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SIGNAL IN TWO-PHASE DETECTORS
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ABOUT NEST

“Inter-collaboration” collaboration

o  Members from LUX, LZ, XENON, nEXO, RED100, COHERENT, DUNE, ICARUS,
MicroBooNE and SBN

Exists in both C++ and Python

o Now only for all xenon phases, but argon is very close to implementation in
code too (models are already exist!)

GEANT4 integration
o Also has ROOT integration for leakage calculations
Detector simulation

o Takes into account detector geometry and design (hnumber of PMT,
temperature/pressure, etc.



http://nest.physics.ucdavis.edu/

Light Yield [n,/keV]

Light Yields for Nuclear Recoils

NUCLEAR RECOILS
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Plots by V.Velan and
S. Andaloro

NUCLEAR RECOILS

Charge Yields for Nuclear Recoils

Charge Yield [n</keV]
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https://drive.google.com/file/d/1urVT3htFjIC1pQKyaCcFonvWLt74Kgvn/view

NUCLEAR RECOILS: WIMPS

NEST NR model has separate option for WIMP simulation
Simulated WIMP Scatters
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Light Yield [n,/keV]

ELECTRON RECOILS

Ly+Qy = const

Light Yields for B Electron Recoils
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Charge Yields for 8 Electron Recoils

80 1 NEST v2.1.0
nestpy v1.3.0
70
807 1 viem
2 Vfcm
07 5 vem
—— 10 V/cm
401 30 Vicm
— 50 Vjcm
301 100 Vfecm
— 200 Vfcm
20 500 Vfem
—— 1000 Vjcm
10 { —— 2000 V/cm
5000 V/cm
0 : : : :
10-1 100 101 10? 103

Energy [keV]



Light Yield [n,/keV]

Charge Yield [n./keV]

ELECTRON RECOILS

Light Yields for B-Electron Recoils

50 - -
B )
B .
40 — \,\\
] AN
\-«

— — T
1 10 100 10
Recoil Energy [keV]

Charge Yields for B-Electron Recoils

Recoil Energy [keV]

Xenon100 *H (154 V/cm)

LUX W52013 7Xe (a) (180 V/cm)
LUX W52013 Y¥7Xe (b) (180 V/cm)
PIXeY TAr (198 V/cm)

Doke 2002 2°"Bi (156 V/cm)

--- NEST, B-ER (150 Vjcm)
--- NEST, B-ER (200 Vjcm)
LUX Post-Ws *C (180 Vjcm)
LUX Post-WS *H (180 V/cm)
#  LUXWS2013 *H (180 Vjiem)

++
LK B 3 B

— T T T T
1 10 100 1000

Different models
for beta (e.g
electron emission)
and gamma (e.g.
photo-absorption)
because of

different physics of

the interactions
Separate inner-
shell electron
capture model is
planned

Plots by V.Velan, S.
Andaloro, G. Rischbieter
and J. Balathy

Qy (electrons/keV)

70 —— NEST(gamma) @ 180V/cm
—— NEST(beta) @ 180V/cm
&0 } LUX @ 180V/cm
— 50
3
> ;
& 40
s 3
E
=30
)
20
10
10° 10
Energy [keV]
60
= model (269 V/cm)
+  LUX post-WS *“C (269 V/cm)
55 #  LUX post-WS *H (269 Vicm)
<« XeLDA preliminary *H (275 Vicm)
<« YeLDA prefiminary '¥"Xe L-shell (275 Vicm)
@ LUX WS2013 *H (180 Vicm)
50 & neriX (190V/cm)
A PIXeY TAr (198 V/cm)
0 Xenonl00 H (154 Viem)
45 B Lin, 2015 (236 Vicm)
40
35
30
25

energy (keV)



model

BKrm1/2-

7/2*
BKr 9/2*

kS e Xurich II: v XENON100, 41.5 keV
83m 702_ S q%_ O 94keV B XENONI1T, 41.5 keV
™ o A 32.1keV ® LUX 415keV
Kr E S T 4 + V 415keV A PandaX, 39.6 keV
65— o R
: “Fod
60— T e | ST S
NI A
TN g
. 50__ \'\\ & N i
o Robust time-dependent j e
g i T e
40— S ke
» Matches individual decays | —NEST:94keV = froggggiimgys,
1 )
as well as ‘'merged’ decay |--NesT:415kev
s
30— __i.‘_---""""" Iy
s ,,—'%'":f-'ﬁ""*'
$ °F e T
415 183 hours £ f’ 4
3.1 s
o Y 94 154ns -
15 ich Il: XENON100, 41.5 ke
A 0 Stable 5 : A ::r:c:el\]d' : XZN;N‘I:.UQLQSKEUV
: YV 415 keV L ] LUX, 41.5 keV
10— A PandaX, 306 keV
Plots by G. Rischbieter 7 TS I E

10

Drift field [KV/cm)



a- PARTICLES

Light Yields for a-Particle Nuclear Recoils
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LEAKAGES AND FLUCTUATIONS

Energy [keVnr]
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ENERGY RECONSTRUCTION
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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 sigmoids for Ar too
Empirical models for argon are very important —
because theoretical models sometimes are
contradictory to each other

Mean yield models for NR, ER, alpha and drift velocity
model already exist!

Recombination fluctuations model is under
construction

Argon models will be included in main NEST code
Jelelg 14
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lonization yield, electrons/keV

ARGON NEST
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ARGON NEST:

12
{6120 keV /
{5305 keV
10 - NEST /

>
<
<

6 ;
> K
o Vi
= 4
¥ r

4 T

't
2 ] +,,»+
- 4+
%02 10° 10

Field, V/cm

Model takes intfo account light yield “peak’” reported by Hitachi

and Agnes

Possible theoretical explanation: ionization tfrack density, fields i n_

ALPHA MODEL

34
ot A | ’ ’
s T
I e
s 28] -.\
E‘ kY
e |
oy A
526
N 5
24 }-‘
221 b 5305 keV (Hitachi) } \
t 6120 keV (Hitachi) \
t 6000 keV (Agnes)
207 - NEST
107! 100 10! 102 103 o

Field, V/cm

Ar can extract additional quanta




Drift velocity, mm/us

ARGON NEST: DRIFT VELOCITY
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CONCLUSION

NEST is a powerful simulation tool, which now has two versions:
standalone tool and GEANTA4 library.

Accurately simulates many different interactions in all xenon phases
Argon mean yield models are ready

If you want to read more about NEST:
® NR analysis note
® Heavy ion note
® Argon mean yields note
® All notes are available on NEST site

- We'll write a cool big paper someday, we promise
Get yourself a copy!
o hitps://github.com/NESTCollaboration/nest
o nest.physics.ucdavis.edu
o htps://github.com/NESTCollaboration/nestpy (python version)
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https://drive.google.com/file/d/1urVT3htFjIC1pQKyaCcFonvWLt74Kgvn/view
https://drive.google.com/file/d/1urVT3htFjIC1pQKyaCcFonvWLt74Kgvn/view
http://nest.physics.ucdavis.edu/application/files/8715/6883/1381/cutter_nest_heavyion_note_July2019_v1.3.pdf
http://nest.physics.ucdavis.edu/application/files/8715/6883/1381/cutter_nest_heavyion_note_July2019_v1.3.pdf
https://docs.google.com/document/d/1vLg8vvY5bcdl4Ah4fzyE182DGWt0Wr7_FJ12_B10ujU/edit?usp=sharing
https://docs.google.com/document/d/1vLg8vvY5bcdl4Ah4fzyE182DGWt0Wr7_FJ12_B10ujU/edit?usp=sharing
https://github.com/NESTCollaboration/nest
https://github.com/NESTCollaboration/nest
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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PULSE SHAPES AND SINGLE
ELECTRONS

e Matches LUX
pulse shape
discrimination

e Canalso
simulate single
electrons!

e Simulates SE
noise in LXe
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Scintillation Yield (photons/keV)
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HEAVY IONS MODEL

NEST Scintillation Yield
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DRIFT VELOCITY
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ENERGY RESOLUTION

Quantum Fluctuations
o First estimates of fluctuations in energy resolution and fluctuations
in quanta produced were by Ugo Fano in the 1940’s.
o There is energy “lost” when photons are produced in LXe from
electron recoils!
o E=W*n, +n,) — Work Funcfion: W =13.7 eV
o Fluctuations modeled using an empirical “Fano-like” factor
proportional to sgrt(energy)*sqart(field)
Recombination Fluctuations
o Binomial recombination has never matched data well.
o Same equation as cited in LUX Signal Yields Publication: a:2=(1-
p)*n*p + (o n)?
= 0, In NEST is both field-dependent and energy-dependent
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RECOMBINATION
FLUCTUATIONS

Comparing to Eric
Dahl's PhD thesis
data.

Corrected Dahl data
for overestimation:
corrected 15%
downward for 2PE

effect and extraction
eff.

o71°=(1-p)*ni*p + (o,n)?

Uqua nta

550 4

500 +

450

400 ~

350 4

Recombination Probability
0.75 0.50 0.25

t Dahl Data
— NESTwv2.1

0.0

A b
O.Il OIZ 0:3 0:4 0:5 0 5] 0:7 O.IB
Electron Fraction (—2¢ )

ri+rih

26



