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Cosmic Ray Energy Spectrum

<latexit sha1_base64="80Kfvh1Aighd3jQdgmV0cBiQrks=">AAACBnicbZC7TsMwFIadcivlFmBESBYNEgtVkgEYK1gYi0QvUhsqx3Vaq3YS2Q5SFGVi4VVYGECIlWdg421w2gxQ+CVLn/5zjo7P78eMSmXbX0ZlaXllda26XtvY3NreMXf3OjJKBCZtHLFI9HwkCaMhaSuqGOnFgiDuM9L1p1dFvXtPhKRReKvSmHgcjUMaUIyUtobmoeXYd9mpm1twyq2SUlGQk1tDs2437JngX3BKqINSraH5ORhFOOEkVJghKfuOHSsvQ0JRzEheGySSxAhP0Zj0NYaIE+llszNyeKydEQwioV+o4Mz9OZEhLmXKfd3JkZrIxVph/lfrJyq48DIaxokiIZ4vChIGVQSLTOCICoIVSzUgLKj+K8QTJBBWOrmaDsFZPPkvdNyGc9Zwb9x687KMowoOwBE4AQ44B01wDVqgDTB4AE/gBbwaj8az8Wa8z1srRjmzD37J+PgG0duWLA==</latexit>

10�2 km�2 yr�1

• Original source


• Acceleration


• Mass composition

Open questions
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<latexit sha1_base64="h7gzdzsnqY0+WB+c806Z6QlyQgc=">AAAB8XicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AMYKFsYi0Q/RRpXjOq1V24lsB1FF/RcsDCDEyr9h49/gphmg5UknPb13p7t7QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjP3O49UaRbJezONqS/wSLKQEWys9FDtDlKBn2ZVNChX3JqbAa0SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TS7eIbOrDJEYaRsSYMy9fdEioXWUxHYToHNWC97c/E/r5eY8MpPmYwTQyVZLAoTjkyE5u+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdKu17yLWv2uXmlc53EU4QRO4Rw8uIQG3EITWkBAwjO8wpujnRfn3flYtBacfOYY/sD5/AGnR5BA</latexit>

Xmax

Can indicates the 
primary

<latexit sha1_base64="Rlk2CUnRlhGx+H/DJRj6Lk06AOo=">AAACMXicbVDLSgMxFM3Ud31VXboJVqFu6kwX6rJVhC4r2Ad0asmktzU0yYxJRixDf8mNfyJuXCji1p8wfSBqPRA4nHMuN/cEEWfauO6Lk5qbX1hcWl5Jr66tb2xmtrZrOowVhSoNeagaAdHAmYSqYYZDI1JARMChHvTPR379DpRmobwygwhagvQk6zJKjJXamfI+9jmRPQ640U4EuR9el3Du4hD7aqL6mgm4nQlFNnRU+o7t43Ym6+bdMfAs8aYki6aotDNPfieksQBpKCdaNz03Mq2EKMMoh2HajzVEhPZJD5qWSiJAt5LxxUN8YJUO7obKPmnwWP05kRCh9UAENimIudF/vZH4n9eMTfe0lTAZxQYknSzqxhybEI/qwx2mgBo+sIRQxexfMb0hilBjS07bEry/J8+SWiHvHecLl4Vs8WxaxzLaRXsohzx0goqojCqoiih6QM/oFb05j86L8+58TKIpZzqzg37B+fwCJtWnvg==</latexit>

hXA
max(E)i ' hXp

max(E/A)i

Superposition modelElongation rate

<latexit sha1_base64="FMTJfivnkmPJiaWVyXQ22DGjGFI="></latexit>

D ⌘ dhXmaxi
d lnE

<latexit sha1_base64="WACSk/rHIkoJSv+XPCS4UcPhMDY="></latexit>

hXA
maxi = Xp

1 +D(lnE � lnA)
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<latexit sha1_base64="h7gzdzsnqY0+WB+c806Z6QlyQgc=">AAAB8XicbVA9T8MwEL2Ur1K+CowsFi0SU5V0AMYKFsYi0Q/RRpXjOq1V24lsB1FF/RcsDCDEyr9h49/gphmg5UknPb13p7t7QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjP3O49UaRbJezONqS/wSLKQEWys9FDtDlKBn2ZVNChX3JqbAa0SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TS7eIbOrDJEYaRsSYMy9fdEioXWUxHYToHNWC97c/E/r5eY8MpPmYwTQyVZLAoTjkyE5u+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdKu17yLWv2uXmlc53EU4QRO4Rw8uIQG3EITWkBAwjO8wpujnRfn3flYtBacfOYY/sD5/AGnR5BA</latexit>

Xmax

Can indicates the 
primary

<latexit sha1_base64="Rlk2CUnRlhGx+H/DJRj6Lk06AOo=">AAACMXicbVDLSgMxFM3Ud31VXboJVqFu6kwX6rJVhC4r2Ad0asmktzU0yYxJRixDf8mNfyJuXCji1p8wfSBqPRA4nHMuN/cEEWfauO6Lk5qbX1hcWl5Jr66tb2xmtrZrOowVhSoNeagaAdHAmYSqYYZDI1JARMChHvTPR379DpRmobwygwhagvQk6zJKjJXamfI+9jmRPQ640U4EuR9el3Du4hD7aqL6mgm4nQlFNnRU+o7t43Ym6+bdMfAs8aYki6aotDNPfieksQBpKCdaNz03Mq2EKMMoh2HajzVEhPZJD5qWSiJAt5LxxUN8YJUO7obKPmnwWP05kRCh9UAENimIudF/vZH4n9eMTfe0lTAZxQYknSzqxhybEI/qwx2mgBo+sIRQxexfMb0hilBjS07bEry/J8+SWiHvHecLl4Vs8WxaxzLaRXsohzx0goqojCqoiih6QM/oFb05j86L8+58TKIpZzqzg37B+fwCJtWnvg==</latexit>

hXA
max(E)i ' hXp

max(E/A)i

Superposition modelElongation rate

<latexit sha1_base64="FMTJfivnkmPJiaWVyXQ22DGjGFI="></latexit>

D ⌘ dhXmaxi
d lnE

<latexit sha1_base64="WACSk/rHIkoJSv+XPCS4UcPhMDY="></latexit>

hXA
maxi = Xp

1 +D(lnE � lnA)
Plot from 2012.06861



�6

Simulating UHECR

CORSIKA 

www.iap.kit.edu/corsika/

3 energy bins


4 hadronic models


26 primaries (from p to Fe)


2k showers/element/model/bin 
simulated


Then get complaints from both IJS and CERN clusters

Auger Open Data

opendata.auger.org

~10% of total data


~23k Non-Hybrid data


~3k Hybrid data


of which ~1.6k “golden”-hybrid

http://opendata.auger.org
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<latexit sha1_base64="X117Gyg0IM+G5+N/nWJcNmYL/dI="></latexit>

x = (fp, fHe, . . . , fFe) Composition

Dim reduction

<latexit sha1_base64="n1tROlSz0PPef524e+A2HP/lhAw="></latexit>

D
⇣
{Xm}Aug

⌘

<latexit sha1_base64="GOVNRxpKA7mGFKi63Xg2FU5f304="></latexit>

D
⇣
{Xm}sim

⌘

<latexit sha1_base64="pqzE6c7BZtfEzWiuuFkRRW1WzIM=">AAACHnicbVDLSgMxFM34rPVVdekmWARxUWYKPpZVNy4r2Ad0hiGT3rahmcyYZAp16Je48VfcuFBEcKV/YzrtorYeCBzOOTfJPUHMmdK2/WMtLa+srq3nNvKbW9s7u4W9/bqKEkmhRiMeyWZAFHAmoKaZ5tCMJZAw4NAI+jdjvzEAqVgk7vUwBi8kXcE6jBJtJL9w5gbQZSKFhyRTTkd57KbYHQDFj356lXRH2B3lXRDtmYxfKNolOwNeJM6UFNEUVb/w5bYjmoQgNOVEqZZjx9pLidSMcjD3JwpiQvukCy1DBQlBeWm23ggfG6WNO5E0R2icqbMTKQmVGoaBSYZE99S8Nxb/81qJ7lx6KRNxokHQyUOdhGMd4XFXuM0kUM2HhhAqmfkrpj0iCdWm0bwpwZlfeZHUyyXnvFS+Kxcr19M6cugQHaET5KALVEG3qIpqiKIn9ILe0Lv1bL1aH9bnJLpkTWcO0B9Y379CyqKS</latexit>

{~zAug}

<latexit sha1_base64="41J7OSt4Ebynxun6vAkVuEVHNU0="></latexit>

{~zsim} =
⇣
{hXmi}, {�}, {�1}

⌘

sim

<latexit sha1_base64="hh4Jj55JG1FnxDiqPWtef2yXf2g=">AAACDnicbZC7TsMwFIYdriXcAowsFlUlxFAlHYCxgoWxSPQitVXkOKetVccJtoNUoj4BC6/CwgBCrMxsvA1um6G0/JKlX985R8fnDxLOlHbdH2tldW19Y7OwZW/v7O7tOweHDRWnkkKdxjyWrYAo4ExAXTPNoZVIIFHAoRkMryf15gNIxWJxp0cJdCPSF6zHKNEG+U6pE0CfiQzu0yk5G9uPPrM7IMI55jtFt+xOhZeNl5siylXzne9OGNM0AqEpJ0q1PTfR3YxIzSiHsd1JFSSEDkkf2sYKEoHqZtNzxrhkSIh7sTRPaDyl8xMZiZQaRYHpjIgeqMXaBP5Xa6e6d9nNmEhSDYLOFvVSjnWMJ9ngkEmgmo+MIVQy81dMB0QSqk2CtgnBWzx52TQqZe+8XLmtFKtXeRwFdIxO0Cny0AWqohtUQ3VE0RN6QW/o3Xq2Xq0P63PWumLlM0foj6yvX6cVnHw=</latexit>zi Normally distributed

From a fixed x

Family of dists from bootstrapping

<latexit sha1_base64="q0KnIxGFXzCqHxUkhOe5hptWeSw="></latexit>

ln(L) =

Z
dnz ln [N (z|µsim(x),⌃sim(x))]N (z|µAug,⌃Aug)

Similar to relative entropy
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Preliminary results
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Auger Data

Best composition

Proton

Oxygen

Best composition

with 2sigma CL

Most probable fractions
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Preliminary results
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Summary

• Relatively simple (though optimisable) inference of CR composition


• 100% proton composition is excluded 


• Working on reducing CL 


