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7] TESSERACT cm? Device

TESSERACT -

 1cm”2 X 1mm “pixel”
calorimeter made of silicon
— 0.233 g mass of Si
— Allows us to test TESs on
convenient substrate

* Tungsten-Aluminum sensors
fabricated directly on Si

» Designed for optimal
resolution
— World-leading resolution
of 361 meV

MichaelWilliams@Ibl.gov 4



Low Energy Excess

TESSERACT -

* Cryogenic detectors see rise in event rate near threshold
e Source unknown, but not dark matter

— Decays away in time after cooldown
« Understanding how to mitigate is an R&D focus

— See F. Reindl’s talk on the EXCESS workshop

MichaelWilliams@lbl.gov
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7] TESSERACT cm? Device

TESSERACT -

* Goal: understand how
LEE is being sensed in
our calorimeters

 Use two channels on
same substrate
— Can we discriminate

LEE between
channels?

« Silicon two channel device
paper: 2410.16510

MichaelWilliams@lbl.gov 6


https://arxiv.org/pdf/2410.16510
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LEE Background

« We see two classes of LEE

. BACKGROUND
— Events seen in both channels 4 :
— Events seen in one channel &
(11 ” - - \G_J,
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TESSERACT-Si Dark Matter Search

TESSERACT -

« Above ground, taken at UC Berkeley

in Pyle Lab dilution fridge L EEIN AR
« 24 hours continuous data 5. N
— 12 hours blinded E o/\

15 0 00 02 04 06 % . ¢

Time (ms) -~
Left Single

b o

— No trigger, all data to disk

« Offline trigger threshold at 4x
resolution - 1.45 eV

« Discriminate background and signal
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https://arxiv.org/abs/2503.03683

TESSERACT-Si Dark Matter Search

TESSERACT -
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TESSERACT-Si Dark Matter Search

TESSERACT -

* Understand detector
efficiencies via “salting”
— Inject ideal pulses of
known energy
 55% NR acceptance at

threshold

« See X. Li's talk on salting
and noise!

MichaelWilliams@lbl.gov

1.0

Efficiency
©
&

=
N

S
o

o
o

o
»

Efficiency vs. True Energy

1

Turn off cuts
at saturation

Analysis Threshold

=== Trigger Efficiency
==s== Total Detector Efficiency After Cuts

10°

101
True Energy (eV)




TESSERACT-Si Dark Matter Search

TESSERACT -
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TESSERACT-Si Dark Matter Search

TESSERACT -

Blue: Yellin Optimal

Interval with overburden

constraints

— Atmosphere and
building shielding

 Red: No DM-DM pileup
requirement
— 5.5 kHz detector
bandwidth
— Novel consideration
in DM search!
 Lowest SI-NR DM search

ever done! 44 MeV/c?2

MichaelWilliams@lbl.gov
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Going Forward

TESSERACT -

« Full steam ahead on detector R&D

— Look for more talks on HeARLD
and SPICE soon!

« Fabing sensors on polar crystals
starting very soon

« Studying new techniques to combat
and reduce LEE

« (Going underground, more results to
come!

MichaelWilliams@lbl.gov



Summary =

« The TESSERACT cm? devices are a versatile device for studying
the low energy excess
— Also instrumented in HeRALD teststands
« Through calibration we can measure detector response to phonons
and sensor direct hits
 LEE seen in two ways: shared and singles
— Shared phonon mediated, singles some other mechanism
« We can discriminate between these events and reduce background
« TESSERACT conducted an above ground DM search over 24
hours
« We probe the lowest mass ever by a SI-NR direct detection
experiment ever - 44 MeV/c"2
* More exciting work to come!

TESSERACT -

MichaelWilliams@lbl.gov 15
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HeRALD v0.1 at UMass

TESSERACT -

» Proof of principle detector for HeRALD
— Detection of S1 photons and S2
evaporation
— 2307.11877
« NEW: use two calorimeters to reject
instrument backgrounds ~ ,
* We can see clear peak from Fe-55 | B Do ] it S gl T
— Broadening from position T s e
s Preliminary
dependence 7 A BT Lt R
— Radiogenic/cosmogenic backgrounds
* |Instrumental backgrounds are clearly
discriminated away from signal!

Estimated Energy Deposited into CPD2 (eV)
=
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https://arxiv.org/abs/2307.11877

HeRALD v0.2 at LBNL

« Use 8 calorimeters to detect helium
signals
— Even better rejection of
instrumental backgrounds
* 1cm”2 calorimeters are more
sensitive
— Lower detector threshold
« Submerged detectors
— Aim to learn more about helium
photon signals
* Thin copper walls
— External calibration of target

TESSERACT -

MichaelWilliams@lbl.gov



HeRALD v0.2 at LBNL m

CaF, 4.3 eV Calibration Data
W-QET w/ 1% Coverage

TESSERACT -

10000

« Have calibrated calorimeters
with single 4.3 eV photons! -
« NEW: first runs with superfluid
helium! :
— Calorimeters above and
immersed in He
« We see coincident scintillation T wt P
and single photons! HERAID V2 BT EUIcE e
* Helium calibration coming e

soon!
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| R&D Testbeds

* 4 Dilution Fridges used for R&D

* More on the way
— UZH, KEK, Lyon, Berkeley, ordering soon

Cryomech UQTB-200 Bluefors LD400 Cryomech UQTB-400
@ LBL (x2) @ UMass Amherst
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