Summar y of the Frequenc y-Agile S olar Radiotelescope (FASR)

Project

Science Goals

TheFrequency-AgileSolar Radiot elescopeis a mult i-frequency (~0.3-30 GHz) imaging array

composed of ma ny (~100) antennas. It is designed specifically for observing t heSun. It will

producehigh-qualit y ima ges of theSun wit h high spatial resolution (1" at 20 GHz), high spectral

resolution ( Dn/n ~ 0.01), and high timer esolut ion (<1 s), across two decades in frequency. In so

doing, it will producea continuous, three-dimensional record of thesolar atmospherefromt he

chromospher eup int o themid-corona.

Thesequalities repr esent a quantumleap beyond existing solar radio instruments, yet arewell

within reach of emer ging technologies. Therangeof sciencet hat can beaddr essed by such an

instrument is as broad as solar physics itself. Virtually ever y solar featurefromwithin a few

hundred kmof thevisiblesurfaceof theSun t o high up in thesolar corona can bestudied in detail

with t heuniquediagnost ics availablein theradio regime. Particular diagnostics include

measuring theproperties of bot h ther mal and nonther mal electrons accel erated in solar flares

fromthelargest events to thetiniest microflares/ na noflares, measuring coronal magnet ic field

strengt hs in activeregions and elsewher e(coronal ma gnetography), and mapping kinet ic electron

temperatures throughout thechr omospher eand corona. Themajor sciencegoals of theproject

includeunderstanding

· Transient energet ic phenomena

· Energy release

· Plasma heating and electron acceleration

· Electron transport

· Formation and destabilization of largescalestructures

· Thenatureand evolut ion of coronal magnet ic fields

· Measurement of coronal magnet ic fields

· Temporal evolut ion of coronal ma gnetic fields

· Theroleof coronal currents

· Thestorageand releaseof magnet ic ener gy

· Thesolar atmosphere

· Coronal heating

· Structureof thequiet solar atmospher e

· Origin of thesolar wind

· Formation and structureof fila ments

In addition, FASR´s far-reaching exploration of theSun in theradio regimegives theinstrument

tremendous pot ent ial for new discover ies beyond thoset hat wecan now anticipat e.

Unique Science to be Addressed

Thespatially resolved microwaveand decimetric spectrumcontains uniqueinfor mation about the

solar atmospher eand theacceleration of energetic particles that cannot bestudied in any other

way. Theseinclude

· spatial, temporal, and spectral characteristics of thesit eof ener gy release, over a

broad rangeof cor ona l heights;

· measur ement of magnet ic field strengt h at coronal heights in flares and active

regions;

· det er mination of theelectron ener gy distribution, including effects of transport,

modification by wave-particleint eractions, and decay or escape;

· det ection of coronal mass ejections, both off thelimb and on thesolar disk;

· elucidation of possiblecauses of coronal heating, whether dueto thetiniest flare

events ( nanoflares) or destabilization of coronal currents;

· characterization of the3D ther ma l structureof thesolar atmospher e;

· synoptic measurement of cor ona l magnet ic fields, and sensit ivefull-disk monitoring

of bot h ther ma l and non-ther ma l activity.

TheFASR is highly complementary to instruments working in ot her regimes, especially optica l

ma gnet ographs and hard and soft X-ray ima gers. Combining data fromsuch instruments wit h the

results fromFASR is essentia l to fully addr ess thesesciencequestions.

Current Status

Thebasic concept for FASR was discussed in detail, and a broad consensus was reached a mong

themor ethan 40 participants at an int ernational meet ing in San Juan Capistrano in 1995, that it is

possible, highly desirable, and timely to construct an advanced, solar-dedicated radiot elescope.

This consensus is reflect ed by thebroader communit y in t hereport of theNRC/SSB Task Group

on Groundbased Solar Research, which recommended ^ exploratory development of a high-

resolution frequency-agile solar radiotelescope (FASR) ~. Institutional involvement, wit h the

recent addit ion of Lucent Technologies, also includes New Jersey Institut eof Technology and

National Radio Astronomy Observatory, wit h addit ional involvement by individuals at Universit y

of Maryland and UC Berkeley. Technological development in key areas of low-cost ant ennas,

broadband RF, fiberopt ic transmission, and digital signal processing (including construction of

large correlators that can handlema ny ant ennas wit h good frequency resolution over a broad

band), will proceed at theseinst itutions in consultation wit h a number of ot her groups who are

trying t o solvesimilar technological problems.

Design Summary

Thecombination of high spatial resolution, combined wit h unpr ecedent ed spectral bandwidth and

ima gequalit y, is essential t o thesuccessful achievement of t hesciencegoals. TheSun´s unique

combination of spatial scales, rapid flux variations, and releva nt emission mecha nisms drivethe

need for a particular set of instrument characteristics that cannot bemet wit hout a solar-specific

design. Thebaselinecharacteristics requir ed of theF ASR aregiven in t hefollowing table.

FASR Specification

Frequencyrange 0.3-30 GHz

Frequencyresolution ~3%, 3-30 GHz

1%, 0.3-3 GHz

Time resolution

~ 1 sec, 3-30 GHz

~ 0.1 sec, 0.3-3 GHz

Antenna size D = 2˘5 m

Number of antennas ~ 100

Number of baselines ~ 5000

Polarization Dual

Number IFs pairs 4 ˘ 8

Angular resolution

q » (20/ n 9 ) arcsec

Field of view FOV » 1125/( n 9 D ) arcmin

Thedesign to meet most of theinstrument specifications has not been finalized, but in each case

conser vativeoptions exist that ma kethedesign goal attainable. Technology innovations will be

sought that allow incr eased capability and/ or decreased cost in each of thema jor design areas.

To Obtain the Full Report

Thefull report to accompa ny t his summary, along wit h ot her releva nt infor mation concer ning

FASR can beobtained fr omtheweb sit eat http://solar.njit.edu/fasr/. Thereport can be

downloa ded in a variet y of for mats. Pleasebesureto view some of themovies availableby

clicking on theIma ges/Movies button on that page.