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 Memo No. 30Jos�e-Luis G�omez1, Alan P. Mars
her2, Antonio Alberdi1, Svetlana G. Jorstad2, Iv�anAgudo1ABSTRACTWe have studied the variation of the Very Long Baseline Array (VLBA) D-terms, whi
h 
hara
terize the instrumental polarization, through monthly 22 and43 GHz polarimetri
 observations over 16 epo
hs of the 
ompa
t extragala
ti
sour
es 3C 120, 3C 279, 0420�014, OJ 287, 3C 454.3, and BL La
. Most ofthe antennas are found to have D-terms that remain stable over the 16-monthduration of the program. This stability is suÆ
ient to allow 
alibration of theabsolute orientation of the ele
tri
 ve
tor position angle by 
omparison of theD-terms against a set of tabulated values. This 
alibration 
an be a
hieved witherrors of approximately 5Æ and 6Æ at 22 and 43 GHz, respe
tively; of the order asthose obtained by 
alibration using observations of sour
es with both the VLBAand the Very Large Array. 1. Introdu
tionThe la
k of submilliar
se
ond-s
ale, stable ele
tri
 ve
tor position angle (EVPA) polar-ization 
alibrators renders the 
alibration of the absolute right-left (R-L) 
ir
ular polarizationphase o�set in polarimetri
 very long baseline interferometri
 (VLBI) observations a diÆ
ulttask at high radio frequen
ies. Therefore, standard 
alibration of the true EVPA orientationin images derived from VLBI data, e.g., those obtained with the Very Long Baseline Array(VLBA), is a
hieved by 
omparison with quasi-simultaneous Very Large Array (VLA) orsingle-dish observations. This 
alibration is based on the assumption that observations withthe VLBA (integrated over the image) and the VLA are probing the same 
on�gurationof the magneti
 �eld. Be
ause of the vastly di�erent angular resolution of the VLBA and1Instituto de Astrof��si
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{ 2 {VLA, 
alibration sour
es with negligible, or at least quanti�able, large s
ale polarization arerequired.An alternative method for 
alibrating the EVPA on VLBA images is to use the VLBApulse 
alibration system. As dis
ussed by Lepp�anen, Zensus, & Diamond (1995), this mightprovide a very a

urate EVPA 
alibration for VLBA observations at 22 GHz, but 
annot beused at 43 GHz.The jets of some strong 
alibrators, e.g., 3C 279, 
ontain knots of emission whose EV-PAs seem reasonably stable; however most of these features have been found to be tooshort-lived or to have variations in their EVPAs, rendering them unreliable for 
alibration.Starting in 1999 September, S. T. Myers and G. Taylor have been 
arrying out a VLA mon-itoring program of a number of possible 
alibration sour
es at di�erent frequen
ies (Taylor& Myers 2000). The results of this program are available on the National Radio AstronomyObservatory's (NRAO) web page [http://www.ao
.nrao.edu/�smyers/
alibration℄. Severalsour
es (�7) have been observed to present a stable EVPA over the two week interval atwhi
h they are monitored. By in
luding one or more 
alibration sour
es in ea
h VLBA po-larimetri
 observing program observers 
an interpolate the results of the monitoring in timeand frequen
y to determine the EVPA 
orre
tion with a

ura
ies of the order of 5-3 degrees(Zavala & Taylor 2001). This has the disadvantage of taking 
onsiderable VLBA observingtime away from the target obje
ts.Lepp�anen, Zensus, & Diamond (1995) suggested an alternative 
alibration of the VLBAEVPAs based on the assumption that the feed D-terms (instrumental polarization parame-ters) 
hange slowly with time. In this paper we report on the stability of the VLBA D-termsover more than one year of monthly polarimetri
 observations at 22 and 43 GHz. This sta-bility allows 
alibration of the VLBA EVPAs as a

urate as that obtained by 
omparisonwith VLA or single-dish observations.2. VLBA observations and data analysisWe 
arried out VLBA observations as part of a monthly polarimetri
 22 and 43 GHzmonitoring program aimed to study the inner stru
ture of the radio galaxy 3C 120 (G�omezet al. 2000, 2001). These observations, 
overing a total of sixteen epo
hs, were obtained onthe following dates: 1997 November 10, 1997 De
ember 11, 1998 January 11, 1998 February7, 1998 Mar
h 9, 1998 April 10, 1998 May 9, 1998 June 11, 1998 July 11, 1998 August 13,1998 September 16, 1998 O
tober 26, 1998 De
ember 3, 1999 January 10, 1999 February 10,and 1999 Mar
h 19.



{ 3 {The data were re
orded in 1-bit sampling VLBA format with 32 MHz bandwidth per
ir
ular polarization. We redu
ed the data with the AIPS software in the usual manner (e.g.,Lepp�anen, Zensus, & Diamond 1995). We refer the reader to G�omez et al. (2000, 2001) forfurther details regarding the data redu
tion. We determined the instrumental polarizationby using the linear feed solution algorithm developed by Lepp�anen, Zensus, & Diamond(1995). This provided a set of D-terms for ea
h epo
h and frequen
y.3. Calibration of the absolute VLBA polarization position angle3.1. Comparison with VLA observationsFor this we 
arried out a total of fourteen (typi
ally two-hour) VLA observations at thefollowing epo
hs: 1997 November 21, 1997 De
ember 14, 1998 January 15, 1998 February12, 1998 Mar
h 7, 1998 April 8, 1998 June 9, 1998 July 11, 1998 August 14, 1998 September19, 1998 O
tober 29, 1998 November 28, 1999 February 17, and 1999 Mar
h 17. We used as
alibrators the blazars 0420�014 and OJ 287, as well as the target sour
e 3C 120, to 
omparethe VLA and VLBA integrated polarization position angles. Besides the VLBA 
alibrators,we observed the standard VLA gain and polarization 
alibrators 3C 286, 3C 138, 3C 147,and 3C 48, with the 
hoi
e depending on the s
heduled time range. The integrated VLAEVPAs of 3C 120 and the 
alibrators thus measured are given in Table 1.We have estimated the EVPA 
orre
tions ��s required to bring the VLBA EPVAs intoagreement with those measured with the VLA for the 
alibration sour
es 0420�014 andOJ 287 as well as for the sour
e 3C 120. These are listed in Tables 2 and 3 for 22 and 43GHz, respe
tively. The 
alibration using the VLA was adopted only at those epo
hs (abouthalf of the total, listed in bold type in Tables 2 and 3) at whi
h the derived value of ��sfor 0420�014 and OJ 287 di�er by �10Æ. For the remaining epo
hs the �nal rotation ��is a 
ombination of the 
alibration obtained using the D-terms (��D; see se
tion 3.2), ��sof one the 
alibrators, and 
omparison of the apparently stable EVPAs of 
ertain featureson the images with those at other epo
hs (see 3.1.1). This 
riterion was also used at someepo
hs to introdu
e small 
orre
tions to �� obtained using the VLA.Although both of the 
alibrators provide a similar ��s only for about half of the epo
hs,we note that, at most of the epo
hs, the EVPA of at least one of the 
alibrators agrees withthe �nal �� adopted. For 0420�014 only epo
hs 1998 April and 1998 September (1998Mar
h and 1998 August) at 22 GHz (43 GHz) are in 
lear disagreement. This is mostlikely due to rapid 
hanges in the innermost VLBA polarization stru
ture that o

urredduring the short time span between the VLBA and VLA observations. It is interesting to



{ 4 {note that this disagreement is always observed �rst at the higher frequen
y, as expe
ted fornewly born features in the jet that are initially opaque at lower frequen
ies. We observethe same behavior in OJ 287, for whi
h the eje
tion of a new feature produ
es a 
leardisagreement between ��s and �� for epo
hs 1998 January, 1998 February and 1998 Mar
h(1997 De
ember, 1998 January, 1998 February, and 1998 De
ember) at 22 GHz (43 GHz).It is also interesting to 
ompare the values of �� with ��s for the sour
e 3C 120.At both observing frequen
ies there is a systemati
 di�eren
e of about 15Æ for all epo
hs,with larger deviations observed at 43 GHz. This is 
onsistent with extended polarized 
uxdensity present on VLA s
ales, but resolved on VLBA s
ales, with an EVPA of 15Æ. Thisis in agreement with the polarization at larger s
ales observed by Walker, Benson, & Unwin(1987). Comparison between the integrated total 
ux density observed with the VLA andVLBA also shows a systemati
 missing (resolved out) VLBA 
ux density of 0.9 Jy at 22GHz and 1.1 Jy at 43 GHz.3.1.1. EVPA stability of jet 
omponentsAnother possible sour
e of EVPA 
alibration for VLBI observations is the presen
e oflong-lasting, EVPA-stable features in the images of jets. For some time it was thought thatone of the strongest sour
es, 3C 279, 
ontained su
h a stable 
omponent at about 3 mas fromthe 
ore, with a relatively high degree of polarization (� 10%) and low rotation measure(Taylor 1998). However, our monitoring of 3C 279 reveals a progressive rotation of the EVPAin this 
omponent in 1998 at both 22 and 43 GHz. As shown in Tables 2 and 3, the EVPAof this feature 
hanged from 64Æ in late 1997 at both 22 and 43 GHz, 
onsistent with thatreported by Taylor (1998) in early 1997, to a value 
lose to 90Æ by 1998.1 at 43 GHz and1998.9 at 22 GHz.The radio galaxy 3C 120 
ontains a fast superluminal 
omponent, labeled D (d at 43GHz) in G�omez et al. (2000, 2001), with a relatively 
onstant EVPA (see Tables 2 and 3).However, this 
omponent dissipated during our monitoring. Although the jet of BL La

ontains a long-lasting, rather di�use feature south of the 
ore (
omponent 10 of Denn,Mutel, & Mars
her 2000), Tables 2 and 3 show that the EVPA of this 
omponent in BL La

u
tuates too greatly at 22 and 43 GHz for this obje
t to be 
onsidered a reliable EVPA
alibrator.The sour
e OJ 287 
ontains a relatively strong feature lo
ated �1 mas from the 
orethat has remained quasi-stationary in position during our monitoring (see also Jorstad etal. 2001). The EVPA for this 
omponent (see Tables 2 and 3) is observed to remain quasi-



{ 5 {stationary as well throughout the duration of our monitoring. At 22 GHz (43 GHz) the meanEVPA is 85Æ (81Æ) with a standard deviation of only 8Æ (13Æ). This feature 
an therefore beused as an alternative EVPA 
alibrator at both 22 and 43 GHz.The quasar 3C 454.3 
ontains a feature at � 0:6 mas west of the 
ore that has beenobserved to remain stationary in position sin
e its �rst dete
tion in 1983.8 by Pauliny-Toth etal. (1987). Further VLBI observations (Cawthorne & Gabuzda 1996; Kemball, Diamond, &Pauliny-Toth 1996; G�omez, Mars
her, & Alberdi 1999; Jorstad et al. 2001) dete
ted linearlypolarized 
ux in this 
omponent. Its degree of polarization varies between 1 and 9%, with afrequen
y dependent EVPA that may be a

ounted for by the integrated rotation measureof �57 radians m�2 obtained by Broten, Ma
leod, & Vall�ee (1988). As shown in Tables2 and 3, we observe the EVPA of this 
omponent to remain quasi-stationary with meanvalues of 94� 8Æ and 88� 8Æ at 22 and 43 GHz, respe
tively. It therefore 
an be used as analternative, reasonably reliable EVPA 
alibrator at 22 and 43 GHz. However, superluminalknots have been observed to pass through the position of this stationary feature (Jorstadet al. 2001). During su
h events, rapid variability of the EVPA 
an o

ur. For example,G�omez, Mars
her, & Alberdi (1999) observed a di�eren
e in the EVPA of this 
omponentby �40Æ with respe
t to that reported here at 22 GHz.3.2. Calibration using the VLBA D-termsAs pointed out by Lepp�anen, Zensus, & Diamond (1995), the leakage fa
tors (D-terms)o�er an independent alternative method for 
alibrating the absolute R-L phase o�set. Underthe assumption that the D-terms vary slowly over time, this method is 
apable of providingan a

urate relative 
alibration of the EVPAs a
ross epo
hs that is intrinsi
 to the array. Itdoes not require 
omparison with the VLA or single-antenna measurements beyond a one-time observation to set the absolute EVPA 
alibration at one epo
h, although in pra
ti
e itis wise to monitor the D-term stability through roughly monthly 
ombined VLA and VLBAobservations.D-term phase solutions 
ontain information on the R-L phase o�set, so that rotation ofthe EVPAs by an angle � translates into rotation of the RCP D-term phase by 2� and theLCP phase by 360Æ-2�. Therefore, the phase di�eren
e of the D-terms determines the relativeR-L phase o�set between two epo
hs. The method applies to both polarizations and all of theantennas in the array, whi
h for the VLBA involves 
omparison of 20 di�erent values. Thisredu
es the error in the determination of the R-L o�sets and allows 
alibration even if someof the antennas fail or 
ontain data of poor quality. D-terms with larger amplitude spe
ifythe phase more pre
isely; therefore, antennas with relatively large instrumental polarization



{ 6 {provide the most a

urate 
alibration.Tables 2 and 3 show the relative phase o�set between the D-terms for ea
h two 
on-se
utive epo
hs, ��D. It is possible to estimate the reliability of the 
alibration using theD-terms by 
omparing dire
tly with the di�eren
e between �� for two 
onse
utive epo
hswith a reliable EVPA 
alibration obtained using the VLA (those listed in bold type in Tables2 and 3). For instan
e, for epo
hs 1997.86 and 1997.94 the mean values of ��s obtained for0420�014 and OJ 287 at 22 GHz (Table 2) are respe
tively �67Æ and 5Æ. (Note that thesemay di�er from the �nal �� adopted values.) Therefore the relative �� o�set betweenthese two epo
hs is 72Æ, whi
h di�ers from that obtained by 
omparison of the D-terms(��D=78) by �6Æ. Values for this 
omparison (��V LA � ��D) are given in Tables 2 and3 for all the pairs of 
onse
utive epo
hs for whi
h there is a reliable 
alibration using theVLA. Mean di�eren
es between the VLA and D-term 
alibrations are 5Æ and 6Æ at 22 and43 GHz, respe
tively. These are approximately within the errors in the 
alibration of theEVPAs obtained by using VLA observations; this demonstrates that the D-terms methodyields similar a

ura
y while requiring less observational time.Therefore, 
omparison of D-terms against a set of tabulated values (previously 
alibratedby other means) proves to be a reliable method for 
alibrating the absolute R-L phase o�setin VLBA observations (independent of the referen
e antenna used), even at the highestfrequen
ies. This method redu
es signi�
antly the e�ort of performing polarimetri
 VLBAobservations: no supporting VLA or single-antenna observations are needed. It is thereforeunne
essary to dedi
ate a signi�
ant amount of VLBA time to observe polarization position-angle 
alibrators to 
ompare with the VLA: One needs only to observe the target sour
e(s)plus a strong 
alibrator to dete
t fringes (if none of the target sour
es are bright enoughfor this purpose). The D-terms 
ould then be obtained by an interpolation of tabulatedvalues determined from roughly monthly 
ombined VLBA and VLA observations at di�erentfrequen
ies. Note also that, at the same time, this provides the 
orre
t leakage fa
torsne
essary to remove the antennas' instrumental polarization.3.2.1. D-term stabilityOur observations a
ross many epo
hs 
on�rm that the D-terms vary suÆ
iently slowlyto be de�ned by approximately monthly observations. Tables 4 and 5 show the amplitudeand phase of the D-terms for all 16 monthly observations at 22 and 43 GHz, respe
tively.In order to allow a better study of the D-term stability, we have rotated the D-term phasesin Tables 4 and 5 by 2��, as listed in Tables 2 and 3. Mean values of the D-terms, thusrotated, over all our observing epo
hs are tabulated in Tables 6 and 7 for data at 22 and 43



{ 7 {GHz, respe
tively. Errors 
orrespond to the standard deviation.Changes in an antenna's re
eivers typi
ally result in new values of that antenna's D-terms. As it is apparent in Tables 4 and 5, this o

urred at the OVRO station at 22 GHz after1998 July 1; the Brewster station at 22 GHz after 1997 De
ember 7, although this 
hange inre
eiver is observed to a�e
t only the antenna's LCP D-terms; and the Los Alamos stationat 43 GHz after 1998 April 30 and again after 1999 Mar
h 9. (Note: Until late 2001, there
eiver 
hange at Los Alamos on 1998 April 30 was erroneously listed as o

urring at 22GHz in the vlba�gains.key �le that gives the parameters of ea
h antenna; R. C. Walker,private 
ommuni
ation.) The 
hange in the 22 GHz re
eiver at the OVRO station on 1998July 1 is also intriguingly observed to 
oin
ide with a modi�
ation of the antenna's D-termsat 43 GHz. We a

ount for su
h sudden 
hanges in the D-terms by 
omputing mean valuesin Tables 6 and 7 for di�erent time ranges. New 43 GHz re
eivers were installed at the St.Croix station in 1997 De
ember 3 and 1998 September 24. While the LCP D-terms of thisantenna were reasonably stable between 1997 De
ember 3 and 1998 September 24, the RCPD-terms varied 
onsiderably throughout all of our observing epo
hs. After 1998 September24, the D-terms of both polarizations at St. Croix experien
ed large 
u
tuations at 43 GHz.The D-term phases of some VLBA antennas progressively rotated, usually a

ompaniedby smooth variations in the amplitudes. This is parti
ularly apparent for the Fort Davis,Kitt Peak, and Pie Town stations at 22 GHz and the Mauna Kea station at 43 GHz. Forsome of these antennas we have adopted separate mean values of the D-terms for di�erenttime ranges; this de
reases the un
ertainties of the mean values.We 
an estimate the error in the 
alibration of the absolute EVPA obtained by 
ompar-ison against the tabulated values of Tables 6 and 7. This error 
an be redu
ed by ex
ludingstations with relatively large errors in the phases of the D-terms. By 
onsidering only thoseantennas with mean D-term phases smaller than 30Æ, we estimate an error in ��D of 18Æand 16Æ at 22 and 43 GHz, respe
tively. Provided that the error in the determination of�� is half these values, we 
on
lude that 
alibration of the absolute EVPA by 
omparisonof D-terms against those in Tables 6 and 7 leads to un
ertainties of 9Æ and 8Æ at 22 and 43GHz, respe
tively. These are quite similar to the errors expe
ted when 
omparing VLBAwith VLA or single-dish observations.It is interesting to note that, over long time periods, the progressive 
hange in the D-terms observed for some antennas { for whi
h the Kitt Peak station at 22 GHz is the bestexample { results in rather large deviations of the a
tual D-terms at di�erent epo
hs fromthe mean values. Therefore, 
alibration of the absolute EVPAs by 
omparison of nearbyepo
hs (as we used when estimating ��D in Tables 2 and 3) results in signi�
antly smallererrors than by using the mean values over longer time ranges listed in Tables 6 and 7. Some



{ 8 {of these D-terms (e.g., Kitt Peak at 22 GHz) show seasonal variations, whi
h may be relatedto a dependen
e of the instrumental polarization on temperature. On the other hand, atsome other stations, small 
u
tuations in the D-terms o

ur that appear to be random. Inthis 
ase, the use of mean D-term values 
al
ulated over long time ranges provides a morea

urate EVPA 
alibration. We further note that the un
ertainty in the determination of��D is 
al
ulated from the errors in the D-term phases, whi
h are smaller for larger D-termamplitudes. This explains why the D-term 
alibration of the EVPAs results in lower errorsat 43 GHz than at 22 GHz: The D-term amplitudes at 43 GHz are systemati
ally largerthan at 22 GHz. 4. Con
lusionsWe �nd that the a

ura
y in the 
alibration of the R-L phase o�set { whi
h 
orrespondsto a determination of the EVPA 
orre
tion { is similar for both the D-term method and 
om-parison of VLBA and VLA polarimetry. Furthermore, we have established that, for most ofthe antennas, the D-terms varied suÆ
iently slowly throughout the duration of our 16 monthsof monitoring to allow a

urate interpolations between epo
hs of D-term 
alibration. Thisalternative method of 
alibrating the absolute EVPA orientation 
an simplify 
onsiderablypolarimetri
 observations with the VLBA. A

urate measurements of the VLBA D-termsat di�erent frequen
ies 
ould be obtained at regularly spa
ed intervals through dedi
atedobservations, whi
h in turn 
ould be 
alibrated by 
omparison with VLA observations todetermine the 
orre
t R-L phase o�set, or equivalently, the absolute D-term phases. Anyother VLBA observations taken at the standard frequen
y 
ould utilize these tabulated D-terms, thus allowing, at the same time, 
alibration of the absolute EVPAs (independentof the referen
e antenna used) and 
orre
tion for the instrumental polarization. We feelthat this would optimize the use of the VLBA (as well as eliminate the need for supportingVLA observations for individual proje
ts), sin
e no further observations of EVPA 
alibratorswould be ne
essary. We estimate that a frequen
y of approximately on
e per month (as wellas immediately following 
hanges in the re
eivers of any of the VLBA antennas) for thesededi
ated D-term 
alibration observations would provide a

urate 
alibration of the absoluteEVPAs with errors of the order of several degrees at 22 and 43 GHz.The authors thank support in part by Spain's Dire
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Table 1. Integrated VLA EVPAsa3C 120 0420-014 OJ 287 ErrorsbEpo
h K Q K Q K Q K Q1997.89 -11 -14 -39 -29 71 72 4 41997.95 -7 -12 -48 -21 70 66 4 41998.04 -7 -20 -63 [-53℄ -61 -44 2 41998.12 -9 -13 -79 -76 -32 [2℄ 4 101998.18 -8 23 17 48 -40 -55 6 81998.27 8 4 56 57 11 0 10 61998.44 -7 -7 86 80 -9 9 4 51998.53 -9 -21 68 70 -19 -11 5 81998.62 10 -25 85 54 -20 -18 5 101998.72 -11 -27 -53 -43 -38 -37 4 41998.83 -35 -20 -81 -85 -36 -10 4 81998.91 -54 -9 -81 -71 -62 -40 4 41999.13 -30 -16 -27 -52 77 78 4 41999.21 -23 -22 9 69 68 88 4 4aTabulated values (in degrees) for K-band (22GHz) and Q-band (43 GHz)bMean estimated errors (in degrees) over allsour
es; values in bra
kets should be regarded as un-reliable sin
e they have large un
ertainties
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Table 2. VLBA EVPAsaat 22 GHzRotations 3C 120 3C 279 0420�014 OJ 287 3C 454.3 BL La
Epo
h ��b ��D
 ��V LA ���Dd Int.e Cp.f ��sg Int. Cp. Int. ��s Int. Cp. ��s Int. Cp. Int. Cp.1997.86 -66�9 � � � � � � -21 32 -56�5 6 64 139 -64�5 74 � � � -69�5 175 97 71 451997.94 8�8 78�8 -6 -13 26 14�5 9 68 138 2�5 70 86 8�5 131 100 40 351998.03 28�10 25�11 � � � -17 28 38�5 31 70 117 28�5 108 91 39�5 94 98 30 371998.10 27�10 -1�13 � � � -21 22 39�5 26 72 � � � � � � 110 93 65�5 96 96 34 371998.19 28�10 1�6 � � � -30 26 50�5 36 79 [5℄h [40�15℄ 149 [81℄ 19�5 81 74 -3 -151998.27 11�10 -17�3 � � � -11 19 30�10 � � � � � � 27 40� 10 � � � � � � � � � 100 96 7 -51998.35 11�10 0�4 � � � -33 17 � � � 42 81 163 � � � 154 98 � � � 99 101 21 21998.44 -20�5 -28�5 � � � -25 13 -2�5 41 79 86 -20�5 172 100 -21�5 90 84 11 51998.53 -105�5 -85�4 0 -22 19 -92�5 48 81 65 -102�5 163 88 -107�5 99 96 15 121998.62 11�10 116�6 � � � 0 20 21�5 37 79 [47℄ [49�15℄ 161 76 10�5 93 98 19 161998.71 -106�10 63�12 � � � -48 24 -69�5 29 � � � 107 -86�5 140 � � � -104�10 � � � � � � -1 -81998.82 -102�5 4�6 � � � -67 � � � -70�5 32 83 94 -97�5 148 76 -106�5 81 87 28 201998.92 7�7 103�7 +9 -67 32 20�5 42 88 101 5�5 111 79 14�5 82 89 19 181999.03 -103�10 67�20 � � � -52 � � � � � � 45 87 65 � � � 99 81 � � � 93 96 25 91999.12 -73�8 30�6 � � � -40 � � � -63�5 50 96 146 -66� 10 77 83 -73�5 105 103 28 161999.21 30�7 104�8 -4 -44 � � � 51�5 40 86 11 28�10 67 75 31�5 93 95 � � � � � �aAll values given in degrees. Errors as given in ��bEVPA rotation required to 
alibrate the absolute EVPAs. The most reliable values, shown in bold typefa
e, are those for whi
h two or more of the 
alibratorsprovide a 
ommon 
alibration
EVPA rotation a
ross two 
onse
utive epo
hs obtained from 
omparison of the D-termsdDi�eren
e between the mean value of ��s obtained for 0420�014 and OJ 287 and ��D. See texteSour
e-integrated EVPAfEVPA for a parti
ular jet 
omponent (see text)gSuggested EVPA rotation needed for the VLBA and VLA EVPAs to agreehValues in bra
kets should be regarded as unreliable sin
e they have large un
ertainties
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Table 3. VLBA EVPAsaat 43 GHzRotations 3C 120 3C 279 0420�014 OJ 287 3C 454.3 BL La
Epo
h ��b ��D
 ��V LA ���Dd Int.e Cp.f ��sg Int. Cp. Int. ��s Int. Cp. ��s Int. Cp. Int. Cp.1997.86 36�7 � � � � � � -19 28 41�10 -14 � � � -35 42�7 76 � � � 32�7 83 82 30 441997.94 44�10 8�9 � � � -4 19 36�10 -4 [63℄h -14 37�10 [49℄ [88℄ [61�50℄ 89 87 27 421998.03 41�10 -3�8 � � � -30 19 51�10 17 [71℄ -35 23�20 106 88 71�10 78 81 23 371998.10 43�15 2�7 � � � -33 28 63�10 21 [87℄ � � � � � � 111 96 -66�10 82 84 30 31998.19 44�15 -4�10 � � � 45 19 22�10 33 [88℄ 22 70�15 -43 � � � 32�10 71 70 � � � � � �1998.27 50�10 4�11 � � � 5 29 49�10 57 [86℄ 48 59�10 3 � � � 46�10 93 96 0 -91998.35 103�10 49�13 � � � -17 � � � � � � 57 � � � 55 � � � -24 [103℄ � � � 89 97 36 [3℄1998.44 -52�8 23�10 � � � -20 20 -39�10 59 84 81 -53�8 7 � � � -50�8 90 86 21 151998.53 -94�10 145�9 -7 -52 21 -63�10 57 88 66 -90�15 -7 � � � -98�10 93 91 28 181998.62 -82�10 16�6 � � � -49 20 -58�10 40 � � � 25 -53�15 -21 67 -79�10 82 85 47 [4℄1998.71 82�8 -13�8 � � � -53 � � � 108�10 41 [79℄ -35 74�8 -37 76 82�8 90 92 26 [19℄1998.82 -81�8 17�11 4 -49 � � � -52�10 49 � � � -85 -81�8 -9 70 -82�8 87 92 28 [14℄1998.92 94�10 -5�11 � � � -59 � � � -36�10 50 [84℄ -71 94�10 103 61 131�10 78 82 8 81999.03 80�15 157�6 � � � -32 � � � � � � 56 83 -60 � � � 114 [71℄ � � � 95 83 29 181999.12 35�10 -45�15 � � � -19 � � � 38�10 62 81 -41 24�10 84 [84℄ [29�10℄ 93 95 [48℄ � � �1999.21 88�8 46�16 � � � -20 � � � 86�10 56 89 � � � � � � 88 85 88�8 99 99 � � � � � �aAll values given in degrees. Errors as given in ��bEVPA rotation required to 
alibrate the absolute EVPAs. The most reliable values, shown in bold typefa
e, are those for whi
h two or more of the 
alibratorsprovide a 
ommon 
alibration
EVPA rotation a
ross two 
onse
utive epo
hs obtained from 
omparison of the D-termsdDi�eren
e between the mean value of ��s obtained for 0420�014 and OJ 287 and ��D. See texteSour
e-integrated EVPAfEVPA for a parti
ular jet 
omponent (see text)gSuggested EVPA rotation needed for the VLBA and VLA EVPAs to agreehValues in bra
kets should be regarded as unreliable sin
e they have large un
ertainties
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Table 4. 22 GHz VLBA D-TermsaEpo
h BR FD HN KP LA MK NL OV PT SCRight Cir
ular Polarization1997.86 0:0341ei145 0:0005ei285 0:0210ei79 0:0135ei96 0:0150ei348 0:0212ei356 0:0154ei43 0:0582ei93 0:0115ei242 0:0649ei2601997.94 0:0244ei132 0:0014ei275 0:0190ei53 0:0103ei96 0:0197ei330 0:0186ei337 0:0189ei66 0:0692ei100 0:0192ei239 0:0674ei2551998.03 0:0228ei132 0:0037ei249 [0:0197ei359 ℄b 0:0118ei93 0:0223ei311 0:0051ei350 0:0173ei26 0:0721ei95 0:0125ei240 0:0603ei2411998.10 0:0324ei124 0:0067ei145 0:0286ei67 0:0193ei99 0:0124ei337 0:0083ei354 0:0224ei49 0:1134ei105 0:0117ei199 0:0673ei2451998.19 0:0367ei124 0:0101ei135 0:0466ei77 0:0224ei101 0:0118ei342 0:0011ei282 0:0154ei64 0:0794ei97 0:0101ei186 0:0627ei2481998.27 0:0310ei128 0:0104ei180 0:0309ei68 0:0245ei104 0:0108ei299 0:0029ei345 0:0288ei52 0:0726ei94 0:0127ei182 0:0627ei2441998.35 0:0324ei122 0:0091ei187 0:0412ei66 0:0253ei103 0:0109ei304 0:0098ei291 0:0270ei39 0:0714ei93 0:0111ei186 0:0660ei2461998.44 0:0239ei102 0:0068ei186 0:0333ei60 0:0206ei94 0:0117ei298 0:0134ei345 0:0268ei39 0:0726ei92 0:0100ei195 0:0617ei2441998.53 0:0224ei103 0:0028ei201 0:0339ei59 0:0232ei89 0:0129ei324 0:0073ei23 0:0302ei35 0:0325ei49 0:0059ei203 0:0683ei2501998.62 0:0231ei120 0:0029ei110 0:0293ei64 0:0177ei102 0:0129ei297 0:0083ei296 0:0263ei30 0:0198ei51 0:0079ei213 0:0708ei2481998.71 0:0244ei103 0:0032ei36 [0:0357ei3℄ 0:0208ei70 0:0175ei326 0:0247ei347 0:0337ei10 0:0305ei41 0:0075ei226 0:0771ei2461998.82 0:0185ei86 0:0025ei57 0:0300ei55 0:0168ei86 0:0093ei317 0:0187ei350 0:0247ei31 0:0277ei48 0:0046ei205 0:0618ei2511998.92 0:0238ei122 0:0039ei79 0:0382ei63 0:0187ei102 0:0194ei4 0:0180ei360 0:0240ei38 0:0230ei51 0:0095ei186 0:0906ei2401999.03 [0:0146ei48℄ 0:0041ei348 0:0232ei71 0:0184ei77 0:0275ei353 0:0199ei47 0:0163ei53 0:0216ei51 0:0051ei255 0:0504ei2581999.12 0:0201ei105 0:0100ei348 0:0230ei67 0:0152ei88 0:0252ei360 0:0216ei21 0:0204ei27 0:0247ei65 0:0103ei277 0:0846ei2671999.21 [0:0221ei72℄ 0:0038ei55 [0:0297ei39 ℄ 0:0202ei75 0:0207ei356 0:0269ei22 0:0318ei35 0:0321ei69 0:0027ei233 0:0748ei256Left Cir
ular Polarization1997.86 0:0214ei134 0:0128ei311 0:0049ei52 0:0110ei150 0:0155ei275 0:0164ei267 0:0163ei108 0:1271ei300 0:0190ei133 0:0575ei2611997.94 0:0092ei69 0:0212ei315 0:0121ei80 0:0119ei192 0:0166ei287 0:0191ei244 0:0086ei100 0:1500ei318 0:0180ei141 0:0806ei2711998.03 0:0047ei47 0:0209ei311 [0:0040ei356 ℄ 0:0122ei170 0:0224ei286 0:0186ei307 0:0046ei112 0:1438ei323 0:0138ei140 0:0706ei2691998.10 0:0209ei43 0:0144ei337 0:0185ei91 0:0119ei137 0:0156ei328 0:0112ei309 0:0108ei100 0:1364ei343 0:0170ei121 0:0666ei2681998.19 0:0230ei65 0:0143ei352 0:0332ei98 0:0131ei122 0:0172ei319 0:0075ei325 [0:0053ei25℄ 0:1365ei325 0:0191ei113 0:0657ei2631998.27 0:0203ei50 0:0100ei337 0:0232ei99 0:0128ei107 0:0173ei308 0:0066ei290 0:0142ei97 0:1343ei324 0:0169ei111 0:0666ei2641998.35 0:0222ei58 0:0096ei323 0:0301ei104 0:0110ei101 0:0162ei291 0:0063ei208 0:0113ei114 0:1297ei321 0:0125ei112 0:0649ei2631998.44 0:0169ei49 0:0104ei327 0:0199ei108 0:0106ei125 0:0161ei299 0:0086ei229 0:0153ei114 0:1323ei327 0:0160ei134 0:0667ei2691998.53 0:0129ei68 0:0077ei286 0:0192ei109 0:0160ei139 0:0157ei275 0:0039ei279 0:0100ei111 0:1072ei326 0:0146ei130 0:0698ei2621998.62 0:0171ei70 0:0134ei330 0:0177ei107 0:0117ei148 0:0190ei280 0:0071ei199 0:0058ei95 0:1091ei330 0:0103ei145 0:0689ei2671998.71 0:0141ei84 0:0146ei294 0:0065ei84 0:0205ei158 0:0145ei266 [0:0057ei163 ℄ [0:0102ei193℄ 0:1087ei331 0:0231ei152 0:0807ei2751998.82 0:0199ei87 0:0094ei313 0:0217ei121 0:0115ei161 0:0145ei263 [0:0060ei36℄ 0:0165ei134 0:1099ei332 0:0230ei151 0:0840ei2651998.92 0:0155ei70 0:0141ei312 0:0333ei114 0:0150ei154 [0:0078ei350 ℄ 0:0078ei321 0:0092ei108 0:1215ei326 0:0237ei136 0:0724ei2501999.03 0:0102ei105 0:0151ei288 0:0242ei109 0:0170ei156 0:0100ei296 0:0057ei251 0:0149ei74 0:1178ei326 0:0206ei155 0:0647ei2571999.12 0:0168ei111 0:0133ei280 0:0234ei124 0:0173ei160 0:0096ei242 [0:0122ei116 ℄ [0:0156ei160℄ 0:1202ei318 0:0239ei151 0:0722ei2611999.21 0:0163ei86 0:0092ei289 0:0209ei145 0:0199ei139 0:0086ei292 0:0196ei214 0:0213ei134 0:1049ei323 0:0211ei135 0:0839ei258aValues are given in 
omplex form, with phases in degreesbValues in bra
kets should be regarded as unreliable sin
e they have large un
ertainties
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Table 5. 43 GHz VLBA D-TermsaEpo
h BR FD HN KP LA MK NL OV PT SCRight Cir
ular Polarization1997.86 0:0457ei6 [0:0214ei306℄b 0:0638ei303 0:0232ei316 0:0648ei138 0:0182ei345 [0:0160ei111 ℄ 0:0196ei282 0:0200ei11 0:0202ei3211997.94 0:0492ei19 0:0119ei340 0:0604ei306 0:0200ei342 0:0693ei129 0:0154ei355 0:0484ei80 0:0219ei289 [0:0170ei67℄ 0:0035ei2881998.03 0:0593ei15 0:0205ei348 0:0669ei281 0:0258ei354 0:0658ei120 0:0044ei18 0:0410ei64 0:0179ei304 0:0288ei28 0:0058ei1691998.10 0:0637ei21 0:0197ei343 0:0679ei303 0:0253ei347 0:0713ei124 0:0106ei349 0:0399ei77 0:0286ei5 0:0208ei18 0:0007ei2401998.19 0:0544ei24 0:0279ei3 � � � 0:0351ei4 0:0709ei119 0:0194ei57 � � � 0:0226ei14 0:0353ei33 [0:0165ei324 ℄1998.27 0:0345ei32 0:0149ei10 0:0593ei317 0:0213ei6 0:0756ei135 0:0220ei30 0:0416ei93 [0:0090ei202 ℄ 0:0253ei47 0:0012ei2171998.35 0:0399ei25 0:0178ei8 0:0539ei309 [0:0331ei115℄ 0:0274ei26 0:0269ei49 0:0351ei89 [0:0099ei192 ℄ 0:0219ei38 0:0058ei2721998.44 0:0454ei25 0:0261ei20 0:0568ei325 0:0295ei15 0:0272ei29 0:0119ei47 0:0436ei80 0:0063ei35 0:0284ei41 0:0064ei2891998.53 0:0608ei27 0:0231ei359 [0:0609ei33℄ 0:0325ei2 0:0259ei20 0:0319ei15 0:0395ei115 [0:0091ei139 ℄ 0:0254ei33 [0:0330ei135 ℄1998.62 0:0463ei14 0:0203ei346 0:0746ei298 0:0263ei350 0:0206ei18 [0:0140ei87 ℄ 0:0283ei81 0:0873ei258 0:0205ei29 [0:0235ei352 ℄1998.71 0:0537ei11 0:0297ei324 0:0728ei300 [0:0113ei267℄ 0:0252ei351 0:0469ei24 0:0243ei65 0:0644ei280 0:0237ei12 0:0010ei2541998.82 0:0458ei17 0:0220ei356 0:0744ei298 [0:0104ei90℄ 0:0255ei24 0:0055ei314 0:0237ei79 0:0452ei257 0:0218ei24 [0:0262ei233 ℄1998.92 0:0480ei3 0:0191ei321 0:0709ei300 0:0269ei333 0:0268ei22 0:0228ei347 0:0345ei75 0:0343ei243 [0:0284ei53℄ � � �1999.03 0:0242ei18 0:0150ei344 0:0574ei318 0:0221ei358 0:0198ei29 0:0175ei4 0:0416ei97 0:0136ei357 0:0197ei40 [0:0085ei139 ℄1999.12 0:0291ei13 0:0126ei347 0:0700ei298 0:0158ei3 [0:0188ei66℄ 0:0242ei53 0:0359ei108 0:0172ei343 [0:0089ei9℄ [0:0079ei92℄1999.21 0:0515ei35 0:0286ei4 0:0652ei311 0:0246ei3 0:0216ei117 0:0165ei11 0:0255ei92 [0:0149ei190 ℄ 0:0204ei52 [0:0231ei53℄Left Cir
ular Polarization1997.86 0:0594ei122 0:0278ei264 0:0514ei241 0:0232ei165 0:0630ei57 0:0306ei168 [0:0034ei192 ℄ [0:0130ei24℄ 0:0337ei290 0:0159ei2091997.94 0:0694ei126 0:0150ei264 0:0487ei232 0:0279ei157 0:0913ei63 0:0134ei171 0:0141ei117 0:0033ei155 0:0205ei304 0:0306ei171998.03 0:0737ei127 0:0167ei250 0:0543ei238 0:0312ei163 0:0825ei70 0:0333ei152 0:0107ei125 0:0102ei135 0:0215ei308 0:0264ei111998.10 0:0762ei123 0:0188ei259 0:0478ei236 0:0297ei161 0:0792ei64 0:0277ei174 0:0125ei94 0:0191ei77 0:0278ei303 0:0320ei71998.19 0:0728ei114 0:0170ei221 � � � 0:0414ei159 0:0867ei69 0:0291ei163 � � � 0:0296ei87 0:0156ei286 0:0165ei3601998.27 0:0524ei100 0:0101ei270 0:0449ei214 0:0284ei136 0:0940ei55 0:0148ei339 0:0221ei79 0:0304ei40 0:0198ei289 0:0432ei141998.35 0:0591ei106 0:0151ei211 0:0343ei190 [0:0412ei95℄ 0:0227ei173 0:0050ei64 0:0205ei107 0:0388ei48 0:0171ei299 0:0285ei3571998.44 0:0601ei99 0:0100ei239 0:0372ei213 0:0366ei139 0:0209ei153 0:0122ei358 0:0191ei79 0:0243ei62 0:0278ei278 0:0188ei51998.53 0:0450ei105 0:0186ei258 0:0463ei264 0:0318ei150 0:0154ei174 0:0093ei43 [0:0030ei36 ℄ 0:0430ei37 0:0279ei289 0:0319ei151998.62 0:0591ei118 0:0143ei269 0:0542ei248 0:0290ei164 0:0171ei167 0:0315ei284 0:0192ei134 0:0641ei202 0:0209ei304 0:0225ei61998.71 0:0607ei123 0:0320ei266 0:0478ei249 0:0282ei180 0:0240ei196 [0:0200ei159 ℄ [0:0012ei196 ℄ 0:0721ei215 0:0290ei286 0:0304ei71998.82 0:0405ei123 0:0266ei259 0:0584ei252 0:0405ei163 0:0190ei187 0:0011ei262 [0:0084ei231 ℄ 0:0311ei270 0:0259ei280 [0:0199ei54℄1998.92 0:0479ei127 0:0172ei271 0:0551ei254 0:0321ei165 0:0142ei169 0:0106ei251 0:0052ei149 0:0431ei233 0:0302ei312 � � �1999.03 0:0424ei102 0:0246ei263 0:0297ei245 0:0252ei144 0:0094ei168 0:0161ei320 0:0051ei121 [0:0261ei114 ℄ 0:0243ei300 [0:0156ei65℄1999.12 0:0390ei92 0:0164ei272 0:0630ei265 0:0211ei143 0:0127ei148 0:0287ei257 0:0308ei121 0:0183ei166 0:0274ei304 [0:0197ei59℄1999.21 0:0380ei95 0:0193ei247 0:0517ei228 0:0322ei139 0:0411ei61 0:0142ei258 0:0068ei72 � � � 0:0223ei278 [0:0118ei168 ℄aValues are given in 
omplex form, with phases in degreesbValues in bra
kets should be regarded as unreliable sin
e they have large un
ertainties
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Table 6. 22 GHz meanaVLBA D-termsAntenna RR Amplitude RR Phase LL Amplitude LL PhaseBR 0.0252�0.0068b 117� 18b 0.0151�0.0063b 70� 27bFD 0.0047�0.0041
 176� 42
 0.0124�0.0060 313� 280.0032�0.0041d 28� 64dHN 0.0304�0.0090 66� 14 0.0198�0.0097 108� 24KP 0.0183�0.0043 92� 12 0.0130�0.0061 146� 26LA 0.0150�0.0084 334� 28 0.0143�0.0054 288� 25MK 0.0126�0.0085 358� 31 0.0081�0.0060 264� 58NL 0.0230�0.0083 38� 19 0.0117�0.0050 110� 28OV 0.0759�0.0159e 97� 8e 0.1338�0.0279e 323� 12e0.0261�0.0066f 53� 15f 0.1121�0.0096f 326� 6fPT 0.0084�0.0060 216� 42 0.0177�0.0060 137� 19SC 0.0676�0.0121 250� 10 0.0706�0.0084 264� 7aUnreliable values in Table 4 have been ex
luded when 
omputingthe mean valuesbMean value for epo
hs 1997.94 to 1999.21
Mean value for epo
hs 1997.86 to 1998.53dMean value for epo
hs 1998.62 to 1999.21eMean value for epo
hs 1997.86 to 1998.44fMean value for epo
hs 1998.53 to 1999.21
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Table 7. 43 GHz meanaVLBA D-termsAntenna RR Amplitude RR Phase LL Amplitude LL PhaseBR 0.0464�0.0125 19� 13 0.0548�0.0150 114� 18FD 0.0198�0.0062 352� 20 0.0180�0.0077 257� 18HN 0.0643�0.0139 304� 12 0.0459�0.0181 240� 20KP 0.0244�0.0062 354� 16 0.0299�0.0082 155� 16LA 0.0691�0.0100b 127� 9b 0.0824�0.0138b 63� 9b0.0243�0.0045
 20� 14
 0.0167�0.0054
 172� 18
MK 0.0178�0.0126 20� 39 0.0265�0.0082d 164� 16d0.0088�0.0060e 8� 39e0.0157�0.0119f 274� 30fNL 0.0348�0.0084 86� 16 0.0140�0.0091 107� 34OV 0.0146�0.0148g 331� 62g 0.0222�0.0163g 59� 47g0.0382�0.0333h 269� 24h 0.0412�0.0315h 218� 42hPT 0.0235�0.0065 32� 17 0.0240�0.0066 294� 15SC 0.0024�0.0033i 257� 73i 0.0279�0.0078i 9� 10iaUnreliable values in Table 5 have been ex
luded when 
omputingthe mean valuesbMean value for epo
hs 1997.86 to 1998.27
Mean value for epo
hs 1998.35 to 1999.12dMean value for epo
hs 1997.86 to 1998.19eMean value for epo
hs 1998.27 to 1998.53fMean value for epo
hs 1998.62 to 1999.21gMean value for epo
hs 1997.86 to 1998.53hMean value for epo
hs 1998.62 to 1999.21iMean value for epo
hs 1997.94 to 1998.71


