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Neptune driving Waves
RERDBIHLTF 21— Neptune=55LME B {EF

(weak interaction)

Neptune and the waves, or "steeds,' he rides.
_ Walter Crane, 1892




Neptune driving Waves
RegRbBMrTFa—r Neptune=35LMEE (£

(weak interaction)
W Processes (e.g. B decay) §
ller transitions !

f“ and thus well understood '
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metal hammers

hammers
=operators

wooden hammers

The sound from the bell is different depending on hammers!

The mode of nuclear excitation is determined by an operator!




Vibration Modes in Nuclei (Operators)

Microscopic classification of giant resonances
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Gamow-Teller transitions

Mediated by OT operator (axial isovector-operator)
AS=-1,0,+1 and AT =-1, 0, +1
(AL =0, no change in radial w.f. )
=» no change in spatial w.f.
Accordingly, transitions among j. and j. configurations
S U P 4 PR N wir )
example ds, > dsp, dyp 2 d3p, dsp €2 d;)

Note that Spin and Isospin are
unique quantum numbers in atomic nuclei !

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




1p-1h Excitations in
40Ca: B* (reaction) 49Ca: B- (reaction)
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from “He, 1°0O, 4°Ca : no GT transition is allowed !
(no GT transition from LS-closed Doubly Magic Nuclei)

1p-1h Excitations in
42Ti: B-decay 42Ca : CE Reaction
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B decay & Nuclear CE reaction

1 2
#B-decay GT tra. rate = —— = 1/ |B(GT)
t1/2 K

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 2
#B-decay GT tra. rate= — =/ T/ —|B(GT)
t1/2 K
B(GT) : reduced GT transition strength
oc (matrix element)’ = |<flot|i>|?

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

X operator

X structure

=(matrix element)?

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




Simulation of B-decay spectrum
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S Dispersion Matching !

3ol imator Y. Fujita et al., NIM B 126 (°99) 274.
&D‘ \ H. Fujita et al.. NIM A 484 (*02) 17.
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***Isospin Symmetry
and
Isoscalar - Isovector

In transitions: without T with T operator

as a result

In structures : protons and neutron contributions are
in phase out of phase (opposite)

an important idea to see the connection of
decays and excitations caused
by Strong, EM and Weak interactions !

There are many cases that the “operators” are the same
in transitions caused by “strong,” “EM” and “weak” int.

Giant Resonance (GMR) by M. Itoh
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IV Giant Monopole Resonance (IVGMR)
by P. Adrich

T=1/2
Isospin
Symmetry

Koelner Dom
in Germany
(157m high)
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Nucleon & Coin

= Coin

back face

= Nucleon

neutron

proton
similar mass _
nearly the same interaction

T,=1/2 TSy 1sospin T=1/2

Nucleus & Coin

= Coin

back front

= Nuclei

T,=(1/2)N + (-1/2)Z

T,=1/2 =-1/2 1sospin T=1/2, 3/2, ...

Z
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Analogous Structures, Transitions in T=1/2 System

Real Energy Space Isospin Symmetry Space
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T =1/2 Mirror Nuclei : Structures
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b =1/2, 3/2 Isospin Symmetry for A=15 Nuclei
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1p-1h Excitations in

42Ti: B-decay
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42Ca : CE Reaction
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***  GT transitions
inT=1/2

A=7,9, 11 mirror nuclei

Spectra of p-shell Mirror Nuclei
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B(GT) - normalized Spectra
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Counts

B(GT) - normalized Spectra

BOREX:
a program to study
Solar neutrino via weak
Neutral & Charged currents
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**GT transitions in each nucleus are

UNIQUE |

- pf-shell nuclei -
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42Ca(3He,t)*Sc in 2 scales
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SM Configurations of GT transitions
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SM Configurations of GT transitions
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42C% 425 46Ti > 46y 50Cr» 50)Mn 54Fe* 54Co
40Ca = inert core for GT tra.
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D
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Lok

particle-hole configuration
+ IV-type int.
= REPULSIVE

Role of Residual Int. (repulsive)

Single particle-hole ?0
strength distribution 5

1p-1h strength

Graphical solution of the ’
RPA dispersive eigen-equation

strength

p-h configuration + IV excitation .
= repulsive I\l \ callective
| |

| (GTR 1is fornjed!)

Collective excitation

formed by the repulsive
residual interaction

strength

Ex
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Role of Residual Int. (repulsive)

= Ip-1h strength
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SM Configurations of GT transitions
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4205+ 425c  46Tj+ 46\ 50Cr+ 50)\n 54Fe* 54Co

particle-particle int. (attractive) —  particle-hole int. (repulsive)
(IS p-n int. is attractive)

Isoscalar interaction
can play Important roles !

Counts

Role of Residual Int. (attractive)
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42Ca(3He,t)*Sc in 2 scales
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Low-energy collective GT excitation: B(GT)=3.1

Low-energy Super GT state (LeSGT state)

H. Fujita et al, to be published
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Super GT transitions GT transitions forming
Ju= 0* -) (& Low-Energy Super GT state
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Brink-Axel Hypothesis (I)
42Ca g.s. 42Ca g.s.+ GT Ex.

N 9% (10)={50)—50 1992 (10)={50)—50

e = R e
—_, 1f32 )= 1 )=

>"-2P‘:’E “l]" '2;11’4 Q\ “l}_'

N1 7y —f-0-0—}— (8)=(28]— 28— 16/x—o0—— (8)—(28]—28
RGPS Y17 (4)=[20]=—20 [d!f (4)=[20]=—20
[t (21=(16] 28T (21=(16]

~—Td%, (6)=[14] fld%, (6)=[14]
| 1P (2)=[8] =8 ~1p¥2 (2)=(8) ——8

~~1p¥% (6)=(6] -1p% (6)=(6]
1s%; (Q=[2) =2 =15, (2)=[2) =2
Brink-Axel Hypothesis (IT)
42Ca Ex. 42Ca Ex.+ GT Ex.

N 9% (10)={50)—50 1992 (10)={50)—50

e = R e
—_, 1f32 )= 1 )=

>"-2P‘:’E “l]" '2;11’4 Q\ “l}_'

N 1f7 —t-0-0-0-— (8)—[28] —28 ——16/—T0-0~0+— (8)—(28]—28
RGPS Y17 T (4)=[20]=—20 [d!f T (4)=[20]=—20
[t ol i -2shd— o= (31-16]

~—Td%, (6)=[14] fld%, (6)=[14]
|l (2)=(8] ——8 -1p% (2)—(8] —8

~~1p¥% (6)=(6] -1p% (6)=(6]
1s%; (Q=[2) =2 =15, (2)=[2) =2

The same structure is expected on top of the excited state !
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Summary
GT (OT) operator : a simple operator !

**@GT transitions: small number of configurations can participate
**GT transitions: sensitive to the structure of |[i> and |f>

High resolution of the (3He,t) reaction
**Fine structures of GT transitions

=» Fine structure of GT-Resonances

=>» Low-energy Super GT state (LeSGT state)

=>» We started to get the Overview of GT response

We found that the combined understanding of
LeSGT state and GIR structure was important !
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