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Started = 1998, US/UK

Directional WIMP dark matter 
detector

40 Torr, 1 m3 gaseous detector

Unique and robust technology

Low energy (35 keV) threshold for 
nuclear recoils

Low background

DRIFT: Lightning Summary

AstroPle, 91, 2017



Backgrounds

PAC 2020 Request

Since backgrounds need to be estimated to evaluate 
experimental sensitivity to any physics case, the PAC 
recommends the collaboration to perform a quantitative 
investigation of the current knowledge on the rock 
neutrons background in NuMI, in order to estimate the 
physics reach of a pilot run with NuMI beam on-axis.



!BDX-DRIFT at NuMI

COUPP
!BDX-DRIFT



Backgrounds - Inputs

● Dolomite composition 

from Fermilab
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● Time between pulses= 
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Backgrounds - Code
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Backgrounds - Code

● Dolomite composition 

from Fermilab

● POT per pulse

● Time between pulses

● NuMI neutrino flux

● LE mode

● Used Genie to generate 

end-state particles 

coming from ! - nuclei 

interactions

● Used GEANT to generate 

recoils



Backgrounds - Benchmarking

• Use COUPP 2009 nuclear recoil 

data to benchmark the simulation

• COUPP (unpublished) measured                 

5.9 +/- 0.2 events/kg/day

• 3.25 kg CF3I, 19 keV F threshold

• Genie/GEANT predict                                                  

1.6 +/- 0.1 events/kg/day

• x3.5 difference



Backgrounds - Predictions

• 1 m3 !BDX-DRIFT detector filled 

with 400 Torr CS2

• Used benchmarking to scale rate 

and updated to current operating 

parameters

• 0.77 +/- 0.06 events per day 

above !BDX-DRIFT threshold (200 

keV S, 123 keV C)

• This rate can be significantly 

reduced by adding a Gd-loaded 

scintillator around the !BDX-

DRIFT detector
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Directional Signal and Background

1,000 50 keV 
signal events

1,000 50 keV 
background events

PRD, 99, 2019

z



Physics Reach

PAC 2020 Request

The proposing team is encouraged to explore the full 
physics potential of this setup including the sensitivity to 
CEvNS, a larger parameter space in boosted dark matter 
scenarios, and other beyond standard model scenarios.



Coherent neutrino-nucleus 
scattering (CE!NS)

● Small momentum transfer relative to target 
size implies coherent enhancement 

● Due to Standard Model couplings coherent 
enhancement due to neutrons 

● Low energy recoil distribution implies 
difficult to detect 



!BDX-DRIFT at DUNE



Sources for CE!NS



CE!NS Measurements and Limits 

Figure: K. Scholberg

!BDX-DRIFT
S



CE!NS Physics – Event Rates

● Recoil energy threshold 

proportional to pressure

● Max rate @ 400 Torr CS2

● Significant detection, ~400 

events for 7 yrs with 10 m3

● Different nuclei possible

● Directionality for signature

PRD 104, 2021, arXiv:2103.10857, Aristizabal-Sierra et al.



CE!NS Physics - Measurements

• Measurement of the weak 
mixing angle on S to 8%

• Measurement neutron 
distribution in Pb to 5% and 
skin

• Larger neutrino energy => 
Sufficient stats at high Q

• Systematics on form factor 
are small

• Comparison with PREX

PRD 104, 2021, arXiv:2103.10857, Aristizabal-Sierra et al.



New Probe of Weak Mixing Angle 

• Probes weak mixing via scattering on quarks 

• Measurement of weak mixing angle at new energy scale

PRD 104, 2021, arXiv:2103.10857, Aristizabal-Sierra et al.



Non-Standard Neutrino Interactions (NSI)

Xenon collaboration 2021 PRD 104, 2021, arXiv:2103.10857, 

Aristizabal-Sierra et al.



Beyond the Standard Model physics 

● Low background and directional sensitivities will be utilized 
to investigate BSM physics 

● Light dark-matter and axion-like particles

● Dark matter and neutrino inelastic up-scattering processes 
including directionality: primary recoil + secondary 
(displaced) decay

● Various types of dark matter and neutrino interactions

● Decays of various types of light mediators

● Complementarity with DUNE



Conclusion

● !BDX-DRIFT brings a unique, proven, halo-dark-matter detector to 

CE!NS research

● A 10 m3 !BDX-DRIFT detector in the Near Detector hall in DUNE 

could detect 400 CE!NS events in a 7-year run

● !BDX-DRIFT offers interesting new capabilities and 

complementarity for CE!NS research

● Measurements of WMA and n distribution available

● NSI, BSM and new physics

● Backgrounds are expected to be minimal

● In the near term we hope to deploy an existing 1 m3 !BDX-DRIFT 

detector in the NuMI beam at Fermilab to test these ideas out



The End


