Energy spectra of LIME
background in run2
and MC comparison
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Background simulation chain

* Monte Carlo (MC) simulation of expected backgroundin LIME underground with GEANT4
* Main contributions:

e External gammas produced in the lab rock S

» Radioactivity of LIME materials (field rings, cathode, acrylic box, GEMs, field cage resistors, é
camera) d
 Digitizationis applied %
* Energy deposits in the sensitive volume of gas are diffused, charge amplification and saturation are OD
applied, vignetting effect is included, and images with the same granularity of real data are £
produced =

* Energy and spatial distribution of simulated events are retained, and the images are comparable %
with data -
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* Events are reconstructed with Winter23 version of the code (same as the one used for run2)




X-Y distribution — data

sc_ymean:sc_xmean {sc_rms>6 && 0.152 * sc_tgausssigma > 0.3 && sc_integral>0}
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-Y distribution — simulation

SC_ymean:sc_xmean {sc_rms>6 && 0.152 * sc_tgausssigma > 0.3 && sc_integral=0} SC_ymean:sc_xmean {sc_rms>6 && 0.152 * sc_tgausssigma > 0.3 && sc_integral>0}
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-Y distribution — simulation

S0_ymesrrse_wmesn so_rms=6 &2 sq{pow(sc_xmesn. 1152 Z}+pow(sc_ymean- 1152 <800 £8 0.152 * s_igousssigrme = 0.3 48 so_imegral=0)
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* Forthe simulation| used a peak at 8 keV (Cu X-ray)
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Energy spectrum — data run2
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Energy spectrum comparison pre-reco
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Pre-reconstruction comparison
External gammas only (it's the
main contribution)

Geometrical cut appliedalsoto MC
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Energy spectrum — MC simulation
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Energy spectrum — MC simulation
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Energy spectrum — MC simulation

hsimreco
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e Same cuts as the data
e Normalization:

External gammas: 0.56 cm2s flux in
Hall C (from Sabre), starting from a
surface containingthe whole setup
Radioactivity:for each detector
component, each isotope simulationis
normalized with the activity that

was measured by M.Laubenstein
underground
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Rate [events/year]

Energy spectrum comparison
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Integral rates

* Data: 2.95x107 events/yr (0.93 Hz)
* External gammas simulation: 2.70x107

events/yr (0.86 Hz)

* Radioactivity simulation: 2.04x10° events/yr
(0.065 Hz)

* Total rate from simulation: 2.90x10’
events/yr (0.92 Hz)
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Rate [events/year]

Energy spectrum comparison

sim_tot_background
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Simulation
Data

This is with a correction
of a factor 2 on the
calibration of data
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Integral rates

* Data: 2.95x107 events/yr (0.93 Hz)
* External gammas simulation: 2.70x107

events/yr (0.86 Hz)

* Radioactivity simulation: 2.04x10° events/yr
(0.065 Hz)

* Total rate from simulation: 2.90x10’
events/yr (0.92 Hz)
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dE/dx [keV/mm]

dE/dx vs energy
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dE/dx [keV/mm]

n
[

dE/dx vs energy (ER/NR separation)
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dE/dx [keV/mm]

Another example: AmBe simulation
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Geant4 simulation of the AmBe neutron
source, in this case both ER and NR

are produced in the sensitive gas and can
be more easily compared

NR and ER are divided in two bands
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Next steps

e Correct the calibration of data
« Compare MC to data after energy regression applied
* Applyregression to simulation

Images

2D and 3D Event maps:

Evaluate detection efficiency vs E, x, v and z
Produce distributions of: E. length, angles
dE/dx vs E (2D, z. 3D)
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dE/dx [keV/mm]

dE/dx vs energy
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dE/dx [keV/imm]

dE/dx vs length

Simulation

3 ER
= ——= Entries 6937
— == Mean x 6.166
— Mean y 1.448
2.5— Std Devx 1.938
- Std Devy 0.5315
[ |
2l — 8
[ - 7
1.5 = = _ 6
- - = 5
11— - o T (s
~ = _ .- _ - -7 3
0.5— e |
- 1
O_I L1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I 0
0 2 4 6 8 10 12 14

6 18
Length [mrﬁ

dE/dx [keV/mm]

N
U

15

0.5

DD

Calibration not corrected

1=

dedx_data_|
Entries 31424
Mean x 7.408 |
Meany 0.6610

Std Dev x 3.552
Std Devy 0.5472

8

o = MW R =~

Coimbra, 7-8 June 2023,

on
g
e
D
D
=
2 0
< K
o <
< &8

<
O I=
=z O
E
>
O X
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dE/dx [keV/mm]

dE/dx vs length (ER/NR separation)
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dE/dx [keV/imm]

dE/dx vs length

Simulation
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dE/dx [keV/mm]

dE/dx vs length (ER/NR separation)
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