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2. Is it universal?
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THE FORCES IN NATURE

Name          Relative         Range         Acts on
                    Strength

Strong                        1                     10    m                neutrons
                                                                                           protons ...
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Now in 2007 .... Is
this idiosyncratic
weak force
universal too?
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  t = ft (1 + + d )(1 - d ) =NS CdR 

K
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WORLD DATA FOR 0    0  DECAYS+ +

   9 cases with ft-values measured
to ~0.1% precision; 3 more cases
with <0.4% precision.

   ~125 individual measurements
with compatible precision
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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



VALIDATION OF CORRECTION TERMS, d -  dC NS

Uncorrected ft-values for
superallowed transitions
scatter over a relatively
wide range of values.

  t = ft (1 + d+ )(1 - ) =R d dNS C

K
2

2G  (1 + D)V R

,

Corrected   t-values have
statistically identical values
in agreement with CVC. 

10
C

14O
26m

Al
34Cl

38m
K
42

Sc

46V
50

Mn

54
Co

ft

3090

3030

3040

3050

3060

3070

3080

74
Rb22Mg

34Ar

Z of daughter

  t
3070

3080

3090

3100

5 3025201510 35
3060

3100

3110

3120

3130

3140

3080

3090

ft (1+d)R’

Extend test to other cases covering
wider range of (d -  d) values.C NS

62
Ga



  t = ft (1 + {d +     })(1 -    ) = R  dC

K
2

2G  (1 +    )V DR

dNS

Test d - d  to refine calculationsC NS

and increase their credibility:

0

0.5

1

1.5

2

2.5

C
a

lc
u

la
te

d
 d

C
 -
 d

N
S
 (

%
)

0 10 20 30 40

Z of daughter

Calculations by
Towner & Hardy,
PRC 66, 035501 (2002)

* Increase measured precision
   on nine best ft-values

20 30 40 50 6010

Number of Neutrons, N

20

30

40

50

10

N
u

m
b

e
r 

o
f 

P
ro

to
n

s
, 
Z

0 ,1

0 ,1+

+

BR

t1/2

QEC

34
Cl

38mK

46V

10
C

NEW MEASUREMENTS



  t = ft (1 + {d +     })(1 -    ) = R  dC

K
22G  (1 +    )V DR

dNS

Test d - d  to refine calculationsC NS

and increase their credibility:

0

0.5

1

1.5

2

2.5

C
a

lc
u

la
te

d
 d

C
 -
 d

N
S
 (

%
)

0 10 20 30 40

Z of daughter

22Mg 30S

34Ar
Calculations by
Towner & Hardy,
PRC 66, 035501 (2002)

* Increase measured precision
   on nine best ft-values

+ +* measure new 0      0  decays
   with 18    A    42 (T  = -1)Z## ##

Mg22

34Ar

20 30 40 50 6010

Number of Neutrons, N

20

30

40

50

10

N
u

m
b

e
r 

o
f 

P
ro

to
n

s
, 
Z

0 ,1

0 ,1+

+

BR

t1/2

QEC

34
Cl

38mK

46V

38Ca

10
C

NEW MEASUREMENTS



  t = ft (1 + {d +     })(1 -    ) = R  dC

K
22G  (1 +    )V DR

dNS

Test d - d  to refine calculationsC NS

and increase their credibility:

0

0.5

1

1.5

2

2.5

C
a

lc
u

la
te

d
 d

C
 -
 d

N
S
 (

%
)

0 10 20 30 40

Z of daughter

22Mg 30S

62
Ga

34Ar

74Rb

Calculations by
Towner & Hardy,
PRC 66, 035501 (2002)

* Increase measured precision
   on nine best ft-values

+ +* measure new 0      0  decays
   with A   62  (T  = 0)Z$$

+ +* measure new 0      0  decays
   with 18    A    42 (T  = -1)Z## ##

Mg22

34Ar

74Rb

62
Ga

20 30 40 50 6010

Number of Neutrons, N

20

30

40

50

10

N
u

m
b

e
r 

o
f 

P
ro

to
n

s
, 
Z

0 ,1

0 ,1+

+

BR

t1/2

QEC

34
Cl

38mK

46V

38Ca

10
C

NEW MEASUREMENTS



  t = ft (1 + {d+     })(1 -    ) = R  dC

K
2

2G  (1 +    )V DR

dNS

Test d- d to refine calculationsC NS

and increase their credibility:

0

0.5

1

1.5

2

2.5

C
a

lc
u

la
te

d
 d

C
 -
 d

N
S
 (

%
)

0 10 20 30 40

Z of daughter

22Mg 30S

62
Ga

34Ar

74Rb

Calculations by
Towner & Hardy,
PRC 66, 035501 (2002)

* Increase measured precision
   on nine best ft-values

+ +* measure new 0      0  decays
   with A   62  (T  = 0)Z$

+ +* measure new 0      0  decays
   with 18    A    42 (T  = -1)Z##

Mg22

34Ar

74Rb

62
Ga

20 30 40 50 6010

Number of Neutrons, N

20

30

40

50

10

N
u

m
b

e
r 

o
f 

P
ro

to
n

s
, 
Z

0 ,1

0 ,1+

+

BR

t1/2

QEC

34
Cl

38mK

46V

38Ca

10
C

NEW MEASUREMENTS



H  gas2

target

35Cl beam
(1050 MeV)

Momentum Achromat
Recoil Separator
(MARS)

1 35 34
H( Cl, 2n) Ar 

PRECISION DECAY MEASUREMENTS AT TAMU 



H  gas2

target

35Cl beam
(1050 MeV)

Momentum Achromat
Recoil Separator
(MARS)

1 35 34H( Cl, 2n) Ar 

PRECISION DECAY MEASUREMENTS AT TAMU 

*

Tape transport

Thin scintillator
and Al degraders

_
3499.7% pure Ar

25,000 atoms/s



H  gas2

target

35Cl beam
(1050 MeV)

Momentum Achromat
Recoil Separator
(MARS)

1 35 34
H( Cl, 2n) Ar 

PRECISION DECAY MEASUREMENTS AT TAMU 

_
*

Shielding

HPGe detector

Thin plastic
b detector



H  gas2

target

35Cl beam
(1050 MeV)

Momentum Achromat
Recoil Separator
(MARS)

1 35 34
H( Cl, 2n) Ar 

PRECISION DECAY MEASUREMENTS AT TAMU 

_
*

Shielding

HPGe detector

Thin plastic
b detector

HPGe detector
calibrated for
efficiency 
to + 0.2%-



15 cm

b g

tape
Precisely efficiency
calibrated

*

BETA-DECAY BRANCHING OF   Ar
34

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+

34Cl  (1.5 s)1717

Q =EC 

6063

34Ar (0.8s)16 18



15 cm

b g

tape
Precisely efficiency
calibrated

*

BETA-DECAY BRANCHING OF   Ar
34

511

Energy (keV)

10

C
o

u
n

ts
 p

e
r 

c
h

a
n

n
e

l

100

10000

1000

1000 2000 3000

666

461

2580 3129

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+

34Cl  (1.5 s)1717

Q =EC 

6063

34Ar (0.8s)16 18



15 cm

b g

tape
Precisely efficiency
calibrated

*

BETA-DECAY BRANCHING OF   Ar
34

511

Energy (keV)

10

C
o

u
n

ts
 p

e
r 

c
h

a
n

n
e

l

100

10000

1000

1000 2000 3000

666

461

2580 3129
g
1

eNg
1b

Nb
=

No beR1

No be

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+

34Cl  (1.5 s)1717

Q =EC 

6063

34Ar (0.8s)16 18



15 cm

b g

tape
Precisely efficiency
calibrated

*

BETA-DECAY BRANCHING OF   Ar
34

511

Energy (keV)

10

C
o

u
n

ts
 p

e
r 

c
h

a
n

n
e

l

100

10000

1000

1000 2000 3000

666

461

2580 3129
g
1

eNg
1b

Nb
=

No beR1

No be

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+

34Cl  (1.5 s)1717

Q =EC 

6063

34Ar (0.8s)16 18



15 cm

b g

tape
Precisely efficiency
calibrated

*

BETA-DECAY BRANCHING OF   Ar
34

511

Energy (keV)

10

C
o

u
n

ts
 p

e
r 

c
h

a
n

n
e

l

100

10000

1000

1000 2000 3000

666

461

2580 3129
g
1

eNg
1b

Nb
=

No beR1

No be

R1 =
Ng

1b

Nbg
1

ek

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+

34Cl  (1.5 s)1717

Q =EC 

6063

34Ar (0.8s)16 18



15 cm

b g

tape
Precisely efficiency
calibrated

*

BETA-DECAY BRANCHING OF   Ar
34

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+

34Cl  (1.5 s)1717

Q =EC 

6063

34Ar (0.8s)16 18

511

Energy (keV)

10

C
o

u
n

ts
 p

e
r 

c
h

a
n

n
e

l

100

10000

1000

1000 2000 3000

666

461

2580 3129
g
1

eNg
1b

Nb
=

No beR1

No be

R1 =
Ng

1b

Nbg
1

ek

SRGT = 5.64(8)%

RF = 94.36(8)%

}
PRELIMINARY



H  gas2

target

35Cl beam
(1050 MeV)

Momentum Achromat
Recoil Separator
(MARS)

1 35 34
H( Cl, 2n) Ar 

PRECISION DECAY MEASUREMENTS AT TAMU 

Shielding

*
Thin scintillator
and Al degraders

34
99.7% pure Ar
25,000 atoms/s



H  gas2

target

35Cl beam
(1050 MeV)

Momentum Achromat
Recoil Separator
(MARS)

1 35 34
H( Cl, 2n) Ar 

PRECISION DECAY MEASUREMENTS AT TAMU 

Shielding

*

4p proportional
gas detector



H  gas2

target

35Cl beam
(1050 MeV)

Momentum Achromat
Recoil Separator
(MARS)

1 35 34
H( Cl, 2n) Ar 

PRECISION DECAY MEASUREMENTS AT TAMU 

Shielding

*

4p proportional
gas detector



HALF LIFE OF   Ar
34

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+
34Cl (1.5 s)1717

Q =EC 

6063

34
Ar (0.8s)16 18

Q =EC 

5492

34S1816



HALF LIFE OF   Ar
34

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+
34Cl (1.5 s)1717

Q =EC 

6063

34
Ar (0.8s)16 18

Q =EC 

5492

34S1816

Time (s)

C
o

u
n

ts



HALF LIFE OF   Ar
34

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+
34Cl (1.5 s)1717

Q =EC 

6063

34
Ar (0.8s)16 18

Q =EC 

5492

34S1816

Time (s)

C
o

u
n

ts
L = C e    + C etot 1 2

-lt1
-lt2

C  = N l1 1 1

2l - l2 1

l - l2 1

C  = (N  -          )l2 2 2

N l1 1

l - l2 1

where



HALF LIFE OF   Ar
34

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+
34Cl (1.5 s)1717

Q =EC 

6063

34
Ar (0.8s)16 18

Q =EC 

5492

34S1816

Time (s)

C
o

u
n

ts
L = C e    + C etot 1 2

-lt1
-lt2

C  = N l1 1 1

2l - l2 1

l - l2 1

C  = (N  -          )l2 2 2

N l1 1

l - l2 1

where

34Ar beam profile

Time (s)

C
o

u
n

ts



HALF LIFE OF   Ar
34

94.4%

0.9%

2.5%

0.8%

1.4%

461

666

2580

3129 1 ,0+

1 ,0+

1 ,0+

1 ,0+

0 ,1+
34Cl (1.5 s)1717

Q =EC 

6063

34Ar (0.8s)16 18

Q =EC 

5492

34S1816

Time (s)

C
o

u
n

ts
L = C e    + C etot 1 2

-lt1
-lt2

C  = N l1 1 1

2l - l2 1

l - l2 1

C  = (N  -          )l2 2 2

N l1 1

l - l2 1

where

Time (s)

C
o

u
n

ts

34t  ( Ar) = 843.8(4)ms1/2

34t  ( Cl) = 1.5268(5)s1/2

V.E. Iacob et al,
PRC 74, 055502 (2006)



STATUS OF CORRECTION TEST
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SUMMARY AND OUTLOOK

Within 5 years, expect ...

1. Improved theory for analyzing K  decay will givee3

    more precise value for Vus

2. Nuclear measurements will reduce uncertainty on V .ud

3. Weak force universality will be tested to a precision
    of    0.05%.~<

1. The weak force (vector component) is constant in
    nuclei to 0.013%.

2. Universality of the weak force (CKM unitarity) is
    verified to 0.1%.

3. Nuclear physics is the source of key data for this
    test, the most precise one available for CKM unitarity.

We know now that ...
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