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Reactor Antineutrino experiments
• Reactors produce energy via 

fission
• Neutron-rich fission fragments 

unstable against 𝛽! decay
• 𝑛	 → 𝑝 +	𝑒! + 𝜐̅"
• Provided first experimental 

observations of 𝜐̅"
• 1956

• Confirmed neutrino oscillation
• Solution to  the solar neutrino 

problem

• Nonzero neutrino mixing angle
•  𝜃!"

Figure: Distribution of fission products.
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Reactor Antineutrino Anomaly

• Flux measurements disagree 
with improved theory calc.
• Daya Bay, Double Chooz, RENO
• Huber-Muller Model (2011)

• ~6% of neutrinos missing
• Excess of neutrinos at 5-7 MeV
• Summation Method

• Alternative approach to H-M model
• Sums all 𝛽-branches to calculate 

neutrino spectrum
• Requires reliable 𝛽-decay data
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Total Absorption Spectroscopy

TAS
Lit.

• Utilizes large volume scintillator 
detectors.
• Calorimeter.

• Exploits high detection efficiency.
• Free from pandemonium.

• Poor energy resolution.
• Limited sensitivity individual 

levels.
• Limited probe of nuclear structure!

142Cs → 142Ba

𝜈̅!
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92Rb 𝛽 decay
• 92Rb is a main contributor of high-

energy 𝜐̅!
• High-Resolution Spectroscopy (HRS)

• Early generation Ge detectors (1972)
• Pandemonium effect
• Missing 𝛽 strength
• → incorrect predictions for 𝜐̅"

• Total Absorption Spectroscopy
• Alternative approach
• Provides reliable 𝛽-feeding data
• Impacts reactor decay heat calc.
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𝛽 decay and Pygmy 
Dipole Resonance

• Resonance-like structure of 𝟏" levels 
situated low energy tail of the Giant 
Dipole Resonance.
• Neutron-rich nuclei

• Exhausts few % of E1 strength of the 
EWSR.

• Split into Isoscalar and Isovector 
components.

• Impacts.
• Nucleosynthesis.
• Nuclear Equation of State.
• Neutron stars.

• 𝛽 offers alternative probe of 
PDR states.
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Probes for PDR
• Nuclear Resonance Fluorescence 

is the workhorse of PDR studies
• Excellent excitation of 𝟏# levels.
• Direct measurement of B(E1) values.
• Only suitable for stable nuclei.
• 92Sr is not [T1/2 = 2.66(4) h].
• Preferentially excites 1p-1h states.

• 92Rb: J𝜋 = 0",	Q𝛽 = 8096 keV.
• Transitions to 92Sr (𝑆# = 7.3 

MeV)
• Allowed to 0! and 𝟏!
• First Forbidden to 0', 1' and 2'

Scheck et al. Phys. Rev. Lett 116, 132501 (2016) 
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Experiment
• Performed at ISAC, TRIUMF
• 480 MeV protons on UCx 

target.
• 92Rb from Surface Ion Source
• Yield: ~	109 pps

• Delivered to GRIFFIN
• ~106 pps for ~10 hours
• 15 HPGe Clover detectors

• Anti-Compton shielding 
• ZDS: 𝛽-tagging
• PACES: Conversion electrons
• LaBr3(Ce): Fast-timing 
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Results
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• ~1.6 x 1011 decays occurred
• Massive data set
• Many, many, many 𝛾	rays 

• Analysis  
• 𝛾-ray singles
• 𝛾-𝛾 and 𝛾-𝛾-𝛾 

coincidences.
• 𝛾-𝛾(𝜃) angular correlations

• Identify 𝛾	rays below 0.01% 
intensity
• Relative to strongest 
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92Sr Levels

1 MeV

2 MeV

3 MeV

4 MeV

5 MeV

6 MeV

7 MeV

=8.1 MeVβQ

=7.29 MeVnS

Level: Known

γ-ray: Known
Level: New

γ-ray: New (New level)

0 MeV

γ-ray: New (Known level)

Pietro Spagnoletti

• Early 𝛽-decay studies from late 
70s/early 80s.
• 17 excited states.
• ~ 50 𝛾-ray transitions.

• GRIFFIN
• ~190 excited states 

populated!
• Many levels in the PDR.
• Strongly fragmented 𝛾-

decay strength.
• ~ 864 𝜸-ray transitions!

PDR
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Direct 𝛽-feeding
• Examine structure.

Cumulative 𝛽-feeding
• Examine Pandemonium.
• New Results from GRIFFIN 

show significant suppression 
of Pandemonium.



Pandemonium
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• Misplaced 𝛽-feeding 
originates from unobserved 
or misplaced 𝛾 rays.
• Lots of weak transitions 

can add up.
• 6030-keV Level

• ENSDF: 3 transitions
• GRIFFIN: 40 transitions
• Missing transitions 54% 𝑰𝜷



92Rb 0! → 92Sr log ft values
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J=1• 92Rb 0!  → 92Sr 0', 𝐸8 = 0
• 𝐼9  = 94.6(8) %
• log ft = 5.755(5) 
• Very fast FF transition!

• Below 4.5 MeV
• First-Forbidden 

transitions.
• Above 4.5 MeV

• Allowed transitions to 1! 
levels.

• PDR!



Summary • Reactor Antineutrino experiments have played a 
pivotal role in neutrino physics.

• Reliable 𝛽-decay data is essential for future 
reactor experiments and to improve decay-heat 
calculations.

• State-of-the-art HPGe arrays can suppress 
Pandemonium to obtain results consistent with 
TAS.
• Excellent agreement despite 
• High-level density.
• Fragmented 𝛾-decay.
• Provides highly complementary data.

• 92Rb decay is examined in unparalleled detail.
• 190 levels populated + 864 𝛾-ray transitions 

observed.
• Many 1# levels in PDR region populated.
• 𝛽 decay offers alternative probe for PDR studies!
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