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The Radio Galaxy 3C 84 (NGC 1275)
Walker+02 (VLBA+VLA 22GHz)

Composite image
(Credit : NASA, ESA, NRAO)

Giovannini+ 18 (RadioAstron 22GHz)

50uas
= 200Rs

● BH mass ~8x10^8 Msun (Scharwachter+2013), distance ~75 Mpc
--> GMVA resolution 50uas ~ 0.017 pc ~ 200 Rs 

● Highly edge-brightened jet (similar to M87; Kim+2018b),
one of best sources for the jet formation and evolution studies

Talks by Giovannini, Savolainen, J. Oh, ...; posters by Hodgson, M. Kam, ... 





Near-in-time cm-/mm- VLBI and ALMA
observations of 3C84

Boccar
di+17

Global Millimeter
VLBI Array (GMVA) at 86GHz Atacama Large mm-/sub-mm Array 

(ALMA)

      All quasi-simultaneously in May 2015 :

● GMVA 86GHz full-track (May 16th)
● VLBA 15GHz (MOJAVE; May 18th) and 43GHz (BU; May 11th)
● 7 more VLBA 43GHz data sets during 2015 (BU)
● ALMA 97.5, 233, and 343.5GHz observations (May 31th; archival)
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The VLBI core Faraday rotation 
measure at mm-wavelengths

May 2015

Direct detection of the large RM in the
VLBI core region for the first time

P ~100 mJy

43-343 GHz broadband

● Flat spectral index of the
polarized flux density by
ALMA

● Suggest a high-opacity
origin (likely the core)

● Good      fit with all
measurements.



Time-variability in the
polarization morphology & RM

RM =
–6.2+/-2.6 (x105 rad/m2)

(2.7+/-3.5)

(6.8+/-3.3)

(5.2+/-4.2)

VLBA 43GHz in-band (bw=256MHz)

Conservative EVPA errors < 5deg
(from calibrators)







Also significant time-variability in both polarization (m_L, RM) and the VLBI 
core total flux density; Indications for the jet-origin?

VLBA 43GHz core RM VLBA 43GHz core flux



Assume synchrotron turn-over at
86GHz in the VLBI core → 

~(23+/-15)G
(cf. equipartition B ~ 1G)

Average (thermal) ne→ ~(0.5+/-0.3) cm-3

on in the sheath/boundary layer of the jet

● Recent detection of inner CJ (N1) 
and free-free absorption
→ ~8 cm-3  in the ambient medium 
(Fujita & Nagai 2017).

● Electron number density ratio 
between the jet and ambient 
medium → ~10

Fujita & Nagai 2017

Highly magnetized and low density →
consistent with magnetic jet launching and collimation by dense ISM

If jet internal ...

(Marscher 1983)



Main conclusions
● Confirm the very wide base of the jet in 3C84 found

in the RadioAstron 22GHz observations
--> exotic jet collimation or launching of the sheath of the jet from 
the accretion disk

● The VLBI core; inverted total spectrum up to 86GHz and
stronger linear polarization at mm-wavelengths
--> Large opacity due to large magnetic field strength,less Faraday 
depolarization effect at shorter wavelengths

● Very large RM in the VLBI core (~10^(5-6) rad/m^2) and 
polarization variability (including RM sign reversal)
--> Possibly jet-driven Faraday rotation in the sheath/shear layer; 
B~20G and ne ~ 0.5 cm^-3 (good for jet collimation?)



Outlook : observational aspect

Higher-freq. VLBI observations of 3C84 (e.g.,with the EHT) 
and deeper into more nearby targets (e.g., M87)!

Credit :NRAO
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From BU database

OJ287 : one of GMVA
pol calibrators

GMVA pol image (Kim+ in prep)
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EVPA rotation within the 43GHz band

Small but strongly correlated changes.
Most likely systematic, “residual” calibration errors.

RM > (1-2)x10^5 rad/m^2 can be
source-intrinsic and significant.

VLBI core EVPAs of calibrators with completely 
identical sub-band polcal & EVPA correction

3C 84

Residual EVPA calibration errors : ~< 5 deg



3C84 GMVA uv-coverage and
radial visibility amplitude distribution



Depolarization models


