Extension and Maintenance ofthe ICRF

C. Ma

Goddard Space Flight Center

T.M. Eubanks

U.S. NavalObservatory

The ICRF (InternationalCelestialReference Frame) is the result ofa long, carefull y consideredprocess, andthee xtension and maintenance ofthe ICRF are further steps to improve itsusefulness. In the more distant future, based on the ever larger VLBI data set and continued r esear ch ac tivities, a new realization ofthe ICRF willbe made. For now the goals are mor e modest:determiningposition s ofnew sources consistent with the ICRF, improving the accuracy ofsome source positions, and monitoring the sources.

Thefundam entalconcepts ofthe ICRF were developed and extensivelydiscussed at the

IAUColloquium127onReferenceSystemsheldinVirginiaBea ch in 1990. Under the leadership ofJ. Kova levskyand J. Hughes, the GeneralTheoryofRelativityfor space and time, the use of extragalactic radio objects, and the separation ofthe celestialreference frame fromthe equator andtheeclipticweresummarized in nine recommendations adopted as a resolution bythe XXIst

IAUGeneralAssemblyinBuenosAiresin1991. Aworking group under C. de Vegt was formed to select th e list ofradio sources to be used with emphasis on the need to connect the radio and optical frames. The XXIInd IAU GeneralAssemblyin Den Haag in 1994 adopted the list an d establisheda new working group under L. Morrison to define the positions ofthe radio sources inthelist. Thisworkwasdonebyasubgrou p ofVLBI and celestialreference systemspecialists.

T he resulting ICRF catalog was adopted bythe XXXIIIrd IAU GeneralAssemblyin Kyoto i n

1997 an d came into effect 1 January1998, replacing the FK5. A new Working Group for th e

International CelestialReference System(ICRS) under F. Mignard was formed to carryon the

I CRF wo rk, to extend the frame to other objects and frequencies, and to consider th e consequences ofthe ICRF.

Thedatausedto determin e the ICRF radio source positions included 1.6 million pairs of dual-frequency delays and rates from1979 through the middle of1995. The data wer e c o ntributed fromseveralgeodetic and astrometric observing programs, the vast majorityofthe observationscomingfromtheformer but most ofth e sources coming fromthe latter. The design of the analysis was intended to provide (1995) state ofthe art source positions, in particular to fr ee the results fromcontamination fromanomalous source behavior, geodetic noise, an d systemat ic tropospheric effects. Positions ofsources with excessive scatter or apparent motion

(asdeterminedfrom test solutions) were treated as arc parameters as were station positions. An elevationlimit of 6 degrees was adopted to balance the need for observing geometryagainst the difficu lty in correctlymodeling the troposphere at low elevations. Both delays and rates wer e usedto maximizetheinformationavai lable and to decrease correlations. Tropospheric gradients wereestimated to remove a significant systematic effect. Because ofthe large number and high qualityofobservations, thefor malerrors for the positions were exceedinglysmall, but a detailed er r o r a nalysis suggested that a floor of~0.25 mas was a better estimate ofthe accuracyofth e catalog. The axes ofthe frame were aligned to the IERS realization ofthe ICRS with an error of ~0.020 mas. The ICRF work was published in Ma and Feissel(eds.), IERS TechnicalNote

23, June1997andinMaet al., Astron. J. 116:516-546, 1998 July. The IERS TechnicalNote has a large amount ofsupplementarymaterial including source structure maps, source structur e co rrection plots, position time series, and source name aliases. Up to date maps and structur e correctionsareavailablefromA. Fey, USNOandP. Charlot, BordeauxO bservatory, respectively.

ThesourcesfromtheICRFsolutionwered ivided after the fact into three categories: 212 definingsourcesthat met aseriesofqualitycriteria;294can didate sources that failed one or more ofthequalitycriteria, e.g., too few observations or observing intervaltoo short; and 102 ^other~ sources(whosepositionsw ere arc parameters). While the distribution over the skyofthe ICRF asawholeisquite uniform, the defining sources are sparser in the southern hemisphere because ofadearth ofVLBI stations and limited observing. The ^other~ sources include a number with relativelybright opticalcounterparts that could be used to connect the radio and stellar frames.

Task Group T-1 ofthe IAU Working Group for the ICRS has the formalresponsibility for maintaining and extending the ICRF. This includes both observing and analysis. However, the internationalVLBI communityprovides the observing and analysis resources for this work, so theIVS hasanimportant roleincarryingout thi s mandate. Since the ICRF was done in 1995,

~800 000 mo re observations including ~50 new sources have been acquired bygeodetic an d astrometricprograms. Theseneedto be integrated with the data and analysis used for the ICRF.

The consensus of the Task Group is that the originalICRF solution need not be copied exactly to incorporatenewdata, but thenewpositionsmust beconsistent with the ICRF at its stated level ofaccuracy, ~0.25masi n overallsource positions and ~0.020 mas in orientation. Positions will be det er mined for new sources, and updated positions and errors willbe found for candidat e sourceswithadditionalobservations. Thepo sitions and uncertainties ofthe defining sources will not bechangedsinc e theyare the actualrealization ofthe ICRF. There willbe some refinement in t he a nalysis configuration, e.g., the use ofthe Niell mapping function, gradient parameter s estimatedmorefrequentlythanonceper day, daily axis offset adjustments, etc. The data for new solutionsmadeto updatetheICRF willinclude the data used initiallyand whatever new data are relevant. Thedefiningsourceswillbe used in a no-net-rotation condition relative to the ICRF to assure that positions fromnew solutions are aligned with the ICRF.

Althoughanupdateto theICRFwi llcome froma single solution, it is hoped that several

IVS analysiscenterswillprovidesource positions on a regular basis for use in the ICRF analysis.

Comparisono fresults is an important part ofchecking for anomalies. The ICRS Section ofthe

IERS CentralBureauhastheresponsibilityfo r assuring that new information related to the ICRF isfully consistent with the ICRS. After the results froman update solution have been validated by t he I CRS Section, the update willbe available through the IERS and IVS web pages. It i s anticipatedthat thetimebetweenICRFupdateswillbeabout halfaye ar, but preliminarypositions o f individua lsources maybe made available in less time for particular needs. In addition, it i s plannedto extendthepositiontimeseriesofal lsources begun in IERS TechnicalNote 23 as part ofmonitoring source behavior.

While the updating process must adhere to the generalpattern established for the ICRF in1995, to advanceVLBI astromet ryrequires new ideas and methods. These mayinclude more sophistica ted troposphere modeling, more systematic identification and treatment ofanomalous so ur ce behavior, analysis ofposition time series, application ofsource structure corrections t o del ays and rates, and refining the distribution ofadded noise. Since the ICRF is now a uniqu e co nt ribution fromVLBI, the IVS encourages such activities and willprovide assistance i n disseminating information about ICRF work.