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Primary Goal

Observe Coherent Elastic Neutrino-Nucleus Scattering (CEVNS)

- Yet to be observed at any reactor experiment

- Long standing prediction of standard model

- New channel to probe neutrino physics and astrophysics
CEvNS used to probe new physics scenarios

- Search for sterile Neutrino

- Neutrino Magnetic Moment

- Process beyond the Standard Model

Incoming neutrino

Outgoing neutrino




Why haven’t we observed CEVNS?

- Mainly detector technology

- Past detectors couldn’t provide the low threshold sensitivity needed to register
the kinetic energy deposition of the heavy recoiling nucleus

Solution

Cryogenically cooled semiconductor detectors with transition edge sensors

Picture courtesy of Andy Kubik, MINER collaboration, 2019

2 Types of Detectors

iZIP detectors
- Able to recognize electron and
nuclear recoils as low as ~ 1keV

Two High Voltage detectors:
-Silicon
-Germanium
Neganov-Luke Phonon Amplification
Method
- Amplifies charge without
increasing noise!



Reactor

Mega-Watt class TRIGA(Training, Research, Isotopes,
General Atomics) pool reactor stocked with low
enriched 23°U

Reactor Advantages
— Movable Core

— Access to deploy detectors as close as 1m from
reactor

— Expected to detect 5 to 20 events/kg/day in
recoil energy range of 10 and 1000 eV,

Picture courtesy of Andy Kubik, MINER collaboration, 2019
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Geant4

* Toolkit for simulating the passage of particles
through matter using Monte Carlo Methods

 Developed by CERN

e World wide collaboration of scientist and
software engineers

* Applications
— High Energy Physics
— Nuclear Experiments

— Accelerator and Space Physics
— Medical



. GDML

e Geometry Definition Markup Language
e Specialized XML-based language

— Designed to be an application-independent format
that describes the geometries of detectors
associated with physics measurements.

e Can be easily shared
e Easy to learn and implement
* |ts universal and most software supports it















XML Declaration
GDML Namespace

XML Schema Instance

Namespace <’ml version="1.0" encoding="UTF-8" >

GOML Schema Location < mmlns:gdml="http://cern.ch/2001 /3chemas/GIML"
“-"""-\__H mmlns:xsi="http: //wne.w2.org /2001 /EMLIchena-instance"
xai:noNamespacedchenalocation="schena/gdml . xad" >

Declaration of constants,

pasttions, rotations, scalings,

variables and matrices sosition name="posl" unit="m" x=

<rotation name="rotl" unit="deg" x="constl" ¥
1 =='"=:ll'" H:J'.'_'r :f:'i.LF' ::J

All solids to be used inside
the geometry defined here

All volumes declared in the
structure saction.

World volume is declared

Physical Volumes placed .
inside a Logical Volume with —T—" _
a specified position, rotation

and scale

The top volume of the ——
geometry is specified

<tube name="Targetl" rmin="8" rmax="detRad"
aunit="radian"/>
<tube name="Target2" rmi
aunit="radian" lunit
<subtraction name="target">
<first ref="Targetl"/>
<second ref="Target2"/>
<positionref ref="targetOffset"/>
</subtraction>

="detHalfZ" deltaphi="TWOPI"

8" rmax="4.75" z="15" deltaphi="TwWOPI"
me />

<tube name="cuCasingl" rmin="@" rmax="detRad+cuCasingThick"
z="35.5/2+detHalfZ+cuCasingThick/2" deltaphi="TWOPI" lunit="mm"/>
<tube name="cuCasing2" rmin="8" rmax="detRad+.@@1" z="35.5/2. + detHalfZ +
cuCasingThick/2" deltaphi="TWOPI" lunit="mm" [>
<subtraction name="cuCasing"s
<first ref="cuCasingl"/>
<second ref="cuCasing2"/»
<positionref ref="casingOffset"/>
</subtraction>

<tube name="cuRing" rmin="detRad+cuCasingThick"
rmax="detRad+cuCasingThick+cuRingThick" z="cuRingHeight/2"
taphi="TWOPI"/>
<tube name="cuRingT" rmin="detRad+cuCasingThick"
rmax="detRad+cuCasingThick+cuRingThick" z="cuRingHeight/&"
deltaphi="TWOPI"/>
<union name ="cuDetHousingl"s
<first ref ="cuCasing"/>
<second ref ="cuRingT"/>
<positionref ref="ringOffsetT"/>

d
d

</union>
<union name ="cuDetHousing2"»>
<first ref ="cuDetHousingl"/>

<second ref ="cuRing"/>
<positionref ref="ringOffsetl"/>
</union>
<union name ="cuDetHousing">
<first ref ="cuDetHousing2"/>
<second ref ="cuRing"/>
<positionref ref="ringOffset2"/>
</union>

G4SubtractionSolid
ionSolid(

og“+name);




E‘J Qutput

PDG ID: 11 time: 12.1854 Particle Energy: 58.4143 keV Edep: 58.4143 keV Position: =12.9%521 35.0191 -0.4209%79 cm
PDGE ID: 11 time: 12.1853 Particle Energy: 8.5369%9 keV Edep: B.5369% kev Position: -12.952 35.0176 -0.41%002 cm
PDGE ID: 11 time: 12.1826 Particle Energy: 1.5139% keV Edep: 1.5139 kevV Position: =12.917 35.0884 =0.397135 cm
PDG ID: 11 time: 12.1733 Particle Energy: 6.07972 keV Edep: 6.07972 keV Position: -12.812 35.2796 -0.222434 em

PDG ID: 22 time: 12.1879% Particle Energy: 170.982 kev Edep: 0 ev Position: -15.8058 35.06842 -8.86112 cm
PDiE ID: 22 time: 12.1894 Particle Energy: 170.661 keV Edep: 0 ev Position: -15.8031 35.0198 -B.86241 cm
PDG ID: 22 time: 12.1948 Particle Energy: 170.661 keV Edep: 0 ev Position: -15.793 34.859 -8.86706 cm

PDG ID: 22 time: 12.1958 Particle Energy: 170.661 keV Edep: 378.32 @V Position: -15.7904 34,8304 -B.B86756 cm
PDG ID: 11 time: 12.1958 Particle Energy: 53.29% eV Edep: 53.29 eV Position: -15.7904 34,8304 -B.86756 cm
PO ID: 11 time: 12.1958 Particle Energy: 35.58 eV Edep: 35.58 eV Position: -15.7904 34.8304 -B.86756 cm
PDGE ID: 11 time: 12.1958 Particle Energy: 32.8 eV Edep: 3Z.8 eV Position: -15.7904 34.8304 -B.86756 cm
PDG ID: 11 time: 12.1958 Particle Energy: 10.87 eV Edep: 10.87 eV Position: =15.7904 34.8304 =B.86756 cm
PDG ID: 11 time: 12.1958 Particle Energy: 34.14 eV Edep: 34.14 &V Position: -15.7904 34,8304 -B.86756 cm
PDG ID: 11 time: 12.1%58 Particle Energy: 34.14 ev Edep: 34.14 ev Position: -15.79%04 34.8304 -B.86756 cm
PDE ID: 11 time: 12.1958 Particle Energy: 98.2 eV Edep: 98.2 eV Position: -15.7904 34.8304 -B.86756 cm
PG TR: 11 £ime: 12_1958 Particle Enerov: 1M6. A7 AV Fden: 11A.87 #v Position: =15.7904 34 _AIN4 =R.RKT5R om



4 million Gamma particles

Energy Deposited
Entries 82520
Mean 0.3983
atd Dev 0.3596
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anergy
Entries 4096
Mean 255
Std Dev 324.4




Conclusion

Geant4 is powerful tool!
MINER phase | begins this summer

When Geant4 simulation is fully built, it
should mimic the exact results MINER puts
out

In the future Geant4 could be used to run
before the experiment begins, allowing the
reactor to confirm the simulation



