


WE KNOW THAT DARK MATTER EXISTS
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TO FIGURE OUT WHERE AND WHAT TO LOOK FOR, WE
EXPLOIT CONNECTIONS BETWEEN DM BEHAVIOUR AT
EARLY AND LATE TIMES
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WHAT IF DM INTERACTIONS DON'T CONSERVE
KINETIC ENERGY?
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WHAT IF DM INTERACTIONS DON'T CONSERVE
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INELASTIC DM: PARAMETER SPACE
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IMPACT OF THE MASS SPLITTING

> Production: 6 < freeze-in temperature. Ground and excited states symmetrically
produced.

> Evolution: Because of tiny freeze-in couplings, all 2 — 2 up/downscattering
processes are sub-Hubble
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IMPACT OF THE MASS SPLITTING

> Production: 6 < freeze-in temperature. Ground and excited states symmetrically
produced.

> Evolution: Because of tiny freeze-in couplings, all 2 — 2 up/downscattering
processes are sub-Hubble

For m, < 6 decays into ¢~ allowed.

Small freeze-in couplings result in long
lived particles.

The coupling combination that sets the DM
abundance also results in interesting late
time cosmology
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FOLLOWING THE GROUND STATE

Compare the free-streaming length to Warm Dark Matter

be = A2 PM(9.7 keV) be= A PM(18 keV)  —— (. =1 kpc
Nadler, Birrer et al (2022) LSST Dark Matter Group (2019)
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TAKEAWAYS:

BY RELATING EARLY AND LATE TIME DM BEHAVIOUR,
THE UNIVERSE CAN BE USED AS A GIANT LABORATORY
TO CONSTRAIN DM

INELASTIC DM IS A SIMPLE EXTENSION OF THE SM
THAT GIVES QUALITATIVELY NEW SIGNATURES ATA |
RANGE OF SCALES

INELASTIC FREEZE-IN GIVES A CONSISTENT THERMAL
HISTORY FOR DM PRODUCTION AT DECAY







MASS SCALING
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MASS SCALING

= 350 GeV

1072 10~ 1 10V
0 |GeV]

be = A PM(18 keV)

—— /. =1 kpc
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PARAMETER SPACE

Simple UV completing with a dark Higgs symmetry breaking:

My =28,vp, 0= Zﬁyva, m, = mpF \/zy)(vD, ny, =

Assumptions:

>

>

Dark Higgs heavier than everything else, m;, > TeV

Dark photon in the MeV-GeV range and DM in the GeV-TeV range

Dark photon not in thermal equilibrium at early times

Everything satistied for g, < ec and freeze-in couplings under consideration

2ApVp -

17
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OTHER SIGNATURES: STRUCTURE

CDM Endothermic Exothermic
z=0.00
5 - .
100 kpc m, =23MeV,5=048eV,a,=0.17  m, =10GeV,6 = 10keV,a, = 0.1

O’Neil, Vogelsberger, SH, Schutz et al (2022)
Simulations done in the Born regime for self-scattering



DIRECT DETECTION

3.2 o significance
f Xﬁe=2.3x10‘46 cm? Smeared Signal
102 m X_—;3() MeV __ Unsmeared Signal
': 16|=2.6 keV

_—_——_

_————_
____—_—__——_————_————_

Oscura *
< XENON
ALINONTO

: Binned Signal

Resonant iDM p

Sensiti :
tinlllsglzsrtfhthe fr{alctlon of excited state at late
: erma o
small! y produced DM, this is very

S .
ee also: H. An & D. Yang , arXiv: 2006.15672

M. C. Gonzal :
ez & N. Toro, arXiv: 2108.13422
Bloch et al, arXiv: 2006.14521
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Despite the small coupl.ings,
with an appreciable relic

excited state fractio.n,
resonant Pseudo-Dirac DM

is an exciting target for
future telescopes!
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