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l Superallowed Fermi b Decay: Corrections
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Ft = ft(1+ U )(L+ Uy - Us) = constan

7 " 2G2(1+ D) N
iCorrectledo \ / / f CVC Hypothesis

ft value
Calculated corrections (~1%) Innerradiativecorrection (~2.4%)
EXperiment (nuc|eus dependent) (nUCIEUS independent)

D% = nucleus independent inner radiative correction: 2.361(38)%

dys = nuclear structure dependent radiative correction: -0.3% 1 0.03%

d-. = nucleus dependent isospin-symmetry-breaking correction: 0.2% 1 1.5%
- strong nuclear structure dependence

d- =d-, +d-, (isospin mixing plus radial overlap)
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Isospin-Symmetry-Breaking Corrections
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Isospin-Symmetry-Breaking Corrections
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Measuring SuperallowedHalfi lLives

[
4p continuous flow
/ gas proportional
v

counter

26AI™: T,,,=6.3465 s
Na: T,,=1.072s
20Al9: T,,=7.4x10yrs

Beam

=36 cm

Cycle

Implant 6-14 s
Allow 2°Na to decay 2634 s

Move tape to detector and count®Al™
decays for ~20, 25, 30 halives, then
repeat.

Ny Jpe Direction Change detector voltage, discriminator
High Vacuum setting, and swap fixednonextendable
Atmosphere

=Implantation Site @

dead times between two MCS units to

Investigate systematic effects.
Tape Spools
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2008 cycles spanning 51 runs
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Assignhing asystematic;uncertainty

6.350

6.348
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20 A1™ half-life (s)
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S =./267s_,,
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------------- | 5. =0.46ms

___________ s S stat
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independent 1) 6346.59 ms
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O ¢ DO o

Entire data set
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Discriminator (mV) 50; 75; 100; 125

Dwell time (s) 0.5; 0.6; 0.7

Voltage (V) 2700; 27505 2800; 28505 2900
Implant/wait (s) 8/32; 6/34; 9/31; 14/26; 12/28

Sing = 0.05ms
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T/, = 634654(76)ms




Comparison with previous results
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Branching Ratios for 2°Al™ Decay
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Cycle Structure
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Determining 2°Al™ non-analog intensity

100000 S T T T [ T T T E[ T T T T [T T T T [T T T T [T T T T [T T T T3
- B 1809 keV =
B 1000000 ? e 1809 keV y-ray activity i
[ Fit
10000 E =
- ! 100000 3 —— *Na activity 3
E % - ! c— A" activity .
1000 @) 10000 %— : i Background activity |
= — I =
L 1000 1 :
— E I | =
& ~ o
g 100 E_ 100 L—L Loy vy o b by by |_f
8 = 1800 1825 1850 1875 -
T Energy (keV) i
; Tl o §
[ 2561(140) \ : ]
1 — 26A|m Counts \ ® 3 X o4 B M —
= \ - T A== =
: \ =
Ul E \ =
Eyovova v b oy RN II 1 11N [ i
35 40 45 50 55 60 65 70 7

Time (s)

5




Determining “°Al™ non-analog intensity
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Fit 1809 keV peak area
vs. time with 2Na and
26AlM™ components
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Peak Area vs. [Time
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26A™ Non-Analog Branching Ratios

Relative Probability
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All measured BR consistent with zero

Total non-analogue decay:
5.5+/-6.5 ppm (peak area vs. time)
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Direct feeding of 1809 keV:
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P. Finlay et al., Phys. Rev. C 85, 055501 (2012)




26A|™ ft; Value
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26A™ Ft! Value, Woods Saxoni.
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26A™ Ft! Value, Hartree-Fock -
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Hartree-Fock vs. WoodsSaxon and World-AveragedFt!

Ft (26A| m) ool n HRh .
i g
WS: 3073.0(12) s . 3085 10 ) _
HF: 3069.0(19) s = 080 Y Ar Ga -
= , %9 NG T g O 54
— L ol I S S I S W < R e
Ft (no2°Al™) * 3070 _{ ----- A= IEEE s B | RRREEEEE ==
L 38 m Vv _
WS: 3072.0(10) s 3065 Ya |k 1 L
HF: 3072.3(10) S 3060 | PR N TR [ N TN N N e i Y N (NN NN ST M T S M BN 174| | 1|
- 22 -
3090 - Mg_ o RE |
L a -
© P } 34Af_ t ]
% 3080-— I "0 5 'Mn i
& LT i N PPl . :I;“I“I ________________ o
) S R S O i A S
L 54 -
3065_— 26 Al" 34Cl AL 38Km Co -
3060 1 g | 1 1 1 llo 1 1 l 1 IIS 1 | 1 | 2I0 | 1 I 1 2I5 1 1 1 l 3I0 1 | 1 | 315 | |

Z of daughter



Hartree-Fock vs. WoodsSaxon and World-AveragedFt
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i Need to test superallowed
corrections but
Independent of
superallowed data!

A Want to avoid assuing CVC
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Mirrenr ftt values at TRIUMF
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dead times between two MCS units to
investigate systematic effects. — Many cycles.
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Summary and Conglusions

AHigh-precision half-life and branching-ratio measurements for
26AlM. carried out at TRIUMF, have resulted in the most precise
superallowed ft and Ft values for any superallowed emitter to date.

AThis unrivaled precision for the 26AIM ft and Ft values yields one of
the most demanding consistency tests of leading isospin-symmetry-
breaking corrections for these decays, required in order to extract
V.4, @nd currently a leading source of uncertainty.

AGoing forward, ft -value measurements for the isospin T=1/2 mirror
nuclei offer an excellent opportunity to test and refine these
calculations, with the goal of improving the uncertainty in Vud and
further constraining physics beyond the Standard Model.
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The CKM matrix plays a central role in the Standard Model
= describes the mixing of different quark generations:
weak interaction eigenstates , quark mass eigenstates
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In the Standard Model the CKM matrix O
describes a unitary transformation.

The first row of the CKM matrix provides the most
demanding experimental test of this unitarity condition




