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For the next 40 minutes...

Where, what, how and why for the 
Fermi-LAT detector. 
What does Fermi give us when studying 
AGN? 
What have I studied? 

 NGC 1275
 Pictor  A
 PKS 1510-089



What is Fermi??

Gamma-ray Burst Monitor
– Scintillator detector 

(NaI)
– All sky at once
– 8 keV to 1 MeV
– Looks for GRBs

Large Area Telescope
– Pair conversion 

telescope
– 20 MeV to 300 GeV 



Large Area Telescope
– Pair conversion 

telescope
– 20 MeV to 300 GeV 
– 0.8 deg. ang. res. 
– 20 % of sky at any 

given moment
– LAT detector rocks 

north/south of orbital 
plan

– Scans entire sky 
every 3 hours

– Allows us to probe 
high-energy activity 
unbiased by sub-
class or activity state



Fermi
 

Launched on a Delta II 
heavy rocket from 
Cape Canaveral on 
June 11th 2008.



Altitude: 565km

Eccentricity: < 0.01

Orbital Period: 96.5 
minutes 

3 months of on-orbit 
calibration... Started 
all-sky survey obs on 
the 8th August 2008



The LAT
3 sub-detectors

- tracker

- calorimeter

- anti-coincidence



The LAT

Tungsten sheet

Positron Electron pair

CCalorimeter (CsI scin.)

Gamma-ray







  

Active Galactic Nuclei
Among the most violent 

objects in our Universe

Highly variable 

Vast energy output 

Relativistic outflows

Model has a large amount 
of free parameters

– =>AGN sub-classes



  



  

NGC 1275

 FR 1 radio galaxy

 Misaligned AGN -> reduces 
the relativistic properties (in 
principle)

 Z=0.0179 -> allows us to 
study relativistic outflows in 
detail



  

NGC 1275 and gamma-rays

Previous missions saw 
nothing

Fermi-LAT saw it in 4 
months of obs

(10e-7 ph/cm2/s) 

1 year of obs saw 
spectral variability

What did we get in 2 
years? 



  

Variability Studies

E>800 MeV photon flux 
as a function of time

Characterise variability 
by e-folding time

 

t=1.51 days 

(don't expect this 
amount of variability 
for off axis AGN) 

1 week bins

1 day bins



  

Energy Spectrum I 

Probes the energetics 
of the primary particle 
population

Possibility of a cut-off 
(but not statistically 
significant from Fermi 
observations alone)

MAGIC  observations 
much steeper, 
implying cut-off in 
spectrum 



  

Energy Spectrum II 
Probes the energetics of 

the primary particle 
population

Before, rise, peak, decay 
of flare

– Harder-when-
brighter

> 100 GeV gamma-rays 
detected by MAGIC 
when GeV flux peaked

● >GeV emission 
important for triggering 
ground-based 
observations



  

Pictor A Broad-Line Radio Galaxy

Even more off-axis, 
allows us a clearer 
view of inner regions -> 
how are accretion 
ejection linked?

Kataoka et al. modeled 
BLRG candidates and 
found Pic A to be near 
Fermi-LAT sensitivity

 What do we find with 3 
years of observations?

5.6 sigma, (5.6+/-0.7) x 10-9 ph/cm2/s



  

Where are the gamma-rays coming 
from ? 



  

SED modeling...

Gamma-ray fit



  

SED modeling...Gamma-ray fit

X-ray fit



  

Light curve (1 year bins)



  

PKS 1510-089

Flat spectrum radio 
quasar

One of the brightest & 
most variable AGN 
detected by Fermi

Discovered by HESS 
>100GeV, confirmed 
by MAGIC

fad

What do we see with Fermi? (in 3.75 years)



  

Light curve (0.1 < E < 300 GeV)

1 day bins



  

Light curve (0.1 < E < 300 GeV)

Flare 1

Flare 2



  

3 and 6 hour bins

6 hours

3 hours



  

Doubling timescales

Quickest variability for the FSRQ sub-class of AGN at Mev/GeV energies!



  

Locating the emission region...
Two schools of thought

• Broad Line Region (BLR) close to the base of the 
jet (sub-parsec scale)

• 'far-dissipation': on the parsec scale in the 
Molecular Torus (MT)

Argument//Evidence for and against both

Constrain the origin of the gamma-ray emission 
region through 3 independent approaches

i. Variability timescale

ii.  Energy (in)dependent cooling timescales

iii.  Photon-photon pair production

 

  



  

Locating the emission region...
(i) Variability timescales

Rapid variation implies a very small emission 
region. Radio observations show doppler 
factors of up to 47, implying a size of < 0.003 
parsecs.

Does not automatically point to BLR origin

However, can utilise energy density of BLR and 
MT diffuse photon fields to constrain the cooling 
timescales (Tavecchio et al. 2010)

Points to a BLR origin....
• ... Tavecchio et al. Assumed IC scattering in the 

Thompson regime....  

 

 

  



  

Locating the emission region...
(ii) Energy dependent cooling timescales

Dotson et al. found IC scatter in the BLR to be in 
the Klein-Nishina regime, while IC in the MT is 
in the Thompson regime. 

Results in an energy (in)dependence in the 
cooling timescales depending upon the location 
of the emission region. 

Results in a time lag between the cooling 
timescales of MeV and GeV photons of a flare  



  

(ii) Energy (in)dependent cooling 
timescales

a

100 MeV to 1 GeV

1 GeV to 300 GeV



  

Flare 1 Flare 2

100 MeV to 1 GeV

1 GeV to 300 GeV



  

Discrete Correlation Functions
DCFs (Edelson & Krolik, 1988)

Flare 1 Flare 2

A positive time lag implies that the < 1 GeV flux is delayed with 
respect to the > 1GeV flux  => points to a MT origin 



  

Locating the emission region...
(iii) Photon-photon pair production

Re-analysed flares with additional spectral models containing cut-offs.
Compared to the TS value of a power-law fit to investigate presence of a cut-off



  

red. chi^2=0.112

red. chi^2=0.155

power-law

log-parabola log-parabola

power-law

red. chi^2=1.885

red. chi^2=0.282

Flare 1 start Flare 1 Peak



  

Flare 1

* spectral cut-off 

* possible DCF peak at 
0 but errors to large

* suggests a BLR origin 
for flare

Flare 2

* no spectral cut-off 

* DCF appears to be 
dominated by rise-
time lag

* suggests an MT origin 
for flare



  

Multi-zone emission regions 

* 2 flares 8 days apart, evidence to suggest that 
they are separated by > parsec

* can be reconciled if there are multiple 
simultaneously active emission regions along jet

* also accounts for the > 20 GeV flux (no trend in 
the hardness ratio and > 20 GeV flux possibly 
also suggesting multi-zone)

 



  

Markarian 421 (HBL)
Brown, 2013, submitted to MNRAS



  

Markarian 421 (HBL)

Flux doubling ~1.3 hours!

Interesting because the flux was an order of magnitude lower than the 
PKS1510 flare, and yet we see 1.3 hr doubling. Ie, finding quick variability
Is not necessarily flux dependant 



  

NGC1275
– Harder when brighter
– GeV flux important for VHE emission
– 1.5 day rise-time

Pictor A
– Discovered as a source of gamma-rays
– SSC modeling suggests jet origin
– 1.5 day rise-time

PKS 1510-089
– Flux doubling in 1.3 hours!
– Flux halving in 1.2 hours! 
– Spectral cut-off in one flare, not the other
– MULTIPLE EMISSION REGIONS 
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