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ABSTRACT

In preparation for the evolution of the definition of the VLBI-based International Celestial Reference Frame (ICRF), various elements
of the analysis strategy are investigated, such as reference source selection and the impact of the status of the terrestrial reference frame
in the data analysis model. We conclude that including the determination of both the celestial and the terrestrial reference frames in
the analysis does not affect the quality of the celestial reference frame. The determination of precession and nutation components is
not affected by the status of the terrestrial reference frame but it is affected by the selection of reference radio sources. Extending
an earlier study, three lists of reference sources based on progressively larger tolerances are proposed. They include 181, 225 and

247 objects, respectively.
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1. Introduction

The International Celestial Reference Frame (ICRF) was derived
by Ma et al. (1998) from the VLBI observation of extragalactic
radio sources acquired until the middle of 1995. Two successive
extensions have been issued since then (Fey et al. 2004), which
kept the core of the ICRF computation unchanged and provided
updated or new coordinates for some of the radio sources. The
general improvements in VLBI technology, development of the
observing network, and extension of the set of observed objects
that took place in operational VLBI, all brought the astrometric
results to the precision embodied in the current ICRF towards
the end of the first decade of operation. Starting about 1990, the
individual time-series of source coordinates stabilized (Gontier
et al. 2003).

Several studies have shown that this progress in data quality
and in the understanding of the behaviour of the radio sources
would justify revisiting the ICRF calculation procedures. In a
study of individual source motions, Feissel-Vernier (2003, re-
ferred to as MFV in the rest of the paper) devised a stability se-
lection scheme that pinpointed 163 well observed sources that
are highly unstable or drifting in the 1990-2002 time frame.
Conversely, a set of 199 well-observed and stable sources was
identified. Another set of 358 sources was observed too sparsely
in this time frame for a statistical evaluation of their stability.
Using the stable sources in the definition of the axes of a celestial
reference frame was shown to lower the medium-term instability
of the celestial reference frame from 28 to 6 yas when compared
to the ICRF. Background information on this selection process
is given by Feissel-Vernier (2006). It was shown that VLBI re-
sults based on this source selection are more consistent than
those obtained in the conventional manner (Dehant et al. 2003;
Gontier & Feissel-Vernier 2003; Arias & Bouquillon 2004;

* Table 8 is only available in electronic form at
http://www.edpsciences.org
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Feissel-Vernier et al. 2005). In summary, the core of stable
sources allows a better match of various celestial reference
frames, each of which is attached to the ICRF in a slightly differ-
ent manner. Orienting the celestial frame using the stable sources
improves the precision of the source positions by 10 to 30%
when compared to the conventional use of the ICRF defining
sources. In addition, the set of selected sources influences the
determination of precession and the principal term of nutation
at the level of tens of microarcseconds (uas), i.e. comparable
to the level of the geophysical modelling uncertainties. The de-
rived time-series of pole coordinates and universal time are sta-
bler when the unstable sources are not included in the reference
frame.

Since the publication of the initial ICRF, additional, albeit
incomplete, observations of the radio sources have been carried
out by the International VLBI Service for geodesy and astrom-
etry (IVS), extending by a large amount the good quality data
available. Beginning in early 2004 a systematic observing pro-
gram for stable and potentially stable sources was begun using
some of the regularly scheduled geodetic sessions. The goal is to
observe each such source, as well as all ICRF defining sources,
at least once every six months. A separate astrometric observ-
ing program for the southern hemisphere has been in place for
several years. Figures 1-4 show the observational histories of the
ICRF defining sources, of the stable and unstable sources accord-
ing to the MFV study, and of the remaining, sparsely observed
sources, respectively. Each dot represents a session in which a
source with a given declination was observed.

In Sect. 2, we recall the principles of the MFV selection
scheme and we study its performance over the pre-1995 data
that were available to the authors of the ICRF. In Sect. 3 we
identify a set of additional stable sources and the sparsely ob-
served sources that could be expected to be stable. In Sect. 4
we discuss the impact of the analysis strategy concerning the
station coordinates on the celestial reference frame consistency

http://dx.doi.org/10.1051/0004-6361:20054581
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Fig. 1. 1979-2002 observations of the 212 ICRF defining sources.
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Fig.3. 1979-2002 observations of 163 unstable sources according
to MFV.

and the derived precession and nutation parameters. Finally we
summarise in Sect. 5 the arguments in favour of new analysis
conditions when the ICREF is revised.

2. Investigation of the radio source stability

Feissel-Vernier (2003) mentioned the relatively poor correlation
of the results of her statistical selection of unstable and stable
sources with the ICRF quality indices: defining/candidate/other
categories and source structure index. To get a clearer view of
the respective performances of the ICRF classification and of
the MFV stability-instability recognition scheme, the same pro-
cess was applied to the series of source coordinates over the time
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Fig.S. Criteria comparison: measured stability 1982-1995 (vertical
scale) vs. 1990-2002 (horizontal scale) for the 143 sources that were
well-observed in both time spans. Key to the ICRF source status: defin-
ing (red stars), candidate (yellow triangles), other (blue diamonds).

frame that was available to the ICRF authors, i.e. 1980-1995.
Among the 151 sources with sufficient data for analysis, 65 were
found stable.

The comparison of source qualifiers is shown graphically in
Fig. 5 for the 143 common sources that were observed enough
over the two time frames 1980-1995 and 1990-2002. These
include 43 defining sources, 42 candidates, and 58 other. The
sources appear in clusters corresponding to stable sources (bot-
tom and left), drifting or highly unstable in one coordinate (cen-
tre) or in both coordinates (up and right). The ICRF status is
also shown: defining sources by stars, candidate sources by tri-
angles, and other sources by diamonds. If the results of the sta-
bility recognition scheme applied in the two time frames were
the same, the clusters would be aligned on the diagonal of the
frame. While this is the case for those sources that are found sta-
ble in both time frames, a remarkable result is that many sources
that are found stable in the recent data (1990-2002) are found
to be unstable in the earlier ones (1982—1995). Those include
defining sources as well as candidates or other sources.

If the MFV stability test had be applied at the time of the
ICRF publication, many sources considered then as not known
well enough to be used for defining the direction of the ICRF
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axes would have been selected, and conversely a number of
defining sources would not have received this status.

3. Extending the list of stable sources

The MFV stability detection scheme is based on relatively strict
thresholds, concerning in particular the amount of observations
available. A selection scheme based on less complete statistics,
described in Sect. 3.1, allows us to identify 22 sources that are
likely to be stable. Section 3.3 presents a “second generation”
detection of stable sources, based on a slightly modified scheme.

3.1. Further investigation of the sparsely observed sources

The MFV stability detection is based on time-series statistics
of yearly averaged source coordinates. It has therefore the lim-
itation of requiring a time-density of observation. Over the
1990-2002 time span, 358 sources, i.e. about half of the total,
were considered too sparsely observed to be submitted to the
scheme. In order to learn more about their possible stability, a
simplified selection scheme was applied to those sources. For
sources observed in more than 3 sessions over more than 2 years,
we assume that a standard deviation of the weighted mean po-
sition smaller than 0.5 mas in both @ cosé and § and a linear
drift smaller than 50 pas/year in both @ cosé and ¢ are an indi-
cation that the source might be stable. We thus select a set of
22 additional sources.

3.2. Second generation stable sources

The MFV scheme was applied to the time-series of source co-
ordinates that were derived taking subsets of the ICRF defin-
ing sources as the background reference. As a sizeable part
of those were detected as unstable, one could not rule out
the possibility that the intrinsic instability of the set of ref-
erence sources create spurious instabilities in the sources un-
der study. A slightly modified scheme was therefore applied
to the time-series of source coordinates derived from a global
analysis where the original 199 stable sources were held fixed
relative to the ICRF through a no-net-rotation (NNR) condi-
tion, using the CALC-SOLVE software package. An additional
rejection condition was introduced: apparent drifts in @ cosd
or ¢ larger than 10 pas/year, at a 5-0 significance. A set of
44 sources were detected as stable. In this process, the follow-
ing nine sources were rejected by the additional instability con-
dition: 0014+813, 0248+430, 0722+145, 0859+470, 0923+392
(4C39.25), 0955+476, 2007+777, 2029+121, 2121+053. The
source names used here are the IERS (2004) source designa-
tions based on the B1950 coordinates. The correspondence with
names used by the IVS are given in brackets.

When the additional instability condition is applied to
the time-series used by Feissel-Vernier (2003), the following
18 sources are found to be unstable. 0059+581, 0202+149,

0229+131, 02344285, 0602+673, 0738+313, 0745+241,
07494540, 1045-188, 1053+704, 1404+286 (0Q208),
1502+106, 1606+106, 16114343, 1638+398 (NRAO512),
16424690, 17264455, 1738+476. This modified scheme

reduces the original set of 199 stable sources to only 181.

3.3. Enhanced set of stable sources

The extension and revision of the original Feissel-Vernier (2003)
source selection may be summarised as follows.
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Table 1. Correspondence between IERS and IVS source names, when
different.

IERS IVS IERS IVS
0430+052 3C120 17444557 NGC6454
1222+131 M84 1901+319  3C395
1458+718  3C309.1 | 2017+745 20174743
16414399  3C345

— Adding the exclusion of sources with apparent drifts in «
cosd or ¢ larger than 10 uas/year with a 5-0 significance
level to the MFV stability scheme, and applying it to the
data used by Feissel-Vernier (2003) provides a first list of
181 proposed reference sources.

— Selecting sources with low position scatter in the sparsely
observed sources over 1990-2002 (Sect. 3.1) adds another
27 objects to the proposed reference sources.

— Applying the modified stability scheme to the time-series of
source coordinates derived from a global analysis where the
original 199 stable sources where held fixed (Sect. 3.3) pro-
vides 44 additional proposed reference sources.

Table 8 lists the 247 sources that are thus considered suitable
for the maintenance of the ICRF axes. Notes to Table 8 are the
following.

1. IERS source designations. The correspondence with names
used by the IVS, when different, is given in Table 1.

2. Type of Object: Q: quasar; G: galaxy; L: BL Lac; A: other.

3. “>” left of the value means that the latter is a lower limit.

4. “*” indicates that the reported value is the flux at 11 cm,
rather than 15 cm.

5. Structure index at X-band (X) and S-band (S). This index
(Fey & Charlot 2000) qualifies the level of position distur-
bance expected as a result of the the source structure (1 for
the least disturbed, 4 for the most disturbed).

6. Category of stability detection step. 1: MFV2003 stable
sources with an additional rejection condition (181 objects);
2: simplified selection scheme for sparsely observed sources
(22 objects); 3: stable sources against the MFV2003 stable
sources background, using the additional rejection condition
(44 objects).

Information for notes 1 and 5 is taken from Fey et al. (2004).
Information for notes 2, 3, and 4 is taken from ICRS-PC (2004).

4. Sensitivity of the celestial reference frame
to the terrestrial reference frame status
in the data analysis

The analysis strategy for deriving a celestial reference frame
from multi-year VLBI observations includes a number of
choices. We consider here the choice that has to be made con-
cerning the definition of the celestial and terrestrial reference
frames and their connection in time. Two different approaches
are used, as follows.

— In the derivation of the ICRF and its extensions, the so-called
CRF approach was used, namely the station positions are
set as arc parameters; i.e., they are estimated independently
for each observing session. Polar motion and universal time
are not estimated but nutation corrections (celestial pole off-
sets) are obtained. This strategy was chosen in order to free
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Table 2. Test TRF and CRF solutions: status of the sources (Global or
Arc) and category of sources considered to define the orientation of the
celestial frame (No-net-rotation).

Frame Arcsources Global sources No-net-rotation
TRF approach

cne unstable all others stable

cn7 none all ICRF defining
CREF approach

cnh unstable all others stable

cn8 none all ICREF defining

the celestial frame solution from systematic errors that may
propagate from terrestrial network deficiencies.

— In the so-called TRF approach, most station positions and
velocities are set as global parameters, i.e. considered as
valid over the total data span. Polar motion, universal time,
and nutation corrections are estimated for each session.

We investigated this possible contamination using test solutions
based on the 1980.0-2002.7 data, described in Table 2. The re-
sults considered are the celestial reference frames on the one
hand, and the time-series of celestial pole offsets on the other
hand. Data analysis was performed with the CALC-SOLVE soft-
ware package.

4.1. Impact on the orientation of the celestial reference frame

In order to test the possible perturbation of the orientation of
the celestial reference frame due to considering a global terres-
trial frame, i.e. one set of station positions and velocities, we
computed the relative orientations of pairs of celestial frames
obtained with the same source categorisation, using either the
TREF or the CRF approach.

The relative orientation of two celestial reference frames is
modelled by three rotation angles A, A,, A3 around the axes
of the equatorial coordinate system. These angles are estimated
using Eqgs. (1) and (2), where «, ¢ are the source coordinates
and Aa, A6 are the differences of coordinates in the two frames:

ey
)

The dz parameter is a fictitious declination bias that reflects sys-
tematic differences in declination that may be caused, e.g., by in-
accuracy of the tropospheric propagation correction for sources
observed at low elevations. This is often the case for sources in
the equatorial region, as a result of the terrestrial network geom-
etry. In the pre-ICRF celestial frames, significant values of dz
were found when comparing solutions obtained by different an-
alysts. However, McMillan & Ma (1997) showed that adding the
so-called gradient parameter in the modelling of the tropospheric
delay minimises this defect. The gradient parametrisation is now
commonly used in VLBI analysis. Although the dz parameter is
expected to be negligible, it is still written in the model to sat-
isfy the requirements of the least-square estimation. This offers
an additional quality check.

The relative angles between pairs of celestial reference
frames are given in Table 3, for the two pairs of celestial frames
described in Table 2. In the case of the conventional source se-
lection (cn7 and cn8), the inconsistency of the axes definition
between the TRF and CRF approaches is smaller than 7 uas,
which is well below the published accuracy of the ICRF axes

Aa = Ajtandcosa + Ay tand sina — Az

AS = —A;sina + Ay cosa + dz.
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Table 3. Relative rotation angles and equator tilt of celestial reference
frames obtained with the TRF and CRF approaches, respectively. Unit:

pas.

Pair A1 A2 A’; dZ
Reference: Stable sources

cne-cnh - 0.7+£0.6 02+06 -23+06 05+09
Reference: Defining sources

cn7-cn8 6910 6610 1.7+x14 42+14

(20 pas). In the case of the selection of stable sources (cne and
cnh), it is even smaller (less than 3 pas).

4.2. Impact on the precision of the celestial reference frame

To evaluate the impact of the TRF approach on the precision
of the source positions, we compare them with two indepen-
dent celestial frames available at the IERS/ICRS Product Center
(ICRS-PC 2003), one provided by the IAA (St Petersburg) and
the other by BKG (Leipzig). Note that the cne and cnh frames of
Table 2 were aligned onto the ICRS axes using a no-net-rotation
condition based on the 199 stable sources, while for cn7, cn8
and the two independent frames, the NNR condition was based
on the 212 ICRF defining sources. The analysis strategy used
to derive the independent celestial reference frames follows the
TREF approach.

In each comparison, the two frames are rotated to common
axes in a least-square adjustment of Egs. (1) and (2) applied to
the 206 sources that are common to the six reference frames.
These are by definition global sources. As in the construction of
two of the compared frames, cne and cnh , the unstable sources
were Arc sources. There are no unstable sources in the common
list. About 2/3 of the common sources belong to the stable cate-
gory, the other 1/3 being sparsely observed.

The variances of the post fit Aa cos ¢ and Ad residuals are
computed. In this process, the estimated parameters A;, Ay, A3,
and dz absorb systematic differences that can be expected from
the construction schemes of the compared reference frames. The
variance of the residuals is a measure of the residual differences.

The three-cornered-hat method is then applied to these vari-
ances. This method allows estimation of the variance of the
noises of three or more sets of measurements of the same quanti-
ties, here the source right ascensions and declinations, under the
assumption that the errors are independent in the compared data
sets. Considering the variances of the differences between two
data sets i and j, one can write

3)
“

var(a; cosa — @ cos @) = var(a; cos @) + var(a; cos @)
var(0; — 6;) = var(d;) + var(¢;).

If three reference frames are considered, one gets three sets of
the above equations, that can be solved to obtain the individ-
ual residual variances var(ay cos @) and var(d;) for k = 1,3. If
more than three data sets with independent errors are available,
the individual residual variances can be estimated by means of a
statistical algorithm, e.g. by least-square or L1 Norm estimation.
Table 4 gives the individual standard deviations thus derived
for the reference frames of Table 2. The direct comparison of the
four frames under study was indeed not used in this process, as
their errors cannot be assumed to be independent. The robustness
of the estimations was tested by associating and analysing the
data in various ways. The results remain stable within 2 uas.
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Table 4. Standard deviations of source positions for celestial reference
frames derived by the TRF and CRF approaches. Unit: uas.
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Table 6. Estimation of the 18.6-year nutation term: role of the terrestrial
reference frame status and of the source selection.

Source TRF approach CREF approach
selection Standard deviations Standard deviations
sol. Aacosd Ad so. Aacosd AS
Proposed  cne 27.1 21.2  cnh 28.0 21.1
Convent. cn7 28.2 27.5 ¢n8 29.4 24.7

Table 5. Precession and obliquity rate corrections: role of the terrestrial
reference frame status and of the source selection.

Source Precession  Obliqu. rate
selection pas/year pas/year

TRF approach
Proposed (cne) -563+48 -316+1.38
Conventional (cn7) -17.6 4.2 -285+1.7
CREF approach
Proposed (cnh) -582+46 -324+1.7
Conventional (cn8) -154+40 -270x1.6

In the case of the conventional source selection, as well as in
that of the selection of stable sources, we conclude from the val-
ues of Table 4 that the precision of the selected source positions
is better that 30 uas and that the impact of the TRF status in the
data analysis is smaller than 10% of this value.

4.3. Impact on the derived precession and nutation

The computation of the test celestial frames included the estima-
tion of the celestial pole offsets Ay and Ae for each session, con-
sidering only the global sources. These time-series were com-
pared to the prediction of the IAU2000 nutation model. Note
that the latter was obtained by Mathews et al. (2002) starting
from an analysis of VLBI observations where all sources were
considered global, a source selection scheme analogous to that
leading to celestial frame cn7, and using the TRF approach.

The comparison aims at showing the size of the differences
of estimates of the low frequency components of the celestial
pole motion. It is performed over the 1984.0-2002.7 time span.
The parameters investigated are precession and obliquity rate
corrections, and corrections to the 18.6-year nutation.

In addition, the amplitude and phase of a free core nutation
(FCN) assumed constant over the time span are estimated. The
consideration of this component does not influence the estima-
tion of the lower frequency components, but it allows a more
realistic estimation of the residual noise in the comparison.

The estimations of precession and obliquity rate corrections
from the four data sets under study are listed in Table 5. As al-
ready noted by Dehant et al. (2003) and Feissel-Vernier et al.
(2005), the impact of the source selection, i.e. cne vs. cn7 or cnh
vs. cnd, is at the level of 40-50 pas/year in precession, while it
is small for the obliquity rate. Compared to that effect, the im-
pact of the terrestrial frame status, i.e. cne vs. cnh or cn7 vs. cn8
(2 pas), is barely significant.

The estimations of the 18.6-year nutation corrections are
listed in Table 6. The same remarks apply: while the impact of
the source selection is quite large (up to 200 was in Ay), the
impact of the terrestrial frame status (10-20 pas) is statistically
insignificant.

Source Ay (uas) A€ (uas)
selection sin cos sin cos

TRF approach

Proposed (cne) 252 +23 150+26 -12+9 19+10

Convent. (cn7) 80+20 163+24 46+8 31+10
CREF approach

Proposed (cnh) 266 +£22  135+25 -6+8 19+9

Convent. (cn8) 71+£19 139+23 47+7 39+9

Table 7. Agreement of the IAU2000 Precession-Nutation model, cor-
rected for a bias and the terms listed in Tables 5 and 6, with VLBI
results derived with various analysis approaches. Unit: pas.

Reference TRF approach CREF approach
frame Standard Dev. (uas) Standard Dev. (uas)
Ay sin g  Ae Ay sin g Ae
Proposed  cne 254 239 cnh 244 229
Convent. cn7 236 239 ¢n8 228 233

4.4. Impact on the residual noise in celestial frame
orientation

Statistics of the residual noise in the comparisons of VLBI series
of Ay and Ae with the IAU2000 model are shown in Table 7.
Compared to the CRF-type solutions, the level of the residual
noise of the TRF-type solutions is larger by less than 5%. We
may therefore consider that the difference in treating the station
coordinates does indeed only slightly affect the high frequency
noise of the nutation determinations. Note that the marginally
higher noise in the analyses where the coordinates of unstable
sources are not arc parameters (cne and cnh) may reflect the
fact that in these analyses, the FCN is found to be time-varying
(Feissel-Vernier et al. 2005), and thus consideration of a constant
FCN over the data span is less appropriate.

5. Conclusion

The ICRF was defined on the basis of the pre-1995 astro-
geodetic VLBI observations. Since then, the core of the defining
sources was kept fixed in composition and coordinates, and the
two subsequent updates were limited to improving non-defining
source positions and extending the list of sources with coordi-
nates referred to the original ICRF. The authors of these exten-
sions (Fey et al. 2004) note some coordinate discrepancies with
the original ICREF, but the decision to revise the whole ICRF has
not been proposed to the IAU yet. The IAU decision would be
based on various criteria, such as the expected accuracy gain, the
impact on users, and possible inconveniences.

A number of tests and computational experiments were per-
formed to evaluate alternative components of analysis strategies
applicable to a future revision of the ICRF. The studies cited in
the introduction have all shown that with the situation of astro-
geodetic VLBI observations to date it is advisable to define the
celestial reference frame on the basis of the post-1989 observa-
tions, and to use selected stable sources for the definition of the
axes and the realisation of the primary frame (source coordinates
treated as global in the data analysis).
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Using four test celestial reference frames, based on the
1980—2002 VLBI observations, and their 1984—2002 associated
series of celestial pole offsets, obtained in parallel with different
strategies, we have shown in addition that consideration of the
global problem, i.e. the simultaneous analysis of the source po-
sition, station motion and Earth Orientation Parameters has no
negative impact on the derived celestial frame or on precession
and nutation measurements. Therefore we recommend that the
next revision of the ICRF include the TRF approach in the anal-
ysis strategy. Note that the observations before 1990 represent
less than 10% of the total available.

We conclude that the set of astro-geodetic VLBI observa-
tions accumulated since 1990 fulfils the conditions needed to
provide the most precise celestial reference frame and, at the
same time, to ensure the unification of the terrestrial and ref-
erence frames at the sub-millimetre level on the surface of the
Earth.
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Table 8. 247 sources considered suitable for the maintenance of the ICRF.

IERS Tp z Flux Sp.  Struct. B Set
Des. 6cm  15cm Ind X S Mag
@ &) 3 “ (&) ©
0003 -066 L 347 1.58 1.69 3 1 185 1
0003+380 G .229 .50 60 -3 3 1 194 1
0008 —264 Q 1.093 .81 .58 3 189 3
0010+405 G 25 105 118 -3 2 1 179 2
0013 -005 Q 1.574 79 L2* -4 2 1 203 3
0016 +731 Q 1.781  1.65 1.50 2 2 1 190 1
0035+413 Q 1.353 .64 A40% 199 2
0048-097 L 1.92 1.30 S 11 174 1
0104 -408 Q .584 .85 ST .6 182 1
0106 +013 Q 2.107  3.67 3.90 5 2 1 184 1
0109 +224 L 78 .38* 1 1 157 1
orrr+021 A .047 2 3 1 163 1
0119+041 Q .637  1.24 .90 2 2 1 195 1
0119+115 Q 570 1.00 1.80 3 2 1 197 1
0133 +476 Q 859 3.26 2.10 S 2 1 195 1
0149+218 Q 1.320 1.08 140 -2 2 2 194 1
0159 +723 L 33 32% 2 1 1 192 1
0201 +113 Q 3.610 1.20 1.30 2 1 195 1
0202 +319 Q 1.466  1.02 1.60 6 2 2 174 1
0208 -512 L 1.003 321 3.56% -2 169 3
0215+015 Q 1.715 .36 36%* 1 1 161 1
0219+428 L 444 1.04  1.14* 2 1 152 2
0221 +067 G S11 .99 1.40 2 2 207 1
0224+671 Q 1.20 3 2 1 195 1
0235+164 Q 940 279 2.00 . 1 1 155 1
0237 -233 Q 2225 316 534 -7 4 3 166 1
0256 +075 Q .893 .98 .70 6 2 1 190 1
0300+470 L 222 1.81% 2 1 169 1
0306 +102 Q .863 .70 1.30 4 3 1 184 1
0308 -611 Q 7 18.5 1
0309 +411 G 136 46 .60 d 2 2 180 1
0317 +188 G -1 2 1 190 1
0319+121 Q 2,670  1.54 140 -5 4 3 183 1
0333 +321 Q 1.259  1.95 2.30 3 3 175 1
0336 -019 Q 852 259 270 -4 2 1 184 1
0355 + 508 6.80 2 3 1
0400+258 Q 2,109  1.79 1.40 3 2 180 1
0400-319 Q 1.288 .85 .15 -1 20.1 2
0402 -362 Q 1417 185 1.04* 5 172 1
0406+ 121 L 1.020 1.62 1.16* S o2 1 202 1
0420-014 Q 915 1.58 1.00 3 3 1 170 3
0420+417 Q 1.70 4 2 1
0422 -380 Q 782 .81 A49% 18.1 3
0430+052 G 033 5.09 640 18 4 3 151 3
0430+289 L A48 37 17.8 1
0451 -282 Q 2560 2.17 2.30 1 182 3
0454 -234 Q 1.003 186 1.76* 2 1 189 1
0454 +844 L  >1.340 140 1.30 3 2 1 165 1
0457+024 Q 2384 1.21 130 -2 4 1 180 1
0502 +049 Q 954 1.01 .60 S 3 2 189 1
0507+179 G 416 .80 .70 2 2 200 1
0521 -365 G 055 889 1150 -5 146 3
0530 — 727 1
0537-441 Q 896 396  3.84* 1 3 1 165 1
0552+398 Q 2363 542 3.40 2 1 183 1
0600 + 177 2 1 1
0605 -085 Q 872 273 3.05% 2 3 1 176 1
0607 - 157 Q 324 313 100 -4 2 2 180 1
0615+820 Q 710 1.00 1.30 3 1 189 1
0636 + 680 Q 3.177 .54 32% 8 1 1 166 1
0637-752 G 651 6.19 451 -1 158 1
0642 +449 Q 3.408 78 120 -1 1 1 185 1
0648 — 165 2 1 3
0657 + 172 2 1 1
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Table 8. continued.

IERS Tp z Flux Sp.  Struct. B Set
Des. 6cm 15cm Ind X S Mag
&) @ 3 “) (&) ©)
0707 +476  Q  1.292 1.00 L -3 2 1 182 1
0716 +714 L 1.12 .70 4 1 1 155 1
0718 + 792 1.00 2 1 1
0722 + 145 5.30 2 2 2
0727 -115 Q 1 1 1 1
0735+178 L >424 199 2.00 1 3 1 162 3
0736 + 017 Q 191 1.92 2.90 1 3 3 165 1
0743 -006 Q 994 131 1.01* 4 2 1 181 3
0748 + 126  Q 889 222 2.00 S o2 2 187 1
0754 +100 L 280 148  1.04* 2 2 1 150 1
0804 +499 Q 1432 207 1.30 S 2 1 183 1
0805 +410 Q  1.420 77 70 -3 2 1 190 1
0808 +019 L .67 .39 4 1 1 172 3
0812+367 Q 1.025 1.01 1.20 2 1 190 2
0818 -128 L .86 90 -1 3 1 150 1
0821 +394 Q 1216 .99 190 -2 2 2 183 1
0823 +033 L 506 143 1.42 9 2 1 168 1
0827 +243 Q 941 .89 1.30 2 2 173 1
0828 +493 L 548 1.02 S0 -3 2 1 188 1
0829 +046 L .180 .70 .70 2 3 2 164 3
0836 +710 Q 2218 257 440 -3 3 3 173 2
0850 +581 Q 1322 141 1.60 8 2 2 183 2
0851+202 L 306 261 338 -4 2 1 154 1
0859 -140 Q 1339 225 290 -4 3 3 166 1
0859 +470 Q 1462 1.78 220 -1 3 2 192 2
0912+029 G 427 .89 68 -3 2 1 196 2
0917 +624 Q 1446 1.24 1.60 2 2 1 195 1
0919 -260 Q 2300 2.38 1.20 2 3 2 184 1
0920 + 390 3
0920-397 Q 591 151 210 -2 184 3
0925 -203 G .348 .69 8% -2 164 1
0945 +408 Q 1252 1.80 1.70 2 2 180 1
0951+693 G .09 .50 69 1
0952 +179 Q 1478 74 oo -3 3 3 172 1
0954 +658 L 367 146 .90 4 2 1 167 1
0955 +326 G .530 71 0 -3 2 2 158 1
1004 + 141 Q  2.707 74 81 -1 3 2 184 1
1012+232 G 565 1.09 g4 -3 2 1 178 1
1020 +400 Q  1.254 .87 120 -3 3 1 174 3
1022 +194 Q .828 .60 1.04 7 2 2 175 3
1034-293 Q 312 151 1.30 2 1 1 165 1
1038 +528 Q .677 .70 A3% 2 169 1
1039 +811 Q 1260 1.14 .90%* 4 2 1 179 1
1044 +719 Q  1.150 71 1.00 d 1 1 190 1
1049+215 Q 1300 1.08 170 -4 2 1 190 3
1053 +815 Q .706 77 60 -4 1 1 200 1
1055+018 Q .888  3.38 2.87 2 2 183 1
1057 =797 Q . 19.3 1
1101 +384 L .031 .70 100 -1 1 1 129 1
1111 +149 Q .869 49 S55% . 2 1 179 1
1116 +128 Q  2.118 1.87 174 -3 3 2 193 3
1123 +264 Q 2341 .83 .70 8 2 1 180 1
1124 -186 Q 1.048 1.62 .60 S 1 1 186 1
1128+385 Q 1.733 77 90 -2 1 1 195 1
1130+009 Q 33 2 1 190 1
1144-379 Q 1.048 222 1.07% -2 162 3
1144+402 Q 1.089 1.03 90 -2 1 1 180 1
1145-071 Q 1342 1.21 97 2 3 1 187 1
1150 +497 Q 334 72 160 -2 2 1 171 2
1150+812 Q 1.250 1.18 120 -1 2 2 194 1
1156 +295 Q 729 146 1.30 2 2 144 1
1213-172 G 120 -1 1 1 214 3




M. Feissel-Vernier et al.: Features of a strategy for the maintenance of ICRF, Online Material p 4

Table 8. continued.

IERS Tp Z Flux Sp.  Struct. B Set
Des. 6cm 15cm Ind X S Mag
@ @ 3 “) &) ©
1216 +487 Q  1.076 1.08 .70 2 2 1 186 1
1219+ 044 Q .965 1.35 65 -12 2 1 180 1
1219+285 L 102 72 1.47 3 2 161 1
1221 +809 L 52 40% -3 2 1 190 1
1222 +131 G .003 3.17 520 -5 123 3
1228+126 G 004 71.90 -6 3 3 129 1
1237-101 Q 750 1.53 1.63 -2 181 3
1244 -255 Q .638 2.32 1.36 2 174 1
1252 +119 Q .870 72 180 -2 2 1 166 3
1300+580 Q -5 1 1 1
1308 +326 Q 997 1.50  1.57* 1 1 152 1
1308 +328 Q  1.650 1.08 177 3
1313-333 Q 1.210 1.09 1.23 S 1 1 187 1
1315+346 Q 1.050 34 54% -1 2 1 187 1
1324 +224 Q  1.400 .65 1 1 189 2
1334 -127 Q .539 2.84 1.94 2 2 1 190 1
1342 +662 Q 766 .54 S1* d 2 1 197 2
1342+663 Q  1.351 .82 .61% S5 2 1 193 1
1347+539 Q 976 .96 90 -1 3 2 174 3
1349 -439 L .053 .76 54% .6 164 1
1351-018 Q  3.707 .82 84 -1 1 1 193 1
1354 -152  Q  1.890 .84 1.17 d 1 1 181 3
1354 +195 G 719 2.62 180 -1 3 2 160 1
1357+769 Q J 1 1 190 1
1402+044 Q 3.211 71 .65 d 2 1 190 1
1406 -076 Q  1.493 .82 1.30 2 2 1 196 1
1413 +135 L 247 1.20 90 -1 1 3 205 1
1417 + 273 2 1 2
1417+385 Q 1.832 .87 S1* 193 3
1418 +546 L 152 1.09 1.00 2 2 2 157 1
1424 -418 Q 1522 2.17 222 -4 189 1
1432 + 200 2 1 2
1442 +101 Q  3.535 1.15 2.01 -6 3 3 178 1
1448 +762 G .899 .68 1.00 S5 1 1 223 3
1451 -375 G 314 1.84 1.40 4 16.7 1
1451 -400 Q 1.810 .61 1% -2 18.7 1
1458 +718 G .904 3.76 690 -5 3 3 168 3
1459 + 480 .50 2 1 171 1
1504 - 166 Q .876 2.84 220 -4 3 1 185 1
1504 +377 G .674 1.10 1.10 2 2 1 212 2
1510-089 Q 360 4.36 3.14 3 3 1 165 1
1514+197 L 1.070 .50 .50 2 1 187 1
1514-241 L .048 1.94 190 -1 14.8 1
1519-273 L 1.83 .99 2 17.7 1
1538+149 Q .605 1.95 1.50 2 1 173 1
1546 +027 Q 412 1.11 .79 2 2 1 178 1
1547 +507 Q  2.169 74 .69% d 3 3 184 1
1555+001 Q 1.772 2.18 .58 2 1 1 27 3
1557+032 Q  3.891 48 46* 198 3
1600 + 335 2.70 31 232 1
1610-771 Q 1.710 555 3.80*% .8 192 1
1614 +051 Q 3.217 92 .63 4 2 1 196 1
1616 +063 Q  2.088 .89 .10 -1 2 1 196 2
1622 -253 Q 786 220 2.27* -1 1 1 206 1
1622 -297 Q 815 1.86 2.20 2 19.5 1
1624 +416 Q  2.550 1.58 150 -3 3 2 220 1
1633 +382 Q  1.807 4.08 2.10 L 3 1 177 1
1637 +574 G 751 1.75 1.40 6 2 1 169 1
1639 + 230 2
1641 +399 Q 594 5.65 7.60 4 1 160 3
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Table 8. continued.

IERS Tp VA Flux Sp.  Struct. B Set
Des. 6cm  15cm Ind X S Mag
1) @ 3 “ &) ©)
1652 +398 L .033 1.31  1.45* 3 2 138 1
1655+077 Q .621 1.60 1.63 4 3 3 200 1
1656 + 053 Q .879 1.38 1.61 S5 3 2 165 3
1657 — 261 .10 -2 1
1705+018 Q 2.576 .54 53%* d 2 1 188 3
1705 +456 Q .646 47 .66* 3 2 173 3
1717+178 L .94 1.00 6 2 1 191 1
1725+044 G 293 .89 .84 8 2 1 170 1
1732+389 Q 976 1.15 .67% g 2 1 206 1
1734+363 G .893 33 32% 209 2
1743 +173 Q  1.702 .94 .90 1 2 1 208 1
1744 + 557 3
1745 +624 Q  3.889 .59 .59% 1 2 188 1
1749+ 096 Q 320 246 .07 -2 1 1 168 1
1751+288 Q 1.10 2 1 200 1
1758 +388 Q  2.092 .92 .60 1.2 180 3
1800 +440 Q .663 1.02 79 4 1 1 179 3
1803 +784 Q .680  2.63 2.60 3 2 1 159 1
1807 +698 L .050 1.74 310 -3 3 2 142 1
1815-553 Q -1 193 1
1821 +107 Q 1.364 1.23 .95% S5 3 1 173 1
1823 +568 Q .663 1.67 1.60 2 1 1 193 1
1830+285 Q .594 .98 1.30 32 172 1
1842+681 Q A75 .93 120 -4 2 1 181 1
1849 +670 G .657 .59 95% 1 2 169 3
1901 +319 G .635 1.81 3.10 4 3 176 3
1908 — 201 2.30 1
1921 -293 Q 352 1433 4.60% 2 1 182 1
1923 + 210 3 2 1
1928 +738 G .303 3.34 3.00 3 2 161 1
1933 -400 Q .965 1.44  1.20* .1 19.0 1
1936 -155 Q  1.657 .80 1.30 2 1 1 203 1
1937-101 Q 3.787 75 90 -3 3 1 170 1
1954 -388 Q 630 2.02 1.00 17.1 1
1954+513 Q 1.223 1.61 140 -1 2 1 185 1
1958 -179 Q .652 2.70 1.12 d 1 1 186 1
2005+642 Q 1574 72 190 2
2017 +745 Q 2.191 37 34% 2 1 181 2
2021 + 317 3 1 1
2037 +511 Q  1.687 3.79 5.00 33 210 1
2051+745 L 53 A43%* 2 1 204 2
2052 -474 Q  1.489 245 3.000 -3 18.1 1
2059+034 Q 1.015 1.36 .57 S 2 1 178 1
2113 +293 Q 1514 1.45 1.12 1 1 206 3
2128-123 G .501 1.99 1.69 Q03 2 16l 1
2134 +004 Q 1932 1149 6.50 g 4 1 168 1
2136+ 141 Q 2427 1.11 1.19 1 1 189 1
2149 -307 Q 2345 1.34 135 -2 179 1
2200+420 L .069 2.94 420 -5 3 1 147 1
2201 +315 G 298 2.81 2.02 2 3 1 156 1
2209 +236 A .70 2 1 1 190 1
2216 -038 Q 901 1.63 1.62 7 3 1 164 1
2230+ 114 Q  1.037 397 493 -5 4 2 173 1
2253 +417 Q  1.476 .99 150 -3 4 1 194 1
2254+024 Q 2.089 Sl A6* 2 1 1 180 3
2255-282 G 927 213 1.38* 4 1 2 168 1
2318+049 Q .623 1.0s  123* -2 2 1 190 1
2328 +107 Q  1.489 .96 105 -1 3 2 185 3
2335-027 Q 1.072 .65 .65 2 3 1 196 1
2351 +456 Q 1.986 148 141* -1 3 2 206 1
2355-106 Q 1.622 1.62 AT* S 11 189 1




