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comment
comment
comment Freja Charging Simulation Input
comment === === === === === === === ===
comment
comment For charging event 3 : Corrected values
comment
comment Input file for POLAR/NTERAK
comment
comment All page and section references are to POLAR User's Manual
comment
comment General notes:
comment -Plasma general flow direction defined in ORIENT input, details
here
comment -Rij and Cij defined in input file for VEHICL, not here
comment
comment 1. General NTERAK settings
comment --- --- --- --- --- --- --
comment
comment To get abort if errors are detected, we run in batch mode
comment (p. 6.4-2)
batch
comment
comment Initialize all potentials and currents
comment (pp. 6.4-6, pp. 6.4-19, pp. 3.3-4)
comment   istart options (p. 6.4-7):
comment new - resets all potentials and densities
comment cont - keeps dens's and pot's of a previous run
comment   igical options (p. 6.4-20):
comment yes - use neutral ion densities (neuden)
comment (default for istart new)
comment shad - use geometrical shadowing (shado)
comment no - no wake (for low density or no flow)
comment oldi - use resulting densities of a previous run
comment (default for istart cont)
comment olgi - use neutral ion densities of a previous run
istart new
igical yes
comment



M N N O P Q R S ü

® T

comment Polar 1.3.7 has a parameter denmix (not to be confused with
comment the old parameter mixden) for stabilization of unstable
comment problems. Documentation in file Features in pol1.3.7 directory.
comment The variable denmix can take any value between 0 and 1. Some
comment denmix values: 1.0 = default, no mixing
comment                0.3 = useful for unstable problems
comment                0.0 = completely frozen wake structure
denmix 0.3
comment
comment Putting curshr all gives old Polar structure (as in manual),
comment while curshr sim is the recommended in version 1.3.7 (default)
curshr sim
comment
comment
comment
comment
comment
comment
comment
comment
comment 2. Plasma parameters
comment --- --- --- --- ----
comment
comment 2.1 Cold plasma (pp. 6.4-10)
comment
comment Density [m-3]:
dens 1.2e8
comment Electron temperature [eV] and Te/Ti in neutral density
calculation:
comment (p. 6.4-11, p. 6.4-25)
temp 0.3
temprat 1.
comment This gives Debye = 7.43*sqrt(0.3/30) m = 74 cm
comment Ions other than protons are oxygen:
amuion 16.0
comment Ratio of oxygen to hydrogen concentration:
comment (> 1.e10 => pure O+ plasma, p. 6.4-12)
ratih 2.0e10
comment
comment General flow direction defined in ORIENT, not here. Here is
specified:
comment (a) magnitude and (b) exact direction, i.e. everything allowed
that
comment leaves +z COMPONENT DOMINANT (p. 6.4-19). The magnitude is the
comment flow speed normalized to the ion acoustic speed S0 = sqrt(KTe/mi)
comment (eqn. 6 in p. 3.3-6).
comment vmach = vsat/S0 = vsat*sqrt(mi/KT)
comment vmach = 7000 * sqrt(16 * 1.67e-27/(1.6e-19 * 0.3)) = 5.2
vmach 0.0 3.6 3.8
comment
comment
comment 2.2 Hot electrons (pp. 6.4-13)
comment
comment Modelled as by equation 3.41-a. See also p. 6.4-13.
comment
comment Maxwellian density [m-3] and temperature [eV]:
den2 1.5e3
temp2 5.0e3
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comment
comment Power law coefficient [m-2 eV-1 sr-1 s-1]:
powco 3.2e12
comment
comment Negative of power law exponent:
palpha 1.9
comment
comment Power law integration low and high end cutoffs [eV]:
pcutl 0.5
pcuth 6.5e4
comment
comment Coefficient for Gaussian [m-2 eV-1 sr-1 s-1]:
gauco 1.2e5
comment Gaussian peak position and width [eV]:
enaut 1.5e3
delta 3.0e3
comment
comment 2.3 Magnetic field (p. 6.4-18):
comment
comment Turn B-field on or off
bfield on
comment
comment Magnitude of B [G] (1 G = 100 nT, 25 uT = 0.25 G):
bmag 0.25
comment
comment Direction AFTER ORIENT ROTATION:
bdir  -0.1 0.62 -0.78
comment
comment Note: the magsth keyword (p. 6.4-49) is not supported
comment by current POLAR versions.
comment
comment
comment 2.4 Flow velocity
comment
comment See section 2.1 above.
comment
comment
comment 2.5 Sun
comment
comment Intensity of sunlight: (1 = solar constant, 0 = darkness)
comment (p. 6.4-16) Default is sunint 0.0
sunint 0.0
comment
comment Direction to the sun AFTER ORIENT ROTATION:
sundir 0 1. 0.1
comment
comment Shadowing of surfaces turned off if convex yes:
convex yes
comment
comment
comment
comment 3. Computation settings
comment --- --- --- --- --- ---
comment
comment 3.1 General wake and sheath settings
comment
comment Include the wake caused by the sheath?
comment Default is sthwake off (p. 6.4-21)
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sthwake off
comment
comment Only calculate some ion densities?
comment Default is savset off (p. 6.4-24)
savset off
comment
comment Include ionization of neutrals in sheath? (p. 6.4-38)
comment Default is sheionz off, neutden 1.e12 [m-3], ionzcross 1.e-20
[m2]
sheionz off
comment
comment 3.2 Neuden module (pp. 5.6-1)
comment
comment Correct for E-field effects on neutral ion density?
comment (p. 6.4-22, pp. 5.6.17) Default is efldcor yes
efldcor yes
comment
comment Angular resolution of neutral density calculation (p. 6.4-22):
comment Default is nphi 36, ntheta 180
nphi 36
ntheta 180
comment
comment Extra vertices to object shadow (p. 6.4-23)
comment Default is nadd 2
nadd 5
comment
comment 3.3 Shado module (pp. 5.6-6)
comment
comment Number of points and angular steps for resolving object and
sheath
comment Default is nhexsh 6000, nphish 16 (p. 6.4-23)
nhexsh 6000
nphish 16
comment
comment 3.4 Initial settings
comment
comment To give PWASON an easier task of finding the field picture,
comment we may estimate by using random ion currents first (inpot pre).
comment Default is inpot cons. (p. 6.4-28)
inpot cons
comment
comment 3.5 Computational grid
comment
comment Points to add to the object definition grid:
comment (pp. 6.4-33)
nxadnt 5
nxadnb 5
nyadnt 5
nyadnb 5
nzadon 5
nztail 10
comment
comment
comment 4. Complementary model data
comment --- --- --- --- --- --- ---
comment
comment The spacecraft model may need complementary electrical data for
comment full specification. These should not be given here, but in the
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comment input file for VEHICL.
comment (p. 6.4-30 - 32) (cards bias, cij, rij)
comment
comment
comment 5. PWASON control
comment --- --- ---- ----
comment
comment PWASON is the potential calculation module of NTERAK,
comment described in section 6.43.10.
comment
comment 5.1 Iterations
comment
comment Set maximum number of space charge iterations; should be
comment one for very low densities where space charge has little
comment impact. Default is maxits 3. (p. 6.4-41)
maxits 1
comment
comment Set minimum and maximum number of iterations in the Poisson
comment conjugate gradient solver (p. 6.4-41, 4.3-1). Higher values
comment of maxitc may be needed for more tenuous plasmas.
comment Default is minitc 2, maxitc 20.
maxitc 160
comment
comment Orders of convergence for conjugate gradient method
comment Default is 6
potcon 4
comment
comment Absolute convergence criterion (p. 6.4-42)
rdrmin 3.
comment
comment
comment 6. CURREN control
comment --- ---- --- ----
comment
comment CURREN is the ion current calculation module of NTERAK,
comment described in section 6.43.20.
comment
comment Set maximum number of particle pushing sequences:
comment Default is ipcnt 3 (p. 6.4-46)
ipcnt 5
comment Set sheath edge potential [V]. Default is psim
comment (p. 6.4-48)
sthpot psim
comment
comment Thermal spread of particles? Default is thrmsprd off.
comment (p. 6.4-82, 3.4-6, source: sthcal.f)
thrmsprd on
comment
comment Average sheath particles to create one macro particle?
comment Default is aveprtcl off (p. 6.4-82, 5.6-21, source: sthcal.f)
aveprtcl on
comment
comment Electron drift approximation cutoff (p. 6.4-82, 5.6-28, 4.5-20)
comment If rdmax2=N, drift orbits will be used if rge < sqrt(N),
comment while pushing (using the subroutine ebpush, see source file
comment ebpus.f) is used for rge > sqrt(N) (rge in dxmesh units).
comment Default is rdmax2 0.25. Lower value gives more accuracy
comment and longer calculation.
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rdmax2 0.25
comment
comment
comment
comment
comment 7. CHARGE control
comment --- ---- --- ----
comment
comment CHARGE is the module for calculating the spacecraft response
comment to the plasma.
comment
comment Set current calculation model:
comment   spclim = space charge limited
comment   orblim = orbit limited
comment   orbspc = orbit limited renormalized by space charge limited
comment            total current
comment Default is spclim (p. 6.45-51, 5.7-3, 3.4-5)
spclim
comment
comment Timestep in charging equations [s]
comment (p. 6.4-52, 3.5-2, 4.5-39, 5.7-5)
comment Long step -> only end result interesting, default is deltat 1
deltat 5.e-4
comment
comment Maximum number of CHARGE iterations (p.6.4-52)
comment Default is maxitt 2.
maxitt 2
comment
comment Bound on charging voltage (p. 6.4-56):
comment vltfix -80
comment
comment Initial potential: (p. 6.4-26)
comment condv 1 0
comment
comment Artificial noise: (p. 6.4-55)
comment vwiggl 0.05
comment
comment 8. Do calculations
comment --- --- --- --- --
comment
comment Maximum allowed voltage change in one iteration
comment Default is dvlim 1000 (p. 6.4-53)
dvlim 30.
comment
comment Do calculations:
loop 20 pwason curren charge
comment
comment 9. Terminate run
comment --- --- --- ----
comment
endrun
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comment
comment
comment Freja Charging Simulation Input
comment === === === === === === === ===
comment
comment For charging event 6 (high V): orbit 1666 091800
comment
comment Input file for POLAR/NTERAK
comment
comment All page and section references are to POLAR User's Manual
comment
comment General notes:
comment -Plasma general flow direction defined in ORIENT input, details
here
comment -Rij and Cij defined in input file for VEHICL, not here
comment
comment 1. General NTERAK settings
comment --- --- --- --- --- --- --
comment
comment To get abort if errors are detected, we run in batch mode
comment (p. 6.4-2)
batch
comment
comment Initialize all potentials and currents
comment (pp. 6.4-6, pp. 6.4-19, pp. 3.3-4)
comment   istart options (p. 6.4-7):
comment new - resets all potentials and densities
comment cont - keeps dens's and pot's of a previous run
comment   igical options (p. 6.4-20):
comment yes - use neutral ion densities (neuden)
comment (default for istart new)
comment shad - use geometrical shadowing (shado)
comment no - no wake (for low density or no flow)
comment oldi - use resulting densities of a previous run
comment (default for istart cont)
comment olgi - use neutral ion densities of a previous run
istart new
igical yes
comment
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comment Polar 1.3.7 has a parameter denmix (not to be confused with
comment the old parameter mixden) for stabilization of unstable
comment problems. Documentation in file Features in pol1.3.7 directory.
comment The variable denmix can take any value between 0 and 1. Some
comment denmix values: 1.0 = default, no mixing
comment                0.3 = useful for unstable problems
comment                0.0 = completely frozen wake structure
denmix 1.0
comment
comment Putting curshr all gives old Polar structure (as in manual),
comment while curshr sim is the recommended in version 1.3.7 (default)
curshr sim
comment
comment
comment
comment
comment
comment
comment
comment
comment 2. Plasma parameters
comment --- --- --- --- ----
comment
comment 2.1 Cold plasma (pp. 6.4-10)
comment
comment Density [m-3]:
dens 3.0e7
comment Electron temperature [eV] and Te/Ti in neutral density
calculation:
comment (p. 6.4-11, p. 6.4-25)
temp 0.3
temprat 1.
comment This gives Debye = 7.43*sqrt(0.3/30) m = 74 cm
comment Ions other than protons are oxygen:
amuion 16.0
comment Ratio of oxygen to hydrogen concentration:
comment (> 1.e10 => pure O+ plasma, p. 6.4-12)
ratih 2e10
comment
comment General flow direction defined in ORIENT, not here. Here is
specified:
comment (a) magnitude and (b) exact direction, i.e. everything allowed
that
comment leaves +z COMPONENT DOMINANT (p. 6.4-19). The magnitude is the
comment flow speed normalized to the ion acoustic speed S0 = sqrt(KTe/mi)
comment (eqn. 6 in p. 3.3-6).
comment vmach = vsat/S0 = vsat*sqrt(mi/KT)
comment vmach = 7000 * sqrt(16 * 1.67e-27/(1.6e-19 * 0.3)) = 5.2
vmach 0.0 1.35 5.04
comment
comment
comment 2.2 Hot electrons (pp. 6.4-13)
comment
comment Modelled as by equation 3.41-a. See also p. 6.4-13.
comment
comment Maxwellian density [m-3] and temperature [eV]:
den2 6.2e5
temp2 8.0e3
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comment
comment Power law coefficient [m-2 eV-1 sr-1 s-1]:
powco 7.6e14
comment
comment Negative of power law exponent:
palpha 2.0
comment
comment Power law integration low and high end cutoffs [eV]:
pcutl 0.5
pcuth 2.0e4
comment
comment Coefficient for Gaussian [m-2 eV-1 sr-1 s-1]:
gauco 1.3e4
comment Gaussian peak position and width [eV]:
enaut 1.1e4
delta 1.5e3
comment
comment 2.3 Magnetic field (p. 6.4-18):
comment
comment Turn B-field on or off
bfield on
comment
comment Magnitude of B [G] (1 G = 100 nT, 25 uT = 0.25 G):
bmag 0.28
comment
comment Direction AFTER ORIENT ROTATION:
bdir  0.55 -0.83 -0.02
comment
comment Note: the magsth keyword (p. 6.4-49) is not supported
comment by current POLAR versions.
comment
comment
comment 2.4 Flow velocity
comment
comment See section 2.1 above.
comment
comment
comment 2.5 Sun
comment
comment Intensity of sunlight: (1 = solar constant, 0 = darkness)
comment (p. 6.4-16) Default is sunint 0.0
sunint 0.0
comment
comment Direction to the sun AFTER ORIENT ROTATION:
sundir 0 1. 0.1
comment
comment Shadowing of surfaces turned off if convex yes:
convex yes
comment
comment
comment
comment 3. Computation settings
comment --- --- --- --- --- ---
comment
comment 3.1 General wake and sheath settings
comment
comment Include the wake caused by the sheath?
comment Default is sthwake off (p. 6.4-21)
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sthwake off
comment
comment Only calculate some ion densities?
comment Default is savset off (p. 6.4-24)
savset off
comment
comment Include ionization of neutrals in sheath? (p. 6.4-38)
comment Default is sheionz off, neutden 1.e12 [m-3], ionzcross 1.e-20
[m2]
sheionz off
comment
comment 3.2 Neuden module (pp. 5.6-1)
comment
comment Correct for E-field effects on neutral ion density?
comment (p. 6.4-22, pp. 5.6.17) Default is efldcor yes
efldcor yes
comment
comment Angular resolution of neutral density calculation (p. 6.4-22):
comment Default is nphi 36, ntheta 180
nphi 36
ntheta 180
comment
comment Extra vertices to object shadow (p. 6.4-23)
comment Default is nadd 2
nadd 2
comment
comment 3.3 Shado module (pp. 5.6-6)
comment
comment Number of points and angular steps for resolving object and
sheath
comment Default is nhexsh 6000, nphish 16 (p. 6.4-23)
nhexsh 6000
nphish 16
comment
comment 3.4 Initial settings
comment
comment To give PWASON an easier task of finding the field picture,
comment we may estimate by using random ion currents first (inpot pre).
comment Default is inpot cons. (p. 6.4-28)
inpot cons
comment
comment 3.5 Computational grid
comment
comment Points to add to the object definition grid:
comment (pp. 6.4-33)
nxadnt 6
nxadnb 6
nyadnt 6
nyadnb 6
nzadon 6
nztail 12
comment
comment
comment 4. Complementary model data
comment --- --- --- --- --- --- ---
comment
comment The spacecraft model may need complementary electrical data for
comment full specification. These should not be given here, but in the
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comment input file for VEHICL.
comment (p. 6.4-30 - 32) (cards bias, cij, rij)
comment
comment
comment 5. PWASON control
comment --- --- ---- ----
comment
comment PWASON is the potential calculation module of NTERAK,
comment described in section 6.43.10.
comment
comment 5.1 Iterations
comment
comment Set maximum number of space charge iterations; should be
comment one for very low densities where space charge has little
comment impact. Default is maxits 3. (p. 6.4-41)
maxits 3
comment
comment Set minimum and maximum number of iterations in the Poisson
comment conjugate gradient solver (p. 6.4-41, 4.3-1). Higher values
comment of maxitc may be needed for more tenuous plasmas.
comment Default is minitc 2, maxitc 20.
maxitc 160
comment
comment Orders of convergence for conjugate gradient method
comment Default is 6
potcon 4
comment
comment Absolute convergence criterion (p. 6.4-42)
rdrmin 3.
comment
comment
comment 6. CURREN control
comment --- ---- --- ----
comment
comment CURREN is the ion current calculation module of NTERAK,
comment described in section 6.43.20.
comment
comment Set maximum number of particle pushing sequences:
comment Default is ipcnt 3 (p. 6.4-46)
ipcnt 3
comment Set sheath edge potential [V]. Default is psim
comment (p. 6.4-48)
sthpot psim
comment
comment Thermal spread of particles? Default is thrmsprd off.
comment (p. 6.4-82, 3.4-6, source: sthcal.f)
thrmsprd off
comment
comment Average sheath particles to create one macro particle?
comment Default is aveprtcl off (p. 6.4-82, 5.6-21, source: sthcal.f)
aveprtcl off
comment
comment Electron drift approximation cutoff (p. 6.4-82, 5.6-28, 4.5-20)
comment If rdmax2=N, drift orbits will be used if rge < sqrt(N),
comment while pushing (using the subroutine ebpush, see source file
comment ebpus.f) is used for rge > sqrt(N) (rge in dxmesh units).
comment Default is rdmax2 0.25. Lower value gives more accuracy
comment and longer calculation.



M N N O P Q R S z

Ô T

rdmax2 0.25
comment
comment
comment
comment
comment 7. CHARGE control
comment --- ---- --- ----
comment
comment CHARGE is the module for calculating the spacecraft response
comment to the plasma.
comment
comment Set current calculation model:
comment   spclim = space charge limited
comment   orblim = orbit limited
comment   orbspc = orbit limited renormalized by space charge limited
comment            total current
comment Default is spclim (p. 6.45-51, 5.7-3, 3.4-5)
spclim
comment
comment Timestep in charging equations [s]
comment (p. 6.4-52, 3.5-2, 4.5-39, 5.7-5)
comment Long step -> only end result interesting, default is deltat 1
deltat 1.e-4
comment
comment Maximum number of CHARGE iterations (p.6.4-52)
comment Default is maxitt 2.
maxitt 4
comment
comment Bound on charging voltage (p. 6.4-56):
comment vltfix -80
comment
comment Initial potential: (p. 6.4-26)
comment condv 1 -1000
comment
comment Artificial noise: (p. 6.4-55)
comment vwiggl 0.05
comment
comment 8. Do calculations
comment --- --- --- --- --
comment
comment Maximum allowed voltage change in one iteration
comment Default is dvlim 1000 (p. 6.4-53)
dvlim 50.
comment
comment Do calculations:
loop 20 pwason curren charge
comment
comment 9. Terminate run
comment --- --- --- ----
comment
endrun
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� � � � � � � �
The directory materials contains definition files of the different types of
material used in the freja simulations with POLAR.

The directory POLARsimulations contains all the input and output files of the
POLAR simulations for the freja charging events.

The directory spectra has subdirectories for the different events; 3,6a,6b,7
and 9 and these contain the electron spectra, the fits of the spectra and
the matlab files that generate the fits. Further instructions for each event
is given in the README.m file in each of the subdirectories.

The directory suchgr contains the files for the SUCHGR simulations of the
freja charging events.

� � � � � � � � �
The data under POLARsimulations is structured in the following manner:

POLARsimulations
/ | \

    modelA      modelB       modelC
                  [frejaBm.obj]
                 [oriin, oriout]
                 [shoin, shout]
                 [vehin, vehout]
        /       /        |      \      \
     event3  event6a  event6b  event7  event9
          /       \
            orblim         spacelim
           /      \
   alt_m_no_vol       alt_r_init_vol
   [fort.#]
   [ntin.#]
   [ntout.#]
   [trout.#]
   [vehoutBm]
   [status.JCO]

The first level; modelA, modelB and modelC contaians the data for different
simulations using different models of the freja spacecraft. The model is
defined in the frejaBm.obj file in the model directory. The letter B stands
for the model type and the letter m for the variation of this model type.
The variation is described in the frejaBm.obj file. If there is more than
one .obj file this implies that different variations were used in different
simulations.[see wp120 documentation]
oriin is the input file to the orient module and oriout is the output.
shoin is the input file to the shontl module and shout is the output.
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vehinA is the input file to the vehicl module and vehout is the output.

Second level; event3, event6a, event6b, event7, event9 contains the data
for the different charging events simulated.
event3: 921205 02:38 Charging at sunset during auroral substorm.
event6a:930209 09:17 Beginning of an intense auroral inverted-V event.
event6b:930209 09:18 Peak of an intense auroral inverted-V event.
event7: 930218 09:32 Sunlight conditions during auroral inverted-V event.
event9: 921201 00:35 Charging during variation of plasma density.

Third level; orblim and spacelim divides the simulations into one cathegori
that used orbit limited motion in the solutions and one with space limited
motion. The difference between the two is described in wp120.

Fourth level; alt_m_no_vol, alt_m_init_vol etc. contains the simulation runs.
alt_m gives the specific variation of the model type used given by the
frejaBm.obj file at the first level.
no_vol means that the simulation started with an initial voltage of the
spacecraft of zero volts.
init_vol means that the initial voltage of the spacecraft is different from
zero.
All the alt_r files are using corrected spectra.
Under modelA eventD are simulations of freja for the DMSP environment given in
POLAR and for the DMSP satellite.

The fort.# files are the input and output files used by POLAR [see POLAR manual]

The ntin.# files are the input files to the nterak module. .s0 means start 0
and starts a simulation. the next are .c1 .c2 etc. meaning continue 1,
continue 2 etc. These are fed to nterak whenever a simulation has stopped for
any reason and POLAR has not yet found a stable solution. Only numerical
parameters are changed in these. If numbers are skipped, for example .c3 .c5
this means that exactly the same file was used in between without any changes.

The ntout.# files are the corresponding output files from nterak.

The trout.# files are the corresponding output files from the trmtlk module.

The vehoutBm file is the output file from vehicl for the specific model
variation used.

STATUS.JCO contains runtime status information.
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% This directory contains electron data and fits for
% Freja charging event 3.
%
% mate_data contains MATE electron data. First column
% is energy [eV], second is differential number flux
% [m-2 sr-1 s-1 eV-1]. Data is a six-second average.
%
% tesp_data contains TESP electron data. First column
% is energy [eV], second is differential number flux
% [m-2 sr-1 s-1 eV-1]. Data is a six-second average.
%
% init.m and fx.m are Matlab routines for plotting of
% data and visual fitting to the POLAR electron model.
% One first runs init from the Matlab command line,
% and then fx. The routine init initializes values of
% all the POLAR fit parameters, while fx does the actual
% plotting. One can change any of the POLAR fit parameters
% (dens, temp, powco, palpha, ...) on the command line and
% run fx again, which will plot the data and fit with the
% new values.
% Example:
% $ matlab
% >> init
% >> fx
% >> enaut = 3e6;
% >> fx
% >> powco = 1.2;
% >> fx
% Additional parameters that may be varied are:
% comp: comp=1 gives compensation for charging level
%       (default), comp=0 gives no compensation.
% Vsat: observed level of charging (negative, in Volts).
% xmin, xmax, ymin, ymax: plot limits.
%
% spectrum_raw.ps, spectrum_raw.eps, spectrum_corr.eps
% and spectrum_raw.ps are plots of the data data with
% POLAR electron expressions fitted. "corr" denotes that
% a correction for the observed charging level has been
% introduced, while "raw" indicates plots showing fits
% without such correction.
%
% Help.m prints README.m (this file) in the matlab command
% window.
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% init - initialize parameters for event modelling for Polar

% Compensate for charging level? Yes if comp = 1, no if comp = 0.
% Note that data is not compensated: instead, the plot of the
% fit is modified in fx.

comp = 1;
Vsat = -25; % [V]

% Load data:

load tesp_data;
load mate_data;
Et = tesp_data(:,1)';
Fit = tesp_data(:,2)';
Em = mate_data(:,1)';
Fim = mate_data(:,2)';
negind = find((Et < -Vsat) | (Et < 50));
Et(negind) = [];
Fit(negind) = [];
negind = find(Em < -Vsat);
Em(negind) = [];
Fim(negind) = [];

% Initialize values:

% Cold plasma:
dens = 125e6; % [m-3]
temp = 0.3; % [eV]
temprat = 1.0; % Te/Ti

% Power law electrons:
powco = 2.7e11; % [m-2 s-1 sr-1 eV-1]
palpha = 1.6; % [negative of exponent]
pcutl = 0.5; % [eV]
pcuth = 6.5e4; % [eV]

% Maxwellian hot electrons:
den2 = 1.5e3; % [m-3]
temp2 = 5e3; % [eV]

% Gaussian hot electrons:
gauco = 1.2e5; % [m-2 s-1 sr-1 eV-1]
enaut = 1.5e3; % peak energy [eV]
delta = 3e3; % e-folding width [eV]

% Constants:
qe = 1.6e-19; % [C]
me = 9.1e-31; % [kg]

% Plot limits:
xmin = min(Et)/1.5;
xmax = max(Em)*1.5;
ymin = min(min(Fim),min(Fit))/1.5;
ymax = max(max(Fim),max(Fit))*1.5;;
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Fimin = 1;  % Lowest flux to plot

% Plot title:
titstr = sprintf('Freja charging event 3: data and parametric fit');

Þ ß Æ Ø

% fluxplot - plot fluxes for event modelling for Polar

% Energy values:

logE = -1:0.01:7;
E = 10.^logE;
E0 = E;

% The model spectra are compared to observed spectra, which are
% influenced by the charging of the spacecraft. To model this
% influence, we compensate the energy for the charging level,
% if correction is asked for (see init.m). Thus E0 is the energy
% at the spacecraft of an electron that out in space has energy
% E. For a negative Vsat, E0 < E. The POLAR modelling is for
% the unperturbed distributions out in space, i.e. for E.
% Therefore, the application of the fitting expression should
% be to E, but the data must then be transformed to E0.

if(comp)
  E = E0 - Vsat;
  % Works only for Vsat < 0
end

% Modelled number fluxes:
%
% In SI units, we have
% Phic = dens * qe * E .* exp(-E/temp) / sqrt(2 * pi^3 * me * (qe *
temp)^3);
% with unit m-2 s-1 J-1. To get eV-1 instead, we should multiply by qe,
% which in total gives qe*qe/qe^(3/2) = sqrt(qe):

Phic = sqrt(qe) * dens * E .* exp(-E/temp) / sqrt(2 * pi^3 * me *
temp^3);
Phip = Fimin * ones(size(E));
ind = find(E>=pcutl & E<=pcuth);
Phip(ind) = powco * E(ind).^(-palpha);
Phim = sqrt(qe) * den2 * E .* exp(-E/temp2) / sqrt(2 * pi^3 * me *
temp2^3);
Phig = gauco * E .* exp(-(E - enaut).^2/delta^2);
Phi = Phic + Phip + Phim + Phig;

% The Phis are now fluxes out in the unperturbed plasma.
% If correction for the energy was used, we must correct
% the flux in order to get the flux at the spacecraft. Note
% that we want to plot Phi(E0) vs E0, as this obviously is
% what the detectors are measuring, but have calculated
% Phi(E) above. We then use Liouville's theorem to get
% Phi(E0)/E0 = Phi(E)/E => Phi(E0) = Phi(E) E0/E. This works
% also if no correction was done.
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Phic = Phic .* E0 ./ E;
Phip = Phip .* E0 ./ E;
Phim = Phim .* E0 ./ E;
Phig = Phig .* E0 ./ E;
Phi = Phi .* E0 ./ E;

% Combine fit with TESP and MATE data in one plot:

loglog(E0,Phi,'r',E0,Phic,'c--',E0,Phip,'b--',E0,Phim,'m--',E0,Phig,'g--
');
hold on
loglog(Et,Fit,'ro',Em,Fim,'rx');
hold off
xlabel('E [eV]');
ylabel('Phi [(m2 s sr eV)-1]');
axis([xmin xmax ymin ymax]);
sc = sprintf('dens %.1e, temp %.1e, den2 %.1e, temp2
%.1e',dens,temp,den2,temp2);
sp=sprintf('powco %.1e, palpha %.1e, pcutl %.1e, pcuth
%.1e',powco,palpha,pcutl,pcuth);
sg = sprintf('gauco %.1e, enaut %.1e, delta %.1e',gauco,enaut,delta);
tx = 10^(0.95*log10(xmin) + 0.05*log10(xmax));
tyc = 10^(0.8*log10(ymin) + 0.2*log10(ymax));
typ = 10^(0.85*log10(ymin) + 0.15*log10(ymax));
tyg = 10^(0.9*log10(ymin) + 0.1*log10(ymax));
text(tx,tyc,sc);
text(tx,typ,sp);
text(tx,tyg,sg);
title(titstr);


