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Is Dark Matter here?

nope. don’t bother.

also see 1908.00007 which derives BBN bounds on 

much of this param space of this Cosmic Ray 

Upscattered Dark matter (CRUD)
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It was madder.

JK. It couldn’t touch him.
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HYPER’s Origin Story

Ch. 1 UV freeze-in

Ch. 2 Dark Sector Phase Transition

Ch. 3 Mediator Mass Drop

Robert McGehee



HYPER’s Origin Story

Ch. 1 UV freeze-in

Ch. 2 Dark Sector Phase Transition

Ch. 3 Mediator Mass Drop

Ch. 4 Cross Section Grows!

Robert McGehee



HYPER’s Origin Story

Ch. 1 UV freeze-in

Ch. 2 Dark Sector Phase Transition

Ch. 3 Mediator Mass Drop

Ch. 4 Cross Section Grows!

Robert McGehee

Changes relic abundance?

BBN bounds?

CMB bounds?



Changes relic abundance?

Robert McGehee



Changes relic abundance?

Robert McGehee



Changes relic abundance?

Robert McGehee



Changes relic abundance?

Robert McGehee



BBN bounds? CMB bounds?

Robert McGehee



BBN bounds? CMB bounds?

Robert McGehee



BBN bounds? CMB bounds?

Robert McGehee



HYPER’s Origin Story

Ch. 1 UV freeze-in

Ch. 2 Dark Sector Phase Transition

Ch. 3 Mediator Mass Drop

Ch. 4 Cross Section Grows!

Robert McGehee

Changes relic abundance?

BBN bounds?

CMB bounds?



What about                          ? 

Robert McGehee



What about                          ? 

Possible if

Robert McGehee



What about                          ? 

Possible if

Require that

Robert McGehee



Results



Robert McGehee

Tentative



Robert McGehee

Tentative



Robert McGehee

Tentative

requires

suppression



Robert McGehee

Tentative



Robert McGehee

Tentative



Robert McGehee

Tentative



Where is the 

Dark Matter?



Where is the 

Dark Matter?

HYPERs

HYPERs

HYPERs

HYPERs

HYPERs

HYPERs



Future Directions



HYPER Building

Heavy HYPERs

>10 TeV

Larger Indirect detection at CTA

Leptophilic HYPERs

electron-scattering experiments

PT below electron mass

Vector Mediator

different present-day bounds apply

hadrophilic

B-L

Robert McGehee



HYPER Building

Heavy HYPERs

>10 TeV

Larger Indirect detection at CTA

Leptophilic HYPERs

electron-scattering experiments

PT below electron mass

Vector Mediator

different present-day bounds apply

hadrophilic

B-L

Robert McGehee



HYPER Building

Heavy HYPERs

>10 TeV

Larger Indirect detection at CTA

Leptophilic HYPERs

electron-scattering experiments

PT below electron mass

Vector Mediator

different present-day bounds apply

hadrophilic

B-L

Robert McGehee



Cosmology of Late(!) DS PTs

Necessary(?) for leptophilic HYPERs

Are there generic bounds?

Work arounds?

Interplay with stellar/SN bounds?
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An Antiwitz

Two muffins are next to each other baking in the oven. Suddenly, 
one of them says, “Is it hot in here or is it just me?” to which the 
other muffin replies: 

“Holy shit! It’s a talking muffin!”
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