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This talk was based on our recent papers.

1. Isoscalar pairing correlations by the tensor force in the
ground states of 12C, 160, 2°Ne, and 32S nuclei.

Ha et al. PRC104, 034306(2021)
2. Tensor Force Effects on the Gamow-Teller Transition for
42Ca, 45Tj and 180. Ha et al. submitted to EPJA



1. Introduction



** Short-range correlation(SRC) pairs in nuclei

Or Hen et al., Rev. Mod. Phys. 89, 045002 (2017). R. Subedi et al., SCIENCE. 320,13 (2008).
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* High-momentum tail from tensor force at k > k. in N=Z and N > Z nuclei.
* Mean field : two-body interaction = one-body interaction

* But two-body interaction still remain at the short range region.
In order to consider the residual interaction, we introduce the pairing correlations.



*s* Tensor force : first evidence from the deuteron

Binding energy 2.225 MeV
Spin, parity 1+

[sospin 0

Magnetic moment u=0.857 w,

Electric quadrupole
moment

Q=0.282 e fm?*

vir)

2fm r

o

*Bound state

ur,)=0.98]"s,)+0.20] 'D,)

25+1 |. )

v’ Tensor force(TF) mixes two states.
v" Without TF deuteron is unbound.

L=0) (L=2)
s=1



S WIS GIRUI M - Non-central force (S=1)

VT = Vr (7')~§12

6. =3 (0,-1)(0; 1)

— (04 -0,) ‘Tensor operator

7"2
Origin of TF :
Tensor attraction 80% of entire attraction
7T mesQn : primary source A
repulsive core
/
oc-V
nUCICOn short range attraction

p meson (~ 7+7) : minor (~1/4) cancellation
Ref: Osterfeld, Rev. Mod. Phys. 64, 491 (92)
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¢ How does the tensor force work ?

A g{°'T)\0, T .

S, = 3 {01 22 2 1) _ (01 -0;) = —25%(1 — 3c0s%0) ~Y,, S, =0 forS =0
contribute only to S=1 states.

Spin of each nucleon 4 is parallel, because the

total spin must be S=1

B

The potential has the following dependence on
the angle 0 with respect to the total spin S.

relative
coordinate

IZT = VTA(T).SA'lz, Vi(r) <0 : Tensor force : nucleons
Vy~—=58,~1—3cos?6
¢
R t ¢
0=0 o=n/2
attl'a(:tlon repulSlOn * spin " / wave function of relative motion

Y%
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“* New magic number from 5*Ca (N=34)! z- Stepgng;g';(ggzg )
ature ,

’0Zn3%* jons at 345MeV by BigRIPS

N=34 magic number
and the shell evolution due to proton-neutron interaction

neutron f5,, - p;/» Spacing increases by ~0.5 MeV per
one-proton removal from f-,,, where tensor and central
forces works coherently and almost equally.

note: fs;o=j. f72=J,

Protons Neutrons 2

VP4
32 P1n

—ovov—
VP3n
28
T2 Vi
VOVVVVVY

%0Fe (Z = 26) BCr (Z=24) =i (Z=22) %4Ca (Z=20)
Z=N=20

From Otsuka’s talk
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*¢* Deuteron structure in nucleus?

PHYSICAL REVIEW LETTERS 121, 242501 (2018)

Dominance of Tensor Correlations in High-Momentum Nucleon Pairs Studied
by (p,pd) Reaction
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The isospin character of p-n pairs at large relative momentum has been observed for the first time in the
160 ground state. A strong population of the J, T = 1,0 state and a very weak population of the J. T =0, 1
state were observed in the neutron pickup domain of '®O(p, pd) at 392 MeV. This strong isospin
dependence at large momentum transfer is not reproduced by the distorted-wave impulse approximation
calculations with known spectroscopic amplitudes. The results indicate the presence of high-momentum
protons and neutrons induced by the tensor interactions in the sround state of '°0.

DOI: 10.1103/PhysRevLett.121.242501



** Dominance of tensor correlations in high-momentum n-p pairs

160 (p, pd) at 392MeV

a
@ 5=1,7=0

Proton

enteron

Tensor force

16 14
(non-central) 0 N
0" 17 T=0
M TN 3.95Mev

5=1,1=0

%ﬁa ()T,
euteron
14N

J+T = odd
Central force

0" 7=1
1} 2.31MeV
e S=1,T=0 channel in the cross section is dominant.

 The high-momentum n-p pairs(S=1,T=0) due to tensor force has been observed
in the 190 ground state.
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2. Formalism

- Deformation
- Pairing correlations
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** Many-body system

Mean-field approximation

(MeV)

Vir)

-60

H

ﬁz
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Vi + VMF(W))
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Slater determinant

WMF(]-: 2: T A)

= Al1(1)92(2) - - -1 4(A)]

2 4 '_ 6 8 10 72
¢ (30,72 + Vit ()] 4ar) = ()
the Onglnal many-body H: Interacting many-fermion sys.=> non-interacting fermions

A ﬁ? 5 1 A

T Loty 2l
= 1_3

A TLQ 5 1 A _ _d_____d---*""f_f-
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¢ One-particle motion in a deformed potential

a spherical WS potential:

Vir) (MeV)

V(r) = —

].U'- I T I I T I

-20 —

30—

40 |-

-50

Vo
e (1)

_ﬁ{} 1 |

deformed WS potential

_Ry(0)
>

Vo

V(T) — V(T: 9) —

1 4+ exp (T_i‘}(g))

Rg — Ro(l

B2Y20(0))

R+(H)
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dVp
V(r,0) ~ Vo(r) — 52R0d— Yo0(0) + --

Bthe effect of Y, term

Eigen-functions for 3,=0 (spherical pot.) :
Uit (1) = Ry (r)Yy (7)

eigen-values: E , (no dependence on /)

The change of energy due to the Y,, term (1st order perturbation theory):

En — Ey+ b |AV]Y,.)

dVp
AV (r) = —5zRod— Y20(0)
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d fmje,ét‘Ta. oh £ = L

K is good quantum number | i ) a=p+l

In spherical basis, j is a good quantum number. g - - k
But in deformed basis, a projection of J on the nuclear symmetric axis z, £2, is a good quantum
number.

Deformed states, +5/2, +3/2, and +1/2, are separated from the spherical state ds ..

335, o

Rotation axis
rotational A 1 R

frequency (0< : 5

0.1 0 01
Spherical state occupation (2j+1)—> Deformed state +Q (2)

» Single particle states in deformed nucleus become more complex.



< Pairing scheme

T=1 (Isovector(lV), isospin- triplet), T=0 (Isoscalar(lS), isospin- singlet)

Types T S L J (K =0)
‘!’?‘;‘i’ Like T =1 (a@) S=0 L=024...(E) J=024... (E)
(aa)(aa)(aa) S=1 L =135. (0) J =E Notallowed
Unlike T =1 () S =10 L=024...(E) J=024..(E)
3p
TF (aa)(aa)(aa) S=1 L =135... (O) J = E No empirical evidence
$? ik V(Y = L=1.35.. . 1.3.5 ... ? 25+1 L,
%?? TF (aa)(aa)(aa)S=1 L=024... (E : 3S,°%D,
In deformed formalism ! blue: repulsive,

red: attractive
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< BCS & DBCS

] 02
BCS deformed BCS 11
22

= &d K=0 bd
——ry Q -Q Q= 1 El
=1 jm j-m (3=0,1,2,3 ) =72 55
T=0 J=1,3,5,~ 12Q | ¢4
T=1 J=0, 2, 4, - E E
(Coupled system) 71
J 22

Laboratory
frame

Intrinsic

k frame/

» The different total angular momenta of the SP basis states would be mixed
because the deformed SPS are expanded in terms of the spherical SP bases.
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3. Effect of tensor force
in the ground states
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o2 12C

Types T S L J (K =0) 2 .
< N > ﬂ#’l" < N = "’i;:n
Like T =1 (a&@) S =0 L =024..(E) J=024..(E) STyt T T T T Gy
(aa)(na)(aa) S=1 L= 135.. (0) J=E - N - 'll"P_"] N (AE;D}i - N ___:}':T'_I - {‘lr?;p_l:lj
. , . . : (GT>0) v (GTS1)
Unlike T =1 (aa) S =0 L=024...(E) J=024..(E) Y ’
TF (aa)(aa)(aa) S =1 L =13,5... (0) J=E 3P1 ZS+1L,
[ =0 (ac¥) S =10 L=135.(0) J=135..(0) blue: repulsive
TF (aa)(aa)(aa)S=1 L=024.. (E) J=0 351, 3D2, 3D3 red; attractive
—o—w/o TF, --m--withTF A, /A, p-p n-n n-p total
—o—w/oTF, --e-withTF:Ag /A, wlo TF  —8— —0— —4— —o—
T T T T T T 8 With TF _._1 +1 +1 ——
1_2 - 12 u T T T T T
o _ (a) “C | (b) ?’C
— 10t = = = = E— -
= - i 2 6t ]
@ o8t | '®
: o
2 el | 5
“ 06 { O ar .
O g4l | 2
= 04r tensor force effect 111 € | |
. >
o 021 g 1 =
00F ®&—— - - - SENEEN ok -
0.0 0.1 02 0.3 0.4 0.5 01 0.2 0.3 0.4 0.5
P2 B2

 H#of nn & pp pairs are rarely by the TF, while that of np pairs changes at certain deformation.
* TFincreases (decreases) the PMEs of the T=0 np channel by its attractive (repulsive) property around £,~0.5 (0.3)
 TFis sensitive on the deformation and may break the IV dominance of the np pairing.

L



¢ Pairing matrix elements(PMEs) by G-matrix

+TF doo( W 12,7, @ 32, A 527 dyo( W 112, @ 372,
TR dgy( O 12, & 32,% A 52,2) dal 7 1124 O 32,
1.0 } 23, B,=0.5
[ v
05F (dsy,, 5/z+)
w LA z
GD | | T . +
o ; gi a EF/ZZ ;(d3/2r d3/2)
: ! N :
05} ;%I o
-1-‘3:- ®3/23 (d5/2; d3/2) A5/27 1(d5/2' d3/2)
5/2,° 112," 3/2,7
SPS
Apno = Aapan = Z [[Z gI=tES0 FI0 Glaace, J,T = 1)}&?[1{;““ O1p, + U5, V2. )
Ja,c

+ [Z Ep ()ijmfﬁflr?(r(aau J T = U)]Im[u.]‘mulh —I—ugmvgp?}] :

Ja.c
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Ratio of IV and IS

o 20Ne

—owloTF,  --m-with TF : A /A,

—o—w/lo TF, --e--with TF: Ag J|I"'—"‘m.tal
1.2} (a) *°Ne]
10 = - ERRRREEE o]
o cm
0.6} o
0.4 |

L g '.. ‘.
02| |
00 e ® .- |
0.2 0.3 0.4 05 e
Bo

Number of pairs

p-p

wio TF —o0— —0— —— —o—
with TF —a— —+— —&— —e—

n-n

n-p total

(b) °Ne .
\‘x"\.
. _....?j:-k
a._______ﬁ_ﬂ_ "\““T:'f..t ’
‘»
o— G “ R~ ¥
_-"'-EIHH"
T,
o -H-H-.-
- -
1 1 : I I :
0.2 0.3 04 - -
B,
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s* BCS(Bardeen-Cooper-Schrieffer) & BEC(Bose-Einstein condensation)

174

large pair size

A
@
(3] iiiu
[2)
& iﬁﬁ
Boson
Fermio
ermion Tc

Superfluid e

s
o8 '
\ e
X .9’ ’

' Y, AP |
R TEC LT
g o ¥
[h. S [ 2
\ % 3 1
J" ' s /
oh .
)’ < ’
i,

—BCS Pairing strength BEC—

Fermions Bosons

1)

1 N

small pair size
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+» Effect of IS enhancement

8

T
(a)*°Ne, p,=0.2 g : ; ;
L | (b)~"Ne, B,=0.3 p-p nn np total
wio Tensor —o—, —0—, ——, —— ]
6| . oL with Tensor —=—, , A,
= _
(s} @
5 =
5 4T 1 2 4L i
o 3
> §
= =z
2t . 5L i
0 1 1 1 1 0 fa T | T
10 1.1 12 13 1.0 1.1 12 13
geffnp ge"fnp
8 20 T T T T 8 2[] T T T
(c)*“Ne, B,=0.5 (d)*"Ne, B,=0.6
- L]
¢ L]
6L - 6 -
(=1 (=8
o— —
o A A [s]
54T " 15 4r i
o " o
E g . e ® °
= =
2+ 03 oy " 3 B 2 I o '+ . B
'y
A A
D 1 /l 1 1 D l'r‘ T

1}/ 11 12 1.3 10 11 12 13
Like T =1 (@) =0 L=024...(E) J=Even
(e@)ox)aa)S=1L=1.3.5...(0) J=Even

FIG. 5: (Color - e T TTIS TIVE TP 1T = U COUpIy strength g?ﬁf

for 0. The empirical pairing gaps are fitted for each gﬁ{-,f . Notations are the same as Fig.1 (b).

= BEC phase might not occur in ?°Ne.



4. Effect of tensor force
in the excited state
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Gamow-Teller transition
and Charge-Exchange (CE) reactions at 100-300 MeV

AT=1, AS=1,AL=0 induced by @ ¢t
strength : B(GT) %
=
n p ]
Giant &
resonance 8
. R
NN o
<
— A0
o ti ‘ §.
- !n! 3He)t L] n, ] t,3He y ..bl. C_D‘ *&)
(p;n), (°He,t), (n,p), (t,°He), .. AZ Azi{ O
100 — 300 MeV
- Isovector spin-flip >> Isovector nonspin-flip
& DWIA good
(g-—g(q:O)) = & 8(GT) =) |Any (0-50 MeV) Ex!

p,n)

From M. Sasano’s talk -25-



** Low-energy super GT state(LeSGT) in N=Z+2 nuclei

LeSGT : 80% of the total B(GT) strength is concentrated
in the excitation of the 0.611MeV state.
» 20000+
= ] “2Ca(®He,t)**Sc
¢S 150007 E=140 MeV/nucleon
: ! P — -~ H:DU :
10000 Bﬁl_ GT) e _1 d
: (from mirror B decay) S =4.272 i
5000 :
o\/J 2 44 6 8 10 12
E 2000 ] | .I i i 1 a . L 1 a a 5 1 L 5 1 " a 5 1 i a i [l "
= 3 Scale: x10
8 1500_:. :_1_1. [} uu [ s I = B 3
] 3 88 o 9 RS
1DDD‘_" - o3 |2 o LT I T R < T [
el & ] 1 Voo
oL\ ﬂ J~. Ly iJ\, L k.& b QMWWM*’P“%W
0 2 4 6 8 10 12
E_in“*Sc

From Y. Fujita’s talk  -26-



Eur. Phys. I. A (2020) 56:138

=

4.6% of GT-SR

] 48 31 ABe
2 150007 . +. (a) “Ca("He,H)™sc
2 o G E = 140 MeV/nucleon
© 100007 o 5 6 - 0°
oJ w
50001 GTR
G I II. S 1 .I“‘.l' e |.IJ.1+
0 10_ . 4 1E
36% of GT-SR E_in "Sc (MeV)
, 200001 o’
g — (b) “*Ca(®*He,t)**Sc
8 150007 | = E = 140 MeV/nucleon
2|s ©=0° -
100004+ | + + .
D — 'I_n
. g o
0 ©
50004 2| @ :
0 LL | U B -
0 5

Fig. 1 a *®Ca(*He, 1)*®Sc [32] and b**Ca(*He, 1)**Sc [16] spectra
taken at an intermediate incident energy of 140 MeV/nucleon and 0°.
The vertical scales of a and b are so normalized that the heights of GT
peaks (and [AS peaks) are proportional to their B(GT) [B(F)] values.

'1'0”””'”5
E in*sc (MeVB

—t «+ particle-particle interaction
IS-pairing: attractive

e fs/2
N

A P32

28 \_ J7/25/5-

- 5/2"

/ 3/2°
S 0 1/2°

T

42 42
20Ca,5, = 315¢,,

% particle-hole interaction
IV-pairing : repulsive

R f5/2
N

\\ P32

28~ V77275

/ XX 52

{ XX 30

X 50 XX 120
T %

48 48
20C028 = 315C27

The GT sum-rule (GT-SR) suggests that the total GT strength is four
times larger in 48G¢ than in *2Sc. In *8Sc, the broad GT-resonance (GTR)
structure spreading in the £, ~ 5 — 14 MeV region carries the main
part of the GT-SR strength, while the B(GT) = 1.1 of the sharp 2.517
MeV state is only 4.6% of the GT-SR. In *?Sc, however, 0.611 MeV,
JT = ]T LeSGT state carries 36% of the GT-SR and =~ 80% of the
observed GT strength [16]
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GT strength Calculations:
HFB+QRPA + pairing int.

Bal, Sagawa, Colo et al., PL B 719 (2013) 116

The density dependent contact pairing interactions are adopted

forboth I =1 and I =0 channels,

1—-P,; p(r)
IV Vr=i(r,r2) = Vo 3 1 - 5(ry —ry), (1)

Po

14+ P
IS VT=U{"1-TZ):@/E L (1 — M)gm —13), (2)
2 Po

Results (using Skyrme nt. SGII)
at f=0: there 1s little strength in the lower energy part,

at f =1.0~1.7: coherent low-energy strength develops!
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s* Low-energy super GT state(LeSGT)

QRPA-cal. 6T-strength (with IS-int.)
by Bai Sagawa Colo
4 ] | | ]
2Ca [ f=0.0
= 3- L e f:U‘S -
$ f=1.0
g , ; el o
8 ! —— 1AR
¢
. Pl & A SGlI+Te3 |
ﬂ r .\;_:' .\\_L R ,,: B
0 10 20 30 40
Ex (MeV)
42Ca—>42Sc (Q-value)
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+*¢* Role of TF in GT states

4

-
O 2
@
0
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0.0 f—
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—
g 0.5
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Q o5
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1.0

00 L

1.5

— 1.0

Q_, 0.5
m

00 F

. I 1o T — T T T
s,=4212Mev  4203(%He 1)Sc (a) data
'S, =11.550 M eV ]
101 =6.425 MeV » -

(14~19 MeV)
GTGR
L1 b e b Lo b ot

0 2 4 6 8 10 12 14 16 18 2
[ 71 L L 1T 17T 71T 7]
L B,=0 (b) +TF3

1 ‘ | Hlu T Llh‘ :

0o 2 4 6 8 10 12 14 16 18 2

L I I L T LA

- B,=0 (c)-TF 1
- «— E

0 2 4 6 8 10 12 14 16 18 2

T ! ! ! T ! ! ! i
p,=0.1 () +TF3
T 1 T T . ‘ 4 .II|I. |I 1 L " llll Il l I.I.d I f .

0o 2 4 6 8 10 12 14 16 18 2
EIB'2=I01 L L I L (Ie)I_TIFE
- - E

| | | | ‘Illl.lll | —t |‘ le | LIJ.I | 1 .

0o 2 4 6 8 10 12 14 16 18 20

[MeV]

Tensor force & Deformation ?

= =17 :

-

42Ca

*2Ca 0.245
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Occupation probability

+¢* Role of TF in GT states

S i —T L — T T
T [smeamhiey T 820a0He 145 (a) data |
l_ 5,=11.550 M eV
9 2 |0 =6.425 MeV » (‘]4-_‘]9[\..19\]) _
m GTGR
e a
—~ [B,=0 (b) +TF]
77 7~ 57 57 37— 37 1~ 1 = 10r E
(51'51)’(51’51)’(52’52)’ (53,53)fr0m (f%’f%) Qost H L E
G-UF' T T |" T |UI T 71 1 |L|":
1+ 1+ 1502 4 & 8 10 12 14 16 18 20
\/(23'23 ) from (ds , d3) ~  B,=0 (c) TF ]
2 2 RENE E
1”1~ O ]
(27,2) from (2.1 D o5 | ]
+ 0.0 [ T Ll'l T "”ll' ! |L'"|‘|M'J'l a1
\/(ﬁ 5 )from (d3 ds) 150 2 4 6 8 10 12 14 18 18 20
2 ’21 E’ E . - EB:IO'] T T T T T T I%)I+‘|’FE
=10 Lé—> 3
Qost E
(an]
nncL e lell Ilu Loy lllﬂ Il||.hi||. i
: . . : . : : : : : 6 8 10 12 14 16 18 20
10fe mes ma g @W/2," (d,)) @)B=04 10te me, 512," (d;;)  (B)Bp=0.14 T 6 I
0.8 /2, (ds;,) 1 osl ©- @_1"23+ (dsp) .
Coo | TR
0.6 4 0.6¢ . = F N VIV | |V W
. 6 8 10 12 14 16 18 20
04} 4 04t 1 E_, [MeV]
42 ex
Ca . "
02+ IIl proton — 0.2+ Wy -
0.0 * neutron olse m omes n IIT 00t .m.hlﬂ
40 30 20 -10 10 20 -40 30 =20 -0 0 10 20
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** Summary

1.

The noncentral TF effect turns out to be sensitive to the deformation and breaks
the IV dominance of the np pairing.

The number of np pairs is increased(reduce) by the attractive(repulsive) spin-
triplet even(odd) TF.

The nuclear deformation turns out to be another key factor to determine the
number of IS pairs reflecting the TF property.

TF plays an important role in producing the low-energy GT peak.

The attractive TF affects not only the ground state but also plays a crucial role of
shifting the main GT peak to the lower excitation energy leading to the LeGST.
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Thank you for your attention!






*¢* Nucleon-Nucleon Scattering Phase Shifts

IV(isovector), IS(isoscalar)

(a) pp

pp & nn 25+1 Lj
IV S=0(A) S=1(S)
=1 L =even(S) L =odd(A)
(S) J=L J = Even

150’ 1D2 é? 3P0, 3p1, 3p2

(b) np (T=1)

IV S =0(A) S=1(S)
T=1 L =even(S) L =odd(A) &

351

(c) np (T=0)

e

2 - \;.

8' o‘ﬁ‘\ 1) 11 oo

i

(S) J=L J = Even
150’ 1D2 3P0, 3p1' 3|:2

IS S=0(A) S=1(S)
T=0 L =odd(A) L =even(S)

\W\lil\i = 0dd

blue: repulsive, red: attractive

Laboratory energy in MeV
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+*Six parameters in empirical formula

Table 2.2: Values adopted for the six parameters in Eq. (2.1) for the excitation
energies of the first natural parity even multipole states including 27, 47, 67,
8, and 107 states. The last two columns are the x? value which fits the

parameter set and the total number Ny of the data points, respectively, for the

corresponding multipole state.

JT a o 3, 3, A An Y2 No
(MeV) (MeV) (MeV)

27 6837 134 083 117 042 028 0126 557

47 26804 138 121 168 033 023 0.071 430

67 59817 138 140 164 031 018 0.069 375

8F 143859 1.45 134 150 026 015  0.053 309

107 2316.85 147 136 165 021 014  0.034 265
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**Isobaric analogue state (IAS)
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J

** particle-particle interaction
IS-pairing: attractive

NZA

/\‘\ f5/2
P3/2
28\ J7/27 -
5/2~

3/2°
X 20 X 1/2~

42 42
20Ca2, = 515¢C

J

** particle-hole interaction
IV-pairing : repulsive

A)Jx fs/z
P3/2
M@m—
/ X X 5/2"
X X 32

X X

1/2-
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*¢* Nucleon-Nucleon Scattering Phase Shifts
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SM Configurations of 6T transitions

P/

p3!2\ \ 8

AN

b
*

Y

INHIHRIN

\

\

f7f2

\
L) e o X
SR %3¢

“"‘ \
- Rix @
¢ XY

opoh 2 1

R KRR X6

42034- 4280 46T * 46yy S0Cr+ SO0MIn S4Fe* 54Co

m-p - v-p configurations
sensifive to IS pairing int.
=>» attractive

(spin-triplet, IS int. 1s stronger

than spin-singlet, IV mt.)

particle-hole configurations
+ IV-type excitation (GT)
> repulsive

by Engel. Bertsch, Macchiavelli

v’ IS (T=0) pairing can play important roles !
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The short and long range tensor force

Short

Long range

Central force

“.p TT(138)
[ spin-orbit force | a) O ' ‘

Lecture notes of R. Machleidt
at the 2005 RIKEN summer school

Long-ranged
tensor force

intermediate-ranged,
attractive central force
lus LS force

short-ranged,
repulsive central force
nlus strong LS force
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Monopole matrix element between orbits jand j

E(m,m')(j’m; j,vm’mnn J,m; jr1m!>

2 (m,m?) L

V. IS Inferaction; m, m’are magnetic substates

Vnﬁ(.?]’) -

Monopole matrix element between orbits j and |’

{bb|v|dD>+{DA|v[DB D+ <D G|v|d G >+ .

+{Bd|v|BD> L L L+ Ll

number of matrix elements in the summation

. G magnetic substates of the orbil j

A~

o

¢b
b A - QO rmagnetic substates of the orbit j’
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FLANY

| 8

Ground-state correlations
BB decay : O*QS — 0%

gs

Important components of NN interaction:
1) Pairing between like nucleons — BCS

2) Proton-neutron interaction, in particular QQ force
— RPA Random-Phase Approximation

BCS RPA
o )
ad &
0 1 0 1 p n

oA LR
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N

proton-neutron QRPA

BCS RPA
o Ground state ansatz o Excitation Operator
|BCS) = | H (u; + v c}m(';_mﬂ ) Charge-Changlng mOdeS
V . j,m>0 h Qll — Z(Xf'nl [(LI,(IL]J — )’::’][(i];fl~7:].])
o Variation with constraints e ;
; o Equation of motion
C 7 oo
g I [BES =D (0115Q, [H, QL11]0)
B = H = XN = w(0|[6Q, @L1]0)
(BEalN|Bes} =1 o RPA equation
2 2 i
.ll;]' + ‘l){' = 1 4 B X (_.' O X
O quasiparticle [‘B 4”y]=“’[d—c”y]
a;"m - A C}m + v; éjm ) . _
Gjm = UjEjm — VjCh quasi-boson approximation
(lj-m | BCS> =0 = Cp’n',pn. - 67)’1) 6nln
2010.12.17-18 —EA-IMERR B RS 8

=45 -



B (GT) derivation

* [ decay :fundamental, but £5 range :hmited "Q-window
limitation”
* (p, n) reaction at intermediate energies (£ = 100-500 MeV)
"proportionality” B(GT) and o(0°)
6(0°) = KNgt | Jo1(0°) | B(GT)

= Breakthrough against "Q-window limitation"
but resolution : rather poor (AE = 200-400 keV)

Js7 : volume integral of the effective interaction V,.at momentum transfer g = 0.
K (w): kinematic factor.

w:total energy transfer.

N, : distortion factor.

a(0) : unit cross section for the GT transitionat g = w = 0.
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Ring diagrams that are summed up in order to obtain the RPA =
approximation. Above bold lines stand for interacting Green
functions, non-bold lines stand for non-interaction Green function,
and dashed lines stand for two-body interactions.

In a weak perturbing external filed, the response of system is related to

the 2-body Green’s function.

RPA provides an approximation scheme to calculate the 2-body Green’s function.
In dielectric function e(k,w) describes the dielectric response to the plan-wave
Electric field E(w,k)exp”i(kr-wt).

The contribution to the dielectric function from the total potential is assumed to
average out, so that only the potential at wave vector k contribute.
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PRL 99, 022506 (2007)

PHYSICAL REVIEW LETTERS

Coexistence of BCS- and BEC-Like Pair Structures in Halo Nuclei

K. Hagino,' H. Sagawa,” J. Carbonell,” and P. Schuck™
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FIG. 1 (color online). A two-dimensional plot for the ground
state two-particle wave function 7 R?|f;—o(r, R)|?. for "'Li. It is
plotted as a function of the relative distance between two
neutrons r and the distance between the center of mass of the
two neutrons and the core nucleus R. as denoted in the inset.
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FIG. 2. The ground state two-particle wave functions
P R%|fL—o(r, R)|* as a function of the relative distance between
the neutrons r at several distances R from the core. The solid
lines correspond to the two-particle wave functions of ''Li,
while the dashed lines denote those of '®C. Notice the different
scales on the ordinate in the various panels.
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