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Particle Acceleration in AGN
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Compactness of UHECR Sources:
Proton/Nuclei Synchrotron Losses
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Particle Acceleration with Cooling
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Maximum synchrotron energy tells us how efficient accelerator is!
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Future Probes- Cutoff Region
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Emission Site?
Where are the misaligned (X)HBLs?

Hardcastle et al. (1103.1744)
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Emission Site? Cen A
Where are the misaligned (X)HBLs?

Hardcastle et al. (1103.1744)
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Future Probes-
Temporal Structure

Possibility that emission comes

from much higher energy
emission (potentially from
proton losses......)

Prosekin et al. (1203.3787)
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Transition Energ

Scattering Length [pc]
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Why Consider UHECR to Understand
the Galactic/Extragalactic Transition?

* Since the ankle feature appears at an energy of ~10'%-eV, a
new extragalactic source class is presumed to begin to
dominate here (in the first instance)

* Information obtained about this source class from
investigations into the UHECR sources may provide new
insights into Galactic-Extragalactic transition energy
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Measured
Cosmic Ray Proton
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Cosmic Ray Nuclei
Interactions
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Assumptions on Source Population

dN
- 1 n Z < Zmax
[dVC x (1 + z) ]

n=-6 -3, 0,3

dN
[ E 0.6 E_a eXp[E/EZ,maX]]

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)

DESY.
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Local Scales Effect Highest Energies:
mme.  Analytic Treatments
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How Far is the Nearest Source?

Silicon- L<60 Mpc

Iron- L<80 Mpc

De Marco et al. (2006), 0603615
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Fargion et al. (2015), 1412.1573

« 100

LI S 10 o

'v 10 100% Silicon

(\IJ ()

§ ¢

> 1

Q,

% 0.1

> " | L>0Mpc

o L>27 Mpc

NLIJ 0.01 L>81 Mpc

18.5 19 19.5 20 20.5
log4q E [€V]

~ 100 ”
e E E =10 eV
G e ., =18
‘v 10 | 100% Iron
N

&

(&

=

2,

% 0.1

> " | L>0Mpc

o) L>27 Mpc
(\ILU 0.01 L>81 Mpc

18.5 19 19.5 20 20.5

logo E [eV]

DESY
15



L(fp, frte, N, fsi, Emax, @) & exp(—x?/2)
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MCMC Likelihood Scan:
Spectral + Composition Fits

n=3 evolution result
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Taylor et al. (2015), 1505.06090
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E2 dN/dE [eV cm™@ s sr]

MCMC Likelihood Scan:
Soft Spectra Solutions
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MCMC Results Table

Taylor et al. (2015), 1505.06090

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
fN 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 0.01 0.0 0.053 + 0.042 0.01 0.050 + 0.038 0.0 0
a 1.8 1.83 +£0.31 > 1.6 1.67+0.36 1.1 1.33 +£0.41 0.6
1ogw(EF;$) 2.5 205 2052027 | 202  2038+025 | 202

Flatter spectra

preferred for negative
source evolution

Hard spectra preferred for
source evolution following
that of the SFR

DESY.
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High Spectral Peaked Blazar Evolution

n=-6 evolution result

*Reminder:
Blazar -> BL Lac (FR1) -> HSP
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eﬁnlversallty of Cascade Spectra

/\j Wolfendale et al. (1976) Coppi et al. (1997), 9610176
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Secondary (Guaranteed) Gamma-Ray Fluxes
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E2 dN/JE [eV em? s sr]

Does a Separate Class of Extragalactic
Source Dominate Below the Ankle?

Positive evolution (ISP + LSP)
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Cascade Contribution from the Postulated
Sub-Ankle Populated

Ankle Energy
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E2 dN/dE [MeV cm? s sr1]
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neral Problem for Cascade Contribution?

Using Photon Fluctuation Analysis, the
Fermi collaboration pushed a factor of
~10 below the 2FHL sensitivity

dN
E xS
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“Our analysis permits us to estimate that
point sources, and in particular blazars,
explain almost the totality (86*1¢ , %) of
the >50 GeV EGB.”



Cascade Contributions from Sources
Above + Below the Ankle
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Conclusions

(Extreme) HBL blazars promote themselves as efficient particle accelerators
via their high energy synchrotron emission

Local sources, < 80 Mpc, must exist! Where are the misaligned (extreme)
HBL counterparts?

Lower energy UHECR and GeV gamma-rays provide a complimentary probe
of the cosmological source distribution

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

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

An “understanding” of UHECR sources is possible through an understanding

of AGN gamma-ray emission at very high energies!
DESY



¢(Mpc—?)

Hard X-Ray Source Evolution

10~%
In a similar manner to BL Lac
Plag | blazars, the low luminosity
s m\ | hard X-ray sources (Seyferts)
%% ) i S have also been suggested to
a ! | indicate a negative evolution
%%%%%J ' with redshift
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j% ek s aee
X Log Lx = 44.5-48
S s

Ueda et al. (2003), 0308140
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Secondary Neutrino Fluxes
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.....and Radio Galaxy Contributions

Still Not Removed

T
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e e
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Radio vs Gamma-Ray
correlation

_~ Radio Galaxy

contributions are
expected to make up a
significant fraction of the

remaining IGRB.
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Proton Fed Blazar Emission Model

* Kusenko & Essey have spearheaded the suggestion that some
TeV blazars are powered through proton losses in the presence of
weak (101> G) extragalactic magnetic fields

* If this is the case, some subset of the component of resolved/
unresolved blazars should not be removed from the EGB

* However these blazars would not be expected to show short

time-scale variability structure . Bramr =107 G, A =1 Mpc
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General Problem for Cascade
Contribution?

Fermi Collaboration (2015)- astro-ph/1511.00693
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“Our analysis permits us to estimate that point
sources, and in particular blazars, explain almost the
totality (86*1°_,, %) of the >50 GeV EGB.”
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So

urces at 120 Mpc
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If only 1% of EGB comes from sub-
ankle UHECR (present limit is
14%), we will be forced to look
extremely locally for their sources
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The Origin of Protons Below the Ankle

[SFR evolution scenario}
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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”!




Hard Spectra Problem

w

Magnetic horizon suppression suggested to

resolve “hardness” issue,
Mollerach et al. (2013), 1305.6519
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The Importance of the Galactic
Diffuse Emission

IGRB

Plain ‘vanilla’

— model

Additional GC + local
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