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Sub-GeV Dark Matter
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Where is the Dark Matter?

s Heavy mediator
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Upscattering
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Is such a large cross section even feasible?
Is there a maximum cross section for DM nucleon scattering given
present day constraints?



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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Indirect Detection yy — yy
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Is such a large cross section even feasible?
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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

Y XYy

( 9
a - I
J?nx — . ?
1 2
X

G. Elor



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?
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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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Maximizing Direct Detection

There exists a maximum cross section o#*

xn
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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HighlY interactive ParticlE Relics
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HYPERS:
HighlY interactive ParticlE Relics

T
IR UV Freeze In QXhQ = 0.11
m"g >Tp
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]
And many more
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HYPERSs:
HighlY interactive ParticlE Relics

T
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Dark matter relic abundance must not change.
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UV Freeze-In

At high scales, integrating out initially heavy mediator and heavy vector like quarks:

L D Mgy S OGIG, 56 m, (mi)? XXGO Gl



UV Freeze-In

At high scales, integrating out initially heavy mediator and heavy vector like quarks:
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UV Freeze In:  Tr < Min [m}/20,my/20] Yy =~ 4x107° (

We can adjust T and mq’b to yield the correct relic abundance.

Both have no impact on oc,,".



UV Freeze-In

At high scales, integrating out initially heavy mediator and heavy vector like quarks:
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UV Freeze In:  Tr < Min [m}/20,my/20] Yy =~ 4x107° (mn(m¢)2
We can adjust T and mq’b to yield the correct relic abundance.

Both have no impact on oc,,".

A n
AN U2 YA =15 x107° & my, ™" ~ 40 TeV

TR 5 2 TeV



Dark Sector Phase Transition

mib — My K mﬁb

e Dark matter relic abundance must not change.

e BBN and CMB must be unaffected

¢.g. after the phase transition we must forbid or suppress processes such as
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Dark Sector Phase Transition

mib — My K mﬁb

e Dark matter relic abundance must not change.
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Dark Sector Phase Transition

mib — My K mﬁb

e Dark matter relic abundance must not change.

e BBN and CMB must be unaffected
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Achieving o,,™ with HYPERS
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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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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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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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Higher Temperatures
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Sub-GeV DM Detetors
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