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The Search for DM Direct Detection 30 Years On

Still no sign of DM in the laboratory!

e WIMPs (~10 GeV - ~100 TeV): mature technologies, big collaborations, nearing limits
e Axions/ALPs (less than 1 eV): rapid development of many good ideas
o “LightDM” (~100 keV- ~1 GeV): exciting new technologies, new motivations
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General Light DM Direct Detection Design Drivers
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SPICE/HeRALD / TESSERACT:
A New Light DM Collaboration

Different direct detection mediums unified by a Transition Edge Sensor based readout
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SPICE/HeRALD / TESSERACT:
A New Light DM Collaboration

Different direct detection mediums unified by

a Transition Edge Sensor based readout
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A (Brief) Outline

TES basics

Sensor performance
Backgrounds

SPICE materials
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TES Based Calorimetry Basics

Al Fins

DM interaction

Phonons break Cooper pairsin

fins, make quasiparticles
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Events Per Bin

World Leading Sensors

Baseline (sigma) phonon energy resolutions: 300 meV scale

SPICE 0.25% Big Fins Device, 3.061 eV Photons
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World Leading Sensors

Baseline (sigma) phonon energy resolutions: 300 meV scale

SPICE 0.25% Big Fins Device, 3.061 eV Photons

World leading sensors = world leading reach
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Background Problem: Low Energy Excess

See D. Baxter, C. Strandhagen talks.
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Event Rate (Counts / kg / day / keV)

Background Problem: Low Energy Excess

See D. Baxter, C. Strandhagen talks.
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Our contribution: relaxation of mechanical stress
in detector materials seems to be likely cause
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A Al Fins Cooper Pairs Quasiparticles
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LEE Results: EXCESS 2022 e sty
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Glue creates one class of LEE!

e Created class of LEE events with similar
scale to true excess, relaxation with time
e Compared identical detectors held in
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LEE Results: EXCESS 2023

Backgrounds separate into “singles” and 6 S — 320 (B) f‘

“shared” events 5 gm 10
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o  Mostof the LEE problem
e “Singles” events:

o Energy depositions in sensor films, easy to
distinguish from DM
o  Shows eventsin films are part of the story
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LEE Results: EXCESS 2024 v
Study of singles results in 5
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Background Solution: Coincidence!

Separate prototype detectors have significantly reduced correlated backgrounds
o LEE livesin each individual phonon detector systems

Use detectors where there are two signals per real DM event
o  GaAs: very low energy scintillator, additional phonon system
HeRALD: multi-calorimeter readout possible (see next talk)
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Background Problem: Noise

LEE goes up exponentially towards low /
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energies... 108 = i N S
b eyt pe AT 107 8
e Really frequent low energy events ¥ E
. : =
=shot noise 3 4 oo
e Shotnoise = higher than expected =27} o $
noise = worse resolutions i TR co=e i L1027 8
- NelseModel__________--=" i i W ies <
Need to understand/reduce impacts of 100 100 10° 200 100 100 10° 10
Frequency (Hz) Frequency (Hz)
LEE to achieve better resolutions
j /R. K. Romani 16



Materials




Different Models, Different Materials of Choice

Light dark photon mediator (Sec. III, Fig. 1)

4. 602

Detection channel

Quantity to maximize to reach ...

... lower m,

... lower @,

Best materials

(Optical) phonons

wy' (Eq. (24))

quality factor @ defined in Eq. (27)

Si0,, AIQ(D CaWO,

Electron transitions

Eg_1 (Eq. (28))

depends on details of electron wavefunctions

InSb, Si

Nuclear recoils

(Awmin) ™" (Eq. (29))

(Z/A)® wain (Eq. (31))

min

diamond, LiF

Hadrophilic scalar mediator (Sec. IV, Figs. 2, 3)

Detection channel

Quantity to maximize to reach ...

... lower m,

... lower 7,

Best materials

(Acoustic) phonons

Cs/Wmin (Eq. (36))

Light mediator: w_i (Eq. (35))

min

saams il -1
Heavy mediator: ¢;~ or w,, or Awpn

depending on m, (Egs. (37), (38), (39))

diamond( SiO»

all complementary

Nuclear recoils

(Awmin) ™" (Eq. (29))

Light mediator: w_i (Eq. (40))

min

diamond, LiF

Heavy mediator: A (Eq. (43))

Csl, Pb compounds
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+ Superfluid helium!

arXiv: 1910.10716 Griffin et. al. 2021
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SiO2 as a SPICE Target

e Excellent coupling to dark photons, high

“quality factor”
o  SeearXiv: 1910.10716

e TESson SiO2 substrate tested
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SPICE: An Exciting Light DM Program .o e sese 0 evonoons
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e Cutting edge calorimeter R&D, making strong progress
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