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COHERENT

Coherent Elastic Neutrino Nucleus Scattering
e Neutrino collides with large nucleus which recoils coherently
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e Small recoil energy
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e Difficult to detect
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e Background measurements at Spallation Neutron Source (SNS)
ID'd “Neutrino Alley"!

e Low background environment in SNS basement




Background Reduction

— Prompt v,

Pulsed Beam 3 I

— Delayed v,

e SNS neutrino beam flux and 3
timing profile enables
background rejection

e Beam duty factor reduces D e T T
steady state backgrounds by EuMey
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e Radioactivity and cosmics
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e Can also make use of
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Gamma Backgrounds

CENNS-10 Shielding

e Main sources:
e Nearby pipe (511keV 4's:
(254 8) v/cm?/s
e Wall and floor (U/Th/K in
concrete): (2.0 40.1)y/cm?/s

e Simulations indicate negligible
contamination of signal if shielded

e Additionally reduced by beam
duty factor and Pulse Shape
Discrimination (PSD)

e Expect (1-10) x 10~%events/year




Neutron Backgrounds

Neutrino Induced Neutrons (NINs)

e Neutron backgrounds in time with

expected CEVNS signal!

e Produced by neutrinos in Pb

Cross-section (10 cm?)

shielding
e Cross section poorly known

e Measurement underway
e Of interest to Helium and Lead
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e Important for nucleosynthesis of e ~1% of expected signal
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https://twitter.com/theleadnube

Neutron Backgrounds

Beam Correlated Neutrons

e largest concern is beam SNS Timing Plot (BKG Sub)
correlated neutrons g 16 50% fduca
e PSD helps separate nuclear ﬁ”;— s
from electronic recoils ‘2‘: e
e Fast neutrons difficult to osf-
shield osE

e Low energy neutrons mimic
CEVNS signature!

e Campaign underway since 2013

to measure beam related
neutrons

e Very neutron quiet location in the SNS basement ID'd

e ~10s of neutrons / day



Neutron Backgrounds

Sandia Neutron Scatter Camera

e 2 planes of EJ-309 scintillator cells
e Good energy resolution and some
directionality
e Variable plane separation allows
optimization of effective area and
resolution

e Neutron/gamma PSD

Incoming
Scintillator particle (E))
detectors ~

Scintillator
detectors

Scattered
particle (Es)

Particle direction
constrained to cone
surface

N. Mascarenhas et al., IEEE Trans. Nucl. Sci. 56 (2009) 1269.


http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=5076056

Neutron Backgrounds

Sandia Neutron
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e Map SNS neutrons in 2013

e Fast neutron background easily

neutrons MeV-!s!
=
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e Neutrons also lower energy

e Results corroborated by U
owned SciBath Detector



Neutron Backgrounds

SciBath Detector

e 30L of liquid scintillator
e 768 fibers in 3D grid for event
reconstruction
e No optical separation
e High channel density
e Uniform tracking efficiency

Niquid scintiliator

R. Tayloe et al., Nucl. Instrum. Meth. A562 (2006) 198.
S. J. Brice et al., Phys. Rev. D 89, 072004 (2014) 8


http://www.sciencedirect.com/science/article/pii/S0168900206005316
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.072004

Neutron Backgrounds

Prompt SNS n Flux
x10*

SciBath Detector __,_ me e
e Run in liquid argon location in 2015 T e
e Prompt flux ((5-30) MeV): oL |
(2.140.4) x 1075 n/m?/ps/ MW e —
e Delayed flux:
e Fast neutron flux consistent with zero ! :_ g::ﬁ?"’slv
e Indicative of thermal neutron captures o (.
e Easily shielded i3
o Flux: o
(1.9£0.7) x 10~° n/m?/ps/MW A O

| |
618
Reco (MeVee)

e FLUKA simulations indicate (3.2 £ 0.3) events/year in CEVNS ROI

e CENNS-10 liquid argon detector
e Prompt window



Summary

o COHERENT collaboration

Delayed Flux in CENNS-10

searching for CEVNS 10 e
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e Background measurement 0
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Questions?



Backups



Beam Signal

e 60 Hz pulsing of protons on target produces sharply pulsed timing
structure

e Prompt v, with delayed 7, and v,

Flux
\

Capture: ~99% [ F
“ 003 — Ty (delayed)
F —v,(delayed)
E —V.(prompt)
Decays m mgm ,

0> a_> %
w () u\\e o.o15§

Decays at veN
T ~26nsec

L

mNeuninoAgnergy (MsgV)
wt = w1  Prompt 29.9 MeV
pt = et ++@ Delayed, spectrum from 3-body decay

Avignone & Efremenko, J Phys G 29 (2003), 2615-2628



CENNS-10 Promp Signal 4+ BKG
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SciBath Prompt Reco Distribution

Events

SNS Flux
x10°
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Full Covariance Matrix

Unfolded Full Covariance Matrix (Stat. + Syst)
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Muon Results

along y axis)

radians) (x-y plane, 0-

Angular Distribution of Cosmic us
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Correlation Matrix

Unfolded Correlation Matrix (Stat. + Syst) Unfolded Correlation Matrix (Stat. + Syst)
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Neutron Captures

SciBooNE Candidate Capture Events
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Events

Effcency

Fall 2015 Neutron MC (1 MeV Bins)

— Primaries Generated

— Primaries Detected
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ss Section Issues

Hydrogen o,
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ENDF B-VII-1
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