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Practical information i
Where: IAG USP, sala A304 

Capacity of lab: 15 people 

When: 
First lab session: Jan 31st 

(Tue), 2-5pm 
Second lab session: Feb 1st 

(Wed), 2-5pm

The two lab sessions have 
the same content. If you 
want to attend one of the 
two sessions, please let 
us know by e-mailing: 

with your name and 
university

Questions? rodrigo.nemmen [[at]] iag usp br . .

https://rodrigonemmen.com

fabio.cafardo [[at]] usp br.

https://rodrigonemmen.com


Practical information ii
The Astronomy Institute (IAG) has a 
security check at the institute’s gate. 

Please arrive at IAG 30 minutes 
before the activity starts, in order 

to allow enough time for ID 
processing.



Fermi Gamma Ray Telescope: LSST for high-energy 
sky, 20 MeV - 300 GeV, whole sky every 3 hours

Unique Capabilities for GeV astrophysics
– Large effective area
– Good angular resolution
– Huge energy range
– Wide field of view 

Large Area Telescope (LAT)
Observes 20% of the sky at any instant, entire sky every 3 hrs
20 MeV - 300 GeV

Gamma-ray 
Burst Monitor 
(GBM)
Observes entire 
unocculted sky
Detects transients 
from 8 keV - 40 MeV

International and 
interagency collaboration 
between NASA and DOE 
in the US and agencies in 
France, Germany, Italy, 
Japan and Sweden

Mission Lifetime: 5 year 
requirement, 10 year goal

R. Nemmen



Gamma-ray sky after 7 years

Space based gamma-ray astronomy

2. Diffuse galactic gamma-ray emission

Figure 1: The gamma-ray sky above 600 MeV in galactic coordinates. Top panel: Diffuse galactic emission
and point sources; bottom left panel: Hard component of the galactic diffuse emission; bottom right panel:
Soft component of the galactic diffuse emission. The images have been de-noised and deconvolved using
the D3PO algorithm [8]. The colour scale is designed to mimic the human perception of optical light in the
gamma-ray range. Intensity indicates the (logarithmic) brightness of the flux, red corresponds to low-energy
gamma rays around 1 GeV, and blue to gamma rays up to 300 GeV. The figures have been adapted from [9].

The gamma-ray sky seen by the LAT above 600 MeV is shown in the upper panel of figure
1. The colour scale has been adjusted to mimic the human eye perception of optical light. Red
colours show emission at photon energies of ⇡ 1 GeV and green/blue emission photon energies
of ⇡ 100 GeV. The most prominent feature is the diffuse glow of our galaxy. Approximately 70%
of photons detected by the LAT from outside of our solar system are attributed to this emission.
It is radiated by cosmic-ray protons, heavier nuclei and electrons interacting with interstellar gas
and by cosmic-ray electrons interacting with photon fields via Inverse Compton (IC, throughout
this article “electrons” refers to both, electrons and positrons). Typically non-thermal distributions
of particles in energy (E) – protons (p), electrons (e) or gamma rays (g) – are well described
by a power-law function dNp,e,g

dE = N0E�Gp,e,g , where N0 is a normalization factor. In cosmic-ray
interactions with interstellar gas on average a fraction of the energy of the primary is transferred
to gamma rays: Eg ⇡ 0.1 � 0.3Ep,e). The spectral slope of the gamma-ray spectrum resulting
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Bühler+15 R. Nemmen: Fermi Telescope
Energies 100 MeV - 300 GeV



≈60% of gamma-ray sources are black holes

Acero+15



≈60% of gamma-ray sources are black holes

supermassive 
black holes
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1/3 of gamma-ray sources are unknown
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Pulsars?

Exotic physics: 

Dark matter?



Our activity: Analysis of Fermi 
Telescope observations of a black hole

Download photons observed by the Fermi 
Telescope from NASA 

process and select photons for scientific 
analysis 

plot gamma-ray image of supermassive black 
hole (blazar) using python tools



Black hole theory / simulations
                  observations

AGNs / stellar mass BHs / GRBs
High-energy astrophysics

Gamma-ray astronomy

http://rodrigonemmen.com/group/ 

https://rodrigonemmen.com/group/
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http://facebook.com/rodrigonemmen

nemmen

http://astropython.blogspot.com
http://bit.ly/2fax2cT
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