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Abstract

In a liquid scintillator detector electrons from double-beta decay often exceed
Cherenkov threshold. Selection of early photons using fast photo-detectors
separates prompt directional Cherenkov light from delayed isotropic scintil-
lation light. This leads to the possibility of reconstructing the event topology
of 0νββ-decay candidate events by analyzing spatial and timing distribution
of early photons. Using a simulation of a 6.5 m radius liquid scintillator de-
tector with 100 ps resolution photo-detectors, we present a technique for
separating 0νββ-decay events from background due to 8B solar neutrino in-
teractions and 10C decays. These represent key backgrounds at deep and
shallow detector sites. We separate 0νββ-decay and 8B events by comparing
the event topologies using a spherical harmonics analysis of the early light
emitted in each candidate event. 10C events can be identified by comparing
photons arrival time distributions. In particular, we focus on suppression of
8B background which is traditionally viewed as an irreducible background to
0νββ-decay searches.

Signal and Backgrounds

2νββ- and 0νββ-decay diagrams

0νββ-decay
• Very large detector mass is re-
quired to search for 0νββ-decay
• Liquid scintillator detectors offer
good scalability
• Efficient background suppres-
sion is critical
• Event topology: two electrons

Example of background budget (SNO+)

8B background
• Becomes dominant at large de-
tector masses
• 8B background is traditionally
viewed as irreducible
• Event topology: single electron
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10C decay scheme

10C background
• May become significant at a
shallow detector depth
• Event topology: positron accom-
panied by gamma(s)
• 98% of 10C decays through a
long-lived (∼1 ns) excited state
• e+ has ∼50% chance to form
ortho-positronium with a life-time
of ∼3 ns

Cherenkov/Scintillation Light Separation
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PE arrival times (R=6.5 m, TTS=100 ps)

• Fast timing enables new
background suppresion techniques
• Cherenkov light arrives first
• Early light contains directionality
and event topology information
• Cherenkov light is a handle on 8B
• Time profile of the scintillation light
provides an extra handle on 10C

Spherical Harmonics Analysis

f (θ, φ) =

∞∑
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flmYlm(θ, φ), (1)

where Ylm are Laplace’s spherical harmonics defined in a real-value basis
using Legendre polynomials Pl:
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where the coefficients flm are defined as

flm =

∫ 2π

0

dφ

∫ π

0

dθsinθf (θ, φ)Ylm(θ, φ). (3)

Power spectrum, sl =
∑m=l

m=−l |flm|2, is invariant under rotation.
Normalized power spectrum is defined by event topology.

Sl =
sl∑∞
l=0 sl

=
sl∫

Ω |f (θ, φ)|2dΩ
, (4)
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Separation between 0νββ-decay and 8B Events
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Spherical harmonics power spectrum components S0 (left) and S1 (right). Central events
assuming perfect reconstruction of vertex position. Time cut of 33.5 ns on the PE arrival
time is applied to select early light sample. QEche=12%, QE sci=23%. Photo-coverage is
100%. Scintillation rise time constant is τr =1 ns
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Separation between 0νββ-decay signal and 8B background. Events are simulated within
R <3 m. Verticies are smeared with 3 cm resolution Early light sample is selected by a
time cut ∆t = tphotmeasured− t

phot
predicted <1 ns. QEche=12%, QE sci=23%. Photo-coverage is 100%.

Scintillation rise time constant is increased to τr =5 ns.

Conclusions

There are handles on the ”irreducible” 8B background in liquid scintillator
detectors for 0νββ-decay searches. Detector requirements for
signal/background separation using spherical harmonics analysis:
• Photo-detectors with TTS∼100 ps
• Liquid scintillator with rise time constant τr ∼5 ns
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