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Highlights of HVeV Science

Direct detection of hidden sector dark matter
candidates requires pushing the boundaries of
energy resolution

HVeV-R4 has set competitive limits in the
subGeV mass range

Small scale R&D versions of these detectors
allow rapid prototyping and pave the way for
higher sensitivity searches

See Kyle Kennard’s talk “Latest Results from
the SuperCDMS HVeV program™
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Operating Principle

e \When a particle scatters off the substrate, it can trigger
an ionization event or generate athermal phonons. The
resulting electron-hole pairs are accelerated by the
applied electric field, producing additional phonons via

the Neganov-Trofimov-Luke (NTL) effect I
Al Fin

Substrate
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e Quasiparticles travel to the W TES, where they are
downconverted into lower energy quasiparticles due to
the lower gap - trapping them



Operating Principle

When a particle scatters off the substrate, it can trigger
an ionization event or generate athermal phonons. The
resulting electron-hole pairs are accelerated by the
applied electric field, producing additional phonons via

the Neganov-Trofimov-Luke (NTL) effect
Al Fin

Generated phonons are absorbed by the Al fin, which
breaks Cooper pairs to form Bogoliubov quasiparticles

Substrate

Quasiparticles travel to the W TES, where they are
downconverted into lower energy quasiparticles due to
the lower gap - trapping them

Cooper pairs recombine, heating the TES and producing
a pulse



HVeV Detector Desg]

e Two channels of parallel QETs with

similar TES volumes inher channel

e Al backside grid to allow high voltage
oJENIgle
outer channel




Why Carbon?

Light carbon nuclei provide better kinematic match for
sub-GeV dark matter candidates

Polar structure and different polytypes of SiC enable
directional searches arxiv:1807.10291

High energy long-lived phonon modes shown in
diamond promise excellent phonon collection
efficiency and increased sensitivity

High band gap allows for higher voltage bias with
minimal leakage current
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Initial Questions

e Will growing W with the same deposition parameters yield the same Tc on
these substrates?

e Are our existing fabrication processes compatible with these substrates?

e Will these detectors yield high energy resolution, or will we see poor
phonon collection efficiency?

e Will we observe the NTL effect when applying a high voltage bias?



Fabrication Process

e Double sided fabrication process with 30 nm Al
backgrid for HV biasing

e 40nm W tuned to ~60mK Tc sputtered and TESs
patterned using maskless photolithography and dry

etch

e 600nm Al sputtered and patterned with a combo
wet-dry etch

e [ypically this has been done on 4" and 2" wafers,
however all steps have been tested individually on



Fabrication Process




Resistance (Q)

Tc Testing
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easurement Setup
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Measurement Setup

Inspired by the KIPM
consortium standard
IR shielding box (50db
IR attenuation)
P2072Y.Y Chang et Al.
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TES Performance........cw.
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e LED was pulsed at different
Intensities and wavelength

e Pulse’'s amplitude estimated with
offline optimal filter

e Energy resolution is calculated by
fitting theg: variancg, (D_é@)ﬁ&ul’mg
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at b.1eV

e Phonon
~30%
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NTL effect (or lack thereof)

Pulses with different voltage biases
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In most measurements, SiC detectors
don’'t seem to show NTL effect 0.20-

Substrate polarization and surface
defects could explain poor charge
mobility
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Si detectors on same system show
expected amplification of charge events
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Next steps

Fabrication of detector on diamond expected soon

Initial dark matter search being set up, with long exposure on
multiple low mass detectors

Position dependent optical calibration using MEMs mirror,
and higher energy calibration with radioactive sources

In depth study of SiC substrates in effort to pin down causes
of low charge mobility and




Thank You!
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Measurement Setup

Detectors are mounted in light-tight enclosures
and stacked in a tower mounted on a vibration-
Isolation stage

e [The tower is placed in a light-tight cryoperm

shield, providing magnetic shielding and
additional EM radiation shielding

External LED attached to fiber feedthrough shines
on back of detectors

Current through TES is read out with SQUID
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