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Bounds from Cosmic Ray Scattering
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s Dark Matter here?
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s Dark Matter here”

. \What is the max cross section of sub-GeV DM
scattering off nucleons?

nere is the Dark Matter”

» IS there a sub-GeV DM candidate which
1. may be detected at proposed experiments?
7. may approach such a max cross section”
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What is the max cross section
of sub-GeV DM scattering off
nucleons?
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s there a sub-GeV DM
candidate which
1. may be detected at
proposed experiments?
2. may approach such a
Max Cross section?
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HYPER History

T
Tr UV freeze-in
Q, k% =0.12
TpT Dark-sector phase transition
mg — Mg < My
K. Boddy, S. Carroll, M. Trodden
[1208.4376]
today Direct detection cross section grows! Interactions much
(mfb/m¢)4 stronger today than when

relic abundance was set
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= Changes relic abundance?
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my = 500 keV
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's Dark Matter here”

. \What is the max cross section of sub-GeV DM
scattering off nucleons”?

| =

nere is the Dark Matter”

— [s there a sub-GeV DM candidate which
1. may be detected at proposed experiments”?
7. may approach such a max cross section?
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's Dark Matter here”

— What is the max cross section of sub-GeV DM
scattering off nucleons? A: Not that big. Good to know.

nere is the Dark Matter”

— [s there a sub-GeV DM candidate which
1. may be detected at proposed experiments”?

7. may approach such a max cross section?
A: HYPERS
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DM Self Interactions
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Robustness of the Estimate

v Chose "best” UV completion of nucleon coupling
v Coupling directly to tops gives a larger bound
v Coupling directly to lighter quarks does too

v'Vector medigtor? dark photon bounds much more stringent

-ine tuning the top coupling can reduce meson decay bounds

Large composite states of asymmetric DM may have a larger cross
section C. Coskuner et al. [1812.07573]
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Indirect Detection
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Challenges for Achieving ;"

A light @ with sizable couplings to DM and nucle

Large XX — @@
fast annihilations deplete relic abundance
constrained by indirect detection

Thermalization of ¢ increases Negt
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Biggest Problem:

XX — QP

P-wave suppression 13
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-arlier Phase Transition?
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More problematic processes after PT

T — ¢p, T — B, o) — xx
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-arlier Phase Transition?

Lo - (%qﬁ‘D“wﬂz—miqﬁmr)

2mm,,

More problematic processes after PT
T — ¢, T — ¢, ™) — xx

Ty =T HTy =Ty,

When do these start to matter?
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-arlier Phase Transition?

Lo - (%qﬁ‘D“wﬂz—miqﬁmr)

2mm,,

More problematic processes after PT
T — ¢, T — ¢, ™) — xx

Ty =T HTy =Ty,

When do these start to matter?

20V, st b n,eyqnf:i < 0.15Hn,,
TPT g 6.7 MeV
A Gohee
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Future Directions

Repeat for electron scattering; lower PT = interesting

~ully explore hadrophilic HYPER space
(e.g. vector mediator models)

~lesh out the dark sector PT

Many more!
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