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Can We Eliminate Classes of Dark Matter Models?

Ahlen et al. (1987; Physics Letters B 195 4)

Yes!




Thermal Dark Matter artist: Sarah Szabo



Thermal Dark Matter Density


Present density inversely 
proportional to the strength of 
the interaction.


Almost independent of particle 
mass.


Weak-Interaction Produces the 
right density!

Steigman, Dasgupta, Beacom (2012; 1204.3622)



Thermal Dark Matter Density


Present density inversely 
proportional to the strength of 
the interaction.


Almost independent of particle 
mass.


Weak-Interaction Produces the 
right density!

Steigman, Dasgupta, Beacom (2012; 1204.3622)

10 MeV - 100 TeV !

Lee, Weinberg (1977; PRL 39 4)

Ho, Scherrer (2012; 1208.4347)





Philosophy:


Constrain the 
simplest model first
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NFW Profile (Mass of Milky Way)


Thermal Cross-Section (Early Universe)


Dark Matter Mass (?)


Annihilation Final State (?)


Milky Way Star-Formation Rate (Galactic Dynamics)


Diffusion Constant in Galactic Center (Hydrodyanmics)


Activity of Supermassive Blackhole (?)
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SMBH Accretion Efficiency (Magnetohydrodynamics)


Blazar Acceleration Mechanisms (Leptonic? Hadronic?)


Radio Galaxy Emission Models


Star-Formation Rates in Starburst Galaxies


dSph Proximity


Substructure Models


Milky Way Merger History
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Local Dark Matter Density


Thermal Cross-Section (Early Universe)


Hadronic Component of Dark Matter Final State


Convection of Annihilation Products from GC (Winds?)


Local Gas Density


Local Supernova Rate
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Local Dark Matter Density


Thermal Cross-Section (Early Universe)
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Local Dark Matter Density


Thermal Cross-Section (Early Universe)


Leptonic Component of Dark Matter Final State


Convection of Annihilation Products from GC (Winds?)


Pulsar Birth Rate


e+e- Acceleration Efficiency in Pulsar Magnetospheres
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The Antiproton Excess



The Antiproton Excess

Investigate the Antiproton Fraction!


Two Changes:


Ratio is much smaller (don't need to add 
antiprotons into denominator).


Hadronic Energy losses are slower 
(sensitive to antiproton production 
throughout the Galaxy)




The Antiproton Excess

Astrophysics - Smooth Profile


Dark Matter - Sharp Bump!
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The Antiproton Excess

Hint of Excess in ~5 GeV antiprotons!


Astrophysical Uncertainties can significantly 
affect the signal. 


Hooper, TL, Mertsch (2014; 1410.1527)



The Antiproton Excess

Cui et al. (2017; 1610.03840)

Cuoco et al. (2017; 1610.03071)

Two papers simultaneously find an excess in the AMS-02 Antiproton Data!


Significance approaching (or past) 5σ !




The Antiproton Excess

Cuoco et al. (2017; 1610.03071)





The Antiproton Excess

With great precision comes great 
responsibility:


Antiproton Production Cross-Section


Galactic Primary to Secondary Ratios


Inhomogeneous Diffusion


Solar Modulation


Instrumental Uncertainties


AMS-02 (2016; 117 091103)



The Antiproton Excess
Reinert, Winkler (2018; 1712.00002)

With great precision comes great 
responsibility:


Antiproton Production Cross-Section


Galactic Primary to Secondary Ratios


Inhomogeneous Diffusion


Solar Modulation


Instrumental Uncertainties


Winkler (2017; 1701.04866)



The Antiproton Excess

With great precision comes great 
responsibility:


Antiproton Production Cross-Section


Galactic Primary to Secondary Ratios


Inhomogeneous Diffusion


Solar Modulation


Instrumental Uncertainties


AMS-02 (PRL 117 2016)

AMS-02 (PRL 121 2018)

See e.g., Weinrich et al. (2002; 2002.11406)



The Antiproton Excess

With great precision comes great 
responsibility:


Antiproton Production Cross-Section


Galactic Primary to Secondary Ratios


Inhomogeneous Diffusion


Solar Modulation


Instrumental Uncertainties


Johannesson et al. (1903.05509)

Evoli et al. (2014; 1411.7623)
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With great precision comes great 
responsibility:


Antiproton Production Cross-Section


Galactic Primary to Secondary Ratios


Inhomogeneous Diffusion


Solar Modulation
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AMS-02 (PRL 121 2018)



The Antiproton Excess

With great precision comes great 
responsibility:


Antiproton Production Cross-Section


Galactic Primary to Secondary Ratios


Inhomogeneous Diffusion


Solar Modulation


Instrumental Uncertainties


Fisk Potential

HELMOD Collaboration (2011, 1110.4315)



The Antiproton Excess

With great precision comes great 
responsibility:


Antiproton Production Cross-Section


Galactic Primary to Secondary Ratios


Inhomogeneous Diffusion


Solar Modulation


Instrumental Uncertainties


Cholis, Hooper, TL (1511.01507, 2007.00669)



The Antiproton Excess

With great precision comes great 
responsibility:


Antiproton Production Cross-Section


Galactic Primary to Secondary Ratios


Inhomogeneous Diffusion


Solar Modulation


Instrumental Uncertainties


Cholis, Hooper, TL (2007.00669)

Kuhlen, Mertsch (1909.01154)
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Inhomogeneous Diffusion


Solar Modulation
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The Antiproton Excess

With great precision comes great 
responsibility:


Antiproton Production Cross-Section


Galactic Primary to Secondary Ratios


Inhomogeneous Diffusion


Solar Modulation


Instrumental Uncertainties


Cuoco et. al. (2019; 1903.01472)Boudaud et al. (2019; 1906.07119)

Heisig et al. (2020; 2005.04237)
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AntiNuclei - A Clean Search Strategy ?

Antinuclei carry away a significant fraction of the 
total momentum in a particle collision.


Astrophysical Antinuclei - Most be moving 
relativistically!


Dark Matter Antinuclei - Can be slow!


Donato et al. (1999; hep-ph/9904481)

Fornengo et al. (2017; 1306.4171)



slide from Sam Ting (La Palma Conference, April 9 2018)



AntiNuclei - A Clean Search Strategy ?

Poulin et al. (2018; 1808.08961)

Korsmeier (2017; 1711.08465)

Antihelium background even cleaner than antideuterons


But the flux is supposed to be much smaller.




AntiNuclei - A Clean Search Strategy ?
Poulin  et. al. (2018; 1808.08961)

Poulin et al. (2018; 1808.08961)Poulin et al. (2018; 1808.08961)
Carlson et al. (2014; 1401.2461)

Korsmeier (2017; 1711.08465)

Antihelium background even cleaner than antideuterons


But the flux is supposed to be much smaller.




Astrophysical Enhancements!

The current event rates depend on the 
detector sensitivity to anti-Helium.


We lose many events because most anti-
He are produced at energies that are too 
small to be detected. 


Use re-acceleration to boost the anti-He 
energies into the detectable range!


Cholis, Linden, Hooper (2020; 2001.08749)





Particle Physics Enhancements!



Particle Physics Enhancements!

Previous analyses have missed the 
(potentially) dominant contribution 
to anti-Helium production.


The displaced-vertex decays of 
Lambda_b baryons potentially 
boosts the detectable AMS-02 signal 
by orders of magnitude!


Winkler & Linden (2020; 2020.16251)



Particle Physics Enhancements!

Winkler & Linden (2020; 2020.16251)











Silverwood et al. (2015; 150708581)



Silverwood et al. (2015; 150708581)
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Leane et al. (2018; 1805.10305)





Galli et al. (2009; 0905.0003)

see also: astro-ph/0210617, 0810.5952)

https://arxiv.org/abs/astro-ph/0210617




Slatyer (2015; 1506.03811)



Madhavacheril et al. (2013; 1310.3815)



The WIMP Coincidence Problem



Cuoco et al. (2017; 1610.03071)

Cholis, Hooper, TL (2019; 1903.02549)



Thermal WIMPs and the Story of Tantalus

Extragalactic Dark Matter Density


Thermal Cross-Section (Early Universe)


e+e- Energy Fraction in Dark Matter Annihilation


Intergalactic Magnetic Fields
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Extragalactic Dark Matter Density


Thermal Cross-Section (Early Universe)


e+e- Energy Fraction in Dark Matter Annihilation


Intergalactic Magnetic Fields


Radio Luminosity in Starbursts and AGN


e+e- Reacceleration in Cluster Mergers


Redshift Dependence of Signal vs. CMB



