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Neptune and the waves, or ''steeds,"' he rides.

_ Walter Crane, 1892



Neptune driving Waves
RERSBHLTT 21— N Ry SR 4d::

(Weak 1nteract10n)

What are the propertles of B decay s

~ In N>>Z nuclei ? i
‘V/ . Properties of GT transitions are deduced |
(é’ usmg experlmental data from CE reactions ! ¥
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Neptune driving Waves
RERSBHLTT 21— N Ry SR 4d::

(weak 1nteraction)

In 3 decay
_ |  Gamow-Teller (caused by ot operator)
‘7 Fermi (caused by t operator) g’ |
i fa are called "allowed transitions,” g
[ They are the dominant transition processes | B

; Powerful Waves=3 | \iE B {E F
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Neptune and the waves, or ''steeds,"' he rides.
_ Walter Crane, 1892



IV Giant Monopole Resonance (IVGMR)
by P. Adrich




IV Spin Monopole Mode
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**Basic common understanding of
B-decay and Charge-Exchange reaction
in the study of GT transitions

B decays :
Absolute B(GT) values,
but usually the study 1s limited to low-lying states
(p, n) and (*He t) reaction at 0° :
Relative B(GT) values, but Highly Excited States

** Both are important for the study of GT transitions!
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Comparison of (p, n) and (*He,t) 0° spectra

SNi(p, n)>3Cu

Ep = 160 MeV J. Rapaport et al.

58Ni(3He, t)SSCll NPA (‘83)
E =140 MeV/u
Y. Fujita et al.,
EPJ A 13 (C02) 411.

H. Fujita et al.,
PRC 75 (°07) 034310

8§ 10 12 14
Excitation Energy (MeV)




Comparison of (p, n) and (*He,t) 0° spectra

<High selectivity for GT excitations.
<Proportionality: do/dw oC B(GT)

. l\atJClPULL viL dl.
58Ni(3He, t)SSCll NPA (‘83)
E =140 MeV/u
Y. Fujita et al.,
EPJ A 13 (°02) 411.

H. Fujita et al.,
PRC 75 (°07) 034310

Counts

GTGR

0 2 = 6 8§ 10 12 14
Excitation Energy (MeV)



Gamow-Teller transition s

Mediated by GT operator (axial 1sovector-operator)
AS=-1,0,+1 and AT=-1,0, +1
(AL =0, no change 1n radial w.f.)
=» no change in spatial w.f.
Accordingly, transitions among j. and j. configurations
20 k?le €2
example ds, 2 dsp, d3p 2 d3p, dsp €2 d3p

=» GT transitions are sensitive to Nuclear Structure !
=» GT transitions in each nucleus are UNIQUE !




B decay & Nuclear CE reaction

1 A7
#B-decay GT tra. rate = R EB (GT)

1/2

B(GT) : reduced GT transition strength .
oc (matrix element)’ = |<flot|i>|?

*Nuclear (CE) reaction rate (cross-section)
= reaction mechanism

X operator

X) structure

*At intermediate energies (100 < E,. <500 MeV)
=» do/dw(g=0) : proportional to B(GT)

=(matrix element)?




B decay & Nuclear CE reaction

1 A7
#B-decay GT tra. rate = R EB (GT)

1/2

B(GT) : reduced GT transition strength
oc (matrix element)’ = |<flot|i>|?

*Nuclear (CE) reaction rate (cross-section)
= reaction mechanism

X operator

X) structure

*At intermediate energies (100 < E,. <500 MeV)
=» do/dw(g=0) : proportional to B(GT)

=(matrix element)?




Simulation of B-decay spectrum

*OCr(°He,t)*°Mn
E=1 ng MeV/nucleon
0=0
Q =8.152 MeV
EC

f-factor (normalied)

OE?_

E in >°Mn (MeV)

g.s.(IAS),0" |

B-decay: 50Fe > 50Mn
*expected spectrum
assumlng isospin symmetry

Q_ =8.152 MeV
EC

N
-
-
9

B intensity (relative)

AL N
0
Y. Fujita et al. PRL 95 (2005)
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Simulation of B-decay spectrum

*OCr(°He,t)*°Mn
E=1 ng MeV/nucleon
+ 0=0

FI\
AN
03

igh EX reglen can be studied !

L Ll L

E in Mn (MeV)

B-decay: 50Fe > 50Mn

*expected spectrum
. . assyming isospin symmetry
A iy QEC=8.152 MeV

(o)
™

Absolute B(GT) vaftue can be studied !

.

0 1 2
Y.F, B.R, W.G, PPNP, 66 (2011) 549
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**GT transitions in each nucleus are
UNIQUE |

- Ca isotopes -




Nuclear Chart f—sheU\Nucle'
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<35NS |44 M8 »MNS |115 'l/ 15228 MS 271741
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21 MS AMS T MS D263 0 M8 423 4345 277RSD (AT 0.9 235
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1p-1h Excitations in
%0Ca: CE+ Reaction “%Ca: CE- Reaction

\

\ 9% (10)=[500—50 1992 (10} =50] —
(2)={(40) (2)={(40]
(6)=[38] (6)=[38)
(4)= (4)=
(8)~(28)—28 (8)~(26) —
(4)=[20) =20 (4)={20]—
(2)=(16] (2)=[16]
(6)=[14] (6)=[14]
(2)—(8] —8 (2)=(8] —
(4)=[6] (4)=[6]
JORRIE P - Q) ={2] =2 —meen sl ] (2] 2]

from “He, 10, *Ca : no GT transition is allowed !

(no GT transition from LS-closed Doubly Magic Nuclei)




40Ca(3He, t)*Sc

A Counts 40caldeg Ex0005.qda
6 10 1 ) L ) ] ) L L ] ) ) L 1
1 40 3 40
510% - Ca( He,t) Sc
1w . E=140 MeV/u
410°f & 6=0°
3 10°. S o
| » &
2 10° - )
110" -
0 | — i — ' ' 1 ' ' ' T ' ' ' l
0 4 8 12 16

E_in *'Sc (MeV)



GT Configurations in Sc isotopes

(a)*2Ca+»*2Sc  (b)44Ca+»44Sc (c)*®Ca—+46Sc  (d)48Ca»48Sc
P12

f 5/2 V\

P32

particle-particle
nature 1 nature

particle-particle int. (attractive) ——  particle-hole int. (repulsive)




42Ca(3He, t)*Sc

Counts 42caldeg_Ex0005. qda
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42Ca(3He,t)*?Sc in 2 scales

42cal0deg_Ex0005.qda
" 1 1 1 1 1 1 1 1
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42Ca(3He,1)*2Sc in 2 scales
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44Ca(3He, t)**Sc

| CowﬂSI 44caldeg_Ex0005. qda
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48Ca(3He, t)*8Sc

| Counts I 48caldeg_Ex0005. qda
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48Ca(3He, t)*8Sc
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Nuclear Chart #-shel Il Nuclej
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GT Configurations in Sc isotopes
(a)*2Ca+»*2Sc  (b)44Ca+»44Sc (c)*®Ca—+46Sc  (d)48Ca»48Sc
P12

fs/o -p=p % ="
P32 A\ A\

particle-particle int. (attractive) ——  particle-hole int. (repulsive)

Low-energy Gamow-Teller
Super GT state Resonance
|s formed ! |s formed !




GT Configurations in Sc isotopes
(a)*2Ca+»*2Sc  (b)44Ca+»44Sc (c)*®Ca—+46Sc  (d)48Ca»48Sc
P12

fs/o -p=p % ="
P32 A\ A\

particle-particle int. (attractive) ——  particle-hole int. (repulsive)

Low-energy
Super GT state

Main Player:
s formed ! Isovector interaction !




Role of Residual Int. (repulsive case)

Single particle-hole
strength distribution

Graphical solution of the

RPA dispersive eigen-equation

positive = repulsive

p - h configuration + IV excitation

= repulsive

Collective excitation
formed by the repulsive
residual interaction

strength
>

1p-1h strength

A

=
N
oY)
o
D)
—
N
N




Role of Residua

GTR is formed by the
IV-type Repulsive
residual interaction

..............

12104
1 10“-3
8000-3
eooo-f
4000-3
2ooo-f

S22 ST7T 1

48Ca(3He,t)*8Sc

“®Sc 6.678, 0* IAS

GTR

Int. (repulsive)
1p-1h strength

a)

=

A MJ’ {@WWW hto
4 B 12




42Ca(3He,t)*4Sc in 2 scales

42cal0deg_Ex0005.qda
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1000-  is concentrated in the excitation
: of the 0.611 MeV state.
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GT Configurations in Sc isotopes
(a)*2Ca+»*2Sc  (b)44Ca+»44Sc (c)*®Ca—+46Sc  (d)48Ca»48Sc
P12

fs/o -p=p % ="
P32 A\ A

particle-particle int. (attractive) ——  particle-hole int. (repulsive)

Gamow-Teller
Resonance

Main Player:
Isoscalar interaction ! s formed !




Collective excitation formed
by the attractive IS
residual interaction

strength

g2104Illlllllllllllllllllllllll.
;) 422Ca(3He, t)*2Sc
O 4
1510+ |- E= 140 eV nucon
{ 9=('
9]0
1114 0|
500
OJW' =

Role of Residual Int. (attractive)

Eiai, Sagawa, Colo et al., PRC 90 (‘14)

strength

strength
(GR)




42Ca(3He,t)*Sc in 2 scales

W 20000 g (é) D e 42C30deg EXOOOS qda o
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GT transitions in A5n > ASb CE reactions

800. 118s;n( He,t)
] E =140 MeV/u, 6=0°

Counts

600{

B(GT)=0.34

g.s.

400-

~9.28 MeV

GTR (main)

200-

‘N-Z=18‘;

‘Scenaﬂo‘

LA) In N>>Z nuclei, GT ex.
. has p — h nature.

WMMMW:B) In p — h configurations,

[\V-type int. is active.

0

o 4 8

'1'2"'1'6

I=v fnnfnhun

C) Due to the repulsive

350 -
200 '2%Sn(°He,t)

E =140 MeV/u, 6=0°

Counts

250 -
2001
150
100+

50-

B(GT)=0.34

g.s.

10.204 MeV |

IAS

GTR (main)

\N Z=20||

| nature of IV residual
- interaction,

L the GT strength is

[ pushed up.

D) With increasing N-Z,
| the GT strength is

pushed up more.

12 16
Ex_tentative




I

1325n(p’ n)1325b L 3?sn(p,n)

@ RIBF RIKEN e e
(Angular-dis. Ana.)

IIIIIIIIIII

Data (stat. error)

The result of MDA
(Multi-Pole Decomp. Ana.)

shows that GTR is
at Ex ~ 16.3 MeV
widthT" ~ 4.7 MeV.

[ aL=o
'IIIII AL=1

d6/d Q/dE (mb/st/MeV)

J. Yasuda et al.,
PRL 121, 132501 (2018)

(??Sb) (MeV)




GT transitions in #Sn > ASb CE reactions

llllllllllllllllll

o | 118 /3 > .
£ gnn ] Sn(“He,t) C — i
8001 | 12 \N-z-18\_
) 1 1o E =140 MeV/u, 6=0 o :
600 [~ * i
1 |0 | lkeda Sum Rule
o)][11]
400 GTR (main) | B(GT) ~3(N -2)
: pigmy :
" WM WMMW
0- MMJ ................ |
0 4 8 12 16
O — 2 =
s n(p.n) T I i
IN-Z=32]

216 MeV./ /u

. > -y
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7
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1
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16
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1 n n n 1 n n " 1 n n 1 " n n 1

~ 1500 g catren®se 7 | 3P-Chart
I = E = 140 MeV/u = |
] ‘__ +o ®=0° g [
10000 N~ = T LClndSCClpe)
| © S © |
so00{ % &
0: . l " W J'"l H—JWJM, o ﬁz—;l-k-l- - ,J;: 3
0 4 8 12 16 ;

E in **Sc (MeV)

Knov B*-direction

A

Neutrons

B--direction — Tera
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GXtransitions in ASn > ASb CE reactions

% soqf '®Sn(°He,t)
S [] 2 =140 MeV/u, 6=0°

~9.28 MeV

1 32$n(p,n)
216 NMeV. u




CE reactions

~9.28 MeV

GTR (main)

'®Sn(°He,t)
=140 MeV/u, 6=0° :

||||||||||||||||

There always remains
some low-Ex GT strength ! o e
s n(p.n) T 1, .

216 MeV u

. > -y

4 8 12 16 20 E. (MeV)




Low Ex GT s‘rr'eng’rh Even Odd vs. Even Even

20001 | ' &
w 'IAS: B(F)=3 : 47T|( g t)47V :
3 1500- 3 E=140 MeV/nucleon i
= o |8 0=0° ;
tooof |tiny Hf B2 /§ Target Nucleus : 4’Ti (Even-Odd)
! % T
O_ f’,;h. W Ik  .ahh u‘ﬂ L'.‘ AN AAIIAA S St Mottt
\Oj 2 4 5} 8 10 12
E_in 7V (MeV)
1000J[Iarger | ‘ ¢ 5|IAS: B(F)=4 ®TiCHe "V @
[§3 :
8004 & o E=140 MeV/ nucleon
4 = 3 0
‘:3 8=0

Counts
N
L]
L]
I

.

=

[

— 0.
8

Target Nucleus : 48Ti (Even-Even)

4.554
4.687




Interpretation of
CE results into - decay results

*** Q-value limitation




Simulation of B-decay spectrum.

*OCr(°He,t)*°Mn
E 140 MeV/nucleon

Q-value Window
In 3 decay
IS Narrow |

f-factor (normalied)

Ex in >°Mn (MeV)

g.s.(IAS),0" |

B-decay: 50Fe > 50Mn

*expected spectrum
assumlng isospin symmetry

Q_ =8.152 MeV
EC

N
-
-
CP

B intensity (relative)

A 1
0
Y. Fujita et al. PRL 95 (2005)

o




Interpretation of
CE results into - decay results

*** Q-value limitation
GTR region usually makes no contribution !
Fermi transition cannot make contribution !
[Y. Fujita et al. PPNP 66 (2011) 549]
*** GT transitions to the low-Ex region
although weak, have large weight.

*** GT transitions to the low-Ex region:
different in Even-Even & Even-Odd nuclei !

= T1/2 can be largely different !




~ Simulation of B-decay spectrum

CrCCHe,t)*°Mn |
E=140 MeV/nucleon ]
0=0 0.
Q =8.152MeV | 0.
EC i

f-factor (normalied)

Summary 2
In order to study the 3-decay properties from

N>>Z nuclei (both in Experiment & Theory)
1) Q-value study is important.
2) Tiny GT transitions to the low-Ex region
plays important roles.
3) The GT strength to the low-EXx region is
rather different in
Even-Even & Even-Odd
nuclel.

B intensity (relative)




End of publicity




