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Figure 1. VLBI total intensity images of the Galactic black hole binary candidate MAXI J1836–194. Both images were produced with
natural weighting. The synthesised beams are plotted in the bottom-left corner (left image: 3.7 × 1.3 mas at the position angle 21.8
degree, right image: 6.1×4.6 mas at the position angle −12.9 degree). The contours start from 3σ off-source noise level (0.54 mJy beam−1

at 8.3 GHz, 0.24 mJy beam−1 at 5 GHz) and increase by a factor of 2.

2 OBSERVATIONS AND DATA REDUCTION

2.1 VLBI observations at 3 Gbps recording rate

We conducted the first-epoch observations of MAXI J1836–
194 during a dual-frequency, wide-band test experiment
with the Chinese VLBI Network (CVN) on 2011 October
10 (project code CHIN06; Table 1). Three stations partici-
pated: Shanghai, Urumqi, and Kunming (a new VLBI sta-
tion in Yunnan Province, see Hao et al. 2010). Each radio
telescope used two back-ends: Mark4 at 2.3 GHz and CDAS
(Chinese VLBI Data Acquisition System System, Zhang et
al. 2010) at 8.3 GHz. Both back-ends were configured to
their maximum recording rate: 1024 Mbps (16× 16 MHz, 2-
bit sampling) for Mark4, and 2048 Mbps (16×32 MHz, 2-bit
sampling) for CDAS. Only right-hand circular polarisation
was observed at both frequencies.

We selected PMN J1823–2039 as the phase-reference
calibrator source. Its J2000 position according to the global
astrometric solution rfc 2010c1 is:

α = 18h32m11.s046479 (1σ = 0.2 mas), (1)

δ = −20◦39′48.′′20367 (1σ = 0.4 mas). (2)

It lies 1.◦6 away from the target, to the south-south-west.
The duty cycle time was 3 minutes: 1 minute on the cali-
brator and 2 minutes on the target. We observed this pair
of sources for four hours. The remaining two hours in the
experiment were used to observe OQ208 to verify the perfor-
mance of the CDAS back-end. The data were correlated with
the EVN Software Correlator at JIVE (SFXC). The corre-
lation parameters were 1 second integration time and 256
frequency points per subband. The Urumqi 2.3-GHz data
were lost due to a recording failure.

1 http://astrogeo.org/rfc

2.2 EVN observations in e-VLBI mode

We performed the second-epoch observations with the EVN
at 5 GHz on 2011 October 17 (EVN project code RSY01;
see Table 1). The participating stations were Effelsberg,
the phased array Westerbork Synthesis Radio Telescope
(WSRT), Onsala, Medicina, Hartebeesthoek, Yebes, and
Torun. The observing set-up was 1024 Mbps, using both
circular polarizations. The phase-reference source remained
PMN J1832–2039 for these observations. Furthermore, we
also observed two nearby sources: NVSS J183542–191943
(0.5 arcminutes away from the target, 35.1 mJy at 1.4 GHz)
and NVSS J183522–191743 (5 arcminutes away, 28.7 mJy at
1.4 GHz) in the hope that these could be used as secondary
phase-reference calibrators. The duty cycle time was 5 min-
utes: 1 minute spent on the main calibrator, 1.5 minute on
the transient, and 1.5 minute on one of the NVSS sources
(each alternating in successive phase-reference cycles). This
epoch lasted for two hours. The data were streamed to JIVE
and correlated in real-time (e-VLBI) using the EVN MkIV
Data Processor with 1 second integration time and 64 fre-
quency points per subband/polarisation.

2.3 Data reduction

We calibrated the data using the NRAO Astronomical Im-
age Processing System (AIPS, version 31DEC11, Greisen
2003), using the following procedure. (1) We removed the
ionospheric delay using total electron content (TEC) mea-
surements from GPS monitoring. (2) We calibrated the cor-
relation amplitudes based on the measured system temper-
atures and antenna gain curves. We used nominal system
equivalent flux densities (SEFD) for Kunming and Shang-
hai. (3) We corrected for the antenna parallactic angle. (4)
We corrected the position of the Kunming telescope with
the AIPS task CLCOR to account for improvement in its
position estimate that became available after the correlation
(∆X = 0.157 m, ∆Y = 0.486 m, ∆Z = 0.458 m). (5) We
then fringe-fitted the PMN J1832−2039 data, and corrected
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