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Outline 
Research Context    (National & International) 

Research Strategy   Multi-ν Astronomy & Cosmology @ 
Wits 

Center for Multi-ν Astrophysics & Cosmology (C-MAC)

Research Group
Vision 
Structure & Management
Research Outputs & Capacity
Human Capacity Development
Collaborations (National & International)

Future Strategies 
Short-term (1 yr) - Mid-term (3 yrs) - Long-term (> 5 yrs)
Integration with existing activities and projects
Challenges & Sustainability

A vision for future
Integrate and Rationalize Research Activity and Capacity 
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Astrophysics & Cosmology at 
Wits

Research Context
SKA

MeerKAT

KAT-7

HESS-II

CTA

CTA Mini-Array

Planck

COrE

MILLIMETRON

RADIOASTRON

AGILE

DUAL
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SKA SKA Chair activities
SKA Africa Council

MeerKATMightee survey
Fornax-A survey
Transient survey

KAT-7 Diffuse radio source obs
   Gal.Clusters, Radiogalaxies, 
SNRs

HESS Extragalactic sources
Dark Matter

CTA Extragalactic sources
Dark Matter

MiniArray SNRs

Planck SZ effect
Radiogalaxies & Blazars

COrE Extragalactic src. 
polarization
Millimetron Member of MISC and MMC

SZ effect, RGs & BLZ, SNRs
Radioastron Member of RISC

AGNs
AGILE BLZ, RGs, SNRs
DUAL γ-ray polarized sources



Radio Astronomy (& AVN)
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Diffuse radio emission
in extended sources
- Galaxy clusters
- Giant radiogalaxies
- SNRs

Data analysis
Calibration
Interpretation
Modelling
Multi-ν follow-up

• Mightee Survey
• Fornax-A survey
• Transient survey
• Free time
Diffuse radio emission
in extended sources
- Galaxy Clusters
- Giant Radiogalaxies
- SNRs
Multi-ν follow-up
Modelling

Key science cases
- AGNs and Radiogalaxies
- Galaxy evolution
- Clusters radio halos
- Magnetic fields in LSS
- Dark Matter search
- Physics of the Unknown

Data analysis
Modelling
Multi-ν follow-up

KAT-7              MeerKAT                SKA



African VLBI Network
Scientific involvement

Blazars and Radiogalaxy jets [Jet sub-pc scale]
Plasmoids in AGN jets [B-field physics at the 
extremes]
VLBI and cosmological tests [Cosmology]

From Africa to Europe

HCD: The SKA Africa Council
Radio Astronomy & Astrophysics in an African context
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HESS-II                       CTA  
      

6

Kookaburra in radio and TeV SNR RXJ1713.7-3946 

WITS is an official member from April 2012 WITS is an official member from December 2011

HESS-II



AGN jet 

Radio - γ−rays 
 
origin → model constraint

SKA-CTA connection
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CTA site: Aar

SNR   physics
Radio - γ−rays 

Origin of electrons
- Hadronic
- Leptonic

Galaxy
LSS

CR electrons
calorimeter

0.1µG

1µG

Dark MatterSKA stations
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250 km

The largest platform for multi-ν 
Astronomy



AGILE                   DUAL
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RADIOASTRON     
MILLIMETRON
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Data of about 24 hours of observations from about 10 
largest ground radio telescopes from EU, Russia, China 
together with the 10-meter space Spektr-R were used 
in the analysis. 
Correlated emission of 0716+714 detected up to 5.2 
Earth diameters.  Jet base width measured to be about 
70 microarcseconds or 0.3 parsec.

RADIOASTRON
S.C. in the RISC
AGN jet study

MILLIMETRON
S.C. in MISC/MMC
• SZE
• AGNs
• SNRs
• Galaxy evolution



   Planck                  COrE
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S.C. Planck member
WG5: SZE
WG6: Extragalactic

S.C. in the Team that proposed 
COrE to ESA call 2011

All-sky distribution of all galaxy clusters and 
cluster candidates reported in the Early SZE 
sample. 
Credit: ESA/Planck Collaboration.



Center for Multi-ν Astronomy & 
Cosmology

Research Strategy
Established in 2012
Members: SKA group, J. Carter, E. Sideras-Haddad, 

A. Faltenbacher, F. Frescura, new staff, 

Activities: Theory, Data Analysis, Simulations, …

Motivations
Wits is an official member of SKA, MeerKAT, KAT-7

Wits is an official member of HESS-II and CTA

S.C. (Wits) is an official member of other projects:

• AGILE

• DUAL

• Planck

• COrE

• RADIOASTRON

• MILLLIMETRON

Integration in a SA Multi-ν Astronomy Strategy



Group: Structure   &  
Governance
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MSc
3

PhD
7+2

PD
3+2

Staff
3+2
+1
+1

Hon SKA Chair

C-MAC WADC

WITS SoP

SKA-SA

CTA-TT
NRF

A. Desk
DST

Multi-ν
Projects



Research Capacity
Profile 

Hub of Radio Astronomy & Multi-ν Astronomy in SA 
Multi-disciplinary activity
Multi-frequency approach
Theory and Data Analysis support to various 
experiments
Data analysis: multi-frequency platform (WADC)

Publications (2011-2013)
  72 total [37 in refereed journals]

>15 in press [refereed journals] 

>10 submitted                                     

Impact (2011-2013)
72 papers       (total)
824 citations   (total)
h=18 (14+3+1) 
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R.A. G.A. Others

29 29 14

>5 >4 >6

>4 >3 >3



Human Capacity 
Development

Post-grad students
SKA   Capacity
4 PostDocs 6    (+  50%)

1 Researcher Contract                            2    (+100%)

7 PhD + 2 Visiting PhD 10   (+ 50%)

3 MSc 6    (+100%)

1 Hon 3    (+300%)

HESS-II & CTA
1(*) Post Doc 2    (+100%)

0     PhD        2    (+∞)

Synergies 
WITS (School of Physics)
SKA, SKA Africa Council, NRF CTA-TT, Astronomy Desk

Teaching      Intensive Coursework+Research Project in Multi-ν Astronomy
WITS (School of Physics) [diploma + MSc + practical (radio-)astronomy]
Africa SKA Partner Countries student training
NASSP modules
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Collaborations
South Africa

UKZN: mm Astronomy [Workshop Wits-UKZN (27 Feb, 2013)]
NWU: HESS, CTA, …
UCT: Extragalactic Astrophysics, Astro-Particle Physics 
UWC: Cosmology
SKA Africa Council: SKA, AVN, …

International context
Namibia Politech. (HESS)
Mauritius: MITRA
RADIOASTRON & MILLIMETRON (Astro Space Center – Moscow)
HESS Collaboration
CTA Collaboration
Italy (SKA, OLIMPO, AGILE, PLANCK, NuSTAR)
Germany (Numerical Astrophysics, Plasma Physics)
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Future Plans         
Challenges/Sustainability

Enhancing Research Capacity
Enhancing publication rate and impact
Project involvement (KAT-7, MeerKAT, SKA, 
HESS-II, CTA, MITRA, AVN, others)
The Wits Astro Data Center (WADC)

Fund raising 
Publication income 

Student graduation

National (*) & International opportunities

Enhancing HCD & management
Postgraduate Students 

Postdocs & Researchers

Enhancing Collaborations
National

International

Improve Research Space
Improve Infrastructures
Improve Governance  
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Staff goal ≥5 
paper/yr

MSc goal ≥1 paper/yr

PhD goal ≥2 paper/yr

PostDoc goal ≥3 paper/yr

Local facility
Web-oriented Sc. Apps

Crucial
Available funding opportunity

Crucial
Group dynamical evolution 

Crucial
Profile & Visibility

Important
Group hygienics



Vision for future
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Integrate and Rationalize Research Activity & 
Capacity

Enhance the research Profile of SA Astro 
community
Tackle with challenges of Big Science at the 
Horizon

Today   2014   2015   2016   2017   2018   2019   2020   2021   2022   2023   2024   2025 

MeerKAT SKA-1 SKA-2

CTAHESS-II

SALT

arXiv abstracts

KAT-7 SKA-1

MWA
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Thanks
for

your attention


