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Superallowed 0* — 0* 8 decay

Experiment precision: 0.1%

Weak Decay Equation [ =f(Z,0,.)
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Gﬁ <z->2 G, = coupling constant
<2'> = matrix element
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World data for superallowed 0* — 0* 8 decay (2020)

ft values for the 15 best T
known transitions

Over 220 individual precise
NEERNENERIS

« 9 cases accurate to <0.05%
« 6 more cases accurate 0.05-0.23%

Ft=307224+1.85s

J. C. Hardy and |. S. Towner, Z of daughter
Phys Rev C 102, 045501 (2020)



World data for superallowed 0* — 0* 8 decay (2020)

Correction terms

« Relative contribution to
the corrected Ft

« Magnitude
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Z of daughter

J. C. Hardy and |. S. Towner,
Phys Rev C 102, 045501 (2020)




World data for superallowed 0* — 0* 8 decay (2020)

2000 2010
Date of analysis
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Value of V,,, using world data 2020

|Vual 2 Uncertainty Budget
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New precise experiments in T=1 superallowed
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New precise experiments in T=1 superallowed
0* — 0* B decay (since 2018)

'9C branching ratio
26Si branching ratio
34Ar branching ratio &

half life

92Ga branching ratio




19C branching ratio

Qg = Tz =
3648.06(6) keV | 19.3015(25) s
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19C branching ratio

Catcher

-

150r20 cm - ... 930 1000 1010 1020 1030 1040

DSSSD

990 1000 1010 1020 1030 1040
energy (keV)

B.Blank et al., Eur. Phys. J. A (2020) 56:156



19C branching ratio

experiment |
pile—up
= = background -
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—— 10217 keV peak
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Our result of BR = 1.4638(50)% is a factor of 1.5-2 less T backgound
precise than the most precise literature values. Nevertheless i
the present result demonstrates that the problems with the
pile-up of two 511 keV y rays can be overcome. In a future
experiment, a higher precision can be reached with a longer
beam time and a better beam purification scheme. However, o
it will be very challenging to reach the same precision for the 900 1000 oo 1020 1080 m;
branching ratio as for the half-life and the Q value of '°C. energy (keV)

B.Blank et al., Eur. Phys. J. A (2020) 56:156




52Ga branching ratio

« Q=9181keV
« Weak B branches o o T A,
difficult to observe 7
(Pandemonium effect)
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52Ga branching ratio

(a) 954-keV gated
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52Ga branching ratio

3691
3561
3425 3374
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Level scheme of ®2Zn populated in the 8% decay of ®?Ga. The widths of the arrows indicate the relative intensities of the t

A.D.MacLean et al., Phys.Rev. C 102, 054325 (2020)




52Ga branching ratio

A high-precision measurement of the superallowed Fermi
B branching ratio in the decay of ®*Ga was performed with
the GRIFFIN y-ray spectrometer at the TRIUMF-ISAC fa-
cility. The result, By = 99.85771 ) 0025 % is consistent with,
but a factor of 4 more precise than the previously adopted

world-average for this quantity. The significant gain in preci-
sion was achieved through a careful control of the so-called
Pandemonium effect via high-efficiency, high-resolution y-
ray spectroscopy. The high y-y coincidence efficiency also

A.D.MacLean et al., Phys.Rev. C 102, 054325 (2020)



26Si & 34 Ar experiments: TEST 6, — Oy

Strategy: compare ft-values from pairs of mirror superallowed
decays

Accepting cVC Ft = ft(1+6,)(1+ 5y, —J,.) = constant

The ratio of ft values for a pair of
mirror superallowed decays is
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26Si & 34 Ar experiments: TEST 6, — Oy

Strategy: compare ft-values from pairs of mirror superallowed
decays

The ratio of ft values for a pair of
mirror superallowed decays is
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a. Decay of the T,=-1 parent
(need to be measured)

b. Decay of the T,=0 parent
(known to better than 0.1%)

A=38: H.l.Park et al., Phys.Rev.Lett. 112, 102502 (2014)
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26Sij & 34 Ar experiments: TEST 6, — Sy

crucial: the theoretical uncertainty on differences in corrections
(evaluated for adjacent nuclei) is significantly smaller than the uncertainty
of the individual correction terms themselves

the difference in correction terms removes entirely systematic errors

[ : :
%:1"'(51?_513 )"'(51?75 N NS)_(5£_5C)

30 34

A of mirror pairs

M. Bencomo et al., Phys.Rev. C 100, 015503 (2019)
V. E. lacob et al., Phys.Rev. C 101, 045501 (2020)



B-delayed y-s in coincidence with positrons
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B-delayed y-s in coincidence with positrons
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B-delayed y-s in coincidence with positrons
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Improve intensity ratio /
(resonant proton capture on 3S — E*=6181-keV)
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Improved BR for the superallowed branch in 34Ar

BR=94.48(8)%

Not only 1s the superallowed branching-ratio measurement
valuable, but also there 1s good agreement between our results
and shell-model calculations for the Gamow-Teller decay

branches to 17 states in **C1. This is an important result since
the same effective interactions were used in the shell-model
contributions to the calculation of both §- and dng. Our results




Improved t,, for 34Ar (1.7x108 decays)
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Results

The ft-ratio for the new pairs of mirror superallowed decays
¢ (8Si—2*mA| and 26MAl —25Mg), and
« (3*Ar—34Cl and 34Cl| —34S)
favor the phenomenological WS shell model

34

A of mirror pairs



Summary and Outlook

In fact, it has to be admitted that the motivation for a
new generation of experiments to improve the f7 values still
further will be very weak until the theoretical uncertainties
associated with dys have been reduced substantially. Currently
the dns uncertainty exceeds the overall experimental one by
nearly a factor of six. It is clear where future priorities must
lie!

from being Ay to being dns. For years we have called for
improvements to the calculation of A}, and it is gratifying
that two new calculations have resulted in its uncertainty being
reduced to the point where it is now only a factor of two
greater than the uncertainty on the collected experimental re-
sults. Unfortunately though, the uncertainty on dyg has grown
more than A}’s has shrunk. This is because the two new small
effects that have been added to dng were only quantified with
relatively crude nuclear models, which necessarily brought
with them rather large uncertainties. We urge that these mod-
els be refined in future so that the uncertainty on dyg can be
brought more in line with the other four contributors to the
|V,a|? uncertainty.

J. C. Hardy and |. S. Towner,
Phys Rev C 102, 045501 (2020)

Frac. Uncert. [%]

|Vud | 2 Uncertainty Budget




Summary and Outlook

o Theory
« Currently, the dominant contributor to the uncertainty
in V4 Is 65, asking for refinements in its calculation
 Updates: Mikhail Gorchtein, WG1, 11/23/21,
10:50PM, contribution ID: 118

o Experiment

* Precisely measured pairs of mirror superallowed
decays allow to discriminate between different
theoretical models via predicted correction
differences 6, — 6y; #°Ti, 4°Cr, *%Fe, and >4Ni are good
new challenging candidates

 New precise measurements in low-Z parents (1°C)
could further improve the current limit on the Fierz
interference term (|bg|<0.0033)
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Thank you!
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