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We know that

M87* Sgr A*

* Jets are powered by supermassive
black holes (SMBHSs)

* Jet systems radiate across the
whole electromagnetic spectrum

-

* There are significant magnetic
fields around SMBHs

About Jet Systems AStroNoImy With £SO

The two resolved SMBHs at 230 GHz (ALMA Band 6)
Credits: Event Horizon Telescope Collaboration
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We know that
Radio image of Hercules A's jet superimposed

* Jets are powered by supermassive on a Hubble image of the source field.
black holes (SMBHSs)

* Jet systems radiate across the
whole electromagnetic spectrum \ . s
* There are significant magnetic ~ . . |

fields around SMBHs . = -
. .

Credit: NASA, ESA»S. Baum dnd C. O'Dea, R.‘PErleyand W.
Mikael Turkki mijtur@utu.fi Cott, and the Hubble Heritage Team 2
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Ssuomen ESO-keskus

We know that
Radio image of Hercules A's jet superimposed

* Jets are powered by supermassive on a Hubble image of the source field.
black holes (SMBHSs)

* Jet systems radiate across the

whole electromagnetic spectrum ,‘ : GAN. ' S
* There are significant magnetic . . s |

fields around SMBHs % -
But we don't know :
- ok o .
« How exactly the black holes : ' % *
launch the jets?
* Where does the extracted energy : . ; =N . &

originate in the system? 2 -
Credit: NASA, ESA#S. Baum dnd C. O'Dea, R. Pérleyand W.

Mikael Turkki mijtur@utu.fi Cott, and the Hubble Heritage Team 3
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Observations of
Magnetic Fields

* To study the region close to the
jet base, we need high
frequencies (> 100 GHz ; < 3 mm) A" - ;- A SIS Nl Ay

e NUNWATAVAYAVAT A Voo
* We use Faraday %I%%WA'" - Y4
Rotation Measure (RM) to &4 ) ‘“‘“"“""""A'Avf

estimate electron density (n) & GG
magnetic field FRa ‘ T =
vector B: Accretnon disk i ‘ ® e ’ -

Image Credit: Jenni >
Jormanainen

Credlt ESO/C Malm

R.= Schwarzschild radius
EHT = Event Horizon Telescope

Vil s ALMA = Atacama Large Millimeter Array
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Observations of
Magnetic Fields

* To study the region close to the
jet base, we need high
frequencies (> 100 GHz ; < 3 mm)

AYAVAVAissmm
* We use Faraday

Rotation Measure (RM) to

estimate electron density (n) &
magnetic field Pt T ‘ . L
vector B: Accrtlondtsk : \ | - | . e

Credlt ESOI/C. Mal in
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e Image Credit: Jenni B

RM = S e /nB - dl  jormanainen
87T4€,m4C> .

R.= Schwarzschild radius
EHT = Event Horizon Telescope
Mikael Turkki mijtur@utu.f ALMA = Atacama Large Millimeter Array



Faraday Rotation

* QOccurs if photons encounter
a magnetized medium

 RMis observed with linear

Ax
AN

polarimetry

RM =

]
x = —arctan(U/Q)

),
pa
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Occurs if photons encounter
a magnetized medium

RM is observed with linear  Radio image and two Faraday rotation plots of 3C120 in four MOJAVE
polarimetry frequencies between 8 and 15 GHz (Hovatta et al. 2012)
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3C_120_sci.spwl.cube.lQUV.after_selfcal.image—raster
I

* InDecember 2024, | started analyzing — ¢ & a4 4 F kA 1 |
ALMA data from proposal 17".0 1 —1265.88 Kily/S.
2017.1.01425.S (PI: T. Savolainen)

* From the three science targets (3C120, B ]
3C454.3, and CTA102), 3C120 turned c
out most interesting = Ll )

* The factthat RM was high, was easy E @

: a 18"5 [ .
to spot but error propagation and ”
perfecting calibration took months! &
s kel .
5°21'14".5 g
Beam size: ~ 0.5"

Mikael Turkki mijtur@utu.fi OaPzzM198 o 1151 1150 9



Finnish Centre for
Results @ Astronomy with ESO

* Ssuomen ESO-keskus

3C120 in Band 4, 17th of January 2018 Band 6, 24th of September 2018
88 Based on a linear fit: RM = 110- Based on a linear fit: RM =
- 5 -2
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13_Circular Polarization of 3C120 in ALMA Band 4 (17th of January 2018)
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Discussion

VLBA 43 GHz
}  MRO 37 GHz

ALMA observed the two bands
8 months apart but they
should have observed

them within a week :(

Flux Density (Jy)

Total intensity light curve of 3C120
at37 & 43 GHz. Adapted from
Kankkunen et al. 2025

2015 2016 2017
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Discussion

... butit's possible to rule the presence of a distant Faraday screen as a
distant screen cannot cause changes in polarization we see below!
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It's interesting that Fit up to Band 4

the common

between RM and
frequency breaks
after Band 4!

Gomezetal.2011

RM « p(1.9973 = 0.0807)
Reduced y?: 18.

|

35

8,

3 Hovatta et al. 2012

4

Fit up to Band 6
——— RM « »p™(6.3938 = 0.0001)

Reduced x?: 69.92
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No distant

Take home mesSSages  omomemen  Foaeysoeen  lustation

3C120 is still present but adapted |
open maybe there is a from Goddi
sheath? etal. 2021

Large scale 4

Faraday

* The paper will be submitted in the | wo—
Coming weeks! Extended | \ / /) Imt' Ql()l' Uml
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No distant

Take home mesSSages  omomemen  Foaeysoeen  lustation

3C120 is still present but adapted

open maybe there is a from Goddi
sheath? etal. 2021

| dl'gC scale 4

Faraday

1TCCI &
s ‘ Imt' th’ Ul()l

* The paper will be submitted in the

coming weeks! Extended fl‘ \

component, /]

* Near-simultaneous observations
of multiple frequency bands or
VLBI (i.e. GMVA or EHT) would help to
further constrain the depolarization

mechanism

| V 'V ,
* I'llcontinue with other work related ,ﬁl N | Leoms Qeomr Ucom

ALMA

to polarization observations with

|
ALMA, stay tuned! Com'pacm

compaosent
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