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General Considerations

• We want to know background levels for low-energy nuclear recoils in a 

neutrino beam at Fermilab

• These backgrounds arise, predominantly, from “rock-neutrons” generated 

by neutrino interactions in the rock around underground detectors at 

Fermilab

• In the near term our plan is to run in the NuMI beam



𝜈BDX-DRIFT at NuMI

𝜈BDX-DRIFT

COUPP



COUPP at NuMI



Backgrounds - Benchmarking

• Use COUPP 2009 nuclear recoil 

data to benchmark the simulation

• Need data from when the beam 

was on

• COUPP (unpublished) measured                 

4.42 +/- 0.19 events/kg/day

after subtracting coincidentals

• 3.25 kg CF3I
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from Fermilab
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Backgrounds – COUPP Efficiency Model
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● COUPP Efficiency Model PRD, 88, 2013

Bubble Formation Model

𝜖 𝐸 = 1 − exp(−𝛼[(𝐸 − 𝐸!)/ 𝐸!])

where for ET = 16.8"#.#%&.' keV

𝛼(,* = 0.15

𝛼+ = 2.8"&.'%#.,



Backgrounds - Benchmarking
• Use COUPP 2009 nuclear recoil 

data to benchmark the simulation

• COUPP (unpublished) measured                 

4.42 +/- 0.19 events/kg/day

after subtracting coincidentals

• Genie/Geant prediction

hA => 4.00 +/- 0.16 events/kg/day

hN => 4.15 +/- 0.19 events/kg/day

• Up to 0.35 events/kg/day needs to 

be added to this due to inelastic 

collisions inside the CF3I



Background Prediction for 𝜈BDX-DRIFT 

• Changed 3.25 kg CF3I to 400 Torr CS2

• Re-ran Genie and recorded neutrons exiting the walls

• Smoothed those neutrons and restarted at walls (2 stage simulation)

• Recorded interactions in the detector including elastic nuclear recoils



Backgrounds - Predictions

• 1 m3 𝜈BDX-DRIFT detector 

filled with 400 Torr CS2

• 1.66 kg CS2

• 733 S recoil and 1122 C recoil 

events bigger than threshold

• 2.03 events/kg/day, similar to 

the COUPP result

• This rate can be significantly 

reduced by adding a 

scintillator around the 𝜈BDX-

DRIFT detector, as was done 

with COUPP



COUPP Veto



𝜈BDX-DRIFT Veto
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Directional Signal and Background

1,000 50 keV 
signal events

1,000 50 keV 
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PRD, 99, 2019
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Conclusion

● A Geant and Genie based model was implemented to predict 

event rates in the 2009 COUPP run in the NuMI beam

● Good agreement was obtained

● With the benchmarked model rates were predicted for the  

nBDX-DRIFT detector in the NuMI beam

● With a scintillator veto, backgrounds at several events per kg 

per year are possible

● An optimized veto could reduce cost and increase efficiency



The End


