UHECR Propagation + Related

Physics (~¥25 mins)




* Cosmic ray interactions with background
radiation fields

e Extragalactic cosmic ray source distribution
e Secondary particles and cascades

* From where?...clues from the first pevatron
detected at the Galactic center

UHECR Propagation Andrew Taylor
DESY.



Measured

Cosmic Ray Proton
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Composition- Consider Nuclei?
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Cosmic Ray Nuclei
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Assumptions on Source Population

0 3 9 27 81 243 Mpc

dN
[—OC(1—|—Z)H] Z<Zmax

n=-6 -3, 0,3

dN
[(IE 0.8 E_a eXp[E/EZ,maxﬂ

EZ,max — (Z/26) X EFe,max

Note- magnetic field horizon effects are neglected in the following. This
amounts to assuming: dg < (ctH)\Scat)l/2

ie. the source distribution may be approximated to be spatially continuous
(also note, presence of t,, term comes from temporally continuous
assumption)
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MCMC Likelihood Scan:

Spectral + Composition Fits
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MCMC Likelihood Scan:
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MCMC Results Table

n=-—6 n=-3 n=>0 n=3

Parameter Best-fit  Posterior Mean & | Best-fit Posterior Mean & | Best-fit Posterior Mean & | Best-fit Posterior Mean &
Value Standard Deviation| Value Standard Deviation| Value Standard Deviation| Value Standard Deviation

fp 0.03 0.14 £0.12 0.08 0.15+0.13 0.17 0.17+0.16 0.19 0.20 £0.16

fHe 0.50 0.21 £0.17 0.42 0.17+0.16 0.53 0.20 £0.17 0.32 0.23£0.20

N 0.40 0.50 £0.18 0.42 0.51 £0.19 0.29 0.47+0.19 0.43 0.45+0.21

fsi 0.06 0.11+£0.12 0.08 0.12+0.13 0.0 0.11+£0.12 0.06 0.078 £+ 0.086

fre 0.052 = 0.039 0.0 0.053 + 0.042 0.01 0.050 + 0.038 0.044 +0.034

Q 1.8 1.83 £0.31 1.6 1.67+0.36 1.1 1.33 +£0.41 0.6 0.64 +£0.44

logyo ZEzg= 0554026 | 205 20524027 | 202  2038+025 20.16 £ 0.18

/_.

Flatter spectra

preferred for negative
DE§Hurce evolution

:

Hard spectra preferred for
source evolution follovxging
that of the SFR



High Spectral Peaked Blazar Evolution

n=-6 evolution result
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Cascade Spectra + the IGRB
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Regardless of where the energy is injected (ie independent of
source z), the arriving flux possesses a ~universal shape
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Secondary (Guaranteed) Gamma-Ray Fluxes

From >1013-%eV UHECR Component

n=3 evolution result
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Does a Separate Class of Extragalactic
Source Dominate at Sub-Ankle Energies?
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Cascade Contribution from Second

Source Population
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The Isotropic Gamma-Ray Background
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/ ...+ Removal of Res. Blazars

/ ....+ Removal of Unres. Blazars
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The Isotropic Gamma-Ray Background
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/ ....+ Removal of Unres. Blazars

Using Photon Fluctuation Analysis, the
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The Origin of Protons Below the Ankle

)

SFR evolution scenario}
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.....and Radio Galaxy Contributions

Stlll Not Removed

49

ERLTH—l Intrinsic = - - 7

48 | Lybe':sﬁ*f'{ i A(ljasorbzd -------------- 1
47 1Og(L’Y) =a + b ]'Og(LGHZ) 2 | o1 a%i:gtael |
107 & HEAO-I —e— 3

st Swift-BAT —v—1 3

COMPTEL +—a— 7|

45 -

g, 10_3 "i",_}. Fermi-LAT —s— —
L 44 | - 7
&
i=2
S st

10" =

42

4

40

E? dN/AE [MeV? cm™ s Mev™! sr'l]

.........
________
. -~
-
N,
-~

Q
VYT R ERTTIT B ENERTITT SRR ETITT BRI AT & AT

39

T
!t 10 10! 10° 10° 10* 10° 10
Photon Energy [MeV]

From astro- ph/1103 3946 (Inoue et al. 2011)

102

! ! ! ! ! ! !
37 38 39 40 41 42 43 44 45
Log(L® %", o [ergls))

Note level of AGN
gamma-ray generated
cascades

/ Radio Galaxy k

contributions are
estimated to make up a
significant fraction of the

\ remaining IGRB. ) | ' T
DESY. From astro-ph/1304.0908 (Di Mauro et al. 2013) *

1-6 L, gore-Ly and N
1oL, Lf‘é’ﬁdl'ﬁ (k=1) s
7_ best fit -------
Lybegf Ft ascade
LybestftTot




The Origin of Protons Below the Ankle

Sources at 120 Mpc
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An Alternative Interpretation of the

Negative Source Evolution Result

At high energies, the negative evolution scenarios help resolve both:
* “hard spectrum”

* “|GRB over-production”

problems.

Alternatively, these scenarios may simply be encapsulating
the fact that we’ve a local dominant source and our local value for
UHECR is well above the “sea level”!

DESY.
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Particle Acceleration in Centers of Galaxies
within the Central Molecular Zone

Maximum energy R, = é
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Conclusions

A negative source evolution allows for an E2 type spectra to explain CR
above the ankle (such an evolution is observed for the HBL blazars)

The positive evolution of a separate source class, can account for sub Ankle
extragalactic cosmic rays (which again allow an E-2 type spectra for this
component)

A new estimation of the diffuse gamma-ray background limit excludes
positive evolution scenarios for these cosmic rays.

New diffuse gamma-ray background limits are challenging for both positive
and no-evolution scenarios which account for sub-Ankle extragalactic
protons

These results suggest that UHECR exist in a local fog, with the value locally
being well above the “sea level”.

An “understanding” of UHECR sources is possible through an understanding
of AGN gamma-ray emission at very high energies! 23



Extra Slides

UHECR Propagation Andrew Taylor
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