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• Visible light produced by relativistic particles moving in a 
medium at a speed exceeding the phase velocity of light in 
that medium (insulator).

• Coherent shockwave, short-duration (ns), emitted in narrow 
cone (~1.3o) parallel to direction of motion of incoming 
particle.

• Analogy: Sonic boom of supersonic aircraft. Sound waves 
propagate slower than speeding object, forming a shock 
front. http://jinavie.tumblr.com/post/76353752941/sonic-boom

CHERENKOV 
RADIATION

http://jinavie.tumblr.com/post/42914219542/doppler-effect
http://jinavie.tumblr.com/post/2823845582/echo


CHERENKOV 
RADIATION

• VHE (>100 GeV) photons or 
gamma rays enter atmosphere, 
collides with atmospheric 
nuclei (~12 km), produces 
shower of relativistic electrons; 
light cone with ~ 100 m 
diameter.

• Cosmic-ray “background” 
signal; discrimination using 
periodicity at first; later images 
of showers.

• First VHE telescope in 1967 on 
Mt Hopkins, USA.



Pavel Cherenkov 

1958 Nobel Prize in Physics for explaining
the phenomenon of Cherenkov radiation

Igor Tamm Ilya Frank

http://en.wikipedia.org/wiki/File:Cerenkov.jpg 
https://www.britannica.com/science/Cherenkov-radiation

CHERENKOV 
RADIATION
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(from Sky & Telescope)
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LOCAL HISTORY
• Department of Physics at the Potchefstroom University for 

Christian Higher Education became involved in experiments 
involving Extensive Air Showers in the 60s.

Pierre Auger Observatory
http://www.ung.si/en/research/cac/projects/auger/



• Scintillation counters: photomultiplier tubes and ns-technology in 70s.
• Raubenheimer (1983) proposed to build an Atmospheric Cherenkov 

Telescope given the good climate, clear skies, and tech know-how.
• Farm Nooitgedacht, 35 km from Potchefstroom in the Vredefort Dome 

(26.9oS, 27.2oE, 1438 masl).
• MK I telescope became operational in 1985 – first in S. Hemisphere.
• Good site with Galactic Centre passing near zenith during winter.

Credit: Júlio Reis www.tripadvisor.co.za

LOCAL HISTORY



THE MK I TELESCOPE
• Commissioning of Mk I in April 1985.
• 4 mini-telescopes (MTs), distributed 55 m from each other on the 

corners of a triangle and one the middle.
• Compactness of array allowed multiple sampling of single shower: 

pin-point shower direction.
• Each MT consisted of 12 search light mirrors from WWII  (d = 1.5 m) 

used as reflectors.
• Each MT contained three light detectors.
• To maximise light flux detected by the XP2020Q photomultiplier, a 

custom collimator system was designed and built (cf. MSc thesis of 
HI Nel on optimalisation of system).

• Low reflection coefficient (~0.7 at 
400 nm); f-value ~ 0.43 (maximum 
incident angle 61o); hyperbolic 
form (focus planes instead of 
single focus).



THE MK I TELESCOPE
• Low-tech: no imaging possible. Identied a gamma-ray event using 

coincidence techniques (and locally-produced electronics).
• Cosmic-ray event rate of 1 Hz, threshold energy of 1 TeV at zenith.
• 9 years in operation; 3 600 hours of observations.
• Only 5 statistically significant VHE sources detected at the time: 

Crab pulsar @ 6, Cyg X-3, Cen A, Vela Pulsar, and Her X-1.
• Most important: arrival time of the gamma ray. Registering 

absolute time before the advent of cell phones, GPSs, internet... 
National time service provided by CSIR (0.1 ms) to calibrate time. 
Later, acquired an expensive atomic clock.

• Original control room a caravan containing a lot of electronics. 
• 40-minute “drift scans”; repositioning to new coordinates took 

5 minutes!
• All coordinates for the night were pre-calculated and printed out in 

tables.



• One night’s data filled an entire box of 5.25” floppy discs. 
• Transferal to the NWU’s IBM mainframe took half a day 

(captured on Apple PC, transferred to IBM PC, then mainframe). 
• Barycentric corrections to arrival times via programme that 

throttled the mainframe – no student and financial systems 
could function! Special permission from IT department.

• Big problems with bird droppings on mirrors.
• Basic temporary buildings, no running water, basic ablution 

facilities.
• Decommissioned: October 1993. 

Mirror reflectivity deteriorated, 
resulting in 0.4 Hz event rate; 
huge thunderstorm.

THE MK I TELESCOPE

www.automotive-fleet.com

computermuseum.wiwi.hu-berlin.de



MK I & II TELESCOPE 
LAYOUT

Raubenheimer (1995)



MK II TELESCOPE 
SCHEMATIC DIAGRAM

Raubenheimer (1995)



MK II TELESCOPE
• Building of the Mk 2 Telescope involved nearly the whole 

Department of Physics at the time. 
• 9 units, distributed over much larger area (few hundred meters 

spacing). 
• Each unit consisted of 4 clusters, in turn consisting of three 

d = 50 cm segments of spherical mirrors, thus 12 mirrors per unit.
• Each unit had a small building (‘pikkel’) next to it containing the 

control electronics. Central stone building. 
• Cabling, mirrors, optimalisation during early 90s.
• Long hours, extreme weather to adjust lock nuts in order to 

optimise mirror images.

EARLY THEORETICAL RESULTS:
• KDE method to obtain smooth light curves 

plus errors, overcoming the problem of 
binning (De Jager et al. 1986)

• H-test to search for periodicity with an 
unknown light curve (De Jager et al. 1989).

Schutte & 
Swanepoel (2016)



• Local wild life: warthogs damaged water pipes, snakes 
in warm buildings, cattle, ants, spiders... 

• MK 2 operational for + 2 years. Shut down due to 
finances, person power, competition from new 
international imaging telescopes.

• Electronics: Barend Visser and Gerrit van Urk.
• Building, cleaning, observations, data analysis: Paul 

van Wyk, Estie en Okkie de Jager, Piet Meintjies, Adrian 
North, Neels Brink and Isabel (du Plessis) North et al. 
under leadership of prof. Christo Raubenheimer. 

• Christo Raubenheimer intitiated the project after having 
spent a year at MPI (Garching).

• NWU became involved 
in H.E.S.S. in late 1990s.

MK II TELESCOPE

Prof. Christo 
Raubenheimer



LOCAL HISTORY
Credit: HI Nel de Jager



LOCAL HISTORY
Credit: HI Nel de Jager



Credit: HI Nel de Jager



•  High Energy Stereoscopic 
System (H.E.S.S.)

•  Array of four 13-metre 
Imaging Atmospheric 
Cherenkov Telescopes 
(IACTs) located in Namibia

•  Investigates the non-thermal 
Universe in the energy range 
100 GeV – 100 TeV via the 
Cherenkov technique

What is H.E.S.S. I?

© R. Chaves







Christo Venter, Mathew Holleran, 
Ingo Büsching, Christo Raubenheimer, 

Okkie de Jager [Isak Davids] 

NWU H.E.S.S. GROUP IN 
2006



Discovery of Cosmic Rays
Victor Hess 1912

(Nobel Prize 1936)

The Name

1883 –1964

High Energy Stereoscopic System



Multinational 
Team:
260 scientists 
40 institutes
13 countries

The H.E.S.S. Collaboration



o  
±  ±

p + nucleus   +X
 Image accelerators with 
neutral secondaries
 Gamma-ray and Neutrino 
Astronomy

Why -rays?

Indirectly “seeing” 
cosmic particle 
accelerators



Four “Eyes”: Stereoscopic Vision

H.E.S.S. I



WHIPPLE

Detection of 
the Crab Nebula in 

1989 as first
VHE gamma ray

source

“Standing on the Shoulders of Giants”



Whipple

H.E.S.S.
(& VERITAS)

HEGRA:
Stereoscopy

CAT:
Small pixels

Imaging principle
Dish size

H.E.S.S. Family Tree



•  960-pixel camera
•  380 mirror segments
•  107 m2 mirror area per 

telescope
•  Measure fluxes up to a few 

thousands of that of the 
Crab Nebula

•  Angular resolution: < 0.1 
deg

•  Spectral resolution: 10% – 
15%

•  Field of view (5 deg)
•  Good pointing accuracy (< 

10”)
•  Energy threshold > 100 

GeV (zenith) up to 0.7 TeV 
at 60 deg

•  Efficient background 
rejection

•  Location affords view of 
Galactic Centre and many 
Galactic sources

H.E.S.S. I Characteristics

Stephen Fegan



 High sensitivity

3 orders of magnitude dynamic range in flux between strongest and faintest sources

 Wide spectral range

> 2 orders of magnitude coverage in energy, up to 10s of TeV

10% – 15% energy resolution

 Resolved source morphology

~5’ angular resolution

10” – 20” source localization

 Survey capability

H.E.S.S. Galactic Plane Survey: 

2% Crab sensitivity

 Well-resolved light curves

Minute-scale variability of AGN

PKS 2155-304
2 minute bins

Drivers for Success of H.E.S.S.
New VHE Window on the Universe



Accolades
EU Descartes Prize for Research 2006

H.E.S.S. shares €1 million Prize

“[H.E.S.S.] has 
revolutionised 

existing 
astronomical 
observation 

techniques and 
increased our 

knowledge and 
understanding of 
the Milky Way and 

beyond.”



Accolades
HEAD Bruno Rossi Prize 2010

Awarded annually for a significant contribution to 
High Energy Astrophysics, with particular emphasis 

on recent, original work.

“…awarded or their 
outstanding contributions to 
imaging of very high-energy 

(TeV) gamma rays with 
H.E.S.S. Their work addressed 
fundamental questions related 

to particle acceleration and 
the origin of cosmic rays 

through the study of 
supernova remnants, pulsar 

wind nebulae and nearby 
active galactic nuclei.

Bruno Rossi (1905 –1993)
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Source Classes

SNR

GC Centre

Starburst Galaxy

MC Interactions

Microquasars

AGN Dark Matter 
Constraints & 
Dark Sources

Cosmic Rays
Compact Binaries

Galaxy Clusters

Stellar Cluster

PWNe



http://tevcat2.uchicago.edu/

TeV -ray Sky: > 200 sources



KNP Conference 2012

Okkie de Jager
14 December 2010



KNP Conference SOC



KNP Conference Photo



• The South African Gamma-Ray Astronomy Programme 
(SA-GAMMA) 

• Consortium of South African Universities and research 
institutions which engage in research in the fields of 
gamma-ray astronomy and high-energy astrophysics. 

• Co-ordinates the SA involvement in H.E.S.S. and the 
Cherenkov Telescope Array (CTA)

• Current members: NWU, Wits, UFS, UJ, and SAAO.
• Sponsored by South African Department of Science and 

Technology (DST).
• Annual conference series: High Energy Astrophysics in 

Southern Africa (HEASA) – 6th event in 2018.

SA-GAMMA 
CONSORTIUM

Prof. Markus Boettcher



H.E.S.S. (~ 1 TeV)

Fermi-LAT (>1 GeV) “Background” due to propagating
Galactic cosmic rays

Extended sources, size typically few 0.1o (few 10 pc)

The Milky Way at GeV and TeV Energies
Galactic Plane Survey



each source is a
cosmic multi-TeV

particle accelerator
L = -85o

l = 60o



Galactic Centre: Sag A*

Composite image: combining Hubble images 
in the near-infrared, Spitzer Space 
Telescope images in the infrared, 
and Chandra X-ray images.

0.3 degrees 
across the sky, 
corresponding 
to about 170 
light years
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Diffusion from central source?
Wind?

Many sources ?

Galactic Centre: Sag A*

http://www.spitzer.caltech.edu/spitzer/index.shtml
http://chandra.harvard.edu/
http://antwrp.gsfc.nasa.gov/apod/ap091111.html
http://imgsrc.hubblesite.org/hu/db/images/hs-2009-28-g-compass_large_web.jpg


Diffusion from central source?
Wind?

Many sources ?

• Profile characteristic of central 
source (within 10 pc of 
Galactic Centre) 

• Continuous injection of 
accelerated protons (1 000 to 
10 000 year timescales). 

• Diffusive propagation 
• Interacting with the central 

molecular zone (CMZ) gas, 
producing neutral pions, which 
then decay producing γ-rays 
and other sub-products.

2016

http://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2005/02/
http://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2006/03/
https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2009/12/#Fig1


SUPERNOVA REMNANT RX J1713.7-3946
IN TEV GAMMA RAYS
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• Morphology of Crab Nebula 
has only been resolved with 
radio, optical, and X-ray 
telescopes (<80 keV).

• No extension at higher 
energies (worse angular 
resolution)

• Improved PSF description.
• New level of resolving source 

sizes in VHE gamma-ray 
astronomy.

• σCrab = 52.2'' ± 2.9'' ± 7.8''sys.

Crab Nebula 
Extension

UV

X-rays



ACTIVE GALACTIC NUCLEI

Centaurus A

Distance 4 Mpc

10o

Pointlike

https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2017/10/#Ref5


H.E.S.S. PHASE II

http://adsabs.harvard.edu/abs/1998A&ARv...8..237I
http://arxiv.org/abs/0812.1000
http://arxiv.org/abs/0812.1000


H.E.S.S. II



 Aims: 
 Extending the energy threshold to ~10-20 GeV
 Achieve overlap in energy (and time) with Fermi LAT
 Improving the sensitivity at 100 GeV

– Increased mirror size to 600 m2 (equiv. 28 m , 560 t steel ⊘
frame)

– Increased focal length to 36 m

– Decreased pixel size to 0.07o (FoV = 3.17o, >2 t camera)

– Used well-established H.E.S.S. Phase I type electronics

– Combine a single telescope with the 4 Phase I 
telescopes (G. Hermann)

H.E.S.S. Phase II
Aims & Approach

Approach



Punch et al. 
(2006)

Based on simulations verified with H.E.S.S. Phase I

H.E.S.S. Phase II
Expected Performance



 Study gamma-ray emission from 
pulsar magnetosphere

 Gamma-ray emission from XRBs
 Explore the high-redshift universe: 

AGNs, Radio-Galaxies, GRBs
 Indirect Dark matter search

H.E.S.S. Phase II
Physics



THE FUTURE OF GAMMA-RAY ASTRONOMY: 
CTA



Some key object classes still elusive, e.g.

 Galaxy clusters as cosmological storehouses of CRs
 Very-high-energy emission from GRBs
 Dark Matter annihilation signatures 

Some key mechanisms remain to be understood, e.g.

 Supernovae as sources of cosmic rays: do they provide 
sufficient peak energy & energy output? Morphology?

 Cosmic-ray escape from accelerators and propagation
 Energy conversion in pulsars

Energy range & angular resolution of current instruments 
insufficient to probe details

H.E.S.S. has been highly 
successful, but…



The future in
VHE gamma ray

astronomy:

CTA

•  10-fold sensitivity increase above that of 
current instruments

•  Extended energy range
•  Improved angular resolution
•  Operation as open observatory 
•  Two sites for full-sky coverage

Partners from almost all European countries
+ US, South America, India, Japan, South Africa



60

Core-energy array:
23 x 12 m tel. (MST)
 Davies-Cotton reflector
-  FOV: 7-8 degrees
-  f/D: ~1.4
mCrab sensitivity
in the 100 GeV–10 TeV
domain

Low-energy section:
4  x 23 m tel. (LST)
- Parabolic reflector
-  FOV: 4-5 degrees
-  f/D: ~1.2
energy threshold
of some 10 GeV

High-energy section:
32 x 5-6 m tel. (SST)
Davies-Cotton reflector
(or Schwarzschild-Couder)
-  FOV: ~10 degrees
-  f/D: 1.2 – 1.5
10 km2 area at 
multi-TeV energies

(one) possible configuration
100 M€ (2006 costs)



• NWU involved in H.E.S.S. since late 1990s
• 2012: Wits joins the H.E.S.S. Collaboration
• 2012 - 2016: SA and Namibia CTA members work closely to foster the bid for 

the Aar site in southern Namibia for CTA South
• 2013: UFS joins the H.E.S.S. Collaboration
• 2013: SA-GAMMA is founded, with NWU, Wits, UFS as founding members. 
• 2013: 1st HEASA meeting in Potchefstroom (NWU)
• ~2014 UJ joins the CTA Consortium and SA-GAMMA
• 2014: 2nd HEASA meeting in Bloemfontein (UFS)
• 2015: Namibian and Chilean sites short-listed as leading sites for hosting 

CTA South
• 2015: SAAO joins SA-GAMMA.
• 2015: 3rd HEASA meeting in Johannesburg (UJ)
• 2016: CTA Council decides to focus CTA South negotiations on Chile as 

preferred site. 
• 2016: 4th HEASA in Cape Town (SAAO)
• 2017: 5th HEASA in Johannesburg (Wits)
• 2018: 6th HEASA near Parys (NWU)

SA-GAMMA TIMELINE



1 – 3 August 2018
Stonehenge in Africa, near Parys

  
https://fskbhe1.puk.ac.za/people/mboet
t/SAGAMMA/HEASA2018/HEASA2018.html

 
Abstract submission by 20 July 2018.

6TH HEASA 
ANNUAL CONFERENCE



 Gamma-ray Astronomy is a lively, growing 
field

 Lots of exciting discoveries!
 South Africa has a long and proud history of 

pioneering contributions
 Current involvement in H.E.S.S. and CTA
 Multi-wavelength Astronomy – regional links
 World-class opportunities for SA students
 The promise of unravelling the inner 

workings of the most energetic and violent 
phenomena in the Universe!

Outlook

https://fskbhe1.puk.ac.za/people/mboett/SAGAMMA/HEASA2018/HEASA2018.html
https://fskbhe1.puk.ac.za/people/mboett/SAGAMMA/HEASA2018/HEASA2018.html
https://fskbhe1.puk.ac.za/people/mboett/SAGAMMA/HEASA2018/HEASA2018.html
https://fskbhe1.puk.ac.za/people/mboett/SAGAMMA/HEASA2018/HEASA2018.html


THANKS!

“‘Do I not fill heaven and earth?’ says the LORD” (Jer. 23:24b)





• Visible light produced by relativistic particles moving in a 
medium at a speed exceeding the phase velocity of light in 
that medium (insulator).

• Coherent shockwave, short-duration (ns), emitted in narrow 
cone (~1.3o) parallel to direction of motion of incoming 
particle.

• Analogy: Sonic boom of supersonic aircraft. Sound waves 
propagate slower than speeding object, forming a shock 
front. http://jinavie.tumblr.com/post/76353752941/sonic-boom

CHERENKOV 
RADIATION

When something moves through the air, it pushes 
the air in front and creates a sound. This sound 
spreads as a wave at the speed of 340m/s 
(1225km/h). As the object moves, it makes a 
series of pressure waves, which is why the 
Doppler effect happens. These pressure waves 
look like rings that are squashed to the side the 
object is moving towards. As the object moves 
faster, the more compressed these rings 
become. When the object moves at the speed of 
sound (340m/s), the pressure waves all overlap 
as the object makes a pressure wave on the 
same place as where the last wave reached. 
This is the sound barrier.

At this point, there is so much overlap of the waves 
that a shockwave is formed. This shockwave - 
made of compressed air - travels at the speed of 
sound (Mach 1) and originates from the front tip 
of the object (e.g. nose of the plane). If the object 
moves any faster than the speed of sound, the 
new wave is made even before the old wave has 
propagated that far. The rings are now no longer 
in a nice concentric pattern, but instead form a 
shockwave cone. Sometimes this can be seen 
physically if there is enough condensation in the 
air to create a vapour cone. The sudden change 
of pressure from the shockwave creates a large 
booming sound, which we call a sonic boom (in 
fact, there are two booms due to the pressure 
difference at the tail too).



  

CHERENKOV 
RADIATION

• VHE (>100 GeV) photons or 
gamma rays enter atmosphere, 
collides with atmospheric 
nuclei (~12 km), produces 
shower of relativistic electrons; 
light cone with ~ 100 m 
diameter.

• Cosmic-ray “background” 
signal; discrimination using 
periodicity at first; later images 
of showers.

• First VHE telescope in 1967 on 
Mt Hopkins, USA.



Pavel Cherenkov 

1958 Nobel Prize in Physics for explaining
the phenomenon of Cherenkov radiation

Igor Tamm Ilya Frank

http://en.wikipedia.org/wiki/File:Cerenkov.jpg 
https://www.britannica.com/science/Cherenkov-radiation

CHERENKOV 
RADIATION



5

Gamma-ray

~ 10 kmParticle
shower

~ 1o

C
he

re
nk

ov
 li

gh
t

~ 120 m

Key issue:
huge detection area

~ 105 m2 

Cherenkov Technique

Beamed blue Cherenkov light emitted by 
cascade particles generating 105 m2 light pool 
with nanosecond arrival times, 1010-1011 eV 
detection threshold
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(from Sky & Telescope)

MM

Air Showers 
Resemble 
Meteors



  

LOCAL HISTORY
• Department of Physics at the Potchefstroom University for 

Christian Higher Education became involved in experiments 
involving Extensive Air Showers in the 60s.

Pierre Auger Observatory
http://www.ung.si/en/research/cac/projects/auger/



  

• Scintillation counters: photomultiplier tubes and ns-technology in 70s.
• Raubenheimer (1983) proposed to build an Atmospheric Cherenkov 

Telescope given the good climate, clear skies, and tech know-how.
• Farm Nooitgedacht, 35 km from Potchefstroom in the Vredefort Dome 

(26.9oS, 27.2oE, 1438 masl).
• MK I telescope became operational in 1985 – first in S. Hemisphere.
• Good site with Galactic Centre passing near zenith during winter.

Credit: Júlio Reis www.tripadvisor.co.za

LOCAL HISTORY



  

THE MK I TELESCOPE
• Commissioning of Mk I in April 1985.
• 4 mini-telescopes (MTs), distributed 55 m from each other on the 

corners of a triangle and one the middle.
• Compactness of array allowed multiple sampling of single shower: 

pin-point shower direction.
• Each MT consisted of 12 search light mirrors from WWII  (d = 1.5 m) 

used as reflectors.
• Each MT contained three light detectors.
• To maximise light flux detected by the XP2020Q photomultiplier, a 

custom collimator system was designed and built (cf. MSc thesis of 
HI Nel on optimalisation of system).

• Low reflection coefficient (~0.7 at 
400 nm); f-value ~ 0.43 (maximum 
incident angle 61o); hyperbolic 
form (focus planes instead of 
single focus).



  

THE MK I TELESCOPE
• Low-tech: no imaging possible. Identied a gamma-ray event using 

coincidence techniques (and locally-produced electronics).
• Cosmic-ray event rate of 1 Hz, threshold energy of 1 TeV at zenith.
• 9 years in operation; 3 600 hours of observations.
• Only 5 statistically significant VHE sources detected at the time: 

Crab pulsar @ 6, Cyg X-3, Cen A, Vela Pulsar, and Her X-1.
• Most important: arrival time of the gamma ray. Registering 

absolute time before the advent of cell phones, GPSs, internet... 
National time service provided by CSIR (0.1 ms) to calibrate time. 
Later, acquired an expensive atomic clock.

• Original control room a caravan containing a lot of electronics. 
• 40-minute “drift scans”; repositioning to new coordinates took 

5 minutes!
• All coordinates for the night were pre-calculated and printed out in 

tables.



  

• One night’s data filled an entire box of 5.25” floppy discs. 
• Transferal to the NWU’s IBM mainframe took half a day 

(captured on Apple PC, transferred to IBM PC, then mainframe). 
• Barycentric corrections to arrival times via programme that 

throttled the mainframe – no student and financial systems 
could function! Special permission from IT department.

• Big problems with bird droppings on mirrors.
• Basic temporary buildings, no running water, basic ablution 

facilities.
• Decommissioned: October 1993. 

Mirror reflectivity deteriorated, 
resulting in 0.4 Hz event rate; 
huge thunderstorm.

THE MK I TELESCOPE

www.automotive-fleet.com

computermuseum.wiwi.hu-berlin.de



  

MK I & II TELESCOPE 
LAYOUT

Raubenheimer (1995)



  

MK II TELESCOPE 
SCHEMATIC DIAGRAM

Raubenheimer (1995)



  

MK II TELESCOPE
• Building of the Mk 2 Telescope involved nearly the whole 

Department of Physics at the time. 
• 9 units, distributed over much larger area (few hundred meters 

spacing). 
• Each unit consisted of 4 clusters, in turn consisting of three 

d = 50 cm segments of spherical mirrors, thus 12 mirrors per unit.
• Each unit had a small building (‘pikkel’) next to it containing the 

control electronics. Central stone building. 
• Cabling, mirrors, optimalisation during early 90s.
• Long hours, extreme weather to adjust lock nuts in order to 

optimise mirror images.

EARLY THEORETICAL RESULTS:
• KDE method to obtain smooth light curves 

plus errors, overcoming the problem of 
binning (De Jager et al. 1986)

• H-test to search for periodicity with an 
unknown light curve (De Jager et al. 1989).

Schutte & 
Swanepoel (2016)



  

• Local wild life: warthogs damaged water pipes, snakes 
in warm buildings, cattle, ants, spiders... 

• MK 2 operational for + 2 years. Shut down due to 
finances, person power, competition from new 
international imaging telescopes.

• Electronics: Barend Visser and Gerrit van Urk.
• Building, cleaning, observations, data analysis: Paul 

van Wyk, Estie en Okkie de Jager, Piet Meintjies, Adrian 
North, Neels Brink and Isabel (du Plessis) North et al. 
under leadership of prof. Christo Raubenheimer. 

• Christo Raubenheimer intitiated the project after having 
spent a year at MPI (Garching).

• NWU became involved 
in H.E.S.S. in late 1990s.

MK II TELESCOPE

Prof. Christo 
Raubenheimer



  

LOCAL HISTORY
Credit: HI Nel de Jager
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•  High Energy Stereoscopic 
System (H.E.S.S.)

•  Array of four 13-metre 
Imaging Atmospheric 
Cherenkov Telescopes 
(IACTs) located in Namibia

•  Investigates the non-thermal 
Universe in the energy range 
100 GeV – 100 TeV via the 
Cherenkov technique

What is H.E.S.S. I?

© R. Chaves



  

 



  

 



  

 

Christo Venter, Mathew Holleran, 
Ingo Büsching, Christo Raubenheimer, 

Okkie de Jager [Isak Davids] 

NWU H.E.S.S. GROUP IN 
2006



  

 

Discovery of Cosmic Rays
Victor Hess 1912

(Nobel Prize 1936)

The Name

1883 –1964

High Energy Stereoscopic System



Multinational 
Team:
260 scientists 
40 institutes
13 countries

The H.E.S.S. Collaboration
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o  
±  ±

p + nucleus   +X
 Image accelerators with 
neutral secondaries
 Gamma-ray and Neutrino 
Astronomy

Why -rays?

Indirectly “seeing” 
cosmic particle 
accelerators



  

 

Four “Eyes”: Stereoscopic Vision

H.E.S.S. I
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WHIPPLE

Detection of 
the Crab Nebula in 

1989 as first
VHE gamma ray

source

“Standing on the Shoulders of Giants”



  

 

Whipple

H.E.S.S.
(& VERITAS)

HEGRA:
Stereoscopy

CAT:
Small pixels

Imaging principle
Dish size

H.E.S.S. Family Tree



•  960-pixel camera
•  380 mirror segments
•  107 m2 mirror area per 

telescope
•  Measure fluxes up to a few 

thousands of that of the 
Crab Nebula

•  Angular resolution: < 0.1 
deg

•  Spectral resolution: 10% – 
15%

•  Field of view (5 deg)
•  Good pointing accuracy (< 

10”)
•  Energy threshold > 100 

GeV (zenith) up to 0.7 TeV 
at 60 deg

•  Efficient background 
rejection

•  Location affords view of 
Galactic Centre and many 
Galactic sources

H.E.S.S. I Characteristics

Stephen Fegan



  

 

 High sensitivity

3 orders of magnitude dynamic range in flux between strongest and faintest sources

 Wide spectral range

> 2 orders of magnitude coverage in energy, up to 10s of TeV

10% – 15% energy resolution

 Resolved source morphology

~5’ angular resolution

10” – 20” source localization

 Survey capability

H.E.S.S. Galactic Plane Survey: 

2% Crab sensitivity

 Well-resolved light curves

Minute-scale variability of AGN

PKS 2155-304
2 minute bins

Drivers for Success of H.E.S.S.
New VHE Window on the Universe



Accolades
EU Descartes Prize for Research 2006

H.E.S.S. shares €1 million Prize

“[H.E.S.S.] has 
revolutionised 

existing 
astronomical 
observation 

techniques and 
increased our 

knowledge and 
understanding of 
the Milky Way and 

beyond.”

HEAD High Energy Astrophysics Division of 
the American Astronomical Society (AAS)



Accolades
HEAD Bruno Rossi Prize 2010

Awarded annually for a significant contribution to 
High Energy Astrophysics, with particular emphasis 

on recent, original work.

“…awarded or their 
outstanding contributions to 
imaging of very high-energy 

(TeV) gamma rays with 
H.E.S.S. Their work addressed 
fundamental questions related 

to particle acceleration and 
the origin of cosmic rays 

through the study of 
supernova remnants, pulsar 

wind nebulae and nearby 
active galactic nuclei.

Bruno Rossi (1905 –1993)

HEAD High Energy Astrophysics Division of 
the American Astronomical Society (AAS)



Basic -ray Generation Processes

      B

e

CMB
IR, VIS

X

e

Synchrotron
Radiation

(eV … GeV)

Inverse Compton
Upscattering

(GeV … TeV)
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      B

   

X

e

Inverse 
Compton

upscattering
Synchrotron

radiation

Leptonic
Scenario

e

CMB
IR, VIS

Radio Infrared Visible light X-rays
VHE

gamma rays

E

SED
E2 F(E)

Basic -ray Generation Processes

p

gas

0

Hadronic
scenario



Source Classes

SNR

GC Centre

Starburst Galaxy

MC Interactions

Microquasars

AGN Dark Matter 
Constraints & 
Dark Sources

Cosmic Rays
Compact Binaries

Galaxy Clusters

Stellar Cluster

PWNe



  

 

http://tevcat2.uchicago.edu/

TeV -ray Sky: > 200 sources



  

 

KNP Conference 2012

Okkie de Jager
14 December 2010



  

 

KNP Conference SOC



  

 

KNP Conference Photo



  

 

• The South African Gamma-Ray Astronomy Programme 
(SA-GAMMA) 

• Consortium of South African Universities and research 
institutions which engage in research in the fields of 
gamma-ray astronomy and high-energy astrophysics. 

• Co-ordinates the SA involvement in H.E.S.S. and the 
Cherenkov Telescope Array (CTA)

• Current members: NWU, Wits, UFS, UJ, and SAAO.
• Sponsored by South African Department of Science and 

Technology (DST).
• Annual conference series: High Energy Astrophysics in 

Southern Africa (HEASA) – 6th event in 2018.

SA-GAMMA 
CONSORTIUM

Prof. Markus Boettcher



  

 

H.E.S.S. (~ 1 TeV)

Fermi-LAT (>1 GeV) “Background” due to propagating
Galactic cosmic rays

Extended sources, size typically few 0.1o (few 10 pc)

The Milky Way at GeV and TeV Energies
Galactic Plane Survey



  

 

each source is a
cosmic multi-TeV

particle accelerator
L = -85o

l = 60o



Galactic Centre: Sag A*

Composite image: combining Hubble images 
in the near-infrared, Spitzer Space 
Telescope images in the infrared, 
and Chandra X-ray images.

0.3 degrees 
across the sky, 
corresponding 
to about 170 
light years

Composite image of the Galactic Center region, combining Hubble images in the near-
infrared, Spitzer Space Telescope images in the infrared, and Chandra X-ray images. The 
bright white region on the bottom right size is Sagittarius A, the Galactic Center. The 
image spans about 0.3 degr. across the sky, corresponding to about 170 light year at the 
distance of the Galactic Center. See APOD for details, and for an annotated image. Image 
credit: NASA, ESA, SSC, CXC, and STScI.
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0

2
0Sgr A 

East

2004 error 
circle

error circle  
(13”)

Diffusion from central source?
Wind?

Many sources ?

Galactic Centre: Sag A*

Deeper follow-up observation of the Galactic Center region revealed a second very high 
energy gamma ray source - G0.9+0.1 (SOM 2/2005) - as well as a ridge of diffuse 
emission tracing the gas clouds near the Galactic Center (SOM 3/2006, see also Fig.1).



Diffusion from central source?
Wind?

Many sources ?

• Profile characteristic of central 
source (within 10 pc of 
Galactic Centre) 

• Continuous injection of 
accelerated protons (1 000 to 
10 000 year timescales). 

• Diffusive propagation 
• Interacting with the central 

molecular zone (CMZ) gas, 
producing neutral pions, which 
then decay producing γ-rays 
and other sub-products.

2016

This distribution is characteristic of central source (located somewhere within 10 pc of the 
Galactic Centre) injecting accelerated protons continuously (on a 1000 to 10,000 year 
timescales) into the ambient medium. After injection, these protons propagate diffusively 
interacting with the CMZ gas, producing neutral pions, which then decay producing γ-rays 
and other sub-products.



SUPERNOVA REMNANT RX J1713.7-3946
IN TEV GAMMA RAYS

Animation of the H.E.S.S. images of RX J1713.7-3946 produced at three different phases. In 
2004, we had barely commissioned the telescope array when one of our first datasets 
obtained with only two out of the four telescopes revealed this impressive source, which is 
twice the size of the full moon in the sky! The 2006 image is a deep exposure measurement 
of the remnant obtained with the full four-telescope array. By then we had developed 
background modelling and subtraction techniques to produce a real gamma-ray excess 
image with a good angular resolution of 3.6 arc minutes. With more data, and a much 
better understanding of the system performance and hence improved sensitivity, the 2016 
image is probably in many respects demonstrating the ultimate performance of the 
current-generation instruments like H.E.S.S., MAGIC, or VERITAS. With an angular 
resolution below 3 arc minutes and superb event statistics from 160 hours of deadtime-
corrected observation time, morphological details at parsec scale can now be investigated 
and compared in detail to X-ray images. Further improved measurements will likely only 
become available once CTA [6], our next-generation facility, comes online in the early 
2020's.

47
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• Morphology of Crab Nebula 
has only been resolved with 
radio, optical, and X-ray 
telescopes (<80 keV).

• No extension at higher 
energies (worse angular 
resolution)

• Improved PSF description.
• New level of resolving source 

sizes in VHE gamma-ray 
astronomy.

• σCrab = 52.2'' ± 2.9'' ± 7.8''sys.

Crab Nebula 
Extension

UV

X-rays

 Extension of the Crab Nebula as seen with H.E.S.S. (solid white circles, corresponding to 
Gaussian width), overplotted on the UV (top) and X-ray (bottom) image. The bright dot in 
the middle corresponds to emission from the Crab Pulsar, whereas the inner ring around 
the pulsar that is visible in the X-ray image is supposed to be related to the wind 
termination shock ([5], [6]). For illustration purposes, the VHE extension circle is 
centered on the pulsar position.



ACTIVE GALACTIC NUCLEI

Centaurus A

Distance 4 Mpc

10o

Pointlike

Centaurus A (e.g. Israel 1998) is one of the nearest active radio galaxies, powered by a 
supermassive black hole of about 50 million solar masses at its center (Cappellari
 et al. 2008). Centaurus A is a little over 3 Mpc distant and shows two jets emerging from 
its nucleus, with giant radio lobes stretching out to 250 kpc, extending over a 8 by 4 
degree field on the sky.



H.E.S.S. PHASE II



  

 

H.E.S.S. II



 Aims: 
 Extending the energy threshold to ~10-20 GeV
 Achieve overlap in energy (and time) with Fermi LAT
 Improving the sensitivity at 100 GeV

– Increased mirror size to 600 m2 (equiv. 28 m , 560 t steel ⊘
frame)

– Increased focal length to 36 m

– Decreased pixel size to 0.07o (FoV = 3.17o, >2 t camera)

– Used well-established H.E.S.S. Phase I type electronics

– Combine a single telescope with the 4 Phase I 
telescopes (G. Hermann)

H.E.S.S. Phase II
Aims & Approach

Approach



Punch et al. 
(2006)

Based on simulations verified with H.E.S.S. Phase I

H.E.S.S. Phase II
Expected Performance



 Study gamma-ray emission from 
pulsar magnetosphere

 Gamma-ray emission from XRBs
 Explore the high-redshift universe: 

AGNs, Radio-Galaxies, GRBs
 Indirect Dark matter search

H.E.S.S. Phase II
Physics



  

 

THE FUTURE OF GAMMA-RAY ASTRONOMY: 
CTA



  

 

Some key object classes still elusive, e.g.

 Galaxy clusters as cosmological storehouses of CRs
 Very-high-energy emission from GRBs
 Dark Matter annihilation signatures 

Some key mechanisms remain to be understood, e.g.

 Supernovae as sources of cosmic rays: do they provide 
sufficient peak energy & energy output? Morphology?

 Cosmic-ray escape from accelerators and propagation
 Energy conversion in pulsars

Energy range & angular resolution of current instruments 
insufficient to probe details

H.E.S.S. has been highly 
successful, but…



  

 

The future in
VHE gamma ray

astronomy:

CTA

•  10-fold sensitivity increase above that of 
current instruments

•  Extended energy range
•  Improved angular resolution
•  Operation as open observatory 
•  Two sites for full-sky coverage

Partners from almost all European countries
+ US, South America, India, Japan, South Africa



  

 

60

Core-energy array:
23 x 12 m tel. (MST)
 Davies-Cotton reflector
-  FOV: 7-8 degrees
-  f/D: ~1.4
mCrab sensitivity
in the 100 GeV–10 TeV
domain

Low-energy section:
4  x 23 m tel. (LST)
- Parabolic reflector
-  FOV: 4-5 degrees
-  f/D: ~1.2
energy threshold
of some 10 GeV

High-energy section:
32 x 5-6 m tel. (SST)
Davies-Cotton reflector
(or Schwarzschild-Couder)
-  FOV: ~10 degrees
-  f/D: 1.2 – 1.5
10 km2 area at 
multi-TeV energies

(one) possible configuration
100 M€ (2006 costs)



  

 

• NWU involved in H.E.S.S. since late 1990s
• 2012: Wits joins the H.E.S.S. Collaboration
• 2012 - 2016: SA and Namibia CTA members work closely to foster the bid for 

the Aar site in southern Namibia for CTA South
• 2013: UFS joins the H.E.S.S. Collaboration
• 2013: SA-GAMMA is founded, with NWU, Wits, UFS as founding members. 
• 2013: 1st HEASA meeting in Potchefstroom (NWU)
• ~2014 UJ joins the CTA Consortium and SA-GAMMA
• 2014: 2nd HEASA meeting in Bloemfontein (UFS)
• 2015: Namibian and Chilean sites short-listed as leading sites for hosting 

CTA South
• 2015: SAAO joins SA-GAMMA.
• 2015: 3rd HEASA meeting in Johannesburg (UJ)
• 2016: CTA Council decides to focus CTA South negotiations on Chile as 

preferred site. 
• 2016: 4th HEASA in Cape Town (SAAO)
• 2017: 5th HEASA in Johannesburg (Wits)
• 2018: 6th HEASA near Parys (NWU)

SA-GAMMA TIMELINE



  

 

1 – 3 August 2018
Stonehenge in Africa, near Parys

  
https://fskbhe1.puk.ac.za/people/mboet
t/SAGAMMA/HEASA2018/HEASA2018.html

 
Abstract submission by 20 July 2018.

6TH HEASA 
ANNUAL CONFERENCE



 Gamma-ray Astronomy is a lively, growing 
field

 Lots of exciting discoveries!
 South Africa has a long and proud history of 

pioneering contributions
 Current involvement in H.E.S.S. and CTA
 Multi-wavelength Astronomy – regional links
 World-class opportunities for SA students
 The promise of unravelling the inner 

workings of the most energetic and violent 
phenomena in the Universe!

Outlook



THANKS!

“‘Do I not fill heaven and earth?’ says the LORD” (Jer. 23:24b)
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