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About NEST

NEST (Noble Element Simulation
Technique) is an

unprecedentedly accurate and
comprehensive simulation of the
scintillation, ionization, and
electroluminescence processes in noble
elements.

Appliciations:

- Direct dark matter searches (LUX, LZ,
XENONI0, PandaX...)

- Double beta decay searches

- CEVNS

- Much more!

— ionization electrons
VNN UV scintillation photons (~175 nm)

Drift time
indicates depth

Image by CH Faham (Brown)



About NEST

£ NEST takes particle type (NR, ER, etc.), initial energy(energies), drift field and
direction (-1 for random generation in detector volume) and predicts all
parameters of the signal (S1, S2, etc.)

£ NEST is capable of energy reconstruction simulation (picture on slide shows
different mode — pure MC energy).



EST v1.0 vs NEST v2.0

NESTvI.0 NESTv2.0
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lonization yield, electrons/keV

Nuclear recoils
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{  Total quanta (light+charge) is a power law
N, = aEF
Charge and light are not

anticorrelated at low energies
1

1+(—)“
Npn = (Nq - Ne) * (1= 1+E )L)
Agreed with all data (including
Livermore) in |-sigma

E
Ne = TIB+JE+¢ * (1 -



Electronic Recoils

{ Smooth transition between low and high energies

{ Ly+Qy = const

{ Different models for beta and gamma

Beta electron recoils: Ly and Qy
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QY (electrons/keV)
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Pulse shapes and single
electrons
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¢ Robust time-dependent model

¢ Matches individual decays as
well as ‘merged’ decay
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¢ | 0 agreement with LUX and XENONI100

Drift Field Photons/keV, NEST Result

(Vicm) Electrons/keV
LUX Ly 180 534+14 53.0
LUX Qy 180 19414 20.0

XENONZ100 Ly 366 525+1.38 50.6
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210pg Charge Yields from a-particles
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a-Model

t L-factor fixed by fitting to
Adam Bradley’s thesis data
(LUX: 180V/cm)
¢ Still uses Thomas-Imel box
model here
Energy-independent
for simplicity

FIIaLuils

Light Yield vs. Recoil Energy from a-particles
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Heavy ions model
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rift velocity

NEST also simulates
drift velocity for
various xenon
temperatures and
states

Has good agreement
with old and new
data

Drift velocity, mm/us
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Energy Resolution

{ Quantum Fluctuations
First estimates of fluctuations in energy resolution and fluctuations in quanta
produced were by Ugo Fano in the 1940’s.
There is energy “lost” when photons are produced in LXe from electron
recoils!
E=W#(n, +n,) — Work Function:W = 13.7 eV
Fluctuations modeled using an empirical “Fano-like” factor proportional to
sqrt(energy)*sqrt(field)

{  Recombination Fluctuations
Binomial recombination has never matched data well.
Same equation as cited in LUX Signal Yields Publication: o4*=(1-p)*n*p + (a,n))>

o, in NEST is both field-dependent and energy-dependent
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Recombination fluctuations

Recombination Probability
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Discrimination: v.2.0 vs v2.0.1
Leakage Comparison for Low Fields
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Argon NEST

« Argon NEST Is under-development version of

NEST for argon

« Assumption: both Xe and Ar are noble
elements — and formulae would be similar
sigmolds for Ar too

« Empirical models for argon are very important
— because theoretical models sometimes are
contradictory to each other
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Argon NEST

Yield [quanta/keV]

NR Total Yield at Various Fields ER Charge Yield at Various Fields
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Conclusion

NESTV2 is a powerful simulation tool, which now has two versions: standalone tool

and GEANT4 library.

Accurately simulates many different interactions in LXe and GXe (argon models
currently in process)

Now has an update for the newest data

User-friendly code so you can add any other interactions that you might find useful
Get yourself a copy!

(python version)
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https://github.com/NESTCollaboration/nest
http://nest.physics.ucdavis.edu/
https://github.com/NESTCollaboration/nestpy
https://github.com/NESTCollaboration/nestpy

Thank you for your attention!
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Backup slides
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lonisation yield, electrons/fkeV

Nuclear Recoils: v2.0
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Agreed with all data in 1-sigma
before Livermore results... 24




