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The very high energy 
gamma-ray sky
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To date ~60 extragalactic sources 
(mainly blazars) are known at very high 
energy gamma-rays (VHE, E>100 GeV) 
band



Only 5 of them are flat spectrum radio 
quasars (FSRQs) 



They are the most distant VHE sources 
—> allow us to constrain the 
extragalactic background light (EBL) 
absorption

TeVcat



3

The very high energy 
gamma-ray sky

TeVcat

To date ~60 extragalactic sources 
(mainly blazars) are known at very high 
energy gamma-rays (VHE, E>100 GeV) 
band



Only 5 of them are flat spectrum radio 
quasars (FSRQs) 



They are the most distant VHE sources 
—> allow us to constrain the 
extragalactic background light (EBL) 
absorption

http://www.nasa.gov/feature/goddard/nasas-fermi-satellite-kicks-off-a-blazar-detecting-bonanza
Ahnen et al. 2015, 815, L23 TODAY!!

http://www.nasa.gov/feature/goddard/nasas-fermi-satellite-kicks-off-a-blazar-detecting-bonanza
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FSRQs at VHE
Why only 5 FSRQs detected in 
VHE?



Low synchrotron peak frequency



Intrinsic absorption



High redshift (typically)



They can be mostly detected during 
flaring/spectral hardening states



VHE help us to constrain the 
location of the emitting region 



Typically explained in the “far 
dissipation” external Compton 
scenario
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FSRQs: the “far dissipation” scenario

 
 

400 GeV-1 TeV



Fermi-LAT

MAGIC

MAGIC:



Air Cherenkov technique



Stereoscopic system of two 17 m telescopes



Located in Canary Islands 



Energy Threshold ~50 GeV


MWL instruments:



Fermi-LAT: High energy gamma-rays (E>100 MeV)


X-rays: Swift-XRT, NuSTAR


Optical-UV: KVA (R-band), Swift-UVOT


Radio: Metsähovi 



Fermi+MAGIC: 100 MeV to ~400 GeV (FSRQs) —> 
probe intrinsic absorption 
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Instruments:
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It is the most distant 
(together with S3 0218+357) 
VHE source, located at z=0.94



Observations started on Apr 
17-18 2015 after a high state 
alert from Fermi-LAT 
(E>10GeV), optical and X-Rays. 

!
Detection during 10 days of 
consecutive observations: 
4010 +/- 160 gamma-ray 
like events 





PKS 1441+25
!

Two flux states can be 
distinguished during the 
flare


Halving time scale ~6 
days



  No signal was detected in 
May (after Moon break)
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Ahnen et al. 2015, 815, L23
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Preliminary

!
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Ahnen et al. 2015, 815, L23



PKS 1441+25
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Preliminary
Preliminary

“Far dissipation”


external Compton 



scenario

Doppler factor =15

Ahnen et al. 2015, 815, L23
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Credits: NASA

https://youtu.be/AJh7fq7tYfg

See video at: 

https://youtu.be/AJh7fq7tYfg
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Credits: NASA



Probing the EBL models 
with PKS 1441+25
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!

Spectrum measured in 
the energy range 40 to 
250 GeV


For the first time 
extragalactic background 
light (EBL) models are 
tested at z=0.94 in the 
VHE regime.


VHE spectrum compatible 
with current generation 
of EBL models: Dominguez
+11, Franceschini+08, 
Gilmore+12, Scully+14

Observed: LRT LogP vs power-law=4.2 sigma


EBL corrected: Compatible power-law 



⌉=3.18 ± 0.15stat ± 0.18sys 



Probing the EBL models 
with PKS 1441+25
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Likelihood Ratio Test (e.g. Ackermann et al. 2012, 
Abramowski et. 2013)


Different intrinsic spectral shape tested: power-
law, logparabola and power-law with cut off.


Different EBL models



Maximum optical depth scaling factor (α𝝉) from 
models assuming a power-law as intrinsic 

spectrum: α≤1.7


Maximum scaling factor from EBL measurements 

(Scully et al 2014): α≤3.4


Compatible with previous measurements from 

Fermi: α=1.3+/-0.4 (0.5 < z < 1.6)



Take home 
message

New discovery of PKS 1441+21 at z=0.94 in the VHE band (energy 
threshold of ~40 GeV!). Compatible with state-of-the-art EBL models



PKS 1441+25 shows an extreme shift of the SED peaks 



Detection of the FSRQs 3C 279, PKS 1222+21 and PKS 1510-089 during 
moderate HE gamma-ray activity during 2013-2014 observation campaign



The only common MWL feature on 3C 279, PKS 1222+21 and PKS 
1510-089 during the VHE detection epochs is the ejection of a new 
VLBA component



No hints of intrinsic absorption features compatible with the absorption 
within the broad line region have been found so far in VHE FSRQs —> 
favor “far dissipation” scenario
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Thanks! :)


