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Baseline 
•! B from WSA 

•! v from WSA 

•! ! from Helios data fit 

•! T from nkT uniform  

All plots are taken at a 

radius of 1.45 AU.  

•!Coloured track 

corresponds to Ulysses’ 

ephemeris during CRs 

1891-1895 

•!5 day tick marks 

correspond to tick 

marks of comparison 

plots 

Test nv2
 

•!! from nv2 uniform 

•!High latitude densities 

are lower, as expected 

•!Velocity plot is the 

same 

Test Ptrans 

•!(nkT + B2/2µo) uniform 

•!High latitude densities 

are slightly lower 

•!High latitude speeds 

are fast 

Test T 
•!T uniform (0.8 MK) 

•!Temperature does not 

seem to have a 

noticeable dynamical 

effect 

Test B 
•!Br is calculated from vr, 

latitude and B"   

•!High latitude magnetic 

fields are stronger, and 

compress the streamer 

belt 
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Ulysses and its Fast Latitude Scan: 
•! Launched October 6th, 1990 (2) 

•! Orbits roughly perpendicular to the ecliptic with a 5 year period 

•! Ulysses’ first perihelion Fast Latitude Scan (FLS), January – April, 1995, during solar 

minimum 

•! Concurrent to CRs 1891-1895 

•! Ulysses orbits from the southern hemisphere (-45o heliographic latitude) to the northern 

hemisphere (53o heliospheric latitude)  

•! Distance from the Sun during the FLS: 1.34AU-1.56 AU 

•! Used hourly plasma and magnetic field data 

All Runs: 
•!Model the heliosphere from 0.1 AU to 2.0 AU for CR 1892, excluding 10o cones centered 

at the poles 

•!Run on a ~2o x2o x2RSun uniform spherical grid 

•! Use radial magnetic field and radial solar wind speed results from Wang-Sheeley-Arge  

(WSA) coronal model as input at the inner boundary 

•! WSA maps are calculated from magnetograms measured at the photosphere  

Baseline Assumptions: 
•!Magnetic field (B): directly from WSA 

•!Velocity (v): directly from WSA (3) 

•!Density (!): fit to Helios data 

•!Temperature (T): assume uniform nT, where T=0.8 MK for n=300/cm3 

Results & Conclusions: 
 We have run the LFM-helio MHD heliospheric model for CR 1892 under 5 sets of 

assumptions and have compared the results with each other as well as with data from the Ulysses 

Fast Latitude Scan, in 1995, during solar minimum.  Our results suggest that the model performs 

well in reproducing solar wind data from Ulysses at a large range of latitudes.  The comparisons also 

suggest that the assumptions made when specifying the density and thermal pressure at the inner 

boundary do not severely affect the model results.  

Abstract: 
We have used the Lyon-Fedder-Mobarry (LFM) heliospheric magnetohydrodynamic (MHD) code, 

the LFM-helio, to investigate the dependence of model results on details of the specification of the 

inner boundary. The LFM-helio is a recent adaptation of the magnetospheric LFM MHD code to 

heliospheric plasmas and fields. The inner boundary conditions are obtained using the Wang-Sheeley-

Arge (WSA) coronal model for Carrington rotations (CR) 1891-1895, which are concurrent with 

Ulysses' fast latitude scan. The WSA model yields the velocity and magnetic field at the inner 

boundary of the simulation based on observations of photospheric fields. Solar wind MHD models 

must make assumptions about parameters at the inner boundary in order to specify the plasma density 

and temperature. We have run the model for CR 1892 under four sets of assumptions. We have 

investigated the effects of these assumptions by comparing the simulations with Ulysses' plasma 

density, velocity and magnetic field data from its Fast Latitude Scan.  

LFM-helio: 
•!The magnetospheric LFM MHD model was developed at NRL in the mid 80’s (1) 

•!LFM has a strong reputation in the terrestrial magnetospheric community for its robustness and 

highly conservative numerical schemes 

•!Uses a Partial Donor Cell numerical method, which is a Total Variance Diminishing transport 

scheme, with 8th order numerical fluxes 

•!Magnetic field is maintained divergenceless to roundoff by using the Yee-type staggred mesh grid, 

whereby magnetic fluxes are defined on the cell surfaces while electric fields are defined on cell 

edges. 

•! Works on an arbitrary hexahedral grid. 

•!Recently modified and adapted to heliospheric plasma and fields, having conserved the underlying 

numerical methods.  
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Model comparisons to Ulysses Data 
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Comparison to Ulysses Data: 
•!Sampled model output from grid cells corresponding to Ulysses’ ephemeris during CRs 

19891-1895 

•!Vertical dashed line indicates the passage of a CME (4) 

•!Ulysses data plotted in black, baseline case in red 

•!Overall, baseline model results agree well with Ulysses data and reproduce large structure. 

•!Differences between  the 5 cases studied, generally, are changes in magnitude rather than timing 

•!Density: All cases behave similarly.  Note that density values for Test nv2 are slightly under-dense 

at high latitudes.   Also, the simulated Ulysses data from Test B does not produce as many density 

minima as other cases. 

•!Radial Velocity: Test Ptot produces higher high-latitude speeds than other cases.  Test B , due to the 

compression of the  heliospheric current sheet, does not accurately capture the entry into the slow 

speed sector. 

•!Radial Magnetic Field: With the exception of Test B, all cases behave almost identically.  Test B 

overestimates the field strength at high latitudes. 


