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The CEνNS process

 1st observation on CsI in 2017 by the COHERENT collaboration; 
→ second detection on Ar in 2020;

New way to probe physics beyond the standard model and 
nuclear structure.

The CEνNS process
Coherent Elastic Neutrino Nucleus Scattering (CE NSν ) 

→ predicted in 1974 by Freedman;
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If sufficiently low momentum transfer: 
the neutrino scatters off the target nucleons as a whole;

 CEνNS experimental signature:
standalone nuclear recoil with energy from 10’s eV to few
10’s keV depending on the photons energy, the target 
material and the neutrino source;

Advantages for the CE NS detection: ʋ
cross section 10 to 1000 times greater compared to the 
standard neutrino detection channels 
  → kg-scale detectors
  → probability ∝ (number of target nucleus neutrons)2 
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Bolometer At Sub keV Energy 
Thresholds

BASKET: R&D project developed at CEA and IJClab thanks to P2IO funds;
Goal: very sensitive bolometers 
(energy threshold of the order 10 eV and rise time 0.1-1ms);
Background rejection capabilities;
Detector based on scintillating material;
Different thermal sensors taken into account;  

Bolometer At Sub keV Energy 
Thresholds

What do we basically need?
● a crystal material in which the expected CE NS rate is high;ʋ
● a suitable sensor to read the signal.

The bolometric technique answers our needs!
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Bolometric technique in a nutshellBolometric technique in a nutshell
Heat sink 
(T~20 mK)

C ( crystal heat capacitance)

Weak Thermal 
Coupling

K (coupling conductance)

Absorber 
crystal Temperature 

SensorIncident 
radiation

Δ
T

 =
 E

/C

τ=C/K

ΔT ~ 0.1mK/MeV

The temperature variation is visible only if we 
work at cryogenic temperatures!

The particle interacts
in the crystal...

...releasing energy in the crystal 
through ionization or lattice 

excitations leading to phonons 
or scintillation light (in case of 

scintillating material).

The energy converted into phonons 
causes a temperature variation.

The heat flows through a weak 
thermal link to the heat sink until 

the equilibrium is restored.
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The Li
2
WO

4
(Mo): a powerful compoundThe Li

2
WO

4
(Mo): a powerful compound

The BASKET detectors are based on 
Li2(Mo)1-xWxO4 x=0.8-0.9

as absorber material. 

Why is this compound a clever choice?

Tungsten: heavy element that provides a big CE NS ʋ

rate increase (N=110);
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The Li
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WO

4
(Mo): a powerful compound

The BASKET detectors are based on 
Li2(Mo)1-xWxO4 x=0.8-0.9

as absorber material. 

Why is this compound a clever choice?

Lithium: useful to perform a neutron background 
study through the 6Li(n,t)α reaction;

The detector must be able to 
work in close vicinity of a nuclear 
reactor in above-ground 
conditions. Nuclear recoils 
induced by neutrons are identical 
to the signature of interest!
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CrystalsCrystals
Crystals produced at NIIC (Nikolaev Institute of 
Inorganic Chemistry – Novosibirsk);
Grown by the Czochralski method;

Available crystals:
2 cylindrical crystals (Φ=25mm, h=25mm, m=51.7g);
2 cubic crystals (vol=1cm3, m=4.5g);

In parallel, thanks to P2IO, we started a collaboration with 
a new partner (M. Velazquez at SiMAP in Grenoble) for a 
made in France crystals production.

Simpler procedure to enrich in 6Li 
(natural content ~8%).

d=
3

.5
 c

m

h=3 cm



27.11.2020  Journée du LabEx P2IO 2020 9

First BASKET resultsFirst BASKET results
Li2WO4 absorber used for the first time in a bolometer;
First tests made with Ge Neutron Transmutation Doped 
(NTD) sensors;
The first results are published 
(DOI : 10.1016/j.nima.2019.162784)
Now: we are coupling the Li2WO4 to different types of sensor 
to establish a detector prototype that fulfill the BASKET 
requirements...

Rise: 3.4ms
Decay: 19ms

Energy resolution @609keV=
3.7 keV FWHM
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Detector prototypes

       

...configurations under study:

Detector prototypes

Li2WO4 + NTD* → R(T) Li2WO4 +doped Si sensor (+NTD) → R(T)

NTD

Li2WO4 + MMC** → M(T)

MMC

dc SQUID

Au layer (25cm2
, 

thickness 200nm)

**Magnetic Metallic Calorimeter

R
[o

hm
]

Temperature[K]*Neutron Transmutation Doped
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BASKET detector with MMC sensor

doublet(55Fe)

22keV (109Cd)

25keV (109Cd)

88keV (109Cd)

FWHM at 5.9 keV = 331 ± 6 eV

FWHM bsl = 194.12 eV

Sensitivity = 170 uΦ0
/keV 

BASKET detector with MMC sensor
Latest results obtained in BASKET:

Rise time ~ 1.5 ms

am
pl

itu
d

e 
[n

.u
]

Time [s]

Cubic Li2WO4 (crystal 1 cm3, m=4.5 g) 
produced thanks to P2IO;
Measurement performed with a 55Fe 
and 109Cd source.

Mean pulse at 6keV:
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ConclusionsConclusions
In the BASKET framework, we are testing new 
solutions in order to provide an innovative low 
threshold detector for neutrino physics (CE NS and ʋ
0 2ʋ β);

Until today, preliminary results very promising;

Soon we will test new detectors based on the new 
crystals produced in France;

BASKET project and results presented in posters at 
Neutrino2018, LTD-18 and Neutrino2020 conferences;

We are using a BASKET candidate detector to develop 
the Outer Veto prototype for NUCLEUS experiment.



27.11.2020  Journée du LabEx P2IO 2020 13

Back-up slidesBack-up slides
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The Li
2
WO

4
(Mo): a powerful compoundThe Li

2
WO

4
(Mo): a powerful compound

The BASKET detectors are based on 
Li2(Mo)1-xWxO4 x=0.8-0.9

as absorber material. 

Li2WO4
 is a scintil lating material ! 

Thanks to this property, the 

particle identification is possible. 

We would like also to test how 

well we can extend this technique 

down to the lowest possible 

energies.

l l l
ll

l
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Detector prototypes

       3
2
1

Cubic Li2WO4(Mo) crystal (1 cm3, m=4.5 g):
1)  Thermal sensor: NTD;
2)  Thermal sensor: Doped (P, B) Si  sensor;
3)  Heater.

Cylindrical Li2WO4(Mo) 
crystal (Φ=25mm, h=25mm, 
m=51.7 g):
1) Thermal sensor: Neutron

Transmutation Doped 
(NTD)Ge sensor;

2) Heater.

12

Both the detector are coupled 
to a Ge based Light Detector 

(LD) covered with SiO 
(44x0.17 mm)

These detectors are characterized  at the IJClab (Orsay, France), in 
above ground conditions.

Detector prototypes
Li2WO4 + NTD Li2WO4 +doped Si sensor (+NTD)
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Detector prototypesDetector prototypes

Results in: 

https://
nusoft.fnal.gov/
nova/
nu2020posterse
ssion/pdf/
posterPDF-
386.pdf
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NUCLEUS Outer Veto

Low noise cables

Planar Al electrodes 
evaporated on the Ge 
crystal (d=7cm, h=2cm, 
m=400g) in both sides.

BASKET detector:
Li

2
WO

4
crystal (d=2.5cm, 

h=2.5cm) + NTD

NUCLEUS Outer Veto
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