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Sub-GeV Dark Matter
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Where is the Dark Matter?
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Upscattering
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Is such a large cross section even feasible in light of
other present day bounds?
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Part |
Maximizing Direct Detection

There exists a maximum cross section aﬁax.

To design experiments targeting larger cross sections 1s not motivated.
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A Hadrophilic Scalar Mediator

UV Model: new vector-like quarks at the TeV scale
S. Knapen, T. Lin, K. Zurek [1790.07882]
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A Hadrophilic Scalar Mediator

UV Model: new vector-like quarks at the TeV scale
S. Knapen, T. Lin, K. Zurek [1790.07882]
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Estimating o

Dark Matter Self Interactions: o2°™ ~ 87;&%
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Estimating o,
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Yn

Estimating o
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Estimating o,
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Estimating o,
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Is such a large cross section even feasible?
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Bounds from Cosmic Ray
Upscattering
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max ¢

Achieving a,,"

Is there a sub-GeV dark matter candidate that:
1) may be detected at proposed experiments?
2) may have such a large cross section?

max, max
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Large couplings could over-annihilate in the early Universe: yy — ¢,
leading to Qxhz < 0.1

BBN and CMB constrain sub-MeV dark matter with large cross sections.

Dark matter (and mediators) with MeV mass and large interactions could
thermalize the bath and lead to V4 constraints.
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Part 11
Maximizing Direct Detection

There exists a maximum cross section aﬁax.

To design experiments targeting larger cross sections 1s not motivated.

with HYPER Dark Matter

There exists a model of dark matter that can achieve aﬁax,

and generally lives 1n a parameter space upcoming experiments will target.
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HighlY interactive ParticlE Relics
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HYPERs:
HighlY interactive ParticlE Relics
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HYPERS:
HighlY interactive ParticlE Relics

T
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TpT Dark Sector Phase Transition Can change the dark matter mass e.g:

The Flip Flop vev [1608.07578,1912.02830]
D. Croon, G. Elor, R. Houtz, H. Murayama, G. White [2012.15284]
T. Cohen, D. Morrissey, A. Pierce [0808.3994]
And many more
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HYPERSs:
HighlY interactive ParticlE Relics
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Dark Sector Phase Transition For HYPERS the mediator mass changes
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HYPERS:
HighlY interactive ParticlE Relics
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section grows!
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HYPERs:
HighlY interactive ParticlE Relics

T
T UV Freeze In Qh% =011 5gm, (mi2 XXGW G,
m% >Tp
TpT Dark Sector Phase Transition For HYPERS the mediator mass changes
mzs — My K mzb
Dark matter relic abundance must not change.
BBN and CMB must be unaffected
Toda Direct detection cross ; A
g (mg/me)

section grows!
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Achieving o,,™ with HYPERS
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Achieving o,,™ with HYPERS
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Summary

e (iven present day constraints, 1t 1s unmotivated to think about cross sections
larger than

Oxn $107%0 — 107 em?  for  10keV < m, < 100 MeV

e [t 1s not easy to find a dark matter model that realizes such large cross
sections, or 1n general live in the parameter space of interest to proposed
light dark matter direct detection experiments. However, HY PERSs 1s one
such candidate.
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Summary

Given present day constraints, 1t 1s unmotivated to think about cross sections
larger than

Oxn $107%0 — 107 em?  for  10keV < m, < 100 MeV

It 1s not easy to find a dark matter model that realizes such large cross
sections, or 1n general live in the parameter space of interest to proposed
light dark matter direct detection experiments. However, HY PERSs 1s one

such candidate.
Thanks!
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Outlook/Future Directions

Derive o,,** and leptophilic HYPER models! Would likely require Tpp < m

Xe€ e

Fully explore the HYPER space of the hadrophilic hyper model. Perhaps
considering vector mediators as well.

Details of the dark sector phase transition.

And many more
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Robustness of o, e

max )

o,,  tor the Hydrophilic scalar model the ¢
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Hadrophilic scalar with different UV completion e.g. mediator couples directly

to quarks Meson bounds are more constraining smaller o,),".

max

Visibly decaying dark photon? Beam dump and collider constraints make o,,,

smaller.



Achieving ¢, with HYPERSs

E= T T rorrrrm T T T T 11711 T 1 T T 1111 T
= |
10_31;5 ‘I FDM :1 \ I
- \ :
10733 : ko —"T/
=
10_35 _ ‘ TPT = FMeV TPT = 0\% %
—37 Brown Dwarf
& 10 = . HYPER Space rown Dwarts
= ' SN
= 10-39
b 1077E
\\Z \
10_41 ‘\\:9

o o

< 9
= 5
E ‘ITrI11II| ||||I|||| ||||rll|| Iun

0.1 1 10 100
m, [MeV]



Indirect Detection yy — yy
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