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GT : Important weak response, simple OT operator

<>Representing “Spin Isospin” response of nuclel.

They are unique quantum numbers in Atomic Nuclel.
<>Good Probe to study the Key Part of the Nuclear Structure.
<-Astrophysical Interest.
<-Studied by B decay and Charge-Exchange reactions
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Properties of GT transitions

Caused by the OT operator : a simple operator !

1) |1> and [f> states should have similar spatial shapes.
- there Is no space

2) O operator: stateg Selection Rules ns are
connected, IAJ|=0, 1

3) T operatpr: isospi IAT|=0, 1 an
Important role (IS@g ;

=» GT transitions are sensitive to Nuclear Structure !

=» GT transitions in each nucleus are UNIQUE !




**Basic common understanding of
B-decay
and Charge-Exchange reaction

B decays :
Absolute B(GT) values,
but usually the study Is limited to low-lying state
(3He,t) reaction at 0° :
Relative B(GT) values, but Highly Excited States

** Both are important for the study of GT transitions!




B-decay & Nuclear Reaction

«B-decay GT tra. rate= — = f - [B(GT)
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B(GT) : reduced GT transition strength
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*Nuclear (CE) reaction rate (cross-section)
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*At Intermediate energies (100 < E;. < 500 MeV)
=» Oo/dw(g=0) : proportional to B(GT)
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N.-N. Int. : ot & Tensor-t g¢-dependence
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B-decay & Nuclear Reaction

1 2
«B-decay GT tra. rate = - =/ f/_|B(GT)

1/2

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)
=» Oo/dw(g=0) : proportional to B(GT)




B intensity (relative)

Simulation of p-decay spectrum
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Comparison of (p, n) and (*He,t) 0° spectra
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**GT transitions in each nucleus are
UNIQUE |

*(°*He,1): high resolution and sensitivity !




Counts

Spectra of p-shell Tz=1/2 Nuclei
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Relationship: Decay and Width

Heisenberg’s Uncertainty Priciple

AX-Ap = 7
CAt-AE ~ D
Width /"= AE
*If: Decay Is Fast,

then: Width of a State Is Wider !
*if At =10°sec > AE ~100 keV (particle decay)
At =101 sec > AE~1eV  (fasty decay)




’Be(*He,1)’B spectrum (II)
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Isospin Selection Rule : in p-decay of °B

p + SBe* | 9B*
—X% S 1p-1hf X
w %

e |

PN p N
T,:-1/2 +0 = -1/2
| T : 1/2 +0 (lowlying) = 1/2 |
T : 1/2 + 1 (higherEx) = 1/2 & 3/2

*T=1 state in ®Be is only above E,=16.6 MeV

Therefore, p-decay of T=3/2 states Is forbidden!




’Be(*He,1)’B spectrum (III)
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14.7 MeV T=3/2 state Is very weak!
Strength ratio of g.s. & 14.7 MeV 3/2- states: 140:1




Shell Structure and Cluster Structure

9L j
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neutron: p,, closed
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B-decay and
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’Be(*He,1)’B spectrum (III)
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1. Introduction
—

11B—11C: GT transition strengths

N by Y. Kanada-En’yo
Y. Fujita, et al. PRC 70, 011306(R)(2004).
charge exchange reaction:!'B(3He,t)'C
Experiment no-core shell-model
B(GT) With TNI
E.(MeV)  2J7 (p,n)* (*He, 1) E,(MeV)  B(GT)
0.0 3 0.345(8)° 0.345(8)" 0.0 0.315
2.000 1~ 0.399(32) 0.440(22) 0.525 0.591
4.319 5 } . { 0.526(27) 3.584 0.517
) 0.961(60)
4.804 3 0.525(27) 3.852 0.741
8.105 3" } ; 0.005(2)° > |
) 0.444(10) <:
8.420 5 0.461(23) ’\ 8.943 0.625
- A
small B(GT).
missing of 3/2-; in theoretical calculations.




Shell-model-like and Cluster structures in 12C

E, (MeV) *Be(2")®1 = 2], ...

*

linear-chain like

0+ equilateral-triangular
3

3o threshold

O 37 %) 3a clusteéris develop
0t _
""""" 2 Q various structures

Q : appear
Hoyle state dilute cluster gas

0 MeV

0*, ~ Q S Rl LIRITVGY shell model like

E. Uegaki, et al. Prog. Theor. Phys. 57, 1262 (1977)
M. Kamimura, et al. J. Phys. Soc. Jpn. 44 (1978), 225.
A. Tohsaki, et al. Phys. Rev. Lett. 87, 192501 (2001)

Dy Suhara & En‘yo =08 Y. Kanada-En’yo, Prog. Theor. Phys. 117, 655 (2007) etc




Coexistence of shell-model and cluster states

by Y. Kanada-En’yo
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B-decay & Nuclear Reaction

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

Study of Weak Response of Nuclel;
by means of
Strong Interaction !

using [3- decay as a reference

A simple reaction mechanism should be achieved !
=» We have to go to high incoming energy




**Connection between
B-decay and (*He,t) reaction**

by means of
Isospin Symmetry
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T=1 symmetry : Structures & Transitions

T,=t1 —» T,=0 <-— T,=1

(in iIsospin symmetry space*)

26Mg 26 A\ 26Gj
=12, N=14 Z=13, N=13 =14, N=12




26Mg(p, n)2Al & 2°Mg(*He,1)2Al spectra
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B(GT) values from Symmetry

Transitions (A=26)
B(GT)

B(GT)
0.106(4) 1+

3.724

0.117(4) = .740  0.113(5)

0.112(4) +
0.527(15) /A

072 0.091(4)
1 0.537(14)

1.081(29) /1+ &1.098(22)
IAS
= 020228 g
5+
26 Mg 26 p| 26 g
T,=+1 T,=0 T

Y. Fujita et al., PRC 67 (*03) 064312
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RCNP (Osaka) Ring Cyclotron
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Matching Techniques

Y. Fujita et al., NIM. B 126 (1997) 274.
H. Fujita et al., N.LM. A 484 (2002) 17.
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RCNP Osaka Univ.
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**GT transitions in each nucleus are
UNIQUE |
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M. Wiescher et al. / Progress in Particle and Nuclear Physics 59 (2007) 51-65
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‘Binary-Star System
&
Explosive Nucleosynthesis

White Dwarf : Nova
Neutron Star : X-ray burst

rp-process




rp-Process Nuclei

in sa-shell

Champagne & Wiescher 1992
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Counts
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M. Wiescher et al. / Progress in Particle and Nuclear Physics 59 (2007) 51-65
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GT strengths in A=42-58
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Comparison of (p, n) and (*He,t) 0° spectra
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***Exotic GT transitions
from Unstable Nuclei

- Combined (°*He,t) and B-decay Study -







T=1Isospin Symmetry in p/-shell Nucle;
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GSI: RISING set up
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T. Adachi et al.,
(*He,t), RCNP Osaka PRC 85 (2012)
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Isospin Structure of T=2 system
(low-lying states)
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Crucial Weak
Processes
during the

Core Collapse

pte —=n+v,,
n+et2p+7v,,

—> (A, Z)+e " 2(A,Z—1)+v,,

otT: IMPOrtant —» (4 zy+e+t=(A,Z+1)+7,

(A,Z)=nuclel in the
Cr, Mn, Fe, Co, Ni region
pf -shell Nuclei !

Langanke & Martinez-Pinedo
Rev.Mod.Phys.75(°04)819

Balantekin & Fuller
J.Phys.G 29(°03)2513

v+ NEv+ N,
N+NE2N+N+v+7D,
v+(A,Z)=v+(A,7Z),
v+ei+-——v+e:t,
v+(A,Z)=2v+(A,Z)*,
et+e =v+ 7,

(A, Z)*=2(A,Z)+v+ 7.




Isospin Structure of T=2 system




Isospin Structure of T=2 system
(CG-coefficients)

T,= [7,=2] I,=

56 5 .
»sMn 3, 6l €3 17059




| T T =
(a) ""Fe(p, p')""Fe ]
o N
= 500 -
- B _
OF

B 1 1 1 1 1 1 1 1 1 L

0 : ﬁl 16

Cuums

T identification of GT states in A=bé

200 f

100

0

Y.Shimbara & H.Fujita

S A
Candidate of T--3 states => "
&

W

> 2 Y& He £)°°Co’

E

lh | lh | lé | 20
(MeV)




Counts

Counts

*Ca(3He,1)**Sc spectrum
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T identification of GT states in A=44
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Comparison B(GT): (3He,t) exp vs. SM cal.
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Isospin Structure of T=2 system
(low-lying states)




T = 2 Isospin Symmeftry in pf-shellNuclei
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Measurement of
?delayed-p is important !
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GANIL LISE3 fragment separator

8Ni beam: ~ 79MeV/u, 3.5 epA, production target: Ni
p-decay: by DSSD, vy-decay: by Ge detectors
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T = 2 Isospin Symmetry(inptshell Nuclei
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°Fe(p,n)*°Co & *°Fe(3He,t)*°Co
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%6Fe(3He,t) and °°Zn pB-decay
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°°Zn B-delayed proton spectrum
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Summary
GT (OT) operator : a simple operator !

* GT transitions: sensitive to the structure of |i> and |f>
* |sospin quantum number T plays an important role

High resolution of the (*He,t) reaction

* Width & fine structures of GT transitions
* Precise comparison with mirror (3-decay results

=» GT transitions In each nucleus are UNIQUE |
= Assuming T-symmetry = GT in unstable nuceli !

GT transitions:

- transitions with full of personality -




GT-study Collaborations

Bordeaux (France) : B decay

GANIL (France) : 3 decay

Gent (Belgium) : (He, 1), (d, ?He), (y, v’), theory
GSI, Darmstadt (Germany) : 3 decay, theory
ISOLDE, CERN (Switzerland) : 3 decay
iIThemba LABS. (South Africa) : (p, p’), (°*He, 1)
Istanbul (Turkey): (*He, t), p decay

Jyvaskyla (Finland) : B decay

Koeln (Germany) : y decay, (°*He, t), theory

KVI1, Groningen (The Netherlands) : (d, 2He)
Leuven (Belgium) : B decay

LTH, Lund (Sweden) : theory

Osaka University (Japan) : (p, p’), (*He, t), theory
Surrey (GB) : B decay

TU Darmstadt (Germany) : (e, €’), (*He, t)
Valencia (Spain) : B decay

Michigan State University (USA) : theory, (t, *He)
Muenster (Germany) : (d, °He), (®He,t)

Univ. Tokyo and CNS (Japan) : theory, 3 decay
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