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Motivation for 2vp[3 Measurement

» 2v[3p is an unavoidable background to ovf3[3
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Motivation for 2vp[3 Measurement

° 2V

° 2V

3P is an unaviodable background to ov[33

3P measurements can be used to check or improve

matrix element calculations for ov[33

Matrix elements are one of the major uncertainties
associated with ov[3[3

2v[3f3 is one of the few experimentally observable processes
that provides input/verification to models

2v[3[3 is commonly used to set the particle-particle
interaction strength in QRPA models

However, 2vp3 and ovp matrix elements are NOT identical
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2vi3 Decay Rate and Spectrum

* The decay rate for 2v[3f is given by:

2

1 2
—r = G (Eo, Z) |M§;T i
1/2 ga

where G*'is the phase space factor, M . and M, are the Gamow-Teller
and Fermi matrix elements, and g, and g, are the vector and axial-
vector coupling constants.

* The form of the decay rate is similar to the neutrinoless expression,

but is independent of <m g and with different M ., M, and G*

« Using an approximation for the Fermi factor (Primakoff & Rosen
1959), the energy spectrum is given by:

dN 4F?> E3 PE*
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Challenges of 2vp[3 Measurement

* Broad spectrum overlaps natural y and [ radiation

Summed electron energy spectrum [1]
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[1] Boehm & Vogel, Physics of Massive Neutrinos, 1992
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Challenges of 2vp[3 Measurement

* Broad spectrum overlaps natural y and 3 radiation

« Background reduction strategy is necessary

- Full Monte Carlo simulation of backgrounds
— Other background subtraction method...
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Challenges of 2vp[3 Measurement

* Broad spectrum overlaps natural y and 3 radiation

« Background reduction strategy is necessary

- Full Monte Carlo simulation of backgrounds
— Other background subtraction method...
« CUORICINO strategy:

— Use crystals with different enrichment as “blanks”
for background subtraction
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Prior 2v[3 Measurements in 3°Te

* Geochemical e Technique is based on measuring
exp eriments isotopic glbundances of daughter
element in a sample of parent ore
* MiBeta » Parent ore is dated based on geologic
environment or by other radiochemical
° NEMOS dating methods (K-Ar, U-He, etc.)

* Measurements done on various
samples since 1949 have yielded half-
lives spanning almost 1 order of
magnitude for B} decay of 3°Te

— . 20 _ . 21
T ,=3-10*-2.6-10"y
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Prior 2v[3 Measurements in 3°Te
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Prior 2v[3 Measurements in 3°Te

» Geochemical g 140 [VEMP-I Preliminary
o N 120 130Te :f:zgdays
experiments S §/8-0.35
. _.E. 100 + ® Data = 630 events
) M].B et a g ap e MC 2vpR™"Te
; “ MC Background
° NEM 03 60 MC Total
40
- Source inserted as thin foil.
20 s
- Detector has both tracking and - S
calorimeter components. 0 — o
05 1 15 2 25 3 35
- Results from June 2009 E.+E, (MeV)

V. Tretyak, MEDEX conference, June 2009

T,,=1[6.9 + 0.9(stat) + 1.0(syst)] - 10*°y
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Enriched Crystals in Cuoricino

» 2 crystals enriched to 75.0% 3°Te
» 2 crystals enriched to 82.3% 2%Te
* Enriched crystals are 3x3x6 cm3 and 330 g.

* Total mass of 3°Te ~350 g
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Cuoricino Backgrounds

e Bulk and surface
contaminations

* Cosmogenic
activation of
materials

e Cosmic ray
muons

« Environmental
and spallation
neutrons

 Gamma rays
from LNGS
environment
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Cuts to reduce backgrounds

Cut type

Approx. signal loss

e Anti-coincidence

— Cosmic ray induced
showers

— Surface contaminations

* Pulse shape

- Low energy noise

- Pileup events or deformed
pulses
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Single Crystal Spectra

Entire Cuoricino dataset, excluding high radon runs
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Background Subtracted Spectrum
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Expected Sensitivity

e Consider only E > 500 keV

« N, ~ 27000 events in the enriched crystals

» N, ~1300 events after background subtraction

* A toy Monte-Carlo has been used to evaluate the
statistical uncertainty given N, . The resultis o,~167,

which corresponds to a fractional error on the decay
rate of ~13%, similar to other measurements.

e Preliminary analysis conducted with live time blinded,
so exact event rate is unknown.
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Expected Systematics

» The validity of the background subtraction is expected to be the
dominant uncertainty.

» Background sources can be identified from peaks in residual
spectrum; their location can be inferred from:

- Peak shape
- Coincidence spectrum between neighboring crystals
- Relative strength of peaks in different crystals

» Backgrounds will be modeled with a detailed Monte Carlo
simulation.

» Other systematics (error on efficiencies, energy calibration, etc.)
are expected to be small compared to uncertainty in background
model.
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Conclusion

* A measurement of 2vp[ of 3°Te in CUORICINO
appears feasible and would provide a check on
recent measurements

* Improvements in measuring this lifetime could
inform matrix element calculations which
would benefit ovp[ searches for neutrino mass.

e This measurement will require careful study of
CUORICINO backgrounds.
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