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Unitarity:  𝑚𝐷𝑀≲ 𝑂(100) TeV 

Boltzmann Equation 
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𝑚𝜙~1013GeV



Single Field Inflation 

~ − 1 

𝜙  + 3H 𝜙 + 𝑉′ 𝜙 = 0 



• 𝑟 = 16 𝜀

• 𝑛𝑠 = 1 − 6 𝜀 + 2 𝜂
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Part II & III 
 
 Metastability and Signatures of 

EeV scale dark matter in the 
neutrino sector 
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[Fox, Sigurdson, Murase et al., Nov 18’]  

A N I TA  



• Downward-going events, interacting with the geomagnetic field [de Vries, Prohira] 

• Downward-going events, reflected by sub-layers of the ice sheet [Shoemaker, Kusenko, 

Munneke, Romero-Wolf, Schroeder, Siegert] 

 
 
• Axionic UHECR reflecting on the ice [Esteban, Lopez-Pavon, Martinez-Soler, Salvado] 

• Askaryan emission in the Ice, induced by heavy dark matter [Hooper, Wegsman, 

Deaconu, Vieregg]  
 
 
 

• SUSY interpretations [Fox, Sigurdson, Murase et al.] [Collins, P. S. Bhupal Dev,  and Y. Su] 

• Sterile neutrino converting in the Earth [Cherry, Shoemaker][Huang] 

 
 
• Dark Matter decaying into leptons [Cline, Gross, Xue] 

• Dark Matter decaying into RH neutrinos [LH, Mambrini, Pierre] 
 
 

 

• Inelastic Boosted Dark Matter  [LH, Kim, Park, Shin] 

Pure SM, downward going 

BSM, downward going 

DM -> SM scattering, upward going 

DM -> BSM scattering, upward going 

BSM, upward going 



[Fox, Sigurdson, Murase et al., Nov 18’]  

[Fox, Sigurdson, Murase et al., Nov 18’]  

A N I TA  

I c e C u b e  



• Understand the total number of events  

1. Incoming Flux 

2. Probability of scattering 

3. Probability that the scattering products 
escape the Earth 

4. Probability that they decay in the low 
atmosphere 

• Understand the angular distribution of the 
events 

1. Integrate over incoming particle directions 

2. Integrate over points of impact on the 
Earth surface 

3. Analyse the results emergence angle per 
emergence angle 
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𝑚𝜙~1013
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 𝑚𝜙= 1013𝐺𝑒𝑉
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Generic range of masses 

with « natural » choices for the inflaton mass and couplings Relic density 







Vacuum mass versus inflation 
parameters 

• Quadratic / quartic models 

[Linde ‘07] 
[LH, Moursy ‘15] 



Vacuum mass versus inflation parameters 

• -attractors (E-model) 

[Carrasco, Kallosh, Linde ‘15] 



Vacuum mass versus inflation parameters 

• Natural inflation 
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Angular opening of the 
shower ~ 1.5° 

Full development of an 
EAS depends on the 
altitude 

[ANITA collaboration, 1811.07261] 



𝑚𝑅 < 10 eV or 𝑚𝑅~0.1 GeV 

A right-handed neutrino interpretation 

𝑚𝑅 < 10 eV                        𝑚𝐷𝑀~ 10 EeV 



𝑚𝑅 < 10 eV or 𝑚𝑅~0.1 GeV 

A right-handed neutrino interpretation 

𝑚𝑅~0.1 GeV                       𝑚𝐷𝑀 ≳ 103 EeV = 1012GeV 

Approaches the inflaton mass… 



Differential Exit Probability 

Total Exit Probability Diff. Exit Probability 

Access to the energy distribution per emergence angle of the predicted events 





𝑃𝑠𝑐𝑎𝑡

𝑙𝐴 ≪ 𝑅𝐸𝑎𝑟𝑡ℎ

𝑙𝐴~𝑅𝐸𝑎𝑟𝑡ℎ

𝑙𝐴 ≫ 𝑅𝐸𝑎𝑟𝑡ℎ
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Results 
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