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Conserved vector current hypothesis:
1 should be constant

B K
2G;(1+A,)

Ft Eﬁ(1+§R)[1_(6C _5NS)]

Or radiative correction
f(Z,Qgc) ~1.5 %

dc-Onc ISOospin symmetry breaking correction
f(nuclear structure), 0.3-0.7%

Ag nucleus-independent radiative correction
f(interactions), ~2.4%

Exp. parameters to be determined:

Beta decay half-life T,,,
Beta decay branching ratio I,

Decay energy Q.

Single nucleus: determination of G/ (1+A )

Many transitions: Check if Ft is constant
—> Test of the CVC

One can deduce V , by

combining beta decay and V2 = o

muon decay data

Phiysics) of superallowed beta decay

G

U

Cabibbo-Kobayashi-Maskawa quark

mixing matrix:
d' Vd 4 Vub

u us

s'\=\V, V., V,

C (&) C

b') \Va Vi Vi

=

Unitarity test of CKM-matrix

2 2 2
Vud + Vus + Vu

o =1

[ f veryTsmall

599 % sr'nall

B meson decays

/ Kaon decay

Neutron decay
Pion beta decay

Superallowed pure Fermi transitions
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J. Hardy and I. Towner, Phys. Rev. C 71 (2005) 055501

o Nine best known cases: 19C, 140, 26 Alm, 34C|, 38Km 42S5¢c, 46\ 5O0Mn, and ®*Co
(ft value known to a precision of ~0.1 %)

o Together with new data on 22Mg, 3*Ar and 74Rb
(ft value known to a precision < 0.40 %)

o The average Ft from survey:; | Ft = 3072.7(8) | g | 30735(12)' %Bfl;?«njrl—{

o Gy constant verified to 0.013%

o Precise value determined for | V= 6y/6n=0.9738(4) |

o Unitarity of the CKM-matrix | [V, |2+ [V,q 12 + V]2 = 0.9966 + 0.0014 |

NEW TRENDS:
o Improve the precision of the nine cases

o Add new cases with larger corrections > to test corrections and improve
them

o New cases with A=18-42 (T,=-1)
o New cases with A=62 (T,=0)
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LA B@yerview of JYFLTRAP mass program

HI, p- and 3He-induced reactions:
Masses, Qg and S, values for rp and np - 45 50 55 60 65 70 75 80
pr'ocessesandnuclpear's‘rr'uc’rur'es‘rudies. e b e e by

Potentially more than a hundred atomic =" a .
masses to be improved | [

J - 50
Light-ion reactions: - 45
Precise (6Q = 130-540 eV) Q¢ [
determinations for - 40
superallowed beta decays -

Rel. prec. 8 x 10-? [ 35
v [
30 Fission of 238U:
v Atomic mass measurements for
25 r-process and nuclear
structure studies with the
20 typical precision less than 10
keV
15 v More than 200 cases reachable
with A=70-160 !
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nsion to higher Z

JYFLTRAP:
v 48 MeV p-beam on %4Zn-target
v 600 ions/s 92Ga, 7x10% ions/s 2Zn
v Direct comparison between mother and daughter
isotopes
Opc=M,-M, :(&_led
Iy

<1073 > AM, negligible !

v Qg = 9181.07(54) keV
v’ Rel. mass precision 1.8 x 10-8
v Additional check for ¢2Ni and 92Cu

TRIUMF:

High precision branching ratio
measurement:

B. Hyland et al., PRL 97 (2006)
102501

19 gamma-rays - superallowed
branching ratio 99.861(11) %

> ft = 3075.6(14) s (purely
experimental)
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360
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220
200

180

160

o, - 1734624 Hz

| T. Eronen et al., Phys. Lett. B 636 (2006) 191

Qec = 9181.07(54) keV
Ti/2 = 116.175(38) ms
I, = 99.861(11) %

Uncertainty of (8ys-8.) dominates

Deduced 6, = 1.47(+0.13)(-0.18)

Towner&Hardy:  1.38(16)

Sagawa: 1.42

Ormand-Brown:  1.30/1.69
(HF)/(WS)
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Wl N@EzEvalues  of 26AIm, “2Sc and 4V

Canadian Penning Trap at Argonne:
G. Savard et al., Phys. Rev. Lett. 95 (2005) 102501

> Qe(*0V) = 7052.90(40) keV, which differed by
2.19 keV from the previous compilation

- Detailed analysis of the existing new data
against earlier data

- Data set of H. Vonach et al., [Nucl. Phys. A278
(1977) 189], which affects 7 of the best nine
cases was found to be systematically off
compared to other measurements

1.00

Q value difference (keV)

-3.00

0.50 +
e T (R
-0.50 4 : -
-1.00 +
-1.50 4
-2.00 4

-2.50 <

2a. Wy
S *'Mn
0} * + Mo

10 15 20 25 30
Z of daughter nucleus

"Penning trap revolution ?!"
(W. Marciano, NUPAC at CERN, Nov-2005)

JYFLTRAP:

46Ti(p,n)*V, E(p) = 20 MeV
26Mg(p,n)?6Al, E(p) = 15 MeV
40Ca(3He,p)*2Sc, E(3He) = 20 MeV

Conclusions:

v Qgec(*0V)= 7052.72(31) keV in
agreement with CPT

v Anomalous Qg-value of 46V
measured by 6. Savard et al.,
was confirmed

T. Eronen et al., PRL97 (2006) 232501
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Detected # ions

hecks: 26Alm and 42Sc

I Ill
: : /
26 Al and #2Sc: triangle measurement (isomer-g.s.-daughter) “2ca ||
Isomer and ground state separated alredy in the purification trap ‘ ||
Typically at least five different sets (each ~10 measurements) |
20 |- | 8 x 109 precision reached ‘ || §
Qgc-values: cios | ' 300 ms#l o
" 642575 6426.082 ms #2 =
26mAl: 4232.38(13) keV | +0.353 +0.265 288 ms ﬁ; e
15 L #25¢: 642613(21) keV 6408 | 1 400 ms (-2 days) +——— _
425¢(gs) 6427 + | 9 ol -
10’ B |'| 6426 | _E],__D “T -‘—““ [ L¥4H —
| 1
| I|| _o” 1 o
42mg || III 6425 L [;riz
5L n |\ 6426.203 6426.209 6426.230 | |
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| II', | f L L
|| Vo 05-Jan 06-Jan
|||I.I\1| \ JIII Illl \ \)ﬁl‘ /
0 / | L | | | | | | /\ VAT |
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Purification frequency - 2560550 Hz / Hz

550

T. Eronen et al., PRL 97 (2006) 232501
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bl IN@E =values of 26AIm, 425c and 4V

Canadian Penning Trap at Argonne:
G. Savard et al., Phys. Rev. Lett. 95 (2005) 102501

> Qg (*V) = 7052.90(40) keV, which differed by
2.19 keV from the previous compilation

- Detailed analysis of the existing new data
against earlier data

- Data set of H. Vonach et al., [Nucl. Phys. A278
(1977) 189], which affects 7 of the best nine
cases was found to be systematically off
compared to other measurements
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‘ "Penning trap revolution ?!"

(W. Marciano, NUPAC at CERN, Nov-2005)

JYFLTRAP:

46Ti(p,n)*V, E(p) = 20 MeV
26Mg(p,n)?6Al, E(p) = 15 MeV
40Ca(3He,p)*2Sc, E(3He) = 20 MeV

Conclusions:

v Qgec(*0V)= 7052.72(31) keV in
agreement with CPT

v Anomalous Qg-value of 46V
measured by 6. Savard et al.,
was confirmed

v Extended systematic deviation
between reaction data and PT
measurements is ruled out in 100
eV limit.

v There is no significant change in
V4 value

v V(new) =0.9737(3)
v V,4(old) = 0.9738(4)

T. Eronen et al., PRL97 (2006) 232501




Flirifier studies and challenges ...

%0Mn and ®*Co Qg.-values, measured last week at JYFLTRAP

Both isomeric and ground state populated

AE(g.s.-m) small and T, ,, short

- conventional isobaric purification does not work - Ramsey cleaning
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ERamsey cleaning at work

197.4 keV.

L 54Co (0" ground state)
F £ =193 ms

L 54co™ (isomer)
-ty = 1.48 min
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I EXperimental status June-2007

1| O Hardy&Towner, PRC71(-05)055501 T 22Mg, 34Ar, 626a and 7*Rb:
30951 @ JUYFLTRAP Error bars in Ft dos not
1| @ CPT, Argonne reflect the accuracy of Qg
; EC
o 3090—: ® ISOLTRAP, CERN determination
& 3085 -
< : s * JYFLTRAP:
o s - 50Mn and 54Co Qg.-values
) : i i
$ 30751 :[_ S FR"S Y o 20 VY T _ | | checked and improved in the
© N © N S ?: = ?_ §_ S s g g i ______ — last week.
S 3070 T ? ° ? i Slight deviation in Qg.-value.
S ] - Will slightly increase Ft-values
S 3065- gnrly
] 10 22 34 38, ,m 4 54 74
1 “c M CI-*K" *v Co Rb . -
30604 R - Qg-values of 26Si and “2Ti in
. (0 Al Ar “Sc "Mn Ga progress
) ) I ) ) ) ) I ) ) ) ) I ) ) ) ) I ) ) ) ) I ) ) ) ) I ) ) ) ) I ) ) )
5 10 15 20 25 30 35
Z of the daughter nucleus Half-lives:
34Ar and 34Cl, Texas A&M
New Qg.-value determinations (Penning Trap): V.E. Iacob et al., PRC 74
~ 22Mg M. Mukherjee et al., Phys. Rev. Lett. 93 (2004) 150801
c E 26AIm 425c, 46V T. Eronen et al., Phys. Rev. Lett. 97 (2006) 232501 (2006) 055302
§. o S4Ar F. Herfurth et al., Eur. Phys. J. A 15 (2002) 17
= 38Ca G. Bollen et al., Phys. Rev. Lett. 96 (2006) 152501
o S. George et al., Phys. Rev. Lett. 98 (2007) 162501 50Mn, Auckland/Canberra
<5 46y G. Savard et al,, Phys. Rev. Lett. 95 (2005) 102501
*Sjg 62Ga T. Eronen et al., Phys. Lett. B 636 (2006) 191 Barker & Byrne, PRC 73 (2006)
5o 74Rb A. Kellerbauer et al., Phys. Rev. Lett. 93 (2004) 072502 064306
o Ne)
S8
Z o
H 0
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implications on V, 4 and the unitarity of CKM

Situation as now:
J. Hardy CKM2006 + priv. comm.

Ft = 3073.9(8) Compare to 2005 survey
Hardy & Towner, PRC71 (2005) 055501

Vig = 0.97378(27) | & > | V,, = 0.97380(40)

Improved precision mainly due to
Vuiz + Vui + Vui =0.9992(11) imppr'oved r'padia‘rive cor'r'eZ‘rion AR

Marciano & Sirlin, PRL96 (2006) 032001
\ < 0.0001
M. Moulson, CKM2006:

0.0509(9) | €—> V.. from Ki3 0.2257 + 0.0020

Nuclear O+ > 0O+ 0.9738 £ 0.0003
0.9483(5) | < > | Neutron decay 0.9745 + 0.0018

Pion beta decay 0.9751 + 0.0027
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