Measurement of the super-allowed branching ratio of 1°C
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= Nuclear beta decay
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* 14 nuclei measured with precision of order 103

e O* - O* decays: status
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e O* - O* decays: limits on exotic currents

standard assumption: only vector current
 limit on scalar current
from B decay: bg=-0.0028 +0.0026 € measure for scalar
contributions
=>=>» improve on low-Z nuclel
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« O+ - O* decays: 1°C error budget

* BR by far largest error 14
e two precise measurements:
eSavard et al.: 1.4625(25)% 4 sl
(PRL 74 (1995) 1521) —
* Fujikawa et al.: 1.4665(38)% ¢ 10 gy
(PLB 449 (1999) 6) .
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= 10C decay scheme

Decay of interest: o
Measurement type 1 B(p,n) 2? =
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100% BR of 718 keV y ray
=» only relative efficiency needed

Efficiency calibration reaction:
Measurement type 2
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Gate on 414 keV in one detector
=> 100% BR for two other y rays

=> relative y ray efficiency for the two y’s



= Experimental set-up: nu-ball

0.05—
0.1

Ge Clovers 0,04:— LaBr3 detectors

0.08

i 0.03-
0.06 L

0.04 0'0‘?__

0.02 0.01—

nl IIYIIl
v

10! 1 By (i { 1! 1

g( 414 keV): 5% 2.5%
e( 718 keV): 3% 1.5 %
€(1022 keV): 2% 1.0 %

e 24 Germanium detectors
e 32 LaBr3 detectors




< Rate estimates: 1°B part

e continuous beam (8 MeV protons with 10nA intensity)
e limitation is 3000 pps per Ge crystal

e peak/total: = 0.4

* 3 y’s per cascade

* 50 % y’s of interest

* multiplicity 2 trigger

 3000v’s/s * 0.4 (P/T) / 3 (y’s per cascade) * 0.5 (y’s of interest)
=2007’s / s in each peak
e With 414 keV coincidence: 200 * 5% = 10 pps per crystal

=>» 20h * 3 days:
* 414 keV + second y: peak = 2.4 * 10° counts per crystal
=» Good efficiency calibration

Half efficiency for LaBr3 detectors: = 1.2 * 106 counts per detector



« Rate estimates for Ge clovers: 1°C
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e 5*10° 10C produced “instantaneously” (short time with respect to half-life)
* 1021.7 keV: 5*10° decays / cycle * 10000 (cycles) * 1.5 % (BR) * 2% (g¢): 1.5*10° counts
e 511 keV: 5*10° decays / cycle * 10000 (cycles) * 2 (BR) * 4% (€) * 0.1% (pile-up prob.)
/ 100 (detectors): 4000 counts
=» 511keV - 511keV pile-up compared to 1021.7 keV peak: 2 — 3 %o



« Rate estimates for Ge clovers: 1°Ne
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19Ne decay:

*5*10°> 1°Ne produced “instantaneously” (short time with respect to half-life)

* 511 keV: 5%10° decays / cycle * 2000 (cycles) * 2 (BR) * 4% (c) * 0.1% (pile-up prob.)
/ 100 (detectors): 800 counts

=» Good enough to test coincidence probability



- Summary

* similar estimates possible for LaBr3
* beam intensity is “free” parameter depending on count rates

e all in all: experiment more than feasible with nu-ball

e ideally:
two independent DAQs for Ge clovers and LaBr3 detectors

* need of multiplicity-2 trigger

 what is DAQ dead time?
* maximum event rate?
* when available?
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= Fierz term bg

» additional term in statistical rate function f: (1+b, * y, / W)
ev,=sqrt(1-(a * Z)?)

* W increases with Z

=>» =» largest sensitivity for small Z




