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Overview

Double Beta Decay
motivation
matrix elements measurements

Supernovae Neutrino Interactions
motivation
neutral current reactions

2

Sunday, June 10, 2012



June 2012,    NDM

Exo-200 & KamLAND-Zen 
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arXiv:nucl-ex/1205-5608
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Nuclear Matrix Elements

arXiv: hep-ex/1203.3648
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Nuclear Matrix Elements

Simkovic, et. al. PRC 77, 045503 (2008)
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Double Beta Decay
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Isobaric Analog States
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Isobaric Analog States
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Isobaric Analog States
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Proposed experiment
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H. Ejiri, et. al, Nuclear Physics A128 p388 (1969).
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High Intensity γ-ray source
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Compton backscattered γ-ray source
Ee = 0.24-1.2 GeV
Eᵧ = 1-100 MeV
106 - 109 γ/sec

linearly polarized beam
easily distinguish E1 from M1 states
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High Intensity γ-ray source
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High Intensity γ-ray source
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Limited Angular Momentum
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Physical Review C83, (2011) 034615  
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Linearly Polarized Beam
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Physical Review C73, (2009) 054306 

E1 M1
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Proposed experiment
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Establish  β matrix elements to excited states in 
intermediate nuclei

can study not only (ɣ,p) channel but also (ɣ,n) channel
potential states have been identified in 7 other isobaric 
triplets.
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Previous Experiments

Experiment to study (ɣ,n) & (ɣ,p) 
& (ɣ,2n) 
 64< A < 86
Observed a narrow peak at 13.5 
MeV
dip in σ(ɣ,n) is explained as 
interference between GDR and 
IAS
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Carlos, et. al Nuclear Physics A258,  365 (1976)

IAS
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GDR Interference
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Experimental Apparatus
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Optical Time Projection Chamber Charged Particle 
Detection
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Supernovae neutrino interactions
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Supernova 1987A
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February 23, 1987
51.4 kpc away
2.5 hours of light 
observation

observed 27-30 events in 
four large scale detectors
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Long Baseline Experiment
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Large Liquid Argon Detector
34kTons detector
Homestake Gold mine

arXiv: hep-ex/1110.6249v1
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Supernova Signal in LAr Detector
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Slides adapted from a talk by Anna Hayes
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arXiv: hep-ex/1110.6249v1
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HIɣS Measurements
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Slides adapted from a talk by Anna Hayes
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Summary

Photo-nuclear reactions provides a model independent way to 
measure the β-matrix elements between neighboring isobaric 
analogs

proposed experiment to test idea at HIɣS
Photo-induced reaction provide an easy tool to search for M1 
states, which are important for neutral current interactions, and 
supernovae neutrino interactions 

proposed experiments in the near future at HIɣS
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Many Thanks

Hiro Ejiri & Albert Young (collaborators)
Jon Engel, Henry Weller, and Gerry Garvey (physics 
guidance)
Anna Hayes & George Fuller
Henry Weller & Ying Wu  (HIγS guidance)
Moshe Gai for letting me play with his OTPC

25

Sunday, June 10, 2012



June 2012,    NDM

Thank You
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Linearly Polarized Beam
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Physical Review C73, (2009) 054306 

M1E1
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Supernovae Neutrino Spectrum

Neutrino energy Observed energy
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arXiv: hep-ex/1110.6249v1
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T = T0, ..., A/2
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Beta Decay
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T0 = Tz =
N − Z

2
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Collective Neutrino Oscillations Effects

Water Cherenkov LAr

Slides adapted from a talk by Anna Hayes
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arXiv: hep-ex/1110.6249v1
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Electric Dipole Transition

E1
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Beta Decay Operators
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Electric Dipole Transition

E1
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Isobaric Analog State
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Optical Time Projection Chamber
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Experimental Aparatus
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Relevant Cross Sections

Slides adapted from a talk by Anna 
Hayes
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Proposed Experiment
~1% energy resolution 

12.5 +/- .125 MeV
Range of incident ɣ-rays to distinguish lowest 2 states.
Anticipated cross section is ~100 µb
Thin foils of 76Se ~4 mg/cm2

The experiments
Measurement the (ɣ,p) cross section with Si strip detectors

reliable measurement
~1 Hz

OTPC operated in Ar gas 
ability to have multiple thin targets at once
2 Hz
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Supernovae Neutrinos

Charged current reaction (CC)

Neutral current reaction (NC)

Neutral & charged current (CC&NC)

νe +
40 Ar → e− +40 K

νx +40 Ar → νx +40 Ar∗

ν̄e +
40 Ar → e+ +40 Cl

e− + νx → e− + νx

Slides adapted from a talk by Anna Hayes
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arXiv: hep-ex/1110.6249v1
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Neutrinoless Double Beta Decay

Klapdor-Kleingrothaus and Krivosheina, Mod. Phy. Lett. A21, 1547 (2006).
Klapdor-Kleingrothaus, Krivosheina, Dietz, and Chkvorets, Phys. Lett. B 586 198 
(2004).

T1/2 = (2.23±0.44) x 1025 y
0.24 < mν < 0.58 eV (3σ)

Claim to have observed in 76Ge

The Klapdor-Kleingrothaus Result

5x 76Ge Crystals

10.96 kg of total mass

71 kg-yrs of data
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Double Beta Decay
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Isobaric Analog States
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