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Abstract The major sources of the Soft X-ray Background (SXRB), besidistinct struc-
tures as supernovae and superbubbles (e.g. Loop ), aes éipsorbed extragalactic emis-
sion following a power law, (i) an absorbed thermal compurie2x10° K) from the galac-
tic disk and halo, (iii) an unabsorbed thermal componenpesedly at 19K, attributed
to the Local Bubble and (iv) the very recently identified usadbed Solar Wind Charge-
eXchange (SWCX) emission from the heliosphere and the genao

We study the SWCX heliospheric component and its contwouto observed data. In
a first part, we apply a SWCX heliospheric simulation to mdteloxygen lines (& keV)
local intensities during shadowing observations of the MBMmolecular cloud and a dense
filament in the south galactic hemisphere with Chandra, XMbwton, and Suzaku tele-
scopes. In a second part, we present a preliminary compasfsBWCX model results with
ROSAT and Wisconsin surveys data in thé keV band.

We conclude that, in the/8 keV band, the total local intensity is entirely heliospber
while in the ¥4 keV band, the heliospheric component seems to contriligméfisantly to
the local SXRB intensity and has potentially a strong infkeean the interpretation of the
ROSAT and Wisconsin surveys data in terms of Local Bubbleghsttemperature.
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1 Introduction

The surprising discovery of X-ray emission from comets gkigt al., 1996) led to estab-
lishing Charge-eXchange (CX) collisions between highlsrged Solar Wind ions and solar
system neutrals as a verffieient non-thermal mechanism of soft X-ray emisslon (Crayen
1997), Cokx|(1998) suggested that X-ray emission inducedlar$Vind Charge-eXchange
(SWCX) collisions with interstellar (IS) neutrals flowingrass the Heliosphere would be
an additional component of thefflise soft X-ray background (SXRB).

Until that discovery, the SXRB was generally assumed toisbon$ an absorbed extra-
galactic emission following a power law, an absorbed thémomponent £2x1f K) asso-
ciated with the galactic disk and halo, and an unabsorbedhtieeomponent, supposedly at
10° K, attributed to the Local Bubble (McCammon and SandersQ1BAntz and Snowden,
2000, and references within). The Local Bubble (or Localiavs defined as the region
within ~100 pc of the solar system particularly devoid of dense (ahd) @as as suggested
by absorption lines in nearby star spectra (Lallement/gP@03).

The ¥4 keV background generally presents a negative correlatittmthe column den-
sity of Galactic neutral hydrogen (dominated by a Galactime to-pole variation) that
strongly suggests an “absorption” model, in which the gppatructure of the SXRB is pro-
duced by absorption of a distant X-ray component (e.9.. Boweyal., 1968; Marshall and Clark,
1984). However, the strong absorption predicted in suchelsodas not confirmed by ob-
servation, neither was the large energy dependence of Hwlon, so dferent solutions
were needed.

At the time, the model most consistent with the data was theafled displacement
model (Sanders etlal., 1977; Snowden et al., 1990a). In tbidemthe hot gas is in the
foreground (in the Local Hot Bubble) with respect to the absw cool-gas regions, and
higher X-ray intensities are produced in directions whéw ¢avity has a greater extent
(towards the LB chimneys at high galactic latitudes) andg tlaugreater emission measure
of the plasma in it.

Since the discovery of SWCX emission, it became clear veigkyju that it should
contaminate at an unknown level all soft X-ray observatiang it should depend strongly
on SW flux and abundance variations as confirmed by the Long Eethancements de-
tected during the ROSAT all-sky survey (Snowden et al., 198% recent X-ray obser-
vations (Snowden et al., 2004; Smith et al., 2005; HenleySimelton) 2007a). The debate
concerned the amount of contamination, and how the SWCXstonisevel would interfere
with the Local Bubble thermal emission, since the two aretrposbably the major com-
ponents of the unabsorbed fraction of the SXRB. Post-CX gremal emission can also
contribute, but only during very intense SW enhancementsfanshort and easily identi-
fied intervals|(Cravens etlal., 2001).

The two components, although due to completeffedent mechanisms (collisional ex-
citation for thermal plasma emission and electron captur€X emission), produce spectra
in the same energy range 1.5 keV) that are frequently confused. Cravens (2000) esti-
mated that SWCX emission could be as much as the LB emissiona.rktios, though, are
very sensitive to gas temperature (and abundance) for giemission. For example, a40
keV plasma might be responsible for all ISfdse emission at 0.25 keV, while at 2>4
10° K it might significantly contribute to the/8 keV diffuse emission as well (Raymond,
1988; McCammon and Sanders, 1990, and references the@nljne ratios mainly de-
pend on heavy SW ion relative abundances and collision gri@egiersdorfer et all, 2001;
Kharchenko and Dalgarno, 2001; Wargelin etlal., 2008). idetaspectral comparison of
SWCX and thermal emission needs a spectral resolution lteatd allow to resolve char-



acteristic features as the @ triplet at 0.57 keV and in general individual lines from the
continuum. Such a comparison is beyond the scope of thigpape

In this paper we mainly focus on the intensity contributidrttee SWCX emission to
the observed (foreground) data in the 0.1 - 1.0 keV rangeedti@{2 we briefly present the
basic simulation model that calculates the SWCX emission.

In sectior B we analyse the simulation results for ti#ek&V range and in particular the
oxygen lines (G at 0.57 keV and Qi at 0.65 keV). We present typical stationary maps
of oxygen lines in sectidn 3.1 and in section 3.2 we presentyimamic model we developed
to account for short-scale temporal variations of SWCX siuis, with an application on
the MBM 12 Suzaku observation of February, 2006. Finaly, wectude sectiohl3 with a
summary of shadowing observations on which we applied ou€XWynamic model and
discuss the results in the¢43keV range (secf_3.3).

| sectior 4 we present a preliminary analysis of SWCX simaifatesults in the 4 keV
range that we compare to observation data from the Wiscaasinding rocket and ROSAT
satellite surveys.

Finally, in sectiod b we close our paper with a general disicuson our results.

2 SWCX model description

In Koutroumpa et al.l (2006) we have presented the basiostat model calculating the
SWCX emission in the inner heliosphere. We calculate saifistently the neutral H and
He density distributions in the inner heliosphere (up 190 AU), in response to solar grav-
ity, radiation pressure and anisotropic ionization preesdor the two neutral species. lon-
ization is mainly due to charge-exchange with SW protonsdHf@toms and to solar EUV
photons for He atoms. We also consider the impact of CX on dke svind ions distribu-
tions. This interaction is described in the following réewt

X +[H,He] - X* Q@ L [H* He'] @)

The collision rate per volume unitR. (cm~3 s71) of X ®* jons with the neutral heliospheric
atoms is given by the equation:

RxQ+ (r) = NxQ+ (r)Ur ((T(nyQ+) NH (I’) + U(HE,XQ"') nHe(r)) = R(XQ+,H)(r) + R(XQ+YHe)(r) (2)

whereo ( xo+) and oy xo+) are the hydrogen and helium CX cr_oss-_sectiolpﬁ(m_and
nye(r) are the hydrogen and helium density distributions respay, vy = Vsw —vn = Vsw
the relative velocity between SW ions and IS neutrals intineii heliosphere, anfdyq- (1)
is the self-consistent solution to theffdrential equation:

dN Q+
d—>§< = = Nxo+ (01 x2r) H(X) + T (e x o+ NHe(X)) 3)

+ Nx(Q+1)+ (O'(ny(Q+1)+) NH (X) + O-(He,X(Q+1)+) nHe(X))

expressing the evolution of the density distribution of ¥®+ along SW streamlines due to
production (from CX reactions of ion®*1+) and loss terms.

Cross-section uncertainties are mainly due to instrunhegttematic errors and most
important to collision energy dependance of cross-sestiDetailed uncertainties for indi-
vidual ions are not given in literature, but average undatitss of~30% at most are reported
(Wargelin et al., 2008).
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Fig. 1 SWCX model spectra in Line Units (photons ths ! sr1) for the 34 keV band. The emitting ion is
noted above each line.

Then, we establish emissivity grids in units of (photons &s12):

&i(r) = Rxar py (1) Y& H) + Rxer 1 (N Y(Ei He) (4)

where Yg; vy is the photon emission probability of spectral lingf@lowing CX with the
corresponding neutral species M (H or He individually). Bay line of sight (LOS) and
observation date, this spectral line is given by:

~100AU
EW=5 [ a(9ds (5)

which defines the average level emission of the spectrafdinine particular date and LOS,
as well as the solar cycle phase (minimum or maximum) coomrdipg at this date.

3 SWCX in the 3/4 keV Band

An example of calculated SWCX emission spectra in thekeV (0.5-1.0 keV) range is
presented in figurigl 1. The major emission lines contribuitirttyis energy range are:

(i) the He-like Ovi multiplet, consisting of the following transitions:

- the 25 triplet at 560.9 eV, called forbidden (O6f)

- the 2Py triplet at 568.5 eV, called intercombination line (O6i)

- the singlet state®P; at 574 eV, usually refered to as resonance line (O6r), and

(ii) the H-like Ovii Lyman- line at 653.1 eV.

In this list we can also add the He-like Nemultiplet (905.1 eV, 914.7 eV and 922.1 eV),
but actual observing instruments do not always allow thedin of this line.



3.1 Stationary Model Maps

In figure[2 we present an example of calculated full-sky mdgstospheric emission for
line Ovii (0.65 keV) in ecliptic coordinates, on December, 5 (whenEheth is located
downwind) of a typical solar maximum (upper panel) and saf@mimum (lower panel)
year. Colorscales represent@® line intensity given in units of 1 erg cnt2 sr1 sl the
red colour corresponding to minimum and the blue to maximatnas. We have removed
from every map a data portion of 20 20°around the solar disk where no instrument can
observe.

What we need to point out here are
the striking diferences between maximum
and minimum solar conditions. At low lati-
tudes, near the solar equator where slow SW |yt o e ok i
dominates, X-ray emission is more intense
for solar minimum than for solar maximum
because the neutral atom content is higher ik
during solar minimum. During solar mini-
mum, photo-ionization is lessfecient and H
and He are less readily destroyed by photo-
ionization. Since gravitational pressure ex- 50
ceeds radiation pressure, neutral H atoms MAX
have incoming trajectories that fill the ion- 2
ization cavity.

On the other hand, at high ecliptic lat-
itudes, LOS’s are mostly feected by fast
wind during solar minimum, and the X-ray
emission is dominated by fiérences of ion
relative abundances with respect to maxi-
mum cycle phase. Indeed®0is completely
absent from the fast SW and thev@ line
is expected to be much fainter at solar min- , ; i ,
imum than splar maximum, as it is seen in 300 200 100 0
the maps in fig.R. ioagitudo ()

O’* has the same trend in relative abun-
dance variations as® between solar mini-
mum and solar maximum. Nevertheless, in- Fig. 2 Calculated full sky maps in ecliptic coor-

stead of beina completely absent in the fast dinates of the 0.65 keV @il line for solar max-
g p y imum (upper panel) and solar minimum (lower

wind, it is only strongly depleted ([G / O] panel) conditions. The observer is situated down-
= 0.03) with respect to slow wind ([b /O] wind (ecliptic longitude 7%). Colorscales are in

= 0.2). Therefore, we expect thatv@ line  units of 10° erg cnt? 54 sr%.
(0.57 keV) variations from solar maximum

to solar minimum will also have the same

trend as O/t shown in the maps.

Two excellent examples of suchfidirences between solar minimum and maximum
conditions for the same LOS, are the MBM 12 and South Gal&éitioment (SGF) shad-
owing observations, analysed by Smith et al. (2005, 200d) @anHenley et al.|(2007);
Henley and Shelton (2007b,a) respectively. These fields #iroughly analysed for their
SWCX contamination in Koutroumpa et al. (2007) and the maitiree and conclusions are
presented in sectidn 3.3.
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The MBM 12 LOS points toward galactic coordinates (189-34.47), which translates
to (47, 3°) in helioecliptic coordinates, very close to the ecliptiane and inside the limits
of the equatorial slow wind zone. Therefore, during solarimum the MBM 12 exposures
(Suzaku) will yield higher SWCX contamination than solaximaum exposures (Chandra)
in the 34 keV range.

In the case of SGF, at very high southern ecliptic latituds8{3-73) the dfect is the
opposite compared to MBM 12, because it is dominated Ifigrdinces in the solar ions
relative abundances. Therefore, the SWCX oxygen emissighe 34 keV range for the
SGF field is expected to be much fainter at solar minimum (Buzéservations) than solar
maximum (XMM-Newton observations).

3.2 Dynamic Simulations

InKoutroumpa et &l (2007) we presented a dynamic variathi@basic stationary SWCX
model, used to simulate the heliospheric X-ray modulatios th SW proton flux and abun-
dance variations. For each field simulated we use real-timedghd abundance measure-
ments fromin situ solar wind instruments (Wind, ACE-SWEPAM) and we model SW en
hancements as simplified Corotating Interaction RegiotR)6f a step function form. The
total width of the CIR is defined such that the total duratibthe step function is the same
as the measured enhancement in SW instruments. The steépfuamplitude is defined so
that its total area is equal to the integral of the measuredifluing the same period of time.

At each instant we define the form of the CIR (as a Parker $@iral its propagation in
the interplanetary space, taking into account solid saftation (27-day period), the radial
propagation speed, the “ignition” time on the solar diskdoig each radial direction, and
the total width of the CIR. Only in the cases of CMEs, we neiglke solar rotation, since
radial propagation is dominating the CME structure. Depamnan the CIR’s width and
propagation instant, we calculate the fragment of the L&Sted by the CIR and the local
emissivity g/ (r) modified by the SW proton flux and heavy ion abundance tiaris. We
can then reproduce the temporal variation of the X-ray sitgrtevels during the periods of
observation in simulated lightcurves for each of our tasg&bundance variations, can be
correlated or anticorrelated with proton fluxes, so theyeai#tter emphasize or compensate
for the influence of the SW proton flux enhancements.

3.2.1 The Case of the MBM 12 Suzaku Observation of February 2006

The observation of MBM 12 with Suzaku on February 3-8, 2006 werformed in two
consecutive exposures, ON-CLOUD (882006, for a total of 231 ks) and immediately
after that, OFF-CLOUD (64/82/2006, for a total of 168 ks) (Smith etlal., 2007). A detailed
description of the simulation we performed on this field igegiin Koutroumpa et al. (2007).

As we already explained, the MBM 12 LOS is located at’(4%) of helioecliptic co-
ordinates. In the February Suzaku observation this gegneepointing directly toward the
He cone, which is only-2 AU away from the observer, where the emissivity on the LOS is
maximum. The observation geometry was presented in figuf&awiroumpa et all(2007).
The cone, with a denser distribution of helium atoms, isngctis an amplifier to any SW
flux variation.

The MBM 12 Suzaku observation was influenced by a short SWigEtion recorded
at the end of the ON-CLOUD pointing. We model this enhancdrasra step function in
particle flux of 5.2x 108 cm™2 s71 propagating at a low speed &y, = 350 km s1) for 0.75
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d. The SW proton flux remained at a high, but stable, level leigud.42 x 10° cm 2 571
after the spike. In the lower panel of figlire 3 we present thasuesd SW flux curve with
the dotted line and the modeled step function with the plaie. |

The resulting simulated lightcurves forM® and Ovii are shown in the upper panel of
figure[3 in plain and dashed lines respectively. The plaiticadrines mark the limits of the
total observing period and the dashed vertical line shoeditttit between the ON and OFF
cloud exposures. The dynamic model, taking into account SMsurements, is predicting
a smooth but gradual rise of the oxygen line intensities @MN and OFF exposures. The
Owvi and Ovii line fluxes averaged for the ON-CLOUD exposure yield 3.56 lrid 8.5
LU respectively, while averages on the OFF-CLOUD exposietlyt.62 LU and 0.77 LU
for Ovi and Ovii respectively. The equivalent averaged Suzaku data far @nd Ovi
are shown in the figure with plain dots and hollow trianglespestively.

The model-data comparison for the ON-cloud exposure shiostd B emission is neg-
ligible, since the SWCX model accounts for all of the obsdrirgensity. The X-ray flux
increase £30% and~55% for Ovi and Ovii respectively) in the OFF-CLOUD exposure
would change the data interpretation in terms of hot haldg@mperature, sin¢ce Smith ef al.
(2007) assumed a constant foreground emission.



Table 1 Comparison of shadowing observation foreground data to XWi@del for Ovil and Oviil line
intensities.2 Observation date and observing instrument. C for ChandrgrXXMM-Newton and S for
Suzaku.? MBM 12 Suzaku-& exposure is included in the analysis, as foreground enmiss#s not con-
stant (segf3.2.1 for details)® Revised values for SGF foreground line intensities, fromnle\eand Sheltan
(2007a).

owil (LU) owvii (L)
Target Observatiof Data Dat#& SWCX Data Dat& SWCX
MBM 12  Aug.'00, C 1.79£0.55 149 234036 2.13
MBM 12 Feb.'06,S-on  3.340.26 356  0.240.10 0.50
MBM 12  Feb.’06, S-&° 5.68+0.59 462  1.0%0.26 0.77
SGF May, '02, X 3.40 6.28  3.16 1.00 1.02
SGF Mar. ‘06, S 0.13 141 034 N.C. 1811 0.02

3.3 Summary of Shadowing Observations

In Table[1 we resume the MBM 12 and South Galactic Filamend@hing observations
analysed in detail in Koutroumpa et al. (2007). All four obvsgions were simulated with the
SWCX model with SW conditions as close as possible to measnts in solar instruments,
to account for the SWCX contamination of the oxygen line sinisin each field.

Besides the basic fierences due to solar maximum or solar minimum conditions dur
ing the observing period for each field, that we reported ittise[3., three of the four
observations (MBM 12 Chandra, Suzaku and SGF XMM obsematiespectively) were
found to be highly contaminated by short-term SWCX emissemations. In particular, in
our simulations we confirmed the contamination of the MBM 1#@dra observation by a
strong CME as suggested by Smith etlal. (2005). We suggdsaethe SGF XMM obser-
vation was also highly contaminated, most probably by a CEich was confirmed by
Henley and Shelton (2007a) when they re-analysed and ceahplaeir Suzaku and XMM
data.

The observation data represent unabsorbed (attributée td&) Ovi and Oviir line in-
tensities as derived from the authars (Smith ét al., 20087 28enley et all, 2007; Henley and Shelton,
2007h,a). In particular, for the SGF field we give two sets atad from the initial analy-
sis published by Henley etlal. (2007) and Henley and SheR604b) (values we used in
Koutroumpa et all, 2007) and the revised values publishdddmnley and Shelton (2007a).

The shadows block more or lesSieiently the Galactic Halo oxygen emission, and in
their analysis the authors derive the unabsorbed foregreanission of the oxygen lines,
that we use to compare to the SWCX heliospheric emission.ohhgexception is in the
SuzakyMBM 12 observationl(Smith et al., 2007) where theCand Ovin halo emission is
added to the foreground emission for the OFF-CLOUD exposToatrary to the constant
foreground assumption in the Smith et al. (2007) analysesdemonstrated that there is a
~30% and~55% increase in the OFF-CLOUD simulated SWCXi0Oand Ovi line inten-
sities respectively, due to the brief SW enhancement atrti@tthe ON-CLOUD exposure
(see§3.2.1). This increase was erroneously attributed to thactialHalo emission, which
should be revised, and thus we include these values in thgséas well.



L o e e e A mmmm s s gl L B e e e o
E OVIILINE ANALYSIS ] [ OVIILINE ANALYSIS

8 F  Old SGF analysis B 2.5 Old SGF analysis
[ e data— fit: [ A data— fit:
F a=(0.26+0.43)LU 3 a=(-0.17 +0.24) LU
b=119+0.14 1 200 b=119£0.19 1

[ New SGF analysis
E O data---- fit:
F a=(0.09£0.73)LU
[ b=100+£0.21

[| New SGF analysis

r| & data----fit:
T a=(0.46 + 0.44) LU
[| b=0.80+0.38

[
o
T

Foreground Data Line Intensity (LU)
=
o
T

Foreground Data Line Intensity (LU)

o
o
B
1

o

=)
T
1

d U U U B T ||
0 1 2 3 4 0.0 0.5 1.0 15 20 25

SWCX Model Line Intensity (LU) SWCX Model Line Intensity (LU)
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Seeg§3.3 for more details.

In figure[4 we linearly fit the data over the SWCX model resudtstiie Ovii (left panel)
and Ovii (right panel) lines for the initial (plain lines) and revis@ashed lines) data sets.
We did not use data errorbars as standard deviation to weighfit, because not all data
errorbars were communicated (Henley etlal., 2007; HenldySirelton| 2007b). The only
exception is the @u line fit, since_Henley and Shellon (2007a) provided erratbar both
XMM and Suzaku Qi detections. The old and new fit diieients (y(LU)= (a+ bx)(LU))
for the Ovi and Ovii lines are also noted on the figure.

The first linear fits (in plain lines in figl4) we performed (Komumpa et all, 2007) had
a slope of 1.1940.14; 0.19 at & for Ovi and Ovii resp.) meaning that the SWCX model
reproduced very well the local foreground emission measiwrehadows. Moreover, the fit
also gave an estimate of the residual foreground emisside t@ttributed to the LB. The
foreground was found to be (-0.260.43 at ) LU for O vii and (-0.17+ 0.24 at Ir)
LU for O vin which means that with a high probability the LBV® and Oviii emission is
negligible compared to the heliospheric emission.

The new fits (in dashed lines, fig.4), where we substitute StBE observed foreground
data with the revised values lof Henley and Shelton (2007a) glightly diferent results,
although the correlation to the simulated values remaing satisfying (the correlation is
even improved for the @ line intensities) and the residual LB emission is still detent
to zero.

4 SWCX inthe 1/4 keV Band

In this section we present a preliminary study of the SWCXbeaund in the M4 keV (0.1-
0.3 keV) band that we compare with the ROSAT and Wisconsiveysrdata. In sectidn 4.1
we describe briefly the SWCX simulation and in secfiof 4.2 emgare the model results
with the survey data sets.
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Fig. 5 Calculated SWCX spectra in Line Units for thedkeV band. Emitting ions are marked above the
most intense lines.

4.1 Simulations

For the study on the/a keV band, we updated our atomic database to include Fe, BigS
ions that emit intense lines in the 0.1-0.3 keV range. Imtligl radiative transition prob-
abilities for these ions were calculated assuming thatdhe are hydrogenic. Moreover,
photon yields were calculated using a unique neutral speeibich means that no dis-
tinction between H and He was made. The hydrogenic ion assomgnd unigue neutral
species choice are only approximations, but the resulesaigyood estimate of the order of
magnitude of the X-ray intensity for this energy range. Aaraple of calculated spectra
in the 0.1-0.3 keV range is presented in figure 5, with the timgiion identifying the most
intense lines.

We have calculated spectra for two LOS, upwind (UW) and dowdwDW), for an
observer assumed to be at 1 AU and in a crosswind positionregbect to the LOS. This
observing geometry was chosen to match the ROSAT sateligerging constraints. In the
1/4 keV (0.1- 0.3 keV) range the model yields a total of 28.35 lbdthe UW LOS and a
total of 20.27 LU for the DW LOS. The intensity is probably enestimated because of the
SW ion propagation in the heliosheath up to the heliopauskirethe heliotail up te-3 000
AU, where all ions are used up. The outer heliospheric regioeglected (for the moment)
in our model, but preliminary estimates yield a maximum &ddal ~20% contribution in
the DW direction. In general, because of parallfiees as well, we can assume that within
a 50% error bar, these values give an good estimate of aveedges of the heliospheric
SWCX emission in the/4 keV range.
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SWCX model Data range

Band uw DW
an Table 2 Summary of main band fluxes for the SWCX

1 ) model in the upwind (UW) and downwind (DW) di-
Blctss?) 11.99 8.04 [20 - 100] rections and measured data. For ROSAT data only the
C(ctssl) 7332 56.24 [50-250] unabsorbed fraction,lis given.2 RU = 107 cts s

il
R1(RU?) 141.14 104.38 arcmirr=.
R2 (RU) 192.07 147.27
RI12(RU) 333.21 251.65 [250-820]

4.2 Model-Data Comparison

The sounding rocket survey of the University of Wisconsid #re ROSAT satellite survey
have dominated the filuise SXRB observations from 1972 to 1991. The Wisconsin guive
lowed a full-sky mapping of the IS SXRB with a spatial resiotof ~7° (McCammon et al.,
1983). The ROSAT survey improved the spatial resolutior1@’ (Snowden et all, 1997).
However, the instruments did not have any spectral reswilgo they provided only total
fluxes for each band.

In order to compare the modeled SWCX emission level to thesored SXRB inten-
sities at 14 keV, we convolve the calculated spectra for the UW and DW W@t each
band response in this energy range of the instruments. Tidshzoncerning our study are
B (0.13-0.188 keV), C (0.16-0.284 keV) for the Wisconsinveyrand R1 (0.08-0.284
keV), R2 (0.14-0.284 keV) for the ROSAT survey. The corregfing band responses are
presented in figures: 1(a)lof McCammon €tlal. (1983) for Wisgoand 1 of Snowden etlal.
(2000) for ROSAT. In tablg]2 we summarize the total band flidexsved from the SWCX
spectra convolution with the band responses, and the nezhslata range for each band
(evaluated from figurds 6 afdl 7).

4.2.1 Wisconsin Sounding Rocket Survey

The SXRB survey of the University of Wisconsin was performéth a series of 10 sound-
ing rocket flights between 1972 and 1979. The only spectfatrimation in the 14 keV range
is extracted by the boron (B) and carbon (C) filters incorfeatanto the detector windows
that separate the two bands B and C presented in McCammon(£8838), figure 1(a).

Detailed maps derived from the complete survey were predentMcCammon et al.
(1983). The maps present a clear negative correlation Wwétcolumn density of galactic
neutral hydrogen N,. The X-ray intensity is lowest toward the galactic plane aighest
at high galactic latitudes. Snowden et al. (1990b) investid the band intensity ratio/®
(low to high energies) and found a variation between 0.25.46 th a dipole-like spatial
correlation, aligned with a roughly galactic center-amier direction, that they attributed
to an anisotropy of the Local Hot Bubble temperature rangietyeen 182 and 16° K
respectively.

From.Snowden et al. (1990b) we extracted a scatter pldt)faptparing the B and C
band measurements in the Wisconsin survey. The data rarsgenimarized in tablgl 2 and
gives~[20-100] cts 5t for the B band ane-[50-250] cts 5 for the C band. We superposed,
in this figure, the two points (wide circles) correspondingtir simulated spectra convolved
with the B and C band responses (see thble 2). Error bars\ane ghly for information at
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Fig. 6 Scatter plot of the total intensity calculated in the SWCXdelo(large circles) compared to total
measured (crosses) values in B and C bands in the Wisconsieysithe model reproduces the observed C
band fluxes in the galactic plane, but not the B band fluxesirBigxtracted and adapted for our study from
Snowden et all (1990b).

50% of the SWCX band flux, in order to give an estimate of théokpheric flux range in
these bands.

The SWCX model in the C band predicts fluxes well within theestssd values in the
galactic plane (lower limits), but simulated B band flux iabtwo times lower than the
lower observed limits. The band ratig® for the SWCX flux is accordingly inconsistent
with measured values, and fairly constant from UW to DW dicets, with a mean value of
B/C ~ 0.15.

4.2.2 The ROSAT Survey

The ROSAT all-sky survey was performed in a scan mode witlgintatelescopes in the

soft X-ray band of 0.1- 2 keV, during the first year of the nossiThe observing geometry

constraints imposed to scan the sky in a big circle, during ambit, perpendicular to the

spin axis that coincided with the Sun-Earth direction. Bf@re a complete scan of the sky
was performed in a six-month period.

The ROSAT all-sky maps in thed keV rangel(Snowden etlel., 1995, 1997) confirmed
the Wisconsin results and the negative correlation withtheolumn density. The improved
spatial resolution of ROSAT, with respect to previous sysyallowed a better use of shad-
ows as tools to separate the foreground from distant cormpeéthe SXRB. An extensive
catalog of shadows in thgdLkeV band, with fitted foreground and distant emission &lue
was presented (n_ Snowden et al. (2000).

In figure[Z we present a scatter plot of foreground intensjtynéasured in band R12,
which is the sum of intensities in bands R1 and R2. Units a@ifi cts s* arcmirr?, better
known as ROSAT Units (RU).The figure was extracted from Sreowet al.|(2000) and the
authors compare the data set analysed with tvikedint methods. The exact comparison
of the two methods is beyond the scope of this paper, sinceé wéaeed is just the data
intensity range (250-820 RU). In the figure=yx, thus the fitted slope is one. Simulated
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Fig. 7 Same as fid.16 but for the unabsorbeg) @mission of ROSAT shadowing observations in band R12
(R1 + R2). The model reproduces most of the R12 band flux in the galptane. Figure extracted and
adapted for our study from Snowden et al. (2000).

spectra convolved with R1 and R2 band responses and summtd ftotal result in R12
band yield 333.21 and 251.65 RU for the UW and DW directiopeetively. These values,
represented by the wide circles in fig. 7 with error bars at §@8give the SWCX flux
range), are within the lower limits of observational dakeattcorrespond to the low galactic
latitude regions.

In the same paper (Snowden et al., 2000) confirm the dipkéedpatial correlation of
the RZR1 (high to low energies) flux ratio, although the variatisridss pronounced than
the one derived from the Wisconsin analysis, 1.25 to 1.0 ftdwW to DW. Our model
results yield a constant RR1 ratio at an average value of 1.38.

5 Discussion

We have presented simulation results on the SWCX soft X-naiggion in the heliosphere
in the 0.1-1.0 keV energy range, that we compared to data frashand present observing
instruments. We separated our analysis into two energyesarige 34 keV, dominated by
the oxygen (G and Ovin) lines and the 4 keV, where heavier ion lines as Mg, Si, S and
Fe dominate the SWCX spectra. This analysis yields estemaftéhe SWCX heliospheric
component within the dliuse Soft X-ray Background and confirms the large contantnati
of X-ray data by the heliospheric emission that needs to kentanto account in future
determinations of the LB temperature and pressure.

The simulation results on shadowing clouds observed witin@ra, XMM-Newton and
Suzaku suggest that the locg¥dkeV emission detected in front of shadows is entirely
explained by the heliospheric SWCX emission (see table Ifignde[4) and no emission
from the LB is needed at these energies. Thus, combiningesuits in the 81 keV range
and previous results published on thd and ¥4 keV ROSAT band ratios, the strict upper
limit of the LB temperature is TOK. Indeed, if the LB plasma is in collisional equilibrium
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at 16 K, then it mainly emits in the/# keV range, and only very little emission is produced
in the oxygen lines at/3 keV.

But, then, how does SWCXiact the data interpretation in thédlkeV range? We have
compared SWCX simulation results with data from the ROSAd ®Wisconsin surveys.
Both sets of measured data were originally interpretedrimgeof hot gas emission in the
LB at a temperature of 10 K. Variations in the observed X-ray intensity were attrémiit
to variations in the extent of the emission volume and tloeesthe emission measure of the
plasma.

SWCX emission flux calculated for the R12 and C bands (whielttprally cover the
same energy range) yielded average values that explainafib&t observed emission in the
galactic plane, previously attributed to the restrictegiaes of the LB. Indeed, according to
Snowden et all (1998), in the galactic center and anticelitections (roughly UW and DW
respectively), the LHB is found to have an extent @f4R ~ 50 pc (see upper left panel of
figure 10 in_Snowden et al., 1998), which corresponds to abhsorhed M4 keV emission of
lo = Ry /0.155~ 322 RU measured in the R12 band, while our model predi@s0-333]
RU.

On the other hand, the SXRB intensity is typically brightehigher Galactic latitudes,
and SWCX cannot account for all the emission. This may beagxedl by the fact that at
high latitudes the LOS’s point through the chimneys allayviar non-absorbed halo emis-
sion to reach the observer. Moreover in the B band, whicheidethst overlapping in energy
range with respect to the othetdlkeV bands, the SWCX simulations predict about half of
the observed lower limits. Besides, the SWCX model failefmroduce the observed 2L
ratio by 10-33% and the /B ratio by 40-67% .

The answer, then, to the local unabsorbed SXRB puzzle migim the proper mix of
SWCX emission and warm (rather than hot) LB that will fill-imetgap in the B band and
reproduce the observed band ratios (Koutroumpa et al. gipguation).
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