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  Introduction 
•  Coherent elastic neutrino-nucleus scattering (CENNS) 
•  Liquid noble element detectors 
•  Searching for CENNS using nuclear reactors 

  What is needed for discovery? 
•  Understanding the thresholds of these detectors 
•  Characterization of low-energy nuclear recoil response 

  Conclusions 
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Searching for an unobserved 
interaction 
  CENNS 

•  Predicted by the SM 
•  Flavor-blind 
•  Mediated by the Z0 

  Observation described as an 
“act of hubris” 
•  D.Z. Freedman 1974 

  Simplifies to 

  Nuclear recoil energy 
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Dual-phase noble element detectors 

  Great electron drift properties 

  Large mass and scalable 

  Single electron sensitivity 

  Low background 

  Self-shielding volume 

  Extensively used by the DM 
community 

  Straight-forward cryogenics 

128 nm UV light – 
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Reactor antineutrinos and CENNS 
signals in Ar and Xe 

n êMeV ê fission

MeV1.9 n ê fission4.1 n/fission

0 2 4 6 8

0.5

1.0

1.5

2.0

2.5

3.0

Vogel,  PRD 39 11 1989 

•  Reactors are prolific sources of antineutrinos 
•  Refueling allows background subtraction 
•  Reactor antineutrinos produce very low-
energy nuclear recoils (NR) 

Reactor antineutrino spectra 
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Understanding our sensitivity to 
CENNS at reactors 

Predicted Xenon and Argon ionization 
spectrum from reactor neutrinos 

Depends on the ionization yield of nuclear 
recoils and how this quantity varies with 
recoil energy 

Hagmann & Bernstein, TNS 51(5) (2004) 

Akimov, et. al. JINST 4:P06010,2009 
Assuming 1E13 nu/cm2/sec 
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  4 keV nuclear recoils produced in LXe with d-d neutron source and 
scattered neutron tagging 
•  Manzur et al. 10.1103/PhysRevC.81.025808 

  Efforts to produce low-energy nuclear recoils in LAr discussed in next slides 
•  Scattered neutron tagging – SCENE collaboration 
•  End-point measurements – LLNL effort 

  Resonant photo-nuclear scatter has been proposed to produce tagged sub-
keV recoils in LAr 
•  T. Joshi. 10.1016/j.nima.2011.07.044 

  Radiative neutron capture may be used to produce tagged 416 eV in argon 
•  Hagmann and Bernstein. 10.1109/TNS.2004.836061 

To measure ionization yield we need 
known energy nuclear recoils 
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SCENE collaboration 
  Measured scintillation efficiency 

in liquid argon 

  Pulsed neutron beam 
•  University of Notre Dame 

  Time of Flight cut 
•  LAr detector 
•  Neutron tagging detector 

  Drift fields up to 1 kV/cm 

  Beam time being used now to 
measure ionization yield 

Alexander, et al. arXiv:1306.5675v2 
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SCENE Results 

  Tagged nuclear recoils 10-50 keV 

  Variation with drift field 

  Apparatus could go lower in 
recoil energy but backgrounds 
are challenging 

Alexander, et al. arXiv:1306.5675v2 

Relative S1 yield as function of drift field 
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  NARRLI detector 
•  Neutron Argon Recoils Resulting 

in Liquid Ionization 

  τe>200µs 

  8-10 p.e./e- 

  Analog trigger 
•  Four-fold coincidence 
•  Within 10µs 

LLNL Effort  - Studying low-energy 
LAr detector response 
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LLNL Effort  - Verifying low-energy 
sensitivity  / ndf = 125.5 / 1152!

Prob   0.2367
ExpCoeff  8.6± 104.7 
ExpOffset  2.25± -28.19 
ExpConst  6.3± 118.1 
p.e./keV - Fe  0.5± 130.2 
FeCoeff   2.3±  84.5 
FeWidth   3.32± 89.22 
p.e./keV - ArK  0.9± 187.7 
ArKCoeff  2.74± 78.46 
ArKWidth  2.19± 56.66 
p.e./keV - ArL  12.3±   328 
ArLCoeff  4.8±  27.9 
ArLWidth  3.49± 18.44 
Exp2Coeff  23.5± 539.5 
Exp2Coeff  0.17± 11.04 
Exp2Coeff  0.313± 3.638 
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37Ar and 55Fe calibration with NARRLI detector 

  Gamma and x-ray sources 
•  241Am – 59 keV for purity 
•  55Fe – 6.5 and 5.9 keV 
•  37Ar – 2.82 and 0.27 keV 

  Crude fiducialization possible with 
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The NARRLI Neutron 
Source 
  Quasi-monoenergetic neutron beam 

  Filtered using iron 
•  24 keV beam – 2.3 keV NR endpoint on Ar 
•  73 keV beam – 6.7 keV NR endpoint on Ar 

  Measure NR ionization yield 
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NARRLI Preliminary 
Results 
  Clean end-point observed at 

6.7 keV 
•  5.25±0.75 electrons/keV 

(preliminary) 

  Expect 2.3 keV LAr  
measurement in coming 
months 
•  Beginning to probe relevant energy 

regime for CENNS at reactors 

  LXe detector commissioning 
this month 
•  Ionization Yield measurements at 

2.5 and 0.7 keV planned for 
coming months 

•  Relevant to direct DM searches 
(eg LUX) 

  Current measurements are 
still above CENNS regime 

MCNPX expected recoil spectra 
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  Data acquired in the next year should provide insight into 
use of liquid nobles to detect CENNS at nuclear reactors 

  Experience in detector design and construction is 
available from the DM community 

  Depleted argon has been demonstrated and is available 
for a liquid argon deployment 

  Optimistic about the possibility of detecting CENNS 
using liquid nobles 

Summary 
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Targeting the 80 keV scattering 
resonance in 40Ar 
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Understanding the backgrounds of 
near-ground level deployment 

  No primary scintillation 
•  No particle ID 
•  No Z position 

  Experience of DM searches may be 
leveraged 
•  Single electron backgrounds in LXe measured 
•  LAr? Can DarkSide answer this? 

  Shielding designs must be optimized based 
on deployment location and detector 
specifics 
•  Muogenic neutrons – need to study 
•  Ambient radioactivity – addressed by DM 

searche shielding 
•  Detector contamination – addressed by DM 

searche fabrication 

  Standoff limited by solar neutrinos (6 km) 

M. Foxe PhD thesis, Penn State University 

Simulated background and signal estimates 
LAr, 6E12 nu/cm2/sec 
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Preliminary NARRLI Signal 
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Preliminary NARRLI Signal 
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Characterization of 24 keV notch 


