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Carrier Transient

e Carriers initially high energy and can
transport into the wrong electrode
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Electron-lon Interaction

crystal reference frame ion reference frame ion reference frame crystal reference frame
before scatter before scatter after scatter after scatter

A v Ve +V Vo + 2V
s Ob &

\Y; Ve \Y; Ve + 2V
O O -

® electron |on_electron interactions are via a o , . .
potential and hence can only change Region in Fermi sphere in which

O ion thedirection of the electron velocity ion-electron interaction can

in the ion reference frame. scatter electrons to
unoccupied region

Two hypothetical ion-electron interactions, shown outside of sphere (allowed)
before and after the scatter and in the crysal and
ion reference frames. In the parallel interaction, the
final electron velocity is too small to scatter to an
unoccupied region outside of the Fermi sphere
and is forbidden. In the anti-parallel process, the
electron can be scatterd to an unoccupied state
outside of the Fermi sphere.

Region in Fermi sphere

in which ion-electron
interaction can scatter
electrons to occupied region
inside of sphere (fobidden)
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Electron Mass Tensor

e Holes exist in the I’ band with ma.ss
scalar, m = 0.85 me

e In germanium, electrons exist in the L
band with mass tensor

1.58 0 0
m = 0 0.031 0 Me
0 0 0.081

in the longitudinal (111), transverse,
transverse basis
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Edelweliss Measurement

oignal entirely in d
if no IV scattering

Increased signal in a
with increased field
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Edelweliss Measurement

oignal entirely in d
if no IV scattering

Increased signal in a
with increased field

..l.';.‘......i;’..........,?,,,I:l.“?._,.....?.._.._.;__1:...



Signal vs Bias Voltage
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Ra,mo-Shockley Potentials
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Outer Channel Ramo Potential
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Tracking of Charges Through
Ramo-Shockley Potentials

o’ electron-inner 10 e]lectron-outer

- - o
MC
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Lindhard Theory

e Prompt phonons
produced at

Debye frequency.

- [ |@Ctron Recoil
- Nuclear Recoil

e Details quickly
wash out due to
downconversion.
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Neganov-Luke Phonons

) 2
Pk,k’ Qg G <?__ ?‘H‘?> 5(E—E, hw)

From Fermi’s Golden Rule

Angles given by energy -
momentum conservation




Neganov-Luke Phonons

e Ballistic and directed in +z direction

electrons
o holes
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Phase Velocities

2
P €y C,LLJI/TkakV €r

T oV

0= dens]_ty Slowjtransv'erse phase velocity ~ Fast transve‘rsé'phase velocity
o = phonon

frequency
€ = polarization

m/s

ve CtOP Longitudinal phase velocity All modeé phase velocity
c = elastic constants -
k = wave vector

2000 4000 6000




Group Velocity

Slow transverse (~55%) phonon focusing. Fast transverse (~35%) phonon focusing.

5000
m/s 4000
3000

2000

1000

0
2000 4000 6000 2000 4000 6000 m/s

Longitudinal (~10%) phonon focusing. All shown equally. Distance from origin is velocity [m/s].

8000
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Anisotropic Isotope

Scattering

T'5.ge = 3.67 x 10 4308 e -6y’

e 3

UA’

Intrinsic
mass defects due
to natural
abundance

Gives rise to
phonon diffusion




Anharmonic Decay

4]1/5

162 < 107°Y[s

Diffusion length
increases with
time.

Three body
problem, difficult
to solve due to
non-isotropic
dispersion
relation.




Anharmonic Decay
Distributions

L->T+T (74%)
L->L+T (26%)




SCDMS iZ2IP Detector




¢ DoOwnconversion process

e Production of quasiparticles
e Phonon energy escapes back to

crystal
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¢ DoOwnconversion process

e Production of quasiparticles
e Phonon energy escapes back to

crystal



Quasiparticle Cascade

e Cascade until phonon energy << gap
or phonon escapes Al

Prob. QP energy
after QP broken
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THES Layout
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TES Joule Power
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TES Phase Separation
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TES I-P Curve

superconducting
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Transition Edge Sensor
I-P Curves

transition:

T not constant
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Heat Pulse Transient

—_
o
o

phase-uniform

Phase-uniform case
time constants
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Phase separated case

time constants
L/R
thermal diffusion in TES
C/G

phase-separated

current [arb.]

50 100 150 200
time [usec]




Heat Pulse Transient
Model Tuning







Position Reconstruction

e Phonon-aluminum interaction
probability
No QP-phonon downconversion
No TES physics

Calibration

Monte Carlo
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X reconstruction
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Energy Partitioning

e Phonon-aluminum interaction probability,
QP-phonon downconversion

Energy partitioning in all channels, iZIP3

" J “re
0.05 0.1 0.15 0.2 0.25 0.3
Channel Energy / Total Energy




Decay Times

Fit of G48 pulse over [1msec, 2msec]

Phonon-aluminum |
interaction probability,
QP-phonon
downconversion

Decay Times of all channels, iZIP3 Decay Times of TES Pulses, iZIP4

-0.5
-2000 -1000 0 1000 2000 3000 4000 5000
time [ usec

I:It_l.ata .. |—Data, t=761%30.9 us
sim i -=-Sim, T =753+ 8.7 us

800 1000 1200 1400 1600 600 800 900
Decay Times {L.is) Decay Time (us)




iZIP3 Rise Times - G3D

e [LLuke phonons, Phonon-aluminum interaction
probability, @QP-phonon downconversion and
TES dynamics

Low Tc¢ Side = 55 mK

10-40% rise time

0 5 10 15 20 25

fastest channel [us]

30 40 50 60 70 80 90

slowest channel [us]




1Z1P4 Rise Times - G43

e Luke phonons, Phonon-aluminum interaction
probability, QP-phonon downconversion and T

dynamics

&
2

e Need to improve detector physics or GEANT4
input?

Comparison of G48 data and DMC, 10-40% risetime, inner channels

0.1 0.06
-Data, inner channels -Data, outer channels
=DMC, inner channels =DMC, outer channels

Comparison of G48 data and DMC, 10-40% risetime, outer channels

=
=
h

.
=)
=

Normalized histogram
) )

-
3
2
3
0.
:
z

10 20 30 40 10 20 30 40

10-40% rise time [Js] 10-40% rise time [us]




TES Pulse Matching

e Direct comparison of TES pulses from data
and MC (2 mm raster scan).

Side 1 TES pulses Side 2 TES pulses

, calibration data
MC

0
100 200 300 400 0 100 200 300 400
Time (1 s) Time (11 5)



Surface Events

MC tuning with charge carrier
momentum and surface
interaction dynamics

Reduced
1onization
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Optimize TES Length

?nalytica,l, Lst order l .27
ourier expansion = / —
i \V gl p,

~250 um
of TES Joule power and
thermal diffusion

overestimates PS length phase-separated

Numerical models more
accurate

phase-uniform

140 160 180 200 220
TES length [um]

(simulation)
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Multiple Surface Events

e GEANT4 + MC indicate 6.8-13.6 Multiple
Surface events ton* year

e Phonon pulse shape
rapid rise time for
surface events

e Quter channel signals 0 holednier® . w hole-otter
no signal for

10
surface events! N '\




Reverse-MC Analysis

e Utilize all phonon pulse shape and
charge information for

e Fvent clagsification
Bulk / surface

Gamma / nuclear recoil
Single / multiple

e Energy estimation



Charge Fiducial Volume
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Advanced detector MC of cryogenic,
phonon and ionization detectors

Charge Validation
E-field models Electron inter-valley scattering
Electron mass tensor Phonon pulse shape
Electron inter-valley scattering
Neganov-Luke phonons Usa, ge

Ramo-Shockley potential signal Phonon channel layout

Charge channel layout

Phonon Crystal orientation
Phonon focusing TES phase separation length
Isotope scattering TES noise
Anharmonic decay Background rejection
Quasiparticle / phonon Reverse-MC data analysis
downconversion

Transition Edge Sensor

Phase separation
Internal fluctuation noise
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_ TESstp 111-1L22 Crystal Orientation
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In pdf file
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Charge Degradation

iZip Calibration Data iZip Calibration Data
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Event Induced Potential

Initial After Samma exposure

dots indicate mesh points



Data vs. MC

iZip Calibration Data iZip Calibration Data iZip Calibration Data -2V Calibration Data
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Period of comparable gamma exposure

e Not the right model! A red herring?



Polarization In CdTe

e Similar effect seen in CdTe

e Independent of radiation rate

e Depolarization faster than
polarization

e Consistent with negative space
charsge






BEarly Identification
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e Possibly can be identified by slowing of
electron transport times



Temperature Dependence

1
_N()O'<U>
1
Nyjo=t

exp(E/kT)

TI

TD —
e But temperature dependence not

observed in iZIP

e Are we seeing polarization similar
to CdTe? Or is this a red herring®



Infrared Radiation®

e 0.7 eV bandgap is > IR energy

e (e is an indirect
gap semiconductor,
Nno phonons to
mediate excitatio
at 50 mK




Infrared Radiation®

Optical efficiency of far-infrared photoconductors

J.-Q. Wang, P. L. Richards, J. W. Beeman, N. M. Haegel, and E. E. Haller

We report an experimental and theoretical study to optimize the geometry of far-IR photoconductive
detectors with diffraction-limited throughput. Factors considered in this optimization include internal
optical path relative to measured absorption length, photoconductive gain, uniformity of illumination, cosmic
ray cross section, and compatibility of the design with the requirements of 1- and 2-D arrays. A rod-shaped
detector geometry with square cross section, electrodes on the lateral faces, and a beveled backface to trap the
radiation by total internal reflection was found to have nearly equal responsivity to the best detectors in
integrating cavities.

e Doped germanium detectors are used
for IR detection!!!

e Gap reduced at dopants

e Not indirect gap at dopants



Evidence for IR

e Difference seen in Berkeley vs Soudan

could be due to different IR
environment.

e However attempts to reduce /
increase IR at Berkeley show no

change in degradation.

e Performance in present run much
improved!






Phonon Group Velocity
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Phonon Focusing Images
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Quasiparticle / Phonon
Downconversion

Al thickness 300 nm Al interaction length 720 nm
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Phonon Timing

Timing Cut, expected 0.5 surface
event leakage into nuclear recoil
band

Phonon Sensor
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Z-Position in 1Z1P

Z delay vs. Z partition, colored by Z
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Phonon-only
Discriminators
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T3Z4-Candidate Timing
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