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Why simulate scintillating noble elements well?

A Direct dark matter detection or calibration for it (past,
present, future experiments)

i LUX, XENON, ZEPLIN, LZ, WArP, DarkSide, ArDM,
XMASS, DARWIN, MAX, Xurich, Xed, XeCube,
PANDA = tL- S, 3 5%ahd2phage[ 9! b

A Double beta decay (0 b,2n b)lprojects, too
I NEXT, EXO (botfPXeenriched)

A Positron Emission Tomography (PET) scans for medical
applications: detect 511 kef§Q a

A Other particle detection applications, e.g., collider
experiments (MEG, Olive, et al.)




The Purpose and ScopeldEST

A Create fulifledged simulation based on a physical, albeit
also heuristic/quasempirical approach

A Comb the wealth of data for liquid and gaseous noble
elements for different particles, energies, and electric
fields, and then combine everything

A Aid the many dark matter, double beta decay, and other
experiments which utilize this technology to be on the
same or a comparable page for simulations

A Bring added realism to the simple model that is present
now in Geant4 for scintillation

A Explore backgrounds at low energy by expanding Geant4
physics to be more accurate when you go to a low energy
regime:((1) keV and even lower

A Have to start somewhere: LXe (for the sake of LUX)



Basic Physics Principles

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

1stdivision of energ
deposition a functio
of interaction type

Excitation (S1
direct scintillation)

(nuclear vs. gecoil) HEAT D AEsvca,pe Y
but not particle type " S Recombination (S1) G St SOU N2 dzY A
(e.g., e,gsamg, and (phonons) harge O

(~) not a function of division a function of linear energy transfer (LET) or
0 KS LI NBy {thelLiofangius Gtogping power (dE/dx), because of ionization density

initial kinetic energy L value) considerations, and of the electric field magnitude
eff

A Heat loss for nuclear recoils (Lindhard effect),
while electron recoils relatively easier to deal wi

A Start simple: no exotic energy loss mechanisms
Of AISEORAUIR YA OE O2fFtf AaAa
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Basic Physics Principles

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

AW, y=13.7+H0.2eV Ny;= (N.+N) = e,/ W

A N,= N, + r*N; and N = (2r)*N; (No/N,; fixed)
A Two recombination models
i ThomasL YSf € 02E¢ OMB)RS)Y 0O ¢
i521S az2RATASR . ANl aQ |
A Recombination probability makes for ndinear
yield: 2x energy does not mean 2x light + charge

A Excellent vetting against much past data
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Energy Resolution

A Long list of effects now included in NEST
A Fano factor (very small effect) ‘
A N, vs. N(binomial fluctuation) N

A Recombination fluctuations
A Binomial (to recombine, or not to recombine)

AGOEGNI ¢ aLISOALf O6ySEG &t A
A Geant4 stochastic dE/dx variation
A Particle track history (also Geant4)
A Finite quantum efficiency
A Imperfect light collection (Geant4)

A Angle of particle track with respect to
electric field vector not yet included




ionization "Fano factor"

Recombination Fluctuations: Mode
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ARegular Fano
factor leftalone
ARecombination
fluctuationshave
beenmodeled as
worse than
binomial, with a
1-sigma of
sqrt(F.*N,), per
Interactionsite
AField
dependent but
energy
iIndependent



Energy Resolution 6/E [%)]
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Recombination Fluctuations: S1
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Recombination Fluctuations: Q
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A Showing only

lonization
channel here
Unfortunately,
best data is for
high energy

Good simulated
resolution will
allow us to
predict the
discrimination
power of any
detector as a
function of field
and energy
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Recomblnatlon Fluctuatlons | ehay
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(FWHM)

Gaseous Xenon

A Wecan generalize
our fielddependent
model to be
density-dependent,
and use it to fit gas
data effectively

A The plot at bottom

left from Bolotnikov
1997 andNygren

Field = 7 kV/cm /‘ 2009Was

(missing minus signs) consid(_ered a bit

mysteriouswe now
\ have a model to

explain it (though it
NEST (red circles) still needs more

physical motivation
guantitatively)

Binomiakonly level: no A NEST has ever
«— monkey business here broader applications

(double beta decay
In this case)

Bata frolr\‘l‘lM A Zero-Field Absolute S1
505, ng. 337 Light Yield in GXe



