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Reactor Anomaly

= A deficit of the = An excess 1n events
predicted reactor flux. around 5 MeV.
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Reactor Spectrum Models

= Searches for reactor
antineutrinos are

typically based on ) Y
beta d A

inverse beta decay. . y
= Reactor Fuels are S — "¢
mixtures of Uranium & 3% 4 3
235, Uranium 238, S T 13
Plutonium 239, and 2, G il
Plutonium 241. 3 oaf— U 19
. £ g 2%y —_2 S
= The total emitted 3 09— =y 1 S
spectrum is the goe ™ 7 8
fractional sum of the E 18
O0””1”'2 3 4 5 6. 7””8 ”90 -

modeled spectra.
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Vogel et al, arXiv:1503.01059v2 (2015)
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Possible Solution #1

= Inaccurate Spectra
MO dels o Dwyer and Langford, PRL 114 012502 (2015)

0.2 | T Nuclear Calculation
{c) W o . ==== B Conversion, Huber

: 72 P B~ Conversion, Mueller
N Nuclear Calc., Fallot

= Ab initio approach

= Calculate spectrum
branch-by-branch
using beta branch
databases.
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Possible Solution #2

= The existence of sterile neutrinos (v,)

= LSND, MiniBooNE and Gallium anomalies
would agree.

= Tension with v, disappearance measurements.
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Problem Summary

= We see a deficit in the expected reactor
flux

= We see a deviation from the expected
reactor spectrum shape.

= T'wo possible solutions:
= Incomplete picture of the spectrum.

= Sterile neutrino exists.
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PROSPECT

= Goal 1: A precise

measurement of the
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PROSPECT

= Goal 1: A precise
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HFIR

= Operates at 85 MW

= Compact Core

* Located at ORNL

= Uses Highly Enmched
Uramum (HEU) Fuel A
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X

= The neutrino 2 [
spectrum 1s almost i WaZARS
entirely from LR [;E]

Uranium-235. A

= Allows in-depth R I
background study.

Ashenfelter et al. arXiv:1309.7647v3 (2015)
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PROSPECT Design

Sub-cell conceptual design

= Phased approach E.ZlhTt Guide
= Optically Separated Segmented ;7™

Volume

= Double-ended PMT readout i\\ b““%\
= Li6-Loaded Liquid Scintillator } =

= Moveable near detector

Near detector conceptual design

oveadie
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Q 3
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Ashenfelter et al. arXiv:1309.7647v3 (2015)
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HFIR core shape and
relative size comparison

Two-detector PROSPECT deployment at HFIR
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Current Prototype Status

Rem(i?:i;zé?éking PROSPECT 0.1* 1 : ‘ 2 inches
_ Aug 2014 =
See n-Li + PSD ik
inches
PROSPECT 2*
Dec 2014-
Demonstrate shielded Mar 2015

background rates

Demonstrate full timing ROSPECT 20*
and PE response Mar 2015

\
\

\PROSPECT 200
)\

3x3x1 meter
mockup at IIT

Deploy final design concepts

Observe relative segment responses \

\

See antineutrinos \‘
Meet physics goals \‘ PROSPECT 2k
\

\
\ PROSPECT —
*Deployment complete!!! Phase II (10k)?

Approximate mass kg ‘




i ILLINOIS INSTITUTE OF TECHNOLOGY

Early Validation

= PSD Discrimination
= [16 doping
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Early Validation

. S . PROSPECT 20
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Early Validation

= PSD Discrimination PROSPECT 2B
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Absolute Spectrum

» HEU Fuel
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Sterile Neutrino Search

= Relative measurement — no
absolute spectrum

dependence oo _
= Assumptions: =k 8
= 4.5%/NE energy resolution [ * <
. e . 1 E
= 20cm position resolution g %
= 1:1 signal to background :
| 2
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Closing Statements

= PROSPECT is being proposed to study the reactor
antineutrino spectrum and to search for a 1 eV?
scale sterile neutrino.
= Using HEU fuel, we can greatly decrease the

uncertainties on the Uranium 235 spectrum and aid to
guide future reactor models.

= Within 1 year of P2k, we will have 30 coverage over the
current global best fit sterile neutrino.

= Prototypes have been deployed and are aiding in the
final detector configuration.

= The studies of v disappearance provide
complementary studies to current Fermilab SBL
program (v, to v, appearance and v, disappearance)
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The PROSPECT Collaboration

Reactor Sites
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omparison to Other
Experiments
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B. Littlejohn Fermilab Intesity Frontier Seminar 2015
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Backgrounds at HFIR
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