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Reactor Anomaly

Reactor antineutrino flux deficit Spectral deviations
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Neutron rich fission products beta decay and produce v,

(Pu,

us fission product  fission product  stable isotope
L ’. \ ~
®® beta, nuebar  ®® beta, nuebar

N@rmalized antineutrino spectrum contri
10

1
0.1

0.01

No of neutrinos/fission

0.001

0.0001
2 3 4 5 6 7 8

Neutrino energy (MeV)

arXiv:1101.2663

Siot(Ev,) = > f1Sk(Ep, )

—:— '_-,‘.,g_‘:,

http://web.ornl.gov/

Detected reactor antineutrino spectrum

o
@D
—
<
-
~

Antineutrinos / MeV / Fission
Inverse Beta Decay Cross Section (cm?)

0 T 2 3 4 5 6 7 8 9
Antineutrino Energy (MeV)

arXiv:1503.01059

P. T. Surukuchi New Perspectives 2015, June 8



http://web.ornl.gov/

Reactor Anomaly Interpretation \

Interpretation 1: Interpretation 2:
e |mperfect reactor antineutrino production e Existence of eV-scale sterile neutrino
models
Confirmation:
e Make precise antineutrino measurements e Short baseline oscillation experiment
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Reactor Anomaly Interpretation

Interpretation 1: Interpretation 2:
e |mperfect reactor antineutrino production e Existence of eV-scale sterile neutrino
models
Confirmation:
e Make precise antineutrino measurements e Short baseline oscillation experiment
PROSPECT baselines PROSPECT Effect of oscillation on spectrum
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PROSPECT

Phased approach Detector Site

Phase 1 : e HFIR, highly enriched uranium (HEU)
e Moveable near detector O(2 ton) reactor at ORNL

e Baseline ~7m-11m e Operating power 85 MW

Phase 2 : e 41 % up-time

e Near + Far O(10 ton) detectors e Small core-size

e Baseline~7/m-20m

co t

\ J
reactor core
HFIR core shape and

relative size comparison

Phase-2 PROSPECT deployment schematic arxiv:1309.7647
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Detection mechanism

Lithium-loaded EJ-309 scintillator provides high background reduction

Signals detected by PMT
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Prompt signal: 1-10 MeV
positron from inverse beta
decay (IBD)

Delay signal: ~0.6 MeV
signal from neutron capture
on 6Li with PSD signature

PSD Parameter

Coincidence Signature of event:
e-like prompt signal, followed by a
~50us delayed neutron capture
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PSD capabilities in LiLS testcell
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PSD Signatures

Inverse Beta Decay
y-like prompt, n-like delay
Fast Neutron
n-like prompten=like delay

Accidental Gammas
y-like prompisy=like delay
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Detector Design

e Segmentation with double-ended readout

PROSPECT near detector conceptual design

e (Good light collection

Passive shielding
— g

® |nherent position resolution
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e (Good energy resolution

e Excellent background

Conceptual design of the cell

reduction PMT
Light Guide

Separator
LiLS

e Single detector oscillation

analysis
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Detector Design

e Optical separators
e [lat, rigid and low-mass reflectors
e High reflectance in LI-EJ309 emission spectrum for good light collection

e Separator production method already in place

Separator effectiveness at desired wavelength
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Current Status

Run DAQ, *
Remote data-taking PROSP‘E‘?: 2(:).114
See n-Li + PSD 5 inch
mcnes

PROSPECT 2%

Dec 2014-

Demonstrate shielded Mar 2015

background rates

Demonstrate full timing ROSPECT 20*
and PE response Mar 2015

\
\
Y PROSPECT 200

\

Observe relative segment responses \

\

See antineutrinos | A

\ .
Meet physics goals \‘ PROSPECT 2k

\\
v PROSPECT

*Deployment complete!!! Y Phase I (6k)?

Approximate mass kg 4

3x3x1 meter
mockup at [IT

Deploy final design concepts

More about PROSPECT prototype detectors in X. Zhang’s talk to follow
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Spectrum Measurement ¥

Constrain reactor models using HEU
Spectrum resolution goal: 4-5/\/E %

Inputs for future reactor experiments

High statistics due to close proximity to the reactor (150k IBD/year projected for PROSPECT 2k )

Models of antineutrino spectrum from daughters of U-235
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Sterile Neutrino Search  V

e Independent from absolute Sensitivity of PROSPECT experiment

measurement by exploiting % -
el |
segmented nature - Best fit
1 PROSPECT-accesible region
* Assumptions -
e 4.5//E % energy Resolution i
e 20 cm resolution 10!

TTHI

e 1:1 signal to background ratio 1 Detector, 1 Year Livetime, 3o CL

1

1 Detector, 3 Year Livetime, 30 CL

e Sterile neutrino search 102 2 Detectors, 3 Year Livetime, 30 CL
Reactor Anomaly, 95% CL
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summary

e More data are needed to address the existing reactor anomalies

e A LiLS-based detector design has been developed that can eftectively reduce
reactor- and cosmogenic related backgrounds

e Multiple prototype detectors have been deployed at HFIR paving way to build full-
size detector

e \Within one year, PROSPECT will test the existence of an eV-scale sterile neutrino

and precisely measure antineutrino spectrum of U-235 reactor
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Additional slides

Reactor Antineutrino Prediction

= odels of antineutrino spectrum from reactor

ab initio approach Models of antineutrino sp from LEU react
. .

e Use nuclear databases to calculate the § Nuclear Calculation
antineutrino spectrum for all beta 2z —— B Conversion, Huber
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