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® Nuclear beta decay
k

*in general: ft = — .
J G2 < My >2 + G& < Mgy >2

« for 0* = O* transitions: only vector current due to
selection rules i

it = :
G2 < My >2

« experimental quantities: precise measurements of
masses of parent and daughter, half-life, branching ratio

» correct for other interactions:
k
G%, < My >2 (1+ AR)

Pt = F6(1 48 )(1 < Bxg — ) =

for T=1

* many transitions: validate corrections, test CVC, determine V 4 matrix
element, test CKM matrix unitarity, test scalar contributions...




Germanium detector calibration




Super-allowed Fermi transitions for T, = -4
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* many decay channels open

* strong non-analog transitions

* low decay energies

 high precision of y efficiency needed = 0.1%



B. Blank et al., NIMA776 (2015) 34

e Calibration of germanium detector

« calibration programme of a
HP Ge detector:

- X-ray photography of detector
- scan of the crystal at CSNSM
- source measurements

- MC simulations: CYLTRAN, GEANT4
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48Cr, 2Na, 48Cr (add. meas.), 2°’Bi (new analysis)
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= = 0.15 % precision for E < 100keV

[1 O ® V¥V A

® Additional calibration of germanium detector: preliminary
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e Peak-to-total
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e Long-term stability of germanium detector: °Co
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0* - 0* B decay: 3°S




Super-allowed Fermi transitions for T, = -4
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uncertainty (x 10™)
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® 30S production at GANIL/LISE3

- GANIL
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® 30S: very preliminary result
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0* - 0* B decay: Mg




Super-allowed Fermi transitions for T, = -4
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® ® 22Mg measurement at ISOLDE
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® 22Mg: very preliminary result
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0* - 0* B decay: °C at ISOLDE




e 0* - 0* decays: limits on exotic currents
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e ¢ 0* > 0t decays: limits on exotic currents

standard model assumption: only vector current

* limit on scalar current from term in f function: (1+b; * vy, / <E>)
from B decay: b =-0.000 % 0.002

=»=>» improve on low-Z nuclei
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e 0 > 0+ decays: 19C error budget

* BR by far largest error
* two precise measurements:
« Savard et al.:  1.4625(25)%
(PRL 74 (1995) 1521)

* Fujikawa et al.: 1.4665(38)%
(PLB 449 (1999) 6)
=»measurements with Ge

multi-detector array

our approach:
experiment with our
single-crystal Ge detector
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Super-allowed Fermi transitions for T, = -4
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® o 10C measurement at ISOLDE
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e 10C/19Ne decay scheme
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e o 10C experimental set-up and analysis procedure
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e Super-allowed ranching ratio of 10C
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Final result: 1.4638(50) %; Savard: 1.4625(25)%; Fujikawa: 1.4665(38)%




0* - 0* B decay: °C at ALTO/Orsay
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e 10C decay scheme

Decay of interest Calibration reaction
10
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... additional measurement of 1°Ne decay



e 10C decay data

« Measurements:
« 10C (19B [300-400 pg/cm?2] on 4 mg Au backing):
« 511 keV: 1.4 e9
s 718 keV: 1.2 e8
« 1022 keV: 1.6 €6

« 10B (10B [300-400 pg/cm2] on 4 mg Au backing):
e 414 keV: 8.5 e7
« 718 keV: 4.5 e6
« 1022 keV: 3.5e6

* 19Ne (CaF [400-500 pg/cm?2] & PbF on 4 mg Au backing)):
« 511 keV: 4.6 e8

= =>» expected overall statistical precision: <0.1 %




* Experimental results: '°C spectrum, singles
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e Experimental results: 19B spectrum, singles
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e Conclusions

* High-precision Germanium detector is available

=> T, = -1 nuclei have be addressed: 1°C, Mg, S
* Multi-detector array: 120 Ge and LaBrt3 detector

=>» Branching ratio measurement of 1°C

* Theoretical corrections (N. Smirnova et al.)




e Theoretical corrections (sd shell)
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e Conclusions

* High-precision Germanium detector is available

=> T, = -1 nuclei have be addressed: 1°C, Mg, S
* Multi-detector array: 120 Ge and LaBrt3 detector

=>» Branching ratio measurement of 1°C

* Theoretical corrections (N. Smirnova et al.)

* Future experiments




Calculated 3. (%)

2.5

g
-

u—
i

—
o

0.5

0.0

Z of Daughter

o 18N e
4o THOSWS (2008)
—| o0 THO2ZWS (2002)
o--o THO9HF (2009)
" | ¢--0 OB95HF (1995) 74 ]
| <~ LVMOYPK (2009) 26 Rb
LVMO09DD (2009)
| | —x CGSO9PR (2009) i
A
I A .-/6\\ ,D‘ﬂ__D ]
oloN T
g ag
‘ :".'tr’ N T
Sy ‘;q‘_\‘\‘q
- .’f v —
. ~ <1'. _
| |
30 35

—» Light nucleus important

for physics beyond the
standard model

» up to factor of 3

difference in d¢

> easily feasible at

SPIRAL1 or ISOLDE

p21o00] MU —
?2200_ ...........................
X
ZABO et v
e W f
§100_ ........................... T,
> 50 B.R.

6,R
0 n - | SC_SNS



Calculated 3. (%)
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e Conclusions

* High-precision Germanium detector is available

=> T, = -1 nuclei have be addressed: 1°C, Mg, S

* Multi-detector array: 140 Ge and LaBrt3 detector

=>» Branching ratio measurement of 1°C

* Theoretical corrections (N. Smirnova et al.)

* Future experiments

Collaborations: CENBG, GANIL, IPNO, LPC Caen,

TRIUMF, Univ. of Guelph, JYFL, ISOLDE



