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Backgrounds are a great challenge in dark matter direct detection experiments.  Neutron-
nucleus elastic scattering events fake the expected dark matter-induced nuclear recoil sig-
nature with an identical final state.  The best current direct detection results limit the dark 
matter scattering cross section to be less than 10-43 cm2, which corresponds roughly to one 
background event per kilogram of detector fiducial mass per day of detector live time.  To 
gain sensitivity to the full range of theoretically interesting cross sections, experiments 
must suppress backgrounds to the level of one background event per ton of detector mass 
per year of detector live time.  Neutron backgrounds are particularly troublesome because 
the neutron-nucleus cross section is 10-24 cm2, approximately 20 orders of magnitude 
higher than the dark matter signal cross section.  The dominant source of high-energy neu-
trons is cosmic ray muon spallation. To reduce this background, direct detection experi-
ments are located deep underground, resulting in fluxes of 10-8 - 10-10 neutrons/cm2/s. 
There are large uncertainties on this flux coming from the composition of the rock above 
and around experiments, the neutron production multiplicity, and the interaction cross 
sections for high energy spallation products.  Recent studies find that the few existing un-
derground measurements of the neutron flux disagree at the 30%-50% level with predic-
tions. Given this level of uncertainty, it is desirable to measure the neutron flux in-situ, as 
well as to reduce the number of neutrons incident on the dark matter detector fiducial 
volume. Towards these ends, we have developed a neutron veto system for both active 
and passive shielding. 
 
Our neutron veto concept is to surround a dark matter detector fiducial volume with a re-
gion of liquid scintillator (CH2), viewed by photo-multiplier tubes (PMTs). When neutrons 
pass through the scintillator, they undergo n-p elastic scattering, on average lose half of 
their incident energy E0, and produce recoiling protons with energies distributed uniformly 
between zero and E0.  As the protons lose energy traveling through the liquid scintillator, 
they produce scintillation photons. The scintillator acts as passive shielding by moderating 
the neutrons, and as an active veto system: by measuring the proton energy distribution 
using scintillation light.  With this detector, we will both tag individual incoming neutrons, 
and infer the incident neutron flux as a function of energy. This is possible because the 
cross section and kinematics for n-p scattering are well known.  
 
In the past two years, we have built two neutron veto prototypes: the first with a target 
scintillator volume of 12 L, viewed by 4 2” PMTs, the second with a target scintillator vol-
ume of 280 L, viewed by 2 5” PMTs.  In Spring and Summer 2008, using Michel electron 
calibration data, we measured a light yield of 2700 photons/MeV deposited in the BC517L 
scintillator target, and in conjunction with a 14.3 MeV neutron source on campus, charac-
terized the photon scattering background, which is negligible above 10 MeV.  With a 
team of four undergraduate students, and two graduate students, we calibrated the detec-
tor response to 10-800 MeV kinetic energy neutrons in two 3-week beam test runs at the 
Los Alamos National Laboratory Weapons Neutron Research (LANL WNR) facility in Fall 
2008, and have measured the deposited charge vs. incident neutron energy response func-
tion of the detectors.  With this calibration in hand, we are now preparing to deploy the 
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larger detector underground at the Waste Isolation Pilot Plant in January 2010, in order to 
measure the flux and energy spectrum of neutrons underground, adjacent to the DMTPC 
dark matter detector.  Underground deployment of the detector has been approved by 
WIPP, and remote detector operation and data acquisition software was completed by an 
undergraduate student in Summer 2009.  
 
Preliminary results of this work have been presented at the American Physical Society 
April Meeting in 2009, and a publication of the beam test data is in preparation.  We have 
successfully demonstrated incident neutron energy reconstruction between 10 and 800 
MeV kinetic energy with 2% photo-cathode coverage, commercially available liquid scin-
tillator, and wave-form digitizer readout.  Building on the beam test calibration, the larger 
of the two detectors will be used to measure the cosmogenic neutron flux underground at 
WIPP, operating adjacent to (and coincident in time with) the DMTPC dark matter detec-
tor.  Analysis of the LANL WNR data is still ongoing, with the goal of measuring the abso-
lute neutron detection efficiency as a function of energy of the larger neutron veto detec-
tor, and measuring the attenuation of 10-800 MeV neutrons through 1 meter of water, 
concrete, and liquid scintillator.  These measurements will be used to simulate active neu-
tron veto shielding for future, large dark matter detectors. 
 
 


