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Olivier Gentaz,41 Boris Georgiev ,27, 28 Roman Gold ,71, 42 Arturo I. Gómez-Ruiz ,72, 73
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Gisela N. Ortiz-León ,1 Tomoaki Oyama,54 Feryal Özel,13 Daniel C. M. Palumbo ,4, 5
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20Instituto de Astrof́ısica de Andalućıa-CSIC, Glorieta de la Astronomı́a s/n, E-18008 Granada, Spain
21Leiden Observatory—Allegro, Leiden University, P.O. Box 9513, 2300 RA Leiden, The Netherlands

22Institute of Astronomy and Astrophysics, Academia Sinica, 11F of Astronomy-Mathematics Building, AS/NTU No.
1, Sec. 4, Roosevelt Rd, Taipei 10617, Taiwan, R.O.C.

23Italian ALMA Regional Centre, INAF-Istituto di Radioastronomia, Via P. Gobetti 101, I-40129 Bologna, Italy
24Gravitation Astroparticle Physics Amsterdam (GRAPPA) Institute, University of Amsterdam, Science Park 904,

1098 XH Amsterdam, The Netherlands
25Nicolaus Copernicus Astronomical Center, Polish Academy of Sciences, Bartycka 18, PL-00-716 Warszawa, Poland
26Tsung-Dao Lee Institute and School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai, 200240,

People’s Republic of China
27Department of Physics and Astronomy, University of Waterloo, 200 University Avenue West, Waterloo, ON, N2L

3G1, Canada
28Waterloo Centre for Astrophysics, University of Waterloo, Waterloo, ON, N2L 3G1, Canada

29Astronomy Department, Universidad de Concepción, Casilla 160-C, Concepción, Chile
30Joint Institute for VLBI ERIC (JIVE), Oude Hoogeveensedijk 4, 7991 PD Dwingeloo, The Netherlands

31Department of Physics, Faculty of Science, University of Malaya, 50603 Kuala Lumpur, Malaysia
32Departament d’Astronomia i Astrof́ısica, Universitat de València, C. Dr. Moliner 50, E-46100 Burjassot, València,
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74Key Laboratory for Research in Galaxies and Cosmology, Chinese Academy of Sciences, Shanghai 200030, People’s

Republic of China
75NOVA Sub-mm Instrumentation Group, Kapteyn Astronomical Institute, University of Groningen, Landleven 12,

9747 AD Groningen, The Netherlands
76Center for the Fundamental Laws of Nature, Harvard University, Cambridge, MA 02138, USA

77Department of Astronomy, School of Physics, Peking University, Beijing 100871, People’s Republic of China
78Kavli Institute for Astronomy and Astrophysics, Peking University, Beijing 100871, People’s Republic of China

79Department of Astronomy, Graduate School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-0033, Japan

80The Institute of Statistical Mathematics, 10-3 Midori-cho, Tachikawa, Tokyo, 190-8562, Japan
81Department of Statistical Science, The Graduate University for Advanced Studies (SOKENDAI), 10-3 Midori-cho,

Tachikawa, Tokyo 190-8562, Japan
82Kavli Institute for the Physics and Mathematics of the Universe, The University of Tokyo, 5-1-5 Kashiwanoha,

Kashiwa, 277-8583, Japan
83Institute for Astrophysical Research, Boston University, 725 Commonwealth Ave., Boston, MA 02215, USA

84Astronomical Institute, St. Petersburg University, Universitetskij pr., 28, Petrodvorets,198504 St.Petersburg, Russia
85Institute for Cosmic Ray Research, The University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8582, Japan

86Kogakuin University of Technology & Engineering, Academic Support Center, 2665-1 Nakano, Hachioji, Tokyo
192-0015, Japan

87Physics Department, National Sun Yat-Sen University, No. 70, Lien-Hai Rd, Kaosiung City 80424, Taiwan, R.O.C
88National Optical Astronomy Observatory, 950 N. Cherry Ave., Tucson, AZ 85719, USA

89Key Laboratory for Particle Astrophysics, Institute of High Energy Physics, Chinese Academy of Sciences, 19B
Yuquan Road, Shijingshan District, Beijing, People’s Republic of China

90School of Astronomy and Space Science, Nanjing University, Nanjing 210023, People’s Republic of China



The Event Horizon Telescope view of Cen A Supplement 5

91Key Laboratory of Modern Astronomy and Astrophysics, Nanjing University, Nanjing 210023, People’s Republic of
China

92Department of Physics, National Taiwan University, No.1, Sect.4, Roosevelt Rd., Taipei 10617, Taiwan, R.O.C
93Instituto de Radioastronomı́a y Astrof́ısica, Universidad Nacional Autónoma de México, Morelia 58089, México
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Supplementary Figure 1: SYMBA synthetic data imaging tests. The left panel shows the
input models M, which are based on our observational image reconstruction. The corresponding
reconstructions I from the SYMBA pipeline are displayed in the right panel. (a-b) a control study,

where the final model Mfinal underlying the image reconstruction I(obs)
final from the observational rPI-

CARD data is passed through SYMBA. (c-d and e-f) same as (a-b) but the counterjet and extended
jet emission features have been removed. The SYMBA reconstructions are convolved with a restoring
beam, which matches the nominal resolution of the observation (shown in the bottom right corner).
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a) HOPS blind b) HOPS �nal c) CASA �nal

Supplementary Figure 2: Image consistency across data sets. Left (a): Average image of
six blind reconstructions from early EHT-HOPS low band (226 –228 GHz) data, which was prepared
with outdated a priori calibration parameters. Middle (b) and right (c): Images from the EHT-HOPS
and rPICARD data, respectively, reconstructed with the final imaging parameters (Table 1). The
restoring beams are plotted in the bottom right corner.
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Supplementary Figure 3: Centaurus A (Cen A) observing block. The boxes show the
planned VLBI scans in the observational VEX file. Blue (top) and red (bottom) markers in each box
show detections in the EHT-HOPS and rPICARD data, respectively.
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Supplementary Table 1: Final imaging parameters.

LMT Gaussian Θmaj major axis of Gaussian self-calibration model 60µas

self-calibration Θmin minor axis of Gaussian self-calibration model 60µas

ΘPA position angle of Gaussian self-calibration model 0°
SG flux density of Gaussian self-calibration model 0.6 Jy

Imaging Φmaj major axis of Gaussian image prior 70µas

priors Φmin minor axis of Gaussian image prior 18µas

ΦPA position angle of Gaussian image prior 45°
Z0 flux density of Gaussian image prior 2 Jy

Regularizer βz weight for Z0 0.1

weights βMEM weight for maximum entry minimization 10

Data α
(1,2,3)
amp incremental weights for measured amplitudes 0.2, 2, 10

weights α
(1,2,3)
cp incremental weights for measured closure phases 1, 10, 20

α
(1,2,3)
lca incremental weights for measured log closure amplitudes 1, 10, 20

rPICARD image χ2
amp goodness of fit for amplitudes 1.0

goodness χ2
cp goodness of fit for closure phases 1.8

of fit χ2
lca goodness of fit for log closure amplitudes 2.3

A(sc)
intra mean self-calibration gain for co-located stations 0.98

A(sc)
LMT LMT mean self-calibration gain 1.13

A(sc)
SMT SMT mean self-calibration gain 1.01

A(sc)
SPT SPT mean self-calibration gain 1.03

EHT-HOPS image χ2
amp goodness of fit for amplitudes 1.2

goodness χ2
cp goodness of fit for closure phases 2.1

of fit χ2
lca goodness of fit for log closure amplitudes 1.2

A(sc)
intra mean self-calibration gain for co-located stations 0.98

A(sc)
LMT LMT mean self-calibration gain 1.15

A(sc)
SMT SMT mean self-calibration gain 1.01

A(sc)
SPT SPT mean self-calibration gain 1.00

Note – A(sc)
intra corresponds to the mean gain of Atacama Large Millimeter/submillimeter Array (ALMA),

Atacama Pathfinder Experiment (APEX), James Clerk Maxwell Telescope (JCMT), and Submillimeter
Array (SMA).
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Supplementary Figure 4: Cen A data properties from April 2017. The top left panel shows
the (u, v) coverage. A priori calibrated amplitude (before self-calibration) and closure phase data
points are shown in the top right and bottom panel, respectively, overplotted with lines from the final
image model as a function of (u, v) distances. The error bars indicate thermal noise and 5 % non-
closing error uncertainties added in quadrature, which are smaller than the plotted symbols in some
cases. The color-coding shows different baselines. Amplitudes projected along and perpendicular to
the jet position angle are given in Supplementary Fig. 5.
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Supplementary Figure 5: Source structure along specific position angles on the sky. A
priori calibrated amplitudes are shown projected along the jet position angle (PA) on the sky in the
left panel and perpendicular to the PA in the right panel. The color coding and error bars shown are
the same as in Supplementary Fig. 4.
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50 as

Supplementary Figure 6: Determination of the jet apex location. A zoomed-in version of
the final image model is shown. The solid blue lines show simple linear extrapolations of the inner
NW and SE jet arms, which would place the jet apex well within the counterjet region. The dashed
white lines mark the certain edges of the approaching jet and the counterjet. The quadrangle enclosed
by the solid and dashed lines is the region where the jet apex is located. Inside this quadrangle, a
tentative convergence of the two streamlines can be seen. The apex position assumed in this work
is indicated with a white cross. The surrounding blue dashed circle corresponds to the zcol = 32µas
distance. Vertical black bars mark the brightest regions along each jet arm, which correspond to the
assumed location of the radio core.




