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SM Interaction 
for low energy processes

• Since W is very massive, can treat nuclear, pion, 
and muon beta decay as a point interaction

• This reverts to early formulation of nuclear beta 
decay by Fermi but with only (V-A) in the 
interaction 





Questions to consider
• What is the difference between a ‘nuclear’ beta 

decay expressed at the quark level versus the 
nucleon level?

• What might cause the overlap matrix element in 
a pure Fermi decay to differ from ‘1’?

• How do we measure neutrino kinematics in a 
nuclear beta-decay process? What are the 
experimental requirements to do this?  What 
recent developments have made this more 
feasible to do?



Nuclear Beta Decay Form - I
• Recall that weak interaction SM Hamiltonian is a 
current‐current interaction form:
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• For nuclear beta decay, general form for decay is 
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• Note interacting fields are associated with nucleons 
and leptons

• The C’s are complex and give interaction amplitude



Nuclear Beta Decay Form – II

• The C and C’ are connected to symmetries by 

• In the SM, C’s are real, CV/CV’=1, CA/CA’=1, and 
all others are 0

• In extensions of the SM, these values change
• In addition, there are recoil order terms for 

nuclear beta decay



Nuclear Beta Decay Form – III
• Including recoil order terms in the V and A 

hadronic part of interaction gives 
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• The terms ௏
ଶ and ஺

ଶ are the leading 
decay terms associated with Fermi and GT 
transitions 

• A consequence of the SM is the conservation of 
the vector current  ௏

ଶ = 1, and it relates 
the weak magnetism term ெ

ଶ to an analog 
M1  decay



Nuclear Beta Decay Form – IV
• The axial current has no electromagnetic analog 

and is not conserved but PCAC seems to work
• A transformation called G parity is defined by
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• Strong interaction symmetric under G
• In weak interaction, define 1st and 2nd class 

currents by G parity operation
• SM allows only 1st class currents
• Generating a decay spectrum from interaction is 

tedious – early work by Jackson, Treiman and 
Wyld with follow up work by Holstein



Nuclear beta decay tests of SM

• Super-allowed transitions **
• Correlation experiments

– - angular correlations
– - angular correlations
–  asymmetry from aligned nuclei
– - correlations**

• Neutron lifetime and decay studies***
• Double  decay – covered by Boris K.



What have we learned 
from - and - correlations?

• Most work done in ‘70’s and ‘80’s
• No evidence for recoil order second-class 

currents (<10% of allowed terms)
• CVC confirmed (uncertainties around 

10%) in comparing weak magnetism to M1 
dipole transitions



0+  0+  decay
• Measure life-time and branching ratio to get

– f = statistical function [f(Z,QEC)]
– t = partial half-life [f(t1/2,BR)]
– GV = vector coupling constant
– <> = Fermi Matrix element 

• Include corrections GV constant for
many decays?



Vud and the CKM Matrix
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• Cabbibo, Kobayashi, Maskawa Matrix connects
weak to mass eigenstates

• Standard Model  matrix is unitary
[Vud

2 + Vus
2 + Vub

2 = 1]

Vud
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Vus from K decay

Vub from B decay



0+  0+  decay and the SM
• As of 2002, there were 9 precision measurements

Ft = 3072.2 + 0.8_
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Test of CVC

• Extracting Vud(0.9740), with Vus(0.2196), and Vub(0.0036) 

V  + V  + V  = 0.9968   0.0014ud us ub
2 2 2 +



• Test C - NS to verify and improve calculations
– measure 0+0+ decay for A=62 (TAMU)
– measure 0+0+ decays (Tz=-1) for 18A42 (TAMU)
– measure masses (Penning traps) and new partial half-

lives for nine known cases (TAMU + other locations)
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0+  0+  decay and the SM









0+  0+  decay Today
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Vud and CKM Today

• GV determined by several methods:

• 0+  0+  decay

• neutron  decay 

• pion  decay

• Mirror nuclear  decay

 most accurate, by far



Vud and CKM Today



- Correlations

• Pure Fermi decay (0+  0+)





A case study: 38mK
• 0+ to 0+ transition – capture K in ion trap

• Decay can occur with  in two orientations 
Vector Interaction                                       Scalar Interaction



Results



Mixed F/GT decays
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where

D is T violating term and should be 0 in SM





A case study: 37K
• 3/2+ to 3/2+ transition – again capture K in trap

Optical Pumping to
fix hyperfine state 



CP Violation and Baryogenesis

• The combination of BBN and what appears to be 
a matter dominated world, even though we 
expect equal amounts of matter and antimatter 
initially, produces major question

• Need a mechanism to break the matter-
antimatter symmetry during early phase

• Could occur in quantum gravity but unlikely
• Best option  CP violation beyond the SM 
• Has resulted in searches for CP violation in a 

variety of systems
• Observations in K decay consistent with CKM 

phase



CP Violation – EDM’s

• Non-zero EDM could point the way toward the 
missing physics

• Searches for EDM in electron, atoms and 
particles

• Different sensitivity to new physics for different 
systems

• SM EDM through CKM phase is very small
• Low energy searches underway or planned in 

– radioactive atoms
– neutron (SM  ~10-32 e-cm)
– deuteron 



Physics Beyond the Standard Model

• New physics (e.g. SUSY) often includes 
additional CP violating phases in couplings 
– CP should be ~ 1

• Contributions to EDMs depends on masses of 
new particles 

– In MSSM (Minimal Supersymmetric Standard Model)

• dn ~ 10-25 e-cm x sinCP(200 GeV/MSUSY)2
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Present limit: dn < 3 x 10-26 e-cm

Slide from B.F.
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Why Multiple EDM exps?
To identify origin of new CP
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New n-EDM Sensitivity

2000 2010

EDM @ SNS

dn ~ 5x10-28 e-cm

Slide from B.F.
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All about muons

• Lifetime – MuLAN

• Normal decay – TWIST 

• Exotic decays – MEGA, MEG, SINDRUM

• Anomalous Moment – (g-2) 

Topics:

Starting point for tomorrow’s lecture!


