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Geospace	
  Services	
  

•  Instant	
  Model	
  Runs	
  
– Magnetosphere	
  

•  LANL*:	
  L*	
  calculaRon	
  (important	
  for	
  Van	
  Allen	
  Probes)	
  
•  AE-­‐8/AP-­‐8	
  Radbelt	
  flux	
  maps	
  (also	
  important	
  for	
  them)	
  
•  IGRF	
  magneRc	
  field	
  
•  WINDMI	
  Dst	
  and	
  AL	
  

–  Ionosphere	
  	
  
•  ABBYnormal	
  electron	
  density	
  profiles	
  
•  IRI	
  ionospheric	
  density,	
  temp,	
  comp,	
  ion	
  dri^,	
  TEC	
  
•  Weimer	
  electric	
  potenRals	
  
•  MSISE	
  neutral	
  temps	
  and	
  densiRes	
  



Geospace	
  Services	
  

•  Runs	
  on	
  Request	
  
–  Ionosphere	
  

•  5	
  models	
  

–  Inner	
  Magnetosphere	
  
•  6	
  models	
  of	
  which	
  one	
  is	
  Tsyganenko	
  magneRc	
  field	
  

– Magnetosphere	
  
•  BATS-­‐R-­‐US,	
  SWMF	
  with	
  RCM	
  or	
  CRCM,	
  GUMICS,	
  CMIT/
LFM-­‐MIX	
  



Geospace	
  Services	
  
That	
  My	
  Visitors	
  and	
  I	
  Use	
  

•  Runs	
  on	
  Request	
  
–  Ionosphere	
  

•  5	
  models	
  

–  Inner	
  Magnetosphere	
  
•  6	
  models	
  of	
  which	
  one	
  is	
  Tsyganenko	
  magneRc	
  field	
  

– Magnetosphere	
  
•  BATS-­‐R-­‐US,	
  SWMF	
  with	
  RCM	
  or	
  CRCM,	
  GUMICS,	
  CMIT/
LFM-­‐MIX	
  



Geospace	
  Experiences	
  
•  Brazilian	
  students	
  (3	
  graduate	
  students,	
  2	
  post-­‐docs)	
  

–  Space	
  weather	
  forecasRng	
  
–  LocaRon	
  and	
  extent	
  of	
  reconnecRon	
  line	
  
–  Nature	
  of	
  transient	
  reconnecRon	
  

•  Russian	
  visitor	
  
–  Response	
  to	
  abrupt	
  changes	
  in	
  SW	
  P	
  

•  My	
  own	
  acRviRes	
  
–  Magnetospheric	
  magneRc	
  field	
  configuraRons	
  
–  FTE	
  structure	
  
–  Magnetotail	
  cross	
  secRon	
  
–  Subsolar	
  pressures	
  
–  Analysis	
  for	
  mission	
  proposals	
  



Space	
  Weather	
  ForecasRng	
  

•  Brazil	
  has	
  set	
  up	
  a	
  space	
  weather	
  forecasRng	
  
center:	
  
– hep://www2.inpe.br/climaespacial/en/
introducao	
  

– Our	
  visiRng	
  Brazilian	
  students	
  enrolled	
  in	
  the	
  
CCMC/SWRC	
  Space	
  Weather	
  REDI	
  Boot	
  Camp	
  	
  



Brazilian	
  Student	
  #1:	
  
Vitor	
  Moura	
  Cardoso	
  e	
  Silva	
  Souza	
  

•  Working	
  on	
  Doctoral	
  Thesis	
  

•  Seeks	
  to	
  compare	
  predicted	
  locaRon	
  and	
  extent	
  of	
  
reconnecRon	
  on	
  the	
  dayside	
  magnetopause	
  with	
  
mulRpoint	
  observaRons	
  

•  Needs	
  to	
  use	
  output	
  from	
  global	
  MHD	
  simulaRons	
  because	
  
analyRcal	
  models	
  for	
  fields	
  and	
  plasmas	
  are	
  not	
  self-­‐
consistent	
  

•  CCMC	
  acRon-­‐	
  higher	
  spaRal	
  resoluRon	
  runs	
  to	
  capture	
  
condiRons	
  at	
  magnetopause	
  



Brazilian	
  Student	
  #1:	
  
Vitor	
  Moura	
  Cardoso	
  e	
  Silva	
  Souza	
  
Three	
  Models	
  for	
  ReconnecRon	
  Line	
  LocaRon	
  

He	
  picked	
  this	
  one	
  as	
  giving	
  the	
  best	
  fit	
  to	
  
observed	
  flow	
  direcRons	
  and	
  topology	
  

Fall	
  AGU	
  2013	
  PresentaRon	
  



Brazilian	
  Student	
  #2:	
  
Flavia	
  Reis	
  Cardoso	
  

•  Was	
  Post-­‐doc,	
  now	
  professor	
  in	
  Brazil	
  

•  Sought	
  to	
  understand	
  the	
  complicated	
  topology	
  of	
  
FTEs	
  formed	
  by	
  mulRple	
  bursty	
  reconnecRon	
  sites	
  at	
  
the	
  magnetopause	
  

•  Needed	
  output	
  from	
  global	
  MHD	
  simulaRons	
  to	
  
determine	
  connecRvity	
  of	
  events	
  

•  CCMC	
  acRon:	
  prepared	
  higher	
  Rme	
  and	
  spaRal	
  (1/16	
  
RE)	
  resoluRon	
  runs	
  to	
  study	
  event	
  evoluRon	
  



Sketch of three steps in the evolution of the 
X line configurations. 

Brazilian	
  Student	
  #2:	
  
Flavia	
  Reis	
  Cardoso 

 
  Theory predicts elbow-shaped 

interlinked flux tubes [Hesse et al., 1990] 

Reconnected magnetic field lines drawn at t = 30s. The 
lines exhibit the interlinked flux tube configuration. 

Use	
  CCMC	
  VisualizaRon	
  Tool	
  



Magnetic topology for the noon-midnight plane 
(x-z plane) for different time instants: t = −30, 
−15, 0, +15, 120 s, considering t = 0 as the time 
when the magnetic topology changes 
(interlinked flux tubes onset). Colors are related 
to the magnetic topology: red = closed; yellow 
= connected to north; green = connected to 
south; and blue = IMF. Arrows indicate flow 
velocity. 

X-­‐Z	
  Plane	
  

Brazilian	
  Student	
  #2:	
  
Cardoso	
  et	
  al.	
  [Ann.	
  Geophys,	
  2013 

TIME	
  



Russian	
  Visitor:	
  
Andrey	
  Samsonov	
  

•  Visits	
  each	
  year	
  from	
  U.	
  St.	
  Petersburg.	
  

•  Wants	
  to	
  understand	
  the	
  relaRonship	
  of	
  
magnetospheric	
  flow	
  vorRces	
  to	
  
interplanetary	
  shocks	
  



Tracks	
  the	
  Transmieed	
  and	
  Reflected	
  Shock	
  
Through	
  the	
  MHD	
  SimulaRon	
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STUDIES	
  THE	
  VORTICES	
  THAT	
  IT	
  
GENERATES	
  IN	
  MAGNETOSPHERE	
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REVERSE	
  STREAM	
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SUN-­‐EARTh	
  LINE	
  

V	
  



V	
  



V	
  



Looks	
  for	
  VorRces	
  in	
  ObservaRons:	
  
THEMIS	
  posiRons	
  

N>50	
  cm-­‐3	
  



Compare	
  event	
  on	
  10/05/2011	
  with	
  simulaRons	
  

THA	
  (1.74,9.02,-­‐0.07)	
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Samsonov	
  
MAIN	
  CONCLUSIONS	
  

•  MHD	
  models	
  show	
  that	
  interplanetary	
  shocks	
  drive	
  magnetosheath	
  
flow	
  vorRces	
  

•  THEMIS	
  observes	
  the	
  vorRces	
  as	
  velocity	
  oscillaRons.	
  

•  ΔV	
  and	
  ΔB	
  increase	
  with	
  geocentric	
  distance.	
  

•  MHD	
  models	
  damp	
  faster	
  than	
  the	
  real	
  magnetosphere.	
  

•  Submieed	
  to	
  JGR	
  last	
  week.	
  



D.	
  G.	
  Sibeck	
  Research:	
  
GeomagneRc	
  PulsaRons	
  

	
  
Need	
  a	
  baseline	
  for	
  magnetospherc	
  
PulsaRons.	
  
	
  
Use	
  Tsyganenko	
  model	
  magneRc	
  field	
  
(red)	
  as	
  this	
  baseline.	
  
	
  
The	
  pulsaRons	
  deflect	
  the	
  magneRc	
  field	
  
away	
  from	
  its	
  staRsRcal	
  mean.	
  
	
  
We	
  interpreted	
  the	
  pulsaRons	
  in	
  
terms	
  of	
  dri^-­‐bounce	
  
resonances	
  [Sibeck	
  et	
  al.,	
  2012]	
  
	
  
	
  
	
  



Sibeck:	
  
Can	
  We	
  Predict	
  the	
  Structure	
  of	
  FTEs?	
  

	
  BATSRUS	
  Model,	
  IMF	
  ~	
  By,	
  May	
  20,	
  2007	
  
	
  1.	
  	
  Field	
  strengths	
  (colors)	
  
	
   	
   	
  and	
  
	
  2.	
  	
  Field	
  direcRons	
  (arrows)	
  
	
  	
  

	
  
	
  

Sphere	
  
Sheath	
  

FTE	
  

MP	
  

MP	
   FTE	
  flux	
  rope	
  with	
  
Strong	
  core	
  field	
  
Straddles	
  the	
  weak	
  
MagneRc	
  field	
  region	
  
of	
  the	
  magnetopause.	
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Sibeck:	
  
Magnetotail	
  Cross-­‐SecRon	
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Z(R E) 

X = -30 R E 

10 

20 

- -10 10 20 = Y'(RE) 

between the incident solar wind and geomagnetic 
pressures. Spreiter and Alksne [1969] presented 
a numerical solution for the same two parameters 
versus distance which included the effects of the 
solar wind static pressure and the magnetotail 
current sheet. They also showed that the loca- 
tions of magnetotail magneto pause observations 
agree well with the theoretical predictions. 
Sonett et al. [1971] confirmed these results. 
Coroniti and Kennel [1972] predicted that the 
decreasing lobe magnetic pressure reaches the 
solar wind static pressure near x -- -140 R E . Here 
flaring ceases, and the (assumed) cylindrical mag- 
netotail radius remains a constant 30 R E beyond. 
$iscoe [1972] and Birn et al. [1975, 1977] have 
developed more advanced tail models. 

Similar models have been used successfully at 
Venus [Vaisberg et al., 1981; Slavin et al., 

reasons for conflicting results are examined. In 
an appendix, we demonstrate that the mgnetotail 
deforms rapidly enough to respond to solar wind 
changes. 

Magnetotail Cross-Section Model 

History and General Considerations 

Chapman and Ferraro [1931] showed that the 
earth's magnetic field should carve out a hollow, 
the magnetosphere, in the advancing solar wind 
plasma. Ferraro [1952] showed that the boundary 
between the earth's magnetic field and the solar 
wind plasma, the magnetopause, could lie at rest 
at points where the incident solar wind dynamic 
pressure balances the earth's magnetic pressure. 
Ferraro [1960] predicted that the breadth of the 
hollow, or magnetotail, increases with distance 
from the earth, but that this flaring does not 
cease until infinity. Spreiter and Hyett [1963] 
and Spreiter et al. [1966] included the solar wind 
static (thermal) pressure in the balance between 
solar wind dynamic and geomagnetic pressures to 
better determine the shape of the magnetopause. 
Tverskoy [1968] found an analytical solution for 
the shape of the near-earth geomagnetic tail and 
the magnetic field strength within it by invoking 
magnetic flux conservation and pressure balance 

tail. Far from the magneto tail the magnetic field 
has only x and y components and lies parallel to 
the ecliptic plane. Draping introduces a z compo- 
nent near the tail, and causes the y component to 
vary with position about the tail. We will assume 
that the x component of the magneto sheath field 
near the tail remains constant and uniform, but 
that the y and z components vary with location 
about the magnetopause. They fall to zero at two 
low-latitude locations, where the absent confining 
magnetic pressure is replaced by allowing the low- 
latitude magnetotail to flare outward and inter- 
cept sufficient solar wind dynamic pressure. The 
total pressure balance between the high latitude 
magnetosheath, magnetotail, and low-latitude mag- 
netosheath is given by the balance of magnetic, 
static, and dynamic pressures on either side of 
the magnetopause: 

Bt2(x)/2•o + ntk(Tit + Tet) 
(in the magnetotail) 

-- (Bx2+f(x)B 2) shk(Ti ) y sh/2•o+n sh+Tesh 
+n shMV•h s in 2• H( x ) 

(at high latitudes) 

Fig. 1. The circular near-earth magnetotail cross 1984a], comets [Ershkovich et al., 1982], •nd 
section. Magnetosheath field lines are deflected Jupiter [Grzedzielski et al., 1981, 1982, Macek 
at low latitudes to pass either over or under the and Grzedzi•fski, 1983]. The Jovian models ß • 

magnetotail. The magnetosheath magnetic field zntroduce a solar wind magnetic pressure and 
strength is less outside the low-latitude magneto- suggest that it might be different at high and 
tail than outside the high-latitude magnetotail. low magnetotail latitudes due ..to magnetosheath 

field line draping. The resulting difference in 
magnetotail radii could be significant, at least 

The model prediction can be compared with mag- at 600 Rj, since it causes the predicted high- 
netotail observations. The model predicts insig- and low-latitude Jovian magnetotail radii to dif- 
nificant flattening in the near-earth (Ixl<100 R E ) fer by 100 Rj. We wish to model earth's magneto- 
magnetotail, and this is shown to be the case. It tail self-consistently in a similar manner, and to 
predicts sizable flattenzng in the deep (Ix1>250 compare our predictions with observations. To do 
R E ) magnetotail, and the limited observations made so, we will begin with the model of Sibeck et al. 
in this regions are consistent with the model. [1985b], which assumes an anisotropic magneto- 
The model predicts significant flattening in the sheath magnetic pressure. 
distant (100 R E < lxl < 250 R E ) magnetotail, con- 
trary to statistical results reported by Tsurutani Theory 
et al. [1984], but in agreement with a case study 
reported by Sibeck et al. [1984; 1985b] and a The model assumes that a solar wind of uniform 
reinterpretation by Hill [1985]. We present a new and constant density, temperature, velocity and 
statistical study of the distant tail, using the flow direction encompasses the magneto tail cross 
same ISEE 3 magnetotail observations, which is section shown in Figure 1. A constant nonuniform 
consistent with our model of tail flattening. The magnetosheath magnetic field also surrounds the 
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THE PREDICTED MAGNETOTAIL 
CROSS-SECTION FOR THE 
TYPICAL SOLAR WIND CONDITIONS 
OBSERVED FROM JAN - MARCH, 1983 

Z (R E) 

NORTH 
LOBE : 
W•N -" 

.:1:. 
NORTH 
LOBE 

10 

SOUTH LOBE 

2O 

SOUTH 
LOBE 
WINDOW 

Fig. 4. The magnetotail cross section at x = -200 R E predicted for the power law 
model of Slavin et al. [1985]. This figure, taken from Sibeck et al. [1985a], also 
shows the predicted locations of the magnetotail windows, boundary layer plasma 
(shaded), lobes, and neutral sheet. 

Beyond the magnetotail x or reconnection line, 
the plasma sheet B z might be negative on average. 
Curves A, B, and C in Figure 5a show the model B z 
variation versus distance computed from (5) for 

-- k Observed and model plasma sheet B z. - •_ _ 
:-")l• (a) - 

6 k C Lobe f,•,x (b) - 

x 

• 3 ................ '- 
211 I I I I I I I I I I I I 
20 40 60 80 100 120 140 160 180 200 220 

-X (R E ) 

Fig. 5. A comparison of the observed and predic- 
ted plasma sheet B z variation versus distance. 
Curves Be and S represent the observed B z varia- 
tions reported by Behannon [1970] and Slavin et 
al. [1985], respectively. The curves fall expo- 
nentially to zero with distance. Curves A, B, 

the each of the power law fits reported by 
Behannon [1968], Sonett et al. [1971], and Slavin 
et al. [1985], respectively. Note that throughout 
most of the range shown, model curves A and B fall 
off from positive values to zero with distance, 
just like the actual observations. We have 
assumed that model magnetotail flux is conserved 
and that the model B z is zero beyond the distances 
where each of these three curves cease. If B z is 
positive beyond these distances, the magnetotail 
flux continues to decrease, and the lengths of the 
model semi-minor axes shown in Figures 3 and 4 
should be even less. Note that there is no neu- 
tral line in our model. If (4) returns a negative 
value of Bz, model magnetotail flux increases with 
distance. This is unphysical since magneto tail 
flux can only be lost with distance. Our model 
predicts negative values of B z throughout the 
near-earth magneto tail plasma sheet for the power 
law fit of Slavin et al. [1985], and a brief rise 
in the near-earth B z with distance for the other 
two power law fits. Because the required B z is 
very sensitive to the power law lobe magnetic 
field strength, this probably indicates that the 
limited data set of near-earth lobe observations 
used for the power laws was affected more by short 
term variations in the solar wind pressure than 
the larger data sets available further down the 
magneto tail. 

Figure 5b shows the required lobe flux varia- 
tion with distance. The model predicts flux 
decreases to 60 R E for the 1966 power law fits and 
a small (unphysical) rise to 70 R E followed by a 

and C are the required current sheet B z for the decrease to 140 R E in 1983. Beyond these dis- 
models based on the power laws of Behannon [1968], tances the flux is constant, following our previ- 
Sonett et al. [1971], and Slavin et al. [1985], ous assumption. In fact, the magnetotail flux 
respectively. Curves A and B fall exponentially must continue to fall gradually with distance 
in agreement with observations. Curve C is because of flux loss through the magnetopause as 
unphysical since it begins at negative values recently noted by Hill [1985]. 
(shaded) which imply increasing magnetotail flux Consider now the effects of magnetotail flux 
with distance. Curve C is also unusual because it loss through the windows. If the magneto tail has 
does not fall exponentially. length 1000 R E [Dungey, 1965], then 1/5 of its 

The	
  anisotropic	
  pressure	
  of	
  draped	
  magnetosheath	
  magneRc	
  field	
  lines	
  flaeens	
  the	
  	
  
circular	
  near-­‐Earth	
  magnetotail	
  cross-­‐secRon	
  into	
  an	
  ellipRcal	
  distant	
  tail	
  cross-­‐secRon	
  

Near-­‐Earth	
   Distant	
  Magnetotail	
  

Anisotropic	
  Pressure	
  
Transforms	
  



Theory	
  Predicts	
  

DIFFUSION INTO TAIL 6063 

striating of the magnetospheric tail would mod- 
ify our estimates of diffusion time. Flattening of 
the tail will reduce the distance between a 
given field line and the surface of the tail. 
Break-up of the tail should increase the mag- 
netic scattering by supplying many intermingled 
flux filaments with opposite polarity. 

Ness et al. [1967] interpret their observations 
of the tail at 1000 Rs as indicating that the 
tail has broken into filaments. Wolfe et al. 
[1967] interpret their observations of the tail 
at 1000 R• a.s indicating that the tail has dis- 
appeared and only a solar-wind wake remains. 
The configuration of the tail is not uniquely 
determined by these observations. Following 
Fairfield [1968], we interpret. these observations 
as indicating the tail is still intact. at 108 R•, 
although it is wandering or flapping about owing 
to time variations in the non-radial component 
of the solar-wind flow and to time variations in 
aberration angle as the solar-wind speed fluc- 
tuates. 

The various dimensions of the distant mag- 
netotail ca• change with time in response to 
changes in solar-wind conditions. For the pur- 
poses of illustration, we provisionally assume 
the following tail configurations. The tail re- 
mains roughly cylindrical out to about 300 Rs; 
beyond this distance it begins to fiatten in the 
ecliptic plane. Beyond about 0.1 to 0.5 AU 
(2 X 10 • to 104 R•), it begins to break into 
filaments. We also assume that magnetic merging 
between geomagnetic and interplanetary field 
lines is not physically significant at these dis- 
tances. There is no reason to expect that the 
individual filaments experience any force hold- 
ing them together, and indeed, as developed by 
Jokipii and Parker [1968], small electrostatic 
potential differences among the filaments cause 

them to intertwine. Once the filaments are 
spread out. into a sheet., they should intermingle 
with any filamentary structure in the inter- 
planetary field [c.f. McCracken and Ness, 1966; 
Michel, 1967]. A sketch of this configuration is 
shown in Figure 2. 

DIPPUSION IN CYLINDRICAL PORTION 0P TAIL 

In our earlier paper, we examined the general 
question of diffusion. We described the process 
in terms of unknown dimensionless constants 
that were estimated from very limited data. 
Here we re-examine a specific model for the 
slow diffusive entry of solar protons. 

We propose that the tail is a bundle of 
distinct magnetic flux tubes that originate as a 
well-collimated group but drift about and inter- 
mingle ultimately with the solar-wind flux tubes. 
This structure comes about as follows. If the 
tail breaks up, each filament is exposed to 
slightly different solar-wind conditions, and the 
solar wind is far from uniform. It then follows 
that the solar wind'plasma on each •filament 
may vary slightly in pressure. Alternatively, the 
polar cap ionosphere could introduce varying 
amounts of plasma [Dessler and Michel, 1966] 
into the tail, and constancy of magnetic plus 
plasma pressure would obligate the magnetic 
field intensity to vary slightly across the tail, 
even if the field direction were constant. The 
latter mechanism would be analogous to the 
formation of whistler ducts in the magneto- 
sphere. 

A section through the tail would then display 
the cellular structure illustrated in Figure 3, and 
particles could gain access in two distinct ways. 
First, low-energy particles (cyclotron radii small 
compared with the flux tube radii) would gra- 
dient drift along the boundaries between the 

Fig. 2. Schematic of the magnetospheric tail showing (from left) the earth and near mag- 
netosphere, the cylindrical portion of the tail and neutral sheet giving the 'theta' cross section, 
the fi•ttening of the tail into an elliptical cross section, and the postulated breakup of the 
tail into individual flux tubes. 

Michel	
  and	
  Dessler	
  [1970]	
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Oblate	
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Fig. 2. Predicted magnetotail dimensions based on the power law fits to the 
magnetotail lobe field strength reported by (curve A) Behannon [1968], (curve B) 
Sonett et al. [1971], and (curve C) Slavin et al. [1985]. The top panel shows the 
major axis of the magnetotail cross section as a function of distance for each of 
the three power law fits to the magnetotail lobe field strength. The length of the 
semimajor axis increases with distance from its initial value of 20 R E in 1983 (or 
24 R E in 1966). The lower panel shows the minor axis of the magnetotail cross 
section as a function of distance. The semiminor axes increase with distance in the 
near-earth magnetotail, but decrease with distance beyond the point where the 
magnetotail and high-latitude magnetosheath pressures balance. Observations of the 
magnetotail dimensions (listed in Table 1) are shown as circles. 

sections at x = -200 R E for each of the three 
power law fits. We predict that the semimajor 
axis length is 37.8 R E and the semiminor axis 
length is 18.5 R E for the Slavin et al. power law 
fit to the magnetotail lobe magnetic field. 
Clearly all the fits lead to a significantly 
flattened distant geomagnetic tail cross section. 
For comparison, we show the east-west diameter 
reported by Slavin et al. [1983, 1985] and the 
elliptical cross section reported by Tsurutani et 
al. [1984]. 

Figure 4 repeats the magneto tail cross section 
predicted for the Slavin et al. power law, but 
explicitly shows the structure of the magnetotail. 
The locations of the north and south lobes, 
neutral sheet and approximately 5-RE-wide windows 
are all drawn in. Plasma in the boundary layer 
(shown shaded) enters the magneto tail via the 
interconnected magneto tail-magnetosheath field 
lines which form the windows [Sibeck et al., 1985 
a, b]. The latitude of the windows depends on the 
IMF orientation such that they lie at the apices 
of the major axis of the elliptical cross section. 
Since magneto tail field lines bend to pass in and 
out of the windows, the windows aid rather than 
resist flattening. 

We have also extended the magneto tail dimension 
calculation beyond 500 R E for the Slavin et al. 
[1985] magnetic field power law. At 500 R E the 
semimajor axis should be 60 R E and the semiminor 

constant static and decreasing draped magnetic 
field pressures in the magnetosheath. These 
results indicate that the total magnetotail pres- 
sure must decrease, albeit slowly, with distance 
rather than remain constant, as we assumed. 

Next we compare the model-required current 
sheet B z with observations. Curves Be and S in 
Figure 5a show the observed dependence of current 
sheet B z on distance reported by Behannon [1970] 
and Slavin et al. [1985], respectively. The 
plasma sheet B z falls sharply from positive values 
to near zero with distance down the magnetotail. 

Z (R E) 
X = -200 RE 

3 

/•• lO- A,B • 
I [ y'(RE) 40 

Observed and model magnetotail cross-sections 

axis 11.7 R E long. The magneto tail is quite flat- Fig. 3. A comparison of the magnetotail cross 
tened here and the draping function has fallen to sections at x = -200 R E predicted by our model 
f(x) TM 1.44. Beyond this distance, the rate of and the three power law fits (A, B, and C as 
flattening diminishes, in part because one of the defined in the caption to Figure 2), with the 
model assumptions fails. As the magnetotail flat- east-west dimension (S) reported by Slavin et al. 
tens, the confining high-latitude magnetosheath [1983] and the magnetotail dimension without 
magnetic pressure decreases. Beyond 500 R E the boundary layers (T) reported by Tsurutani et al. 
magnetotail pressure is greater than the combined [1984]. 

T:	
  Tsurutani	
  et	
  al.	
  [1984]	
  
S:	
  Slavin	
  et	
  al.	
  [1983]	
  
A,	
  B,	
  C	
  Sibeck	
  et	
  al.	
  [1986]	
  
	
  
>50%	
  observaRons	
  with	
  
|Bx|/B	
  >	
  (4/5)1/2	
  
	
  
	
  



Time-­‐Dependent	
  Response	
  of	
  Magnetotail	
  
Cross-­‐SecRon	
  when	
  IMF	
  Rotates	
  from	
  –Bz	
  to	
  +By	
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Sibeck	
  
Pressure	
  Balance	
  at	
  the	
  Magnetopause	
  

•  Shue	
  and	
  Chao	
  [2013]	
  report	
  that	
  pressures	
  
applied	
  to	
  the	
  subsolar	
  magnetopause	
  
increase	
  when	
  the	
  IMF	
  turns	
  southward.	
  

•  Really?	
  	
  Lets	
  ask	
  the	
  MHD	
  models.	
  



The	
  Claim	
  (Part	
  1):	
  
IMF	
  Bz	
  Controls	
  Pressure	
  Applied	
  to	
  

Magnetopause	
  Near	
  the	
  Sun-­‐Earth	
  Line	
  
[Shue	
  and	
  Chao;	
  2013]	
  

Standard	
  View	
  
	
  
	
  
	
  
	
  
	
  
Standard	
  View	
  
	
  
	
  
	
  
	
  
Shue	
  View	
  
Pressures	
  
increase	
  for	
  
Bz	
  <	
  0	
  

IMF	
  Bz	
  



MHD	
  SimulaRons:	
  	
  
Cut	
  Along	
  X-­‐axis	
  

IMF	
  Bz	
  <	
  0	
  
Magnetopause	
  Current	
  Strong	
  

IMF	
  Bz	
  >	
  	
  0	
  
Bow	
  Shock	
  Current	
  Strong	
  

MP	
   MP	
  BS	
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J	
   J	
  

Cut	
   Cut	
  



Profiles	
  along	
  
the	
  Sun-­‐Earth	
  
Line	
  

Bz	
  =	
  5	
  nT	
  

Bz	
  =	
  -­‐	
  5	
  nT	
  

Bow	
  Shock	
  

MP	
  Bz	
  =	
  5	
  nT	
  

Sphere	
  
Magnetosheath	
  	
   SW	
  

MP	
  Bz	
  =	
  -­‐5	
  nT	
  

Use	
  current	
  
peaks	
  to	
  find	
  
magnetopause,	
  
compare	
  pressures	
  
at	
  	
  Bz	
  >	
  0,	
  <0	
  
magnetopause.	
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How	
  About	
  Deeper	
  in	
  the	
  
Magnetosphere?	
  

•  Compare	
  distribuRons	
  of	
  equatorial	
  magnetospheric	
  
Bz	
  for	
  IMF	
  Bz	
  >	
  0	
  and	
  <0…	
  	
  to	
  show	
  that	
  Bz	
  decreases	
  
everywhere.	
  

	
   Sphere	
  Bz	
  
for	
  
IMF	
  Bz	
  <	
  0	
  

Sphere	
  Bz	
  
for	
  
IMF	
  Bz	
  >	
  0	
  

Difference	
  =	
  
Erosion	
  

-­‐	
   =	
  
Bz	
  decrease	
  	
  
everywhere	
  



Sibeck:	
  
Mission	
  Planning	
  

•  Want	
  to	
  develop	
  and	
  fly	
  a	
  so^	
  x-­‐ray	
  imager	
  

•  Need	
  to	
  determine	
  signal	
  to	
  noise	
  

•  Need	
  to	
  determine	
  best	
  orbit	
  



Magnetosheath	
  emissions	
  
frequently	
  obstructed	
  low	
  alRtude	
  
spacecra^	
  ROSAT’s	
  all-­‐sky	
  	
  
so^	
  (0.1-­‐2	
  keV)	
  X-­‐ray	
  survey	
  
from	
  7/90-­‐8/91	
  

Streaks contaminate ROSAT views   With magnetosheath ‘contamination’ 
through the terminator magnetosheath.  removed, background is well-determined

           Snowden et al. [1997] 

β = 90° 

β = -90° 

λ = 90° λ = -90° 

Raw Cleaned 



Charge	
  Exchange	
  Generates	
  So^	
  X-­‐Rays	
  
In	
  the	
  Magnetosheath	
  and	
  Cusp:	
  

High	
  Charge	
  State	
  Solar	
  Wind	
  Ions	
  and	
  Exospheric	
  Neutrals	
  
O8+	
  +	
  H	
  	
  O7+	
  +	
  H+	
  +	
  So^	
  X-­‐rays	
  
C6+	
  +	
  H	
  	
  C5+	
  +	
  H+	
  +	
  So^	
  X-­‐rays	
  

The soft X-rays are 
emitted isotropically, and 
can be seen from a wide 
range of locations 
 
Integrated line of sight  
intensity is given by: 
 
Jx-ray = ∫δr nionVeffσnH 
 
Veff ~ (Vth

2+Vbulk
2)1/2 

 



We	
  Want	
  to	
  Look	
  from	
  the	
  Outside-­‐In	
  

•  Cross-­‐secRon	
  of	
  the	
  magnetosphere,	
  
exosphere	
  imposed,	
  lines	
  of	
  sight	
  integraRons,	
  
Magnetosphere	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Exosphere 	
  =	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  So^	
  X-­‐ray	
  Emissions	
  



...and	
  test	
  boundary	
  extracRon	
  
rouRnes	
  on	
  simulated	
  observaRons	
  
•  A.	
  	
  Nominal	
  so^	
  x-­‐ray	
  background	
  
•  B.	
  	
  Integrated	
  LOS	
  emissions	
  
•  C.	
  	
  A+B	
  
•  D.	
  	
  A+B+Poisson	
  Noise	
  
•  E.	
  	
  D-­‐A	
  

•  Observer	
  at	
  	
  
	
  	
  	
  (x,y,z)	
  =	
  (10,	
  -­‐30,	
  0)	
  RE	
  
	
  	
  	
  	
  Counts/0.5°	
  x	
  0.5°	
  pixel	
  -­‐	
  minute	
  
	
  
	
  	
  CalculaRons	
  made	
  using	
  BATS-­‐R-­‐US	
  MHD	
  
(courtesy	
  CCMC)	
  and	
  Hodges	
  exospheric	
  models	
  

Counts/pixel/ 
min 



We	
  have	
  to	
  show	
  that	
  we	
  can	
  use	
  
automated	
  rouRnes	
  to	
  extract	
  physical	
  

boundaries	
  
•  AutomaRcally	
  extracted	
  
	
  	
  	
  magnetopause	
  (squares)	
  
	
  	
  	
  and	
  bow	
  shock	
  (diamonds)	
  
	
  	
  	
  shapes	
  match	
  line	
  of	
  sight	
  
	
  	
  	
  tangents	
  to	
  these	
  
	
  	
  	
  boundaries	
  (white	
  
	
  	
  	
  	
  curves)	
  

23°x23° FOV from 30 RE 
N = 22 cm-3, V = 930 km/s 
By = 26 nT, Bz = -1 nT 



Different	
  Views	
  from	
  30	
  RE	
  Orbits	
  

(x,y,z)	
  =	
  (-­‐30,0,0)	
  RE	
  
(x,y,z)	
  =	
  (30,	
  0	
  ,	
  0)	
  	
  

(x,y,z)	
  =	
  (0,0,30)	
  

(x,y,z)	
  =	
  (0,0,-­‐30)	
  

(x,y,z)	
  =	
  (0,30,0)	
  

(x,y,z)	
  =	
  (-­‐21,0,-­‐21)	
  



Summary	
  
•  This	
  talk	
  demonstrates	
  that	
  the	
  tools	
  we	
  need	
  to	
  
do	
  great	
  science	
  and	
  mission	
  planning	
  are	
  already	
  
available.	
  

•  CCMC	
  staff	
  respond	
  rapidly	
  to	
  requests	
  for	
  
special	
  services.	
  

•  However,	
  we	
  have	
  encountered	
  one	
  problem:	
  
We	
  need	
  more	
  disk	
  space	
  to	
  store	
  results	
  from	
  
mulRple	
  high	
  resoluRon	
  runs.	
  


