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What is NEST?

That name refers to both a model (or, more
accurately, a collection of models) explaining the
scintillation and ionization yields of noble
elements as a function of particle type (ER, NR,
alphas), electric field, and energy or dE/dx

--As well as to the C++ code for GEANT4 that
implements said model(s), overriding the default

Goal is to provide a full-fledged MC sim with

— Mean yields (light AND charge)

— Energy resolution (and background discrimination)
— Pulse shapes (S1 AND S2)

Combed the wealth of data for liquid and gaseous
noble elements and combined everything learned

We cross boundaries: v’'s, DM, HEP, “enemies”




Basic Physics Principles

Image adapted from Szydagis et al.,
JINST 6 P10002 (2011)

Energy Deposition (nitty-gritty of
molecular
excitations
glossed over)

15t division of ener e Anti-
. &Y Excitation (S1 /Ant' .
deposition a function /" correlation

. . initial scintillation)
of interaction type i : \
ombination (S1)

(nuclear vs. e-recoil)
but not particle type HEAT [
(e.g., e-,y same), and (phonons)

(~) not a function of , division a function of linear energy transfer (LET) or
(infamous stopping power (dE/dx), because of ionization density

quenching considerations, and of the electric field magnitude
factor, NR)

Escape (S2 “electroluminescence,”

or charge Q or ionization )

the parent particle’s
initial kinetic energy

* The ratio of exciton to ion production is O(0.1)

 S1is NOT E, because energy depositions divide into 2
channels, S1 and S2, non-linearly: idea from Eric Dahl

 Nuclear recoils also have to deal with Lindhard
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Basic Physics Principles

Cornerstone: There is ONE work function for
production of EITHER a scintillation photon or an
ionization electron. All others derive from it.

Wie=13.7+/-02eV N =(N,.+N)=E,,/W

N,=Ng+rN;and N, =(1-r)N; (N,/N,fixed)
Two recombination models, short and long tracks
— Thomas-Imel "box” model (below O(10) keV)

Doke et al., NIM A

— Doke’s modified Birks’ Law from 1988 e iess] o. 261

Recombination probability makes for non-linear
vield: 2x energy does not mean 2x light or charge

AdE In(1+&) Nio!
_ dx _ o —1— \ =
HB%H:, B=A/(1-C) OR r : S=7,



Comparison With Data

Reviewing only NEST’s “greatest hits” here, demonstrating
not only its post-dictions but also its predictive power for
new data, but only scratching the surface in 20 minutes ....
At non-zero field, NEST based primarily on the Dahl thesis
— His data is extensive in both field (60 to 4,060 V/cm) and energy

— Dahl attempted to reconstruct the original, absolute number of
guanta and estimate the *intrinsic* resolution you can’t avoid

— Used combined energy, possibly the best energy estimator

After models built from old data sets, everything else is a
prediction of new data, and NOT a fit / spline of data points

NEST paper (JINST) contains over 70 references (some rare)

Going against long-standing assumptions from years back:
for example, yield NOT flat versus energy, at least for LXe.
No such thing as a generic ‘ER’ curve. | dug up old papers

long forgotten. The ancient results come back in cycles ....
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Light yield (pe/keV)
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ER Charge Yield, including Kr-83m
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9.4 keV “anomaly” was

have benefited from technological advancements, leading to more accurate measurements. Recent . . .
o et y : - N identified in the NEST

9.4 ke'V data is poorly predicted by the Thomas-Imel model. Curiously. agreements can be achieved

by approximating the ¥¥"Kr de-excitation as only a gamma ray and applying the Doke/Birks model JINST paper ~1 year

despite the low energy. Without such adjustments these data contradict Dahl [11] in this energy before Columbia study 9/19



relative scintillation efficiency
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us absolute
numbers.
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Curve
straight-
jacketed: sum
of quanta
fixed by
Lindhard
theory, while
Dahl gives us
ratio

electrons per keV

NR Charge Yield in LXe
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P. Sorensen et al., Lowering the low-energy threshold of xenon detectors, PoS (IDM 2010) 017 [arXiv:1011.6439].

11/19



Rate [cts/bin/sec]

ER Energy Resolution: Light
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scintillation (keV)
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ER Resolution: log(S2/S1) Band
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NR vs. ER Discrimination
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Energy Resolution, % (FWHM)

Gaseous Xenon
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Relative scintillation yield
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arbitrary units

Pulse shape: LXe examples
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Conclusions

Simulation package NEST has a firm grasp of microphysics.

Though NEST does not track individual atoms or excimers, it
is closer to first principles, considering the excitation,
ionization, and recombination physics, resorting to empirical
interpolations as indirect fits or not at all

Extensive empirical verification against past data undertaken
using multiple papers instead of only one experiment

Liquid xenon is essentially finished, but there is still work
being done for liquid argon, although it is progressing rapidly

User-editable code for the entire community

Our understanding of the microphysics is only as good as the
best data. Models are beautiful but nature is ugly. NEST is
constantly improving. Always on look-out for more physical
motivations. Currently, all parameters justifiable except for
the size of the recombination fluctuations (in liquid xenon).



