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Brief introduction

My group @ U Amsterdam:

® All education in the US (PhD 2000)

® First postdoc: Humboldt Fellow @
MPHR, Bonn, Germany

® Second postdoc: NSF A&A
fellowship @ MIT, USA

® Faculty @ Amsterdam since 2006

® Field: High-energy astrophysics,
particle astrophysics. In particular:
accretion processes around compact
objects, jets & particle acceleration



What Sebastian and | will try to cover in 6 hours (1?!)

' High-energy electromagnetic radiation

* Introduction to the relevant sources and some interesting
problems/state of the art (why we care)

¥ Introduction to particle acceleration and “multi-messenger”

¥ Introduction to nonthermal radiation and some of the theory
behind it

¥ Some problems to get you started
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We need to understand how black hole accretion
works in order to understand...

GALAXY EVOLUTION/ IONIZATION OF HIGH-ENERGY PARTICLE
AGN FEEDBACK SURROUNDING GAS ACCELERATION

v

~500kpc - '

10 arcsec 90 pc

40 SkC26C Ok 190 b

Cosmological
Simulations:

(Wise, Cen &
S {Wise,

e

(Di Matteo et al. 2011)




Maximum energy budget?

Is there a characteristic maximum accretion rate possible?
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Eddington luminosity

' “canonical” maximum luminosity, the Eddington luminosity:
AdrcGM M
LEdd = Al g ~ 1.3 X 1038 (M ) erg/S

oT o
~ Source  Energy output= minimum budget  Lesa=maxbudget
XRBs/ULX 1033-39 erg/s, <1041 erg/s 103839 erg/s
AGN/TDE 1035-48 erg/s 1044-48 erg/s
PWN Crab = 5x1038 erg/s ~1038 erg/s
SNR 1051 ergs initial explosion ~-1038 erg/s
GRB 1051-54 ergs! 103839 erg/s




Timescales

' What sorts of timescales are relevant?
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“Slow” system
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Thermal equilibrium + high opacity = Blackbody emission

' Plasma in ‘causal contact’, all global properties of photons
dependonlyonT
mw Specific intensity given by the “blackbody” (Planck) formula:
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Blackbody emission I

Useful to remember essential characteristics like:

= Averaging over the total distribution gives a mean
photon energy of E,.can=hvn.4=2.7kT, close to the peak

of the spectrum

- II 'el rating over frequency gives total energy density
» Total luminosity of a blackbody L=(4nR2)csT4



“Fast” systems = nonthermal processes
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A few examples where radiative processes
play a key role
(that we still don't fully understand)
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Simulations: “a priori” physics but which physics is correct?

Rest frame density log(p/ pimar)

(Dibi, Drappeau, Fragile, SM & Dexter 2012; Drappeau, Dibi, Dexter, SM & Fragile 2013;
Chatterjee, Liska, Tchekhovskoy, SM,++ in prep.,...plus many other groups!)
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Simulations: “a priori” physics but which physics is correct?

Rest frame density/?r n * UnreaIiStiC/Iimited
‘f , geometry, resolution

(Dibi, Drappeau, Fragile, SM & Dexter 2012; Drappeau, Dibi, Dexter, SM & Fragile 2013;
Chatterjee, Liska, Tchekhovskoy, SM,++ in prep.,...plus many other groups!)



Simulations: “a priori” physics but which physics is correct?

Rest frame density f»

o

(Dibi, Drappeau, Fragile, SM & Dexter 2012; Drappeau, Dibi, Dexter, SM & Fragile 2013;
Chatterjee, Liska, Tchekhovskoy, SM,++ in prep.,...plus many other groups!)

% Unrealistic/limited
geometry, resolution

% Degeneracy In
plasma initial
conditions (m, 3, o, u,
B field config.)
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Simulations: “a priori” physics but which physics is correct?

% Unrealistic/limited
geometry, resolution

% Degeneracy In
plasma initial
conditions (m, 3, o, u,
B field config.)

* |deal MHD: Empty
jets (=density floors),
no dissipation

% 1-fluid (no e-ion TD)

(Dibi, Drappeau, Fragile, SM & Dexter 2012; Drappeau, Dibi, Dexter, SM & Fragile 2013;
Chatterjee, Liska, Tchekhovskoy, SM,++ in prep.,...plus many other groups!)



Simulations: “a priori” physics but which physics is correct?

% Unrealistic/limited
geometry, resolution

% Degeneracy In
plasma initial
conditions (m, 3, o, u,
B field config.)

* |deal MHD: Empty
jets (=density floors),
no dissipation

% 1-fluid (no e-ion TD)

% no microphysics
(Dibi, Drappeau, Fragile, SM & Dexter 2012; Drappeau, Dibi, Dexter, SM & Fragile 2013; .
Chatterjee, Liska, Tchekhovskoy, SM,++ in prep.,...plus many other groups!) = NO I|g ht!



Illustration of "Macro/microphysics + radiation problem”

(Moscibrodzka, Falcke, Shiokawa & Gammie 2014)



Illustration of "Macro/microphysics + radiation problem”

(Moscibrodzka, Falcke, Shiokawa & Gammie 2014)



The Event Horizon Telescope
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Simulations: “a priori” physics but which phvsics is correct?
.= i e

0

0.
x/10°r,

(Chatterjee, Liska, Tchekhovskoy, SM++ in prep)



Effects of including radiative cooling

Rest mass density l0g(0) at 21 Rg/C Rest mass density 10g(p) at 21 Rg/C

0
X/Rg

(van Eijnatten, Chatterjee, SM, Liska, Tchekhovskoy+, in prep.)



(Crumley, Caprioli, SM, Spitkovsky 2018)




(Crumley, Caprioli, SM, Spitkovsky 2018)



I‘ (Crumley, Caprioli, SM, Spitkovsky 2018)
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B = synchrotron @
(radio to Xray!)



(Crumley, Caprioli, SM, Spitkovsky 2018)
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(Crumley, Caprioli, SM, Spitkovsky 2018)
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B = synchrotron @
(radio to Xray!)

+ @ = wmverse Compton
(~Xray to y-ray!)



(Crumley, Caprioli, SM, Spitkovsky 2018)
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B = synchrotron @
(radio to Xray!)

+ @ = wmverse Compton
(~Xray to y-ray!)

€€ ° )
pion bump

@~70 MeY



Nonthermal emission traces particle acceleration

(Crumley, Caprioli, SM, Spitkovsky 2018)

= synchrotron @
(radlo to Xray!)

e + @ =mverse Compton

i (~Xray to y-ray!)

V-ray

“pion bump” i Y

@~T0MeV /1N th\
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Complex (and thus degenerate) interplay of processes

Particles (e+e- pairs : shock (or turbulence,
and/or e-p/ions) ¥ ;| B field (or VV) i = reconnection, waves)

accelerated particles + secondary (higher
(CRs: e+e-,p’s, ions) energy) leptons

Energy flux {v Fy)

Inverse Compton
Scattering

Infra-red

» Energy



Complex (and thus degenerate) interplay of processes

ATCA
WISE Fermi/LAT

Planck UvoT 2FGL

1714-33|6 | = 1;4

10° 1012 101° 1018 104! 1044
Frequency [Hz|

I IIIIIII| l Illllll| l IIIIIII| l IIIIIII| I Illllll| N

Kraul3 F., Kadler M., et al., A&A, 2014, 556, L/



Complex (and thus degenerate) interplay of processes

40 l I I I
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Protons: The kinetic equation approach
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AUGER: evidence for AGN UHE(Rs?




van Velzen et al. 2012

Map of radio galaxies within 100 Mpc
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lceCube sees PeV neutrinos in 2010-2013 data

® a2 ¥ .
" ¢
“ '. "X 1
samn UA\S» oes
L sassgeaees
W aNeee -
ANt eee e
.« B T T T Y
* 2ITIE® aaaTIseeee ¢ oo o
. ! A . .o
A L 5T | a
.
TGO T L L DD L L L L

1$%° «

~ 4
® oo.’ﬁ. A——
. » . .
w i
» 25 » .
"t .
R T
o » *
'l
L

IceCube has detected the highest energy neutrinos ever recorded, with energies reaching above 2 PeV. From left to
right, Bert, Ernie and Big Bird, with energies of 1.0, 1.1 and 2.2 PeV.

Requires 40 PeV (4x107¢ eV) CRs




onstraints on source localisation
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onstraints on source localisation
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Figure 5: Map of p values from the all-sky scan with H.E.S.S. source directions overlaid.
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Radio flux density (mJy)

10.00

1.00

0.10

Black hole XRBs have “built in" radio/Xray coupling
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- ® Original data from Corbel et al. (2003)
" () New data : 2002 — 2012
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Radio/Xray correlation = ratio of radiative efficiencies
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Fundamental Plane of Black Hole Accretion:

connecting (low M) black

(movie courtesy of S. Heinz)
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Some (too) quick fundamentals about
light and radiative transfer



How is it we see things from so far away??

How can EM radiation travel without attenuation?




How is it we see things from so far away??

How can EM radiation travel without attenuation?

'Need radiation field to somehow not decrease (much)
with distance

i.e., how do we maintain a signal over extremely long
(astrophysical) distances?
Typically static radial EM fields go as 1/R?

What is the relevant quantity to tell us about energy
transport (ie., radiation)?



Few E&M definitions (in vaccuum)




Radiating charges
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Vector/scalar potentials
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How you get a transverse/radial field from acceleration!
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Figure 3.2 Graphical demonstration of the 1/R acceleration field. Charged

f‘:’; icle moving at uniform velocity in positive x direction is stopped at x = 0 and
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Power from accelerating charges |
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Power from accelerating charges Il : radiation pattern
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“nrelude” to cyclo-synchrotron




“nrelude” to cyclo-synchrotron ||
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