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Unitarity  of the Cabbibo, Kobayashi, Maskawa Matrix 

Vud (nuclear β-decay)  = 0.97425(22) 
Vus (kaon-decay) = 0.2253(19) 
Vub (B meson decay) = 0.00339(44) 

Vud can be determined from high-precision measurements 
of the ft values for superallowed 0+ → 0+ Fermi  β-decays  

Nobel 
2008 

Vud
2 + Vus

2 + Vub
2 = 0.99990 ± 0.00060. 

I.S. Towner & J.C. Hardy arXiv:1108.2516v1  

⇒unitarity is satisfied to a precision of 0.06%. 

http://arxiv.org/abs/1108.2516v1�


Vud : The Responsibility of Low-Energy Nuclear Physics 

To first order, β decay ft values can be expressed as: 

f t  = 
K 

|Mfi|2 g2 

constants 

Weak coupling 
strength 

phase space (Q-value) 

half-life, branching ratio 

For the special case of 0+     0+ (pure Fermi) β decays between  
isobaric analogue states (superallowed) the matrix element is 
that of an isospin ladder operator:  

             |Mfi|2  =  (T – TZ)(T + TZ + 1) =   2    (for T=1)  

Strategy: Measure superallowed ft-values,  deduce GV and Vud: 

K 
2 ft 

GV
2 = |Vud| = GV / GF 

matrix element 

Vector coupling 
constant 

Fermi coupling 
constant 3 Isac Forum Feb 16,2012 3/1/2012 



Thirteen well-known Superallowed β-emitters 
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 Ft = 3072.08 ± 0.79 s 
  CVC  ~1.3 x 10-4 

Towner and Hardy PRC 82(2010)065501 

P. Finlay et al., PRL 106, 032501 (2011) 
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• uncertainty in the weighed 
average Ft value is 
dominated by theoretical 
uncertainties in the nuclear-
structure dependent Isospin 
Symmetry Breaking (ISB) 
corrections  
• new high-precision 
measurements designed 
specifically to test the ISB 
corrections from a variety of 
theoretical approaches 
• there are also remaining 
cases  in which potential 
systematic errors in the 
experimental data must be 
addressed 



Half-life of 14O (S1140): Grinyer et al  
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Superallowed Ft values and Scalar Currents 
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High-precision half-life measurement for 14O 
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Half-life of 26Na via γ-ray counting 

Run-by-run half-lives 

Half-life (s) 
β Counting 

Correction Half-life (s) 
γ Counting 

Correction  Compare to β 
counting 

1.07128(25) No Correction 1.08174(37) +28.2σ 

PU Correction 1.07167(55) -27.2σ < 1σ 

G.F. Grinyer et al. NIM A 579 1005 (2007) 

Demonstrates the feasibility of high-precision 
(0.05%) half-life measurements via γ-ray photopeak 
counting  



High precision Half-life measurement of 14O: 
Proof of principle November 2011 
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γ-counting 



Proof of principle November 2011 
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β-counting 

•     original plan was to use the 
4π gas counter system for β-
counting 
•     diffusion of gaseous elements 
in aluminized mylar tape 
•    new thick Al tape system being 
designed to eliminate this effect  

but  ZDS an untested system 



Statistical uncertainties in t ½ for 14O obtained from fits 
to simulated data for β and γ counting  
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β-counting 

γ-counting 

An overall precision of <0.05% is 
required to test the systematic 
differences observed in the world 
average data between t ½ 
measurements performed by either γ-
ray photopeak or direct β-counting 



 

S1140 Collaboration 
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Studies of superallowed β-emitter 74Rb 
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               November 2010 
100µA of 500 MeV protons on high-power Nb foil 
target 
Three experiments focused on the study of the 
superallowed β-emitter 74Rb   ( 69 ms) 
      - a high precision branching ratio 
measurement using the 8π spectrometer 
      - a high precision measurement of the mass 
of 74Rb8+ with TITAN:  RFQ, EBIT and MPET  
      - a measurement of the charge radius of 74Rb 
using collinear laser spectroscopy:  to reduce 
the theoretical uncertainty in the nuclear 
structure correction δC 



 

Superallowed Branching ratios for A > 54  
β-emitters and the Pandemonium Effect 
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High-precision branching ratio measurement for 62Ga: 
controlling pandemonium via “2+ collector” states 
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74Rb Superallowed Fermi Beta Decay 

Conversion Electron Spectrum 

Gamma-Ray Spectrum (1 HPGe detector) 

BR = 99.5(1)%     Piechaczek et al Phys Rev C67 052305(R) 2003 

Original BR measurement at ISAC 
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74Rb Branching ratio Measurement using the 8π spectrometer  
with Sceptar and PACES   (S823)   Ryan Dunlop et al 
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beta-coincident Si(Li) spectrum beta-coincident gamma-ray spectra 

Goal: reduce uncertainty in BR by factor of 3 
 
• previous value 99.5 +/- 0.1 % obtained using 
only one HPGe detector and two Si(Li) counters 
 
Data obtained in Nov2010 with HP Ta and 100uA    
• ~ 10000/s 74Rb 
• 74Rb/74Ga ratio increased by ~ 150 



74Rb Branching ratio Measurement using the 8π spectrometer 
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•High Q-value leads to feeding of many high-lying 1+ levels 
•The low-lying 2+ and 0+ levels act as collector states and enable a measure of total decay 
strength 
•Present experiment confirmed previous decay scheme 
• 47 new transitions and 14 new levels were identified.  Lowest 1+ observed at 3.337 MeV 
• comparison with theory for estimate of unobserved gs decay strength should lead to 0.03% 
uncertainty in branching ratio 

74Kr 



S823 Collaboration 
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A special thanks to the targets and ion 
source group and ISAC operations 

 
Thank  you! 

Merci! 
 

TRIUMF: Alberta | British Columbia | 
Calgary | Carleton | Guelph | Manitoba | 
McMaster | Montréal | Northern British 
Columbia | Queen’s | Regina | Saint Mary’s 
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σstat≈ 4.1 keV 

 

Factor of 100 increase in precision possible 



Collinear Laser Spectroscopy with cooled bunched beams 
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Determination of the charge radius of 74Rb through  
collinear laser spectroscopy of cooled bunched beams 

Charge radius determination ! 
Reduction of 20% of δc2 

E. Mane et al. 
accepted at PRL 

TITAN/Laser-spectroscopy: TRIUMF, McGill, Manchester UK 
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