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Summer conferences 2016 

• 6th International Symposium on High-Energy Gamma-Ray 
Astronomy (Gamma2016)
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GAMMA 2016
■ ”emphasis on the high (GeV) and very high (TeV) energy intervals of the 

electromagnetic spectrum” 

■ every 4 years in Heidelberg/Germany
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Observatories: Imaging Air Cherenkov Telescopes
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VERITAS

H.E.S.S.

MAGIC
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Observatories: Monitoring instruments
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Fermi-LAT

FACT

HAWC



Fabian Schüssler    -     Gamma 2016    -    2016-10-17  

Multi-wavelength and multi-messenger connections

PNHE
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High-Energy Gamma-Ray sources

6

E. Hays
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High-Energy Gamma-Ray sources
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4yrs of data 
3033 sources

Fermi-LAT, APJ 2015 



Fabian Schüssler    -     Gamma 2016    -    2016-10-17  

Very High-Energy Gamma-Ray sources
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177 sources

TeVCat: http://tevcat.uchicago.edu

http://tevcat.uchicago.edu
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GeV - TeV connection: Extragalactic Background Light

9

J. Biteau
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J. Biteau

z=0.1
z=0.3

z=0.6
z=1

GeV - TeV connection: Extragalactic Background Light
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Extragalactic Background Light
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Ahnen et al. (MAGIC), A&A, 590, 24 (2016)

■ determine scaling factor of EBL models

■ EBL measurement with TeV 
gamma-rays 
▪ combined fit of spectrum + EBL 

▪model independent measurement of 
the EBL

M. Lorentz et al. (H.E.S.S.), ICRC 2015
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The hunt for far-away TeV sources: flaring sources
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Abeysekara et al. (VERITAS), ApJL, 815, 22, 2015

PKS1441+25 (z=0.94)

Ahnen et al. (MAGIC), ApJL 815, L23, 2015

April 2015: Flare detected by Fermi-LAT => MAGIC => VERITAS
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Quasi-periodic modulations in PG1553+113

■ z~0.5 

■ Fermi-LAT 

■ period ~2 years 

■ super-massive 
binary black hole?
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Ackermann et al. (Fermi-LAT), 2015
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Quasi-periodic modulations in PG1553+113

14

P. Da Vela (MAGIC)
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Longterm monitoring + flare detection
■ The high-energy sky is extremely variable  
▪ long-term and MWL monitoring to understand detailed behavior of sources 

15

PKS 2155-304

H.E.S.S. (A&A accepted)
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Longterm monitoring + flare detection: HAWC
■ The high-energy sky is extremely variable  
▪ long-term and MWL monitoring to understand detailed behavior of sources 

▪ => need for large FoV + high duty-cycle monitoring observatories 

■ follow-up with high-sensitivity instruments (IACTs) via alerts 

■ new: High Altitude Water Cherenkov Observatory (HAWC)

16
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Longterm monitoring + flare detection: HAWC

17

Mrk 501

■ The high-energy sky is extremely variable  
▪ long-term and MWL monitoring to understand detailed behavior of sources 

▪ => need for large FoV + high duty-cycle monitoring observatories 

■ follow-up with high-sensitivity instruments (IACTs) via alerts 

■ new: High Altitude Water Cherenkov Observatory (HAWC)
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HAWC: new eyes on the TeV sky

■ first year of observations, 95% duty cycle 

■ Energy range: 0.5-100 TeV, ang. resolution: 1-0.2 deg 

■ first source catalog, shared with MoU partners for follow-up observations  
▪ first confirmations (and non-confirmations) reported by VERITAS 

▪ comparison with HESS Galactic Plane Scan in progress

18
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HAWC: Galactic plane

19

C. Rivière (HAWC)
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C. Rivière 14

Cygnus region C. Rivière (HAWC)
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Cygnus region

New TeV source 
2HWCJ2006+341:  
• >6σ pre-trials 
• 0.6° from unidentified 

source 3FGL J2004.4+3338

C. Rivière (HAWC)
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Cygnus region

2HWC J2019+367 is 
coincident with MGRO 
J2019+37 and VER 
J2019+368 
• extended emission 

including PSR 
J2021+3651 and HII 
region Sh 2-104

The Astrophysical Journal, 788:78 (10pp), 2014 June 10 Aliu et al.
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VERITAS

VER J2019+368

CTB 87 (VER J2016+371)

Figure 3. Differential energy spectrum of VER J2016+371/CTB 87 and VER
J2019+368 as measured by VERITAS. The event excess in each bin have a
statistical significance of at least 2σ .
(A color version of this figure is available in the online journal.)

reduced χ2 values, mainly due to limited statistics. Either a
larger data set or more sensitive reconstruction techniques, or
both, are necessary to determine the morphology better.

The energy spectrum for VER J2019+368 is estimated from
a circular region of 0.◦5 radius centered on the best fit position.
The resulting spectrum, shown in Figure 3, extends from 1 to
30 TeV and is well fit by a PL model (χ2/dof = 5.79/6)
with a hard photon index of Γ = 1.75 ± 0.08stat ± 0.2sys
and a differential flux at 5 TeV of (8.1 ± 0.7stat ± 1.6sys) ×
10−14 TeV−1 cm−2 s−1. Assuming these parameters from the
fit, the 1–10 TeV integrated energy flux is estimated to be
(6.7 ± 0.5stat ± 1.2sys)×10−12 erg cm−2 s−1. We also attempted
to fit alternative, spectral models (such as a curved PL and cut-off
PL model) but they did not provide better fits. The study of the
energy dependent morphology of the emission in two separate
energy bands, below 1 TeV, and above 1 TeV, supports the lack
of any statistically significant spectral points below 1 TeV. The
excess maps for each energy band show evidence for different
centroid positions, see Figure 4. Above 1 TeV, a strong emission
(at the level of 9σ ) with a best fit location statistically compatible
with that of VER J2019+368 is observed. Below 1 TeV, there
are indications (at the level of 3σ ) of emission offset by about
0.5 degrees in the direction of the unidentified gamma-ray source
2FGL J2018.0+3626.

4. MULTIWAVELENGTH PROPERTIES,
INTERPRETATION, AND DISCUSSION

Both VHE-emitting regions coincide with non-thermal emis-
sion detected in radio, X-rays, and HE gamma-rays. In the
following sections, we examine in detail the locations, mor-
phologies, and spectral properties of these low energy counter-
parts in order to be able to establish the connection with the
VHE emission and its origin.

4.1. VER J2016+371, the SNR CTB 87, and their Surroundings

In Figure 5 we present a false color image of the radio and
X-ray emission in the region around VER J2016+371 obtained
with the Giant Metrewave Radio Telescope (GMRT; Paredes
et al. 2009) at 610 MHz and Chandra between 2 and 10 keV,
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Figure 4. VHE gamma-ray excess maps of the MGRO J2019+37 region as
observed with VERITAS in two different energy bands. The high energy band
is above 1 TeV (red) while the low energy band is between 600 GeV and 1 TeV
(green). The number of excess events in the maps has been obtained using a
search radius of 0.◦23, which corresponds to the extended source search analysis
described in the text. The change between the red and black in the color scale
takes place at the 4σ level, while between green and black is at the 2σ level.
(A color version of this figure is available in the online journal.)

respectively. The VHE contours of VER J2016+371 are co-
located with the bright and extended low-energy emission from
the SNR CTB 87. At radio wavelengths, the strong polarization,
flat spectral index, center-filled morphology, and lack of a
continuum shell have been used to classify CTB 87 as a PWN
(Weiler & Shaver 1978; Wallace et al. 1997). The high angular
resolution of the GMRT image (∼30′′) shows a faint circular
structure in the southwestern portion of the nebula. Further
studies at multiple wavelengths will be needed to determine
if this structure is related to CTB 87 or perhaps a different
source. The smoothed archival X-ray image reveals a centrally-
peaked morphology which is offset toward the southeast of
the radio peak and has a slightly smaller extent than the
radio emission. The X-ray emission was recently studied in
more detail by Matheson et al. (2013). The superb angular
resolution of Chandra also allowed these authors to localize
the pulsar candidate, CXOU J201609.2+371110, located within
the compact PWN (to the southeast of the remnant center).

HE gamma-ray emission is also detected in the vicinity of
VER J2016+371 with the Large Area Telescope on board the
Fermi spacecraft (Fermi-LAT; Abdo et al. 2009b). The 95%
error ellipse of the unidentified HE gamma-ray source 2FGL
J2015.6+3709 does not exclude a common origin between the
two sources. However, based on the variability index of the
Fermi-LAT source and its correlation with radio, Kara et al.
(2012) associate the HE gamma-ray emission with the nearby
blazar B2013+370, with unknown redshift, rather than with the
CTB 87. On the other hand, no VHE gamma-ray emission from
this extragalactic object is seen in the current data. Its location
lies 6.′7 away from the centroid of VER J2016+371, this being
much larger than the ∼1.′5 uncertainty of the VHE measurement.

4.1.1. A PWN scenario

The morphology of the extended X-ray PWN (Matheson
et al. 2013) suggests that it is affected by ram pressure due

5

VER J2019+368 (Aliu et al ApJ 2014)

0.6-1TeV
>1TeV

C. Rivière (HAWC)
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Cygnus region

MGRO J2031+41 is resolved into two 
distinct TeV sources: 

• 2HWC J2020+403 — VER 
J2019+407, UID encompassing SNR 
G78.2+2.1 and PSR J2021+4026  

• 2HWC J2031+415 — TeV 
J2032+4130, a PWN 

• Hints of extended emission at Fermi 
cocoon?

The Astrophysical Journal, 770:93 (7pp), 2013 June 20 Aliu et al.
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Figure 1. Background-subtracted gamma-ray counts map of SNR G78.2+2.1
showing the VERITAS detection of VER J2019+407 and its fitted extent (black
dashed circle). The supernova remnant is delineated by CGPS 1420 MHz
continuum radio contours at brightness temperatures of 23.6 K, 33.0 K, 39.6 K,
50 K, and 100 K (white; Taylor et al. 2003); the star shows the location of the
central gamma-ray pulsar PSR J2021+4026. The inverted triangle and dot-
dashed circle (yellow) show the fitted centroid and extent of the emission
detected by Fermi above 10 GeV. The open and filled triangles (black)
show the positions of Fermi catalog sources 1FGL J2020.0+4049 and 2FGL
J2019.1+4040 which have been subsumed into the extended GeV emission
from the entire remnant. The 0.16, 0.24, and 0.32 photons bin−1 contours of
the Fermi detection of the Cygnus cocoon are shown in cyan. The white circle
(bottom right corner) indicates the 68% containment size of the VERITAS
gamma-ray PSF for this analysis.

applied, requiring that events have three images passing the
following criteria: more than four pixels per image, an image
centroid no more than 1.◦43 from the camera center, and a total
integrated charge per image of at least 70 photoelectrons.

Calibrated images are described in terms of a second-moment
parameterization (Hillas 1985). Cosmic-ray background is re-
jected using selection criteria applied to two composite param-
eters based on these moments: mean-scaled length (MSL) and
mean-scaled width (MSW; Aharonian et al. 1997). We impose
the requirements 0.05 < MSL < 1.25 and 0.05 < MSW < 1.10;
in addition, we require the angle between the reconstructed
gamma-ray arrival direction and the source position to be less
than 0.◦23. The chosen background-rejection criteria are opti-
mized for moderate-strength (∼5% of the Crab nebula flux)
extended sources. Together with the image quality require-
ments they impose an energy threshold for this measurement
of 320 GeV.

To minimize the number of independent search elements, our
search is restricted to a pre-defined circular region with radius
0.◦25 centered on the target position. In the imaging analysis
and source morphology studies the ring background model
(Aharonian et al. 2005) is used to estimate the residual cosmic
ray background; the reflected-region model (Aharonian et al.
2001) is used when extracting the spectrum. We also excluded
from the background estimation circular regions with radius 0.◦3
around four bright stars in the FOV (γ Cygni, P Cygni, 40 Cygni,
and HIP100069) as well as two overlapping circular 0.◦4 radius
regions used to approximate the profile of the excess seen in the
VERITAS survey data (Weinstein et al. 2009, 2011). All results
reported here have been verified by an independent calibration
and analysis chain.
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Figure 2. Spectrum of VER J2019+407, derived from four-telescope data
only. Points are the VERITAS spectrum, while the arrow indicates the upper
limit on emission at 11 TeV. The solid line shows a power-law fit with a
spectral index of Γ = 2.37 ± 0.14stat ± 0.20sys and a flux normalization of
N0 = 1.5 ± 0.2stat ± 0.4sys × 10−12 photon TeV−1 cm−2 s−1.

4. RESULTS

Figure 1 displays the background-subtracted, acceptance-
corrected TeV image of the region of SNR G78.2+2.1. A clear
signal with 319 ± 39 net counts is detected at the location of the
northern rim of the remnant. This signal is significant at the 7.5σ
level after accounting for all test points in the pre-defined 0.◦25
search region. Figure 1 also shows the locations of the gamma-
ray pulsar PSR J2021+4026 (1FGL J2021.5+4026), ∼0.◦5 from
VER J2019+407 at the center of the SNR, and the centroid of
the emission from the remnant seen by Fermi above 10 GeV.

The morphology of VER J2019+407 is derived from a binned
extended maximum-likelihood fit to the counts map before
background subtraction. The cosmic ray component is modeled
as an exposure-modulated flat background and the source by
a symmetric two-dimensional Gaussian convolved with the
VERITAS PSF (68% containment radius of 0.◦09, derived from
an identically processed observation of the Crab Nebula). We
find a fitted extension of 0.◦23 ± 0.◦03stat

+0.◦04
−0.◦02sys

. The fitted

centroid coordinates are R.A. 20h20m04.s8, decl. +40◦45′36′′

(J2000); however, we maintain the identifier VER J2019+407
for the source, which was originally assigned on the basis of
a preliminary centroid estimation. The statistical uncertainty in
this location is 0.◦03, with a combined systematic uncertainty in
the position, due to the telescope pointing error and systematic
errors of the fit itself, of 0.◦018.

Figure 2 shows the spectrum derived from the reconstructed
gamma-ray events within 0.◦24 from the center of the search
region; runs where only three of four telescopes were operational
have been excluded from this sample. The threshold for the
spectral analysis is 320 GeV and the energy resolution is 15% at

3

Aliu et al. ApJ (2013)

encloses 3.2 × 104 (neff/10 cm−3)−1 solar masses
of ionized gas at 1.4 kpc (fig. S1D). However, the
mass is an order of magnitude too low and the
“Local” CR spectrum (i.e., that near the Sun) is
too soft to explain the LAT data (Fig. 4). The
cocoon partially overlaps a concentration of

ionized gas (fig. S1D). We fitted the N(HII) map
to the data in addition to the other interstellar
components. The template is significantly de-
tected, but at the expense of an unusually large
emissivity, much harder than in the other gas
phases (15). Its spectrum compares well with that

extracted with the 2° Gaussian source (fig. S7).
Thus, overlooked gas in any state, illuminated by
the same CR spectrum as found in the rest of the
region, cannot explain the observed hardness
of the cocoon emission. It requires a harder CR
spectrum.

Fig. 2. Photon count maps in the 10- to 100-GeV band (30), smoothed with a s = 0.25° Gaussian kernel, obtained for the total emission (A), after subtraction of
the interstellar background and all known sources but g Cygni (B), and after further removal of the extended emission from g Cygni (C).

Fig. 3. (A) Photon count
residual map in the 10- to
100-GeVband(30), smoothed
with a s = 0.25° Gaussian
kernel, and overlaid with
the 10−5.6 Wm−2 sr−1 white
contour of the 8-mm inten-
sity. The typical LAT angular
resolution above 10 GeV is
indicated. The black circles
mark g Cygni and Cyg OB2.
(B) An 8-mm map and solid
circles for g Cygni and stellar
clusters, as in Fig. 1. The
large magenta circle marks
the location and extent of
the source MGRO J2031+41
(14); dashed circles give
upper limits to the diffusion
lengths of 10, 102, and 103

GeV particles after 5000
years of travel time using
the standard interstellar
diffusion coefficient. Their
origin from the position of
the rim of g Cygni 5000 years
ago is purely illustrative.

www.sciencemag.org SCIENCE VOL 334 25 NOVEMBER 2011 1105
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Ackermann et al. Sci (2011)
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The Pevatron at the Galactic Center
■ 10 years of H.E.S.S. observations 

■ central source + extended diffuse emission without energy cutoff

24

H.E.S.S., Nature (2016)
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Dark matter at the Galactic Center
■ 10 years of H.E.S.S. observations 

■ exclude central source(s) 

■ 2D-likelihood (spatial + energy)

25

H.E.S.S., PRL (2016)
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Gamma-ray pulsars

26

A. Harding
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Gamma-ray pulsars

27

A. Harding

Crab
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Gamma-ray pulsars: Crab pulsar

28

E. de Ona Wilhemi (MAGIC)

P1 P2
■ pulsed emission exceeding TeV 

■ requires new modeling attempts
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Gamma-ray pulsars: Vela pulsar

29

A. Djannati-Atai (H.E.S.S.)

■ H.E.S.S.-II 28m telescope: lower energy threshold 
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An extragalactic gamma-ray binary
■ Large Magellanic Cloud (~50 kpc away) 

■ Period: 10.3 days 

■ anti-correlation between radio/X-ray and 
gamma rays 

■ similar to PSR B1259-63 (?) 

30

R. Corbet et al., 1608.06647
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Multi-wavelength and multi-messenger connections

PNHE
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Gravitational waves

■ gamma-ray instruments well suited for follow-ups 
▪ rapid response (e.g. MAGIC, H.E.S.S.-II) 

▪ large FoV 

▪ high sensitivity 

▪ low background 

■ no strong participation in O1

32

Caveats 

■ BH-BH mergers not expected to 
emit EM radiation 

■ Rate of NS-NS mergers (e.g. short 
GRBs) uncertain and potentially low
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High-energy neutrinos
■ IceCube is announcing their prime events publicly since early 2016 

■ alerts emitted after a few minutes 

■ extensive follow-up programs with all IACTs, HAWC, Fermi-LAT, etc.

33

K. Satalecka (MAGIC) / D. Dorner (FACT) / M. Santander (VERITAS) / F. Schüssler (H.E.S.S.)
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Ultra-high energy photons: Pierre Auger Observatory

34

D. Kümpel (Pierre Auger Observatory)
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SETI @ VERITAS
■ searches for optical flashes as sign of 

extraterrestrial life

35

A. U. Abeysekara (VERITAS), ApJL 2016

KIC 8462852, Kepler
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CTA
■ Northern Site 
▪ hosting agreement signed 

▪ construction started

36

■ Southern Site 
▪ negotiations with ESO until 

end 2016 

▪ several prototypes

2016/10/03
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Summary

■ Gamma-ray astronomy a mature discipline  
▪ analyses with unprecedented accuracy (e.g. time and spatial resolution, energy 

ranges increased, etc.) 

▪ legacy studies, datasets exceeding 10 years 
■ New instruments  

▪ H.E.S.S.-II: rich physic results (pulsars, AGNs, transients, etc.) 

▪ HAWC (started in 2015): new sources, monitoring, etc. 

▪ CTA: construction started, first light 2018 
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Extragalactic Background Light: model scaling

39

Ahnen et al. (MAGIC), A&A, 590, 24 (2016)

1ES1011+496 (z=0.212)

■ determine scaling factor 
of EBL models
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Extragalactic Background Light: measurements

40

M. Lorentz et al. (H.E.S.S.), ICRC 2015

■ EBL measurement with TeV 
gamma-rays 
▪ combined fit of spectrum + EBL 

▪ EBL represented by splines 

▪model independent 
measurement of the EBL
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The hunt for far-away TeV sources: GW lensing

41

■ B0218+357 
▪ redshift z=0.944 

▪ lensing galaxy at z~0.64 

▪ delays observed in radio 

▪ Fermi-LAT flares in 2012 

▪ delay: ~11.6 days

Cheung et al., APJL 2014
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■ July/August 2014: new Fermi-LAT flares detected 

■ MAGIC observations scheduled starting 10 days later

The hunt for far-away TeV sources

42

B0218+357 (z=0.944)

Sitarek et al. (MAGIC), ICRC 2015
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Dark matter near the Galactic Center
■ H.E.S.S.-II data: searching for line-like features near the GC 

■ triggered by hint seen in Fermi data (Bringman, Weniger, Finkbeiner, … 2012)

43

H.E.S.S., PRL (2016)
Weniger, JCAP (2012)
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The H.E.S.S. Galactic Plane Survey

44

A. Donath (H.E.S.S.)
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The H.E.S.S. Galactic Plane Survey

45

A. Donath (H.E.S.S.)
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H.E.S.S.: RXJ1713.7

46

H. Abdalla et al. (H.E.S.S.), arXiv:1609.08671

■ 2004-2012 

■ livetime: 164h (spectrum:116h)
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H.E.S.S.: RXJ1713.7

47

H. Abdalla et al. (H.E.S.S.), arXiv:1609.08671

■ 2004-2012 

■ livetime: 164h (spectrum:116h) 

■ comparison with X-rays (XMM) 
▪ high-energy particles leaving the 

acceleration region
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IC443 + W49B: shell type SNR with hadronic acceleration 
■ pion bump in Fermi-LAT => hadronic acceleration

48

W49B

H.E.S.S. + Fermi-LAT, A&A (2016)

VERITAS
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Galactic Binaries

■ PSR B1259-63 
▪ only confirmed gamma-ray binary with a PSR 

▪ period 3.4 years (last periastron in 2014) 

▪ double peaked emission at GeV 

▪ first hints for double-peak at VHE

49

T. Murach (H.E.S.S.)
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Galactic Binaries

■ LS 5039 
▪ period 3.9 days 

▪ 10 years of H.E.S.S. data (incl. HESS-II) 

▪ spectral variations during orbit

50

T. Murach + C. Mariaud (H.E.S.S.)
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High-energy neutrinos

■ Example: IceCube IC-44

FS et al., ICRC 2015, arXiv:1509.03035 
FS et al., Gamma 2016

51

diffuse IceCube flux:  
φ(E) = 2.2x10−8 E−2.58 GeV cm−2 s−1 sr−1  
assuming 1000 sources

3FGL ”candidate” source  
within IceCube ROI

H.E.S.S. + Fermi-LAT limits 
for point-source in the ROI center 

(acceptance smooth => representative for ROI)



Fabian Schüssler    -     Gamma 2016    -    2016-10-17  

Fast Radio Bursts: TeV afterglow limits

▪ Burst: 2015-04-18   04:29 UTC 

▪ H.E.S.S.: starting 2015-04-18 at 17:55 UTC for 1.5h

52

FS (H.E.S.S. + SUPERB)

Thornton D. et al.2013 Science 341, 53


