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Light dark matter

Overwhelming evidence for dark matter, but its mass scale is
unknown

Rotation curves gravitational lensing  Structure formation
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Light dark matter
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Light dark matter

Searches for dark matter with masses < 1-10 GeV require new
strategies

What can we learn about dark matter in this mass range?
* Rare decays
* Long-lived particles
* Spin measurements

« Quantum sensors



Rare meson decays



Rare meson decays

Rare decays, especially rare meson decays are the best probes for
axions with flavor-violating couplings

m, =0 (Standard QCD Axion)
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Rare meson decays

If the axion decays, rare meson decays are even more powerful
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Rare meson decays

Offer a unique test of the parameter space unconstrained by
astrophysical, beam dump and collider searches
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Rare meson decays

Offer a unique test of the parameter space unconstrained by
astrophysical, beam dump and collider searches
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Long-lived particles



Long-lived particles

The Iifetirﬁe reach of LHC detectors is limited by their size and

backgrounds
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Long- Ilved partlcles

leptonic decay hadronic decay
Y
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Long-lived particles

Sensitivity to heavy neutral leptons

Br(D — N + X) - Br(N — +visible)

Br(B — N + X) - Br(IN — +visible)
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Long-lived particles - 1

............

The most important target is the Higgs boson: only LLP ;
produced at the LHC! F
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Long-lived particles .

The most important target is the Higgs boson: only
produced at the LHC!
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Long-lived particles

The ‘lifetime reach’ of LHC detectors is limited by their size and
backgrounds

Higgs to 30 GeV LLP
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Long-lived particles

Pro-ANUBIS demonstrator installed during run 3 to show feasibility

and understand backgrounds-. 5 / oL
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Measuring the spin of invisible states



Measuring the spin of invisible states

What if the ALP, dark photon is stable? 10°
Angular distribution can distinguish t- 107
channel from s-channel :
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Invisible decays and polarisation

Backgrounds for e+e- -> X + y at Belle |l

9.9 1 10°
5.0 1% & k 4
1 10
— 4.5{8 A
> 10° S
0. 4.0+ -
2 3.5- 10 s
& N
3.0 - £10 G
2.9- 1 I|'|| 1
mi 11 [ i E
2.0' Irl:ll _I i l| : | ,' n. l!II'| I :0
20 40 60 &0 100 120 140 160
O1ab

MB, Erner, Phys.Rev.D 108 (2023) 11 22



ECMS [GeV]

Invisible decays and polarisation

Polarised beams eliminates background and distinguishes ALP-
electron and photon interactions

Unpolarised
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ECMS [GeV]

Invisible decays and polarisation

Polarised beams eliminates background and distinguishes ALP-

electron and photon interactions
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Invisible decays and polarisation

Polarised beams eliminates background and distinguishes ALP-

electron and photon interactions
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Ultra-light dark matter



Ultra-light dark matter

What if dark matter is very light? It behaves like a wave

\/ 2pDM
myg,

a(x,t) = cos(wt — 9)

Sketch of an atom in a wavelike DM background
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Ultra-light dark matter

Mass is fixed by halo size mg > 1072 eV
Amplitude is fixed by the dark L 550 o, GeV
: ,Oa——maao—PDM—O3

matter energy density 2 cm?
The angular frequency is determined W ~ My
by the rest mass.

. o A W02 /2
Small corrections from the kinetic energy Tw ~ mmv / ~107°
Coherence time is set by the _fm 2w (MHZ)
frequency spread O Aw mgv? Ma
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Ultra-light dark matter
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Resonant cavities
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——— Lighter dark matter needs larger cavities
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Flambaum et al, 2207.14437

Ultra-light dark matter -

Quadratic axion interactions allow to
extend the parameter space
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Ultra-light dark matter

Standard model fields in this background
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Can be described with time-dependent masses and coupling
constants

For axions these are quadratic interactions

31



Ultra-light dark matter
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Ultra-light dark matter
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Ultra-light dark matter
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Ultra-light dark matter
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Ultra-light dark matter

Another way to observe dark matter is via absorption

2P3/5
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Depending on the guantum numbers of the dark matter

states these can be forbidden transitions

Software to automate the calculation of the overlap integrals
and transition rates covering all dark matter candidates is

now avallable

MB, Perez-Soler and Shergold, Generalised hydrogen interactions with CINCO: a window to new
physics,''[arXiv:2407.12913 [hep-ph]].
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Summary

Searches for light dark matter and mediators require new
strategies beyond established searches

Rare meson decays, polarised beams, future detectors and
guantum sensors explore complementary scenarios that are
hard or impossible to test otherwise
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