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t : G.C. Ball et al1/2

      PRL 86, 1454
      (2001)

Q : A. KellerbauerEC

       et al,  PRL 93,
       072502 (2004)

T  = 0 parent, A   62Z
$$

Experiment (BR): 
  A. Piechaczek et al
  PRC 67, 051305(R)
  (2003)

S BR ~ 0.5%

BR(max) = 0.3%

>400 1  states+

Calculations:
  J.C. Hardy & I.S. Towner
  PRL 88, 252501 (2002)

Rb
74
37 37
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0
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36 38

99.5%
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41%
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53%

Na11 11
22

Mg12 10
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T  = -1 parent, 18   A   42Z

 

Experiment (BR, t ): 1/2

  J.C. Hardy et al
  PRL, 91, 082501 (2003)

## ##

(3.88 s)

3916 +0

3304

2128

+2

S16 18
34

Cl17 17

34

5492 +0 ,1

+0 ,1

+2 >99.988%

Typical standard case

(1.53 s)

Branching ratio < 100%

Low production rate

Exotic mass measurement

Similar parent/daughter half-lives

“Pandemonium” excited states

THE CHALLENGES OF NEW CASES



RECENT OR CURRENT EXPERIMENTS

Q  values:EC

Argonne (Canadian Penning trap)
46V    G a a  et al. R 0 5 1 0 5. S v rd  P L 95, 1 2 0  (2 0 )
1 6 m 40 2 34 2ClC Al Sc,  , , 14O,    

Jyvaskyla (JYFLTRAP)
62 aG     T r t .e al  B  1 1 0 6. E onen PL  636, 9  (2 0 )
26 m 42 46c VAl S  , ,

NSCL (LEBIT)
38Ca     B t .e  al  L  1 2 0 (2 0 )G. ollen PR  96, 5 5 1 0 6

Half-lives:

Auckland/Canberra
50Mn 

Texas A&M
10 34  C  Cl   , , ,34 38Ar Ca

Branching ratios:

34 38Ar Ca,  Texas A&M

TRIUMF
62Ga 

Munich Tandem
46V

  r .        P.H. Ba ker et al
PRC 73, 064306 (2006)
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He,t3

or

B(p,n)A threshold: p energy referred
to standard volt.

120 eV+- Auckland:
e.g. Phys. Rev. C58 (1998) 821. 

Oak Ridge/Utrecht:
e.g. Nucl. Phys. A529 (1991) 39. 

C(p,g)A and C(n,g), Q value difference:
p energy calibrated to known (p,g).

100-200 eV+-

B( He,t)A and B’( He,t)A’, Q    doublet:
difference measured with voltmeter.

3
EC

3

130-200 eV+- Chalk River:
e.g. Nucl. Phys. A472 (1987) 419. 

METHODS USED FOR PRECISION MEASUREMENTS OF QEC

Separate mass measurements of A and B:
measured with on-line Penning trap.

50-400 eV+- e.g. Argonne (CPT):
Phys. Rev. Lett. 95 102501 (2005). 
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STATUS OF RESULTS AS OF APRIL 2006
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2005 Review:Most of the reduction in the
uncertainty on V  since 2005ud

comes from the improvement
in the calculated radiative
correction D.R



1. Last year’s superallowed b-decay survey yielded tight limits
    on new physics: CVC verified to 0.026%; |C /C | < 0.0013.S V

5. So far, new measurements confirm the validity of the
    calculated correction terms, although there may be an
    unexpected structural anomaly at A=46.

6. In the past year, the nuclear result for V  has been con-ud

    siderably improved by both theory and experiment.

2. CKM unitarity confirmed to 0.1%.  Currently V  uncertaintyus

    contributes more than that of . Vud

3. Superallowed b decay yields most precise value for V .  ud

    This value is proving to be very robust!

4. Much activity is now focused on reducing V  uncertaintyud

    via tests of structure-dependent correction terms.

7. The value of V  can be improved further.ud

OUTCOME OF SUPERALLOWED MEASUREMENTS



INTERNAL CONVERSION

Internal conversion coefficient (ICC)

a  = lg
le

lKa  = K lg

gray or
ejection of
atomic
electron

Why are accurate calculations important?

Usually only g rays are measured, so to determine total
transition probabilities ICCs must be used.  Most decay
schemes are produced this way.

Essential for precise efficiency
calibration of Ge detectors.
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THE PROBLEM

What’s going on?

Simple considerations indicate that the electron has reached
the continuum before the K-shell hole has filled. 

Internal-conversion coefficients (ICCs) have been calculated
both ways – with and without the atomic hole. 

A survey of 100 measured ICCs [Raman et al. PRC 66 (2002)
044312] indicates slight preference for ICCs calculated without
the hole.



What’s going on?

Simple considerations indicate that the electron has reached
the continuum before the K-shell hole has filled. 

Internal-conversion coefficients (ICCs) have been calculated
both ways – with and without the atomic hole. 

A survey of 100 measured ICCs [Raman et al. PRC 66 (2002)
044312] indicates slight preference for ICCs calculated without
the hole.

A DEFINITIVE TEST

193 m
The 80-keV M4 transition from Ir  is extremely sensitive to
the treatment of the hole – 10% difference.

With Z=77 and E  = 4.1 keV, this case should have the maximume

probability of the hole filling before the electron reaches the
continuum.

THE PROBLEM



193 mMEASUREMENT OF ICC FOR DECAY OF Ir
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EXPERIMENT VS THEORY FOR MOST PRECISE ICCs

The 20 cases with
precision of <2%
statistically dominate
any comparison with
theory.  We select
these cases.  
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134 137K-SHELL ICC RATIOS – CS / BA
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193 m1.  Measurement of ICC for M4 transition from Ir
     shows that calculations must take account of
     atomic vacancy.

1342.  Measurement of ICC ratio for transitions in Cs
137

     and Ba suggests that apparent discrepancies
     between previous experiments and theory may
     not be correct.

3.  Future measurements will focus on verifying
     calculations in lighter nuclei and on re-
     examining cases with significant discrepancies
     from theory.

OUTCOME OF ICC MEASUREMENTS



Theory and big picture:

Experiments at TAMU:  

I.S. Towner

V.E. Iacob           N. Nica
L. Trache

R. Nielson          
H.I. Park             J. Goodwin
C.A. Gagliardi    R.E. Tribble     

V.V. Golovko        
M. Sanchez-Vega

+ numerous undergraduates

Experiments elsewhere:  

G. Savard (ANL and U Chicago)
J. Aysto (U. Jyvaskyla)

Precision calibration:

R.G. Helmer (Idaho State U)
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