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Difference between stellar and 
Galactic black holes 

Stellar black holes are formed through the  
collapse of a massive star: M~10 

 
Galactic black holes are formed in (together with) the 

central stellar cluster of massive galaxies: M>1.000.000 

700 pc 

20 Mpc distance 
1“ = 140 pc 

Antenna-Galaxy 
NGC 4038/39 



Investigating Supermassive  
Black Holes 

We are actively involved in investigating SgrA* as a SMBH: 
 

• Radio interferometric VLBI observations 
• Infrared interferometric observations (GRAVITY)  
• Multifrequency radio and infrared observations in parallel to the  
     Event Horizon Telecope (EHT)  observazions 
 

Providing SMBH relevant instrumentation, e.g.: 
 

• Imaging beam combinor for the  Large Binocular Telescope (LBT) in Arizona 
• Very Large Telescope beam combiner spectrometer for the GRAVITY experiment 
• Participation in the MIRI imaging spectrometer on board JWST 

  



Working definition: 
 What is a 

(supermassive)  
black hole? 



Working definition: What is a black hole? 

A black hole is a geometrically defined region of spacetime 
around a compact mass. The gravitational is so strong that 
nothing can escape from inside the event horizon.  

The no-hair theorem states  
that a black hole is fully  
discribed by only three  
externally observable  
classical parameters:  
mass, electric charge,  
and angular momentum. 

source: https://www.pinterest.com 

Here we suppress complications like 
rotation of Black Holes and radiation that 
may come from immediate vicinity 



Working definition: What is a black hole? 

They are characterized by an event horizon that, however, 
cannot become part of an external observer’s past in a 

finite time but is an important discriminator against other 
similarly compact and massive objects. 



Working definition: What is a black hole? 

But is the event horizon really the most adequate concept for 
describing observations, as indicated, for example, by the 

name of the project “Event Horizon Project”?  
 

When observing a black hole such as the SMBH in the 
Galactic Center now, we cannot know of any amount of matter 
that will fall into this black hole in the future and will lead to an 
increase of mass and, consequently, of an increase of the size 

of its event horizon.  
 

We thus need alternative notions which are of a 
more local nature.  



Working definition: What is a black hole? 

Such notions are, in fact, used. The most important one for 
our case is the notion of an apparent horizon.  

 
For its definition, one considers the boundary between the 
region where emitted light can reach infinity and the region 
where it cannot. This three-dimensional boundary is called 

“trapping horizon” 



Working definition: What is a black hole? 



  

Black Body Radiation  – is only relevant for micro-black holes 

(Hawkingstrahlung) 



How can we ‘proof‘ the existance of 
supermassive black holes? 



Philosophical 
Concepts 



Underdetermination ….. 

….. and Causation 



Philosophical conceptual aspect: 
The School of Elea rejects any 
epistemological criteria based  

on sensual experiences. 
Instead they request logical  

standards  of clarity  
as criteria of truth 

Eleatic Principle 
Named after a Greek school in lower Italy Elea (Ἐλέα) 

closely linked to the philosophers Parmenides, Zeno and 
Xenophanes of Colophon. 

This is how it is implemented: The Eleatic Principle or 
causal criterion is a test that must be passed by logical 

statements or objects in order to be accepted by the 
researchers ontology, i.e. the study of the  nature of 

being, becoming, existence, or reality. source: internet 

Parmenides 



Aa further candidate procedure for sufficient evidence: 
 
’if you can spray them, then they are real’ (Hacking 1983): 
 
If you can use entities to manipulate others, then we have 
sufficient evidence for their reality. 
 
To be used as an instrument in a manipulation 
  of other systems presupposes a quantitative 
  precise causal profile in order to bring about 
  the effects in question.  
If the effect is successfully brought about we 
  have sufficient evidence for the claim that  
  there is something with this particular profile. 

Historic example for such a test 

Acceptance of the existance of molecules and atoms 



Realism:  
 Direct interaction and the possibility 

of repeatability and manipulation. 
 

Anti-Realism: 
The ‘pure’ observational nature of 

astrophysical research. 

(Hacking 1983) 



The Eleatic Principle 

  

Causation 
with objects 

in factual 
time  

sequence 

Reality of 
mathematical  
sentences,   
physical laws 

etc. 



Underdetermination and Causation 

This structure must be filled for the Galactic Center 



Connecting Necessary and Sufficient Conditions  

necessary conditions: 

sufficient conditions: 

necessary  and sufficient conditions: 

  



  

Connection necessary and sufficient conditions  

Yes No 



Necessary Conditions for the presence of a Black Hole 



Example 1 

Proving that we indeed probe a  
relativistic regime: 

 
Relativistic orbtis of stars 

Parsa et al. 2017, ApJ 845, 22 



First relativistic analysis  
using three stars orbiting SgrA*! 

 
Relativistic distortion of orbits 

is used to parameterize a  
relativistic parameter 

which becomes an observable 
Parsa et al. 2017, ApJ 845, 22 





rs Schwarzschild radius; rp periapse distance 

observed: 

First time that the investigation 
of a resolved stellar orbit around  
an SMBH has been carried out in  

detail. 
The result is consitent with 

the SMBH hypothesis. 

For ∆ω a 3-4 σ result 

a 
e 

ω 



Example 2 

Proving that we indeed probe a  
relativistic regime: 

 
Fitting flare profiles with blobs  

moving close to the last stabile orbit 

Karssen et al. 2017, MNRAS 472, 4422  



Polarized Light from SgrA* in the Infrared 

Dovciak, Karas & Yaqoob 2004, ApJS 153, 205 
Dovciak et al. 2006 

S. Karssen, M. Valencia-S., M. Bursa,  
M. Dovciak, , V. Karas, A. Eckart 



Analysis of  4 bright  
X-ray flares 

observer 



Analysis of  4 bright  X-ray flares 



Fit of the for brightest X-ray flares Karssen et al. 2017, MNRAS 472, 4422  

Analysis of  4 bright  X-ray flares 



Simultaneous fit for all 4 flares. 

Analysis of  4 bright  X-ray flares 



Application to a 
different 

extragalactic SMBH: 
J1034-396 



Example 3 

Toward the Event Horizon 
Search for the Shadow of the Black Hole 

 
VLBI (EHT) and VLTI (GRAVITY) interferometry 

Rauch et al. 2016, A&A 587, 37 
Eckart et al. FoPh 47, 553 



The Shadow of the Black Hole 

The shadow of the compact mass at the center of the Milky Way 
as expected for a Black Hole (left) and a Boson star (right)  . 
 
Goddi, C.; Falcke, H.; Kramer, M.; Rezzolla, L.; et al., 2017, IJMPD (International Journal of Modern Physics D), 2630001,  
BlackHoleCam: Fundamental physics of the galactic center 
 
Vincent, F. H.; Meliani, Z.; et al.,  2016, CQGra 33, 5015, Imaging a boson star at the Galactic center 



Expected Photo-Center motion for SgrA* 

Eckart et al. FoPh 47, 553 
and references there in 

Probably possible  
with GRAVITY 

at the VLTI 



VLBI at 230 GHz (1.3 mm wavelength) 

observed size:  

43 (+14/-8)  µas 

deconvolved  :  

37 µas (3.7 RS) 

image credit: S. Noble (Johns Hopkins), 
C. Gammie (University of Illinois) 

Detail of Black Hole region. 

Observed size from  
new 1.3mm VLBI 

observations  

3.7 RS
6 

Doeleman et al. Nature 455, 78-80 (2008) 

Gaussian size:  43 µas 

HHT - Carma 

HHT - JCMT 

Carma - JCMT 

Ring (doughnut)  

outer diameter:  80 µas 

inner diameter:  35 µas 

previous size limit:  ≤(11±5) Rs 
(Krichbaum et al. 1998) 

Doeleman et al. Nature 455, 78-80 (2008) 



Central component of 1.55 Jy 
secondary component of 0.02 Jy 

at 1.5 mas and 140 deg. E-N 
with a 4 hout delay relativ to the  

NIR flare 

Rauch et al. 2016, A&A 587, 37 

Nature of some SgrA* radio flares 

See also ‚Asyummetric structure in SgrA* …‘ 
Brinkerink et al. 2016, MNRAS 462, 1382 

‘speckle transfer function‘  

NIR flare 

extra  
component 



Example 4 

Towards the Event Horizon 
using stars and pulsars 

Psaltis D., Wex N., Kramer M.,2016, A Quantitative Test of the No-hair 
   Theorem with Sgr A*; Using Stars, Pulsars, and the Event Horizon  
   Telescope. ApJ 818, 121 

Eckart et al. FoPh 47, 553 



Number of Stars within the Central 1000 AU of SgrA* 

N  a few to 0 

Eckart et al. FoPh 47, 553 



Synthesis: 
 

Combining the 
Necessary Conditions 
to Sufficient Conditions 



Necessary Conditions for the presence of a Black Hole 



Philosphical Concepts layed out for the GC 



Philosphical Concepts layed out for the GC 
Acceptance of  

Underdetermination … 

… and Realism 

Linked  
with  

Causality 

Theory 

Experiment 



Combining the observational facts using a 
causal criterion test may indeed lead to well 

supported confirmation that SgrA* at the 
center of the Milky Way can be identified 

with a super massive black hole. 

source: internet 

Combining all results 

Parmenides 



Challenge for Astrophysics: How clean are the 
obervational cases that may serve as 
logical entities for the  causal criterion test. 

source: internet 

Combining all results 

Parmenides 

Challenge for  Philosophy: Are all necessary 
conditions for the proof of existence  known and 
fulfilled? Is the result a  sufficient condition for  
the existence? Are there individual sufficient 
conditions that can proof the existance and are 
they risky enough? 



Philosphical Concepts layed out for the GC 

The  ‘easier‘ a key observation can be made 
the less meaningful and stringent it is. 

(Radio and infrared interferometry; shadow of the BH) 
 

--------- 
 

The more meaningful and stringent key obesrvations 
are the more difficult and rare they are. 

(Pulsar and stellar measurements; gravitational waves) 
 

--------- 
 

A real prove dosen‘t seem to be possible, however, 
the acceptance of the idea can be maximized. 

Terrible reality: 



END 

'Melancholia' by  
Albrecht Dürer 



END 

'Melancholia' by  
Albrecht Dürer 

Are all necessary conditions for 
the proof of existence  known and fullfilled? 

Is the result a  sufficient condition for 
 the existence?  

Is there at least one or are there several  
sufficient conditions for the existence? 
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