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DEEP UNDERGROUND NEUTRINO EXPERIMENT
X-ARAPUCA Model

9.8 eV (127 nm)

1 2 1 (novamente) 3

1. Wavelength Shifter
(scintillator)

2. Filtro Dicroico

band-pass
( P ) 3.87 eV (320 nm)

3. Silicon

3.0 6V (413 nm)
Photomultiplier 3:54 eV (350 nm) \ % It's a hit!

- 2.7 eV (460 nm)

WLS Filtro Guia + ,
(pTP) Dicréico dike SiPM

g
M



DEEP UNDERGROUND NEUTRINO EXPERIMENT

Software Architecture

Geant4

ARAPUCA::Configure

ARAPUCA::Generator

main application
+
ARAPUCA::Materials G4Managers

G4Actions

ARAPUCA::Physics G4Physics
G4Threading

ARAPUCA::Geometry

ARAPUCA::Logger
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DEEP UNDERGROUND NEUTRINO EXPERIMENT
ARAPUCA::Geometry::SBND()

225

e g
X : 17 X1
o L
& 8
& 8
sl oo A
N
A
&8
- b 1 s 38,10
: Y Y$\V L 3 38,88
48
56
240




NEUTRINO
ARAPUCA::Materials

e The objective is to build the logical materials that makes up the ARAPUCA and
validate them individually.

e Ana Amélia Machado and Ettore Segreto act as liaison between the collaborators
and the companies (Opto, Eljen, Glass to Power).

e Started this work in Oct 2020, planning to have it conclude by Sept 2021
(presenting results at LIDINE21).




ARAPUCA::Materials::EJ286()

e Light guide with commercial WLS.

e Simulation needed an information that is an
actual trading secret.

e With authorization from company, we used
the ArapucaSim to simulate their public
data in order to find the secret value.

e This process raised a question about how
accurate is Geant4’s scintillation simulation
(spoiler alert: it is biased).
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DEEP UNDERGROUND NEUTRINO EXPERIMENT
ARAPUCA::Materials::pTP()

p-Terphenyl
e p-Terphenyl is used to shift LAr VUV light to
UV/Violet light
pTerphenyl (PTP) emission
e Using G4WLS, we observed a spectral 1. 550
distortion in the MC.
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ARAPUCA::Physics::Scintillation

e The G4WLS class have a couple of issues
that may add up to 10~15% systematic
deviation from the desired spectrum.

e Developed
ARAPUCA::Physics::Scintillation which
not only correct this bias but is also a bit
faster.

e | hope this correction becomes public in the
near future. | just recently communicated
both the problem and the correction to the
Geant4 collaboration.
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Algorithm Comparisson
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NEUTRINO EXP
ARAPUCA::Physics::DichroicFilter

e Again, the Dichroic filter simulation given by

Geant4 has a few technical issues. OP200 Filter
— 100 .
2 Incidence
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NEUTRINO
ARAPUCA::Materials::Hamamatsu()

e The last active components are the SiPM’s.  Hamamatsu $13360
e It uses standard G4 classes, with the
complete material description managed by -
the ARAPUCA::Materials library.
e Hits are generated by the SiPM's and -
handled by the ARAPUCA::Logger.
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ND NEUTRINO EXPERIT

ARAPUCA::Materials::Vikuiti() =

g mw?irf‘_ﬁv\‘f\?“")‘h ST

e \ery efficient lambertian reflector provided by 3M.
e Vikuiti mask around WLS bar.
e Prevents photon absorption by internal walls.
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NEUTRINO
What does the simulation tells us?

e Despite being in development, ArapucaSim has already been used for a few
studies:

Effects of WLS bar geometry (un-trapping).

Effects of thermal contraction.

Optimization of EJ286 chemical concentration.
Comparison between different dichroic filters.
Determination of global efficiency to LAr VUV light.
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Untrapping

Photons /

DEEP UNDERGROUND NEUTRINO EXPERIMENT

New normal
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DEEP UNDERGROUND NEUTRINO EXPERIMENT
Thermal expansion study
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e Thermal contraction from room
temperature to -90°C may impact
the photon collection.

best case scenario
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DEEP UNDERGROUND NEUTRINO EXPERIMENT
EJ286 concentration Study

Fraction of IN-GOING* pTP photons detected

10M photons per point

e Simulation showed the the off-the-shelf *

EJ286 would already by at its optimal
concentration.

% Detected

e This result was just recently confirmed
by Lab. Leptons in Campinas.
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NEUTRINO
What is in the future for ArapucaSim?

e The plan is to map the efficiency as a function of:
o Position over the window (x,y)
o Direction of incidence (0,¢)
o Photon energy (E)

and use a neural network to interpolate the map, giving us the probability of
detecting a given photon.

P(detection | x, y, 6, ¢, E ) MC Decision

MY <= X

*not the real NN model
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Pocos de Caldas-MG
In summary v

e ArapucaSim is a full simulation of the X-ARAPUCA family of
detectors, based upon Geant4 but with customized optical
classes and materials manager.

e Its input/output system allows it simulation to runs silently, |
becoming a link in any simulation chain that other groups |
would envision. A =

e The current prediction for the ARAPUCA efficiency is just 4
above 3%, which is already consistent with what we see in '
the lab, without the need for any fine tuning.
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