High-resolution Study of
Gamow-Teller Transitions

Yoshitaka Fujita, Osaka Univ.
@CNS-SS, ’04.Aug.17-20

Nucleus : 3 active interactions out of 4
Strong, Weak, EM
=>» Comparison of Analogous Transitions

<>High resolution (3He,t) experiment at 0°

AE = 30-50 keV

<>B-decay experiment, y-decay, (e, €’) measurements
—>detailed GT responses up to high excitation energies !
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Crucial Weak KL&GMP
Processes p+e =n+ v, Rev.Mod.Phys.75(°04)819

- + —
during the Collapse "+¢ =P T 7%,
(Aaz)+€_<—(A,Z—1)+Ve,

(A,Z)=nuclei of Fe Ni region
(A,Z)+e"2(A,Z+1)+7,,

v+ NZ2v+ N,
mainly by ot N+N2N+N+v+7,
‘ v+(A,Z)=v+(A,Z),
v+ei+——v+ei,

can be studied

A, Z)2v+(A,Z)*,
by (3He, ) I R S

et t+e 2v+ 7,
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B(GT) derivation

B decay :fundamental, but Ey range :limited "Q-window
limitation"
(p, n) reaction at intermediate energies (E = 100-500 MeV)
"proportionality” : B(GT) and o(0°)
6(0°) = KNgt | J51(0°) [ B(GT)
Breakthrough against "Q-window limitation"
but resolution : rather poor (AE = 200-400 keV)

(‘He, t) reaction at intermediate energies (E = 130-150 MeV/u)
"high resolution" (AE <50 keV)

magnetic spectromerter, matching techniques
"proportionality” : good (B(GT) > 0.03)
Breakthrough against "Energy resolution limitation"
Reliable B(GT) values for individual transitions
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N.-N. Int. : ot & Tensor-t g-dependence
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Analogous Structures and Transitions in T=1/2 System

Real Energy Space Isospin Symmetry Space

(p.n)-type
(p,n)-type
y-decay %
v I

\

//// v-decay l // l v-decay
/ Oec gS. vy é v U
v-decay T,=+1/2 T2z=-1/2
(Z,N+1) (Z+1,N)
9° vy v (stable)
Tz=+1/2 T,=-1/2 15 15
(Z,N+1) (Z+1.N) 7N g O7

w001 TAN-2)2
[ 8



9.3946

——

i 12C +3He
09916 B+a_ — Eosz_lgﬁi_=.wz+a —lr2*
10.2074 F=—0. 10.8333: " N+n = 5/27- :F}.EZO
Re+p 5985 serastiz—————— 499:5—‘5' 22ss/z CHa
= /2t L T ——— — 8. T4 |.rz:
83—y —— 828 ag
L 1557 30—3s2t ol — et - ——17280.596 2%, 7 297,
s —— ——————— 1 6.796.86 S/2%3sa+[ia, P
8- 632339 /e __ _lBa7e Bra—
5.2988 12 S5.249| sr2%
52702 ssa* 5.183 wr2*
1) [0.43]
2= w2,
T=w2

23"9!1{1}1;!1:! s
r - - -

(1 9.5 —3.2F(T=-3/2 1

2319 IT=3,2)

2.82

20.5 Ir2¥
[T=3/21

F =
HB. 27

= 16.1594
S —— = 3Cc+d
=———— 114 8484

EISEJ‘} = .
EG‘4; . L .
19,971 Rl
19,0 3575 &

N S e s

=Y

F

>

6. 7 5 Arrrriress

L

L

rad

—l'&sq——- 15 6259

T=1/2, 3/2 Isospin Symmetry for A=15 Nuc

I3 2225

57

“o+n
120759

le]

N

81§@)

2

IS T=3s2

9
,=-3/2

|4G*p

-1.47



T=1/2 Mirror Nuclei : Structures & Transitions
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Real Energy Space 1+
T=1 system 4 /

Coulomb Energy: important III
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T=1 symmetry : Structures & Transitions
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2Mg(p, n)?°Al & *°Mg(3He,t)*°Al spectra
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B(GT) values from Symmetry Transitions (A=26)

from (3He,t) from B-decay
B(GT) B(GT)
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Beam line WS-course
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Matching Techniques

Y. Fujita et al., N.LM. B 126 (1997) 274.
H. Fujita et al,, N.LM. A 484 (2002) 17.
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Higher-E, region in 2°Al : T=1 & T=2 states
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Importance of Isospin : in p-decay of “°Al

25Mg + proton 26A]
- 7&;\
decay S
® W ( ‘o
+Proton
P n P n
T,:1/2 + (-1/2) = 0
T :1/2 + 1/2 = 0orl
32 + 1/2 = 1 or?2

#Sp (p-sep. energy) in 26Al : 6.31 MeV
#T=3/2 state in 25Mqg : Ex > 7.79 MeV

el cffective Sp in 26Al

for T=0, 1states :Ex=6.31MeV
for T =2 states . Ex = 14.1 MeV
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T=3/2 system: structures & transitions
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Comparison with K (*He,t)*Ca (1)
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Comparison with K (*He,t)*Ca (1)
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Reversed Strength in T,=+-1/2
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(p, n) spectra for A>90 Nuclei
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Fragmented low-lying states in ®°Nb
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High resolution (°He,t) spectrum
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Isospin symmetry structure & ot operator
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Comparison: *®Ni(°He,t)**Cu & °2Ni(p,p’)
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High resolution *2Ni(*He,t)°>2Cu spectrum
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A=58, T=1 symmetry : Structures & Transitions
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(p, n) spectra for Fe and NI Isotopes
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High resolution >*Fe(*He,t) spectrum
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GT & Fermi : unit cross sections in (p,n)
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Unit ¢ and R?
667(0°) = KN, [3,.(09F B(GT)
c¢(0°) = KN, [J,(09) B(F)
define

R2 = unit 651(0°)/ unit o(0°),

where

unit 6;(0°) =|los(0°)B(GT

unit 6¢(0°)  =| ox(0 (=):@
trick

Fermi strength concentrates in the IAS

B(F)=N-Z
Systematics of R? value ?




Connection between Charge Exchange & 3 ©
* 0" & 1* relationship of ¢

0f &1 relationship
in A=58 Nuclei
(in real energy space)
1 +
1 +
(p,n)-type N
ot ,IAS
i 0
[3+—decay
+0* _
O Qg =8.56
(stable)
58 Nj

1+

178Hf

30P

ecay
S.

+
* T,=1/2 nucleus : "Li 17gs.

L]

— 7Be



R? (= unit s/unit op)

118 120 140 -
Sn Sn Ce ’

Y= MO+ M1#x+ ... M8* + MO*x" B
MO 3.4616
M1 0.12336 B
M2 0.0004851
i R 0.96981 i
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Perspective

Accelerator : underway for improvement

smaller beam emitance,
better beam energy resolution

As a Result:

smaller beam size
=» samller backbround
=» good chance for (p, p’) at 0°
=> M1 and E1 response
better energy resolution
=>» even better spectrum resolution
=>» smaller beam spot size
=» angular distribution measurement



High-Resolution Collaborations

TU Darmstadt (Germany) : (e, €’), (°He, t), (p, p’)
Gent (Belgium) : (°He, t), (d, 2He), (v, v’)

GSlI, Darmstadt (Germany) : inverse kinematics
ISOLDE, CERN (Switzerland) : 3 decay
IThemba LABS. (South Africa) : (p, p’), (SHe, t)
Jyvaskyla (Finland) : B decay

Koeln (Germany) : y decay, (°He, 1)

KVI, Groningen (The Netherlands) : (d, 2He)
_TH, Lund (Sweden)

Valencia (Spain) : 3 decay

Michigan State University (USA) : (t, He)
Muenster (Germany) : (d, 2He)

Rossendorf (Germany) : (v, v’)




Summary Words
High Resolution

In Charge Exchange and Inelastic Reactions

--at Intermediate Incident Energies--
(®*He,t) reaction : one order better resolution than in a (p,n) reaction
(p, p’) reaction : spectrum as low as E,=5 MeV

Active Operators, Isospin Symmetry

Similarity of Active Operators for Analog Transitions

Gamow-Teller operator in 3 decay (weak interaction)
Spin-isospin interaction in reactions (strong interaction)

Spin-Isospin Responses

In Various Nuclel with High Resolution
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