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Outline
• CEvNS process and physics
• production/detection of DM 
• experimental overview/status
• DM sensitivities
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“CEvNS”: 

Coherent Elastic -Nucleus Scattering:   A→A

Neutrino scatters with low momentum transfer coherently,

elastically from entire nucleus.  For large nucleus, 

RN~few fm, and:

.. but recoil energy is quite small:

The CEvNS process has yet to be observed… 

Coherent Elastic -Nucleus Scattering:

Er

E

M
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• Cross section is large… 

in fact largest  channel 

at O(10 MeV) on heavier nuclei,
eg Ar

• and has distinctive 

N2  dependence

Coherent Elastic -Nucleus Scattering:

Ar cross section

coherent Ar
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Coherent Elastic -Nucleus Scattering:

03/2017

Physics of CEvNS:

• Supernovae: Expected to be important in
core-collapse SN and possible SN 
detection channel.

• Nuclear Physics: nuclear form factors

•  oscillations:  A possible s detection 
channel

• Standard Model tests, eg: sin2 qw

• Dark Matter: Important background for 
10-ton direct searches

SN burst  spectrum
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Coherent Elastic -Nucleus Scattering:

03/2017

Physics of CEvNS:

• Supernovae: Expected to be important in
core-collapse SN and possible SN 
detection channel.

• Nuclear Physics: nuclear form factors

•  oscillations:  A possible s detection 
channel

• Standard Model tests, eg: sin2 qw

• Dark Matter: Important background for 
10-ton searches

• Search for accelerator-produced DM …
with “CEDMNS”    (or “CExNS” ?)
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Accelerator-production and detection of DM with COHERENT experiment:

production:

detection:
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COHERENT experiment at SNS/ORNL
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ORNL Spallation Neutron Source
(SNS) is also a world-class  source:

• intense proton beam (~1MW, 1 GeV)

• pulsed (60 Hz, 600ns spill time)…

m �̅m e
Prompt m from p
decay in time with 
the proton pulse

Delayed anti-m, 

e on m decay 
timescale

SNS  energy spectrum SNS  time distribution
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COHERENT experiment at SNS/ORNL
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ORNL SNS 

… and a possible source of 

~ 5000MWhr/year

~ 2E23 POT!
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COHERENT experiment at SNS/ORNL
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• a low-background experimental area has 

been acquired for COHERENT

• 20-29 m from target

SNS  corridor
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COHERENT experimental strategy at SNS/ORNL
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Measure N2 dependence of CEvNS process

with multiple targets/detector technologies

• (event rate)/kg is high, so relatively small
(10-100 kg) detectors sufficient

• radiological background requirements 
fairly modest, because of pulsed beam

• need low E thresholds !

CEvNS cross section

CEvNS recoil energy
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COHERENT detectors
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Nuclear
Target

Technology Mass
(kg)

source 
distance (m)

Recoil thresh 
(keVnr)

Data-taking start 
date/ status

CsI[Na] Scint. Crystal 14 20 6.5 9/2015/running

Ge HPGe PPC 10 22 5 2017/planning

NaI[Tl] Scintillating 
crystal

185 28 13 July 2016/running

LAr Single-phase 
scintillation

35 29 20 Dec 2016/running

LAr NaI Ge CsI

SNS  corridor
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NaI [Tl] for COHERENT

• discontinued DHS program has provided
opportunity to use many ~7kg NaI xtals

• 185 kg prototype for initial deployment, 
currently running

• 2 ton next phase deployment
• Up to 9 tons available
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LAr for COHERENT

• Single-phase scintillation-only  
detector 

• built by J. Yoo, etal at Fermilab for 
CEvNS effort

• ~35-kg fiducial volume
• Readout: 2× Hamamatsu R5912-

02MOD PMT (8” cryogenic)
• Excellent nuclear-/electron-recoil 

PSD demonstrated by 
miniCLEAN, etal.

• SCENE has measured quenching 
factors1

• 39Ar controllable with PSD and 
duty factor

• Pb, Cu, H2O shielding structure
• Currently running at SNS through 

2017

1H. Cao et al., SCENE Collaboration, Phys. 
Rev. D91 (2015) 092007. arXiv:1406.4825 
[physics.ins-det].
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LAr for COHERENT

• ~1 ton LAr detector is possible 
future option 

• fits in SNS  corridor
• scintillation-only detector 
• modest cost 
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DM sensitivities with NaI in COHERENT

• 5 ton NaI, E> 20keVnr, 1E23POT 
• 1-1000 event sensitivity plots 
• predicted experimental sensitivities – work in progress updated plots from 

Patrick DeNiverville

vector portal
“dark photon” 
model

baryonic  
“leptophobic” 
model
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DM sensitivities with LAr  in COHERENT

• 1 ton LAr, E>20keVnr, 1E23POT
• 1-1000 event sensitivity plots 
• predicted experimental sensitivities – work in progress 

vector portal
“dark photon” 
model

baryonic  
“leptophobic” 
model

updated plots from 
Patrick DeNiverville



Summary
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• DM searches possible in near future with ~1 ton detectors at (intense!) SNS

• Thanks for DOE, NSF, ORNL support so far!

arXiv:1509.08702

LAr NaI Ge CsI

SNS  corridor


