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The Diffuse X-ray emission from the Local Galaxy (DXL) sounding rocket is a NASA approved mission with a scheduled
first launch in December 2012. Its goal is to identify and separate the X-ray emission of the solar wind charge exchange
(SWCX) from that of the local hot bubble (LHB) to improve our understanding of both. To separate the SWCX contribution
from the LHB, DXL will use the SWCX signature due to the helium focusing cone at I = 185°, b = —18°. DXL uses
large area proportional counters, with an area of 1000 cm? and grasp of about 10 cm? sr both in the 1/4 and 3/4 keV bands.
Thanks to the large grasp, DXL will achieve in a 5-minute flight what cannot be achieved by current and future X-ray

satellites.

1 Introduction

In Solar Wind Charge eXchange (SWCX), highly ionized
ions in the solar wind collide with neutral atoms picking
up an electron in an excited state. The electron then de-
cays producing UV and X-ray emission. SWCX was orig-
inally discovered from observations of comets, where so-
lar wind would “charge exchange” with the neutrals in the
comet (Cravens 1997). It is now believed that solar wind
also “charge exchanges” with neutrals in the Earth’s ex-
oshpere (magnetosheath SWCX) (Cravens 2001, Robertson
and Cravens 2003a,b) and with interstellar neutrals in the
solar system (heliospheric SWCX) (Cox 1998).

It has been suggested that SWCX emission may be re-
sponsible for all of the “local flux” observed at 1/4 keV in
the galactic plane (Lallement 2004a,b) and that much of the
observed 3/4 keV emission may also originate from SWCX
(Koutroumpa et al. 2007), affecting our understanding of the
physical parameters of the interstellar medium and the halo
of the Milky Way.

The SWCX spectrum is dominated by characteristic line
emission that is very difficult to separate from the presum-
ably thermal emission of other galactic diffuse X-ray com-
ponents, such as local hot bubble (LHB) and halo emission
(e.g., McCammon et al. 2002; Galeazzi et al. 2007; Gupta
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et al. 2009). It should, however, be possible to separate it
by looking at its spatial and temporal signatures. The slow-
est time-varying, and thus most troublesome, heliospheric
component of the SWCX emission originates in the inter-
planetary medium and should show a significant geometric
variation due to the focusing of interplanetary helium. Inter-
stellar neutrals flow through the solar system due to the mo-
tion of the heliosphere through the local interstellar cloud.
Gravity significantly affects helium trajectories which ex-
ecute Keplerian orbits and form a “focusing cone” down-
stream of the Sun centered at ~6° below the ecliptic plane.
This results in a localized downstream enhancement of he-
lium which has the direct effect of increasing the SWCX
X-ray emission. By scanning the sky through the focusing
cone, the spatial signature of the SWCX can be identified,
allowing a separation and subsequent investigation of LHB
and SWCX emission.

While there are well-defined models for SWCX emis-
sion from the heliosphere, testing them is problematic.
Koutroumpa et al. (2007), using a self-consistent model of
the heliospheric SWCX emission, managed to associate ob-
served discrepancies in XMM-Newton and Suzaku obser-
vations separated by several years with solar cycle-scale
variations of the heliospheric SWCX emission. A recent
paper (Snowden et al. 2009) was successful in using an
XMM-Newton observation to test a model (Robertson &
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Fig.1  (online colour at: www.an-journal.org) Cross section of
the experimental section of the DXL payload with the DXL and
DXL/STORM detectors and their field of view (FOV).

Cravens 2003a) for emission from the near-Earth environ-
ment. Koutroumpa et al. (2009) uses a different series of
XMM-Newton observations to search for SWCX emission
from the He focusing cone. They were relatively successful,
but the detection was at a marginal level due to the short
exposures and higher backgrounds experienced by XMM-
Newton.

2 DXL concept

A cross section of the DXL payload experimental section
(Galeazzi et al. 2011) is shown in Fig. 1. The main instru-
ment is the DXL detector, which is composed of two large
area (500 cm? each at 1 keV) thin window proportional
counters that provide excellent counting statistics when
scanning the sky through the He focusing cone in the lim-
ited observing time of a sounding rocket flight. The figure of
merit to quantify the performance of a detector such as DXL
is the grasp, i.e., the product of the effective area times solid
angle. The grasp and effective area of DXL as a function of
energy are shown in Fig. 2. In particular, the DXL grasp at
0.65 keV, the O VIl energy, is about 7.5 cm?sr (600 cm?
area, 6.5°x6.5° FOV). By comparison, XMM-Newton has
a grasp about 150 times smaller and Suzaku about 2000
times smaller, requiring 40 000 s and 600000 s of observ-
ing time respectively, to obtain at 0.65 keV comparable sci-
ence results as 5 minutes with DXL. At lower energy, where
the SWCX contribution becomes more important, the situa-
tion is much better for DXL as the effective area for current
flight observatories drops well below 100 cm?, making any
SWCX science there essentially impossible. Future calori-
metric missions such as Astro-H and Athena will fare even
worse, due their small field of view, while eROSITA is ex-
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Fig.2 Effective area and grasp of the DXL payload below 2 keV.

pected to have a grasp about 50 times smaller than DXL and
will be used primarily in survey mode.

In addition to the primary DXL instrument, a second
instrument, DXL/STORM, will also be mounted at the rear
end of the payload, pointing approximately 90° with respect
to DXL. The DXL/STORM instrument is a prototype wide
field-of-view soft X-ray camera using newly-developed mi-
cropore reflector technology. The instrument is designed for
heliophysics, astrophysics, and planetary physics applica-
tions. The flight on DXL will represent the first time this
technology will have been used to image the solar wind
interaction with the terrestrial magnetosphere. The details
of the DXL/STORM are reported elsewhere in this volume
(Collier et al. 2012), in this paper we will focus on the DXL
instrument.

For the scan we have chosen a region sufficiently close
to the galactic plane to absorb soft X-rays produced outside
the solar system and its local environment (within ~100 pc),
therefore minimizing the intensity and structure of the cos-
mic background, as indicated by the Rosat All-Sky Survey
(RASS). The DXL payload is scheduled to launch from
White Sands Missile Range in New Mexico around 2012
December to ensure a scan path through the He focusing
cone when the Sun is close to the maximum of its 11 year
cycle.

2.1 The helium focusing cone

The bulk of the soft X-ray emission comes from SWCX
with three neutral populations: interstellar hydrogen, inter-
stellar helium, and the exospheric (geocoronal) hydrogen.
SWCX due to geocoronal hydrogen may generate strong
“bursts” of X-ray emission, which are clearly identifiable in
X-ray observations. The flow of interstellar neutrals through
the solar system is due to the motion of the heliosphere (at
about 25 kms~!) through the local interstellar cloud (LIC).
This material, a gas of mostly hydrogen atoms with about
15% helium, flows from the direction of [ ~ 252°, b ~ 9°.
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Fig.3  (online colour at: www.an-journal.org) Expected contri-
bution, in RU, of LHB and SWCX in the 1/4 keV (R12) and
3/4 keV (R45) energy bands with the mission scan path (yellow
line).

This places the Earth upstream of the Sun in the interstellar
neutral flow in early June and downstream in early Decem-
ber every year (Gruntman 1994).

Interstellar hydrogen experiences gravitational force, an
almost equal repulsive force due to radiation pressure, and
significant ionization due mainly to charge exchange with
high speed solar protons (e.g., Quémerais et al. 1999; Lalle-
ment 1999), creating a hydrogen cavity around the sun.
X-ray emission due to SWCX with interstellar hydrogen
shows little geometric variation (dependence on location
and look direction). However, only gravity significantly af-
fects the helium trajectories which therefore execute Keple-
rian orbits and form a “focusing cone” downstream of the
Sun centered at ~6° below the ecliptic plane, resulting in
a localized downstream enhancement of helium observed
annually by Earth orbiting and L1 spacecrafts (Bzowski et
al. 1996; Frisch 2000). The cone has a FWHM opening an-
gle of about 25° and at one AU its density peaks at ~0.075
cm~3 compared to a more typical value of ~0.015 cm~3,
The peak density drops with distance from the Sun with a
value of ~0.05cm~3 at 5 AU.

2.2 Observing strategy

The last solar maximum, solar cycle 23, occurred in 2001.
The DXL payload will be launched from White Sands Mis-
sile Range in New Mexico during the month of December
2012 allowing a scan path through the He focusing cone
when the sun is close to the maximum of its 11 year cycle.

The DXL observing strategy is based on the following
guidelines:

— Launch in early December when the He focusing cone
is aligned with the Sun-Earth line, directly opposite the
Sun.

— Limit the scan to +£20° from the galactic plane to assure
that only “local” emission is detected (<100 pc). This
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Fig.4  (online colour at: www.an-journal.org) Expected DXL
count rates in the 1/4 keV and 3/4 keV energy bands across the
DXL scanning path due to LHB and SWCX emission.

will remove any contribution from diffuse X-ray com-
ponents other than LHB and SWCX.

— The low galactic latitude will also avoid bright high lat-
itude emission regions visible in the RASS maps.

— Avoid significantly bright point sources.

— Scan a region of the sky where the LHB emission is ex-
pected to be relatively uniform.

For the first DXL investigation we have chosen a region
of the sky roughly centered at [ ~ 150°, b ~ 0°, shown in
Fig. 3. The figure shows the expected contribution from the
LHB and the SWCX in the 1/4 and 3/4 keV bands. The LHB
contribution is calculated using RASS maps from which we
subtracted our model of the SWCX for the RASS observ-
ing period and geometry, the SWCX contribution is calcu-
lated using our model for DXL geometry at solar maximum
(Koutroumpa et al. 2006, 2007). Notice that, due to the dif-
ferent observing geometry, the RASS observations of this
region were not significantly affected by the He focusing
cone enhancement. The empty pixels correspond to regions
with bright objects. The effect of the He focusing cone is
clearly evident in the lower left corner of the 1/4 keVV SWCX
map and corresponds to an enhancement of about a factor of
2 in the SWCX emission. The green lines in the figures cor-
respond to the chosen scan path.

The observation will start roughly in the direction of
the He focusing cone, at [ = 185°, b = —18°, move to
[ =140°, b=0° and back. During the observation, in
the 1/4 keV band the SWCX emission is expected to be
the biggest component and change from about 300x 106
countss—tarcmin=2 (RASS Units, RU from now on) to
more than 500 RU, while the remaining DXB emission
should be roughly constant at 100 RU. In the 3/4 keV band
the SWCX emission should change from about 20 RU to
about 30 RU, while the remaining DXB should be roughly
constant at about 30 RU. The combination of spatial infor-
mation in the two separate bands should allow a clear sep-
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aration and characterization of both components. The DXL
count rate in both bands as a function of galactic longitude
is shown in Fig. 4.

Assuming resolution elements of 6°x 6°, equal to the
DXL resolution, a 5 minute flight will provide about 40 s
observing time per resolution element, or between 6000 and
10000 counts per resolution element in the 1/4 keV band
and about 800 counts per resolution element in the 3/4 keV
band, providing very high statistics for the data analysis. We
note that we do not expect our count rate to be affected by
any bright point source which will stay clear of our aper-
ture. We also expect to have post-flight pointing accuracy
of about one degree, which would allow us to use RASS to
quantify and remove any such contribution in case the actual
trajectory is significantly off the expected one.

2.3 Data analysis and expected results

The signal that DXL will measure is the sum of the SWCX
emission due to the solar wind interactions with He and
H, and the cosmic background emission. By observing in
the downstream direction of the interstellar neutral flow we
minimize both the total contribution and the spatial variation
of the hydrogen SWCX. The total helium SWCX intensity I
is the integral over the line of sight ds of the product of the
solar wind density ngy, the He density nge, and the com-
pound interaction cross-section «:

I = /answ npe{g) ds, Q)

where (g) is the averaged total solar wind speed (both
bulk and thermal). The compound cross-section is the abun-
dance weighted sum of the cross-sections of all the different
species and ionization states in the solar wind. The indi-
vidual cross-sections are velocity dependent and are poorly
known, even for some of the dominant species.

The Advanced Composition Explorer (ACE) satellite
(Stone et al. 1998) provides many of the important solar
wind abundances and ionization state fractions for the solar
wind as it passes the Earth. Combining the ACE data with a
model of the solar wind we will reconstruct the solar wind
density, velocity, and, more roughly, the ionization structure
along the line of sight as a function of time. The shape of
the profile in Fig. 4 is determined by the solar wind parame-
ters and the distribution of the neutral He, both of which are
reasonably well understood. The amplitude of the profile is
instead determined by «, which is not well understood.

As a first step, by fitting our observed profile with the
solar wind and He models we can determine «. By simul-
taneous fitting of DXL data and the ROSAT all-sky survey
data (together with the IMP-8 solar wind data') we can con-
strain the free parameters of the solar wind model, such as
the latitude extent of the equatorial component of the so-
lar wind. We then use the models and the newly determined
values of « to remove the He SWCX from the RASS. With a

1 http://science.nasa.gov/missions/imp-8/
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better understanding of the SWCX parameters we will also
repeat the several historic analyses that constrained the na-
ture of the LHB to determine its properties if, in fact, there
is still emission not accounted for by SWCX.

We note that, in our model, we have additional spectral
information, that treats individually each ionization state, al-
though in the 1/4 keV the uncertainties on the cross-sections
may be large, as well as the various line emission probabil-
ities. We will therefore also be working on the shape of the
spectrum in the 1/4 keV, which is critical to determine the
emission mechanism.

3 The instrument

The DXL payload consists of two thin-windowed, large area
proportional counters mounted on a aluminium frame and
supported by the rocket skin. The counters use a wire-wall
design (multi-anode proportional counters with wire cath-
ode walls) and are filled with P10 gas (90 % argon, 10 %
methane) at 760 Torr. The X-rays are mechanically colli-
mated using 2.5 cm thick, 3 mm cell honeycomb provid-
ing a circular field of view of 6.5° FWHM. Ceramic mag-
nets embedded in the collimator provide a magnetic field
of 150 Gauss within and above the collimators which inter-
cepts electrons that could either generate scattered X-rays
or mimic X-ray events in the detectors. A three-sided veto
for cosmic-ray rejection is also obtained using anodes at the
sides and back of each main counter.

One side of each counter, facing the mechanical col-
limators, is covered with a thin X-ray plastic window
(25cm x 50 cm, 80-90 mg cm~2) supported by a 100 lines-
per-inch nickel mesh (with ~68 % transmission) to retain
the counter gas while allowing soft X-ray photons to en-
ter the counter. The windows are composed of Formvar
(C5H702, the registered trade name of the poly-vinyl for-
mal resin produced by Monsanto Chemical Company) with
an additive, Cyasorb UV-24 (C14H1204, a trade name of
American Cyanamide), to absorb stellar ultraviolet pho-
tons that could otherwise generate a large non-X-ray back-
ground. The same windows were used for the DXS exper-
iment (Sanders et al. 2001) that flew on-board the Space
Shuttle Endeavour in January 1993. Geometrical effects, in-
cluding the shadow of the nickel mesh, anticoincidence de-
tectors, collimators, magnets, and masks near the ends of
the anode wires reduce the effective area of each detector
to about 600 cm?. The effective area as a function of en-
ergy, including the window transmission, is shown in Fig.2
for the sum of both counters. While the energy resolution
of the proportional counters is relatively poor below 1 keV,
the carbon edge at 0.285 keV in the filter response allows a
clear separation of the events below 1 keV in two different
bands, corresponding roughly to the ROSAT 1/4 keV and
3/4 keV bands.

To ensure gain stability, a constant gas density is main-
tained inside the counters during the flight by using on-
board gas bottles and pressure regulators. The regulators are
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true density regulators, using differential pressure between
the main counter and a reference volume at the same tem-
perature. A high-stability, high-voltage power supply pro-
vides 1700 V bias for the counters. Two ®°Fe calibration
sources (one for each counter) with mechanical shutters al-
low gain calibration during the flight.

The signal from the proportional counters is read out us-
ing low noise charge amplifiers, digitized, and telemetered
to the ground. X-ray pulse heights are telemetered with a
resolution of about 2 eV from 30 eV to 1 keV and 20 eV
from 1 keV to 10 keV. The energy resolution is therefore
limited by the intrinsic resolution of the proportional coun-
ters and is equal to about 15x+/FE[eV] FWHM. A second
set of multiple threshold discriminators also provides an es-
timate of the pulse amplitude as a backup for the main pulse
acquisition system.

4 Beyond the first flight

DXL is designed for a long term campaign for the investi-
gation of the properties and characteristics of the LHB and
SWCX, with additional flights beyond 2012. As noted be-
fore, our SWCX model, and in general any proper interpre-
tation of SWCX emission, require additional spectral infor-
mation by treating each ionization state individually. How-
ever, in the 1/4 keV band the uncertainties on the cross-
sections, as well as the various line emission probabilities,
may be large. The proportional counters on DXL do not
have the energy resolution necessary to separate the lines
generated by the various ionization states. However, addi-
tional energy information can be obtained by using differ-
ent “filters” in front of the counters. For example, it is pos-
sible to replace the (mostly carbon) window in front of the
counters with either a boron or a beryllium window to in-
vestigate different energy bands in the 1/4 keV range (see,
e.g., McCammon & Sanders 1990, Fig. 3). The DXL pay-
load is being designed with the necessary infrastructure to
accommodate, in future flight(s), a smaller, 150 cm? counter
capable of accommodating either a Be or B window, based
on the counter design used by Bloch et al. (1986). It will
then be possible to use detailed data from ACE for each ion
species to separate the different ion contributions.
Moreover, although heliospheric SWCX is the primary
concern for future X-ray missions, a good understanding
of SWCX mechanisms requires also a study of its mag-
netosheath component. Magnetosheath SWCX is somewhat
less than the heliospheric component, but may become the
dominant term during periods of high solar wind flux. The
X-ray emission due to magnetosheath SWCX is also af-
fected by a significant spatial variation, with the bright-
est emission coming from the subsolar location (see, e.g.,
Porter et al. 2008). Such a spatial variation can be used,
similarly to what has been described in this paper, to sep-
arate magnetosheath SWCX from other X-ray contributions
to the DXB. The emission is significantly affected by the
solar wind strength and composition, and the investigation
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requires a launch synchronized with solar wind activity. So-
lar wind data are provided by ACE and available, in almost
real time, through NOAAZ. As solar wind activity cannot
be predicted in advance, the investigation requires a contin-
uous monitoring of ACE data while waiting for the proper
solar wind conditions. Such a wait may last for days and
it is not feasible from White Sands Missile Range due to
the high cost and limited availability of launch dates. How-
ever, “the Sounding Rocket Program is planning to provide
launches from Woomera, Australia, in the fall of calendar
year 2014 and again in the spring of calendar year 2016,
subject to the availability of funds” (ROSES-10 Amend-
ment 26). Launching outside a military facility, with signif-
icantly smaller requirements, would be the perfect opportu-
nity for such a triggered observation. A natural follow-up to
the first DXL flights could therefore be two additional trig-
gered flights from Woomera, one during a period of high
solar wind flux, the other during an “average” period.
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