A U.S. Perspective
on mm-VLBI




Scientific Landscape

® mm-VLBI is in infancy, despite excellent results

- Sensitivities have been low
- Target lists have been short

- Polarimetry is challenging

® Things are poised to change

- Complement angular resolution with other qualities




New Capabilities

® ased ALMA is a game changer

- Very large aperture
- Capable of up to 64 Gbits/sec

- Excellent geographic location

= Superb site

® |arge Millimeter Telescope (LMT)




37/-Meter Rebirth

ibbon cutting Feb 2014

® Fully functional, HUSIR r

Stable, funded program

® |ong term goal

® Education, single dish astronomy, VLBI, EHT
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® Access to ~35% of the t

Mostly night time



Upgrade Properties

* ~75 um rms surface accuracy (~210 um previously
* Aperture efficiency ~47% @100 GHz (<10% previously

* Useful aperture efficiency to 230 GHz (>20%

* Order of magnitude improvement in servos
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Current Instrumentation Status

® |.3cm (20-25 GHZz) receiver (K-band)
= Tsys~ 120K, dual pol, operational

® /mm (36-49 GHz) receiver (Q-band)
= Tsys~120-200K, dual pol (only | operational at present)
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Proposal pending
for major instrumentation upgrades|




37-meter Use Cases

® Single dish spectroscopy

- Line surveys (star forming regions, evolved stars, ...

- Time domain studies (masers)

® Single dish continuum

- Monitoring (quasars, flare stars)

- Target of opportunity (transient followup, solar system




Technology Landscape

® Rapid increase in bandwidth

- Very potent scientifically (sensitivity, Av/v,RM, ...

- EHT driving toward 64 Gbit/sec
=  What is possible at 3mm sites,VLBA!

= Need plans to handle data volume, correlation

- ® Back end costs will continue to fall




VLBI Backend Systems

® Roach 2 digital backend (R2DBE), 16 Gbps

- Interface to high speed samplers
- Virtex 6 FPGA filters and formats data

- Commercially available

® Mké - operational 16 Gbit/sec recording system

- All COTS hardware, available to order from Conduant Corp.
= Open software system for recording and playback

= ~2 dozen systems alread




Correlation

® Wider bandwidths increase correlation load

- | to 2 Gbit/sec for <15 telescopes today at 3mm
- 64 Gbit/sec for ~20 telescopes is 2 orders of magnitude

- Requirement likely to face us within a few years

® Scaling up clusters and using DifX problematic

- Optimizing for latest computing architectures is hard




A New Situation

® Big jumps in sensitivity coming
- Large new apertures - ALMA, LMT, Haystack

- Significant boost in spectral line sensitivity

- Expanding bandwidths - additional boost for continuum

® Wider sky access
- LMT and ALMA, with VLBA, yield good low-dec capability




mm-VYLBI Vision

® [ncreasing demand, driven by scientific capability

® Ongoing hardware and software development

® A truly global effort engaging all regions
® Build on GMVA foundation

/mm and 3mm initially, |.3mm later




Next Generation VLA

® Workshop at recent AAS meeting in Seattle
® 93 registrants, mostly US, many others

® Context is preparation for Astro 2020

- US is not currently a partner in SKA

- “Next big thing” in US radio astronomy!?




Frequency Coverage

Spec: 5-100 GHz
Goal: 1-118 GHz

Notes: The choice of upper frequency limit has strong impact on required surface
accuracy and pointing. Choice of lower frequency has strong impact on optics design.
Also, outfitting of array need not be homogeneous. Inner array (<36km) could be
outfitted to 100+ GHz, outer array to 50 GHz (perhaps with some stations at 100+ GHz).

Will be driven by key science.

Maximum Baseline Length

This gives the resolution in a naturally weighted image (other weightings give better
resolution at decreased sensitivity). Current VLA gives 3" at 1 GHz.

Spec: resolution ~ 0.6” at 1GHz, 12 mas at S0GHz (180km max. baseline, 5XVLA)
Goal: resolution ~ 0.3” at 1GHz, 6 mas at S0GHz (360km max. baseline, 10xVLA)

Notes: Impact on length of fiber runs, and surface brightness sensitivity (for a given
antenna location density profile). This is for a “New Mexico” Array. A “Northern
Hemisphere” Array with VLBI capability is also possible, and this array would be a key
part of a new Ultra-High Sensitivity Array when combined with the new generation of
large antennas being constructed by our international partners.




Workshop Outcomes

® Strong interest in 100 GHz
® Strong interest in VLBI angular scales
® Not necessarily both at once

® Significant overlap with mm-VLBI science topics

- e.g.Among posters at this meeting:

*  Extragalactic masers




WG Report

Time domain, fundamental physics, cosmology

Technical Requirements

Long Baselines

Compact Configuration

Wide Field of View/Survey Speed
High Frequencies (> 50 GHz)

High Time Resolution (imaging,
beamforming)

Real time processing

Megamasers, astrometry, resolved
galactic transients

Plasma physics, intensity mapping, GC
pulsars, megamasers, fundamental
constants

Intensity mapping, EM GW sources

Fundamental constants, intensity
mapping, plasma physics

GC Pulsars

Transients



Summary

® Significant scientific interest in the US community

- Global interest will grow with capability - also in U

® Major capabilities coming in addition to ALMA
- LMT, Haystack

- Rapid improvements in instrumentation

- Combination will be transformational




