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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": A New Light DM Collaboration

Different direct detection mediums unified by a Transition Edge Sensor based readout

SP/CE

. Athermal Phonon Collection Fins (Al)
. TES and Fin-Overlap Regions (W)
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SPICE/HeRALD: A New Light DM Collaboration

Different direct detection mediums unified by[a Transition Edge Sensor based readout ]
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TES Based Calorimetry Basics

Al Fins

DM interaction

Phonons break Cooper pairsin

fins, make quasiparticles
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Different Models, Different Materials of Choice

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




Power Noise For Rp : 328.10 mQ

e
Two Key Design Drivers: Mo = e
2 ~ «Excess Noise”
e Good energy resolution
o Excess noise limits resolution

e Low background = = -
o Excess events limits reach

Don’t understand either!
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Low Energy Backgrounds: “LEE"

=
(=)
)

Event Rate (Counts / kg / day / keV)

—
=
(=)

4. 602

107 4

10° -

103 4

0.25 0.50 0.75 1.00 1.25 1.50 15
Total energy deposition (keV)

EXCESS 2022

See EXCESS 2023 Review

by Dan Baxter
R. K. Romani

107"
10728
10—30 L
1073
1073
10—36 L
10—38 L
10740
10742
1074
1076
10—48 L
10~

_WLT

,10—8
Wm_m

CRESST-IlI

10"
,108
,106
104
102
,100
1072
107
,10—6

110712

0.01

0.10

1 10
Dark Matter Mass [GeV/cz]

100

1000

Dark Matter-nucleon gg [pb]

14



Counts/(eV s)

Stress Causes LEE-Like Events!

o Com pa re: hlgh/low stress A Al Fins Cooper Pairs Quasiparticles
(hanging/glued) detectors - W TES
e Found: stress causes LEE-like Phonons i Crystal

events! y }]Lﬂ Microfractures - : Glue

e Another source... films?
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Films Cause LEE? Two Channel Devices

Two components of LEE:

e “Shared” events: phonon
pulse shape, partitioning

e “Singles:” single channel
partitioning, faster pulse

o  Film events!
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Excess Noise

e Signal band: completely dominated by

excess noise
o Can’timprove by lowering Tc, shrinking
TESs...

e Splitinto noise in one sensor, shared
between two sensors...
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Excess Noise

e Signal band: completely dominated by
excess noise [N
o Can’timprove by lowering Tc, shrinking TESs... E:( e
e Correlated: consistent with excessvery = 10775
small phonon pulses a
. : U
e Uncorrelated: consistent with fast events =
rightin TESs g —— Total Noise
a = = TES Johnson Model
Excess noise: sub-threshold shared/single == TFN Model
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Everything Goes Down Over Time!

Relaxation (of stress?) causing both
problems: excess events + excess noise

e Excess noise limiting mass reach
e Excess events limiting cross section
reach/backgrounds

Solve this problem, low mass DM
searches are open for business!
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SPICE/HeRALD: An Exciting Light DM Program

e Asuite of materials, with advantages for different
model and readouts

e Cutting edge calorimeter R&D, making strong
progress towards solving LEE

e An exciting near-term program of DM limits expected
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