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Mo7va7on	  /	  Outline	  
•  Lots	  of	  radio	  data	  available	  from	  various	  long-‐
term	  (decades!)	  monitoring	  programs	  

•  How	  can	  single-‐dish	  radio	  observa7ons	  be	  
used	  to	  constrain	  jet	  physics?	  
– E.g.,	  Doppler	  beaming,	  flow	  parameters,	  viewing	  
angle,	  magne7c	  field	  order,	  shock	  structure…	  

•  Mul7frequency	  and	  polariza7on	  data	  are	  the	  
key	  
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Spectral	  energy	  distribu7on	  
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Hayashida+	  2012,	  ApJ,	  754,	  114	  

3C279	  



Blazar	  monitoring	  programs	  
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h;p://www.physics.purdue.edu/MOJAVE/blazarprogramlist.html	  
List	  maintained	  by	  Ma;	  Lister	  



Various	  observatories	  
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Image	  credits:	  
TH,	  UMRAO,	  Metsähovi	  

UMRAO	   OVRO	  40m	  

Metsähovi	   Effelsberg	   CARMA	  



Mul7frequency	  radio	  light	  curves	  
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Medicina	  /	  Noto	  
h;p://www3.mpifr-‐bonn.mpg.de/staff/ubach/bmonit/	  
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Variability	  dominated	  by	  the	  radio	  core	  
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A.	  Marscher	  



Doppler	  boos7ng	  factors	  

•  Logarithmic	  variability	  
7mescale	  stays	  constant	  
during	  flares	  (Teräsranta	  &	  
Valtaoja	  1994)	  

•  Flare	  rise	  7me	  =	  size	  of	  the	  
emission	  region	  
(Lähteenmäki	  et	  al.	  1999)	  

•  Emission	  region	  is	  in	  
equipar77on	  Tint	  =	  Teq	  =	  
1011K	  (Readhead	  1994)	  

Krakow,	  April	  23,	  2015	  talvikki.hova;a@aalto.fi	  

Hova;a	  et	  al.	  2009	   1156+295	  
22	  GHz	  

Assump7ons:	  



Different	  assump7ons	  

•  Jet	  Lorentz	  factors	  follow	  a	  
power	  law	  distribu7on	  (Lister	  &	  
Marscher	  1997)	  

•  Pure	  luminosity	  evolu7on	  
func7on	  (Padovani	  &	  Urry	  1992)	  

•  Simula7ons	  used	  to	  match	  
apparent	  speed	  and	  redshim	  
distribu7ons	  

•  Comparison	  of	  various	  Doppler	  
factor	  es7mates	  
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See	  Poster	  by	  I.	  Liodakis!	  	  

Assump7ons:	  



Obtaining	  Doppler	  factors	  for	  more	  
sources	  

•  OVRO	  40-‐m	  program	  is	  
observing	  ~1800	  sources	  at	  
15	  GHz	  since	  2008	  

•  Twice	  /	  week	  sampling	  

•  All	  Fermi	  sources	  from	  1FGL	  
and	  2FGL	  

•  MCMC	  approach	  to	  obtain	  
uncertain7es	  for	  Dvar	  

•  MOJAVE	  15	  GHz	  observa7ons	  
to	  constrain	  Tint	  

Krakow,	  April	  23,	  2015	  talvikki.hova;a@aalto.fi	  

OVRO	  
15	  GHz	  

Hova;a	  et	  al.	  2013	  +	  in	  prep	  



Physical	  modeling	  
•  Radia7ve	  transfer	  modeling	  (Hughes,	  

Aller	  &	  Aller,	  2015)	  

•  3	  frequencies	  (4.8,	  8,	  14.5	  GHz)	  

•  Includes	  polariza7on!	  
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Aller	  et	  al.	  2014	  

See	  Poster	  by	  M.	  Aller!	  



Constraining	  parameters	  (1)	  
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Different	  amount	  	  
of	  axial	  magne7c	  	  
field	  

Hughes,	  Aller	  &	  Aller,	  2015	  



Constraining	  parameters	  (2)	  
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Change	  in	  the	  	  
viewing	  angle	  

Hughes,	  Aller	  &	  Aller,	  2015	  



Best-‐fit	  model	  
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See	  Poster	  by	  M.	  Aller!	  



Wider	  spectral	  coverage	  
•  F-‐GAMMA	  

–  Almost	  90	  Fermi	  sources	  
–  2.64	  –	  142	  GHz	  at	  10	  bands	  
–  Cadence	  1/1.3	  months	  	  

•  RadioPol	  
–  Linear	  polariza7on	  at	  2.64,	  4.85,	  8.35,	  10.45	  and	  

14.6	  GHz	  	  
–  Circular	  polariza7on	  at	  2.64,	  4.85,	  8.35,	  10.45,	  

14.6,	  23.05	  GHz	  

Krakow,	  April	  23,	  2015	  talvikki.hova;a@aalto.fi	  

Effelsberg 100 m

IRAM 30 m

Angelakis	  et	  al.	  2010,	  astro-‐ph.CO/1006.5610	  	  

Fuhrmann	  et	  al.	  2007,	  2007,	  AIP	  Conf.	  Series,	  Vol.	  
921,	  249–251	  

Myserlis	  et	  al	  2014,	  arXiv1401.2072M	  

 



RadioPol	  sta7s7cs	  
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Linear	  polariza7on	  event	  
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PKS1510-‐089	  

Myserlis	  et	  al.	  2014	  
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Polariza7on	  is	  the	  key	  
•  New	  Polariza7on	  receiver	  installed	  on	  

the	  OVRO	  40-‐m	  in	  May	  2014	  

•  13-‐18	  GHz,	  1800	  sources	  

•  Calibra7on	  on-‐going	  

	  

Krakow,	  April	  23,	  2015	  talvikki.hova;a@aalto.fi	  

−60 −40 −20 0 20 40 60

−0
.1
5

−0
.1
0

−0
.0
5

0.
00

0.
05

0.
10

3C286 band4

PA

An
t_
Q

March18

March19

April6

−60 −40 −20 0 20 40 60

−0
.1
5

−0
.1
0

−0
.0
5

0.
00

0.
05

0.
10

3C286 band4

PA

An
t_
U

March18

March19

April6

−60 −40 −20 0 20 40 60

−0
.1
5

−0
.1
0

−0
.0
5

0.
00

0.
05

0.
10

0.
15

3C286 band4

PA

R
ef
_Q

March18

March19

April6

−60 −40 −20 0 20 40 60

−0
.1
5

−0
.1
0

−0
.0
5

0.
00

0.
05

0.
10

0.
15 3C286 band4

PA

R
ef
_U

March18

March19

April6

3C286	  

Stokes	  Q	   Stokes	  U	  

Parallac7c	  angle	   Parallac7c	  angle	  

0 500 1000 1500 2000 2500

Days since MJD 54466 (2008 Jan 1)

0

1

2

3

4

5

6

7

Fl
ux

D
en

si
ty

[J
y]

2008 2009 2010 2011 2012 2013 2014 20152008.50 2009.50 2010.50 2011.50 2012.50 2013.50 2014.50

2230+114

Preliminary	  

0 500 1000 1500 2000 2500

Days since MJD 54466 (2008 Jan 1)

0

5

10

15

20

25

30

Fl
ux

D
en

si
ty

[J
y]

2008 2009 2010 2011 2012 2013 2014 20152008.50 2009.50 2010.50 2011.50 2012.50 2013.50 2014.50

J2253+1608

Preliminary	  



Spectral	  types	  and	  evolu7on	  
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E. Angelakis et al.: On the phenomenological classification and interpretation of continuum radio spectrum variability pattern
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(b) Type 1b
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(c) Type 2
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(h) Type 5
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(i) Type 5b

Fig. 2. The prototypes of the 5 classes and their sub-classes. All of them are plotted in the same scale to allow comparisons. The prototypes have
all the available data which makes their definition difficult to see. Probably we should plot the spectra only every second. The first 4 classes can be
interpreted with a simple physical systems made of one quiescent optically thin component underlying a flaring Synchrotron self-absorbed flaring
event.

Type 5b: This type shows, in principle, characteristics
similar to the previous one but there occurs a significant shift
of the peak (Sm, νm) towards lower frequencies as the peak flux
density increases.

This classification is done solely on the basis of the phe-
nomenological characteristics of the variability pattern shown
by the radio spectra within a given band-pass. This explains
the fragmentation of the classification to several numerous types
despite the clear hints that some of those could be further uni-
fied. This is discussed later when a physical interpretation is at-
tempted (Sect. ??).

5.2. A physical interpretation of the different types

In the following it will be shown that the seemingly arbitrary
classification discussed in Sect. 5.1 is subject to an interpretation
of physical meaning so that the first four types can be reproduced
by a simple two-component system.

Let us assume a two-component principal system located at
z = 0. The assumed system consists of:

1. A power law quiescence spectrum with S ∝ να and α ≈ −0.5
is this what chris is assuming. This spectrum can be seen as
the manifestation of an optically thin diffuse emission com-
ing from a relaxed large scale jet or even a population of aged
electron that have caused a recent flaring event.

2. A convex synchrotron self-absorbed spectrum representative
of an outburst superimposed on the quiescence part.

A qualitative depiction of the assumed configuration is pre-
sented in Fig. 2. The phenomenology shown there captures the
system (solid line) at an instant in time. On the basis of this as-
sumption the spectrum that would be observed at an instant of
time, is inscribed in two parameters of the shaded areas shown
there:

1. The position of the shaded areas relative to the high fre-
quency peak (i.e. the peak of the outburst). This parameter
denotes the relative position of the centre of our band-pass
with respect to the source spectrum.

2. The width of the shaded areas relative to the width of the
bridge (the total minimum) between the optically thick part
of the outburst and the steep part of the quiescence spectrum.

4

Angelakis	  et	  al.	  	  
In	  prep.	  

F-‐GAMMA	  



Physical	  picture	  
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Courtesy	  of	  E.	  Angelakis	  



Modeling	  of	  flare	  evolu7on	  

Krakow,	  April	  23,	  2015	  talvikki.hova;a@aalto.fi	  

CTA	  102	  

Fromm	  et	  al.	  2011	  



Dense	  sampling	  shows	  details	  
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See	  Poster	  by	  
V.	  Ramakrishnan!	  
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Summary	  

•  Single-‐dish	  radio	  observa7ons	  CAN	  be	  used	  to	  
constrain	  jet	  physics	  

•  Modeling	  the	  varia7ons	  in	  total	  intensity	  and	  
polariza7on	  allow	  constraining:	  
– Doppler	  beaming	  factors,	  magne7c	  field	  structure,	  
viewing	  angle,	  shock	  parameters	  etc.	  

•  These	  can	  be	  used	  to	  aid	  the	  mul7frequency	  
modeling	  of	  the	  sources	  
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