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Previous Mixed Composition Models
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Previous Mixed Composition Models
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Light Composition around 10'% eV ...
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... but no Anisotropy

Auger dipole amplitude limits:
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Mixed Composition Model plus “Component X”

Emax o« Z
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() hard injection spectrum ~ ~ 1
() ad-hoc composition fractions
O

ad-hoc low-E light component
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Photonuclear Interactions in Source Environment?
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Photonuclear Interactions in Source Environment?

analytic example: full spallation of nucleus A, diffusion rese o E<, Tin ¢ E#
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High-pass filter for injected nuclei, soft low-E nucleon spectrum



Photonuclear Interactions in a “peaky” Photon Field

photo-disintegration photo-pion production
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Photonuclear Interactions in a “peaky” Photon Field

dn/de [eV! cm~?]
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broken power law (BPL), black body (BB), modified black body (MBB)
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Near-universal “L-curve” depending mostly on peak position



Details of Calculation

» PSB chain with TALYS cross sections and branching ratios

» Lorentz-factor conservation £ ~ FE; /A

» recursive “trickle-down” calculation of production rates Q
A=A

QE, A)= > b(E;, A, A+i)n(E;, A+i)Q(E;, A+1i)
A'>A =1

dE;
dE

injected nuclei A’, secondary A, branching ratio b, interaction fraction 7

v

fixed pion inelasticity for photo-pion: xpp = 0.8

full decay kinematics of neutron and pion decay

neutrino oscillation over astronomical distances

end of Galactic spectrum: power law mass Ag,;

fast intergalactic propagation using propagation matrices (CRPropa)

v

v

v

v

— full calculation of CR spectrum and composition at Earth in O(100 ms)
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Examples of Spectra Escaping from Source Environments

- » injected mass: Fe
interaction
- - escape >y = -1
> Epax(Fe) = 10198 eV
- » photon field: black body,
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Examples of Spectra Escaping from Source Environments

- » injected mass: Fe
interaction
- — escape > v = -1
> Epax(Fe) = 10198 eV
-_ » photon field: black body,
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Examples of Spectra Escaping from Source Environments
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Examples of Spectra Escaping from Source Environments
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n, dN/dIgE/dt [a.u.]
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Examples of Spectra Escaping from Source Environments

» injected mass: Fe
| 2 v = —1
» BEpax(Fe) = 10198 ev
» photon field: black body,
T=50 K
> Aese = 100 X Ajpg at 1017 eV
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Examples of Spectra Escaping from Source Environments

» injected mass: Fe

> ’)/ e —]_
» BEpax(Fe) = 10198 ev

—— » photon field: black body,
» complex composition leaving source

» ankle feature in escaping flux eV
» light component (nucleons) below ankle

— can this model describe UHECR flux and composition?
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Fiducial Scenario

source pammeters

power law index of injected nuclei

mass number of injected nuclei
maximum energy

cosmic ray power density, E > 1017° eV
evolution
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€17.5
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fix
free
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fix
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28 (29)

10185 (18.6) oy

9.2 (13) x10** ergMpc 3 yr~!
star formation rate [60]

source environment

energy of maximum of photon field density o free 0.11 (0.07) eV
power law index of photon spectrum (¢ < e9) «a fix +%

power law index of photon spectrum (¢ > ¢9) [ fix -2

power law index of escape length 6 free —0.77 (—0.94)
ratio of interaction and escape time RYS  free 4.4 (3.7) x10?
propagation to Earth

infra-red photon background - fix Gilmorel2 [61]
spectrum of Galactic cosmic rays

power law index at Earth Ygal Iree —4.2 (=3.7)
mass number of Galactic nuclei Agar  fix 56

flux fraction at 10'7° eV fear free 57 (72) %




Fiducial Scenario

29S;i injected, escaping
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Fiducial Scenario +1og —1lox

29S;i injected, escaping
flux at source

flux and composition J
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What about Mixed Injected Composition?
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Fit using TA Spectrum, 100% Iron at Injection
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Fit injecting Galactic Mix*
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Effect of Source Evolution
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» source evolution oc (1 + 2)™

» test —4 < m < 4 and star formation rate
» m = 0: no evolution
» m < 0: local sources dominate (a la Taylor et al 2015)
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Photon Peak Energy and Neutrino Predictions
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Summary

Previous mixed-comp. scenarios Photonuclear interactions at source

@ Emax 8 Z
(%) hard injection spectrum v ~ 1
() ad-hoc composition fractions

() ad-hoc low-E light component

E% J(E) [eV? km? sriyr?]

70

60

50

40

®
©
©
©
©

E ¢ Auger 2013 prel.

. — UFA
e

T

TR E BRI

i

o [TTTT oo rrTT

s
.
o[

Ig(E/eV)

T ob Eh
185 19 19.5 20 20.

Frax < Z

works with Galactic composition
explain ankle and low-E protons
hard injection spectrum v ~ 1

source properties: additonal doF

see also:

> photonuclear interactions in GRBs
N. Globus et al 2015, D. Biel et al
2017

> p+p interactions at source
M. Kachelriess et al. 2017

> galactic-extragalactic transition
S. Thoudam et al 2016
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