Assembly of the PRESPECK: neutrino detector
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PROSPECT in a nutshell

Solving reactor antineutrino flux and spectrum anomalies:
1. search for short-baseline oscillations of eV-scale sterile v at distances <10 m
2. perform a precision measurement of 235U reactor ve spectrum

g

Antineutrino detector

High Flux Isotope Reactor
——

Requirements:

* energy resolution of 4.5%/+E for
spectral measurement (~500p.e./MeV)

e good position resolution for comparing
spectra between baselines

e excellent background rejection
capabilities at near-surface, reactor site

Detector features:

* 4 tons SLi-loaded EJ-309 liguid scintillator
 11x14 segmented array

e segment size: 120x15x15 cm3

* low-mass optical separators

e optical and radioactive calibration

e double-ended PMT + light guide readout
* movable, baseline coverage 7-11m
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Phased detector development at Wright Lab

PROSPECT-0.1 5cm length

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

PROSPECT-2 12.5 length

Background studies 1.7 liters
Dec 2014 - Aug 2015 6LILS

PROSPECT-20

> multi-layer
shielding

Segment characterization m Iepgth e
Scintillator studies 236I|t§rs |r7a
Background studies LS, °LILS
Spring/Summer 2015 —
PROSPECT-50 1x2 segments
Validation of design 1.2m Ie_ngth
Simulation benchmark 506I|t_ers
2017-2018 LS,SLILS

PROSPECT AD 11x14 segments

. 1.2m length
Physics measurement 4 tons
data taking 2018 6LiLS
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Optical modules ~1 year

Scintillator approved!

opaque acrylic housing
seal plugs
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Construction of inner detector
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In action: courtesy of Frank!
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Finishing the detector package
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Dry commissioning with muons + laser

Optical calibration

optical diffuser pinwheel
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spe calibration and PMT timing
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Lots of shielding!

outer BPE '

5 il tr4 bricks
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lumber hut
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Radioactive source calibration

(Cross-section)

Optical
segments

Source, located inside capsule,
attached to timing belt. The belt
is driven by the motor through
the source tube, along segment.

from Arina
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See you in Oak Ridge!

Installation at HFIR:
now - March
* prepare scintillator EIUL
e dry commissioning
e fill detector T T T T
e wet commissioning
* install shielding
 install calibration motors

First physics:
March - Summer
* reactor on/off data
e 2-3 cycles (24 days/cycle) —
* probe sterile parameter space s o
e spectrum comparison

1 year of data:
2018 - 2019
e 4qg sterile search at best fit

* leading 235U spectrum ~100k v
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Reactor on - reactor off

Installation at HFIR:
now - March
* prepare scintillator
e dry commissioning
e fill detector
e wet commissioning
* install shielding 1500
 install calibration motors

simulation: 50 days reactor on/off

—RxOn
—RxOff
+I1BD
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First physics:
March - Summer 500
e reactor on/off data
e 2-3 cycles (24 days/cycle)
* probe sterile parameter space
* spectrum comparison

TTT T T TTT

1 year of data:
2018 - 2019 01 I
* 40 sterile search at best fit Visble energy (MeV)

* leading 235U spectrum ~100k v
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Sterile search

Installation at HFIR: Sensitivity: 3 flfl CL .
Phase-I (1 yr), Multiple Positions
NOW - MarCh e Phase-I (3 yr), Multiple Positions
* prepare scintillator "] SBL Anomaly (Kopp),95% CL
° dry Commissioning All v_ Disappearance Exps (Kopp), 95% CL
e fill detector SBL + Gallium Anomaly (RAA), 95% CL
. _ . Daya Bay Exclusion, 95% CL
[ J Wet Comm|SS|On|ng o~ S T T T I| [ [ 1 1 II [ [T T TT I|_
 install shielding EL s
* install calibration motors 10 best fit reactor
3o, 3yr! anomal
First physics: ; s y
March - Summer ' ® |
* reactor on/off data - . :
e 2-3 cycles (24 days/cycle) - T 3o, 1yr ]
* probe sterile parameter space ]
* spectrum comparison l
_1_ .......... —
1 year of data: 10 Da a Ba ..................... |
2018 - 2019 L e y.....t
e 40 sterile search at best fit 2 -1
. 10 10 12 20 1
 leading 235U spectrum ~100k v Sl 29, ,
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HEU spectrum

Installation at HFIR:
now - March

* prepare scintillator

* dry commissioning ~ 120

e fill detector ‘E 1151

* wet commissioning 0

» install shielding o 10F

* install calibration motors 1.05}

LR

First physics:
March - Summer
e reactor on/off data
e 2-3 cycles (24 days/cycle)
* probe sterile parameter space
* spectrum comparison

1 year of data:
2018 - 2019
e 4qg sterile search at best fit

* leading 235U spectrum ~100k v
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