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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”

» 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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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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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
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Tg JV freeze-in
Q, k% =0.12
TpT Dark-sector phase transition
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HYPER History

T
Tr UV freeze-in
Q, k% =0.12
Tpr Dark-sector phase transition
mg — Mg < My
today Direct detection cross section grows!
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HYPER History
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What about XX — ¢¢?

Have to suppress - HYPERs can't always have max direct detection
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my = 500 keV
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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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What if there's no PT?
Can we still get a novel benchmark?
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What if there's no PT?
Can we still get a novel benchmark?

Just make Ty low!

A Gohee



Low Reheating...

5 MeV < Tk < m,

BBN & CMB bounds only photons for production
P.F.deSalasetal|[1511.00672)] (like HYPER story)

17 A Gohee



Low Reheating...

5 MeV < Tk < m,

BBN & CMB bounds only photons for production
P.F.de Salasetal|[1511.00672] (like HYPER story)
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Low Reheating...

5MeV < Tr < my,

BBN & CMB bounds only photons for production
P.F.de Salasetal|[1511.00672] (like HYPER story)

y 1 Yn O |
LD —qu“’ F,<—= for HYPER UV completion

XXFH,,FW <= my 2 > 25Tp E. Frangipane, S. Gori, B. Shakya [2110.10711]

17/ 7 M Goh.



Freeze-In @ Low Reheating

VY — XX 2
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Freeze-In @ Low Reheating

7Y = XX

— YpMm =~ 2 X

2
777610 My, ( Uy >T5

7S Js /9« Apm?b A

Relic abundance predicts a simple cross section:
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And now, for very preliminary results
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's Dark Matter here?
~ s What is the max cross section of sub-GeV DM scattering off nucleons?
A: Not that big. Good to know.

Where is the Dark Matter?

" Ls |5 there a sub-GeV DM candidate which
1. may be detected at proposed experiments?
2. may approach such a max cross section?

A HYPERs
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's Dark Matter here?
~ s What is the max cross section of sub-GeV DM scattering off nucleons?

A: Not that big. Good to know.

Where is the Dark Matter?

"~ Ls |5 there a sub-GeV DM candidate which
1. may be detected at proposed experiments?
2. may approach such a max cross section?

A HYPERs

What if no PT7
~Ls A Reheat @ low temperature for a simple benchmark
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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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UV Freeze-In
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Biggest Problem:
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P-wave suppression
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Biggest Problem:
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