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To advance JPL'’s leadership in Celestial Reference We use the Very Long Baseline Interferometry (VLBI) technique to measure the angular positions of Active Galactic
Frames at multiple wavelengths with emphasis on Nuclei. VLBI achieves world class resolution from using a synthesized beam of a few 100 y arc-seconds (uas).
K-band (24 GHz) and X/Ka-bands (8/32 GHz).

These frames are required for navigating deep . Helped establish 3 Generation IAU standard frame, ICRf-3, effective 2019 Jan 01.

space missions to their targets.
« Acquired about 1.5 Petabytes radio interferometric (VLBI) data to build and enhance the radio frames
Specific near term objectives:
(1) Establish K and X/Ka frames are part of the  Improved sensitivity of observing systems:
|AU’s International Celestial Frame (ICRF-3) Demonstrated doubling of K-band network to 4 Gbps
Tripled data rate to ESA’'s Malargue Argentina station for X/Ka-band work.

(2) Reduce systematic differences amongst frames

at various wavelengths * Imaged 200+ sources at K-band. Acquired data on another 700+ sources
(3) Image sources at K-band. * First K-band images using 4 Gbps and first images with dual polarization.
(4) Improve observing network geometry at Ka-  Improved temporal resolution by a factor of 8 for GPS-based ionosphere calibrations for K-band data.

band by adding JAXA's Misasa 54-m antenna.

Benefits to NASA and JPL (or significance of results):

This work benefits all deep space missions by developing celestial reference frames which seamlessly transition amongst X, K, Ka, and optical bands to create a unified multi-
wavelength navigation system. We are improving the current state of the art by improving sensitivity and geometry of he VLBI network of stations.

* We have been part of the IAU’s effort to adopt a next generation standard celestial frame, the ICRF-3 which for the first time is multi-wavelength.
 Imaging work at K-band (24 GHz) guide source selection for Ka-band deltaDOR making angular navigation more reliable and accurate.

 Our inter-agency VLBI collaborations with ESA and JAXA have increased accuracy while reducing costs by sharing resources.

« Linking the radio frame and the optical frame of ESA’s Gaia mission leverages the $1Billion investment by ESA to NASA’'s benefit.
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