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astrophysical environments

non-thermal processes



Gernot Maier  | Cosmic Jets and Gamma Rays | June 2012 

Gamma-ray astronomy: GeV-TeV photon astronomy

Fermi LAT 3-years 
sky map > 1 GeV

~2000 sources in the MeV-GeV range
~150 sources in the >100 GeV range

GeV/TeV radiation is ubiquitous to a wide range of 
astrophysical environments

non-thermal processes

Victor Franz Hess 

How do cosmic particle 
accelerators work?



Gernot Maier  | Cosmic Jets and Gamma Rays | June 2012 

Gamma-ray astronomy: GeV-TeV photon astronomy

~2000 sources in the MeV-GeV range
~150 sources in the >100 GeV range

GeV/TeV radiation is ubiquitous to a wide range of 
astrophysical environments

non-thermal processes

Victor Franz Hess 

How do cosmic particle 
accelerators work?

true mysteries must have staying power 
(as opposed to mere “questions” that researchers might resolve in the near future)

Science June 2012
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Cosmic Jets and Gamma Rays Fermi LAT 3-years 
sky map > 1 GeV

Pulsars and 
Pulsar Wind 

Nebulae
Binary 

Systems

Starburst 
Galaxies

Gamma-ray 
Bursts

Active Galactic 
NucleiHow do jets 

accelerate 
particles to 

highest 
energies?



Gernot Maier  | Cosmic Jets and Gamma Rays | June 2012 

Ultra-high energy cosmic rays - 1020 eV

M.Hillas (1984)

E = Z e B L

LHC
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Active Galactic Nuclei

core and 
accretion disk

jet: 
relativistic hot, 
magnetized plasma 
outflow

2 k
pc

hot spots: 
shocked jet 
plasma

 blue light: 
synchrotron radiation 
from HE electrons 
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Active Galactic Nuclei: The power of accretion

DEnuc = 0.007mc2
Nuclear fusion of hydrogen to helium:

DEacc = GMm/R⇤

Gravitational energy released :
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Active Galactic Nuclei: The power of accretion

DEnuc = 0.007mc2
Nuclear fusion of hydrogen to helium:

DEacc = GMm/R⇤

Gravitational energy released :

DEnuc/m⇠ 6⇥1018erg/g

Neutron star with R~10 km and M~MΘ:

DEacc/m⇠ 1020erg/g
Black hole with R~6x109 km and M~3x109 Mθ

DEacc/m⇠ 5⇥1023erg/g

1 erg = 10-7 J
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Active galactic nuclei & gamma-ray emission
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Leptonic emission:
Inverse Compton emission

(synchrotron self Compton and 
external Compton)

Hadronic emission:
π0- decay; proton and 
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TeV-Blazars: 
AGN seen under 

small viewing angle
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Doppler boosting in jets

D<1

D=1w=w’

D>1

beam opening angle Θb 

Observer 1

Observer 2

blueshifted, 
boosted

Observer 3
Observer 4

Observer 5

redshifted, 
de-boosted D=10-30

Source

even mildly relativistic jets 
result in a large intensity boost 

into the forward direction

Doppler boosting of a power-
law source:

Iem⇥ (�) / ���

Iobs⇥ = D3+�Iem⇥ (�)

Variability time 
scale shorted 

by 1/D
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Ground-based gamma-ray astronomy

started operation in 1968
first source in 1986

retired in 2011

The Whipple 10m
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Extensive Air Showers and Cherenkov Emission

distribution of Cherenkov 
photons on the ground
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Extensive Air Showers and Cherenkov Emission

distribution of Cherenkov 
photons on the ground

Cherenkov photon 
densities on ground

10 GeV

500 GeV

Cherenkov light from air showers:
weak (~10 ph/m2), short (~ns), 
blue (300-550nm) flash of light
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12 m diameter reflector 
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Imaging Atmospheric 
Cherenkov 
Telescopes
VERITAS

12 m diameter reflector 
(106 m2 mirror area)

Sophisticated trigger 
system needed to 
suppress night sky 

background 
(120 MHz -> 200 Hz)

499 pixel 
PMT Camera
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Very High-Energy Observatories

VERITAS

H.E.S.S.

Fe
rm

i L
AT

Whipple
MAGIC VERITASVERITAS

Location Southern Arizona

Array configuration 4x12m telescopes

Energy range 100 GeV - 30 TeV

Energy resolution 15-20%

Field of view 3.5 deg

Angular resolution <0.1 deg

Sensitivity 1% Crab in <30 h

Duty cycle 10-12% (1200 hr/yr)
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acceleration close to 
rotating compact object

Fermi shock 
acceleration in the 
termination zone

Fermi acceleration in 
shocks and turbulences 

along the jet

Acceleration: related to accretion or ejection?
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Acceleration: related to accretion or ejection?
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Variability: related to accretion or ejection?

1 day flare

Mrk 421 (VERITAS)

>  jet (e.g. turbulences, 
“jets-in-a-jet”)

>  accretion
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2 min bins

see as well variability observed in 
PKS 2155-304, Mrk 501, ...
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Jets on all scales: universal mechanism?

3C 175 HH30: 
1995 - 2000

key features: central compact object, an accretion disk, a jet, 
non-thermal particle population, Vjet/Vescape~1

SS 433: 
44 d in 2003



Gernot Maier  | Cosmic Jets and Gamma Rays | June 2012 

Jets on all scales: universal mechanism?

3C 175 HH30: 
1995 - 2000

key features: central compact object, an accretion disk, a jet, 
non-thermal particle population, Vjet/Vescape~1

Huarte-Espinosa & Mendoza (2006)

SS 433: 
44 d in 2003
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Microquasars jet 
visible in radio

(synchrotron emission 
of accelerated 

electrons)
massive star 

dense and isotropic 
photon field

accretion disk 
thermal X-rays

Tdisk ~ M-1/4

jet / ISM 
interaction
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Microquasars - the nice side

accretion disk 
thermal X-rays

Tdisk ~ M-1/4

apastron

inferior 
conjunction

superior 
conjunction

periastron
Binaries are particle 

accelerators operating under 
varying, but regularly 

repeating, environmental 
conditions
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Microquasars - the nice side

accretion disk 
thermal X-rays

Tdisk ~ M-1/4

apastron

inferior 
conjunction

superior 
conjunction

periastron

periastron apastron

inferior conj.superior conj.

 attenuation by 
pair production

Dubus, Cerutti, Henri (2008)γ-rays through
Inverse Compton
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Microquasars - the complicated side

clumpy wind

wind - jet interaction

temporary accretion disks, 
disk precession

unknown geometry (e.g. inclination)
unknown nature of compact object

Fluxes can be 
modulated by:
geometry
photon fields
matter densities
magnetic fields
....

stellar disk 
(non-stationary, 
precessing, ...)

jet interaction with 
circumstellar environment
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X-ray binaries as gamma-ray emitters

> Liu catalogues
§ 114 high-mass X-ray binaries

§ 187 low-mass X-ray binaries

> <20 microquasars known
§ identified by radio jet

M
as

si
 &

 K
au

fm
an

 B
er

na
dó

 (2
00

8) Name GeV TeV
PSR B1259-63 ✔ ✔

LS 5039 ✔ ✔

LS I +61 303 ✔ ✔

LS VI +05 11(HESS J062+057) ✘ ✔

Cygnus X-1 ✔ (?)
Cygnus X-3 ✔ ✘

1FGL J1018.8-5856 ✔ ✘
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LS I +61 303: VERITAS observations 2006-2012

516 ARAGONA ET AL. Vol. 698

Figure 2. Radial velocity curve of LS I +61 303. Periastron corresponds to
φ(TG) = 0.275 and is marked as a dotted line in this plot. The points plotted
as open diamonds are from Grundstrom et al. (2007), crosses are from Casares
et al. (2005a), and filled circles are from this work.

Figure 3. Orbital geometry of LS I +61 303, looking down on the orbital plane,
showing the relative orbits (r/a) of the optical star (12.5 M!; Casares et al.
2005a) and its compact companion of unknown mass. The relative orbit of the
compact object is shown as a solid line, while the Be star’s relative orbit depends
greatly on the mass of the companion. The dashed line indicates the Be star’s
orbit assuming a 4 M! black hole, while the dotted line assumes a 1.4 M!
neutron star. The relevant phases of periastron, apastron, and conjunctions
are marked along the orbit of the compact companion. The center of mass
is indicated with a cross, and the thin solid line is the orbital major axis.

our Vr measurements provide excellent coverage of the orbit
with no large gaps in orbital phase, and the errors in our fit
are slightly lower than those of Grundstrom et al. (2007) and
significantly lower than those of Casares et al. (2005a). We also
emphasize that our final orbital solution relies upon the fixed
P from Gregory (2002), but we found very similar values for
each orbital element when we allowed P to vary. We found
P = 26.4982 ± .0076 d using the fitting program of Morbey &
Brosterhus (1974) with the combined Vr data, which is not an
improvement over Gregory (2002).

3. OBSERVATIONS AND RADIAL VELOCITY
MEASUREMENTS OF LS 5039

Spectra of LS 5039 were taken at the CTIO 1.5 m telescope
between 2007 August and 2008 April in service mode. We used
grating 47 in the second order, a 200 µm slit, the BG39 filter, and
the Loral 1K CCD detector. Spectra were wavelength-calibrated
using He–Ar comparison lamp spectra generally taken before
and after each exposure. The observed wavelength region was
therefore about 4050–4700 Å, with 2500 < R < 3150 across
the chip.

For each night that we had service time available in fall
2007, we obtained four to six spectra, each with an exposure
time of 30 minutes. During the spring of 2008, we obtained
two spectra each night of observations, each of 22 minutes
duration. Thus we obtained a total of 98 blue spectra of LS 5039.
The images were zero-corrected, flat-fielded, and wavelength-
calibrated onto a log wavelength scale using standard procedures
in IRAF, and all spectra were interpolated onto a common
heliocentric wavelength grid. The spectra were rectified to a
unit continuum using line-free regions.

Since the signal-to-noise ratio was somewhat low, we chose
to coadd pairs of consecutive spectra from each night. The total
elapsed time during two consecutive observations is only one
hour, about 1% of the orbital period, so coadding the spectra
does not significantly affect the measured Vr. On two nights we
collected an odd number of spectra, and in these cases the last
spectrum of each set was examined individually. Therefore, we
had 50 new spectra from which to obtain Vr measurements and
improve the orbital elements.

The spectra from 2007 August 29, were taken near the time
of inferior conjunction and thus showed the least variation in Vr,
so we chose to average these six spectra to produce a reference
spectrum. This reference spectrum is plotted in Figure 4. Five
lines were examined in each spectrum: Hγ , Hδ, He ii λλ4200,
4542, and He i λ4471. The spectra also recorded the strong
He ii λ4686 line, but a bad column on the chip interfered with
measuring reliable Vr from this line. We performed a cross-
correlation between each spectrum and the reference spectrum
to obtain its relative Vr, and then we used the mean Vr from a
parabolic fit of the line cores in the reference spectrum to find
its absolute Vr.

The period of the system was obtained using the dis-
crete Fourier transform and CLEAN deconvolution program of
Roberts et al. (1987) (written in IDL7 by A. W. Fullerton). The
Vr from our observations were combined with the mean values
from all lines measured by McSwain et al. (2001), McSwain
et al. (2004), and Casares et al. (2005b). The Vr measurements
of Casares et al. (2005b) indicate a value of γ that is sys-
tematically higher than our data sets by 7.0 km s−1, so we
subtracted this value from their measurements. No significant
difference was found between the Vr data presented here and
past measurements obtained by our group. We used all of the
available Vr with the CLEAN algorithm, which found a strong
peak at P = 3.9060263 d (which was improved slightly with the
later orbital fit), nearly identical to the period found by Casares
et al. (2005b). Our group has previously found P = 4.1 d (Mc-
Swain et al. 2001) and P = 4.4 d (McSwain et al. 2004) for
LS 5039, due to the very high scatter in its Vr curve, which
has lead to considerable confusion about the correct orbital pe-
riod of this system. We note that our period search also resulted
in P = 3.906 d when we excluded the data of Casares et al.

7 IDL is a registered trademark of Research Systems, Inc.

+Periastron
0.1 AU

Apastron
0.7 AU

Inferior Conj.

Superior Conj.

Aragona et al 
(ApJ 2009)

Collaboration: 
A.Smith, J.Holder

> Be star + neutron 
star or black hole

> 26.5 day orbit; 
unknown 
inclination
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showing the relative orbits (r/a) of the optical star (12.5 M!; Casares et al.
2005a) and its compact companion of unknown mass. The relative orbit of the
compact object is shown as a solid line, while the Be star’s relative orbit depends
greatly on the mass of the companion. The dashed line indicates the Be star’s
orbit assuming a 4 M! black hole, while the dotted line assumes a 1.4 M!
neutron star. The relevant phases of periastron, apastron, and conjunctions
are marked along the orbit of the compact companion. The center of mass
is indicated with a cross, and the thin solid line is the orbital major axis.

our Vr measurements provide excellent coverage of the orbit
with no large gaps in orbital phase, and the errors in our fit
are slightly lower than those of Grundstrom et al. (2007) and
significantly lower than those of Casares et al. (2005a). We also
emphasize that our final orbital solution relies upon the fixed
P from Gregory (2002), but we found very similar values for
each orbital element when we allowed P to vary. We found
P = 26.4982 ± .0076 d using the fitting program of Morbey &
Brosterhus (1974) with the combined Vr data, which is not an
improvement over Gregory (2002).

3. OBSERVATIONS AND RADIAL VELOCITY
MEASUREMENTS OF LS 5039

Spectra of LS 5039 were taken at the CTIO 1.5 m telescope
between 2007 August and 2008 April in service mode. We used
grating 47 in the second order, a 200 µm slit, the BG39 filter, and
the Loral 1K CCD detector. Spectra were wavelength-calibrated
using He–Ar comparison lamp spectra generally taken before
and after each exposure. The observed wavelength region was
therefore about 4050–4700 Å, with 2500 < R < 3150 across
the chip.

For each night that we had service time available in fall
2007, we obtained four to six spectra, each with an exposure
time of 30 minutes. During the spring of 2008, we obtained
two spectra each night of observations, each of 22 minutes
duration. Thus we obtained a total of 98 blue spectra of LS 5039.
The images were zero-corrected, flat-fielded, and wavelength-
calibrated onto a log wavelength scale using standard procedures
in IRAF, and all spectra were interpolated onto a common
heliocentric wavelength grid. The spectra were rectified to a
unit continuum using line-free regions.

Since the signal-to-noise ratio was somewhat low, we chose
to coadd pairs of consecutive spectra from each night. The total
elapsed time during two consecutive observations is only one
hour, about 1% of the orbital period, so coadding the spectra
does not significantly affect the measured Vr. On two nights we
collected an odd number of spectra, and in these cases the last
spectrum of each set was examined individually. Therefore, we
had 50 new spectra from which to obtain Vr measurements and
improve the orbital elements.

The spectra from 2007 August 29, were taken near the time
of inferior conjunction and thus showed the least variation in Vr,
so we chose to average these six spectra to produce a reference
spectrum. This reference spectrum is plotted in Figure 4. Five
lines were examined in each spectrum: Hγ , Hδ, He ii λλ4200,
4542, and He i λ4471. The spectra also recorded the strong
He ii λ4686 line, but a bad column on the chip interfered with
measuring reliable Vr from this line. We performed a cross-
correlation between each spectrum and the reference spectrum
to obtain its relative Vr, and then we used the mean Vr from a
parabolic fit of the line cores in the reference spectrum to find
its absolute Vr.

The period of the system was obtained using the dis-
crete Fourier transform and CLEAN deconvolution program of
Roberts et al. (1987) (written in IDL7 by A. W. Fullerton). The
Vr from our observations were combined with the mean values
from all lines measured by McSwain et al. (2001), McSwain
et al. (2004), and Casares et al. (2005b). The Vr measurements
of Casares et al. (2005b) indicate a value of γ that is sys-
tematically higher than our data sets by 7.0 km s−1, so we
subtracted this value from their measurements. No significant
difference was found between the Vr data presented here and
past measurements obtained by our group. We used all of the
available Vr with the CLEAN algorithm, which found a strong
peak at P = 3.9060263 d (which was improved slightly with the
later orbital fit), nearly identical to the period found by Casares
et al. (2005b). Our group has previously found P = 4.1 d (Mc-
Swain et al. 2001) and P = 4.4 d (McSwain et al. 2004) for
LS 5039, due to the very high scatter in its Vr curve, which
has lead to considerable confusion about the correct orbital pe-
riod of this system. We note that our period search also resulted
in P = 3.906 d when we excluded the data of Casares et al.

7 IDL is a registered trademark of Research Systems, Inc.
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compact object is shown as a solid line, while the Be star’s relative orbit depends
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our Vr measurements provide excellent coverage of the orbit
with no large gaps in orbital phase, and the errors in our fit
are slightly lower than those of Grundstrom et al. (2007) and
significantly lower than those of Casares et al. (2005a). We also
emphasize that our final orbital solution relies upon the fixed
P from Gregory (2002), but we found very similar values for
each orbital element when we allowed P to vary. We found
P = 26.4982 ± .0076 d using the fitting program of Morbey &
Brosterhus (1974) with the combined Vr data, which is not an
improvement over Gregory (2002).

3. OBSERVATIONS AND RADIAL VELOCITY
MEASUREMENTS OF LS 5039

Spectra of LS 5039 were taken at the CTIO 1.5 m telescope
between 2007 August and 2008 April in service mode. We used
grating 47 in the second order, a 200 µm slit, the BG39 filter, and
the Loral 1K CCD detector. Spectra were wavelength-calibrated
using He–Ar comparison lamp spectra generally taken before
and after each exposure. The observed wavelength region was
therefore about 4050–4700 Å, with 2500 < R < 3150 across
the chip.

For each night that we had service time available in fall
2007, we obtained four to six spectra, each with an exposure
time of 30 minutes. During the spring of 2008, we obtained
two spectra each night of observations, each of 22 minutes
duration. Thus we obtained a total of 98 blue spectra of LS 5039.
The images were zero-corrected, flat-fielded, and wavelength-
calibrated onto a log wavelength scale using standard procedures
in IRAF, and all spectra were interpolated onto a common
heliocentric wavelength grid. The spectra were rectified to a
unit continuum using line-free regions.

Since the signal-to-noise ratio was somewhat low, we chose
to coadd pairs of consecutive spectra from each night. The total
elapsed time during two consecutive observations is only one
hour, about 1% of the orbital period, so coadding the spectra
does not significantly affect the measured Vr. On two nights we
collected an odd number of spectra, and in these cases the last
spectrum of each set was examined individually. Therefore, we
had 50 new spectra from which to obtain Vr measurements and
improve the orbital elements.

The spectra from 2007 August 29, were taken near the time
of inferior conjunction and thus showed the least variation in Vr,
so we chose to average these six spectra to produce a reference
spectrum. This reference spectrum is plotted in Figure 4. Five
lines were examined in each spectrum: Hγ , Hδ, He ii λλ4200,
4542, and He i λ4471. The spectra also recorded the strong
He ii λ4686 line, but a bad column on the chip interfered with
measuring reliable Vr from this line. We performed a cross-
correlation between each spectrum and the reference spectrum
to obtain its relative Vr, and then we used the mean Vr from a
parabolic fit of the line cores in the reference spectrum to find
its absolute Vr.

The period of the system was obtained using the dis-
crete Fourier transform and CLEAN deconvolution program of
Roberts et al. (1987) (written in IDL7 by A. W. Fullerton). The
Vr from our observations were combined with the mean values
from all lines measured by McSwain et al. (2001), McSwain
et al. (2004), and Casares et al. (2005b). The Vr measurements
of Casares et al. (2005b) indicate a value of γ that is sys-
tematically higher than our data sets by 7.0 km s−1, so we
subtracted this value from their measurements. No significant
difference was found between the Vr data presented here and
past measurements obtained by our group. We used all of the
available Vr with the CLEAN algorithm, which found a strong
peak at P = 3.9060263 d (which was improved slightly with the
later orbital fit), nearly identical to the period found by Casares
et al. (2005b). Our group has previously found P = 4.1 d (Mc-
Swain et al. 2001) and P = 4.4 d (McSwain et al. 2004) for
LS 5039, due to the very high scatter in its Vr curve, which
has lead to considerable confusion about the correct orbital pe-
riod of this system. We note that our period search also resulted
in P = 3.906 d when we excluded the data of Casares et al.

7 IDL is a registered trademark of Research Systems, Inc.
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LS I +61 303: VERITAS observations 2012 Collaboration: 
A.Smith, J.Holder

Fermi LAT 300 MeV-300 GeV

VERITAS >350 GeV
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LS I +61 303: VERITAS observations 2012 Collaboration: 
A.Smith, J.Holder

Fermi LAT 300 MeV-300 GeV

VERITAS >350 GeV

Day-to-day variability
2012-01-18: 9.0 σ
2012-01-19: 2.5 σ
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shock between 
pulsar and stellar 
wind
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HESS J0632+057 - A new TeV binary!

> MWC 148: B0pe star; d=1.5 kpc
> no binary companion resolved in 

optical observations

MWC 148

Monoceros Loop

Rosetta Nebula

DSS

HESS J0632+057

star: MWC 148
circle: XMM-Newton best fit

1RXS J063258.3+054857

H
in

to
n 

et
 a

l (
20

09
)

XMM

> discovered by H.E.S.S. in 2004
> until 2011: unidentified point source 

without obvious counterpart
> VERITAS: evidence for variability
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HESS J0632+057 - long-term X-ray observations

XRT data supplied by the UK Swift Science 
Data Centre at the University of Leicester.

time delay [days]
100 200 300 400 500 600

Z
D

C
F

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

Z-transformed discrete 
correlation function: 

period of 315+6-4 days

Swift XRT observations
typically 5 ks per week for 

more than 3 years 

Collaboration: 
A. Falcone, J.Holder
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HESS J0632+057 - phase folded light curve

dip typical for binaries 
with wind-wind interaction

X-ray

or shadowing?

two maxima typical for binaries 
with eccentric orbits

(Ṁ~ρwind/vrel3)

C
as
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es

 e
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l 2
01

2

Note: large uncertainty 
in orbital solution

Collaboration: 
A. Falcone, J.Holder
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HESS J0632+057 - phase folded light curve

dip typical for binaries 
with wind-wind interaction

X-ray
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X-ray + γ-ray

Color coding: TeV 
observation in different years
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Note: large uncertainty 
in orbital solution

Collaboration: 
A. Falcone, J.Holder
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Gamma-ray binaries....

> 4 binaries detected at energies > 100 GeV
§ (expected a larger population from stellar evolution models)

§ first binary detected through gamma-ray observations (HESS J0632+057)

> each system is unique
§ lack of exact orbital solutions and inclination hampers identification of compact object (e.g. 

pulsation) and emission mechanisms

> role of massive star (Be or O type)
§ (62+1 Be/X-ray binaries in the galaxies)

> no clear identification of gamma-ray microquasars >100 GeV (yet)
§ LS I +61 303 best candidate? (see e.g. Masi et al 2012)

> observations difficult due to low fluxes and long orbital periods

> unhealthy situation of having far more emission models than data 
points....
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Steps forward

Collaboration
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Steps forward

Collaboration
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Sensitivity analysis improvements: 
40% less observation 
time needed for same 

sensitivity



Moonlight observations

(Photo by N.Otte)
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Steps forward

Collaboration
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Steps forward

Collaboration
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Optical Filter properties
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The Cherenkov Telescope Array (CTA)

Array of >50 telescopes
factor 10 improvement in sensitivity
20 GeV to >300 TeV energy range
significantly improved angular resolution
two observatories: North and South
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The Cherenkov Telescope Array (CTA)

Array of >50 telescopes
factor 10 improvement in sensitivity
20 GeV to >300 TeV energy range
significantly improved angular resolution
two observatories: North and South

Midsize telescopes
limitation: gamma/hadron separation
telescopes with 12 m ∅
energy range: 100 GeV - 10 TeV

High-energy section
limitation: effective area
telescopes with ~4-7 m ∅
energy range: > 5 TeV

Low energies
limitation: photon collection and 
gamma/hadron separation
large telescopes with 23 m ∅
energy threshold: some 10 GeV
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The Cherenkov Telescope Array (CTA)

CTA Consortium: world-wide effort
>1000 members

Design Prototyping 2011-2014, Construction 2015-2019

significant German contribution through DESY, Max-
Planck Institutes (Heidelberg, München), 6 Universities
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Transient sensitivity - CTA and Fermi LAT
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effective areas: 1 m2 (LAT) vs 104 m2  (CTA) at 40 GeV

4 bins per decade energy 
(equal bin size on log scale)
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Cherenkov Telescope Array: Array optimization
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Cherenkov Telescope Array: Site selection
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Site selection in progress 
South: Namibia, Argentinia 

North: Arizona, Mexico, Spain, 
India, China
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Summary

> Jets are powerful particle 
accelerators

> Binaries constitute a small but 
unique population of high-
energy sources

§ first binary detected through gamma-ray 
observations 

§excellent laboratories for particle 
acceleration, gamma-ray production, 
emission and absorption processes

§maybe a bit complicated...”just” a matter 
of better data 

> CTA will be able to probe the 
physical processes in jets with 
high precision

§ ...and do many more cool things



Gernot Maier  | Cosmic Jets and Gamma Rays |  June 2012 



Gernot Maier  | Gamma-ray Astronomy |  May 2012 

SS 433
(2-10 keV)

HH30: 
1995 - 2000

M87

Cen A 3C 175 3C 272
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Acceleration: related to accretion or ejection?

central object
(rotating)

accretion disk
(differential rotation)

magnetic field lines



Gernot Maier  | Cosmic Jets and Gamma Rays | June 2012 

Acceleration: related to accretion or ejection?

Fermi acceleration in shocks 
and turbulences along the jet
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Acceleration: related to accretion or ejection?

Fermi acceleration in shocks 
and turbulences along the jet

acceleration close to 

rotating compact object

Fermi shock acceleration 
in the termination zone
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Field of View

One year of Fermi LAT 
(FOV 20% of sky)

Three years of VERITAS 
observations 
(FOV 3.5o)
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More telescopes are better...

100 m spacing 
between telescopes

majority of effective area is inside the array
improved angular resolution and better 

background rejection

event confinement

The C
TA C

onsortium
 2010 (arXiv:1008:3703)


