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Rare event experiments, particularly ones seeking to detect dark matter or Coherent Elastic Neutrino Nucleus Scattering (CENNS), strive to develop
detector technologies with the potential to discriminate signals or their nuclear recoil from the radioactive backgrounds and their electron recoils to
significantly boost sensitivity. The dominant, dual measurement methods such as those developed by the Cryogenic Dark Matter Search (CDMS) or the
Cryogenic Rare Event Search with Superconducting Thermometers (CRESST), generally fail at very low energies wherein second measurement
fundamental noise prevents experiments from reaching the required thresholds. We examine commonly used material response to low energy nuclear
recolls using numerical simulations of their respective classical interatomic potentials. Alongside more precise density functional theory simulations and
experiments, they predict a nonisotropic, nonlinear energy loss that never produces phonons due to the nonzero energy required to form defects. We argue
that defect creation from nuclear recolil interactions distorts the expected spectra in such a way that, statistically, one can discriminate nuclear from
electron recoils with only phonon measurements, especially in the mass range below 10 GeV. Experiments such as the CDMS and the Mitchell Institute
Neutrino Experiment at Reactor (MINER) are actively developing detectors to reach the resolutions necessary to observe this effect.
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~85% of the Universe’s matter nonbaryonic
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Dual measurement techniques fail at low energies due to second
measurement fundamental noise

Method to statistically discriminate electron from nuclear recoils with
only phonon measurement using defect creation energy loss

600 MeV, 1 eV Detector Resolution, o, =1e-42 1000 MeV, 1 eV Detector Resolution, o, =1e-42

dR/dE, Calculated

Res Only MC 1400 -
——  With Loss MC ]

dR/dE, Calculated

Res Only MC
——  With Loss MC

4000 -

3000 -

2000 -

“|  Electron Recoil

dR/dE, [keV kg lyr 1|

| =
(gammas) 1000 ‘E« 400":
Y j 200
,. 0- 0
B T S | T T
E,[eV] E.[eV]
Nuclear Recoil 3000 MeV, 1 eV Detector Resolution, o, = 1e-42 10000 MeV, 1 eV Detector Resolution, o, = 1e-42
| (neutrons, WIMPs) 300 1 dR/dE, Calculated _ dR/dE, Calculated
o Res Only MC %0 Res Only MC
TZSO_- ——  With Loss MC ——  With Loss MC
7;} 200-3
; 150—5
E 100—3
Eg 50-:
e O et 110k ot 102 100 10t
h* sta% _ " ‘ E;[eV] E,[eV]
"""""""""""""""" ¢ Blue — ideal differential rate per recoil energy
LY Orange — differential rate for more realistic 1 eV energy resolution
Method Green — differential rate with energy loss and 1 eV resolution

Each peak corresponds to recoil energy at which another energy loss
Molecular dynamics simulations based on density functional theory mechanism becomes dominant

(DFT) to calculate energy loss as a function of recoll energy and direction Linear energy loss assumed past 170 eV

Monte Carlo sample differential dark matter rate at those values

Apply Gaussian distribution for energy resolution and recalculate C 3 % = e
—Ligher 1305 {oio0s |

differential rate L d % | — S5 (o)
1025' * _* * % 3

, Estimated Energy Resolution for Ideal Calorimeters

WIMP 10 . :
Ues® O & : ———CRESST Si/SOS Light | |
wind” from : CRESST 300g CaWo4 | -

Subtract energy loss for sampled events and recalculate rate « z Nz s | :
-/\_-”___ " E.E 101;. *

Energy Loss vs E, s /

L P § |

: S Future Directions © =m0 ™ © 7

Different detector materials since method not limited to semiconductors
Potential directional detectors

- 5 v 45 5 Pushing to lower energy thresholds for stronger signal
Pat " Possible experimental probe of DFT calculations
Probable signature in CENNS experiments

Acknowledgements

N.M. acknowledges financial support from Mitchell
Institute for Fundamental Physics and Astronomy at
Texas A & M University. N. M. and F. K. are very
thankful for helpful discussions and feedback from

0.25 050 0.75 1.00 1.25 1.50 1.75 2.00 1 2 3 4 5
Energy Lost [eV] Energy Lost [eV]

Rupak Mahapatra. E. H. acknowledges financial support
from the Emil Aaltonen foundation and the Academy of

Finland through the Centres of Excellence Program|] HELSINGIN YLIOPISTO
- HELSINGFORS UNIVERSITET
(Project No. 251748). UNIVERSITY OF HELSINKI

Energy Lost [eV] Energy Lost [eV]



