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Why detecting neutrons?

- Dangerous background for direct dark matter search experiments (like 
CRESST). Neutrons cause Nuclear Recoils, as expected from dark matter 
particles

- Measuring the neutron spectrum inside the experimental setup would give 
us useful information for the development of a Background Model
(input for Monte Carlo simulations)



How to detect neutrons?

- Crystals containing Lithium
as a target, to take advantage 
of neutron capture:

- Detect phonons (heat) and 
photons (light) to achieve 
particle discrimination, 
operating the detector at 
cryogenic temperatures



Which crystal as a target?

• Lithium Molybdate – Li2MoO4 (8.0% - 0.25 g/cm3 Lithium) 

• Lithium Fluoride – LiF (26.8% - 0.64 g/cm3 Lithium)

• Lithium Aluminate – LiAlO2 (10.5% - 0.27 g/cm3 Lithium) 

• Lithium Tantalate – LiTaO3 (2.9% - 0.22 g/cm3 Lithium)

• Lithium Niobate – LiNbO3 (4.7% - 0.22 g/cm3 Lithium)

…

One big advantage of CRESST is that we can easily change target 
inside our experimental setup.

There are multiple crystals containing Lithium to choose from:



Li2MoO4 crystal

- High purity

- Soluble

- Scintillating

-Easy polishing



no polishing

water polishing
(30-60-90 s)



1 cm3 Li2MoO4



neutron source 

resolution: 3.11 keV (sigma) / 
7.35 keV (FWHM)
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LiF crystal (4 cm3) 



4 cm3 LiF
- neutron source at  ~ 5m (600 minutes)
- neutron source at ~ 1m (600 minutes) 



neutron source 

resolution: 16.49 keV (sigma) / 
38.83 keV (FWHM)
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Direct Dark Matter Search with Lithium
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Expected Rate – Spin Dependent



40Ca – 96.941% 
42Ca – 0.647%
43Ca – 0.135%
44Ca – 2.086%
46Ca – 0.004%
48Ca – 0.187%

180W – 0.12%
182W – 26.50%
183W – 14.31%
184W – 30.64%
186W – 28.43%

16O – 99.76% 
17O – 0.04%
18O – 0.20%

6Li – 7.59% 
7Li – 92.41%

16O – 99.76% 
17O – 0.04%
18O – 0.20%

27Al – 100.00%

Calcium 
Tungstate

Sapphire

Spin Dependent  interaction 
requires targets with 
odd-numbered nuclei

CRESST
TARGETS



Spin Dependent Search - State of the Art

(* Low-mass dark matter search with CDMSlite, SuperCDMS Collaboration, 2017)

*
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SUMMARY

- R&D to find a suitable crystal (Li2MoO4) 
to build a cryogenic neutron monitor for 
CRESST experiment

- Motivation to use Lithium-based 
crystals for Dark Matter search

- First results for Spin-Dependent DM 
search with Lithium are coming soon 

- R&D on crystals containing Lithium                          
(LiAlO2 , LiTaO3 , and LiNbO3) to be done 



THANK YOU



water polishing

NTD - Neutron Transmutation Doped Ge
(Phonon Detector)
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