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GT : Important weak response, simple GT operator

<>Good Probe to Study the Key Part of the Nuclear Structure
<>Astrophysical Interest

B decay : absolute B(GT), limited to low-lying state
(3He,t) reaction : relative B(GT), Highly Excited States

** poth are important for the GT studies!



Comparison of (p, n) and (*He,t) °spectra
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Neptune driving Waves

Neptune=
(weak Interaction)

-

Powerful Waves=

(strong Interaction)

Neptune and the waves, or "_stﬁed_s;ﬂ he rides.
_ Walter Crane, 1892




Cruclal Weak Processes

during the p+e 2n+uv,, N
Core Collapse " B (A,Z)=nuclel In the
nt+e =2ptv,, Fe, Ni region
_ (A, Z)+e =(A,Z—1)+v,)
mainly by T & ot &y 4 7)1 et=(a,z+1)+7,
l v+ AL
Gamow-Teller (GT)  »,|ERSEVIRRE NI
transitions v-Induced reactions
v+ (A 5 — V .y .
v+e*=2vte™,
Langanke & Martinez-Pinedo v+(A,Z)2v+(A,Z)*,

Rev.Mod.Phys.75(’04)819
et+e 2v+7,
Balantekin & Fuller
J.Phys.G 29(’03)2513 (A, Z)*2(A,Z)+ v+ 7.



**Nuclear Excitations**

by
Charge Exchange Reaction
and B-Decay

Study of Weak Response of Nuclel

by means of
Strong Interaction !?




B-decay & Nuclear Reaction

«B-decay GT tra.rate= . = f ° [B(GT)
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transition strength

oc (matrix element)?

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

X operator
X structure

=(matrix element)?

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



Direct Reactions with Light Projectiles
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N.-N. Int. : ot & Tensor-t g-dependence
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Comparison of (p, n) and (*He,t) °spectra

Counts

GTGR
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At high incident energy & at Q°,

It was found that
GT excitations are dominant! NPA (“83)

J. Rapaport et al.

E =140 MeV/u

Y. Fujita et al.,
EPJ A 13 (°02) 411.
H. Fujita et al.,
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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 Nuclei |k
by means of
Strong Interaction ! n)

using B- decay as a reference




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

by means of
Isospin Symmetry



Byodoin-temple






Transitions In real &

from T=1 Nuclei
- TZ:-l

Symmetry Transitions
T,=t1 —» T,=0

(in real energy space)
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Isospin space (T=1)
Symmetry Transitions from T=1 Nuclei
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*after the correction of
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T=1 symmetry : Structures & Transitions

T,=t1 —» T,=0 <-— T,=1

(in iIsospin symmetry space®)

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



26Mg(p, n)2°Al & 25Mg(3He,t)25Al spectra
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B(GT) values from Symmetry

Transitions (A=26)
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B(GT) values from Symmetry Transitions

from (3He,t) (A:34)from B-decay
B(GT) B(GT)
normalized
< 1.369(99) e 3.129 1.369(99) =

1+
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1R 0.019(2)

________ O+ JAS ™M\ O+ Y. Fujita et al.,
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**(3He, t): high resolution and sensitivity !



Counts

9Be(3He,t)°B spectrum (at various scales)
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Be(3He,1t)°B spectrum (I1)
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Isospin selection rule prohibits

proton decay of T=3/2 state! C. Scholl Koeln



Relationship: Decay and Width

Helsenberg’s Uncertainty Priciple

AX-Ap = i
At-AE = h
Width 7" =AE
*If: Decay Is Fast,

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



Isospin Selection Rule : in p-decay of °B

p +SBe* QB*
—k + x 1p-1h§ %
7?

—

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 8Be is
only above

E,=16.6 MeV



“Be(3He,t)°B spectrum (111)
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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

Excited staUa: SM-like

Z
neutron: p,,, closed

.. Clyster-like

‘Be °B
T,=1/2 =-1/2

Z

9C
T,=-3/2

proton: p,,, closed

suggestion by
Y. Kanada-En’yo



Be(®He,t)®°B spectrum (111)
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High-resolution Experiment

-beam matching techniques-
dispersion matching techniques)
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Beam line WS-course at RCNP

s / T. Wakasa et al., NIM A482 (°02) 79.
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Matching Technigues

Y. Fujita et al., N.LM. B 126 (1997) 274.
H. Fujita et al,, N.LM. A 484 (2002) 17.
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Supernova Cycle
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Crucial Weak

Processes pte =n+tv,,

during the n+e*2p+7,,
Core Collapse  _, (4 z)+e-=(4,2-1)+u,,

oT: IMPOMANt =—» (4 7y +e*=(A,Z+1)+75,,
v+ Nev+N, |

(A,Z)=nuclei in the N+N2N+N+v+ 7,
Cr, Mn, Fe, Co, Ni region .

of -shell Nuclei ! v+(A,Z)=v+(A4,2),

v+ (A, Z)2v+(A,Z)*,

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

Balantekin & Fuller (A, Z)*=2(A,Z)+v+T.
J.Phys.G 29(°03)2513

et+e 2v+7p,
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**Derivation of “absolute” B(GT) values

#[3-decay: T,,, and absolute B(GT) values
but only for the low-lying states

*(3He,t) reaction: highly-excited states can be
accessed but only the relative B(GT) values

Let's combine these data !



T=1 Isospin Symmetry in pf-shell Nuclej

Mirror nuclel

Leuven
*Ti  valencia
Surrey
Osaka

GSI

by B. Rubio






Isospin Symmetry Transitions:
SOCr(°He,t)=>» °>°Mn €B-decay *°Fe
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**Reconstruction of B decay from (3He,t)
---assuming Isospin symmetry ---



SEsiation of p-decay spectrum_
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Absolute B(GT) values
-via reconstruction of B-decay spectrum-

Tra.Strengh oc 1/t t; =partial half-life

1 1
T1/2 tFermi
e
experiment from (§le,t)

B-decay B(F)=N-Z Relative fe intensity

T1/,=0.155(11) s Absolute intensity: B(GT)

GT tra. to the 0.65 MeV state

Y. Fuiiiel New value B(GT)=0.50(13)
PRL 95 (2005) *20% smaller than deduced in the B-decay: 0.60(16)



T=1 Isospin Symmetry in pf-shell Nuclej

Mirror nuclel

Leuven
“Tj  Valencia
Surrey
Osaka

GSI
by B. Rubio CNS
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GSI1: RISING set up
- active stopper campaign -

Beam Dipole
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target / 1 /
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T. Adachi. PhD thesis
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The Layer Structure of the Nature
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Summary

* \Weak response of Nuclei was studied by using Strong Int.
--Charge Exchange Reaction--

* |sospin Symmetry was introduced.

* High resolution of the (°He,t) reaction
allowed the comparison of analogous transitions

* Absolute B(GT) strengths were derived.

* High resolution (p, p’) and/or (°He,3He’)
allows the study of B(E1) strengths.

Extended Collaboration Is very important!
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