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Abstract We report on operational and research activ-
ities directly related to VLBI at the Paris Observatory
VLBI Analysis Center (OPAR) for calendar years 2017
and 2018. In addition to the operational activity, our
main achievements are the contribution to the ICRF3
and to the validation process of the Gaia Data Release
2 catalog that took benefit from the skills of our per-
sonnel in terms of assessments of reference frames.

1 Analysis Service

Paris Observatory Analysis Center OPAR continued
operational analyses of VLBI diurnal and Intensive
sessions. All of the products, except SINEX files, were
published on the OPAR Web site at

http://ivsopar.obspm. fr

together with exhaustive technical explanations and
plots. SINEX files were only sent to the Data Cen-
ters. The Analysis Center is using the latest version of
Calc/Solve and, since fall 2018, it has processed the
databases in vgosDB format. The current global solu-
tion (opa2019a) is now using the ICRF3 as an a pri-
ori radio source catalog and includes a model for the
Galactic aberration, i.e., a dipolar displacement field
of the quasars toward the Galactic center of amplitude
5.8 pas per year, as recommended by the IVS Working
Group 8 (MacMillan et al., 2019) and as used for the
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production of the ICRF3 catalog (Charlot et al., 2019).
The reference epoch of the Galactic aberration model-
ing is 2015.0, consistent with the ICRF3. As a conse-
quence, the opa2019a celestial reference frame (quasar
coordinate catalog) should be read as follows: coor-
dinates listed in the catalog correspond to the appar-
ent position of the sources at 2015.0; at another epoch,
the position of the sources should be corrected by the
Galactic aberration effect using the above amplitude.
As for the previous solutions, the free core nutation is
constantly monitored at OPAR (Figure 1).

A web page is dedicated to the radio source coordi-
nate time series that allows one to follow the evolution
of the radio center along time at

http://ivsopar.obspm.fr/radiosources

This page is especially useful for monitoring the
defining sources and determining whether some of
them should be excluded from the constraint because
of unstable behavior (Figure 2).

2 Contribution to Celestial Reference
Frames

Personnel of OPAR were involved in the generation of
the ICRF3 (Charlot et al. 2019, in preparation) that
was adopted as the fundamental reference frame by
the International Astronomical Union (IAU) in August
2018. In more detail, people from OPAR, namely E. F.
Arias, J. Souchay, and S. Lambert, were members of
the dedicated IAU Working Group and contributed at
two levels: (i) providing prototype solutions together
with other Analysis Centers and, more importantly, (ii)
setting up the validation chain that allowed the group to
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opa2019a: postfit rms delay vs. time

B r r .

100
T

ps

50

. L L L
1980 1990 2000 2010 2020
opa2019a: free core nutation

dx (mas)
o

-0.4 -0.2

0.4

dy (mas)
0

L L s
1980 1990 2000 2010 2020

Fig. 1 Top panel: the postfit rms delays of the opa2019a global
solution. Bottom panel: the free core nutation as adjusted to the
nutation time series obtained in the opa2019a global solution.
Plots are shown as they appear on the OPAR web site. These
series are updated as new sessions are analyzed at OPAR.

make extensive comparisons between the prototype so-
lutions and the existing reference frames (e.g., ICRF2
and Gaia). Comparisons were realized in terms of in-
dividual positions of the radio sources and in terms of
large-scale systematics (rotations and higher-order de-
formations). The validation chain permitted clarifica-
tion of the causes and the amplitude of the declination-
dependent errors, especially thanks to the comparison
with the Gaia DR2 counterpart.

Though the accuracy of the ICRF3 was determined
internally to the Working Group by a method similar
to Charlot et al. (2019), N. Liu and S. Lambert un-
dertook similar investigations on independent solutions
and with two complementary methods based on com-
parisons between standard errors, scatter, and differ-
ences between subset solutions. Our conclusion is that
the current optimal accuracy of VLBI catalogs is close

to 10 pas for sources having the longest observational
history (Liu et al., 2018).

S. Lambert investigated the variability of the ra-
dio source coordinates using the Allan variance, which
is a tool designed for separating the noise types at
various time scales. The study revealed that one can
grossly consider that none of the sources really behave
as Gaussian noise. Rather, all sources are subject to ei-
ther flicker noise or random walk episodes that con-
stitute serious issues in terms of increasing their posi-
tional accuracy by adding new observations (Gattano
etal., 2018).

Finally, S. Lambert, T. Carlucci, and C. Barache
were involved in the validation phase of the first Gaia
Data Release (Gaia DR2) in the framework of the Gaia
Data Processing and Analysis Consortium (DPAC) co-
ordination unit 9 (CU9) (Arenou et al., 2018). Our seg-
ment of the full validation process consisted essen-
tially of characterizing the deformation between the
Gaia DR2 catalog and the ICRF3 for which we pro-
vided and tested a six-parameter transformation con-
sisting of three rotations and a glide. The same authors
contributed also to the establishment of the first Gaia
celestial reference frame aligned onto the ICRF3, so-
called Gaia-CRF2 (Mignard et al., 2018).

References

1. F. Arenou, X. Luri, C. Babusiaux, C. Fabricius, A. Helmi,
A. C. Robin, A. Vallenari, S. Blanco-Cuaresma, T. Cantat-
Gaudin, K. Findeisen, C. Reylé, L. Ruiz-Dern, R. Sordo,
C. Turon, N. A. Walton, I.-C. Shih, E. Antiche, C. Barache,
M. Barros, M. Breddels, J. M. Carrasco, G. Costigan, S. Di-
akité, L. Eyer, F. Figueras, L. Galluccio, J. Heu, C. Jordi,
A. Krone-Martins, R. Lallement, S. Lambert, N. Leclerc,
P. M. Marrese, A. Moitinho, R. Mor, M. Romero-Gémez,
P. Sartoretti, S. Soria, C. Soubiran, J. Souchay, J. Veljanoski,
H. Ziaeepour, G. Giuffrida, E. Pancino, and A. Bragaglia.
Gaia Data Release 1. Catalogue validation. Astronomy &
Astrophysics, 599:A50, Mar. 2017.

2. F. Arenou, X. Luri, C. Babusiaux, C. Fabricius, A. Helmi,
T. Muraveva, A. C. Robin, F. Spoto, A. Vallenari, T. An-
toja, T. Cantat-Gaudin, C. Jordi, N. Leclerc, C. Reylé,
M. Romero-Gémez, I.-C. Shih, S. Soria, C. Barache,
D. Bossini, A. Bragaglia, M. A. Breddels, M. Fabrizio,
S. Lambert, P. M. Marrese, D. Massari, A. Moitinho,
N. Robichon, L. Ruiz-Dern, R. Sordo, J. Veljanoski,
L. Eyer, G. Jasniewicz, E. Pancino, C. Soubiran, A. Spagna,
P. Tanga, C. Turon, and C. Zurbach. Gaia Data Release 2.
Catalogue validation. Astronomy & Astrophysics, 616:A17,
Aug. 2018.

IVS 2017+2018 Biennial Report



232

Lambert et al.

3.

P. Charlot, C. S. Jacobs, D. Gordon, S. B. Lam-
bert, J. Boechm, A. de Witt, A. Fey, R. Heinkelmann,
E. Skurikhina, O. Titov, E. F. Arias, S. Bolotin, G. Bourda,
C. Ma, Z. Malkin, A. Nothnagel, R. A. Gaume, D. Mayer,
and D. S. MacMillan. The third realization of the Interna-
tional Celestial Reference Frame by very long baseline in-
terferometry. Astronomy & Astrophysics, -(in preparation):—
,2019.

. C. Gattano, S. B. Lambert, and K. Le Bail. Extragalactic

radio source stability and VLBI celestial reference frame:
insights from the Allan standard deviation. Astronomy &
Astrophysics, 2018.

. N. Liu, S. B. Lambert, and Z. Zhu. Determining the ac-

curacy of vlbi radio source catalogs. Astronomy & Astro-
physics, 620, 2018.

. D. S. MacMillan, A. L. Fey, J. Gipson, D. Gordon, C. Ja-

cobs, H. Krasna, S. Lambert, Z. Malkin, O. Titov, G. Wang,
and M. Xu. Galactocentric acceleration in VLBI analysis.
Findings of IVS WG 8. Astronomy & Astrophysics, (in
preparation), 2019.

. F. Mignard, S. A. Klioner, L. Lindegren, J. Hernandez,

U. Bastian, A. Bombrun, D. Hobbs, U. Lammers, D. Micha-
lik, and et al. Gaia Data Release 2. The celestial reference
frame (Gaia-CRF2). Astronomy & Astrophysics, 616:A14,
2018.

IVS 2017+2018 Biennial Report



OPAR Analysis Center 233

Paris Observatory Geodetic VLBI Center

Radio source coordinate time series

The coordinate time series of radio sources are computed with a specific analysis configuration. The source name color indicates th
(darker means longer). The ICRF3 defining sources are highlighted in yellow. Plots are available for sources observed in more th:
series is available in a single file in SOLVE Iso format.
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Fig. 2 Main page to access the radio source time series on the OPAR web site. Series are updated as new sessions are analyzed at
OPAR. ICRF3 defining sources are displayed against a highlighted yellow background (e.g., 0007+106).

IVS 2017+2018 Biennial Report



