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• CR source model: Unger-Farrar-Anchordoqui (UFA) 

• Two source populations: 

• Baseline population, fitting most of UHECR data 

• Fixed to best-fit parameters for given evolution 

• Pure-proton population, producing protons  
>10 EeV 

• Model parameters uniformly sampled, explore 
full range of model predictions 

• Exclude models that violate UHECR, neutrino, & 
gamma-ray data 

• To what extent can UHE protons & secondary 
neutrinos constrain source evolution if source 
interactions are significant? 
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Muzio, Unger, Farrar PRD (2019)

This study

*composition inferred 
using EPOS-LHC

with UHE protons
without UHE protons

Pure-proton 
population 
component
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Example: SFR, cosmogenic neutrinos only

Excluded by MM 
constraints

Allowed by MM 
constraints

See also: van Vliet et al PRD (2019)
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See also: van Vliet et al PRD (2019)
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Example: SFR, cosmogenic neutrinos only 

SFR

10-10.5 GeV/cm2/sr/s neutrino 
flux implies ~0.1%-0.3% 

proton fraction
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E2
0�0 = GeV/cm2/s/sr

Cosmogenic neutrinos only 

Source Evolution

<latexit sha1_base64="3ENC5vqEYOZKtPaFavoU6lAObEs="></latexit>

⇠(z) =

(
(1 + z)m z  z0
(1 + z0)me�(z�z0) z > z0



Marco Muzio (Penn State) 6

<latexit sha1_base64="tsYnsHDRD3ojWFxLkTQ2gdCCEHs=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMgHpLdENSLEBTRYwSTCElcZiedZMjsg5leMSz5By/+ihcPinj14s2/cfI4aLSgoaaqm+kuL5JCo21/Wam5+YXFpfRyZmV1bX0ju7lV02GsOFR5KEN14zENUgRQRYESbiIFzPck1L3+2civ34HSIgyucRBBy2fdQHQEZ2gkN3tw7tq3RdqMesK16QltItxjcgG1AveHt8XJs6ALWg3dbM7O22PQv8SZkhyZouJmP5vtkMc+BMgl07rh2BG2EqZQcAnDTDPWEDHeZ11oGBowH3QrGd80pHtGadNOqEwFSMfqz4mE+VoPfM90+gx7etYbif95jRg7x61EBFGMEPDJR51YUgzpKCDaFgo4yoEhjCthdqW8xxTjaGLMmBCc2ZP/klox7xzmS1elXPl0Gkea7JBdsk8cckTK5JJUSJVw8kCeyAt5tR6tZ+vNep+0pqzpzDb5BevjG+pPnP4=</latexit>

E2
0�0 = GeV/cm2/s/sr

Cosmogenic neutrinos only 

Source Evolution

• Combined UHE neutrino & proton fraction 
measurement can constrain source 
evolution 

• IC-Gen2 Radio/GRAND200k/Beacon + 
GCOS measurement will give source 
evolution for: 

• m < 4, conservative case (p-He MF~0.3) 

• m < 6/SFR, optimistic case 
(p-He MF~0.7) 

• GRB/AGN, background-free case

<latexit sha1_base64="3ENC5vqEYOZKtPaFavoU6lAObEs="></latexit>

⇠(z) =

(
(1 + z)m z  z0
(1 + z0)me�(z�z0) z > z0

IC-Gen2/GRAND/Beacon ~sensitivity
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Effect of Source Interactions

Excluded by MM 
constraints

Allowed by MM 
constraints

Allowing for source 
interactions

Correlation has much wider 
dispersion, but still exists

SFRSFR
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E2
0�0 = GeV/cm2/s/sr

Effect of Source Interactions

1 EeV neutrino flux 10 EeV neutrino flux

1 EeV neutrino flux → upper-bound on m 
10 EeV neutrino flux → lower-bound on m



Marco Muzio (Penn State)

Summary
• GCOS will constrain observed proton fraction:


• He contamination case: O(0.1%)


• Conservative merit factor ~0.3 gives 
constraints comparable to POEMMA


• Background free case: O(0.001%) 


• GCOS & planned neutrino experiments will 
strongly constrain UHECR source evolution  

• Cosmogenic only case: m is measured 


• General case: constrain m with 1 EeV &  
10 EeV neutrino measurements
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