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Overview

|. Propose

for non-identical

sources with power-law distribution of max. energies.

ll. Find that sources must have
within factor of three or less for 90% of sources.

|
I
D

— Fe

|
O

— SuUm

| \ A

= 107
4]
~—
> -2 L
5 0 E
)( [
N 10° ==
LL] =
107 ==
-5 L L
10 48 185

!
1 |
|
L1004 e s
R
- Ay Source Cutoft Trees
5 < | —— Heaviside .
Q vlo—l__ L N
Q ~ ] exp \
Up) s : m \\
v £ broken — exp : N
= super — exp, w. A = 2 > N
(jO) 10_2 L rT '\\' T
1072 10~ 10" 10!
R/ Riax
Continuous source distribution: convolution of individ-
ual source spectra ¢ (R, Rmax) With distribution of max-
imum rigidities dp/ d Rmax.
dp
¢pop — dRmax ¢src(R> Rmax) X (1)
dRmax
Assumptions:

1. Acceler. universal in rigidity [1], w. super-exp. cutoff: ¢g x exp (_ R/ Ry Acut)

2. Power-law distribution of maximum rigidities [2]:
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With (i) ¢pop 0 R for R/Ry — 0 and (ii) ¢pop 0c R« Per™ for R/ Ry — 0.

Expected Population Variance

Candidate astrophysical accelerators show large diversity in relevant parameters,
e.g. size, magnetic field strength, luminosity and Lorentz factor.

Observation: Fit of UHECR
spectrum[3] and composition
favours

Problem: Large variance implies
strong high-energy tail of the pop-
ulation spectrum since

Dpop ¢ R Peetl " RIRy — o0

Consequence:
mentation of the primary CRs
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Spectrum and composition at Earth
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Population Spectrum

Variations of the Source Model

Shift observed composition for all scenarios: (Xmax) — 1osyst & 0(Xmax) + 10syst
— Least intrinsic shower variance — Upper limit for population diversity

e (fd) fiducial model
Sibyll2.3c, n(z) = const

o (zr) redshift evol. of p( Riax)
w. Ro(z) = RE™" x (1 + 2)4
— best fit ¢ = —4.37}

e (zn) red. evol. of source density
w. n(z) o< (14+2)", 2 < 1.5

e (sc) super-exp. src. cutoff fct.
— best fit \ = 5.41%1

e (fg) GCR-like injection fractions

e (ex) extreme scenario
neg. evol. n(z), sharp src. cutoff

ID Parameter Boop Yoo X
fd 5,270 0.8 404
zr q € [—5,2] 4.877F —0.1975% 33.7
znm=-—3 | 44727 0270% 37.3

m=3 646703 —2.07:, 425

m=06 64673 —2.247)7 68.9
sc A€ [1,50] | 4.073% 1437018 33.6
fg fi 3.161040 1.071008 110.8
ex Epos-LHC 3.17701%  1.437010 40.6

Sibyll2.3c | 3.5700  1.69700) 34.7

Relate Ry to (jet) Lorentz factor [t

1 Rmax = RoTjey A 2. p(Tjer) o< I

= Boop = (N +&— 1)/ +2 — 7ysec

Sources Bpop,max
AGN:n =14

+Hillas: a=1, =1 3.4 — ~gc
+ Espresso: a =2, £ =012.2 — ~grc
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