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OBSERVING IN THE RADIO BAND










OBSERVING IN X-RAYS
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Incoming gamma ray

Collision with atmospheric
nucleus

Extensive Air Shower

Particles from air shower penetrate
particle detectors, interact and are
detected

PARTICLE

DETECTOR ARRAY ¢ DETECTION TECHN/Q
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Particle from air
shower

Detector tank

Water

Cherenkov
Light

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE
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Photosensors detect:
Cherenkov light

Y memmmmmmme.

----- 1-3 km

Shower image, 100 GeV j-ray adapted from: . Schmidt, J. Knapp, "CORSIKA Shower Images", 2005,

https://www-zeuthen.desy.de/~jknapp/fs/sh _html Not to scale
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« Equilibrium
« Temperature

Spectral energy density / kJ/m3 nm
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THERMAL PROCESSES

Star emission
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Wavelength / nm

What is the coldest thermal emission that you knowe




THERMAL RADIATION

optical

infrared




THERMAL EMISSION MEANS BLACK
BODY SPECTRUM
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NON-THERMAL PROCESSES
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Orion Nebula

Hourglass Nebula

Tarantula Nebula
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NON THERMAL

EMISSION IN OUR
, GALAXY:
NEBULAE

Medusa Nebula

Trifid Nebula
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COMBINING PIECES TOGETHER

CRAB NEBULA

RADIO

INFRARED

VISIBLE LIGHT

ULTRAVIOLET

The crab nebula in radio, infrared, visible, ultraviolet, x-ray and gamma-ray wavelengths.

X-RAYS

GAMMA RAYS

Sources: Radio: NRAO/AUI and M. Bietenholz, ).M. Uson, T.). Cornwell; Infrared: NASA/JPL-Caltech/R. Gehrz (University of Minnesota); Visible: NASA, ESA, ). Hester
and A.Loll (Arizona State University); Ultraviolet: NASA/Swift/E. Hoversten, PSU, X-ray: NASA/CXC/SAO/F. Seward et al.; Gamma: NASA/DOE/Fermi LAT/R. Buehler




EMISSION FROM A SUPERNOVA
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STUDY OF NON-THERMAL
UNIVERSE

 Extreme accelerators
 Characterization

« Test physics in extreme
conditions

« Multimessenger connection:
origin of cosmic rays

 Search for anomalies from the
standard model

« Search for dark matter
« Evidence of axion-like particles




GALACTIC AND EXTRAGALACTIC
OLNISGIN

Gamma ray sky

Fermi LAT 12 years map



« Gamma ray survey: Fermi LAT

« How many sources do we know?e

« Fermi Catalog - ~6000 sources
(https://heasarc.gsfc.nasa.gov/W3
Browse/fermi/fermilpsc.html)

« Which sourcese

» Blazars dominate the extragalactic
gamma ray sky!

Table 5. LAT 4FGL-DR3 Source Classes

23

THE EXTRAGALACTIC, NON THERMAL SKY

Description Identified

Associated

Designator Number Designator Number

Galactic center GC 1
Young pulsars, identified by pulsations PSR 135
Young pulsars, no pulsations seen in LAT yet cee cee
Millisecond pulsars, identified by pulsations MSP 120
Millisecond pulsars, no pulsations seen in LAT yet ce cee
Pulsar wind nebula PWN 11
Supernova remnant SNR 24
Supernova remnant / Pulsar wind nebula SPP 0
Globular cluster GLC 0
Star-forming region SFR 3
High-mass binary HMB 8
Low-mass binary LMB 2
Binary BIN 1
Nova NOV 4
BL Lac type of blazar 2

FSRQ type of blazar
Radio galaxy

'S
=~

Nonblazar active galaxy

Steep spectrum radio quasar
Compact steep spectrum radio source
Blazar candidate of uncertain type
Narrow-line Seyfert 1

Seyfert galaxy

Starburst galaxy

Normal galaxy (or part

N © © b B OO = O

Unknown UNK
Total e 389

psr

msp
pwn
snr
spp
glc
sfr
hmb
lmb
bin

nov

un

4112

Unassociated

2157
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RadioLoud  Broad Line JETTED ACTIVE
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disc

Dusty
torus

\ Seyfert 1

1% of all galaxies
10% jetted

Not to scale! Radio-Quiet Quasar
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e JETTED ACTIVE
. e T GALACTIC NUCLE]

« Central, supermassive black hole
« Energy from accrefion
« Jet of ultra relativistic particles

& N . « 1% of all galaxies > ~10'! galaxies
. N 0 . . W o « 10% jetted
i e *“ # . Rl > - ~5000 jetted galaxies detected



JETTED-AGNS: EXAMPLES
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WHY DO WE STUDY THESE
OBJECTS?

- * Most extreme particle accelerator
. available

» Test physics in energy regimes not
available on Earth

» Test propagation of gamma rays
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PARTICLES IN THE JET

 Acceleration + collimation
« Magnetic field

 Which kind of emission?g
 Which energy bande




Knot A
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Image Credit: The EHT Multi-wavelength Science Working Group; the EHT Collaboration; ALMA (ESO/NAOJ/NRAO); the EVN; the EAVN Collaboration; VLBA (NRAO); the GMVA; the Hubble Space Telescope; the Neil Gehrels Swift Observatory;
the Chandra X-ray Observatory; the Nuclear Spectroscopic Telescope Array; the Fermi-LAT Collaboration; the H.E.S.S collaboration; the MAGIC collaboration; the VERITAS collaboration; NASA and ESA. Composition by J. C. Algaba

On large scales, the
emission is a
superposition of
many conftributions

- Models are very
complex!
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Radio-Loud Broad Line

i Quasar Radio Galaxy

Narrow Line

Jet \ L l /Radlo Galaxy

Narrow line
region

LOOKING FOR THE st

EASIEST CASE....

Accretion
disc

Dusty
torus

\ Seyfert 1

Not to scale! Radio-Quiet Quasar
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Time is contracted

Luminosity is highly enhanced

Explaination of superluminal motion
detected in some blazars (example: 3C
279)

From a blazar you see almost only the jet!

3C 279

Superluminal Motion
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PHYSICS PROCESSES IN A
BLAZAR'S JET

Accretion disk @ Accelerated e'/e”

Relativistic jet, Doppler factor 20-30 @ Accelerated protons

il
~0.05 pc
2 &

Emission region

Supermassive black hole

|< 10 pc + 1.35 Gpc >|




STANDARD SCENARIO:
TWO MAIN MECHANISMS
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- THE MOST

C BLAZARS

1. Search for the redshift of these blazars (hitp://tevcatZ2.uchicago.edu/)

2. Build the spectral energy distribution (hifps://fools.ssdc.asl.it/SED/)

= TeVCof
Home Select Catalogs v Map Projections v Map Tools ¥
Home ‘
RESET - +  VIEWLEGEND
RegExp Search Helpdesk  Privacy
//”’, lm ‘; "‘- [Fitter by Type [JAND SyncToMap  Filter Selected
A (7 a i a 5““\ ‘Fi\ter by Observer [JAND Reset  Table Columns v
r‘ L H Hn § Name RA - Dec Type Tags | Distance Catalog
S 3 N ‘-‘ GRB 1807208 000206.87 -025505.2 XGal,GRB,IG... 2=0.654 Default Catalog
CA 1 000626  +725901.0 Gal,SNR,PWN 1.4 kpc Default Catalog
SHBL J001355.9-18... 00 13 52.0 -18 53 29 XGal,AGN,BI... 2=0.095 Default Catalog
Tycho 0025216 +640748  Gal,SNR,Shell 3.5 kpc Default Catalog
KUV 00311-1938 003336  -192100  XGalAGNBI.. Default Catalog
1ES 0033+595 00 35 16.8 +59 47 24.0 XGal,AGN,Bl... z=0.467 Default Catalog
NGC 253 0047 32.54 -251725.4 XGal,*Brst 2500.0 kpc Default Catalog
Source Name: GRB 180720B GRB 201216C 01052888 +163058.0 XGal,GRB,IG.. z=1.1 Newly Announced
Source Type:  XGal | GRB | IGRB 52 0109+22 0112058 +224439  XGal,AGN,BI Default Catalog
= A RGB J0136+391 0136325 +390600  XGal AGNBI... Newly Announced
GLON: 94.8406
e iyt RGB J0152+017 0152335 +014640.3 XGal,AGN,BI.. 2=0.08 Default Catalog
3cs8 020531 4645100  Gal,SNR,PWN 2.0 kpc Default Catalog
TXS 0210+515 0214 17.9 +51 44 52 XGal,AGN,BI... 2=0.049 Default Catalog
30218435 0221055 +355614  XGal AGNBl.. 2=0.954 Default Catalog
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Home About SSDC  News and Communication  Quick Look  Missions  Multimission Archive  Catalogs | Tools | Links  Bibliographic services

SSDC Sky Explorer

Swift Simulator

NuSTAR Simulator

SSDC Angular Distance Calculator
SSDC Coordinate Conversion
SSDC Date Conversion

SSDC Energy Conversion

SSDC Photon Flux Conversion
SSDC Pimms

SSC/EC

MATISSE

ExoplAn3T

GAIA Portal

I
asPICtool l‘
SSDC SED Builder


http://tevcat2.uchicago.edu/
https://tools.ssdc.asi.it/SED/
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COMPARISON
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43 Extreme HBL
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Adapted from Fossati et al. 1998
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THE BLAZAR SEQUENCE

e SED brightness anti-correlates
with the peak position

 TeV detections are in line with the
blazar sequence



GAMMA RAYS TO THE HIGHEST
ENERGIES

o ©itp.//tevcat2.uchicago.edu/

 How many blazars detected in this energy bande

« Which is the most distant?

« Which was detected first?


http://tevcat2.uchicago.edu/
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MY FAVOURITE SOURCE:
PG 1553+113

 Uncertain redshift
« HBL

* Periodic emission in Fermi-
LAT (gamma rays) |

« MWL emission?¢

~ The gamma-ray cycle of PG 1553+113

| P
A ¢ w%r . m_
Pop o
: ¢¢¢¢¢¢¢¢¢ +¢¢¢¢¢: e " %_

_ Gamma-ray flux
E>1

¢
# ¢¢¢¢¢¢¢¢¢
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LET'S HAVE A LOOK AT THE MOST

FAMOUS BLAZAR OF THE SKY:
TXS 0506+056

» Build the SED (from ssdc website)

e FiINd It In TeVCal
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— HISTORY OF A MILESTONE

‘The 22nd September 2017, a high energy,
astrophysical neutrino was detected by

that it was coming from a blazar

/
IceCube C1ET I(
Gamma-ray observations (Fermi-LAT & MAGIC) g k
+ observation at other bands have revealed |

7
e
O | y

For the first fime the astrophysical source of
high-energy neutrinos was detected!

Blazars are cosmic ray accelerators! ! it s

of an astrophysical neutrino
source pp. 115,146, & 147
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THE NEUTRINO BLAZAR
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