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•Dark Matter Detection: Crystal point defects serve as durable markers of nuclear recoil events, enabling 
the identification of rare interactions in dark matter detection experiments.
•Quantum Sensing Applications: Point defects annealing can cause decoherence.
•Nuclear Waste Management: Understanding defect formation from particle interactions informs the 
design of radiation-resistant materials, enhancing the safety and longevity of nuclear waste storage.
•Material Strength and Durability: Studying point defects provides insights into the effects of radiation 
on material integrity, guiding the development of stronger, more resilient materials for energy and industrial 
applications.



Defects from Nuclear Recoil
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Molecular Dynamics (MD) Simulations
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MD Setup
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S. Sassi et al., PHYSICAL REVIEW D 106, 063012 (2022)



MD simulations: results

6

•Every simulated material exhibits a 
threshold for point defect creation.

•A sharp threshold is needed to 
observe the effect on the dark 
matter spectrum.

•Certain materials, particularly 
diamond and SiC, exhibit a very 
sharp threshold.

•The average energy stored in 
defects can reach up to 20% in 
certain materials.
 

S. Sassi et al., PHYSICAL REVIEW D 106, 063012 (2022)



MD simulations: results
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S. Sassi et al., PHYSICAL REVIEW D 106, 063012 (2022)



Effect on the NR recoil spectrum 
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Recoil Spectrum for 1 GeV DM
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S. Sassi et al., PHYSICAL REVIEW D 106, 063012 (2022)
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Defect creation directional dependencies



Methods to source/identify Low energy NR’s 
• Activate selected detector material .
• Use the recoil energy  from gamma decay (P conservation)
• Among many decay chains after activation we look for direct decay to ground 

state.
• High energy gammas will escape the detector (can be tagged with an external 

detector).
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L. Thulliez et al 2021 JINST 16 P07032 A. N. Villano et al., PHYSICAL REVIEW D 105, 083014 (2022)



A Proposal to Measure defects

• Anthony Villano’s group Use Neutron 
Activation method to generate NR’s from 
gamma decay.

• Use A fission neutron source or alpha-n 
(AmBe) source

• Moderate the neutron energy with hydrogen 
heavy material.

• Use a small (10 g) low-threshold phonon-
mediated detector as the primary defect 
detection medium.

• Use coincidence to tag nuclear decays
• Use information from all 4 channels to 

roughly estimate recoil direction 
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Perspective

• Lattice Point defects from nuclear recoils will significantly impact the 
spectra expected from dark matter (DM) interactions and, to some 
extent, Coherent Neutrino Scattering (CE𝜈NS).

• Additionally, understanding defect generation rates and energies is 
important for many applications, especially where spontaneous 
annealing (e.g., quantum fluctuations) may cause decoherence or even 
background excess.

• Advances in phonon-mediated, ultra-low-threshold detectors enable 
the detection of point defects.

• Our coincidence detection setup with very low threshold phonon 
mediated detectors can be used to for the first time measure these 
effects
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Nuclear Recoil ionization calibration:
A prerequisite for low mass NRDM 

Barker et al., https://doi.org/10.1016/j.astropartphys.2012.08.006

Collar et al., https://arxiv.org/abs/2102.10089

https://indico.scc.kit.edu/event/2575/contributi
ons/9684/attachments/4817/7278/Saab_Super
CDMS_Yield_EXCESS2022.pdf

T. Saab from the IMPACT 

• Ionization yield or quenching defined as: QNR/QER for a given Er.
• Function of Er and often smaller for lower energy recoil. 



Nuclear Recoil Ionization Excitation Threshold?
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• NR moves one atom from lattice. The atom moves as 
a projectile and channels through lattice. 

• The moving atom disturbs the electronic states 
creating excitations to the conduction band. 

• Threshold low energy for e- excitation? But can be as 
low as the Threshold Displacement Energy (TDE).

• We make the assumption that the threshold is 
conformal with the TDE.

Horsfield et al., PHYSICAL REVIEW B 93, 245106 (2016)

A. Lim et al., PRL 116, 043201 (2016)



Threshold Displacement Energy: Angular dependence!
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• In collaboration with K. Nordlund et al. at U of 
Helsinki. 
• Density Function Theory (DFT) with Molecular 
dynamics.

• A lattice of 4096 atoms equilibrated to 0.04 K.
• Recoil one central nucleus starting from 2 
and 1 eV and increment Er with 1 eV steps until 
a stable defect is created.
• Find threshold for a stable displacement.

• Repeat over 85,000 directions in Ge and 24,000 in 
Si.

• An 8 fold symmetry due to diamond structure.
• θ is the polar angle from <001> Φ is the 
azimuthal angle from <100> to <010>.

Clear appearance of low versus high 
displacement threshold from 10  to 50 eV 

in both Ge and Si crystals. F. Kadribasic et al., Phys. Rev. Lett. 120, 111301 (2018). [Arxiv: 1703.05371],



Directional searches
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Diurnal modulation
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• Followed the same computation recipe as:
 O’Hare et al., Phys. Rev. D 92, 063518 (2015)
• Convolve the angular threshold variation with 
the expected galactic halo WIMPs angular 
interaction rate:   

• Clear rate modulation for MWIMP<1 GeV 

Two advantages w.r.t gaseous detectors:

•Condense matter detector: smaller volume for the same 
exposure
•Sensitive to very low mass WIMP!

F. Kadribasic et al., Phys. Rev. Lett. 120, 111301 (2018). [Arxiv: 1703.05371],



MD simulations: results
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