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One step forward into AGNs characterisation… 

Polarisation properties are powerful tools to study the medium: 

- Faraday Rotation 

- Faraday Depolarisation
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High-RM: why
- The aim

S T U D Y I N G  T H E  M E D I U M  O F  A G N - H O S T I N G  G A L A X I E S  
I N  O R D E R  T O  V E R I F Y  I F  A N Y  C O N N E C T I O N  I S  P R E S E N T  W I T H  

•  A N  E V O L U T I O N A R Y  T R A C K  
A N D / O R  

•  A  P E R I O D I C  R A D I O  A C T I V I T Y  P H A S E  O F  T H E  C E N T R A L  A G N S   

( F E R R A R E S E  E T  A L .  2 0 0 1 ,  S A I K I A &  J A M R O Z Y  2 0 0 9 ,  O ’ D E A 1 9 9 8 )   



FA R A D AY  R O TAT I O N  
R O TAT I O N  O F  T H E  P O L A R I S E D  P L A N E  O F  A N  

E L E C T R O M A G N E T I C  W AV E  
PA S S I N G  T R O U G H  A  M A G N E T I S E D  P L A S M A  

�(�) = RM�2 + �(0)

RM = 0.81

Z
neBkdl
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High-RM: why
- Faraday Rotation



D E P O L A R I S AT I O N  
R E D U C T I O N  O F  T H E  P O L A R I S AT I O N  

P E R C E N TA G E  W I T H  I N C R E A S I N G  W AV E L E N G T H  
I T  C A N  B E  I N T E R N A L  O R  E X T E R N A L :  

Internal:  
when the emitting AND 
Faraday rotating regions 
WITHIN the source are 
intermixed (Burn 1966)

External: 
When there is/are Faraday 

screen/s (magneto-ionic region) 
intervening material along the 

line of sight (Burn 1966)

m(�) = m0 · sinc[�2 ·RMint]
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m(�) = m0exp(�2�2
rm · �4)

High-RM: why
- Faraday Depolarisation



The instruments
broad-band observations 

from single-dish to high resolution VLBI technique 
5



High-RM: where

O B J E C T S  S U F F E R I N G  F R O M  S T R O N G  
D E P O L A R I S AT I O N  AT  2 0 C M  ( 1 . 4 G H Z )  

• B R I G H T  S O U R C E S  W I T H  N O  P O L A R I S AT I O N  D E T E C T I O N  AT  2 0  C M  I N  T H E  N V S S  
S U R V E Y  ( F W H M  4 5 ” )  

• C R O S S  C O R R E L AT E D  W I T H  F I R S T  S U R V E Y  ( 2 0  C M ,  F W H M  5 ” )
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The source selection:

5 0 2  B R I G H T  U N P O L A R I S E D  A N D  P O I N T- L I K E  S O U R C E S



High-RM: how
- Effelsberg the beginning

• Single dish (Effelsberg 100-m) observation at 10.45 GHz searching 
for polarisation: 30 are the CANDIDATES for high-RM  

• Single dish (Effelsberg 100-m) Follow-up programme: 
observations at 2.6, 4.8, 8.6, 10.45, 15 GHz to determine the RM as a 
linear regression fit
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SEDs 3 objects 
types:
• Old (steep)
• GPS-like 

(compact) 
• Mixed (several 

sync. comp.s)
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High-RM: how
- Effelsberg results: SEDs and pol . info
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SEDs 3 objects 
types:
• Old (steep)
• GPS-like 

(compact) 
• Mixed (several 

sync. comp.s)

Start to model the 
depolarisation 
behaviours (but 
sometime complex)
INTERNAL or 
EXTERNAL?!
ONE or SEVERAL 
F.screens?!
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High-RM: how
- Effelsberg results: SEDs and pol . info
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10

RM shows a 
deviation from the 
linear fit

ALL the targets with 
a mixed (OLD
+YOUNG 
components) SED 
have HIGH RMobs (> 
500 rad/m^2)

10

Start to model the 
depolarisation 
behaviours (but 
sometime complex)
INTERNAL or 
EXTERNAL?!
ONE or SEVERAL 
F.screens?!
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High-RM: how
- Effelsberg results: SEDs and pol . info
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RM ~ 1800 rad/m^2

(Pasetto et al. 2015, in prep.)

SEDs 3 objects 
types:
• Old (steep)
• GPS-like 

(compact) 
• Mixed (several 

sync. comp.s)
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High-RM: how
- Effelsberg results: RM values

Earth Cosmic web 
(FEW rad/m^2)

Redshift zMilky way
(FEW rad/m^2 above b=20 deg)

• Contributions from the Milky Way and from the Cosmic  web are  a  few rad compared with the 
measured RM

• Correction of the RM with z: RM
int

= RM
obs

· (1 + z)2

• Further interferometric 
observations: sources 

with

RM
obs

� 500 rad/m2

(Pasetto et al. 2015, in prep.)
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(Farnes et al. 2014) (Pasetto et al. 2015, in prep.)

Spectral index 
distribution:

HIGH-RM are mostly 
flat and inverted;
Farnes targets are 

steep

RM distribution:
- HighRM object: 

RMobs: 3000 rad/m^2;
-Farnes RM ~ 0

The two distributions 
are different at a 

confidence level > 95%

High-RM: how
-Histograms

-0.8

-0.9

-0.2

+0.2

RM=0 RM~3000
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• The existence of compact components at high frequency (2-10 GHz) 
suggest the presence of a DENSE MATERIAL end/or an INTENSE 
MAGNETIC FIELD that could be the cause of the peculiar behaviour 
that we are seeing in polarisation. 

• Single dish data seem to indicate that high-RM AGNs could be 
characterised by some evolutionary track and/or they could experience 
some restarting activity. Higher resolution observations are crucial.

High-RM: how
- Effelsberg conclusions

 Obs RM > 500 rad/m^2 Rest Frame RM > 500 rad/m^2
OLD 30% 50%

GPS-like 10% 50%
Mixed 80% 100%
Total 40% 67%



Current work: going deeper…
J V L A  O B S E R VAT I O N S   

( P R E L I M I N A R Y  R E S U LT S )  

O B S E R VAT I O N S  AT  H I G H E R  R E S O L U T I O N  
W I D E B A N D  L , C  A N D  X - B A N D  F U L L  P O L A R I S AT I O N  F O R  T H E  

M O S T  E X T R E M E  O B J E C T S :  1 2  S O U R C E S  

14

RM
obs

� 500 rad/m2



RM-Synthesis Technique

• NO “n   ” ambiguities; 
• Recognition of several Faraday depth 

components  within the source; 
• The inverted Fourier transform allows 

one to determine the physical situation 
from observables;

R(�) = K

NX

c=1

wc · exp[�2i�(�2
c � �

2
0)]

COMING SOON…

15

⇡



Future work: zoom into the sources 

Observations partly done, partly scheduled
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V L B I  O B S E R VAT I O N S   
• C  ( 5 G H Z )  A N D  X  ( 8 G H Z )  B A N D  W I T H  E V N  
• U  ( 1 5  G H Z )  A N D  K  ( 2 3 G H Z )  B A N D  W I T H  V L B A  

• Produce detailed polarisation maps;
• Map the polarisation angle of the different 

components;
• Identify which are the components contributing to 

the existing high-RM;
• Magnetic field estimate ;



Summary & first conclusion

• Effelsberg observations helped us to define the sample and 
to give us first hints on the complexity of these peculiar 
targets - AGNs in an EARLY/PERIODIC activity phase. 

• JVLA and VLBI studies will help us to understand IF this 
assumption could be considered real and add some more 
solid descriptions and analysis on the knowledge of AGNs.
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Thank you!

Stay tuned…
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spectral index high-RM 
vs 

NO pol sources at 10.45 GHz
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RM obs: 
Farnes et al. 2014 

vs
 high-RM targets
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RMobs and RMrf 
for the 3 object types.
The MIXED have ALL

 really high RM 


