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Abstract
We used very-long-baseline .interferometry (VLBI) radio
observations at "8.4~GHz between 1997 and 2005 to
determine the coordinates of the “core” of the quasar, 3C
454.3, relative to the extragalactic sources, B2250+194,
and for the last half of the time also to another
extragalactic source, B2252+172, both nearby on the sky.
The core of 3C 454.3 is stationary relative to these two
sources, with the 1o upper limit on its proper motion
being 15 pas yr? in right ascension and 25 pas yri+in
declination. The corresponding upper limit on the proper
motion. of.this core with respect to the quasi-inertial
reference = frame .determined from separate VLBI
observations of ~many extragalactic radio sources,
including B2250+194, is 30 pas. yrt in each of the
coordinates..The core of 3C 454.3 provides a sufficiently
stable reference with which to measure the proper motion
of the Gravity Probe B guide star, IM Pegasi, relative to
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B2250+194

Fig. 3: Images of B2250+194 and B2252+172 at
8.4 GHz. The contour levels for B2250+194 are
0.3,0.5,1, 2, 5, 10, 20, 40, and 80% of the peak

Fig. 1: A sky chart with relative
coordinates of the three extragalactic
reference sources and the’guide star
IM Pegasi (HR'8703). ;

the distant universe brightness of 431 mJy/bm. The contour levels for
B2252+172 are 3, 5, 10, 20, 30, ..., 80, and 90%
of the peak brightness of 11.6 mJy/bm. The
|I"I!]'0dul:[i0l"l convolving beam is-given at the lower left for
each panel.

Gravity Probe B (GP-B) i tha spacebome rolateity
axparimant doveloped by MASA and Stanford Unévarsity
1o o3t two predictions of general relativity (GR) with
gymoscopas in low-garih, orbll.  GP-B. measured the
predicied precession of the gyroscopes mlative 0 @stang
nernial space, represented by an exiragalactic refenence
rame. Becauss of lachnical resincions, ihe spacecrall
could nod measure tha cassion dractly redabve 1o that
Trasm Bt only © an o Ay DRgN Siar, 1 Quite Star
chosen, o ba IM Pegasi (HR ET03, HD Z2164E9). IM
Pegasi's. proper mofion (see talk by | Shapio o1 ol) s
Indepandantly determined relative 1o the extragalactic
moferance frame. In paricular, the propar molion s
dalarmined relaiive o the "core” of i quasar 3C 454.3
wihich w lied 1o two ofher exirsgalactic solroes and e
Inernational Cebasiial Reforance Frama [ICRF)

Fig. 2: Images of 3C 454.3 at 8.4 GHz at three epochs, with the core component, C1, and, two other components, C2 and J1,
indicated for the first of the epochs at the crossing points of horizontal and vertical lines. The contour leVels start at 10 mJy/bm
and increase by factors of 1.41. The peak brightnesses for the images from top to bottom are 4.78, 4.23, and 2.34 mJy/bm. The
convolving beam is given at the lower right of each panel.

Observations

Between 1997 and 2005, we camed ouf 35 sefsions of
VLB obsongations a1l 84 GHz of M Pegasi and bwo
extragalachic sources;, 3C 4543 and B2250+184, sub-
lgsmantad HE-:MI' axiragataciic source, BIIST+1TZ
during Bnird of the obsermaBons. We used a
woridwide e of radio |slescopes including the 10
dishes of the ! Bazedne Amay (VLBA) and the
Very Large it ] ha'.r.::'ld'l Radw  Astvonomy
Ooservatory, ma EMS |I;I|Ew the Ma-Pranck-
Instiut for Radiostn Gemanyyand the 70-m
dishis af the NASA 8 Mersofigin the LISA
Spain and Ausiralia usad Wpicaly 15
telescopes and was ol b lpngth. “The data
were comelated using thowiLB CARBG  Ngw
Mexico - \

Fig. 4 (upper two panels):'The coordinates of

the . brightness: peaks of . B2250+194 and

G 4 B2252+172 relative to the coordinates .of C1 in

¥ 3 ' I Il i 3C 454.3. Error bars indicate preliminary
¥ estimates of standard efrors. The straight lines

are the weighted least-squares fits to the data

- - points. The solutions of the fits are printed in the

In Figure 1 we show tha i G tha " M-n‘ panels.
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(HR: 87E3]. The Source 3G A543 8 OFF #mm Fig. 5 (left panel): The coordinates of
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indicate three major companents, . oI E I ' ! VLBI observations. The uncertainties are

Gaussians io the brighiness disinbutons. Componnt™C1 statistical standard errors. The straight lines are

nas mhwiays Desn suspeched o b Imasl closely dentified the “weighted least-squares fits to the datd

wilth the “come” and e yn'ihl"m-_ l,‘.h.lunr of 1he Quasar points. The solutions of the fits are printed in the

We selec! thiee epoché dosshow that (e camponenisiinre Epoch (D] (24504495 +) panels.

sligihthy moving rejative o each other, in 3w Shpw

the brightness islibutons of the olhor ko mitecce.

sources {see-postir by M. Bietenholz et al SOkmoges of

M Pegasl].

In Figire 4 we show e coordinales of B2250+184 and
BA25T+172 relatve 0 hose of C1 in 3C 4543 as &
"luRclion of time. C1 s sialiocnary relaive 1o hede hwo

esulls

Conclusion

The core of 3C 454.3 provides a
sufficiently stable reference with
which to measure the proper
motion of the Gravity Probe B
guide star, IM Pegasi, relative to
the distant universe.
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