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Superallowed Fermi b Decay: Corrections 

 

 

 

 

 

 

Calculated corrections (~1%) 

(nucleus dependent)  

Inner radiative correction (~2.4%) 

(nucleus independent) Experiment 

CVC Hypothesis 
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ñCorrectedò 

ft value 

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

dR  = nucleus dependent radiative correction to order Z2a3:  ~1.4%  

 - depends on electronôs energy and Z of nucleus 
 

dNS = nuclear structure dependent radiative correction: -0.3% ï 0.03% 
 

dC  = nucleus dependent isospin-symmetry-breaking correction: 0.2% ï 1.5% 

 - strong nuclear structure dependence 

V 

dC = dC1 + dC2   (isospin mixing plus radial overlap) 



Theoretical treatment of ŭC 

Several 

approaches to 

ISB corrections 

Ÿ Nuclear Shell  

      Model 
 

Ÿ Relativistic  

     Hartree-Fock 
 

Ÿ Random Phase     

      Approximation 
 

Ÿ Energy Density  

      Functional theory 



Isospin-Symmetry-Breaking Corrections 

Use radial wave 

functions derived 

from a Woods-Saxon 

(WS) potential, or 

use Hartree-Fock 

(HF) eigenfunctions. 

Two approaches to 

ŭC2 

W.E. Ormand and B.A. Brown, Physical Review C 52, 2455 (1995) 

I.S. Towner and J.C. Hardy, Physical Review C 66, 035501 (2002) 



Isospin-Symmetry-Breaking Corrections 

Use radial wave 

functions derived 

from a Woods-Saxon 

(WS) potential, or 

use Hartree-Fock 

(HF) eigenfunctions. 

Two approaches to 

ŭC2 

I.S. Towner and J.C. Hardy, Physical Review C 77, 055501 (2008) Ft  = 3071.81 ° 0.79stat ° 0.27syst s 
J.C. Hardy and I.S. Towner, Physical Review C 79, 055502 (2009) 



ft  = 3036.9(5)f (9)T1/2 
s 

Ft  = 3072.4(6)dRô(8)dC-dNS
(9)ft  s 

dC-dNS = 0.305(27)%  

J.C. Hardy and I.S. Towner, Physical Review C 79, 055502 (2009) 



TRIUMF: Canadaôs 

National Laboratory for 

Nuclear and Particle 

Physics Research 



Ã Implant 6-14 s 

Ã Allow 26Na to decay 26-34 s 

Ã Move tape to detector and count 26Alm 
decays for ~20, 25, 30 half-lives, then 
repeat. 

Ã Change detector voltage, discriminator 
setting, and swap fixed, nonextendable 
dead times between two MCS units to 
investigate systematic effects. 

Measuring Superallowed Half Lives 

Ã
26Alm: T1/2 = 6.3465 s 

Ã
26Na:  T1/2 = 1.072 s 

Ã
26Al g:  T1/2 = 7.4x105 yrs   

Cycle 

Beam 

4p continuous flow 

gas proportional 

counter 



41 cycles 

Fractional uncertainty = 0.077% 



2008 cycles spanning 51 runs 

0.1% 

Stat. uncertainty = 0.007% 



50; 75; 100; 125 

Assigning a systematic uncertainty 

   = 0.75 ms 

stat.ss 67.2=

ms045.0=deads

ms59.0.=systs

ms46.0.=stats

msT )76(54.63462/1 =

Two 

independent 

analyses 

1) 6346.59 ms 

2) 6346.49 ms 

sind = 0.05 ms 

Dwell time (s) 0.5; 0.6; 0.7 



Comparison with previous results 

New world average: 6.34643(68) s 
This work: 6.34654(76) s 

P. Finlay et al., Phys. Rev. Lett. 106, 032501 (2011) 



Mass 26 beam 

from ISAC 
tape transport 

20 plastic scintillators 20 Compton-Suppresed 

HPGe detectors 

SCEPTAR 

8p Spectrometer 

The 8́  Spectrometer and SCEPTAR at ISAC-I  



88% 

Branching Ratios for 26Alm Decay 



Cycle Structure 

First a 2s 

tape move 

4s background 

counting 

Implant for 21s 



Determining 26Alm non-analog intensity 

2561(140) 
26Alm counts 



Determining 26Alm non-analog intensity 

17163(202) 
26Alm counts 

-1.0+/-10ppm 
26Alm 1809 BR 



Fit 1809 keV peak area 

vs. time with 26Na and 
26Alm components 



Fit 1809 keV peak area 

vs. time with 26Na and 
26Alm components 

1809 keV 



Fit 1809 keV peak area 

vs. time with 26Na and 
26Alm components 

1809 keV 

1809 keV 



Fit 1809 keV peak area 

vs. time with 26Na and 
26Alm components 

1809 keV 

1809 keV 

1809 keV 



Fit 1809 keV peak area 

vs. time with 26Na and 
26Alm components 

1809 keV 

1809 keV 

1809 keV 

1809 keV 



Peak Area vs. Time 

158(186) 26Alm counts 

5.5+/-6.5ppm 26Alm BR 



26Alm Non-Analog Branching Ratios 

Direct feeding of 1809 keV: 

Total non-analogue decay: 

-0.9+/-5.7 ppm (late time analysis) 

Ò 5 ppm @ 67% CL 

Ò 12 ppm @ 90% CL 

5.5+/-6.5 ppm (peak area vs. time) 

Ò 10 ppm @ 67% CL 

All measured BR consistent with zero 

Ò 15 ppm @ 90% CL 

P. Finlay et al., Phys. Rev. C 85, 055501 (2012) 



26Alm ft  Value 

f  = 478.237(80)  

PEC = 0.082 %  

t ½ = 6346.43(68) ms 

SBR = 100.0000        %    +0 
-0.0015 

f t   = f t ½ (1+PEC) 

SBR 

 ft  = 3037.58(51)f (32)T1/2 (5)BR s Most precise ft  for any 

superallowed emitter 



Based on J.C. Hardy and I.S. Towner, Physical Review C 79, 055502 (2009) 

= 3073.1(6)dRô(8)dC-dNS
(6)ft  s 

Ft other = 3072.0(10) s 

Ft 26Alm = 3073.1(12) s 

ŭR = 1.478(20) %  Ë 
ŭNS = 0.005(20) %  

Ft  = f t (1+ ŭR)(1 + ŭNS -ŭC)  Ë 

26Alm Ft  Value, Woods-Saxon ŭC 

ŭC = 0.310(18) %  



Based on J.C. Hardy and I.S. Towner, Physical Review C 79, 055502 (2009) 

= 3069.1(6)dRô(17)dC-dNS
(6)ft  s 

Ft other = 3072.3(10) s 

Ft 26Alm = 3069.1(19) s 

Ft  = f t (1+ ŭR)(1 + ŭNS -ŭC)  Ë 

26Alm Ft  Value, Hartree-Fock ŭC 

ŭR = 1.478(20) %  Ë 
ŭNS = 0.005(20) %  

ŭC = 0.440(51) %  



ñExperimentalò ŭC 

-Woods-Saxon ŭC continue 

to form an impressively 

consistent set 

-Hartree-Fock ŭC do not 

exhibit the same degree of 

conformity 



Ft  (26Alm) 

WS: 3073.0(12) s 

Ft  (no 26Alm) 

WS: 3072.0(10) s 

Hartree-Fock vs. Woods-Saxon and World-Averaged Ft  



Ft  (26Alm) 

WS: 3073.0(12) s 

Ft  (no 26Alm) 

WS: 3072.0(10) s 

HF: 3069.0(19) s 

HF: 3072.3(10) s 

Hartree-Fock vs. Woods-Saxon and World-Averaged Ft  



Ft  (26Alm) 

WS: 3073.0(12) s 

Ft  (no 26Alm) 

WS: 3072.0(10) s 

HF: 3069.0(19) s 

HF: 3072.3(10) s 

WS: 3072.38(75) s 

Ft  (with 26Alm) 

HF: 3071.59(87) s 

Systematic 

uncertainty 

= 0.79 s 

Hartree-Fock vs. Woods-Saxon and World-Averaged Ft  



Further tests of ISB corrections?????? 

Ã Need to test superallowed 

corrections but 

independent of 

superallowed data! 

 

Ã Want to avoid assuing CVC 



Ã Dominated by 

experimental 

uncertainties. 

Ã Also require ŭC 

corrections. 

Ã Different nuclear 

structure than 

superallowed 

T=1/2 Mirror Nuclei  

2 0 0

2 2
1 2 = 

  (1 )

A

V

mirror

V

F ud R

f

f

K
Ft Ft

G V
r

+ +­å õ
+ =æ ö

+Dç ÷

Towner & Hardy, Rep. Prog. Phys. 73 (2010) 046301  



Mirror ft values at TRIUMF 

S1192 ï Half-life and BR, 19Ne   

S1385 ï Half-life for 21Na 

S1517 ï Half-life and Q-value for 35Ar 

Approved Experiments: 



Mirror ft values at TRIUMF 

35Ar 



Summary and Conclusions 

Á High-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.  

 
Á This unrivaled precision for the 26Alm 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 

Vud, and currently a leading source of uncertainty. 

 
Á Going 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 Cabibbo-Kobayashi-Maskawa (CKM) matrix 

  The CKM matrix plays a central role in the Standard Model 
    describes the mixing of different quark generations: 

    weak interaction eigenstates  ̧quark mass eigenstates 

 

 

 

 

 

 

     In the Standard Model the CKM matrix 

 describes a unitary transformation. 

The first row of the CKM matrix provides the most 

demanding experimental test of this unitarity condition. 
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| Vud| = G V / GF 


