
Maximizing Direct Detection 
with HYPER Dark Matter

Robert McGehee

2112.03920 
w/ Gilly Elor & Aaron Pierce

PHENO 22, 5/9/22



Direct Detection Refresher

N N

DM

nucleus

Credit: The XENON Experiment

2



Direct Detection Refresher
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XENON Collaboration [1805.12562]
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Direct Detection Future

Go lighter

Go lower

Go higher?
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Bounds from Cosmic Ray Scattering

T. Bringmann, M. Pospelov
[1810.10543]

C. Cappiello, J. Beacom
[1906.11283]

C. Cappiello, K. Ng, J. Beacom
[1810.07705]

3



Is Dark Matter here?
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+ many more!

Superfluid Helium
S. Knapen, T. Lin, K. Zurek 
[1611.06228,1709.07882]

Color Center Production in Crystals
R. Budnik et al.
[1705.03016]

Molecular Excitations
R. Essig et al.
[1907.07682]

Multiple Channels 
(recoils, transitions, phonons)

T. Trickle et al.
S. Griffin et al.

[1910.08092, 1910.10716]

Silicon Carbide
S. Griffin et al.
[2008.08560]

Diamond Detectors
N. Kurinsky et al.

[1901.07569]

Diamond Multiphonon
B. Campbell-Deem et al.

[1911.03482]

CaWO4
A. Coskuner et al.

[2102.09567]
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Where is Dark Matter?

4



Outline

Is Dark Matter here?

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

Where is the Dark Matter?

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



The Basics
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E. Hardy, R. Lasenby
[1611.05852]

NA62 Collaboration
[2103.15389]

S. Knapen, T. Lin, K. Zurek
[1709.07882]

The Basics
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R. Leane, J. Smirnov
[2010.00015]
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Is Dark Matter here?
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Is Dark Matter here?
Probably not.

also see G. Krnjaic, S. McDermott [1908.00007] for BBN 
bounds on Cosmic Ray Upscattered Dark Matter
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Is there a sub-GeV DM 
candidate which

1. may be detected at 
proposed experiments?
2. may approach such a 
max cross section?



HighlY interactive
ParticlE Relics (HYPERs)



HYPER History

T

UV freeze-in relic abundance set early and
depends on        and  
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HYPER History

T

UV freeze-in

Dark-sector phase transition
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HYPER History

T

today

UV freeze-in

Dark-sector phase transition

Direct detection cross section grows!
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HYPER History

T

today

UV freeze-in

Dark-sector phase transition

Direct detection cross section grows!

Changes

abundance?

BBN?

CMB?
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Changes relic abundance?
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Changes relic abundance?
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Results



Boundary found 
by maximizing 
via judicious choice 
of
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Where is Dark Matter?



HYPERs HYPERs HYPERs

HYPERs HYPERs HYPERs

HYPERs HYPERs HYPERs



Is Dark Matter here?

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

Where is the Dark Matter?

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

12



Is Dark Matter here?

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?

Is 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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