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How do we characterize UHECR sources?

*composition inferred 
using Sibyll2.3c
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4.5Photohadronic 
processing in 

source environment

Accelerated CRs

CRs Escaping
Source

Unger, Farrar, Anchordoqui (2015), PRD

Model Parameters: 
• Injected composition 
• Injection index 
• Rigidity cut-off 
• Average number of 
interactions 

• CR power density 
• Source evolution 
• Photon field 
• Galactic spectrum
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*composition inferred 
using Sibyll2.3c
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hX
max

i
<latexit sha1_base64="OaM08Twwb/K7l+RHSZmMsoBVsTs=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIR9Fj04rGC/YAmhM122i7d3YTdjVhCT178K148KOLV3+DNf+M27UFbHww83pthZl6ccqaN5307S8srq2vrpY3y5tb2zq67t9/USaYoNGjCE9WOiQbOJDQMMxzaqQIiYg6teHg98Vv3oDRL5J0ZpRAK0pesxygxVorco4AT2eeA21EgiBkokQvyMA5UoUZuxat6BfAi8WekgmaoR+5X0E1oJkAayonWHd9LTZgTZRjlMC4HmYaU0CHpQ8dSSQToMC/eGOMTq3RxL1G2pMGF+nsiJ0LrkYht5+RUPe9NxP+8TmZ6l2HOZJoZkHS6qJdxbBI8yQR3mQJq+MgSQhWzt2I6IIpQY5Mr2xD8+ZcXSfOs6ntV//a8UruaxVFCh+gYnSIfXaAaukF11EAUPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A/C5mWs=</latexit><latexit sha1_base64="OaM08Twwb/K7l+RHSZmMsoBVsTs=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIR9Fj04rGC/YAmhM122i7d3YTdjVhCT178K148KOLV3+DNf+M27UFbHww83pthZl6ccqaN5307S8srq2vrpY3y5tb2zq67t9/USaYoNGjCE9WOiQbOJDQMMxzaqQIiYg6teHg98Vv3oDRL5J0ZpRAK0pesxygxVorco4AT2eeA21EgiBkokQvyMA5UoUZuxat6BfAi8WekgmaoR+5X0E1oJkAayonWHd9LTZgTZRjlMC4HmYaU0CHpQ8dSSQToMC/eGOMTq3RxL1G2pMGF+nsiJ0LrkYht5+RUPe9NxP+8TmZ6l2HOZJoZkHS6qJdxbBI8yQR3mQJq+MgSQhWzt2I6IIpQY5Mr2xD8+ZcXSfOs6ntV//a8UruaxVFCh+gYnSIfXaAaukF11EAUPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A/C5mWs=</latexit><latexit sha1_base64="OaM08Twwb/K7l+RHSZmMsoBVsTs=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIR9Fj04rGC/YAmhM122i7d3YTdjVhCT178K148KOLV3+DNf+M27UFbHww83pthZl6ccqaN5307S8srq2vrpY3y5tb2zq67t9/USaYoNGjCE9WOiQbOJDQMMxzaqQIiYg6teHg98Vv3oDRL5J0ZpRAK0pesxygxVorco4AT2eeA21EgiBkokQvyMA5UoUZuxat6BfAi8WekgmaoR+5X0E1oJkAayonWHd9LTZgTZRjlMC4HmYaU0CHpQ8dSSQToMC/eGOMTq3RxL1G2pMGF+nsiJ0LrkYht5+RUPe9NxP+8TmZ6l2HOZJoZkHS6qJdxbBI8yQR3mQJq+MgSQhWzt2I6IIpQY5Mr2xD8+ZcXSfOs6ntV//a8UruaxVFCh+gYnSIfXaAaukF11EAUPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A/C5mWs=</latexit><latexit sha1_base64="OaM08Twwb/K7l+RHSZmMsoBVsTs=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIR9Fj04rGC/YAmhM122i7d3YTdjVhCT178K148KOLV3+DNf+M27UFbHww83pthZl6ccqaN5307S8srq2vrpY3y5tb2zq67t9/USaYoNGjCE9WOiQbOJDQMMxzaqQIiYg6teHg98Vv3oDRL5J0ZpRAK0pesxygxVorco4AT2eeA21EgiBkokQvyMA5UoUZuxat6BfAi8WekgmaoR+5X0E1oJkAayonWHd9LTZgTZRjlMC4HmYaU0CHpQ8dSSQToMC/eGOMTq3RxL1G2pMGF+nsiJ0LrkYht5+RUPe9NxP+8TmZ6l2HOZJoZkHS6qJdxbBI8yQR3mQJq+MgSQhWzt2I6IIpQY5Mr2xD8+ZcXSfOs6ntV//a8UruaxVFCh+gYnSIfXaAaukF11EAUPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A/C5mWs=</latexit>

�(X
max

)
<latexit sha1_base64="PqYpaxKam9P71LtlWjZme3U211I=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJCLosunFZwT6gDWEynbRDZ5IwMxFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zAkSzpR2nG9raXlldW29tFHe3Nre2bX39lsqTiWhTRLzWHYCrChnEW1qpjntJJJiEXDaDkbXud++p1KxOLrT44R6Ag8iFjKCtZF8+7Cn2EDgasfvCayHUmQCP0xOfbvi1Jwp0CJxC1KBAg3f/ur1Y5IKGmnCsVJd10m0l2GpGeF0Uu6liiaYjPCAdg2NsKDKy6b5J+jEKH0UxtK8SKOp+nsjw0KpsQjMZB5SzXu5+J/XTXV46WUsSlJNIzI7FKYc6RjlZaA+k5RoPjYEE8lMVkSGWGKiTWVlU4I7/+VF0jqruU7NvT2v1K+KOkpwBMdQBRcuoA430IAmEHiEZ3iFN+vJerHerY/Z6JJV7BzAH1ifPxHrlh8=</latexit><latexit sha1_base64="PqYpaxKam9P71LtlWjZme3U211I=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJCLosunFZwT6gDWEynbRDZ5IwMxFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zAkSzpR2nG9raXlldW29tFHe3Nre2bX39lsqTiWhTRLzWHYCrChnEW1qpjntJJJiEXDaDkbXud++p1KxOLrT44R6Ag8iFjKCtZF8+7Cn2EDgasfvCayHUmQCP0xOfbvi1Jwp0CJxC1KBAg3f/ur1Y5IKGmnCsVJd10m0l2GpGeF0Uu6liiaYjPCAdg2NsKDKy6b5J+jEKH0UxtK8SKOp+nsjw0KpsQjMZB5SzXu5+J/XTXV46WUsSlJNIzI7FKYc6RjlZaA+k5RoPjYEE8lMVkSGWGKiTWVlU4I7/+VF0jqruU7NvT2v1K+KOkpwBMdQBRcuoA430IAmEHiEZ3iFN+vJerHerY/Z6JJV7BzAH1ifPxHrlh8=</latexit><latexit sha1_base64="PqYpaxKam9P71LtlWjZme3U211I=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJCLosunFZwT6gDWEynbRDZ5IwMxFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zAkSzpR2nG9raXlldW29tFHe3Nre2bX39lsqTiWhTRLzWHYCrChnEW1qpjntJJJiEXDaDkbXud++p1KxOLrT44R6Ag8iFjKCtZF8+7Cn2EDgasfvCayHUmQCP0xOfbvi1Jwp0CJxC1KBAg3f/ur1Y5IKGmnCsVJd10m0l2GpGeF0Uu6liiaYjPCAdg2NsKDKy6b5J+jEKH0UxtK8SKOp+nsjw0KpsQjMZB5SzXu5+J/XTXV46WUsSlJNIzI7FKYc6RjlZaA+k5RoPjYEE8lMVkSGWGKiTWVlU4I7/+VF0jqruU7NvT2v1K+KOkpwBMdQBRcuoA430IAmEHiEZ3iFN+vJerHerY/Z6JJV7BzAH1ifPxHrlh8=</latexit><latexit sha1_base64="PqYpaxKam9P71LtlWjZme3U211I=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJCLosunFZwT6gDWEynbRDZ5IwMxFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zAkSzpR2nG9raXlldW29tFHe3Nre2bX39lsqTiWhTRLzWHYCrChnEW1qpjntJJJiEXDaDkbXud++p1KxOLrT44R6Ag8iFjKCtZF8+7Cn2EDgasfvCayHUmQCP0xOfbvi1Jwp0CJxC1KBAg3f/ur1Y5IKGmnCsVJd10m0l2GpGeF0Uu6liiaYjPCAdg2NsKDKy6b5J+jEKH0UxtK8SKOp+nsjw0KpsQjMZB5SzXu5+J/XTXV46WUsSlJNIzI7FKYc6RjlZaA+k5RoPjYEE8lMVkSGWGKiTWVlU4I7/+VF0jqruU7NvT2v1K+KOkpwBMdQBRcuoA430IAmEHiEZ3iFN+vJerHerY/Z6JJV7BzAH1ifPxHrlh8=</latexit>

☛Fits characterized by source model parameters 
☛Exclude parameters far from best-fits (>3𝜎)  

*composition inferred 
using Sibyll2.3c
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Positive source evolutions slightly favored

What does UFA have to say 
about source evolution?

Positive

Negative

Uniform
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Constraints from Neutral Messengers
• Neutral secondaries produced by 

interactions in source and during 
extragalactic propagation 

• IceCube and Auger give upper-
bounds on the neutrino flux above 
~3 PeV 

• Fermi-LAT provides upper-bounds 
on diffuse gamma-ray flux in 100 
MeV to ~ TeV range

7

☛Exclude fit parameters which 
mviolate these bounds 
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Neutrino signal

Gamma-ray signal

Current Fermi-LAT 
gamma-ray data only 
weakly constraining

Neutrino bounds constrain 
source temperature:

< 4000 K
(< 500 meV)

Increasing 
temperature
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Constraining Injected Composition?

9

Milky Way-like compositions produce 
overshoot of the spectrum at the cutoff

Characterizing injected composition:
narrow mass range

or
extended, Milky Way-like 

composition?
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⇠(z) =

(
0 z < z0(Dmin)

SFR z � z0(Dmin)
<latexit sha1_base64="c5zpEPomk/M9nBNyge0OdoOwj7M="></latexit><latexit sha1_base64="c5zpEPomk/M9nBNyge0OdoOwj7M="></latexit><latexit sha1_base64="c5zpEPomk/M9nBNyge0OdoOwj7M="></latexit><latexit sha1_base64="c5zpEPomk/M9nBNyge0OdoOwj7M="></latexit>

Best-fit nearest 
source distance is 

constrained:

Dmin ~ 30-50 Mpc
for Milky Way-like 

composition,

Dmin ≲ 5 Mpc
for narrow composition*

*dependent on systematic uncertainties

Increasing 
source distance
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*composition inferred 
using EPOS-LHC

11

Room for Improvement

Predicted composition is too heavy & too pure above the ankle

hX
max

i
<latexit sha1_base64="OaM08Twwb/K7l+RHSZmMsoBVsTs=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIR9Fj04rGC/YAmhM122i7d3YTdjVhCT178K148KOLV3+DNf+M27UFbHww83pthZl6ccqaN5307S8srq2vrpY3y5tb2zq67t9/USaYoNGjCE9WOiQbOJDQMMxzaqQIiYg6teHg98Vv3oDRL5J0ZpRAK0pesxygxVorco4AT2eeA21EgiBkokQvyMA5UoUZuxat6BfAi8WekgmaoR+5X0E1oJkAayonWHd9LTZgTZRjlMC4HmYaU0CHpQ8dSSQToMC/eGOMTq3RxL1G2pMGF+nsiJ0LrkYht5+RUPe9NxP+8TmZ6l2HOZJoZkHS6qJdxbBI8yQR3mQJq+MgSQhWzt2I6IIpQY5Mr2xD8+ZcXSfOs6ntV//a8UruaxVFCh+gYnSIfXaAaukF11EAUPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A/C5mWs=</latexit><latexit sha1_base64="OaM08Twwb/K7l+RHSZmMsoBVsTs=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIR9Fj04rGC/YAmhM122i7d3YTdjVhCT178K148KOLV3+DNf+M27UFbHww83pthZl6ccqaN5307S8srq2vrpY3y5tb2zq67t9/USaYoNGjCE9WOiQbOJDQMMxzaqQIiYg6teHg98Vv3oDRL5J0ZpRAK0pesxygxVorco4AT2eeA21EgiBkokQvyMA5UoUZuxat6BfAi8WekgmaoR+5X0E1oJkAayonWHd9LTZgTZRjlMC4HmYaU0CHpQ8dSSQToMC/eGOMTq3RxL1G2pMGF+nsiJ0LrkYht5+RUPe9NxP+8TmZ6l2HOZJoZkHS6qJdxbBI8yQR3mQJq+MgSQhWzt2I6IIpQY5Mr2xD8+ZcXSfOs6ntV//a8UruaxVFCh+gYnSIfXaAaukF11EAUPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A/C5mWs=</latexit><latexit sha1_base64="OaM08Twwb/K7l+RHSZmMsoBVsTs=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIR9Fj04rGC/YAmhM122i7d3YTdjVhCT178K148KOLV3+DNf+M27UFbHww83pthZl6ccqaN5307S8srq2vrpY3y5tb2zq67t9/USaYoNGjCE9WOiQbOJDQMMxzaqQIiYg6teHg98Vv3oDRL5J0ZpRAK0pesxygxVorco4AT2eeA21EgiBkokQvyMA5UoUZuxat6BfAi8WekgmaoR+5X0E1oJkAayonWHd9LTZgTZRjlMC4HmYaU0CHpQ8dSSQToMC/eGOMTq3RxL1G2pMGF+nsiJ0LrkYht5+RUPe9NxP+8TmZ6l2HOZJoZkHS6qJdxbBI8yQR3mQJq+MgSQhWzt2I6IIpQY5Mr2xD8+ZcXSfOs6ntV//a8UruaxVFCh+gYnSIfXaAaukF11EAUPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A/C5mWs=</latexit><latexit sha1_base64="OaM08Twwb/K7l+RHSZmMsoBVsTs=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIR9Fj04rGC/YAmhM122i7d3YTdjVhCT178K148KOLV3+DNf+M27UFbHww83pthZl6ccqaN5307S8srq2vrpY3y5tb2zq67t9/USaYoNGjCE9WOiQbOJDQMMxzaqQIiYg6teHg98Vv3oDRL5J0ZpRAK0pesxygxVorco4AT2eeA21EgiBkokQvyMA5UoUZuxat6BfAi8WekgmaoR+5X0E1oJkAayonWHd9LTZgTZRjlMC4HmYaU0CHpQ8dSSQToMC/eGOMTq3RxL1G2pMGF+nsiJ0LrkYht5+RUPe9NxP+8TmZ6l2HOZJoZkHS6qJdxbBI8yQR3mQJq+MgSQhWzt2I6IIpQY5Mr2xD8+ZcXSfOs6ntV//a8UruaxVFCh+gYnSIfXaAaukF11EAUPaJn9IrenCfnxXl3PqatS85s5gD9gfP5A/C5mWs=</latexit>

�(X
max

)
<latexit sha1_base64="PqYpaxKam9P71LtlWjZme3U211I=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJCLosunFZwT6gDWEynbRDZ5IwMxFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zAkSzpR2nG9raXlldW29tFHe3Nre2bX39lsqTiWhTRLzWHYCrChnEW1qpjntJJJiEXDaDkbXud++p1KxOLrT44R6Ag8iFjKCtZF8+7Cn2EDgasfvCayHUmQCP0xOfbvi1Jwp0CJxC1KBAg3f/ur1Y5IKGmnCsVJd10m0l2GpGeF0Uu6liiaYjPCAdg2NsKDKy6b5J+jEKH0UxtK8SKOp+nsjw0KpsQjMZB5SzXu5+J/XTXV46WUsSlJNIzI7FKYc6RjlZaA+k5RoPjYEE8lMVkSGWGKiTWVlU4I7/+VF0jqruU7NvT2v1K+KOkpwBMdQBRcuoA430IAmEHiEZ3iFN+vJerHerY/Z6JJV7BzAH1ifPxHrlh8=</latexit><latexit sha1_base64="PqYpaxKam9P71LtlWjZme3U211I=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJCLosunFZwT6gDWEynbRDZ5IwMxFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zAkSzpR2nG9raXlldW29tFHe3Nre2bX39lsqTiWhTRLzWHYCrChnEW1qpjntJJJiEXDaDkbXud++p1KxOLrT44R6Ag8iFjKCtZF8+7Cn2EDgasfvCayHUmQCP0xOfbvi1Jwp0CJxC1KBAg3f/ur1Y5IKGmnCsVJd10m0l2GpGeF0Uu6liiaYjPCAdg2NsKDKy6b5J+jEKH0UxtK8SKOp+nsjw0KpsQjMZB5SzXu5+J/XTXV46WUsSlJNIzI7FKYc6RjlZaA+k5RoPjYEE8lMVkSGWGKiTWVlU4I7/+VF0jqruU7NvT2v1K+KOkpwBMdQBRcuoA430IAmEHiEZ3iFN+vJerHerY/Z6JJV7BzAH1ifPxHrlh8=</latexit><latexit sha1_base64="PqYpaxKam9P71LtlWjZme3U211I=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJCLosunFZwT6gDWEynbRDZ5IwMxFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zAkSzpR2nG9raXlldW29tFHe3Nre2bX39lsqTiWhTRLzWHYCrChnEW1qpjntJJJiEXDaDkbXud++p1KxOLrT44R6Ag8iFjKCtZF8+7Cn2EDgasfvCayHUmQCP0xOfbvi1Jwp0CJxC1KBAg3f/ur1Y5IKGmnCsVJd10m0l2GpGeF0Uu6liiaYjPCAdg2NsKDKy6b5J+jEKH0UxtK8SKOp+nsjw0KpsQjMZB5SzXu5+J/XTXV46WUsSlJNIzI7FKYc6RjlZaA+k5RoPjYEE8lMVkSGWGKiTWVlU4I7/+VF0jqruU7NvT2v1K+KOkpwBMdQBRcuoA430IAmEHiEZ3iFN+vJerHerY/Z6JJV7BzAH1ifPxHrlh8=</latexit><latexit sha1_base64="PqYpaxKam9P71LtlWjZme3U211I=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJCLosunFZwT6gDWEynbRDZ5IwMxFL7MJfceNCEbf+hjv/xkmbhbYeGDiccy/3zAkSzpR2nG9raXlldW29tFHe3Nre2bX39lsqTiWhTRLzWHYCrChnEW1qpjntJJJiEXDaDkbXud++p1KxOLrT44R6Ag8iFjKCtZF8+7Cn2EDgasfvCayHUmQCP0xOfbvi1Jwp0CJxC1KBAg3f/ur1Y5IKGmnCsVJd10m0l2GpGeF0Uu6liiaYjPCAdg2NsKDKy6b5J+jEKH0UxtK8SKOp+nsjw0KpsQjMZB5SzXu5+J/XTXV46WUsSlJNIzI7FKYc6RjlZaA+k5RoPjYEE8lMVkSGWGKiTWVlU4I7/+VF0jqruU7NvT2v1K+KOkpwBMdQBRcuoA430IAmEHiEZ3iFN+vJerHerY/Z6JJV7BzAH1ifPxHrlh8=</latexit>
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Could there be a pure-proton 
component to the spectrum?

• Pure-proton component: 

• Spectral index of -1 escaping 
source 

• Exponential cutoff in 10-1000 
EeV range

�p ⇠ fpE
�1e�E/EUHEp

max

<latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit><latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit><latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit><latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit>

fp =

R1
Eref

E�pdER1
Eref

E(�p + �UFA)dE
<latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit><latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit><latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit><latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit>

Eref = 1019 eV
<latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit><latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit><latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit><latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit>

Measures strength of pure-
proton component as:
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Could there be a pure-proton 
component to the spectrum?

• Pure-proton component: 

• Spectral index of -1 escaping 
source 

• Exponential cutoff in 10-1000 
EeV range

�p ⇠ fpE
�1e�E/EUHEp

max

<latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit><latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit><latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit><latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit>

fp =

R1
Eref

E�pdER1
Eref

E(�p + �UFA)dE
<latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit><latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit><latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit><latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit>

Eref = 1019 eV
<latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit><latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit><latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit><latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit>

Measures strength of pure-
proton component as:

*composition inferred 
using EPOS-LHC
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Could there be a pure-proton 
component to the spectrum?

• Pure-proton component: 

• Spectral index of -1 escaping 
source 

• Exponential cutoff in 10-1000 
EeV range

�p ⇠ fpE
�1e�E/EUHEp

max

<latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit><latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit><latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit><latexit sha1_base64="wnM2bA80mYzLBvUDQU1isSW94iE=">AAACHHicbZDLSgMxFIYz3q23qks3wSK4sc6ooEtRCl1WsCp06pBJz9hgMjMkZ6RlmAdx46u4caGIGxeCb2N6WXg7EPLx/+eQnD9MpTDoup/OxOTU9Mzs3HxpYXFpeaW8unZhkkxzaPJEJvoqZAakiKGJAiVcpRqYCiVchrenA//yDrQRSXyO/RTait3EIhKcoZWC8r7f6Iogpb4RikYWatf5jldQsFdttxbkivWK69xH6GHerNeKtCiCcsWtusOif8EbQ4WMqxGU3/1OwjMFMXLJjGl5bortnGkUXEJR8jMDKeO37AZaFmOmwLTz4XIF3bJKh0aJtidGOlS/T+RMGdNXoe1UDLvmtzcQ//NaGUZH7VzEaYYQ89FDUSYpJnSQFO0IDRxl3wLjWti/Ut5lmnG0eZZsCN7vlf/CxV7Vc6ve2UHl+GQcxxzZIJtkm3jkkByTOmmQJuHknjySZ/LiPDhPzqvzNmqdcMYz6+RHOR9f3vehRw==</latexit>

fp =

R1
Eref

E�pdER1
Eref

E(�p + �UFA)dE
<latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit><latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit><latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit><latexit sha1_base64="Rd6TMWzfbL6ctUNfsaMOm6lm6D8="></latexit>

Eref = 1019 eV
<latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit><latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit><latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit><latexit sha1_base64="O1rvBx0NuTpelIyFFoJ+ZLUtXPU=">AAACDHicbVDJSgNBFOyJW4xb1KOXxiB4CjMiqAchKILHCGaBZAw9nTdJk56F7jdiGOYDvPgrXjwo4tUP8Obf2FkOmljQUFTVo98rL5ZCo21/W7mFxaXllfxqYW19Y3OruL1T11GiONR4JCPV9JgGKUKooUAJzVgBCzwJDW9wOfIb96C0iMJbHMbgBqwXCl9whkbqFEtXnXbAsK+CVIGf0XPq2Hepc5bRNsIDphTqmUnZZXsMOk+cKSmRKaqd4le7G/EkgBC5ZFq3HDtGN2UKBZeQFdqJhpjxAetBy9CQBaDddHxMRg+M0qV+pMwLkY7V3xMpC7QeBp5JjhbXs95I/M9rJeifuqkI4wQh5JOP/ERSjOioGdoVCjjKoSGMK2F2pbzPFONo+iuYEpzZk+dJ/ajs2GXn5rhUuZjWkSd7ZJ8cEoeckAq5JlVSI5w8kmfySt6sJ+vFerc+JtGcNZ3ZJX9gff4AReeaeQ==</latexit>

Measures strength of pure-
proton component as:

*composition inferred 
using EPOS-LHC
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Fit worsened 
compared to no 

pure-proton 
component

Fit improved 
compared to no 

pure-proton 
component

*Actual improvement is hadronic 
interaction model dependentCutoff Energy
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Future neutrino detectors 
will constrain/discover 
pure-proton component

Range of neutrino signals in 
allowed parameter space
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All hadronic interaction 
models are compatible with 

> 10% CRs above 50 EeV 
being protons

Observed high energy protons

*Maximum proton signal 
compatible with data
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Reference Energy
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Summary
• UFA framework gives excellent fit to all 

UHECR data (spectrum & composition) 

• Pure-proton component of 10-1000 EeV CRs 
escaping source improves fit 

• Predicts possibility of >10 EV rigidity protons 
& >10% protons above 50 EeV 

• Future neutrino & mass sensitive UHECR 
experiments (e.g. AugerPrime & POEMMA) 
can constrain this possibility 

• Source temperatures > 4000 K (peak 
energies > 500 meV) excluded by neutrino 
data 

• Current gamma-ray data only weakly 
constraining

*best-fit models with 2nd proton component 
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Backup

19
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EPOS-LHC Sibyll2.3c

Single-mass 
composition

Milky Way-like 
composition

Fit Improvement with
Pure-Proton Component


