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PKS 1441+25



PKS 1441+25

z=0.939!
VHE detection over more than a single day!



PKS 1441+25

37.7% polarization!



PKS 1441+25

Continues optical activity!



PKS 1441+25

Detection at VHE 4 days 
after VHE discovery by 

MAGIC!



MWL Observations 

of PKS 1441+25 are 

Encouraged!



MWL



NuSTAR Observations 
of Blazars

Amy Furniss
Stanford University
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(gamma-ray)



• Nuclear Spectroscopic Telescope Array

• Launched 13 June 2012

• Focusing high energy X-ray telescope (3-79 keV)

• Low background and good angular resolution (18’’ FWHM)

• ~100X sensitivity improvement over other instruments in 
this bandpass

• < 24 hour ToO response

• Harrison et al. 2013, ApJ, 770, 103



•Probe obscured AGN

•Study the population of Galactic hard 
X-ray-emitting compact objects

•Study the non-thermal radiation in 
young supernova remnants

•Observe core-collapse supernovae 
in the Local Group

•Observation of solar activity

•Observe blazars contemporaneously 
with ground-based radio, optical, and 
TeV telescopes, as well as with Fermi 
and Swift, to understand the structure 
of AGN jets

•++!

A Busy Observing Schedule
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1ES 1959+650
Orphan VHE flare in 2012?(ApJ, 2014, 797, 89)



MWL Study of Quiescent States of Mkn 421 with Unprecedented 
Hard X-ray Coverage Provided by NuSTAR in 2013

Baloković et al., in preparation, Baloković et al. arXiv:1309.4494
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Mrk 421 Hard X-ray Spectral Variability



Mrk 421 Hard X-ray Spectral Variability
Extending the Insight on Spectral State at Low Flux Levels

Spectral trends found in NuSTAR 
observations
Break energy kept fixed at 7 keV
Smooth trend

Apparent saturation at both ends
No longer a break when Log(flux) 
< ~ -10.0 (Γlow~3.0)
Archival from Giebels et al. 2007

Giebels et al.2007NuSTAR Observations
2013



Mrk 421 X-ray vs VHE Flux

Fitted slopes of between 0.6-1.2 in all X-ray bands
Trend remains for strictly simultaneous observations
Consistent with IC up-scattering occurring in the Klein-Nishina regime



Mrk 421 Broadband Variability

Observations from radio to TeV
Higher fractional variability in X-
ray and VHE bands as 
compared to optical and radio
Fermi LAT shows evidence of 
significant fractional variability
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First NuSTAR Observations of Mrk 501 within 
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Furniss et al., ApJ submitted (as of yesterday!)



NuSTAR Mrk 501 Observation Orbit-by-orbit
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Full View of the Mrk 501 
Synchrotron Peak
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Mrk 501 X-ray Variability
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Mrk 501 Broadband Variability
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Mrk 501 Broadband Variability

Observations from radio to TeV
Higher fractional variability in X-ray and VHE bands as compared to 
radio, optical and Fermi LAT bands
Fractional variability consistent with SSC emission scenario



Modeling the Broadband SED
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Conclusions
Hard X-ray observations of (gamma-ray) blazars by NuSTAR provide direct 
insight into the population of relativistic particles producing gamma-ray emission

Extensive multi-instrument campaigns on Mrk421 and Mrk501 have happened 
every year since 2009 (see talk by David Paneque). The campaigns from 2013 
could count, for the first time, with NuSTAR

Special focus on NuSTAR observations simultaneous to MAGIC/VERITAS, as 
well as Swift/optical, which brought unprecedented insight into the broadband 
nature of both sources

NuSTAR showed < day scale variability extends to hard X-ray energies within 
Mrk 421 and Mrk 501

Mrk 421 and Mrk 501 are remarkably different animals
Mrk 421 VHE emission likely to occur in Klein-Nishina regime, while Mrk 501 VHE 
emission is within the Thompson regime

Observations of additional gamma-ray emitting blazars will also provide 
interesting insight into the jet broadband emission - stay tuned!

PS Observe PKS 1441+25 if you’ve got a chance!


