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He - CF4
12C 13C 14C

● Is 14C source of background in our detector?

● Is the produced 14N a tagged nuclear recoil?



The simulation is performed as if all the 
carbon atoms were unstable isotopes 
(14C)

Integrating the signal region ([0-20]keV) 
we get 1,64 x 109 cpy

This means we need the 14C fraction to 
be < ~10-5 of the total carbon, having 
set the usual 104 cpy threshold

Since the natural abundance of the 14C is about 1 part per trillion (~10-12), we 
can conclude this is a negligible internal background



The maximum N recoil 
energy is lower than 
the ionization threshold

From the simulation we get the spectrum of 
the (14,7)N recoil after the 14C decay

Using it as a calibration source of nuclear 
recoil is not possible due to the low energies 
involved

N recoil



Can we use them as a calibration source 
during data taking?

60Co calibration source



with

Photoelectric effect Pair production
Compton

λ = 20 g/cm^2
ρ = 0.00153 
g/cm^3
μ = ~70m

The interaction 
probability, given a 
thickness of 1m, is

~2.5%



Gamma hits from 60Co decay (single camera)

Gamma hits from 60Co decay

Distances are given in mm

Total number of gamma hits: 148653

Gamma hits in a single camera: 7732

The simulation took into account 3x107 60Co 
decays. Each of them emitted 2 gammas.

How high should 
the source 
activity be?



A calibration during the data acquisition is needed. Then the 60Co decay should 
produce a number of event equal to

1 event for each camera each 20ms

Using the sample from the previous slides we can see that the camera with the lowest occupancy gets

1 event each 3.9 x 103 decays

Then the needed activity is 3.9 x 103 decays / 2.0 x 10-2 s = 2 x 105 Bq

1 gram of pure 60Co has an activity of 44 TBq



964 keV

1120 keV

Problem: track containment

In general, only a fraction of 
the total energy carried by 
the particle is deposited 
inside the sensitive region

The maximum registered 
energy contained inside a 
0.5m3 region (between 
cathode and readout) is 
~420keV

Compton edges

Electrons from 60Co decays
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From GEANT4 output to simulated image

We applied to the MC track both the smearing from diffusion and the background from camera noise, using the typical 
LEMON/LIME parameters.
The diffusion parameter was extracted from the GARFIELD simulations, while the noise was computed from 
experimental data, in runs where the objective of the camera was obscured (work in progress too).

The size of the simulated 
pictures is 35x35 cm2, 
while the number of pixels 
is 2048x2048.

The y-z plane is the 
cameras plane.

Diffusion parameter, 
which is the sigma of the 
gaussian distribution of 
the diffused 
photoelectrons, is 0.8

Noise is a gaussian 
centered on the pedestal 
with a sigma of 2 
photoelectrons per pixel



LEMON data sampleSimulated image



GEANT4 output

Initial energy: 100keV

IDBSCAN2 output

Reconstructed energy: 96 keV

IDBSCAN2 can run on MC 
data samples



Conclusions

● 14C in our gas is a negligible source of background. Unfortunately, it can’t be 
used as a source of tagged nuclear recoils due to low energies involved.

● 60Co seems not to be an optimal source since it delivers very penetrating 
gammas. Those particles have a small interaction probability and they 
produce tracks which are generally not fully contained within the sensitive 
region.

● Digitization is running in the proper way for electron tracks. Nuclear recoil 
study is still in progress, and it needs some further works to produce 
realistic tracks.


