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• Predicted in 1974 with the realization of 
the weak neutral current: as yet 
unobserved 

• Neutrino scatters coherently off all 
Nucleons → cross section enhancement: 
𝜎 ∝ N2 

• Initial and final states must be identical: 
Neutral Current elastic scattering 

• Nucleons must recoil in phase →low 
momentum transfer qR <1 → very low 
energy nuclear recoil

D. Z. Freedman, PRD 9 (5) 1974

Coherent 𝛎-Nucleus Scattering

Coherent Neutrino-Nucleus Scattering 
(CNNS) 

•  It has never been observed! 



Why Measure Coherent 𝛎-Nucleus Scattering?
• Largest 𝜎 in Supernovae dynamics. We 

should measure it to validate the models
J.R. Wilson, PRL 32 (74) 849
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CEA/Irfu/SPP! G. Mention, Rencontre IPhT-SPP!

Implications for SBL reactor experiments: "
The reactor antineutrino anomaly!

[ G. Mention et al., PRD83, 073006 (2011) ]!
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• + Neutrino Magnetic Moments 

• + Measuring the neutron distribution 
functions (Form Factors) 

K. Patton, et al., PRC 86, 024216

A. C. Dodd, et al., PLB 266 (91), 434



Coherent Neutrino-Nucleus scattering is a 
microscope in the toolbox to search for new 

Physics



Large Mass, Low-Threshold, Low-Background Detectors

• A collaboration has recently formed from disparate groups to bring together their 
individually developed detector technologies with the goal of finally measuring the 
coherent neutrino-nucleus scattering cross-section at the Spallation Neutron 
Source in Oak Ridge. 

• The collaboration’s stated scientific goal is to measure coherent neutrino-nucleus 
scattering on numerous nuclei, and with several detector technologies with 
increasing precision in a search for new physics.

P-Type Point 
Contact HPGe

Low-Background 
CsI(Na)

2-Phase LXe
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The Spallation 
Neutron Source

• Decay-at-Rest Neutrino Source


• 𝛎 flux 2x107 𝛎 cm-1 s-1 at 20 m


• Pulsed: 700 ns width at 60 Hz 
(background reduction)



Pulsed Beam

• The low duty factor from 
the beam on target 
(~4x10-5) means that our 
intrinsic background 
requirements are much 
easier to meet.

700 ns 

60 Hz



Pulsed Beam

• This improvement is diminished 
slightly due to the timing 
characteristics of signals in the 
various detectors  

• And because of the characteristic 
decay time of the muon (2.2 μs)

P-Type Point Contact HPGe 
arrival time simulation

Prompt 𝛎’s

Delayed 𝛎’s



Pulsed Beam P-Type Point Contact HPGe 
arrival time simulation

Prompt 𝛎’s

Delayed 𝛎’s
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Backgrounds
But let us not forget that this is a 
facility designed to produce 
neutrons, and that those neutrons 
are pulsed with the same time 
structure of the neutrinos (with the 
exception of the characteristic 
decay time of the muon).

!
These neutrons can have very high 
energies (>100 MeV)

!
This heat map image of the high 
energy neutron flux in the SNS bay 
was produced using a coded 
aperture neutron detector array.



Hunting for a Background Free Location

• There is an ongoing 
campaign of overburden 
and neutron background 
measurements



Hunting for a Background Free Location

BL 14a

neutron hot-spot

• There is an ongoing 
campaign of overburden 
and neutron background 
measurements



Hunting for a Background Free Location

• So far, the basement is 
the most promising 
location. 

• No pulsed neutron 
backgrounds have been 
measured at position c5 
(20 m from target & 8 
m.w.e.) 

• Presence of some easily 
shielded 511 keV 𝛄’s 
from an air cooling loop.

20 m

10 m

40 m

43 m

70 m



Yet another background: 𝛎-induced neutrons
CsI(Na) detector and shield• The detector designs tend to 

utilize several tons of lead in 
their environmental shields 

• Neutrinos can interact with 
the lead and produce a large 
flux of pulsed neutrons very 
near to the detectors 

• For a convincing CE𝛎NS 
measurement, this cross-
section needs to be 
measured, and the neutrons 
need to be dealt with.
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S. Elliot, arXiv:astro-ph/0006041v2 
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Measuring the 𝛎-induced neutrons

• Several palletized (mobile) lead targets with LS neutron detectors are to be delivered to the SNS 
position c5 next week. 

• As will the CsI(Na)-shield, with a LS in place of the CsI(Na) crystal, in order to measure the neutron 
background in situ. 



Measuring the 𝛎-induced neutrons

• ~295 𝛎-induced events expected on 
top of 122 background neutron events 
(mostly from μ-induced neutrons) in 60 
days at the SNS in the palletized lead 
detectors. 

• This is not just academic: interesting 
measurement for HALO, as well as 
help in understanding supernovae 
dynamics and r-process 
nucleosynthesis. 

• Also planning measurements with Fe, 
W, Cu, Bi…? 

• Expect to start seeing neutrinos at the 
SNS by the end of the year

McLaughlin, G. C., Phys. Rev. C 70 (2004) 4
W.C. Haxton, PRL 60 (1988)

Y-Z. Qian et al.,PRC 55 (1997)



Summary
• A new collaboration has formed, combining the efforts of several groups that have been aiming 

towards a coherent neutrino-nucleus scattering measurement. 

• Background studies well underway at the SNS. Several locations already identified. 

• The radiological shield for the CsI(Na) effort is being delivered to the basement position c5 next 
week 

• As are several detectors to measure the 𝛎-induced induced neutron emission cross-sections on 
Pb (and other nuclei) 

• What I haven’t had a chance to tell you:  

• Many 10’s of kgs of PPC Ge detectors already on hand 

• ~2 tons of NaI(Tl) detectors have been obtained to add to our repertoire. 

• Dedicated neutron scattering facility designed to obtain precision measurements of the 
quenching factors for nuclear recoils already in operation at Duke/TUNL.



Backup Slides: Quenching Factor Measurements

• A facility has been developed at Duke/TUNL to enable the precision 
calibration of all of these detectors. CsI(Na) and NaI(Tl) data in the 
can. 

• The neutron beam is tunable (20 keV - 3 MeV), Monochromatic (3 keV 
width), collimated (1.5 cm) and pulsed (2 ns)


