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Introduction

• Cosmogenic neutron background is one of the challenges in rare event detection 
experiments, especially for on surface experiments. 

• Many experiments rely on simulation of cosmogenic or local neutron 
backgrounds. 

• The PROSPECT detector is deployed to measure reactor antineutrino spectrum 
on-surface. 

• The detector design and event selection strategy enables PROSPECT to measure 
cosmic background in situ and achieve our physics goal.
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PROSPECT
• Experiment goals:  

• Probe the ~1 eV sterile neutrino oscillation 7-9 m from 
the HFIR reactor. 

• Measure 235U antineutrino spectrum. 

• Remote, and non-intrusive evaluation of reactor 
activity. 

• Reactor: HFIR @ ORNL, 99% antineutrino from 235U. 

• Detector: 

• Optically segmented LS detector;  

• Detects IBD, 7-9 meter from the HFIR reactor;  

• 1 m.w.e. overburden.
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Detector Design
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• 14x11 optical segmentation with 3D position 
reconstruction (Topological event selection). 

• 6Li loaded liquid scintillator with Pulse Shape 
Discrimination (PSD) (for n-capture identification).
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IBD Measurement Strategy
• Neutrino induced IBD event signatures in the PROSPECT detector:  

• Prompt - 𝛃+; 

• Delayed - α and 3H generated from neutron captured by 6Li (~10s µs delayed). 

• PSD of the LS and timing information is used to distinguish β-like and n-like events. 
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Background Characterization

• Cosmogenic fast neutron within the IBD selection window (10s µs scale) is the 
primary source of the IBD-mimic events near the earth surface.
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What causes backgrounds?

Neutrons required for correlated IBD-like backgrounds

10s-of-µs neutron capture timescale is distinctive: longer than

electromagnetic interactions (ns), shorter than accidental coincidences

(& ms). IBD-mimic correlated events are highly unlikely without

neutrons involved.

Near surface, primarily cosmic fast neutron background
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Cosmogenic Neutron Background in the 
PROSPECT’s IBD Detection

• Capture, capture: subsequent 
captures of two thermalized 
neutrons. The earlier is captured 
by unintended nucleus and the 
later captured by 6Li. 

• Recoil, capture: gamma-like 
events generated from the recoil 
of the same or different 
neutrons prior to a n-Li capture.

7

LLNL-PRES-759241 5/20

primary IBD-mimic mechanisms

Most false-IBD events come from one of two interaction mechanisms:
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Background Rejection Strategy
• Event selection: 

• Neutron capture identification (6Li Capture + PSD)  

• Prompt event identification (PSD, segmentation) without 
PSD, potentially possible with detailed topology 
information.  

• Shower veto (high energy muon, recoil, or neutron 
capture)  

• Prompt-delay distance (position reconstruction)  

• Fiducialization (detector as active shielding)  

• Accidental: prompt and delay off-window event selection. 

• Background: reactor off measurement
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Background Rejection Strategy
• Event selection: 

• Neutron capture identification (6Li Capture + PSD)  

• Prompt event classification (PSD, segmentation) without 
PSD, potentially possible with detailed topology 
information.  

• Shower veto (high energy muon, recoil, or neutron 
capture)  

• Prompt-delay distance (position reconstruction)  

• Fiducialization (detector as active shielding)  

• Accidental: prompt and delay off-window event selection. 

• Background: reactor off measurement.
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Figure 3: Segment positions of cosmic background IBD-like prompt events, after topology
cuts and cell-end fiducialization.
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(a) New AD1 baseline simulation.
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(b) Updated simulation.

Figure 4: P2k total cosmic contributions to IBD-like background (with cuts sequence from pro-
posal).
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(b) Updated simulation.

Figure 5: P2k signal to background projection after cuts.
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(b) Previously shown in PROSPECT physics paper for

12 ⇥ 10 baseline.

Figure 4: IBD signal versus IBD-like cosmic background, after all cuts. Previously publicised
figure shown for comparison.
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Background Rejection Capability

• Rejecting prompt event neutron recoils via PSD 
selection is most critical. 

• Sufficient detector size to fiducialize can increase 
overall sensitivity. 

• Shower veto especially effective on capture, 
capture mechanism. 

• Prompt/delay topological cut is straightforward 
in a detector with few cm position resolution.
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Background capability impacts (Prospect data)
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Detector Response to Cosmic Backgrounds

• PROSPECT’s Geant4 simulation is able to predict the patterns of background rejection. 

• On the earth’s surface, muons produce much less correlated background than 
cosmogenic neutrons.
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The cosmogenic 
neutron simulation with 
PROSPECT.

The muon simulation 
with PROSPECT. In the 
near surface situation, 
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correlated background 
than cosmogenic 
neutrons. 
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Background Normalization
• Correlations between atmospheric pressure (AP) and background rates were studied among 

various backgrounds. 

• IBD-like background is subtracted upon veto induced dead time and the variation from the 
atmospheric pressure.

12

Figure 9: Rate of fast neutron + nLi-capture coincidences and atmospheric pressure with
time, RxOn & RxO↵ periods. 1 point = 8 hrs

Figure 10: Comparison of linear fits of FN+nLi for RxO↵ and RxOn periods. The slope is
higher for RxOn periods.
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Figure 13: Comparison of linear fits of IBD-like events for RxO↵ and RxOn periods

Figure 14: Pressure scaled rate of IBD-like events, RxOn & RxO↵ periods. 1 point = 4 hrs
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IBD After Background Subtraction
• With proper background measurements and subtraction, PROSPECT achieved 

precise measurement of spectra along the 7-9 m baseline, on earth surface. 

• S:B ~ 1.7:1.
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• PROSPECT can be used to demonstrate the cosmic neutron modeling with its data-
MC comparison. 

• PROSPECT-style detector (with PSD + 6Li + segmented scintillator) can also be 
utilized to measure neutrons that hard to be modeled: 

• Making in situ measurement of near surface cosmogenic neutron. (i.e. SBN) 

• Measuring beam induced neutron background. (i.e. decay at rest boosted neutrino 
measurement, coherent neutrino scattering) 

• Underground neutron background measurements. (i.e. DUNE, LZ)



CPAD Instrumentation Frontier Workshop 2019 LLNL-PRES-798598

Summary

• Neutron background is one of the outstanding challenges among on-surface and 
beam induced neutrino experiments. 

• PROSPECT is able to measure reactor antineutrino spectrum with background 
measurement in situ. 

• PROSPECT’s measurement of the near surface cosmogenic neutron can benefit 
the community by benchmarking cosmic ray models. 

• PROSPECT-style detector can also be applied in other P5 experiments to measure 
cosmogenic and beam generated neutron backgrounds.
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