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Dark Matter Landscape

2014 P5 recommendation

QCD axion WIMPs
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Excellent reasons to target DM in these mass ranges
Well-honed tools, familiar theory motivations

Additional P5 recommendation: portfolio of smaller projects

Basic Research Needs report:
“Dark Matter Small Projects New Initiatives”
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A wider landscape of dark matter candidates

QCD axion WIMPs
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New theory targets and tools to probe them

Previous P5 recommendation of small-scale projects supported
Dark Matter New Initiatives (DMNI) effort

Basic Research Needs report:
“Dark Matter Small Projects New Initiatives”



New concepts and technologies
can open new windows into dark sector physics

Atomic clocks

SRF Cavity

Skipper CCD TES

NMR LC Resonators Metamaterials KIDs SNSPDs
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Small-scale experiments can have a huge impact!

and many more



Cosmic Frontier Summary Report

The HEP community has identified potentially transformative opportunities to address fundamental physics
questions via Cosmic Frontier programs. We aspire to Aim High, Search Wide, and Delve Deep:

e Complete the CMB-S4 cosmic microwave background experiment and build a large spectroscopic
facility (Spec-S5) to study physics including inflation, dark energy, light relics, modifications to general
relativity, and dark matter.

e Pursue a broad program investigating the full landscape of dark matter candidates, including implemen-
tation of the existing Dark Matter New Initiatives (DMNI) portfolio and development of future DMNI-
like programs focused on small projects; investment in new quantum technologies; and engagement of
the HEP community in the development and execution of cosmic and indirect searches for dark matter,
to take full advantage of the unique opportunities provided by cosmological and astrophysical probes

(e.g., Rubin LSST and AugerPrime).

e Scale up mature technologies for weakly-interacting massive particle (WIMP) direct detection, fully
exploring the parameter space down to the neutrino fog, and support high-energy gamma-ray telescopes
(e.g., SWGO and CTA) to probe thermal WIMPs up to tens-of-TeV mass scales. Move ahead with
new, construction-ready DMNI experiments with the capacity to probe the QCD axion over most of
its viable mass range.
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Relic abundance from dark sectors

Significant theory progress in mechanisms for DM genesis.

3 From CF1 white paper
“Landscape of low-threshold detection”



Relic abundance from dark sectors

Significant theory progress in mechanisms for DM genesis.
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Relic abundance from dark sectors

annihilation via
light mediators

Significant theory progress

Dark Matter — Electron Cross Section [cm?]
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SIMF, ELDER dance from dark sectors

annihilation via
light mediators

DM

y progress genesis.
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SIMF, ELDER dance from dark sectors

DM annihilation via .
y progress light mediators genesis.
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Opportunity to probe DM targets with a
variety of small-scale detector concepts
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Dark sector interactions

DM-nucleon interactions
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Detection concepts for particle-like DM

Utilize diversity of excitation modes in nature and advances in
neighboring fields including materials science, quantum sensing.

AtOIIliC SYStGIIlS lonizations with
g ~am, ~4keV,AE ~ a’m, ~ 10eV

Molecular systems Excitations and ionizations with

g~1—10keV,AE ~ 1 —10eV

Vibrational modes with Bond breaking with
AE ~0.1-1eV,q <10—-100keV AE > 10eV,q = 100 keV

Condensed matter systems

Excitations with ¢ < 10keV, AE < 10eV

Vibrational modes with AE < 0.2eV, g < 10 — 100 keV M”:ggirr‘:;w“ R EB;“{’O'Z:??;'QQIS"JEGV
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Bosonic (wave-like) dark matter

QCD axion DM and axion-like particles (ALPs)
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“Scalar and Vector Ultralight Dark Matter-



Scalar DM with mpy, > 1072leV
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Detection concepts for wave-like DM

Observable Effects
What can the dark matter wind do!?
What can a classical field do?
Excite EM fields I I
SQUID
C *
pickup
loop
Dark Matter
Spin Precession
Oscillating Dark
Matter Field
Exert Force Optical/atomic
interferometry
S8
Adapted from slide by Change Fundamental Constants
Surjeet Rajendran




Detection concepts for wave-like

Vector Bosons

Scalar Bosons (gauge coupling)
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Progress in the past decade

10727 s

10-28

10720

10—30

10731

10—32

10—33 7

10734

10735
10—362
10—37;
10-3
0=
10—40’ L

DM-electron scattering

\ :
L \/l’o\/l% ;
L -_ _ _ -
DM-—e scattering E
= Fpu=Il _
\ N N
1 10 102 103
m, [MeV]

16

Fig from R. Essig and CF1 white paper
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Progress in the past decade

DM-electron scattering
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Dark photon dark matter

2012

Coulomb

|
-

Log,o ¥ (Kinetic mixing)
|
S

—-13
Haloscope
Searches

Solar
Lifetime

Allowed
HP CDM

Kinetic mixing

_16I|I|||I|I|I|||||||I|||||I|I|I|I|I|I|l

-10 -7

—4 ~1 2

Log,om,[eV]

5

mHz

10°
101
102
1073

—_
9
(o

[S=)
9
|
e
w N

Y
o O O
Lo
SIS

10—16

[ —
o O
Lo
®

Super
MAG

(and morel)

17

Hz kHz 2 O 2 2 THz eV keV

Jupiter

/J/,Q Crab
gy nebula
%,
%,

Earth

COBE/FIRAS
v — X

DPBDM heating

Pathfinder

S
~
~
~
S~
~
~
-
~~
-

DRDMEell
Reionisation Dt[:Dth{
(Caputoetal.) (R etiatl)

Black hole
superradiance

7 650;31\0/9%/7/6/5/3;/3/1/\0&7,3A5
107107107407 A07 107107 A0 107107407 107407107107 107107 10 10 107407 4040

Dark photon mass [eV]

From Arias et al. 1201.5902 and
Caputo et al. 2021 / C O’Hare’s repository



How do we build on this progress?



How do we build on this progress?

® Support theory research: particle theory and
interdisciplinary research (condensed matter, quantum
sensing, etc).

18



How do we build on this progress?

® Support theory research: particle theory and
interdisciplinary research (condensed matter, quantum
sensing, etc).

® Support R&D for multiple detector concepts and
technologies

18



How do we build on this progress?

® Support theory research: particle theory and
interdisciplinary research (condensed matter, quantum
sensing, etc).

® Support R&D for multiple detector concepts and
technologies

® Support facilities that enable fast testing, to adapt to the
rapidly changing landscape; many concepts share needs

18



How do we build on this progress?

® Support theory research: particle theory and
interdisciplinary research (condensed matter, quantum
sensing, etc).

® Support R&D for multiple detector concepts and
technologies

® Support facilities that enable fast testing, to adapt to the
rapidly changing landscape; many concepts share needs

® Support a portfolio of experiments, with comprehensive
and complementary coverage in mass and interactions

18



How do we build on this progress?

® Support theory research: particle theory and
interdisciplinary research (condensed matter, quantum
sensing, etc).

® Support R&D for multiple detector concepts and
technologies

® Support facilities that enable fast testing, to adapt to the
rapidly changing landscape; many concepts share needs

® Support a portfolio of experiments, with comprehensive
and complementary coverage in mass and interactions

We want to find the right keys to unlock a discovery!
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Bosonic (wave-like) dark matter

QCD axion DM and axion-like particles (ALPS)
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