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Design of the PROSPECT Experiment

Abstract
PROSPECT is a multi-phased reactor antineutrino experiment with primary goals of making a precise measurement of 235U reactor antineutrino spectrum and performing a search for sterile 
neutrinos. The detectors will be deployed at short baselines 7-19m from the High Flux Isotope Reactor at Oak Ridge National Laboratory. In addition to being optimally located to search for 
oscillations arising from Δm2 ~ 1 eV2 sterile neutrinos, the short distance of the detector from the reactor provides a large antineutrino flux from the reactor core. However, the close proximity also 
poses challenges such as constraints on space, lack of over-burden and backgrounds from the reactor. Therefore, the detector must be designed to have excellent background rejection capabilities, 
along with  good position and energy resolutions, to meet the physics goals of the experiment. The baseline PROSPECT detector design consists of 6Li-loaded liquid scintillator segmented detector. In 
this poster, we give a detailed description of the experimental strategy of PROSPECT, the PROSPECT detector design, and supporting R&D activities.

Physics goals

The two existing interpretations of flux and spectrum discrepancies are: 
✦Existence of eV-scale sterile neutrinos 
✦Incomplete picture of reactor antineutrino models

PROSPECT Primary Goal 2: Make a precise measurement of antineutrino spectrum from pure U-235 reactor 
and test reactor antineutrino spectrum prediction

PROSPECT Primary Goal 1 : Unambiguous oscillation measurement to search for the existence of  eV-scale 
sterile neutrinos via electron-antineutrino disappearance
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Antineutrino Source: High Flux Isotope Reactor at ORNL 

✦ Highly enriched uranium (HEU) research reactor 
✦ Operating at 85 MW 
✦ 41 % up-time 
✦ Core shape is cylindrical , 0.5m high and 0.4m wide 
✦ Detailed background measurements performed

Compact core reduces baseline uncertainty and oscillation washout

HFIR reactor core refueling

HFIR reactor core power map
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Reactor core size comparison 
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Antineutrino Detector Design: Segmentation

Segmented design: 
✦Oscillation analysis with single  detector 
✦Inherent position reconstruction 
✦Background rejection by fiducialization and topology cuts

Double-ended readout: 
✦Position reconstruction along the segment 
✦Excellent and uniform light collection  
✦Better pulse shape discrimination (PSD)
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Detector Calibration

✦Neutron Sources 
✦ PSD calibration  
✦ Detection efficiency of neutrons 

✦Gamma Sources  
✦ Absolute energy scale 
✦ Scintillator non-linearity

✦LiLS light transmission 
✦Gain in PMT 
✦PMT timing and relative offsets
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Prototype source capsule

Source Calibration
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Optical Calibration

Prototype optical diffuser
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Shielding Design

✦Cosmogenic backgrounds are the primary source of backgrounds for PROSPECT 
✦Passive shielding package design aimed at reducing these backgrounds
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Shielding enclosure used for 
PROSPECT prototype. 
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Detector Layout

✦ Phased approach 

✦ Phase-I movable covering 7-12 m baseline range 

✦ Phase-II extends coverage to 19 m 

✦ Oscillation by relative spectral comparison 

between baselines   

✦ High antineutrino flux (115k/year for Phase-I)

Schematic of PROSPECT Experiment with HFIR Reactor and two antineutrino 
detectors AD-I and AD-II. Also shown is the range of motion of AD-1
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Antineutrino Target: 6Li-loaded Liquid Scintillator

PROSPECT target is 3 tons of 6Li-doped EJ-309 liquid scintillator with Pulse Shape Discrimination capability
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PROSPECT Inverse Beta Decay (IBD) reaction

Prompt signal:  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 Doping of 6Li in liquid scintillation: 
✦Excellent background rejection 
✦High IBD detection efficiency 
✦Spatial and temporal dense energy depositionTon-Scale Production (same as last) 

•  Self-production to ensure 
•  Cleanness 
•  Purification applied 
•  Characterization and QA/QC 
•  Continuation for future large 

production (Far detector) 
•  Commercial production reactor available 

•  10-L prototype deployed and tested 
•  50-L baseline (expandable to 100-L)  

•  Easy to install and QA/QC instruments 
ready 

BNL MYeh 11 

Li-6 loaded EJ-309 production

(n,Li)

Distinct Li-6 capture peak with Li-loaded EJ-309

P0.1 Data: 
Cf-252

Multiple avenues show a variation of less than 
~±2% over four months of data-taking

Addition of 
water bricks 

Reactor shutdown period

P20 Data

Not corrected 
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