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scope of relevance

@® detector operates in near-surface environment

@® signal of interest is neutron-capture correlated
(IBD, fast neutrons, induced fission) and low-rate

@® applications: antineutrinos, fast neutron
spectroscopy, SNM detection, active/passive
interrogation



detection characteristics

@ neutron capture coincidence is a distinctive
signal: O(10-100us) timescale for capture is
long compared to ns-scale electron/gamma
physics, but short compared to accidental
coincidence rates

@® backgrounds of concern require the presence of
actual neutron(s)



PROSPECT detectors

P20 prototype cell
20-liter 0.1% °Li-loaded EJ-309 “Phase I” design

Acrylic cell Internal reflectors
pa——| | \ 120x P20 cells

Li EJ-309 LS

PSD Parameter

b 100 cm
PMT with light guide
040 il c-t] - - —onEm e TR .- . -
oasl BB BAREET '
35} RN
ST
0.30|- NS
=SS
0.251- : eSS
SN
TENS G
0.20} s TN
::;' 'ﬁ*h S
0.15- =2 1ox P20 2
0.10F -
0.05-
0.00

0 200 400 600 800 1000
Number of Photoelectrons 4



where do neutron backgrounds
come from?



large overburden

® km-scale overburden: long-lived
radioisotopes in surrounding rock (n,alpha
decays); contamination brought from surface
(including cosmic-ray-activated isotopes)

® 10m-scale overburden: cosmic-ray-induced
neutron spallation showers



meter-scale overburden

toy model:

1 MWE shield;
equal-mass layers
iIron and
polyethylene

+ surface cosmic
backgrounds

~

iron (6.3cm)
-y = ]

polyethylene (53cm)




meter-scale overburden

non-neutron cosmics cosmic neutrons

q - q incident cosmic neutrons o
E [ . E neutrons through shielding| ~ €0SMIC primary
E N E —— muon-induced neutrons energy scale
[ 1 O E \\\\ el 1 O = /
LLI - \ LLI - thermal
g [ | TR g - energy scale
5 t// \,\\\ \\ Z : /
X A X
LL 1 = A\ \\\ LL] 1 —
> - 7N\ < F nuclear
35 i ] RN 35 binding/fission
= - Ji LA —u* = energy scale
- s \\\\ ‘,! —ei -
10_1—_ ~N \ \ —Y 10_1_—
- A "\\ ‘ \, ‘ —
— ! v/ \ \\ ) L
- ”l ‘|‘ \\\ ‘ P -
- v/ W 4 Wil -N
\/\ \‘ |
I TR A n
10_2 III| ‘ IIIIII| [ ||||||¥‘|\él\\t\i‘h Ilm,lhl" L1 IIIIII5 _2 9I| I| I| I| 5AAAI|3A| I| I| | I| | 3 | | 5
2 4 - -7 ~ — ~1
1 10 10 10 10 10 10 10 10 10 10 10 10
primary energy [MeV] neutron energy [MeV]

(CRYv1.7 primaries) :



fast neutron component
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E. Heidbreder, K. Pinkau, C. Reppin, and V. Schonfelder,
Journal of Geo- physical Research 76, 2905 (1971).

highest-energy component
largely downward-directed

(lower energy components
isotropized by shielding)
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fast neutron interactions:

survey of elements

@® bulk materials in detector, shielding
@ normalized to constant mass, 1g/cm? layer

® Geantd (4.10.01) cross-sections, natural
iIsotopic ratios
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primary neutron downscattering
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output neutron energy [MeV]

number of neutrons out
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secondary neutrons per primary

~0.1"

Secondary neutron production

‘absorption, Backscattering
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1

output gamma energy [MeV]

Gamma production
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sanity check:
MC benchmarking

are MC predictions of cosmic neutron
backgrounds, shielding/detector
iInteractions usefully accurate?

compare against PROSPECT-20
prototype cell data.



characterization of HFIR environment

Extensive background surveys

- thermal and fast neutron, muons, gamma
- reactor on-off

- motivate targeted localized shielding
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,PZO ceII |n shleldmg at HFIR

Locallzed lead shielding
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with shielding, reactor backgrounds
have minimal impact on “IBD-like” rate



cosmic BG P20 simulations
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“realistic” detector response
quenching, PSD (sum pulse shapes), energy resolution
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simulation extrapolation to Phase |

neutron-coincident events
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— same properties as
detector bulk: use same

technology and fiducialize.



what causes remaining
|IBD-like coincidences?

neutrons involved in IBD-like events
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proton ionization [MeV]

10 MeV neutron in scintillator:

energy deposition
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approximate scintillator quenching curve
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10*

10°
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toy model: “IBD-like” coincidences
from 4-12MeV neutrons

| Jason Brodsky (LLNL) -
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background rejection depends

elastic collisions cluster.

on identifying mixed inelastic +
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resolve mixed events by
spacial segmentation

probability of being in different segment
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example: application to
Phase | detector design

shielding: water, : “top-
heavy”; focus on 100MeV+ neutrons

small lead layer;
poly inside to block
spallation

PRESPECT;
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questions/comments?
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