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Decay Classification

B. Singh, J.L. Rodriguez, S.S.M.Wong, and J.K.Tuli, Nuclear Data Sheets 84, 487 (1998)

‘a\ Case I"(P—D) Classification T, Fraction
! BN —18C 1" —1° Allowed (GT&F) 624 ms
64%
°He—°Li o+ —1* Allowed (GT only) 807 ms
1oC—1°B o+ —o* Allowed (F only) 19 S 1%
33C1—-3%Ar 2-—2t 1t Forbidden 37 min 33%
36C1—3%Ar 2* —o* 2" Forbidden 3 105years 1%
40K—4°Ca 4 —o* 3'd Forbidden 1 109 years 0.1%
50V—5°Cr 6+ —2* 4" Forbidden 1 107 years 0.1%

The ft value is a powerful way to characterize B decay
Half-life I Constants

AW B K
BR 92 ‘Mf’L ‘2/ Matrix Element

o} Coupling Strength 4

Q-value \

ft =

Branching Ratio /




B decay ft values

B. Singh, J.L. Rodrigu

ez, S.S.M.Wong, and J.K.Tuli, Nuclear Data Sheets 84, 487 (1998)

Survey of 3840 3 decay ft values
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B decay ft values

B. Singh, J.L. Rodriguez, S.S.M.Wong, and J.K.Tuli, Nuclear Data Sheets 84, 487 (1998)

\%\ B decay ft values span ~ 21 orders of magnitude

30 Allowed:
1*—0%, 27—2"
25+ (2497)
$20 15t Forbidden:
S 2t —0*, 2-—2%
| - (1297)
| 2
g
=
Z 10— ond Forbidden:
2t —0*, 5+-2¢
51 (39)

! rd h s
\ 0 2 4 6 8 10 12 1 16 18 20 2 2 3 %47 Forbidden
log ft 4-—0%, 6*—2*
(3), (4)

<——— 21 orders of magnitude! ———



0* = 0" Pure Fermi Decay

8 10 12 14 16 18 20 22 24
log ft

ot — o is pure Fermi decay (no GT) I,=I,+L+S
- Allowed:
K 1t—0%, 2-—2"
25| f t = - (2497)
_ 2 |2
g%| M ;|
$20 = - Allowed (pure F):
8 = -
| o =| Very Little Nuclear Structure Dependence (25 + 20)
Lol S “Superallowed” %
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Nuclear Isospin

| © In1932, months after the discovery of the neutron & ~ o=
~ Heisenberg proposes the concept of “nucleons”

) ) « . » e o
n’sand p’s are “spin” projections of nucleons

to)=-3 @ b=

I[sospin projection and total isospin of a nucleus

1 N7
N—2Z) T=[T|T.|+1, . ;

1932 Hezsenberg

For 0+ — 0* 3 decay (n <> p) between isobaric analogue states
(same T, different T,) the M.E. is an isospin ladder operator

Mp|>? = (TFT)T £T,+1) EXACT!
(to the extent that
For T = 1 decays |JWF |2 _ isospin is a valid

symmetry) s



CVC Hypothesis

R.P. Feynman and M. Gell-Mann Phys. Rev. 109 193 (1958)

Electric charge of the proton is not altered inside a nucleus
E&M is governed by a conserved vector current (CVC)

(PR
e =1.602 176 487 x 1019 C 0'65;)
n

Hypothesize that a CVC also exists for weak interaction

Does the weak interaction have a universal coupling strength?

ot ¥/
Gy =1.13621 x 10° GeV-2 v 2,0 €%

id
i
e®

o X G O
Consequence of CVC: * A, /:‘.‘.3&
The ft values for ALL superallowed Fermi decays are identical!
JT1 2 K
t = = = constant
/ BR 2G?
RN

Isospin symmetry CVvC



Superallowed Survey (2009)

J.C. Hardy and L.S. Towner Phys. Rev. C 79 055502 (2009)

10000 —

Survey of world data
3 8000 —
* 130 independent measurements
¢ 13 ft values known to < 0.4% ‘;’ 6000
¢ 8 ft values known to < 0.05% ® i X100
2000 —
All known ft values
0_
* Span ft =103 t010**s 0 5 10 15 2 25 30 3
Z of Daughter
3100
All allowed ft values {
3080
* Span ft = 103 to 10 _ :
3/3060—
i:)) I I;|'I i Tz X
Superallowed ft values Sawq P,
| » Span ft = 3040 to 3100 s (2%) s020
\ * Assumes isospin symmetry
3000, T T T T T T 1
0 5 10 20 25 30 35

15
Z of Daughter 10
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log ft=3.4
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42C a5,
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If isospin symmetry were exact

* Only the S.A.F. decay would occur
» Non-analogue decays have been observed
Suppressed by factors of > 1000

o IMESP =201 - dc)
MRS = 260

Number of Cases

Isospin Symmetry Breaking
IV if:éiﬁ 7,

||

—

Isospin Forbidden
Non-analogue 0t*—0+

log ft

‘ e \ e e e,
2; 4 6 8 10 12 14 16 18 20 22 24

11



World Status (2009)

J.C. Hardy and L.S. Towner Phys. Rev. C 79 055502 (2009)

| © Apply 8,065 corrections Ft=ft(1+r)(1 —d¢)

3100

World average Ft
* Ft =3072.08(79) s

Ft=3072.08 +0.79 £ 0.27 s

3090

* x*/u=0.28

3080

3070

Ft value (s)

{1 CVC hypothesis

» Validated (1074 level) 3060 -

3050
x i I [ [ [ [ I [ [
Systematlc uncertainty 0 5 10 20 25 30 35

15
, Z of Daughter
* *0.27 s from comparison of
\ two sets of 8. calculations

12



Evaluation of G, and V

LS. Towner and J.C. Hardy Rep. Prog. Phys. 73 046301 (2010)

With CVC satisfied from 13 superallowed decays, derive Gy,

o
Beta Decay w v, Ft = 5 = constant
> ¢ 2
u’ GN et
d

G, =1.13621 x 10 GeV?

Compare to the corresponding value G, from p decay

Muon Decay

Y
s 4 + G,=1.16637 x 10" GeV-2
uw* G, e R

| V,q = G,/G, = 0.97425(22)

13



Quark Mixing

1958 R.P. Feynman and M. Gell-Mann Phys. Rev. 109 193 (1958)

CVC Hypothesis

Quarks

wn
e
o
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L
P ]
3
—t

[ 1 1l

The Generations of Marter

1960 R.K. Bardin et al, Phys. Rev. Lett. 5 323 (1960)

ft value for 4O: 3069(13) s [0.4% !]

Gy =0.982G,,! Expected Gy =1.0G,,

d' v, Vv, ]|(d
1963 N.Cabibbo Phys. Rev. Lett. 10 531 (1963) : g
Weak eigenstates # mass eigenstates S ] 5| Vea Ve | S
Included “mixing” between 2 generations :
. : V= cosO- V= sin0-
Expressed as a unitary rotation :
Vy=-sinB- V = cos0:-

Cabibbo angle 0 = 11° explains 4O decay
[V 412+ |V, ]2=1

1973 M.Kobayashi and T.Maskawa Prog. Theor. Phys. 49 652 (1973)

Require a third quark generation to explain CP violation
Cabibbo’s 2x2 matrix is expanded to 3x3

14



CKM Quark Mixing Matrix

I.S. Towner and J.C. Hardy Rep. Prog. Phys. 73 046301 (2010)

Three generation quark mixing matrix

—,a‘_' N ~
r‘% d V“d
1 Yy
é S o Vcd
Bl m :
3 b th
\ N -

Vv

us

Vv

cs

Vts

~
Vub

Ve

C

th

-

N
d

S
b

.

Ivud|2+ Ivus|2+ Ivub|2= 1

2008 Nobel Prize in Physics
s Kobayashi & V4 Maskawa

V,,=0.97 V, =022 V,<0.01
V,=023 V_ =104 V,<0.01
V, <0.01 V,=0.04 V,>0.74

Unitarity Condition

Most precise experimental test of unitarity comes from the top row

e Present Status*: V,,=0.97425(22),

IV, 12+ |V, |2+ |V,,|2= 0.9999(6)

V,, = 0.2246(12), V,, = 0.0039(4)

0.0

0.95



Recent I.S.B. Calculations

-0 THOSWS (2008)
2.5 | o0 THO2WS (2002)
z--0 THO9HF (2009)
Several “sets” of 8 values oo omositr 1995) oy
1 20477 i%géglf)%%%?) G:‘x
® leferent approaCheS -.Q\E | | —— CGS09PR (2009)
Shell Models =R [ ptm
. . . *—‘q \‘.‘\ 3SmK g,”ﬂ/ \\g
Relativistic HF + RPA R el | Se s, P AN
. R LA 26m o A S4C0_’ ; ©
Collective Co " \”Mgt1 A\quelo Vo s
4 14 QN 8o ,@;\Eé‘h‘ﬁ 07,
Results differ by factors of 2 05- |, O Lﬁ S 0 :
s i VA
e S
0.0 | | | | | | |
Impact on V4 and CKM: T
° 3095— 3080 —
All use same ft, 8y values = Diff S.M. spaces A = 3.10
3090 — T 1075
3075 ——F -
S % 3085 +€ I
trategy: B I ] 3
* Constrain via experiment E .
; A R 5
» Nuclei that exhibit largest S £
o . = 3070 —
\ theoretical differences =
3065 —
3060 — =) o o Q
g £ 2 & £ a

‘ad
o
h

N

-
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Experimental Results
Superallowed Decay of %>Ga




The case of ®2Ga T
J.C. Hardy and I.S.Towner EPJA. 25 695 (2005)
| © Status of the ©2Ga ft value in 2005... ** }
e fta8y)  =3102(48) s g o
Since: all 3 quantities measured =" . } ”{3;('“ o o |
Q-value (0.004%) Jyvaskala { T | 13 {
" (0.022%) TRIUMF o — .
B.R. (0.001%) TRIUMF o - )
| Q-value I
Present value I Half-life A N
fta+ &) =319(3) s i I | I
16x improvement ] 8¢ - By L i : :
Ft value now limited by & Jra ) ) )

62Ga BSAS 7OBr 74Rb
Parent nucleus ;



Penning Trap Basics

Figures courtesy of A.Kwiatkowski NSCL

\\ Ions with charge g mass m in a mag. field B o mu?

« Circular motion with radius r and velocity v r

Magnetic field Electric quadrupole field
B

N

AN

RN
““\\\“\isgs&;\\@

N

A

LA/

XS

X

I

(R

'.
A

~ Vie

e

([

2D Radial confinement 1D Axial confinement

3D confinement

3 Independent motions

Axial (z), Magnetron (-), reduced cyclotron (+)

B
QWVCZEZQ—

/ rooom

magnetron (-) cyclotron (+) 19




¢

<« JYFLTRAP =

\ Mass Of GZGa I Univ. Jyvéskals, Finland

T.Eronen et al. Phys. Lett. B 636 191 (2006) .
R.1.B production

\‘%\ Beams of %2Ga produced at IGISOL 30 keV
| . Trap %2Ga and scan rf frequency

* Release %2Ga from the trap
» Measure time-of-flight (Trap/Detector)

MAGNET

Shortest TOF = resonance v, frequency Defrtor -
62 - 62 62 62N]7 Y

* 92Ga frequency relative to 2Zn, %2Cu, °2Ni i 1

v REQ. il s

j r = ¢ ref m =r (mref — me) + Me Cooler/buncher 3 ”H .
( Ve W
=

QEC — MMmother — Mdaughter — (T — 1)(mref — me) | < s

PENNING
TRAPS

7T S.C. solenoid =

Penning Traps
Trap 1 — Isobaric purification
Trap 2 — mass measurement

Ea

Al

il ¢
&

A @

7

<—> FC+MCP+Si

rl_D 20



x

Mass of ©2Ga

T.Eronen et al. Phys. Lett. B 636 191 (2006)

Final result for ¢2Ga:

* Q-value = 9181.07(38) keV

* f -value = 26401.6(83)

Overall precision:
* Q-value = 0.004%
* f -value = 0.03%

Previous values
* QQ-value = 9171(26) keV
* f -value = 26250(400)

ToF (microseconds)

(| 70x)
(| 50x)

360

340 —

320 -

300 —

280 —

260 —

240 —

220 -

200 —

180 —

160

1734600

Qec (keV)

9186

9185 +
9184
9183 -
9182 -

9181

9180 -
9179 +
9178 -
9177

9176

T
1734610

T T
1734620 1734630

i
1734640

1
1734650

time of measurement

g (H2)

T T

1 1 1 L ! 1 I 1

(=] =3 =4 j= j= (=} j=} j= j= =
] 2 2 2 2 e b < e 2
«@ =] oy ] as] <t Lo © P~ @
3V (= (= o (=} (=} o o (=) (=
o o ol o o o o o o o
< 2 ot < Q Q < < et 2
[Tp} «© ©w © © ©w ©o ©o © <=}
— — — — — — — — — —



TRIUMF 500 MeV
Cyclotron 100 pA

proton beam

|
|
|

ISAC I and ISAC II

Production Target
lon Source

Mass Separator

» Experiments

= 60 keV ion beam
22




\

20 HPGe detectors
B’s, B delayed y-rays
[ branching ratios

Counter and fast tape
[ particle counting
Half-life measurements

Penning Trap (TITAN)

High-precision masses

Experiments at TRIUMF

| © 8my-ray spectrometer e

I Wy DR 7 7=

Measurement
Penning trap

Cooler

Penning
Trap

.7,‘.?:«

\Tape Direction

RFQ High Vacuum
Buncher & Cooler Atmosphere

b 7 Tape Spools
.. ISAC Beamline 93




Half-life of ©2Ga

G.F. Grinyer et al. Phys. Rev. C 77 015501 (2008)
e :
| © %2Ga beam of 8000 ions/s

* Beam on 0.5 s, move tape
* Count decay 2.5 s
* Repeat 1200 times/hour

‘ T ‘ T ‘ T ‘ T ‘ T ‘ T \ T
168 T, (“Ga)=116.100 % 0.022 ms

vV =0.77
TH

116.6 —

.H
HH] ‘

o Ll
im

1158

%2Ga Half-life (ms)
= =
O [}e)

115.6—

1154~

Run Number

| | | | | | | ‘ | ‘ | ‘ | ‘
0 5 10 15 20 25 30 35 40 45 50 55

» Run 65 hours (80,000) "

,f Half-life

L, 10°E

= -
» Deduced from Ae*t = :
» 80,000 fits! é i
o Sum & fit =56 fits &

* Average=T,,

."'_._'——.—
—_
=

N

T

1/2(

v =1.02
“Ga) = 116.06 (15) ms

Time (s)

' \ \ \ \
o |
‘;:3: 2 ) . ° o P e® u
Z- 1'7::00 ...nfﬂ%o“"ogo .g.° o u°°°o.o :o ]
= o ®o 'ca Dao.e gb oo L] 0.
= 0 ;:Z%;sa" ° °:?’°° ) “b %‘:: Font® ou‘:,,ﬁo o0 °::'_
= -1t ° §%® o0 © ° . . % oo
g o © % 7 ey
8 _2 = ° 3 o PRI ° T
(%%
3 u=-0005(64),6=1006
0.0 0.5 1.0 1.5 2.0

e
=

0.5 1.0 1.5
Time (s)



Half-life of ©2Ga

\ G.F. Grinyer et al. Phys. Rev. C 77 015501 (2008) Most precise T,,, measurement
\ 62Ga Half-life for any superallowed decay!

» Average TRIUMF result (2008): 116.100 + 0.025 s
* Previous world average (2005): 116.175 + 0.038 s (0.04%)

1168
[ T T,,("Ga)=116.121 +0.021 ms
116.6 |- ; .
I v /v = 1.006 |
_1164F .
E i ® B 1
2 11621 3 - .
o S
(e
T 116.0- 1 ! i
E | ' 1 TRIUMF |
Q | 2008
115.8 - .
115.6- B 1 .
B Texas A&M  GSI Jyvaskalda TRIUMF |
2003 2004 2005 2005

\ 115.4
\ 25



New Result: Half-life of 2°MA|

26mA| half-life
» New result at TRIUMF: Half-life measured to 0.01%!
» See Poster by Paul Finlay (University of Guelph)

et messeiiass - Ultra-high precision half-life
smamarosarsese measurement for the superallowed
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62Ga Branching Ratio

P.Finlay et al. Phys. Rev. C 78 025502 (2008), B.Hyland et al. Phys. Rev. Lett. 97 102501 (2006)

To measure a B.R. to states in the  decay daughter we need

Total number of 3 decays (count (3 particles)
What fraction feeds each state (count y rays)

A

Ng 100 states :
Ground state — no y rays e §
n RG] 3181 '
+ 2804 2¢ 3
BR(gs)=1-) BR(j) ' g
=0 o+ 2342 ] b= ‘é
Obstacles for high-precision 2 L "
B|E B[S &
Efficiency and “Pandemonium” .‘?ev% é'g I |

o o+ 954 “

NG = = L) b o
@ I T=1  9.186(13) h /
BZZn

Uncertainty > 1%
27



62Ga Branching Ratio

P.Finlay et al. Phys. Rev. C 78 025502 (2008), B.Hyland et al. Phys. Rev. Lett. 97 102501 (2006)

| © Experiment at TRIUMF

62Ga 954 keV & Ty y-ray singles
» 8m spectrometer
62Cu 1173 keV
* Inner array of 3 counters . aisres ey
° NB =6.3 108 -A—-A«._A.LA g
_""""""”‘"""""""”";dﬁata jZGa954keV B-y coincidence
" Number of B’s — (beam on)

62Cu 1173 keV

"'L.,w 40K 1460 keV
e . |

Y IJ

200k [-

Y

30s with beam-on

__._
——

62Cu 1173 keV
B-y coincidence

100k (beam off)

4s of beam-off,

then move tape
4s before beam-on

>
/ \b P RSy ST I S ¥ Aocamivi PPN P Y Al
1 v b b b by by U I T [ I [ T [ T T T T

0
0 \ \
\ Time ( S) 800 1200 Ey (keV) 2000 2400

28




62Ga Branching Ratio

P.Finlay et al. Phys. Rev. C 78 025502 (2008)
. © Observed + Pandemonium (Shell-model calculation):

\
| 0 ..
. / 2% precision
ZBR(j ) =0.134(3) + 0.008(8) = 0.142(8) %
j=0 6% precision /
Ground-state branching ratio Zm ! f
0 = S
BR(g.s.) =1— Y BR(j) =100-0.142(8) % s
j=0 = 99.858(8)% v Evé =
0.008% precision N / 0* 062and 7= 9.186(13) h *

As a general rule
Works only if S.A.F. decay is to ground state and B.R. > 95%

Y BR(j)=50()% BR(gs.)=1-) BR(j) =95.0(1)%
7=0 / j=0 /

2% precision 0.1% precision 5



3140

) Experimental Impact for °?Gay

\%\ Status of the %2Ga ft value in 2005... ] } -
| . ft(1+0;) =3102(48) s i -~
e +Q-value = 3121(6) s g " | -
o +T,,  =319(5)s Sl }
e +B.R. =319(3) s {f : ”HI I I
* 16x improvement! o S S

] 3100

Ft =3072.08 = 0.79 + 0.27 &
Corrected Ft value for ©2Ga -

* Ft (2005) = 3058(47) s e
* Bt (2‘010) = 3072(7) S 3070 4—

\ 3060

\ Uncertainty dominated by theory

(experimental contribution negligible) 3050 -, | | | | . . |

15 20 25 30 35
Z of Daughter

)

3080 -l

Ft value

30



©2(Ga Ft value limited by theory

Theoretical (THO8WS) 6. =1.5(2) %
Theoretical (THO2WS) 6. =1.4(2) %
Theoretical (THO9HF) 6.=1.2(7) %
Theoretical (OB95HF) 6.=1.3(2) %

Calculated 8. (%)

25

Can ft to Constrain Theory

2-n THOSWS (2008)
o0 THO2WS (2002)
o--0 THO9HF (2009)

[ | o-- OB95SHF (1995)
<=1 LVMO9PK (2009)

Constrain calculations using high-precision experiment

| » Assuming CVC we compute an “experimental” §. for ©2Ga

(F1) -

(1—-dc) =
_—7

“experimental”
theoretical correction

\ » Using ft =3074.1(15) s, 8y =

Experimental 6. = 1.45(10) %

\ Experimental ft (2Ga)

40

2.0 Ga -
LVMO09DD (2009)
L | =—= CGSO9PR (2009)
Ly~ J'JI‘ A 5 A\ i —
| k 3wy | %":8,3‘:; i
\"‘- i 34 8¢ 46 , Fc =N
\ Myl O fis T
10 [ 26mAl G\ Al\L \L A Y 54CD ““"j’/‘://// fr’ © 1
x\ zzMg .A.‘ \Lu o Vo lSOMn A/F;:/” /_,
14 § \L /ng\éf/@ktré.hﬁﬂrﬁ/’glgi/r’ ”‘
05+ Q, “lrm,. N S 4 —
0n &g ) BN, e e e
AN Gt X
5_;:8,:‘/—-" 44 N
<
0.0 | T | I | | I
0 5 10 15 20 25 30 35
Z of Daugher
& World average of 12 others
/ ;
ft(l + 5R) <€— Rad. Correction (62Ga)
0 o
1.46(9) %, Ft = 3072.1(8) s
Not an ABSOLUTE test!

31



“Experimental” Corrections

2:5

3%
o

Calculated 8 (%)

S
W

[
W
T [ T
|

[am—y
S
T

Using the THo8WS calculations, Ft = 3072.1(8)s

Z of Daughter

(1— d0) (Ft) *
—dc) =
JU(1 + 0%)
e ‘\ e P R ’ T T 7 ‘\ T T T ‘\ 1T T T ’ R O o ‘\ s e e ‘ A
B - g
» Towner-Hardy A > 62 Rb
s Towner-Hardy T =-1 B
4+ Towner-Hardy T=20
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“Experimental” Corrections
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Using the OBgsHF calculations, Ft = 3076.2 s

Z of Daughter

(1— d0) (Ft) *

—dc) =

ft(1+d%)
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Alternative Approaches

Spectroscopic factors from low-energy transfer reactions
» See poster by Kyle Leach (University of Guelph)

i i i ia Di i D o1
G. Leach!, PE. Garett,, G.C. Bal, J.C. Bangay' . Faestormann’, B Finlay!, K.L. Gmen!, R. Herienberger UNIVE‘R‘QI F\
R Kridhen®, AA. Phillips!, £ 0.6, Sumihvamchohi, O.E Svensson’, LS. Townard, 5. Triambak!, H.-F: Wirtht, andJWung L’J"'GUhLl"H

'University of Guelph, Canada - “TRIUME, Vancouver, Genada - T Minchen, Garmarny - “LMU Minchen, Germany - “Queen’s Unhversity, Canada

Theough  precision  massuE-
mants of fi vales, shdes of

“Zn(d,(*2n Experimenial Daia

e single e 0 Dathean 10 &nd 60,
nurpmp magion “Zoid 150 will hep deler- Energias i1 “Zn of up 1o ~4.B MeV, wilh boin poieriations

mine e felive stengths of aach :Hl- ii E
3 ™ =3

Euperaiowen 0t (* nUCiaEr 3
aCayE peTMisa rigorous tasts of
tne Standzr Mods! cascripn
for alscimweak interacians.

o

par
configuration. This aq:smzm dmcly probas ol

neutran hoka taEs i

+ MP zniem Van o Graz® and Stam-Ganzeh posrizalion soura provided
&22 MaV daLtanm baam with B0}4)% palarzeton
+ Baam was incidant ml?&yn\w alMzn
with @ 15 p3'om* carban backing

v
g
i
3

comeced Fi vELes am mus
apaced i bs MuchUs e

pendant.
i
Ft= ft(l+dp)(1 — Ve Ugmen)
| | +SZnanemy spef'numawa)urzzuev p pol=rizad dautarons £,
el R m o + Anguiar distriuticns hawe cunentty for mote
ki

The ligus shove shows he agerimental /i valuss, a5 wel 2= e comack i
veluas for ha 13 most pragisaly measurad SLparalowed nicki.

Preliminary Comparison wiih TREORy for “Znid,f°Zn

2002 Calcuiations (5]

« Madifled
Surfeca-Dalia
Iraractian
with 2 closed
sore
2008 Calculations [1]
+ M0 and GXPFI
wilh & i core,
apamng up o one
0 Cora Ceshan
m
e e
‘cathvode-sirp cetecke
i {partice 10+ anargy} 4] « Exparimental ¥, values are nasded to help guics supemliowsd ISE caicu=ton
 Sifca the 5Ga f1valla is ez o spacs rinealions
vl i order to provida 2 £ “Zn Elastkc Scatiering and Global DMP Comparison » The nead for Quidanne i most avidant in the =Ga 4 dac3y deughier nuclels
5 . “Zn, sinca ire experimentz! /' value of “Ga is exsemely pracisa
Neutron Particle-Hole Ground State Configurations + &) The ratioo-Autnariard scattarng + LESmEEY, lesa reaclions wik ST Which cor ortilals & impart=nt o
Crass-sactions ik in the radial tveriap caiustion mocal space o easier supsraionsd
— mrmmﬂzn ﬂanmn-mm b} The scatiaring cross-sastion polarizalion PLCE, LU PIAGRG 3 M SiringEnt 19t 1 18 SHANIA Foge!
e Ties
ee - Campareanc e oo e o e |
pamuneu NP zals wilh Ihe axperimanist
'Ii 000 ’f 22 MV deuoran aiastc scataring {118, Towmer and G by, Prys. B © 77, 025501 (2008
o "m,b [2].LG. Harey end LS. Townet, hys. Rew. G 78, 055502 (2004)
4 197 L5. Towner, Privale Communicaion (2005)
“MNi Closed-Shell Gore .+ The sel ol An and Cai {2008} {Fe. [5]) best [4] H-F Wirlh ef af, MUL-LMU Jahrasbarichl, 7
IPpIOCuGa e chserved elasti scatiering datz |5] Haxis An 2nd Chonghai G, Phys. Bev. CT3, Lﬁaamum'

[E] L5 Towner ana JC. Hardy, Priys. Rew. C 66 035501 {2002]




On The Horizon )

Other heavy cases: %°As, 7°Br, #Rb

All similar in principle to %2Ga : :

Beam production is a challenge 20 '
e X \ -
D 62 66 70 74
Light decays *°C, 4O As "Br
, Parent nucleus
Search for scalers in 3 decay
W 2 3100
ab initio calculations of §.
3090 Add a + 0.2% scalar term
Alternative techniques & ol /
L
B
T=1/2, T=2 decay T bk
: 2 3070 =
Transfer reactions =
140
3060 —
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Summary

Most precise way to extract V4 (by 6x)
is through ft values of S.A.F. decay

Unlikely to change in the next 10 yrs

Uncertainty dominated by theory

1.S.B corrections are an essential
ingredient for CVCand V4
3100

Range of . values unsatisfactory 62Gq

3090 \

3080

New facilities with state-of-the-art
experiment and theory

3070 =

Ft value (s)

Leading to an improved

understanding of these effects 00

3050
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