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Why position offsets? Offset-direction || Radio frames at different frequencies

Dg‘;esreerr\‘;iﬁ In vs. jet-angle ICRF3 (Charlot et al., in prep.) at three different frequencies:
g S/X, X/Ka, K

Difference in freauencias
observing (gource rfc2018b (Petrov et al., 2018): mostly S/X

Different number system (i.e. structure, CRF_GT: GFZ catalog in S/X at same time interval as the Gaia

Ofc?gseer:)/:tﬁlg):S, O?Pﬂgz[ccceo?;?;z‘t core-shift) _ CRF based on the ICRF3-GFZ solution

times, networks radio feature) S00F — - r7c2018b to ICRF3,
CRF_GT to ICRF3,

200
ICRF3, toICRF34,
» ICRF3,  toICRF3,

Kovalev et al. (2017): comparison of position offset directions of || 2@
their VLBI CRF and Gaia vs. jet angles they derived from radio || POSIton
source images

- favor of position offsets along the jet direction

- can be an indicator of optical source structure at [mas] scale. : Cre B MRe Mm ERe B mRe mim
- - heth hi I holds f 90 920 921 51 91 851 G5 A5 85 dyy
We_ want to mvestlgate w et_ er or not this also holds for position Transformation parameters between various VLBI CRFs and ICRF3 in S/X using formulas from
radio frames at other frequencies. Titov et al. (2013). Outliers were rejected.
Selection of VLBI/Gaia matches B: method Lindegren et al. (2018) C: combination of A and B
A’ method Petrov et aI (2018) rfc2018b ICRF3_SX ICRF3_K ICRF3_XKa CRF_GT rfc2018b ICRF3_SX ICRF3_K ICRF3_XKa CRF_GT
fc2018b ICRF3 SX ICRF3_K ICRF3 XKa CRF GT Crossmatch 0.1 as rac.llus 9014 3373 701 604 1781 In A but not !n B 1387 384 53 46 176
Crossmatch 5 as/3 as radius 12048 4325 915 762 1942 No full 5 p.aram. solution 1298 363 46 38 163 In B but notin A 69 13 4 0 5
PFA < 2*¥10/-4 9053 3373 700 604 17gp ~ astrometric_matched_ Sl A > / =
observations <8
1
Bad sources 77 e K v % @ +0029mas)/oa| <5 9+1298 1+363 0+46 0+38 1 + 163
(tar/0uar)” + (us/ous)” < 25 47+1298  21+363 7+46 6+38 13 + 163
total 8976 3354 696 604 1773 total 7658 2983 647 558 1602 A and B combined 7589 2970 643 558 1597
Median offset [mas] 1.36 0.66 0.48 0.55 0.73 Median offset [mas] 1.11 0.58 0.45 0.52 0 66 Median offset [mas] 1.11 0.58 0.45 0.52 0.66
Maximum offset [mas] 583.18 288.04 43.03 42.80 310.58 Maximum offset [ mas] 99.89 87.39 33.15 13.76 86.76 Maximum offset [mas] 99.89 87.39 33.15 13.76 86.76
Median semi-maj. error axis V 0.65 0.20 0.14 0.11 0.28 Median semi-maj. error V 0.63 0.19 0.14 0.11 0.28 Median semi-maj. error V 0.63 0.19 0.14 0.11 0.28
[mas] G 0.35 0.29 0.24 0.24 0.28 axis [mas] G 0.29 0.26 0.23 0.23 0.26 axis [mas] G 0.29 0.26 0.23 0.23 0.26
PFA... Probability of false association; w,og ... parallax, wug+, 0,0+ s, 0,5... proper motion in right ascension*cos(declination) and declination Crossmatch was done with Gaia DR2 (Gaia Collab., 2018).
1 Radio stars, supernova (remnants) and double or multiple galaxies as found in OCARS catalog (Malkin, 2018) and other meta data. > C used in further analysis
Favor of offset-direction in jet direction from Deformation vs. ICRF3 X/Ka
| 7_
ima g es i | i fc2018b : 7589 sources 500 | | rfo2018b : 7589 sources - %;'o:;% ;ggg sources Eggg >g;
| ICRF3g, :2970 sources ICRF3, :2970 sources - SX - sources >
Percentage of celestial objects in bins according to the angle Psi between the jet-angle and the offset-direction | CRF_GT: 1597 sources i CRF_GT: 1597 sources ° CRF_GT: 1597 sources (166 > 5)
to the Gaia object. Only for matches with images available plus further selection criteria in grey boxes. 400 | ICRF3y +643 sources 400 | ICRF3, :643 sources Bl ICRF3, : 643 sources (47 > 5)
10 4 : I ICRF3, , : 558 sources ® : I ICRF3,, - 598 sources = ICRF3,, . 558 sources (58 > 5)
40 l * . 40( | £ | 5 ' c
: m Arfc2018b : 3476 sources : . Arfc2018b : 2025 sources : = Arfc2018b : 694 sources 8 300 : 8 300 : = 4 r
35 | AICRF3, : 2237 sources 357 | = AICRF3g, : 1265 sources 35} | = AICRF3,, : 455 sources 5 | 5 | £
| ACRF_GT: 1326 sources 30| | AGRE B #allsaumces | ACRF_GT: 261 sources g | IS | 37
30 : A|CRF3K - 506 sources : A|CRF3K : 273 sources 30 : A|CRF3K - 83 sources g 200 : g 200 |
25+ : = AICRF3,, :408 sources - 25¢ : m  AICRF3,,: 280 sources 25 | + = AICRF3,, : 109 sources c : = i oL
£ I 5 ' £ |
= 20 | | c 20 i i = 20 | | 10 i o i Tr
— o — |
0\015_ : : 0\15‘ + : °\0154 : : ot P ____._ﬂ__ — | o= - — __L___._.l—“l__r___ — 2 O I I I .
== : — | s | 10 5 0 5 10 10 5 0 5 10 0 1 2 3 4 5
10 —— : 107 = | : 10 — | ] Normalized difference in right ascension Normalized difference in declination Normalized arc length
—l = ] I ! — | = ) | ) )
> _|=._ i = o :IT_—+_ ° [ : _Iﬁ::&F:I_F: T:I S r—— i = L :|:|_|_E_ | >0 I (CRF3, , _: 558 sources >0 -ICRF3XK‘a: T p—— ! = ICRF3,, : 558 sources (58 > 5) The black line shows the
0 ' | . . . | _|_'—| 0 . | . 1 . | . | | . ‘ | ™ ICRF3,,_transformed: 558 sources ICRF3,transformed: 558 sources 6 | = ICRF3,, transformed: 558 sources (31> 5) . . :
90 45 0 45 90 135 180 205 270 90 -45 O 45 90 135 180 225 270 ‘oo 45 o 45 0 135 180 225 270 ol | g | | 5| ideal distribution of the
direction VLBI/Gaia - jet angle [] direction VLBI/Gaia - jet angle [°] direction VLBI/Gaia - jet angle [] §30_ | §3O_ | normalized arc lengths
All matches Error in direction VLBI/Gaia < 35° Error in direction VLBI/Gaia < 15° g g ' %4_ X.
40( | . 40 [ | g 20t 8 20 R3]
| ®  Arfc2018b : 513 sources l m  Arfc2018b : 468 sources 5 s 2+
357 : AICRF3, : 374 sources 35+ _L AICRF3,, : 340 sources = ol c ol
30 : Neres oo | 30| | Aor @ The angles Psi between 'l
| ) | ' . 0 0 0 w w w - l
._g el ! - AICRF?}XK&]';B? i g & & . AlCRFsXKa:im Sonrees the Jet_angles and t 1e 0 Normali_z5ed differen?:e in right agcension h i Norm-a5lized differgnce in decIiSnation ° ° 1 Normglized arceiength * ’
£ 20 : | €20 ; | offset-directions to the 40, S 40, | |
e : ’ T l l Gaia objects show the J ” AICRF3 e pansrmed 45 5| e iy
| | . — l J I' XKal anstorme 'I sources .‘ n AICRF3XKatransformed|: 63 sources
10 ¢ | | 10 F — | 30 30+t .
5 : e : = same pattern for all o i ” ; Results for X/Ka frame deviate
i e L | 5t ] [ £ c 7| I
B R e =2 g AT, frames except X/Ka. 5. i 5™ ; from expected results + it shows
90 45 0 45 90 135 180 225 270 90 45 0 45 90 135 180 225 270 ° | | " L | -
direction VLBI/Gaia - jet angle [°] direction VLBI/Gaia - jet angle [°] 157 _i| i 15t ‘ : Iarge tl’anSfOI‘matIOI"l pa I‘ameters
\ |
Normalized arc length X > 4.1 Error in direction VLBI/Gaia < 15° & X > 4.1 107 ; | 10 | | compada red to the S/X frame.
- T | \ | .
For angle error calculations the formula from Petrov et al. (2018) was used. Normalized arc length X as the arc ° i = > | | — -2 after transformation the
Iengi;hs normalize_d by their errors according to Mignard et al. (2016). Radio sources with X > ~4.1 are o 45 0 45 90 135 180 225 270 TR 5 T B0 1é0 e = biases vanish.
considered as outliers. direction VLBI/Gaia - jet angle [°] direction VLBI/Gaia - jet angle [°]
rfc2018b recently got an update (rfc2019a) wich has data comparable to ICRF3 and thus better accuracies. All matches Error in direction VLBI/Gaia < 15°

Angle difference vs. arc length and source structure Conclusions and outlook

« Narrowing the time interval of the VLBI reference frame to the one of Gaia
DR2 did not change the overall results.

Influence of the transformation of the X/Ka frame on the results was shown
Source structure categorization from radio frequency does not show clear
pattern regarding angle difference or arc length

A IGRF (solsion A 2455 souree " AIGRF__ (sslecion A} 354 souess | Radio position offsets show fewer favor in jet direction
AICRF3 (selecion C): 2237 sources | AIGRF3g, (selection C): 340 sources ? | ACRF_GT (seloction O 1326 sources Results coincide with Petrov et al. (2018) and Plavin et al. (2018)

good structure: 350 sources good structure: 46 sources good structure: 315 sources

8 bad slracione: BE shijfcas i o bad structure: 44 sources o bad structure: 81 sources Futu Fe | nve St' g atl ons:

1074+ 10 L

90 45 0 45 90 135 180 225 270 A e o 190 22 210 e O 4 60 e 150 223 200 include redshift information, parallaxes, types of radio sources, spectral

direction VLBI/Gaia - jet angle [°] direction VLBI/Gaia - jet angle [°] direction VLBI/Gaia - jet angle [°]
All matches Error in direction VLBI/Gaia < 15° & X > 4.1 All matches |nf0 rmat|0n

include other resources of offset measurements
transformation: radio source selection, time variability
compare VLBI proper motions and parallaxes with Gaia ones
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... good sources, bad sources according to Xu et al. (subm.): influence of source structure on closures - see poster P315

Radio to radio position offsets in jet direction?

40 ¢ 407

Arfc2018b : 3332 sources
ACRF_GT: 1927 sources
AICRF3K : 624 sources

AICRF3XKa: 477 sources
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: AICRF3XKatransf.: 477 sources
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|
|
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Arfc2018b : 269 sources I rfc2018b : 4527 sources (104 > 5) REfe rences a nd aCknOWIEdgementS

ACRF_GT: 167 sources CRF_GT: 2360 sources (35 > 5)

AlCRRS, =20 sanress I ICRF3, : 793 sources (23 > 5) Gaia Collaboration, Brown, A. G. A. et al. (2018): A&A 616, Al, doi: 10.1051/0004-6361/201833051
i:ggzxmf”f;;es - | = ICRF3,,: 638 sources (111> 5) Kovaley, Y. et al. (2017): A&A 598, L1, doi: 10.1051/0004-6361/201630031

XKa' 1ot 9% SOTICES ICRF3yyqtranst.. 638 sources (16 > 3) Lindegren, L. et al. (2018): A&A 616, A2, doi: 10.1051/0004-6361/201832727
: 5% Mignard et al. (2016): A&A 595, A5, doi: 10.1051/0004-6361/201629534
: °3) Petrov, L. et al. (2018): MNRAS 482, 3 (2019), doi: 10.1093/mnras/sty2807
l i Plavin, A. et al. (2019): Ap] 871, 143, doi: 10.3847/1538-4357/aaf650
i _ E-L_I_ Titov, O. and Lambert, S. (2013): A&A 559, A95, doi: 10.1051/0004-6361/201321806
e e e : —_ I - Xu, M. H. et al. (submitted): Structure effects for 3017 celestial reference frame sources, A. J. Suppl. Series

S P S J ‘ B | | 1 = Many thanks to L. Petrov, Y. Kovalev and A. Plavin for providing the data on jet angles. This project is
dire%tion“gmfgl_j;fzng]go[o]m 270 90 45 dire"ction4§X/Vf§|_j;fing]go[of% 270 Normaalized arc longth supported by the DFG grant (HE5937/2-2). The attendance to this conference was enabled by the
Al matches =iror I €l aslon SILE < 15° International Association of Geodesy (IAG) in form of the IAG International Travel Award. This work

has made use of the data from the European Space Agency (ESA) mission Gaia processed by the Gaia

Data Processing and Analysis Consortium. Funding for the DPAC has been provided by national
institutions, in particular the institutions participating in the Gaia Multilateral Agreement.
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Angle Psi between the jet-angle and the offset-direction of radio source positions in ICRF3 S/X and various radio frames.
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