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Abstract. | study the model response of the latitudinal profile of the heliospheric Lyenglow to various profiles of the

ionization rate. The two profiles are characterized by their range separately in the north and south hemisphere, and by the
contrast between the equator values and north and south pole values. These parameters define a mesh of the input ionization
rate profiles, used to derive the output heliospheric glow profiles. It is shown that in the crosswind plane containing the Sun
there exists a linear correlation between the north and south ranges of the ionization profile and the corresponding ranges of
the glow profiles. This correlation does not depend on the contrast of the ionization profile. The contrast of the glow profile is
almost linearly correlated with the contrast of the ionization profile, but this correlation changes with the change of the input
profile width. Based on these correlations, a method to derive the latitudinal profile of the solar ionization rate from observations

of the heliospheric glow at 1 AU is proposed.
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1. Introduction profiles. In particular, | was looking for the correlation between

the north and south latitudinal range of the bulge on one hand

The aim of this paper is to present models used to derive R&d the latitudinal range of the groove on the other hand, and

rameters of the ionization field of heliospheric hydrogen fro%r the correlation between the depth of the groove and the
remote-sensing observations performed by the SWAN exp r|-ight of the bulge

ment onboard SOHO and presentgd by Bzowski et a_I. (20 ? The approach for modeling of the intensities of heliospheric
this issue, Paper II). | present a brief resume of the history Olf

. . ow was essentially the same as in the paper by Bzowski
the research on solar wind asymmetry and its remote sen X e . :
. : . etal. (2002). The intensities were calculated using the single-
by observations of the heliospheric Lymarglow.

The paper presents results of model calculations of profil%csattermg’ optically thin model:

of the heliospheric backscatter radiation intensity as a function 2 o0

of heliographic latitude for various profiles of the ionization (ry g, 6) = I, -£ o ng fﬁ(r, 9,0) /r2dr. (1)
rate. 4n )

2. Modeling In this formula,| (ro, 6, 6) is the intensity of the backscattered

The idea of modeling presented in this paper is to take a Hﬁl_diation observed along a heliocentric line of sight anchored

tudinal profile of the ionization rate similar to that observed Kt the distanceo from the Sun in a point whose radius vec-
Ulysses during the 1995 fast latitude scan (Phillips et al. 1998 fo in a heliocentric reference system makes afgiéth the
Bzowski 2001a, see Fig. 1) and to calculate the latitudinal prg?Wind direction ana with the solar equator (that is, s its

file of the Lymane glow. Ulysses observed a flat but noisy enhehographlg latitude)l, is the s_olar illuminating flux, assumed
hancement of the solar wind mass flux (the “bulge”), straddlifig P€ SPherically symmetricg is 1 AU (ro = re throughout);
almost symmetrically the solar equator. Accordingly, | adopté&d!S the €ross section for interaction of solar Lymaphotons
input ionization rate profiles featuring a flat, symmetrical ef/!th neutral hydrogen atoms, averaged over the solar Lyman-
hancement in the equatorial region. From the calculation of3€ Width; o is the gas density at the termination shock (for-
grid of such models, where the variable parameters were fAg!ly: atinfinity);fi(r.6, 6) is the local density of the gas, taken
width and height of the input ionization profile, | obtained afS  fraction ofo: ii(r,6,6) = n(r, 6,6) /no; n(r. 6, 9) is the lo-
output grid of glow profiles which feature broad minima iff& 9as density in a point defined by radius vect( 6, 6). In
equatorial band of latitudes (the “groove”). With these profild@€ calculations to follows was always equal to 9@nd since

on hand, | studied correlation between the ionization and gIdjf Ines of sight were directed radially away from the Sun,
the latitude of each point on a given line of sight was equal

* e-mail:bzowski@cbk.waw.pl to oned value, specific for this line of sight. As it is evident
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from Eq. (1), the gas density at infinity and the solar illumi- Morphology of ignization rate Profile (the bulge)

The underlying density of the gadr; 9, 5) was calculated
using the model developed by Bzowski et al. (2002). In th
model, which is based on the model by Rski & Bzowski
(1995), the density is calculated as a numerical integral of t 3% 107
distribution function over the velocity phase space. The dist
bution functionf_oc for velocity vectow in a selected location
in space, determined by the heliocentric distan¢ed, ), is
calculated as a product of the assumed distribution function
the termination shocK,, for a velocity vectow,, and of the
ionization weightwion:

—7

nation of the ga$; are multiplicative factors that cancel wher 6x10

relative intensities are calculated.

The relative intensitie® (6) are defined as:
I (ro, 6,06) 5x1077
Q@) =F—F7-—-1 (2)
I (ro, 6, dmin) = .

wherednmin is by definition the heliographic latitude of the Iineg éb half width

of sight which returns the minimum intensity in the scan plan £ 4x 10~ 5 | athalf max
% E
£

bulge range

2x1077

=75 =50 =25 0 25 50 75
heliographic latitude

Fig. 1. Definition of morphological features of the ionization bulge
floc (©,1,6,6) = feo (Veo, o) Wion (0,1, 6,6, V0, T'0) - (3) profile. The range corresponds to half width at half maximum and the
. L . height is the ratigs (0) /8o (90). The width of the profile is equal to
Herer,, is the (formally infinite) distance from the Sun, wher@ne yange. The range is expressed in degrees of heliolatitude and the
one must assume some form of the distribution function of thgignt is dimensionless.

gas f. (v, Fw). Basically, this function is quite complicated
since the hydrogen gas is heavily processed by the heliospheric

interface (Izmodenov et al. 2001). In practice, it is assum%gwind direction were assumed as = 2524° and¢g = 7.5°.

that the gas distribution function a¢ is a Maxwellian with @ the yajyes of the ionization rate were assumed constant in
temperaturd ., travelling with the bulk velocity vectas (S€€ (jme and the value of the radiation pressure was adopted as
also Fahr 1978; Thomas 1978; Wu & Judge 1979; Lallemegyt ihe time of Ulysses fast latitude scan in 1985: 1.07. For

et al. 1985; and a review by Runski & Bzowski 1996). The ¢ \erification modelling, discussed in Paper |1, the values of
velocity vectorvg of the atom ar., is calculated numerically o giation pressure derived from the EUV'97 model by Tobiska
by back-tracking the atom from its positi¢n 6, 9) inside the ot 5| (1997) and presented by Bzowski (2001b) were used.

he:-hosph_ere, where 't. has velocity vegtor equab.tdo . In As input to the modelling, | used a series of helio-latitudinal
this particular embodiment of th_e d.ens_|ty model| a_lss_umed ttb"’”)files of the ionization rate that throughout this paper and
the pressure of solar I__ymamadlatl_on IS constant in time, so Paper Il will be referred to as the ionization bulge. This is be-
the ato”?s were foIIow_lng hyperbolic traje(_:torles. ... cause the model ionization rate at 1 AU, when rendered in 3D,
The ionization We'ghwi"“ (r.v.6,0, r°°.) IS the pf"b?b"'tY ppears as a spherical surface with a bulge in a band of equato-
that the atom survives such a travel in the ionization fiel al latitudes. | checked extensively one class of models: sym-
described by the equation metric about the solar equator, characterized by the two large-
re)\2 scale morphological parameters defined in Fig. 1. They are the
B(r,8) = o () (7) (4)  bulge width, defined precisely as half width at half maximum
) ) o of the profile, and the bulge height, defined as the ratio of the
wherefo (6) is one of the profiles of the ionization rate at 1 AUy es at the equator and at the poles. In the modelling, | used

presented below. The ionization weight is calculated numegs e pase value the rate observed at the solar poles by Ulysse:

cally by the following integration: during the Fast Latitude Scan in 1995 (Phillips et al. 1995),
ty ) plus the photoionization rateBx 10°' s71, inferred from the
r ) ) : .
wion = exp|— fﬁo 6 (1) (_E) ot ) 10.7 cm proxy (f_or dlscusspn, see Bzowski 2001b). Since the
: r adopted profile is symmetric with respect to the equator, its
0

north and south widths — by assumption equal to each other
whered (r,t) is the instantaneous heliographic latitude of the are also equal to its north and south range. This is not the
test atom during its travel from the local point tg. Since case, however, for profiles not symmetric with respect to the
the atoms do not follow radial trajectories, it usually changesjuator, as those presented in Fig. 9, which will be discussed
considerably during the flight of the atom. in a further part of the paper.

The calculations were performed for the bulk velocity and The modelling was performed on a mesh of 7 widths
temperature of the hydrogen gas at the nose of the termiaad 6 heights of the profiles, presented in Fig. 2. For these pro-
tion shock similar to those derived by Costa et al. (1999%jles, | calculated intensities of the heliospheric glow for lines
vg = 20kms?, T, = 12000 K. The ecliptic coordinates of theof sight directed away from the Sun from 1 AU, located in the
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Fig. 2. Mesh of the ionization bulge parameters used in the modellil i = '?5 ,0 ) e 3 42
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of the helioglow intensity groove profiles.

Fig. 3. Morphology of the groove profile with respect to heliographic
latitude in the plane perpendicular to the inflow direction. The vertical

plane perpendicular to the gas inflow axis. The sampling Wf?se marks the minimum of the profile which occurs a few degrees to

every 75°. The scan plane _'S close to the Ulys_se_s orbit aife south from the equator. The north (south) range of the profile is
comes close to but not precisely through the ecliptic and solgfiined as the latitude of its half-maximum in the northern (southern)
poles. hemisphere. The north (south) width of the profile is defined as the
This was the baseline geometry of the input bulge profilegifference between the latitude of the north (south) half-maximum and
Since the observed profiles of the groove, presented in Papeoilthe latitude of the minimum of the profile. The north and south
suggest that the ionization bulge is not always symmetridgpthsay, gs are the ratios of the intensities at the poles and at the
| studied qualitatively the following two additional cases: whe@duator (see Eq. (2)). The north-south asymmetry of the prayile
the bulge is shifted slightly (by°$ and considerably (by 3D is defined as the ratio of the north depth to_the south de(m,lg_: = .
to the south. In these two cases, calculated for all 7 widths, yf% The widths and ranges are expressed in degrees of heliographic
for only one height of the ionization bulge, the north and south'ud and the depths and depth asymmetry are dimensionless.
ranges of the ionization profile were no longer equivalent to its
widths.
From the modelling performed | obtained a family of proi_s no longer symmetric with respect to solar equator. Finally,

files of the groove whose morphological parameters | define'aill define the procedure to determine the parameters of the
shown in Fig. 3. !omzayon rate profile from the observed parameters of the glow
In this geometry, although the solar ionization rate {§teNSity.

north-south symmetric, the resulting intensity profile is not.

Consequently, | consider separately the north and south pro8ilg jonization bulge symmetric about the equator

ranges, widths and depths, as indicated in the figure. | refer the

north and south half-width of the profile to the minimum of th&xample profiles of the groove forfigrent widths of the ion-

groove, marked with the vertical axis in the figure. The mirization bulge are presented in Fig. 4. With the increasing range

imum does not occur at the heliographic equator. The groo¥&the bulge, the groove profiles become flatter and flatter both

range to the north and to the south in heliographic coordinatggerms of the poles-to-equator ratios and in terms of the flat-

are taken with respect to the solar equator while the widthsfgss of the bottom of the profile. However, there exists a thresh-

the profile with respect to the latitude of the minimum. old value of the bulge width, below which the depth of the
groove becomes to decrease again: in Fig. 4 the groove is the

i deepest for the bulge width equal+@9°.
3. Modeling results

In this sectﬁon, I will discuss first_ th(_a main featqres of thg.l.l. North-south asymmetry of the groove

groove profiles created by the ionization symmetric about the

solar equator. | will show the morphological features impoirhe north-south asymmetry of the profiles is definedas =

tant for correct interpretation of the observed profiles of thg/qs, whereqy, gs are the north and south depths of the
glow and will point out the quantitative correlations that ergroove, defined in Fig. 3. The behavior af,s for various
able determining the parameters of the ionization profile frowidths and heights of the ionization bulge is summarized in
observed profiles of the glow. Then | will qualitatively showrig. 5. The asymmetry is caused by the small inclination of
modifications of the glow profile when the ionization profilehe gas inflow axis to the solar equator. Generally, it attains the
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3.1.2. Groove range vs. ionization bulge range ;’-.:, Tl
The north and south ranges of the groove depend linearly 12 14 16 18 2 22 24
the range of the ionization rate profile. There is no depende bulge height

whatsoever of the range of the groove on the depth of the bulge,
as shown in Fig. 6. Fig. 5. Upper panel: N5 asymmetry of the groove depth as function

The position of minimum intensity (groove minimum)Of the bulge width for the bulge height values indicated in the box.

shows little dependence on the depth of the bulge (if at all, thFOr symmetric bulge, one does not expect more a6 asymme-

f?? The highest occurs for the bulge width equal to about Béwer

for large widths), but it slowly moves towards southern Iat\c')anel: NS asymmetry of the groove depth as function of the ionization

tudes with the increasing width of the bulge. The mean positig[}ge neignt for bulge widths indicated in the box. The dependence

of the groove, defined as the arithmetic mean of the north agdyimost linear, but the slope varies with the width of the ionization
south range, is practically independent of the ionization profigige.

width. For the assumed latitude of the upwind direction, equal

to 7.5° north (equivalent to abouf$eliolatitude), it goes level

at ~4° south heliolatitude. from the depth of the groove, which will be discussed in the
Hence, the observed position of the groove minimuftext section.

should yield a clue on the symmetry of the ngstbuth range

of the ionization bulge. Another test would be to take the me

of the north and south groove range and see if they do not

too far away from the equator. Then, if these tests for symmefrige groove depth depends almost linearly on the bulge height,

of the ionization bulge are passed, one can infer the north @nd some dependence exists also on the width of the bulge.

south range of the ionization bulge from the observed ran§eparate correlations occur for the north and south depths

(north and south) of the groove. With this information on han@see Fig. 7). The highest slopes occur for the highest widths

one can proceed to determine the height of the ionization bulgfethe bulge. The dependence of the groove depth on the

%%.3. Groove depth vs. ionization bulge height
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3.2. Asymmetric bulge profiles * s y 4 x 63,1
S - 114
The modelling in this case was performed only on a qualitati 1.2 = ¥
basis. The goal was to get some insight into the behavior i’ - .
the groove profile when the ionization bulge is shifted to tt i 1.2 1.3 1.4 145 1.6 157
south of the Sun, as suggested by some observations discu groove depth, south

in Paper Il. | used the full range of the widths, but only one, ) L
value of the depth, equal to 1.64. | checked the following twdd: /- YPPer panel: height of the ionization bulge vs. depth of the

) . . intensity groove north for the bulge widths indicated in the box next
cases: one with the shift of the bulge to the south by8frther to the drawing. For an individual width of the ionization bulge, the

on. refer.red to as the “large shift”), and the other on.e with tr&%rrelation between groove depth and bulge height is close to linear
shift by just 5 (further on referred to as the “small shift”). Theyt the siope of the curve depends on the bulge width. Lower panel:
bulge profiles used in both cases are presented in Fig. 9 andd§ithe upper panel but the quantities for the southern hemisphere are
resulting groove profiles in Fig. 10. shown in the same scale — the slopes are somewfiateatit.

Some of the ionization bulge profiles studied engulf at least
partly the south pole. Hence the morphology of the resulting
groove profiles can be quitefterent from the symmetric bulge
case. The ionization bulge does not need to swallow the pgk@rphology occurs even in a greater extent (see the profiles
in order to obtain the groove profiles almost entirely flat ifPr 51 through 68).
the southern hemisphere, but showing a considerable gradientAnother striking change in comparison with the symmetric
in the northern hemisphere. This happens, e.g., for the gro@ase is an increase of the north-south depth asymmetry, even
profile corresponding to the bulge shifted to the south by, 30vhen the shift is small. It is illustrated in Fig. 11. Thefdr-
width 38 (cf. the lower panels of Figs. 9 and 10). Of courseance in the north-south asymmetry is almost two-fold for typ-
when the bulge does engulf the south pole, that kind of grooieal depths of the bulge~(.1 compared with~1.06). In the
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Groove depth N vs bulge range N
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case of a big shift of the bulge thefldirence is immense but3.3. Procedure to determine parameters
then one can see the shift at a glance. of the ionization bulge from the observed

Despite the large dierences in the )¢ asymmetry (see parameters of the intensity groove

Fig. 12), the correlation between the range of the ionizatigfhe procedure of determining of the ranges and heights of the
rate profile and the range of the groove is conserved: in thgyization bulge will be explained on example. Let us assume
model studied, the ionization rate profile is shifted Byt®&the a1 an observed groove profile passed the tests for symmetry of
south and so is the groove. The same is valid even for the Big nderlying ionization bulge profile, discussed in the preced-
shift of 3C°. This means that despite possible shifts of the bul%\g subsection, and that from the northern limb of the groove
with respect to the solar equator one is still able to read its ”OHbeiIe we measured the range equal té 40d depth equal
and south range from the range of the groove, at least as 1999 3. The procedure to infer the bulge parameters will be the
as the groove does not engulf the south pole (notice the dg¥fiowing. From the linear relation between the range of the
apon from the straight line of the bulge range south, shown Bllge and the range of the groove (Fig. 6) we immediately read
Fig. 12, at about 7. off the bulge range equal to 39 and then, using the relations

A signature of the asymmetry of the range of the ionizd&resented in Fig. 7, we tabulate the bulge heights as function of
tion bulge profile with respect to the solar equator may be tHee bulge range for the groove depth observed (Fig. 15). From
heliolatitude of the groove minimum (not to be confused witHis table we calculate by interpolation that the bulge height is
the mean value of the north and south range of the groove)efual to 1.62.
large shift is of course telltale of a shift of the bulge, but other- The southern limb of the groove is processed in a similar
wise it is not clear without some analysis whether the bulgewgy to establish the parameters of the southern limb of the ion-
symmetric about the solar equator or not. In the case of a smaé#tion bulge.
shift of the bulge, similarly as in the symmetric case, the helio- The method presented is simple and lacks sophistication
latitude of the minimum decreases to the southern hemispheeeded to interpret more complicated groove profiles, observed
with the increase of the width of the ionization bulge, but ihy SWAN during solar maximum. It is useful for the cases
the case of the ionization bulge pushed slightly to the south taen the groove is relatively narrow and close to the solar
minimum of the groove profile is also pushed to the south. Bruator. Its application to actual observations brought the
the case studied the shift is 1.5-fold higher than the shift in thesults presented in Paper II.
symmetric case (see Fig. 13).

The correlation which existed between the groove range
north and groove depth north in the symmetric case now Is
changed (see Fig. 14). This means that the groove profile is fibe geometry of observations adopted in Paper Il (all lines of
suitable for determination of the actual height of the ionizatiaight perpendicular to the inflow direction and either in or close
rate profile from the extensive symmetric-case modelling we the upwind hemisphere, the observations point very close to
performed. the upwind or downwind axis at 1 AU) and the use of relative

Discussion
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lonization rate profiles: small shift Groove profiles for small shift of ion. bulge
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Fig. 9. Upper panel: family of ionization bulge profiles shifted by 5Fig. 10.Heliospheric backscatter groove profiles for the bulge profiles
to the south with respect to the solar equator. Lower panel: family @ shown in Fig. 9. Upper panel: for the small shift to the south, lower
ionization bulge profiles shifted by 3@o the south with respect to panel: for the large shift to the south. The bulge widths, identical for
the solar equator. The widths of the profiles are indicated in the bake two shifts, are indicated in the box.

Note that in this geometry, beginning from the width equal 5@ the

ionization bulge starts to engulf the south pole.

— uncertainty of the absolute values of the radiation pressure
and its variation in time;
profiles instead of absolute intensities eliminate or strongly re~ uncertainty of the net value of the ionization rate at solar
duce most of the unwanted factors that couteet the results. equator and of its variations in time;
These factors include: — difference between the geometry of modelling and the
geometry of actual observations.
— multiple scattering of solar Lymaaphotons on the helio-
spheric gas; The multiple scattering does noffect the results since, as
— axially symmetric distribution of interstellar hydrogen ashown by Qemerais (2000) and @uierais & lzmodenov
the termination shock of the solar wind, in contrast to sph&R002), it introduces a bias by a factor that depends strongly

ical symmetry assumed in the classical models; enough on thefiset angle from the upwind direction, but only
— uncertainty of absolute density of the gas at the terminatianildly on the parameters of the gas at the termination shock.
shock; For the dfset angle® less than-135, that is also for our lines

— uncertainty of the bulk velocity and temperature of the gad sight, the correction is only a few percent. Since we use
at the termination shock; relative intensities constructed from lines of sight with
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Fig. 11. N/S asymmetry of the groove depths as function of the iol 0 10 20 30 40 50 60

ization bulge width for the big, small and null shift of the ionizatior

bulge range N
bulge to the south.

Fig. 13. Heliographic latitude of the minimum of the groove profile

Groove range vs bulge range (“minim” in the box) and of the arithmetic mean of the groove range
1 w| horth and south (marked “mean” in the box) for the case of small
60 .,-—*— and null shift of the ionization bulge to the south (marked “asym”
and “sym” in the box).
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Fig. 12.Groove range to the north (N) and to the south (S) as functi groove range

of the north and south range of the ionization bulge for the big, small )

and null shift of the bulge profile to the south. The cases of small afit- 14- Groove depth north and south as function of the groove range

null shift are almost identical. north and south for the big, small, and null shift of the ionization bulge.
The correlations exist but they are quit&eient for each of the shifts,
which prevents one from using them to determine the ionization bulge

eight from observed depth of the groove if evidence exists that the

commons angle, the small multiplicative corrections Cance:l;nization bulge is not symmetric about the solar equator.
each other out.

The heliospheric interface in the absence of magnetic field

is an axially symmetric structure, with the axis of symmetry can the local gas distribution is not a factor in this study. One
incident with the upwind axis (Baranov et al. 1991; Osterbamtust keep in mind, however, that the interface modelling per-
& Fahr 1992; Zank et al. 1996). Hence it does not change refarmed so far has been done under assumption that the solar
tions between densities of the hydrogen gas in the planes peird is spherically symmetric. An exception is a study by Pauls
pendicular to the inflow direction, though it does change ti&eZank (1996), but their results are not directly applicable to
relations between the gas densities in other planesif@uais the region observed by Lymanphotometers located at 1 AU,

& Izmodenov 2002). Therefore the influence of the interfadeecause these instruments are not able to see the heliospheri



M. Bzowski: Response of the groove in heliospheric Lymaglow to latitude-dependent ionization rate 1163

~ Bulge height vs bulge range for groove depth 1.3 Thjs concession was verified by support modelling presented

' ' ' in Paper Il, where the results obtained on the basis of the

+| theory presented here were satisfactorily reproduced with the

/ use of the full time- and latitude-dependent model of the gas
4 distribution.
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5. Conclusion

(2]
T

From the modelling discussed above | infer the existence of
175 | [ | | e | specific correlations between the height and range of the ion-
I _ L ization bulge on one hand and the depth and north and south
) range of the groove in the heliospheric Lymarglow on the
other hand. Based on these correlations and keeping in mind

1
:. the observations of the groove presented in Paper Il, the fol-
1

calculated bulge height
\

lowing suggestions for the interpretation of the actual groove
profiles are put forward.

20 30 40 50 60

brilue cange 1. Observe the profiles of intensity of the heliospheric Lyman-

a glow from 1 AU upwind and downwind from the Sun,
Fig. 15. llustration of determination of the ionization profile height —making 360 scans in the plane perpendicular to the gas in-
from groove observations. The bulge range — bulge height relation is flow axis. Render the results as function of the heliographic
tabulated as function of the groove range for the depth of the groove |gtitude.
observed. Then the.bulge height value is calculated py interpolation Eind the position of the groove minimum and its north- and
for t_he bulge range inferred from the groove range (Fig. 6). The nu- ¢ +h depths. If the depths are large (1.2-1.3) and the min-
merical values of the example groove parameters are north rafge 40 imum position is about®s, then most probably the ioniza-
and north depth 1.30. - S .
tion rate profile is symmetric about the solar equator. Based
on the modelling discussed, it will be possible to determine

Lyman- glow farther than~20 AU in the crosswind plane. A the range and height of the ionization rate profile from the
departure from axial symmetry can be, a priori, expected in the north and south depths and ranges of the groove profile. If
presence of an arbitrarily directed extraheliospheric magnetic the ratio of intensity at the north solar pole to the intensity
field. No quantitative analysis of behavior of neutral hydrogen at the south solar pole exceeds.1, then surely a large-
in such conditions is available, though, andeih€rais et al. scale nortfsouth asymmetry of the ionization field is ex-
(1999) showed that the direction of flow of the heliospheric hy- pected. Further, if an independent information on the pho-
drogen observed by SWAN is deflected at most by just a few toionization rate of heliospheric hydrogen is available, one
degrees from the upwind direction determined for the inter- can draw conclusions about possible north-south asymme-
stellar helium by Witte et al. (1996) and Lallement & Bertin tries of the intensities of the fast solar wind emanating from
(1992). Therefore | really do not expect any important error the polar holes.
from this source in the analysis. 3. If the latitude of the minimum is a little bit farther south

Since | use the optically thin, single scattering model, the than the~5° and the depth is still large, then most probably
absolute intensity scales linearly with the absolute density of the ionization rate profile is slightly pushed to the south. It
the gas at the termination shock, and since | analyze relative will be possible to determine the north and south ranges of
intensity profiles, the absolute intensity is eliminated. Hence the ionization bulge with a little bit larger error than in the
also eliminated is the influence of uncertainty of the absolute former case. Determination of the depths, however, will not
calibration of the instrument. be credible and hence discussion of the north-south asym-

The absolute intensity profiles show some dependence onmetries of the flux of the solar wind from the polar holes
the bulk velocity and temperature of the gas at the termination will not be possible. If the depth of the groove is small, then
shock. But | analyze relative intensity profiles in the crosswind a moderate southern shift of the groove minimum need not
plane, that is for constantiget angle®. As demonstrated by  be related to the shift of the ionization bulge but it rather
Bzowski et al. (2002), such profiles show very little dependence occurs as a consequence of the increased latitudinal range
on these parameters. Further, | performed the calculations for of the bulge.
the bulk speed and temperature close to the currently best edti-If the latitude of the groove minimum is large (it occurs at
mate of these parameters (Costa et al. 1999; Lallement 1999),southern mid-latitudes) and the depth is smaller than in the
so the margin for error is even more reduced. former cases, then most probably the ionization rate profile

Time dependentféects due to solar-cycle variations of the  (the ionization bulge) is considerably pushed to the south.
solar radiation pressure and ionization rate, studied in the con- In this case, if the groove profile is regular enough, it is
text of this research by Bzowski et al. (2002), do not play a still possible to determine the north and south range of the
significant role because we restrict the lines of sight to the ionization bulge, though the southern one with reduced ac-
crosswind plane. This would not be the case in any other plane. curacy. But the correlations between the groove depth and
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range both north and south ardfdrent than in the sym- Lallement, R. 1999, in Solar Wind Nine, AIP Conf. Proc., 471, 205
metric case, so concluding on the height of the ionization (American Institute of Physics)
rate profile will not be possible. Any conclusions will be-allement, R., Bertaux, J. L., & Kurt, V. G. 1985, J. Geophys. Res.,
more of qualitative than quantitative nature. 90, 1413
Lallement, R., & Bertin, P. 1992, A&A, 266, 479
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