2 fhegling

3E central: Short-range correl.

gE=0(r) = vty / jolkr) +/Bvrugy / jo(kr)) = Ve

Vr ;‘VT Tensor renorm.

3E tensor:
g5 =%(r) =vyugg / jo(kr)
+ %{vc —2vy -3V — Vs Juoz / jo(kr)
= Vr
GH"2(r) = L[ -3Buru / ol
~3{ve —2vy —8v s — Vs JUzz / o (Kr)
+5{ve +2vy —vig + 15 JU2s / jo(Kr)
—2{ve —$vr +2vi g +2vususs / ja(kr) ]

—Vr+3vas
30 spin-orbit:

- 1 #
gs(r)= E[-E{Vc —dvy —2v g — 2V s Jusy / jy(kr)
-3{vc +2vy —vis +3vaus Jurs 7 ji(kr)
+5{ve — Bvy +Vis +Vas JUiy / Ji(kr)
'@“"ﬁ"'r”ﬂ / j\(kr D]

= Vs

3 spin-orbit

632(r) = o5 [FoBVrugs iz lkr) )
-9{vc —2vy —3vis —3vy Juz / jo(kr)
-5{v +2vy —vig + 1 Jusz / jo(kr)

+1 4{"": = ;'VT +2Vs + 2“&}”35 / j2(Kr)
+24-[3v+Udy / jo(kr) ] Vs

(MeV)
100~




What is "Model"?
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Real space
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Model space
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H. Fashbach, C.E. Porter & V.F. Weisskopl,
Phys. Rev. 96 (1954) 448,

Ulr)=p=Vg-iWy, re<f=pa"? :
[ T iz * = ad &M var

Ve = 42MaV, Wy=1.26MeV, 5 =145fm
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K. Ikeda’s idea RUFAERSEVERE/NSY FA EHABER
Tensor 2 Pion | xsx>omzzanictsus(Ra—nTFRE

S. Sugimoto et al.

n P
-
RREODTRTHA ! .
A citadel of S.M. Y. Akaishi p n

Tensor BHF calculation of 4He

4 - - ="
Brtr =.‘t_]-_l1 F( 7 ; Ok, Tk ) Xspin-isospin

F (7 Gk i) = { f() - ((Gic o /g ()}

(6F)aYo=—r|(t=1s=1)j=j,=13)
. 1
g(r}p=1§{1—l}p—,j1;n
g{i}n=§{1+i)n+£p



The AVS8' Potential

R.B. Wiringa, V.G.J. Stoks & R. Schiavilla, Phys. Rev. C51 (1995) 38.

V=v" +VET

2
v’ =f2{“m_] 1”732(‘552){(5152)%(! )+ Tm(r)Siz}

3
o]
mr

). 8 3 |e™(, __o2)?
Tm{r)-{1+mr+(mr)2} —(1-¢7")

E—mr

Yin(r) =

1 _
f2-0.075 m= §(mo +2m;), c=2.1fm 2

S LST &
VST =VST +Vs1S12 +VSTLS




Brueckner-Hartree-Fock Calculation
on Gaussian Basis

N N
R i
N N
U (R)eu(R) = Un(R)@,(7) + [ dRUe (R, 22 o u(72)

2-matrix
Un(R) = | a2 g3(R)g(7. 2 Y. (72)
U‘F (Eh F2}= _gm;{éh{ﬁi* FE )q}v ('F‘I]

{.(,q faj}z}J a,...., 8y fixed

'(ﬁ / bj]z}ﬁtl"mm{ﬁ}- b1 B0 fi

Self-consistently determined |f EE‘.{I!. Fun)@z" fozte)| @ N8ujspinh X @piguzte) - exch.) ]

po—

[2h+1}(2f2+1}'i i[u,+M,_] 1‘2""‘ 2t EE[EnH](zrrn]

< are " Zexp({ A"+ A+ oF)) JARA+ " Zexplday"+a, +a.+aﬂn9]'1
i e (i3 " ligyarR) ,
xE[fanﬂ}{f #WF‘O}E{."Z . mP_ﬂI,z P m]{n T3] Hﬂ.r, 7 }

taley—elltz Loy-r

K-1 f2K %} iod W
x{ z {n :h': E_{EJ W KU'Q} 2 is-0 *y, nand ¥p

Matrix elements for s-shell hyperon:




150 v :
Mea\f

SEState PV (rike)

100

ke =14,1.2,1.0,08fm"

-100
-150 | 14 |
: T . . . - rfm .
0 05 1 1.5 2 25 3 35 4

M. Serra et al.: g-matrix>RMF



Tensor BHF Calculation of 4He

4 = - m
Bty = ;.;l-_[1 F (T : O, Tk ) Xspin-isospin

F(Fic; 6k T) = { ()~ 1 (Gifi ) o (1) 97k )}

(67 )aYoo =—r|(t=1s=3)i=jz=3)

9(5)p= 3 (1-)p—[n
A Mt 1
g(r}n-2[1+:)n+£p

Complex

t)-$ ol {5} - Eovoel{]]

by /bp_q=c; by=0.1fm, by, =6.0fm

Projection: W =P" P" djy,

Parameter search: Simplex method



OPEP i

[_ 2)¢t+} _4,; ,5(;2 ~F) |t 62%

i =:b’(rx-h7y): r{']'p=-q"§n P n

= -4x04(f,~F)

¢=—EIT
Fz_ﬁl

Vioulls —F) =02 = o2oL

o=l

= f Xpl\K o — T
‘Pm(rzrﬁ) ';" }( 1"'_"1) DE? FEF] A
S i€ T 5 ) expl«f —F
Vores (i —7) = (@9 [t 27 + 8020 + eV L (o9 F'E: _F::; I i)
2 N
‘ Feh-fi, X=xf, V,=-V,=kV,, x="E~07m’

Vorep (F) =% (121:1 )(02\7' )(01"?:;) exp(-x)




150
MeV

100

-100

-150

EState I { V5 (rike)+V4(r)S;,}
R (a) (b)
ke =1.4,1.2,1.0,0.8 fm™
| i 1 1 1 L | r fm 1
0.5 i 1.5 2 25 3 3.5
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Tensor BHF calculation

(0s+0p)* Wiringa et al.'s AV8'

E =-15.3MeV

(T)= 82.5MeV
(Vo)=-25.6MeV
Ve )=-9.7MeV
i%trg: -62.5 MeV




Alpha Particle

" goge” e
AVS' (Sc.tr.) AVS' (D.tr.)
(-253)
825 3398 54.1
| __978 | | _ 794 __ |
C 3E ] -55.3 RGN -?:? ] -35.3 *\\‘\k‘\‘ (%)
10+30
"~ SD Ordinary
T DD ] NN\ single particle model
LS -4.7 S
Ptolemaic
P(D) % 13.9 P(p) = 14.9 %

Phys. Rev. C64 (2001) 044001.
Benchmark test calculation of 4N [

Charge & parity-mixed
single particle model

Copernican



Concluding Remarks

(Ordinary single-particle mudelj

Ptolemaic (geacentric)

State-dependent effective interactions
(Density, cluster, halo etc.)

(Charge-parity nonconserving single-particle model )

¥ i} | T mtr -
] {NeNoceninc)

High-momentum phenomena
due to NN long-range tensor force

Pion (chiral) plays aleading role.



