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VLBI estimation of celestial pole offsets

w.r.t. 1976/1980 precession-nutation model
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VLBI provides the actual position of the pole in the GCRS
-> corrections to the model + frame biases
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Position of the CIP in GCRS and ITRS

position of the CIP

position of the CIP in the ITRS (OXoY,20): F, g
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X of the CIP unit vector

Yo provides directly where the pole is in the sky
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IAU 2000 precession-nutation

IAU 2000 Nutation (FCN not included)
IAU 2000A : for high precision level

luni-solar terms (678) + planetary terms (687) (Mathews et al. 2002) based on rigid
Earth nutation (Souchay et al. 1999), MHB transfer function and VLBI data

- 7 basic Earth parameters (BEP) including H (dynamical flattening)
IAU 20008 (its shorter version): for 1 mas level (McCarthy & Luzum 2002)

Precession component of the IAU 2000 model
Lieske et al. 1977 + improved rates of precession

dw, (IAU 2000) = (- 0.299 650 +- 0.000 400)” /c
dw, (IAU 2000) = (- 0.025 240 +- 0.000 100)”/c

Celestial pole offsets at J2000 in the GCRS (VLBI estimates)
&, (IAU 2000) = (- 16.6170 +- 0.0100) mas
7, (IAU 2000) = (- 6.8192 +- 0.0100) mas
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IAU 2000 expressions for X and Y

(Capitaine, Chapront, Lambert, Wallace 2003, A&A 400)
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IAU 2000 expression for GST

(Capitaine, Wallace, McCarthy 2003, A&A 406)
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accumulated precession in RA (in TT)
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kinematical equation of equinoxes
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Further improvement in Precession

Expressions for the precession of the equator should be (i) solutions of the dynamical equations for
the Earth’s rotation and (ii) referred to an improved ecliptic precession w.r.t Lieske et al. 1977

-> New models compatible with IAU 2000 with improved dynamical consistency

- Bretagnon P., Fienga A., Simon J.L. (2003, A&A 400): BO3
VSOP87 ecliptic + SMART 97 nutation + MHB precession rate in longitude

- Fukushima (2003, A.J. 126): FO3
ecliptic fitted to DE405 (1600-2200) + SF01 nutation + quadratic fit to VLBI
+ Harada & Fukushima (2004, A.J. 127): HF04 ecliptic

- Capitaine N., Wallace P., Chapront J. (2003, A&A 412): P03
ecliptic based on both VSOP87 and fit to DE406 (2000-yr interval) + integration of
dynamical equations for precession + MHB precession rates in longitude and obliquity

-> IAU Division | WG on « Precession and ecliptic » established at the 2003
GA (Chair: J. Hilton) to recommend a new model

- Capitaine N., Wallace P.W., Chapront J. (2004, A&A)
Comparison between precession models
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P_A : Differences with respect to IAU2000




Q_A : Differences with respect to IAU2000

VSOP2000




P03 precession
Capitaine, Wallace, Chapront, 2003, A&A 412

Improvement of the ecliptic precession
(based on VSOP/DE406)

Choice of the integration constants

(non-rigid Earth model based on MHB2000, Williams 1994 and corrections for
perturbing effects on the observed quantities)

Improvement of the precession of the equator

(based on: dynamical precession equations, improved ecliptic, updated MHB
integration constants)

Discussion on the precession parameters

(rotation vector approach, X, Y approach)
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Comparison: equator precession solutions

unit: mas
Source t +2 £ A 5
[AU1976 (L77) 5038778.4 —1072.59 —1.147
IAU2000 5038478.750  —1072.59 —1.147
W94 5038456.501  —1078.977 —1.141 0.133
B03 5038478.750  —1071.9530 —1.14366 0.132832  —0.0000940
F03 Pa 5038478.143  —1079.1653 —1.10654 0.129144
P08,y 5038478.750  —1079.0091 —1.14044 0.132851  —0.0000951
P03 5038481.507  —1079.0069 —1.14045 0.132851  —0.0000951
[AU1976 (L77) 0.0 51.27 —7.726
IAU2000 —25.240 51.27 —7.726
W94 —24.4 51.268 —7.727 0.000000
B03 —26.501 51.2769 —7.72723  —0.000492 0.0003329
F03 WA — €0 —21.951 53.9411 —7.19621 +40.001907
P03, e —25.240 51.2623 —7.72502 —0.000467 0.0003337
P03 —25.754 51.2623 —7.72503 —0.000467 0.0003337
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P03 expressions for X and Y
(Capitaine, Wallace, Chapront 2003, A&A 412)
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Co+Cit+ C, 2

RMS= 374 uas
Co=(1 +- 10) uas
C,=(-1368 +- 304) uas
Co=(-11414 +-2579) uas
Corr(C, C,)=0.9

RMS= 374 uas
Co=(2 +- 10) uas
C,=(-1119 +- 304) uas
C,=(-13296 +-2580) uas
Corr(C,C,)=0.9



dY (microarcseconds)
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Co+Ct+ C, 2

RMS= 416 uas
Co=(33 +- 11) uas
C,= (2134 +- 338) uas
C,=(24024 +- 2870) uas
Corr(C, C,)=0.9

RMS= 416 uas
Co=(33 +- 11) uas
C,= (1620 +- 338) uas
C,=(23991 +- 2870) uas
Corr(C, C,)=0.9



Summary

VLBI is potentially the most powerful technique to estimate the motion of
the celestial equator w.r.t. GCRS (and consequently the precession of the
equator) but not the ecliptic precession

The IAU 2000A precession-nutation which consists only on corrections to
the precession rates in longitude and obliquity of the IAU 1976 precession
iIs not ‘dynamically consistent’ but gives a very good fit to VLBI

Improvement in the precession model for the ecliptic is necessary (few mas
in the t term): the resulting effect on the precession of the equator Is at a
level of 100 u as for one century (on the 2 term in,)

Improvement in the precession model for the equator is necessary.
However, the possible improvement in the model is dependent on the
model for some parameters of the non-rigid Earth as the J2 rate

Observations covering a longer period of time are necessary to separate
- the precession rates and amplitudes of long-period nutations

- the precession rates and the ¥ terms in the developments (indirect access
to the motion of the ecliptic).
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Conclusion

« What is required from VLBI in the future in order it can be powerful at the
present level of accuracy for discriminating between various precession
models:

Refined ICRF (without any global rotation + the largest number of
sources)

longest interval of celestial pole offsets with low noise level and no
systematic error (FCN)

Adopt IAU 2000 precession-nutation model in order than the celestial
pole offsets can be considered as being first order quantities

Adopt the X, Y representation that is close to the parameters to which
VLBI is sensitive

Adopt the CEOQ instead of the equinox to avoid possible risks of
inconsistencies in the terrestrial to celestial transformation (for
microarcsecond accuracy)

* In parallel:
Models for contribution (t term and t2 term) to precession of a non-rigid

Earth have to be improved (‘improved’ MHB)
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