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Beta decay as an absolute calibration probe
for spin-isospin responses
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RIKEN Nishina Center
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Today's concern

6T strength and Spin dipole(SD) strength
by charge-exchange reaction

Extract B(6GT) and B(SD)

For that, needs calibration on reaction probe
by B decay data.



B-decay & Nuclear Reaction

N 1 y
® B-decay transition rate = ~—= fEB(J )
1/2
B(J™) : reduced transition strength oc|M|?

Provide absolute value
A Qg window

® Charge-exchange reaction cross-section
= K(E, A)*B(J7)
A\ Needs calibration
No Qg window

Reaction cross section can be calibrated by B(J™) of B decay.



%0Zr(p.n)/(n,p) measurements
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Gamow-Teller (Op: t,, o) strength B(GT)

Model independent spin sum rule (Ikeda sum rule)

Sp-" S = 23 +1 +1 < ,zllt (Do, > -2 +1 < ,Zl:t()a >

=Y B(GT-)-) B(GT+)
=3(N-2)

If nucleus can be described in terms of
nucleon degrees of freedom




Decomposed results

Yako Sakal PLB615(2005)193
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Proportionality assumption to extract B(GT)

do(0°)
dQ

AL=0

i - DWIA
Unit cross section
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Quenching factor (°°Zr)
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Strength spread into 2p2h coupled
states
Small Ah-1contribution

Quenching problem solved !

However . ..

208Pb(p,n) at 300 MeV\
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Spin Dipole strength B(GT)

Model independent spin sum rule
9
s (sD)-5,(5D)= (v [), -2(r") )




Spin dipole strength
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Extraction of B(SD)

®Proportionality relation (assumption !)
O 1:(0, @)= Osp: (0, @) - B(SD)

Characterized by AS=1, AL=1, AJ=0,1,2
0+ = 0- first forbidden
0+ = 1- first forbidden
0+ = 2- unique first forbidden

® Unit cross section o, (7, ®)
= Estimated with DWIA calculation at 4.5°

Oy .(45°,@)=04,(45°, @) - B(SDt)



Spin dipole strength and sum rule value
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Spin dipole strength in 29%Pb by Wakasa (Kyushu U)

Wakasa et al., 85(2012)064606
Excellent experiment !
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Wakasa et al., 85(2012)064606

0- and 2- quenched by 30% !

GT quenched by 30% !
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® Rely on proportional relation
do(0)

40 )AL=O = &GT(Ep’ A)-Fsr (0, @)-B(GT)

) :&SD(Ep’A)'FSD(qla))'B(SD)

® Unit cross section should be calibrated

using known B(GT/SD) by  decay !

GTGR 17t
® CalibAration IS NOT available 0 1+
» O~ for A>130 o+ ! odd-odd
o even-even 4'1')

> O for A>1 (nothing)

® \Why no calibration ?
» No good candidate with stable target



B-decay matrix elements for GT state

€ GT moment Bohr-Mottelson

Allowed transitions

Mar k=0,1=1, p) = 5 1 (K)oull) (3D-42)

AJ=0,1;Ax = no

» Operator is similar to reaction probe

» need unit o(GT) for A~200

[
o

Forbidden transitions

~2

first unique
Al=2
Am = yes

/ second

third
fourth
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® Possible case ? 19W(p,n)
> log ft =5.12 =B(GT)=0.03
» lsolated : ?
» Why No F-trans. to 162 keV ?
» Isomer involvement ?
» Unstable beam exp.

Too small |
Cf. Sasano

118Gy, 1205 ; B(GT)=0.34

190w B- Decay (30.0 min) 1976Ha39

Decay Scheme

0+ 0.0 30.0 min Intensities: I(y+ce)
190 per 100 parent decays
74Wl 16
%B-=100
O=127070
&
-
fa\‘? @
i g Log fr & S)
950  100\_ 5.12 L+ il 319.7
N
<
(0+) l > 162.1
(2) - 0.0

® Possible case ? 2MPb(p,n)
» log ft = 4.44=B(GT)=0.14
—effective B(GT)~0.07
» lsolated : many states around
» Isomer involvement ?
» Unstable beam exp.

Still too small |

i

H L

H A /—

H o'l 5 :

2 b 53.2282 =0. ns
il “ 9.9 min

Need isolated 6T decay with B(6T)>0.5 for A~200.




B-decay matrix elements of SD states

€ SD moment Bohr-Mottelson

M(pay A =0)= (4m)~1/2 % IEGICORS

Ma,k=1,A=0)=g, ; t-(lrd Yi(F)a(k))o

Mpy, A=1, p) = g,@ t- (k) Yy,(Es) (3D-43)

My, k= 0\ =1, 1) = @y L5 1 () ws,
k

MUa, =1L, A=1, p)=g, %‘. t-(Fr(Y1(®)o (k)1

uﬁ(j.d g k== ] A= 2, ’J,) =g ? t"(k)rk(yl(?k)ﬂ'(k))zg | Unique FF!

Operators are NOT necessarily similar to reaction probe
operator L,orY,




Calibration of 2- SD at A=90

MJa, k=1,A=2, p)=g. 2 t-(r(Yi®Jo(k))au < _[oxrP’

Similar to reaction probe torY,

I realized we have measured !



2- 0.0 2 ' PhD thesis of Yako i 9°Zr('n,,p) 0y -

%0y (n.p) 4°-5° |l L at 293 MeV.
|Og ft:92 0+ 0.0 o -NO peak ! — 0°-1° |

2
B(SD2-) P=5> 2 9v | 2
Az ft\ g,

D=6143s, C=386fm
= B(SD2-) T= 0.74 fm?

o(exp) =o(SD2-)-B(SD2-)

0.25 (T—rb) — 6(SD2-)-0.74 fm?

DWIA estimation by Yako

mb/sr
fm?

) . |
= &(SD2-) = 0_34(mb/3r) < Reasonable

o 5 5(SD2-)=0.29 (
m




3- 0.11 (258 s) Isomer
0-  0.0(1585s)

*Rb g ft=7.19 fastest !
1.656

0.832

0+ 0.0 (29 v)

9OSr

® Possible case ? °°Rb(p,n)
> log ft = 7.19 =B(SD2-)=26 fm?
» Moderately isolated
» Unstable beam exp.
» Isomer involvement : Yes

Forbidden transitions

o (exp) = 6(SD2-)x B(SD2-) = 0.34x 26 = 8.8 (f:_:?

) Maybe measurable ?




Calibration of O- and 1- SD

Not necessarily similar to reaction probe £ orY,

M(pa, A=0)= (4m)~1/3 2_; %‘l t_(k)(o(k) - vi) <\

hadronic weak current
timelike comp. y:

Ar=0—
_ y |
M, k=1,A=0)=g, )k: L (lr(Y1(F)a(k))o . [oxr]°
® Two terms tend to cancel.
BB 4G 2=1,= BT -OnYu®) < Non-spinflip !

My k=0 A =1, 1) = @m) " T T 1 (Yo <—phmenid]

hadronic weak current o

MU, x=1LA=1, w)=g, ; t-(Fn(Yi@)ok). <

)

[oxr]*

® Involves non-spinflip.

» Probably B(0-/1-) of B decay is unable
to use as a probe calibration purpose.




Candidate of 0- SD calibration

® Possible case ? %9Y(p,n)
» log ft = 5.59 =B(SD0")=1,125 fm? !
» lsolated
» Unstable beam exp.
» lIsomer involvement : Yes

8+ 1.14 (9.65 s) Isomer

0- 0.0(5.345)

Forbidden transitions

|
_____ | —
Logft 15
O07) = ga GA/IINP io - F]r_
n
~ 2 enhancement due to MEC (p,n)

» Assume: B(SDO0-;SF)=0.1xB(SDO0-)
mb

o (exp) = 6(SD2-)x B(SDO0-;SF) ~ 10 (?)

@ Feasible with RI beam exp.
@ Proportionality ??2?



® Shell model estimate of 1- SD
PHYSICAL REVIEW C 85, 015802 (2012)
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Difficulty of 1- SD calibration

B decays of isotones with neutron magic number of N = 126 and r-process nucleosynthesis

Toshio Suzuki,'>* Takashi Yoshida,* Toshitaka Kajino,»* and Takaharu Otsuka°

B(SD)) = (FIrIY ™D x a1t |]i))?

2J; +1

o(17) = [QVMLN —€(ga0 X; —@:If,

(p.n)

® Strong non-spinflip strength
® |og ftis large
® Small branching ratio

= Probably non-realistic to
use B B(1-) for calibration



Summary

1.GT and SD : important spin-isospin responses
» (p,n) reaction could provide B(GT) and B(SD)
2.(p,n) reaction must be calibrated by g B(GT/SD)
» No B(GT) for A>160
» Nothing for B(SD)

3.RI beam is now available = open new possibilities

4.GT:
» B(GT) > 0.5 1s needed for A>160
5.SD: with 0- or 1-
> B(2-) : ®°Rb(p,n) may be feasible with log ft=7.19
» B(1-) : Maybe essential difficulty with non-spinflip
> B(0-) : %Y (p,n) may be with log ft=5.59 but y; term ?
6. SPES project
» B(GT)/B(SD) are always precious for structure study
» B decay measurement ?
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