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Mysterious Low Energy Excess
CRESSTIII Background Studies
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Seen in all calorimeter experiments to varying degree



Athermal Phonon Detectors

. TES (W or IrPt)

Athermal Phonon
Collection Fins (Al)
Substrate
(Si,Ge,GaAs,SiO,,Al,0;)




Measured Phonon Collection Efficiency

1cm2x1mm Silicon 1% coverage
i = 3 Tae -

 Phonon detectors optimized
for maximum phonon
collection / energy sensitivity
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Sensitivity!
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Current Performance: Sensitivity

Calibration Spectra
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Sensitivity continues
to improve pretty
rapidly with time cold
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Unexplained Low Energy Excess (LEE)
Background(s)



Counts in 5-80 keV
Not corrected for efficiency

1. Variation with time since cooldown
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* Rate partially reset with thermal cycling
* 2 distinctive decay time constants



2) Low Energy Excess is Non-lonizing

870 g Ge
2 GeNTD heat sensors
electrodes:

¢! concentric Al rings

,,’/ (2mm spacing)

7 covering all faces

Operated at
T=18 mK

J Low Temp Phys (2014)176:182
Phys.Lett.B 681 (2009) 305

 EDELWEISS interleaved
detectors measure both
phonons (NTD) and ionization
production

* Large no ionization background
of unknown origin out to pretty

high energies
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Low Energy Excess Fact Summary

1) Variation with time since cooldown
(and/or time since fabrication)

2) Non-lonizing Yes Yes

These facts are incredibly restrictive!



Stress Relaxation?

Detector under stress due to thermal
contraction,manufacturing, etc.

=

Detector relaxes releasing phonon
energy



Stress Related Relaxation:
1st Low Energy Evidence
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e GE varnish (and rubber cement) significantly increase <38eV
backgrounds
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Best Structural Support?
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e Just don’t use glue, vacuum grease
* Different clamping schemes have vastly different vibrational
requirements:
e Clamp: frictional rubbing depends upon clamping force
 Hanging: a natural spring-mass decoupler. Works great except
for on-resonance environmental vibrations (paper sometime
soon)
* Resting: huge amounts of frictional rubbing without a
vibrational decoupler, but seemingly lowest force
* Primary focus for TESSERACT is clamping/resting 12



Mitigation for Stress
Relaxation Events:
GET RID OF ALL STRESS

- SuppoertStructure

2.Sensor Films

3.Crystal Surface Relaxation

4. Bulk dislocation(s) relaxation



Understanding Relaxation Events: 2 Channel Devices
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Single Events in Photon Calibration too
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Single Relaxation Event Pulse Shape

S '.\‘ Run 57, 1 mm Left Triggered Singles from Background Dataset

LEE single pulse shapes and Al .| ‘ — sars 100y
fin calibrations photons have fil\ =
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a dirac delta energy pulse that

saturates a single phonon
sensor in the channel
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Source Shared LEE Relaxation?
L

e Substrate Volume?
~ * Dicing Saw Sidewall
Surface?

|- * Polished z face?

1 mm thick detector 4 mm thick detector

W
S

Test hypotheses with different substrate geometries




Perfect A/B Test?
L |

For a systematically clean
measurement of LEE
dependence on thickness,
we must keep all other
variables identical

__ sme ____|Diffeences

Design identical
Substrates >20kOhm cm Intrinsic Si double side DSP + Different Boules
e Baking times slightly
different
Fabrication Same SOP Consecutive fabrication runs
Texas A&M fabrication facility separated by 1 week
Dicing Same vendor Different blade thickness
Storage, Shipping  Identical
Measurement Same run/cooldown, nominally same Different vibration susceptibility

electronics chain
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Source Shared LEE Relaxation?
L

e Substrate Volume?
~ * Dicing Saw Sidewall

Surface?
|- » Polishedzface?

1 mm thick detector 4 mm thick detector

W
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Shared LEE doesn’t originate on the polished bare face




Comparing to LEE of CPDs
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CPDs have similar LEE when normalized by mass:

 x8 smaller sidewall/volume ratio
e clamped, not hung



Source Shared LEE Relaxation?

i - s A

1 mm thick detector 4 mm thick detector

e

CPD vs 1cm? comparison suggests that LEE is in the substrate volume ...
but definitely not an ideal A/B test



Tension with CRESST Measurements?
CRESSTIII Background Studies
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Noise



- Correlated noise whose pulse shape -> shot noise from substrate phonon events
- Uncorrelated white power noise -> shot noise from localized sensor events

Measured Noise

Excess nominated splits into 2 pieces:
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Summary

- LEE is the problem of light mass dark matter
calorimeters

- Evidence that there is at least 3 sources of LEE
- Al film relaxation (singles)

- Above threshold shared LEE scales with substrate
thickness. Comparison with CPDs suggests substrate
volume origin

- Below threshold shared LEE (different time
dependence)

- Future:

- new paper on LEE soon

- Mostly concentrating on vibration mitigation and EMI
mitigation for next 6 months
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