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i ~:‘+:Y®% 7 Fast Neutrons Matter

= Our signal is based on recoiling nuclei with no visible
incoming or outgoing particles

* Energy deposition characteristics can exclude other interactions
(pulse-shape, timing cuts, etc.)

= Neutrons can create the same nuclear recoil

« ~100keV-1MeV neutrons in the detector cause similar recoil
spectra to our intended neutrino events

= Shielding helps and hurts

* Easily stops the low-energy neutrons v,k .r'
* Creates showers of low-energy <
.. . - -~ 0
neutrons from incident high-energy v K ,,,
neutrons e ——
* Can also produce neutrons from Z boson

inelastic neutrino interactions in Pb —5

= Simulations suggest that fast
neutrons (10-100 MeV) create the
largest concern
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SN

= LDRD investment by both labs to deploy and operate
neutron detectors at the SNS

= Leveraged unique skills/capabilities of NNSA supported
neutron diagnostics and imaging
« Combination of multiple technologies and complementary

analysis by both groups provides significant confidence in
background results

Single Plane Portable 5L Coded-aperture Neutron Scatter
Single Scatter LS Cells Imager Camera
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Backgrounds Vary with SNS

Operational Conditions

cavs i

First look on the floor of the
experimental hall showed
high neutron backgrounds
associated with operation of
the SNS

1-2 order of magnitude
variations can be seen based
on which beam lines are
operating
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C‘:*e:‘\\,’\@%@*w& Potential Experimental Locations

PPlan view (horizontal cut) at proton beam height. |
14A Hg BL-2 Plan view (horizontal cut) at basement height
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We have worked closely with the SNS to identify possible areas where we
could have minimal impact on existing SNS efforts

We have attempted to make careful measurements of neutron
backgrounds at all these locations. Will focus on Neutron Scatter Camera
results, but multiple technologies have been used to give us confidence

David Reyna @ Sandia National Laboratories



« Fast neutron imaging spectrometer developed
under NNSA and DNDO support

« Variable plane separation allows tradeoff of
effective area, image resolution

Fast neutron directions and energies incoming
constrained by double scatter geometry neutron

scintillator ~._
detectors \\.
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E,=% m (d/TOF)?
\.__-heutron direction 2o o

rees)

constrained to An MLEM-
Multimode capability includes cone surface reconstructed
neutron point source
» Neutron energy spectrum. image.

« Compton imaging.
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Clear 5 order of magnitude background
increase inside beam time window

Confirmed “known” shielding leakage
RN AE{; from neighboring beam lines
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First Basement Look

Using Portable BL14a 20 hrs

5L LS Cells

fozcomers i Pos 2.5 46 hrs
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3569.000 INCHES

beamline 14a: neutron flux for 14ms out beam, n/cm*2/MeV/s
beamline 14a: neutron flux for 2.7us around trigger, n/cm”2/MeV/s
basement 2.5: neutron flux for 1.3us around trigger, n/cm*2/MeV/s

basement 11: neutron flux for 1.3us around trigger, n‘cm*2/MeV/s
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2 s,-;\\?\@%%kws Timing Allows Risk Mitigation
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Fast neutron backgrounds in M
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at least an order of magnitude in
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= Still in planning stages
* Dependent on final detector shielding designs

= Existing equipment can be re-purposed

* Full double scattering/imaging not needed for
long-term monitoring SciBath

Single Plane Single Scatter

Single Scatter
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Inelastic cross-section on Pb can be
larger than coherent cross-sections
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208, 2084y
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-3 Pb(v .e)” Bi + neutrons (1" HDPE)

High-energy neutrons from target

SNS basement |
(25m from target) |
2.3 ton Pb shield 3
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Expectation of signals from neutrons produced off of Pb
shielding could be comparable to coherent signature but
there are large uncertainties in these cross-sections
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In-situ measurement of NINs inside of Csl sheild
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= We have measured the critical backgrounds in locations
of interest

= We believe we have located viable locations for detector
deployments that do not impact SNS operations

= Continuous monitoring of environmental backgrounds
will be critical for the success of the experiment

Plan view (horizontal cut) at basement height
floor-is-319-inches-below-pretonibeam
height).

3569.000 INCHES
1073 inches
horizontally, 319
rtically, for a total
distange o target pf
28.7 ml f 3510.000
]E INCHES
Ge
Xe Il__
1

—~—
I SN
AN

n, n, . n

ALCOVE SECTION BASEMENT-BASEMENT
SCALE 0.010

David Reyna @ Sandia National Laboratories




