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Overview

Faraday Rotation
What is it & why do we care

Requirements levied by science goals
Solar Faraday Rotation
Epoch of Reionization

Previous ways of dealing with it
Dual frequency GPS + ionospheric model

How we can deal with it
GPS + differential density calibration + ionospheric model

Measurements
Radio beacons on geosynchronous spacecraft
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Faraday Rotation

A reminder
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Requirements levied on MWA-LFD

Heliospheric observations
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Requirements levied on MWA-LFD
SHI and EOR

Solar

Target: 0.05
rad/m?

Desirable:
0.001 rad/m?
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Ionospheric RM

Rough estimates
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Ionospheric RM

Rough estimates

nT] [TECU 1 TECU = 106 e m-2
rad/m?] [nT] [ ] (1 TECU=10%e m?)

RM ; 2.63x10°-B-TEC

Height (m) Magnitude (nT) Inclination (deg)
0 55668.08 -60.6
1000 55639.51 -60.6
10000 55383.24 -60.63
100000 52903.98 -60.58
350000 46742.47(%) -60.46

[rad/m?] [TECU] (1 TECU =106 e m=2)
RM ; 0.12-TEC

[deg] [deg]
Ag; 28-TEC (@ 150 MHz) Ag; 7-TEC (@ 300MHz)




Simulated density above Mileura
NASA CCMC

Peak ~ 350 km




Ionospheric RM

Rough estimates
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Ionospheric calibration at VLA
Observations at 327 MHz

Simple spherical slab model Corrected observations & model

W. C. Erickson et al.: lonospheric corrections

20:48:11UT
13.81 to 18.83MST

A S L Tt
i) R e PP - vp\w*}*’"“‘"" v

Erickson, 2001




Phase corrections with separation
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Correct phase delays
on baselines using
observations from
single GPS receiver on
ground

Correction works very
well within about three
degrees

Multiple distributed
receivers and
additional terms in fit
do not help




Feed into RM corrector in AIPS++

Six km baselines, sunrise

3 of 8 observations had large
changes in pulsar polarization angle
and were studied

* Feed GPS to infer gradient across
sky and combine with ionospheric
density model

* 5 minute integrations limited by timg
and smaller scale structures

@150 MHz: 23, 39, 44
@300 MHz: 5, 9, 11

Table 2. Observing Log of VLA Faraday rotation observations

&— Sunrise

14
IAT Time (on 04 April, 1997) date Time Range | VLA Config. | RMS Fit
Flh 9. llu change of observed uul predicted p Deg.
' ( 04:00-10:30
16:00-21:3
02:00-07-30
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Density and RM variation
Connect ionospheric calibrations




Density and RM variation
Connect ionospheric calibrations

How closely does TEC track FR?

RM ; 2.63x10™°B, -$a, (§)




ATS-6 Radio Beacon Experiment

RTS 6 RADIO BEACON RECEIVER LOCATIONS
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Measurements of 6, and o,
(and density)
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Comparisons of 6, and oy,
Locations of density variations

ATS-6 RBE
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Time derivative of difference

Mocar sunrise On average a
difference of 0.001
rad/m2 will develop in
850 seconds




Tracking TID with 3 Stations

Large scale features highly correlated Periods
15-90 minutes

Wavelengths
Several 100 km

Speeds

100-200 m/s
140 m/s day
110 m/s night
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Sudden TEC enhancements

July 4, 1974
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Micropulsations

. . ATS6-Bould
Periodic and Mor 29 1975
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Scintillations
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Observations and model

ATS& RBE Amplitude Irreqularities, Boulder, -2 July 1974
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Power/location scintillations
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What next?

Numerical simulation of ionosphere with Shep

Analysis of initial dual frequency GPS receiver
measurements

Simulations of FR determination with realistic

observations
Robust algorithms

Implementing strawman ionospheric FR
calibration
Effect on observing strategies

Solar: May need to observe away from Sun where
solar RM small
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