
Module 2 of the COHERENT 
D2O Detector

Gen Li and Kirsten McMichael

Magnificent CEνNS

June 2024



Neutrino Flux from ORNL SNS

Module 2 of the COHERENT D2O Detector                                                         
G. Li and K. McMichael

p

𝜋−

𝜇+

𝜋+

𝜈𝜇

𝑒+

𝜈𝑒

𝜈𝜇

Hg

99% Captured

Fragments

~1𝐺𝑒𝑉

~26𝑛𝑠

~2200𝑛𝑠

Decay at rest
~50𝑐𝑚

Decay at rest

2



Motivations for D2O Detector

• 𝜈 flux is simulated at ~10% uncertainty.

• D2O:  𝜈𝑒 + 𝑑 → 𝑝 + 𝑝 + 𝑒−

• Cross section for CC 𝜈𝑒 + 16 𝑂 has never been 

tested at this energy range  → Module 2 
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Motivations for D2O Module 2
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• Module 2 has the same design as Module 1, except for containing H2O instead of D2O.
• Measure 𝜎 of 𝜈𝑒 +16 𝑂 → 𝑒− +16 𝑂 without the background from CC 𝜈𝑒 + 𝑑. 
• Interesting to large-scale water Cherenkov detectors (Super K and Hyper K) ! 

2021 JINST 16 P08048

Kamioka Observatory, ICRR (Institute for Cosmic 
Ray Research), The University of Tokyo
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Design of D2O Detector

• Water Cherenkov Detector

• 592kg D2O in acrylic tank

• 12 PMTs for Cherenkov radiation

• Tyvek covers inner wall of steel vessel

• Outside: lead shielding + muon veto panels
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PMT Testing Results for D2O Module 2
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• According to the gain of 
PMT15 at 1900V, we 
found the optimal voltage 
for each PMT to get the 
same gain.



PMT Testing Results for D2O Module 2
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PMT Selection

• Ruling out two with the lowest gain 
and the highest dark rate.
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Future Work

• Muon veto panels to be completed.

• Module 2 will be commissioned in 
summer 2024.

• Next multi-month run with both 
Module 1 and Module 2 aims to 
start in Summer 2024.
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Status of Module 1

• Module 1 is built and operated in summer 2023.

• Collected 982MWh of beam-on data in 2023.

• Data is still 90%+ blinded, we are currently 
working on analysis and preparation for next 
SNS run.
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From Igor Bernardi, in APS April Meeting 2024 
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CEνNS and COHERENT

• Coherent Elastic Neutrino-Nucleus Scattering

• No internal excitations or ejected particles

• Approximate condition: 𝑄𝑅 ≪ 1

• 𝑄 is the momentum transfer to the nucleus

• 𝑅 is the nuclear radius

• Nuclear Recoil is tiny! 𝐸𝑟 ≅
2𝐸𝑣

2

𝑀
 (~𝑘𝑒𝑉)
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CEνNS and COHERENT

• When 𝑇 ≪ 𝐸𝜈 : 𝜎 ∝ 𝑁2

• When 𝐸𝜈 < 100 𝑀𝑒𝑉, CEνNS channel 

dominates.

Module 2 of the COHERENT D2O Detector                                                         
G. Li and K. McMichael

arXiv:2111.07033

13



Oak Ridge National Lab Spallation Neutron Source (ORNL SNS)
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Linac-based 𝒑 beam

Hg target 
+ Instruments
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Neutrino Flux from ORNL SNS
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Neutrino Flux from ORNL SNS

• 𝜋+ → 𝑣𝜇 + 𝜇+;  𝜇+ → 𝑣𝜇 + 𝑣𝑒 + 𝑒+

• ~4.3 × 107𝑐𝑚−2𝑠−1 at Neutrino Alley (20𝑚 from Hg target).
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PRD106, 032003 (2022)
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Design of D2O Module 1

• Water Cherenkov Detector

• 592kg D2O in acrylic tank

• 12 PMTs for Cherenkov radiation

• Tyvek covers inner wall of steel vessel

• Outside: lead shielding + muon veto panels
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592kg D2O

12 PMTs

H2O Tail-
catcher
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Design of D2O Module 1

• 𝜈 flux is simulated at ~10% uncertainty.

• 592kg D2O:  𝜈𝑒 + 𝑑 → 𝑝 + 𝑝 + 𝑒−

• Cross section for CC 𝜈𝑒 + 16 𝑂 has never been 

tested at this energy range  → Module 2 
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Design of D2O Module 1
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• The observable electron energies are 
distinguishable, which makes it 
possible to reconstruct CC 𝑑 events.

• After considering the smearing effect, 
we can simulate signal and 
background energy spectra.

2021 JINST 16 P08048
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Goals and Predictions
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• The statistical uncertainty will 
decrease significantly from 10% after 
several years of running.

• Better sensitivity to physics beyond 
the Standard Model.

2021 JINST 16 P08048

~10% ~3% 
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Dark box vs. Underwater
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Signal
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Gain
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• The Gain is solely dependent on the dark rate test.

• #𝑃ℎ𝑜𝑡𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 =
 <𝐴𝑟𝑒𝑎𝐿𝐸𝐷>

<𝐴𝑟𝑒𝑎𝑑𝑎𝑟𝑘>

•  

• #𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 =
<𝐴𝑟𝑒𝑎𝐿𝐸𝐷>

𝑒𝑅

•  𝐺𝑎𝑖𝑛 =
#𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛

#𝑃ℎ𝑜𝑡𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛
∝< 𝐴𝑟𝑒𝑎𝑑𝑎𝑟𝑘 >
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