VLBI Source Positions at 24 GHz

e K/Q-band Project Collaborators:
— Dave Boboltz, Alan Fey
— Gabor Lanyi, Chris Jacobs, Charles Naudet, Liwei Zhang
— Chopo Ma, David Gordon
— Patrick Charlot
— Ed Fomalont, Jon Romney

— Ojars Sovers
— Barry Geldzahler

e Qutline
— K/Q-band project background
— K-Band (24 GHz) CRF Source Catalog
— K-Band (24 GHz) Time Series of Source Positions
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Background

e Reasons to go to higher frequencies:

— NASA will use Ka-band (32 GHz) for spacecraft communications in
the future (i.e. future DSN).

— Phase-referencing very useful for spacecraft navigation.
— RFI decreased at higher frequencies.

— lonospheric effects decreased at higher frequencies.

— Source structure simpler at higher frequencies.

e Goals of the K/Q-band Program

— Investigate the feasibility of a high-frequency CRF.
— Develop a high-freq. CRF for use in spacecraft navigation.
— Investigate the frequency dependence of source structure.

— Develop astrometric and image databases for use by the
astronomical community.
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K/Q-band VLBA Observations

Epoch Bands Notes

2002May15
2002Aug?25
2002Dec?26
2003May22

2003Sepl3
2004Febl5
2004Decl4
2005Aug26
2006Jul09
2007Mar30

e Thus far, a total of 385 sources have been observed
with the VLBA at K band and 133 sources at Q band.

e All 10 epochs calibrated (AIPS), imaged (DIFMAP),
and analyzed (CALC/SOLVE).
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* Image data available
via the RRFID web

page.
e The image database
currently contains:

at K band.
at Q band.

e Databases available
from GSEC

9117107

RRFID VLBA Images Index
orf.usno.navy.mil /RRFID_KQ/ A'Q-

000
\

(o {c][+]I hitp:/

[0 USNOv Astronomyv travelv carv Newsv Macv weatherv financev housev Yahoo! Style Guide Rules Pythonv gethuman.com

| RRFID VLBA Images Index

U.S. Naval Observatory Astrometry Department

The Radio Reference Frame Image Database
K/Q Band VLBA Images s&

(This document is available 1 and without frames.)

Available items include PostScript format contour plots of
International Celestial Reference Frame source ima

frequencies of 24 GHz and 43 GHz. Plo ty data in
PostScript format are also available. Calibration, data analysis.,
other information can be obtained by retrieving the files
0000CALIB.ps and 000OREADME (one for each observation
epoch). If you make use of these data in any publication, please
refer to the citation instructions.

Celestial Reference ( K

band (43 GHz). The goals of this program are a) to provide a Ka-
band reference frame for improved deep space navigation, b) to
extend the VLBA calibrator catalog at K- and Q-bands, ¢) to
provide K- and Q-band images to enable studies of source structure
variation with respect to frequency and time, and d) to provide the
benefit of the ICRF catalog to new applications at these higher

Available Sources The K/Q Image Database is a joint program of

0006+061, 0007+106, 0009+081

Jet Propulsion
Laboratory/Goddard
Space Flight Center

¥ ; @ BSERVATOIRE
National Radio .

Astronomy
Observatory

USNO
U.S. Naval Observat

,0138-09
)2+319

DE BORDEAUX

Bordeaux Observatory

and contains 1339 images of 274 sources.

. 0409+229,
. 04204022,
. 04254048
0429+174,
0430+052. 0446+112.0450+013
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Less Source Structure at Higher Freq.

United States Naval Observatory

X-band K-band

0458-020 at 8.646 GHz 2002 Jon 16 0458-020 at 24.439 GHz 2002 May 15
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Structure Indices

United States Naval Observatory
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CRFK 2007a Astrometric Solution

e 10 K-band databases used.

e 288 sources available, but 12 sources with <3 observations
were eliminated leaving 266.

e Used 5 degree elevation cutotff.
e Parameters solved for:

— Source positions ( treated as ).
— Atmospheres (20 min), Clocks (60 min)
— Tropospheric gradients (6 hr)
e Parameters NOT solved for (fixed):
— VLBA station positions and velocities

— Axis offsets
— UT1/PM, Nutation
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CRFK 2007a Astrometric Solution

e Total Number of Observations = 82354
e Global rms Delay = 17.236 ps

CRFK2007a Total No. Obs. = 82354

(fs s

RMS Rate

Global RMS Delay = 17.236 ps
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9/17/07 Journées 2007



CRFK 2007a Source Catalog
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Plot Contains 7266 Sources with Nobs = 3
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Flot Contains

917 Sources with N<>bs z
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CRFK 2007a - CRF 2007b

 Comparison to most
recent USNO catalog
CRF 2007b.

e 238 sources overlap.

e Shown are source
position differences
in R.A. (bottom) and

Dec. (top).
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CRFK 2007a - CRF 2007b

United States Naval Observatory

e Position differences vs R.A. and Dec.

CRFKZ2007a — CRF2007b No. Sou. = 238 3 CRFKZ2007a — CRF2007b
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CRFK 2007a - ICRF Ext. 2

e Comparison with
ICRF Extension 2.

* 199 sources overlap.

e Shown are source
position differences
in R.A. (bottom) and

Dec. (top).
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CRFK 2007a - ICRF Ext. 2

United States Naval Observatory

e Position differences vs R.A. and Dec.

CRFK2007a — ICRF Ext. 2

A acoséd (mas)
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CRF Comparison Summary

United States Naval Observatory

No. of R.A. Difference Dec. Difference
Catalogs No. of No. of Sources Wt. Mean WRMS Wt. Mean WRMS
Exper. Observ. Matching (nas) (nas) (uas) (uas)

crfk 2006a - ICRF Def. 57,925
crfk 2007a - ICRF Def. 82,354
crf 2007b - ICRF Def. 5,238,056

crfk 2006a - ICRF Ext. 1 57,925

crfk 2007a - ICRF Ext. 1 82,354
crf 2007b - ICRF Ext. 1 5,238,056

crfk 2006a - ICRF Ext. 2 57,925
crfk 2007a - ICRF Ext. 2 82,354
crf 2007b - ICRF Ext. 2 5,238,056

crfk 2007a - crf 2007b

e CRFK 2007a shows improvement in the wrms position offsets
with the over CRFK 2006a.

e CRFK 2007a compares favorably to CRF 2007b considering the
number of experiments/observations.
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CREFK 2007a Position Time Series

* 88 of 266 sources were observed in =5 epochs.
e Considered suitable for the time series.

FE5868
| TN T [N | [ 1

Plot Contains 88 Sources with NobS 2 3
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Position Time Series Solutions

e 5 solutions were produced with
parameterization identical to the CRFK 2007a
solution except:

e For each solution:

observed in 5 or more sessions
were treated as parameters.

— Remaining (~250) sources were treated as ~"global”’.

e Position time series were produced for all 88
sources.

and the were
computed from the time series.
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Example Position Time Series

e Good: 1726+455

— 10 epochs, ~5 yrs — 9epochs, ~5yrs
— wrms R.A. =0.127 mas — wrms R.A. =0.479 mas
— wrms Dec. =0.132 mas — wrms Dec. = 1.355 mas
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CRFK 2007a - Wgt. Mean Time Ser. Pos.

United States Naval Observatory

Green < 30 Orange 3-5c Red > 50

o I -
(&)
~
a L R | 0
o] ; ; =
-, ) -
W * ¥ W
(P I | t | L
0™ . ! N ) L
o g 4 N 5 o
% - } " ) g ) ) . N »l. . %
— o ‘A ' - . 1 o
C N )
:'g A } ¥ v [
1] O ! ¥ O
c M - ¥ |' % [ —
= | ¥ |
o | K7
O o
o | B 4 o
] 5
(@]
o
(]
L) I . —
| 1 mas
l 1 1 l 1 1 I 1 1 l 1 1 l 1 1 I 1 1 l 1 1 l 1 1 I 1 1 l 1 1 l 1 1 I 1 1 l

360 330 300 270 240 210 180 150 120 ©0 60 30 0

Right Ascension (degrees)

Plot contains 88 scurces with »>= 3 obs., »= 1 experiments and uncertainty <= 0.100E+24 arcseconds

Differences are very small as expected.

9/17/07 Journées 2007 2|




No. of Sources

No. of Sources

e Looks good, but probably should compare same 88 sources.
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WRMS Position Variations

e X/S-band Time Series

CRF2007b Time Series No. Sou. = 671

Mean = 0.476 mas
Median = 0.310 mas

Mean = 0.157 mas
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WRMS vs Wgt. Mean Source Position

United States Naval Observatory

wrms vs. R.A. wrms vs. Dec.
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Summary and Future Work

e The high-frequency (24 GHz) CRF shows promise.
e Look for a paper (Lanyi et al. 2007, in preparation).

e Investigate correlations between catalog/time series and:
— Source flux density
— Jetangle
— Source structure index

e Continue VLBA observations (primarily at K-band).

e Eventually move to Ka-band (32 GHz)
— VLBA maybe.
— Future DSN.

e Future wide-band receivers should help with sensitivity.
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e Comparison with
the ICRF Defining
sources.

e 77 sources overlap.

e Shown are source
position differences

in R.A. (bottom)
and Dec. (top).
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CRFK 2007a - ICRF Defining
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e Position differences vs R.A. and Dec.
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