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DOCFM is an NCAR/CfA collaboration that is funded by AFOSR to model the global coronal magnetic field using magnetometric and other observations,
with the goal of improving space weather forecasts of magnetic orientation within coronal mass ejections.
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Why do we need coronal magnetometry?

Courtesy Merkin, Lyon, Wiltberger

If we ever want to predict Bz at the Earth, we need to
be able to quantify the global coronal magnetic field



Begin at the end
(what we ultimately want to be able to do)

Automatic daily, global, 3D coronal magnetic maps -
including all currents

LOS photospheric field snapshot does not contain sufficient information

e vector magnetic fields
e time-varying boundary
- add currents parametrically

e Start from nearby solution (MHD model, “yesterday’s prediction”)

e Use photospheric boundary condition and coronal data
e Use synthetic testbeds to develop method:

* gives “ground truth” for assessing performance

* lets us determine sensitivity to various coronal observables



Data-optimized coronal field model (DOC-FM)

MHD-model based approach to forward-fitting the global field (NCAR-CfA collaboration )

Maximize posterior

Modify model




Parameterized model

Savcheva and van Ballegooijen, 2009




FORWARD: Physical state
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FORWARD: Physical processes
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FORWARD: Physical processes
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FORWARD: Physical processes
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Circular polarization at different wavelengths:

different dependencies on plasma along the line of sight




FORWARD: Physical processes

Process Physical-state dependency Observation Magnetic quantity probed

Thomson electron density White-light pB, TB Plasma structured by field (e.g.

scattering closed vs. open field boundaries, flux
surfaces)

Collisional electron density, temperature IR/Visible/EUV/SXR Plasma structured by field (incl.

excitation emission loops, closed/open boundaries, flux

surfaces)

Continuum chromospheric population | EUV absorption features | Can indicate magnetic geometry

absorption density, electron  density, suitable for prominence formation
temperature

Resonance electron density., temperature, | Visible/IR spectra B,.. from Stokes V: Magnetic field

scattering: vector magnetic field direction from Stokes Q. U

polarization

Doppler shift electron density, temperature, | Visible/IR spectra B,.. and field line direction from
velocity waves; flux surfaces from bulk flows
Thermal electron density, temperature, | Radio emission B,;,,. from Stokes V

bremstrahllung

vector magnetic field

(intensity and circular

polarization) as a
function of frequency

Gyroresonance

electron density, temperature,
vector magnetic field

Radio emission

(intensity and circular

polarization) as a
function of frequency

Surfaces of constant magnetic field
strength at each frequency

Faraday rotation

electron density, temperature,
vector magnetic field

Rotation of
polarization

plane

of

B,,. from rotation measure

Gibson et al., 2016




FORWARD: Observations via VSO
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Lagomorphs, cavities and flux ropes
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Diagnostic of magnetic flux rope

Model L/I (POS)

Model B (POS)

Van Vleck inversion in flux rope

Van Vleck inversion in arcade



Double Streamer Pseudostreamer
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Rachmeler et al
2016




FORWARD: Observations
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FORWARD: Observations
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FORWARD: Observations vs synthetic
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FORWARD: synthetic test beds




FORWARD: synthetic test beds
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ROAM: Radial-basis-function Optimization Approximation Method
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Flux rope with axis Flux rope with axis
perpendicular to LOS at 35° from LOS

Using parameterized
model, seek to regain
“ground truth”
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ROAM: Radial-basis-function Optimization Approximation Method

Sparsely sample parameter space

Evaluate model magnetic field
and forward-modeled Stokes
vector at each point

Calculate likelihood function
(observations vs. model) at each
point

Place radial basis function
(RBF) characterizing likelihood
at each point

Interpolate —> create RBF
reconstruction of the likelihood

Maximize
interpolated surface
—> find best fit set
of parameters




ROAM: Radial-basis-function Optimization Approximation Method

Exact loss function RBF-reconstructed loss function Ground Truth Best-fit from RBF-
(31x31x31 points in 3D parameter space] (301 points in 3D parameter space) recon“mcted loss functon
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The RBF reconstruction computed from 301 points in 3D parameter space is:
e 100 times faster than a full grid search with 31°point
e 10stimes faster than a full grid search with 301° points.
The RBF reconstruction gives a very good approximation of the exact likelihood function (rms error =0.05)

The best-fit parameters from the RBF reconstruction, (45.0°; 89.9°; 30.3°), provide an accurate estimation
of the ground truth, (Ber; ¢er; Qer) = (45°; 90°; 30°).

The predicted polarization signal for the best-fit parameters obtained with the RBF reconstruction gives a
good approximation of the ground truth; the error on the polarization signal is smaller than 0.005.



DOCFM: next steps

Use flux-rope insertion
method to reproduce
ground-truth of Fan flux-
rope synthetic test bed

Go global!




