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1. What is the weak force?
2. Is it universal?
3. The nucleus as laboratory 
4. Current status of data
5. Measurements in progress 
6. Summary and outlook



THE FORCES IN NATURE

Name          Relative         Range         Acts on
                    Strength

Strong                        1                     10    m                neutrons
                                                                                           protons ...

Electromagnetic       10                   long (1/r  )             charged
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Newton’s Insight
       ~1700

     Universality
             of
Gravitational force

Now 300 years later ...
We can ask if this
idiosyncratic weak
force is universal too?

WHAT ABOUT UNIVERSALITY?
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Test universality
by measuring this
decay in a wide
variety of nuclei.
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Do measured   t values
yield a constant G ?V
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  t = ft (1 +  - d)] =NSdR)[1 - (dC

K
22G  (1 + D)V R

WORLD DATA FOR 0    0  DECAYS+ +

   10 cases with ft-values measured
to ~0.1% precision; 3 more cases
with <0.3% precision.

   ~150 individual measurements
with compatible precision
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  t = ft (1 +  - d)] =NSdR)[1 - (dC

K
22G  (1 + D)V R

   Hardy & Towner
PRC 79, 055502 (2009)

WORLD DATA FOR 0    0  DECAYS+ +

   10 cases with ft-values measured
to ~0.1% precision; 3 more cases
with <0.3% precision.

   ~150 individual measurements
with compatible precision
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that is decaying.
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Where to from here?

Status today:

Nuclei present a consistent picture: G  constantV

Uncertainties dominated by theory

Nuclear and kaon decays consistent: limits “new physics”

Active programs:

Measure new nuclear cases with larger calculated
correction terms: independent test of corrections

Refine theoretical correction terms
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34
An example of one experiment done here: Ar decay (t =0.85 s)1/2

34
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34HOW WE PRODUCE Ar

35
Cl17 18
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But other nuclei can be produced too, so
34we need to apply a “filter” that lets Ar

through but nothing else.
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SUMMARY AND OUTLOOK

Within 5 years, expect ...

1. Nuclear measurements will reduce uncertainty still
    further.

2. Full universality of the weak force will be tested to
    a precision  of    0.1%.~<

1. The weak force (vector component) is constant in
    nuclei to 0.026%.

2. We can also test full universality of the weak force --
    including the decay of other particles like the kaon --
    and this also agrees within 0.1%!

3. Nuclear physics is the source of key data for these
    tests, the most precise ones available.

We know now that ...
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