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PROSPECK, Motivation

Reactor antineutrino experiments observe deficit in Recent ©13 experiments at LEU reactors observe spectral
antineutrino rates compared to the predictions deviations
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Large mass splitting -> ~Meter length oscillations CPC 41 (1) (2017)
Motivates short-baseline experiment with Motivates reactor experiment with different fuel
compact source, good position resolution types and good energy resolution
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PROSPECT, Recent Developements

v

* Daya Bay has recently reported IBD yields of U235 * |BD yields calculated from reactor rates (of 26
reactor antineutrino experiments) do no agree with

and Pu239 using evolution of LEU reactor fuel

Daya Bay measurement

 Showed that reactor flux models are incorrect at

least for U235 - arXiv:1704.02276
j [T IRALLLLALL | RARRRALY [rrrTTT T | RRRARALLY (RARALARRERALLLE ]
—PRLIIB (201 = Cambin '
9 o | /i Reactor Rates
0 | o i E
Ax> _ ‘Daya Bay .-~
4 c g Kim L
1 4 9 g v gqu!utl,'Qn aclay+
5.5 = , Huber -
A Daya Bay E © b ; =
= —— Huber model w/ 68% C.L. o T OF ] ]
@ : ;
[ o [ : B
N\ 4.5 % ............ " ;
£ A 7 & . Reactor Rates]
= 4.0 @ ' o E
— C.L
— 68% 0 3
53.5 95% « ! T ! ]
oa3x = (10. 1= 1.0) x 107% 99.7% e
3 l2=(6.04+0.60) 10 ® 54 56 58 60 62 64 66 68 7.0 7.2
52 56 6.0 64 68 7.2 o35 [107*° cm?/ fission]
7935 [107% cm? / fission]
Could U235 be responsible for  Daya Bay results in global context creates tension in
Reactor Antineutrino Anomaly ? IBD vyields

o U235 preferred to be the cause when a single isotope is
assumed to be the cause for the anomaly

« No reason to assume a single isotope is the cause for
anomaly

e (Qscillation to sterile states not considered

Possible, but not definite

Motivates an experiment that truly probes the L/E nature of oscillations
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PRESPECT, PROSPECT Experiment

Physics Goals:

1.Precisely measure reactor 235U L/, spectrum
2.Search for short-baseline oscillations arising from eV-scale sterile neutrinos
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Antineutrino Source \id

y (m)

HFIR Core

Power Map W

Relative Power (arb.)

Power map of HFIR reactor core

@ High Flux Isotope Reactor (85 MW) at ORNL
@ HEU Reactor - ~93 % U235 enrichment (>99% 1/, from U235)
® Short reactor cycles (~25 days) - Low P239 buildup (< 0.5%)

Compact core (0.5m high, 0.4 m wide) - No oscillation washout

® ~47 % up-time

® >50% reactor off-time - Extensive
background characterization

® ~ 3 years experience of on-site
operation

® 24/7 access
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Cross-section of detector including the shielding package
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Multi-layer highly reflective,
rigid low mass separators
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e Single volume ~4 ton Li6-loaded liquid s DF 2000 PE
scintillator detector s AdheSiVE
— Carbon Fiber
o Optically divided into a 14x11 identical . Teflon FEP

segments
o Low mass optical separators

o Each segment is a detector i.e.,
154 detectors

@ Double-ended readout

e Pinwheels give in-situ access to L des e

: . . Cross-sectional view
optical and source calibrations : :
of a segment Source capsule Optical diffuser
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SRRSO, Detection Mechanism YV

Inverse Beta Decay as the detection mechanism o
— Pulse Shape allows for discrimination
between gamma-like and neutron-like events
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t., ~40 us
Lie-loaded EJ-309 scintillator as target:

(~20%) nH | n®Li (~80% of captures) ® Excellent background rejection
@ High IBD detection efficiency
SLi-loaded Liquid ® Spatial and temporal dense energy
Scintillator deposition
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PRESPECY, Phased Approach \13

PROSPECT-0.1p-0.1 5¢m length

Characterize LS 0.1 Iit_ers
Aug 2014-Spring 2015 LS, 6LILS

multi-layer
shielding

P-2\ PROSPECT-2 12.5cm length

Background studies 1.7 liters
Dec 2014 - Aug 2015 6LILS

PROSPECT-20

. .. 1mlength
Segment characterization o3 liters
Scintillator studies

it ’ s
Background studies LS, ALLS —s__‘_,x

Spring/Summer 2015

P-20

1x2 segments [

Baseline design prototype 50 liters Il
Early 2016 6LILS |§

P-50

11x14 segments

PROSPECT 1.2m length
~4.5 tons

Late 2017 6LILS
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meseeck,  Background Characterization and Reduction ¥V

Local shielding joining reactor wall

® HFIR background characterized in detail
@ Both reactor related and unrelated backgrounds measured nipithlayeRpassiversalclding
@ Lead wall designed to shield reactor related backgrounds Water bricks } Eee——— 1L
@ Passive shield design motivated by measured Polyethylene =T
Outer neutron shielding for neutron ‘ ‘ ‘ ‘ ’ -
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Performance

rate [mHz/segment]

0.002+
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Energy (MeV)

P20 shield was able to shield the reactor
backgrounds effectively

0.000
0

.

P-20 Shield @ HFIR §

~ 25% the size of PROSPECT shielding

Cosmic backgrounds can be calibrated out

using data from reactor off time segment x
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PROSPECT, Simulation Benchmarking \2

® PROSPECT prototyes measured cosmic backgrounds during

Comparison of Data with PROSPECT MC reactor-off periods
=10’ ® PROSPECT Monte Carlo simulations agree well with the P20 data
%’ P20 prompt spectrum for “IBD-like”
N cosmic backgrounds
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Lt [us] Projected S:B for PROSPECT full-size detector is better than 3:1
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Ongoing Construction \13

Optical separator fabrication

PMT module components ready for assembly

| k — Productlon PMT module
eVl IFT7 WiV © i

Liquid scintillator production

P. T. Surukuchi
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Physics: Oscillation Search
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Independent of underlying reactor flux and spectrum models

Systematic effects minimized by relative search and detector movement
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PRUSPECT, Physics: Spectrum Measurement

o Estimated IBD events - 160k/year

e Expected energy resolution 4.5%/vE

e Perform most precise *°U spectrum measurement

o Compare various reactor antineutrino spectrum models

o Provide a benchmark for future reactor antineutrino experiments

o Excellent complement to existing LEU reactor measurements
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Improvement in precision over ILL Test various reactor antineutrino spectrum models
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PRRSPECT, S umma ry ﬁ ,//

®© Reactor antineutrino experiments reported anomalous rate and shape measurements
e PROSPECT program

e Designed segmented LILS detector and deployed multiple detectors at HFIR in preparation of a full-
size detector deployment

© Make precision 235U spectrum measurement, complementary to LEU measurements and compare
various models

e PROSPECT will be able to cover sterile neutrino best-fit point at better than 30 in one calendar year
and favored regions at 30 in 3 yrs

e Detector construction proceeding with full speed

e Data taking to commence later this year

P. T. Surukuchi DPF 2017 August 3 14
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arXiv:1309.7647

Nucl. Instru. Meth. Phys. Res. A 806 (2016) 401
Journal of Phys. G 43 (2016) 11
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http://prospect.yale.edu
https://arxiv.org/abs/1309.7647
http://www.sciencedirect.com/science/article/pii/S0168900215012309
http://www.apple.com
http://iopscience.iop.org/article/10.1088/1748-0221/10/11/P11004/meta

PRESPECT, Detector Development

DF 2000 PE
Adhesive
Carbon Fiber
Teflon FEP

Multi-layer highly reflective,
rigid low mass separators

Assembled PMT housings

- , s E

| prics e All material inside the

i o R i | detecltor are testgd .f.or
3D printed pinwheel to join optical separators chemical compatibility
and support the optical lattice with the liquid scintillator

L=
-

® LS shows long term stable
performance

o Multiple prototypes
validated the design of
the various detector
components

Source capsule Optical diffuser

~__ Pinwheels give in-situ access to optical and source calibrations
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PRRSPECK,

Anticipated L/E Coverage

Reactor

Detector
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* Each segment covers multiple L/E bins

e Conversely, each L/E bin is covered by
multiple segments

* Systematic biases (both correlated and
uncorrelated) reduced

* Movement of the detector => varied
contribution to L/E bins from each segment

P. T. Surukuchi
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SRRSO, Detection Mechanism YV

Spatial coincidence of IBD events 0.5 - : r T

5

IBD N ST Fast Neutrons

T g

Delay PSD Paramater

Accidentals
;‘ ;‘ 0.1 0.2 0.3 0.4 0.5
' ‘ Prompt PSD Parameter
Segmentation allows for background rejection Comparison of coincidences
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reseecy,  Background Characterization and Reduction

@ HFIR background characterized in detail Local shielding joining reactor wall

® Both reactor related and uncorrelated backgrounds sl e e e sl el

g »

‘ c : ‘ a) : 0 C C
measured | | Water bricks [ fe— T .
® Lead wall designed to shield reactor related backgrounds Polyethylene i "
: . . . Outer neutron shielding for neutron ‘ ‘ ‘ ’ .
@ Passive shield design motivated by measured backgrounds moderation = =
W e F — Config. (1)  Lead | ;
— 2 4 — Config. (2) High Z shielding | I =
=10 — Config. (3) 2 lowe [ =
£ h — Config. (4) — 8ne =
@ 3 \ H ; £ I':
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L CIE spallation on lead | — <l =
= = e —
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: v I EESs——
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MeV 0.010
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)
Effect of varying lead wall configuration on gammas % 0.008} — Reactor Off Use outer layer of the detector as veto
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\ : _‘: n

0.004 -

P-20 Shield
Performance
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0.002+

1 |

2 4 6 8 10
Energy (MeV)

P20 shield was able to shield the reactor
backgrounds effectively

0.000
0

.

P-20 Shield @ HFIR

~ 25% the size of PROSPECT shielding

Cosmic backgrounds can be calibrated out
using data from reactor off time

segment x
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PRESPEC, L/E Signature \14
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PRESPEC, U235 Cause For Reactor Flux Anomaly ? V

arXiv:1704.01082v1
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Daya Bay has recently reported |IBD
yields of U235 and Pu239

U235 shows a deficit of ~8%
compared to predictions

|s reactor flux anomaly only from
U235 ?

Daya Bay data seems to indicate that
the anomaly is only from U235

A pure U235 flux measurement would
give conclusive evidence

P. T. Surukuchi DPF 2017 August 3
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Pkm

Flux Measurement at HE
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« Daya Bay has also shown flux/IBD yield evolution as a function of Pu239/
U235 fission fractions.

* Their results are incompatible with Huber-Mueller model both in total flux
(normalization) and rate of change of flux with changing fission fractions

(slope)

* Flux measurement at a HEU core would provide not only U235 flux but
could also provide better constrain on Pu 239 flux
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Implications

300

1.Existence of sterile neutrinos have far- 2501
E 200}

reaching implications on particle physics & 150

% 100}

and cosmology 5 sl

2.Sterile neutrinos lead to complications in
interpretation of CP-violation searches
3.Sterile neutrinos will alter the effective

neutrino majorana mass
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Low mass separators
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