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Abstract X-ray polarimetry, sometimes alone, and sometimes cougglespectral
and temporal variability measurements and to imagingwalle wealth of physi-
cal phenomena in astrophysics to be studied. X-ray polanynievestigates the ac-
celeration process, for example, including those typidainagnetic reconnection
in solar flares, but also emission in the strong magneticdiefdneutron stars and
white dwarfs. It detects scattering in asymmetric strietusuch as accretion disks
and columns, and in the so-called molecular torus and itinizaones. In addition,
it allows fundamental physics in regimes of gravity and ofgmetic field intensity
not accessible to experiments on the Earth to be probedlyrimemdels that describe
fundamental interactions (e.g. quantum gravity and thereston of the Standard
Model) can be tested.

We describe in this paper the X-ray Imaging Polarimetry Bxgd (XIPE), pro-
posed in June 2012 to the first ESA call for a small mission witaunch in 2017.
The proposal was, unfortunately, not selected.

To be compliant with this schedule, we designed the payloastijnwith existing
items. The XIPE proposal takes advantage of the completasiph of POLARIX for
an ASI small mission program that was cancelled, but is @ifiein many aspects:
the detectors, the presence of a solar flare polarimeter botbmeter and the use
of a light platform derived by a mass production for a clusiesatellites. XIPE
is composed of two out of the three existing JET-X telescopiéls two Gas Pixel
Detectors (GPD) filled with a He-DME mixture at their focusvd'additional GPDs
filled with a 3-bar Ar-DME mixture always face the Sun to deétgalarization from
solar flares.

The Minimum Detectable Polarization of a 1 mCrab sourcetlresad4% in the
2—-10 keV band in 1B's for pointed observations, and 0.6% for an X10 class solar
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flare in the 15-35 keV energy band. The imaging capability is 24 arcsec Hadfrgy
Width (HEW) in a Field of View of 14.7 arcmirx 14.7 arcmin. The spectral resolu-
tion is 20% at 6 keV and the time resolution i%/8. The imaging capabilities of the
JET-X optics and of the GPD have been demonstrated by a reablntation cam-
paign at PANTER X-ray test facility of the Max-Planck-Instifir extraterrestrische
Physik (MPE, Germany).

XIPE takes advantage of a low-earth equatorial orbit witHiivk as down-link
station and of a Mission Operation Center (MOC) at INPE (Byathe data policy
is organized with a Core Program that comprises three mafithsience Verification
Phase and 25% of net observing time in the following two yearompetitive Guest
Observer program covers the remaining 75% of the net obsgtivhe.

Keywords Astronomy- X-ray - Polarimetry

1 Introduction

In 50 years of X-ray astronomy, instrumentation has achiéametastic advancements
in imaging Chandra), timing (Rossi X-ray Timing Explorer, RXTE) and spectroscopy
(Chandra and XMM-Newton). No equivalent progress has been achieved in X-ray
polarimetry, despite the fact that the key to uncover a nurofcientific questions in
fundamental physics and the behavior of matter under extienditions is encoded
uniquely in this largely unexplored degree of freedom ofhk@nergy radiation. In
spite of the lack of fresh data, solid theoretical developtmeuggest that a wealth of
important issues on the physics of X-ray sources could beeddly measuring their
linear polarization.

At the beginning of X-ray astronomy, polarimeters were flomboard rockets
%@9  Novick et (1972), and aboard the OS(NAvick (1975)

| 6)) and ARIEL-5 (Gowen étlal (1977)) Kigés. The only posi-

tive detection was the polarization of the Crab Nebula ($kaisf et al/(1978b)) and

two significant upper limits were obtained on Cyg X-1 (Weissket al (19717)) and
Sco X-1 (Weisskopf et'al (1978a)), plus many other uppertéirof modest signif-

icance I(Hughes et al (1984)). The introduction of X-ray cgtiwhile producing a
dramatic improvement in sensitivity, removed the need tateothe satellite. There-
fore, polarimetry based on the classical techniques, Brdifftaction and Thom-
son scattering (which require rotation), became seriomggmatched with imaging
and spectroscopy. As a result, no polarimeters were indlirdenajor X-ray mis-
sions by NASA or ESA. Non-solar hard X-ray polarimeters lolage Compton ef-
fect resulted in a number of balloon-borne narrow field eixpents ml.
(2010); McConnell et al (2009); Pearce et al (2012)) and iolafimeter for Gamma
Ray Bursts (Yonetoku et|al (2011)) on-board the solar-p@agdemonstrator IKAROS.
In the last 10 years, with the development of sensors baseatieophotoelec-
tric effect m 1)), polarimetry has been agaimsidered as a realistic
option, either for large telescopes with swappable insémiation or for dedicated
small missions. An intense activity of theoretical modgliras started again. A po-
larimetry mission, POLARIXm al (2010)), was onewd selected for flight
after a phase A study following an ASI AO issued in 2008 for akmission. The




6 Soffitta et al.

program was subsequently cancelled. Soon after, in 2008A\&#pproved the Grav-
ity and Extreme Magnetism Small Explorer (GEMS, Swank arallg2010)| Jahodla
@);I )), a small size satellite to perfoyray polarimetry, to be
launched in 2014. Just at the end of May 2012, NASA decidedstmdtinue GEMS
for programmatic reasons. A polarimetry mission based strumentation already
existing or of high technical readiness level became, thezevery timely. The X-
ray Imaging Polarimetry Explorer (XIPE) fulfils these reguments. It is based on
already existing items, namely two out of three X-ray Miriodules built, tested
and calibrated for the JET-X project (Citterio et al (199@)ells et &l 7)) and
never flown (a fourth one is now operating well on the Swifefiaé I
(2005)) and the GPDs studied for more than 10 yéars (Betlagzal (2006 2007);
Muleri et al {2008, 2010); Soffitta ef al (2013)) and exteabitested for POLARIX
and for XEUS/IXO (X-ray Evolving Universe Spectroscopyrthevolved in Inter-
national X-ray Observatoryl), Bellazzini and et al. (201Tf)e photon by photon ap-
proach of the GPDs and the wide, 14.7 arcmii4.7 arcmin) are compatible with a
satellite of modest performance in terms of attitude cdntro

An extremely robust and relatively cheap bus used for conication satellites,
the Iridium NEXT, can harbor XIPE without modification. XIRtan perform po-
larimetry of tens of X-ray sources combined with imaging é2dseconds HEW res-
olution), spectroscopy of continuum (20% @ 6 keV) and tim{@gus resolution).
XIPE’s unique results enable us to explore the physics ireex¢ magnetic fields (in
isolated or accreting pulsars) and in extreme gravitatifielas (in neutron stars and
black holes), to study the acceleration of particles in ERdr supernova remnants
and to study the disk and the onset of jetuuasars. A sample of extragalactic ob-
jects can also be probed, especially Blazars. Due to therbagtiness of the technol-
ogy, we are also proposing to perform polarimetry of solaeiawhich will provide
a clue to understanding the physics of magnetic reconmectio

XIPE opens a new window in high energy astrophysics and offelarge dis-
covery space. Tests of fundamental physics can be perfausied the Universe as a
laboratory with extreme phenomenology related to GeneghdtiRity, the measure of
the spin of black holes, or to QED, the detection of effectgamuum polarization in
extreme magnetic fields. Last but not least, XIPE could $efincthe birefringence
predicted by Loop Quantum Gravity Theories or by theorieaxdbn-like particles:
one of the less exotic but most elusive candidates for Darttdvla

The breakthrough results promised by XIPE well fit the theofdSSA Cosmic
Vision: 2.1 From the Sun to the edge of the Solar System; 3.1 Explore the limits of
contemporary physics, 3.3 Matter under extreme conditions and 4.3The evolving
violent Universe, and are far beyond what could be expected from a small missio
This is only possible because we can use instrumentatioigbfgerformance and
demonstrated maturity, including a calibration of one GREha focus of an X-ray
JET-X optics at the PANTER X-ray test facility. Such instremtation, in large part,
already exists.
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2 Astrophysics with XIPE

XIPE, while proposing to install the same X-ray optics of PABUX (I
2010)), takes advantage of a new detector design (Muleli{@012)| Bellazzini et hl
.m» involving a larger body with improved control of takectric field and of the
space distribution of the residual background (Soffittd ¢2@12)), and is also capa-
ble of measuring polarization of radiation emitted by sélares by means of a GPD
with an extended energy band up to 35 keV, and to make highrésaution pho-
tometry. Moreover, the proposed platform is directly dedifrom those of a cluster
of satellites for telecommunication. The platform is lighand includes the option of
transmission using the X-band.

The astrophysical goals of XIPE, except in the case of scdaedl follows the
line of what is already proposed for POLARIX. Hereafter, wensnarize only the
main theoretical expectations, including new updates hackpected sensitivity in
terms of Minimum Detectable Polarization (MDP, see equdiip

2.1 Acceleration phenomena

Acceleration phenomena in Supernova Remnants are believssl responsible for
the production of the bulk of the cosmic rays reaching theltavhile jetted Ac-

tive Galactic Nuclei (AGNSs)|(Pierre Auger Collaboratioreét(2007, 2012)) are a
possible source of Ultra High Energy Cosmic Rays. X-rayseanéted close to the
region of the maximum possible acceleration by means of yhetsotron mecha-
nism by electrons that then rapidly lose their energy. Xygajarimetry probing the
environment close to the acceleration site is thereforevgepol tool to investigate
the acceleration phenomena.

— Supernova RemnantsSupernova Remnants (SNRs) are believed to be the ac-
celeration sites of cosmic rays up to'2@V. While the line emission makes it
possible to determine the state of ionization of its thenptedma, the lack, or the
weakness, of emission lines is generally believed to beaaedeleration mech-
anisms responsible for the synchrotron emission or nomtakbremsstrahlung.
Moreover, TeV emission from some SNRs supports the ideartlsatme regions,
electrons are energized at least up to TeV. Imaging polannme this regard is
useful to localize the regions of shock acceleration and eéasure the strength
and the orientation of the magnetic field at these emissims (201D)).
Probing the regions where thermal or non-thermal plasmiitiag in X-rays is
particularly important in small size SNRs like Cas A, Tycmul&epler (see e.g.
\Araya and Cui|(2010); Vink (2012) and see[flg.1). The high ¥-palarization
expected where the synchrotron process is prevalent (etlge ifilaments usually
located on the shell boundaries) should be much reducedevwthemon-thermal
emission is just a fraction of the thermal one. However inSN&R 1006 radio po-
larization (Reynoso etlal (20113)) showed that where thetsyimn is prevalent
(e.g. in the two bright radio and X-ray lobes NE and SW) the snead degree
of radio polarization is just 17% and this is probably due tocally disordered
magnetic field. Instead in regions where non-thermal eniss not prevailing
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as in the SE rim the measured polarization is 60% possiblicéticig a highly
oriented magnetic field. Such considerations may be apmi€ths A for which
there is an indication of the presence of a tangential magfietd at its outer
edges|(Gotthelf etlal (2001)). We note that in this sourcedBér et al (2001) but
see also Fabiani and ef al. (2013)) that in the spectralmdzgonveen 4 and 6 keV
the power-low component is about 22.5 % of the total emissgibife between 8
and 10 keV this component is 50 %. Being the equivalent widte iron line
about 1 keV the fraction of the power-law component betwean®8 keV is a
non-negligible 19%. With one long (1 Ms) look of Cas A, the MBFL..6% (4-6
keV), 3.5% (6-8 keV) and 11.7% (8-10 keV) or 4.3% 10.5 and 38%ach of
the 9 subregions that we can think to divide Cas A. Giving gtareated fraction
of the power low component, polarization larger than 2196 (&V), 55% (6-8
keV) and 70% (8-10 keV), can be detected in each one of thdsegons but
interesting numbers could be obtained with just one en ration for a sig-
nificative measurement. Based on the Einstein su%ﬂ there are
about ten SNRs with a smal(XIPE FoV) size having sufficient flux for X-ray
polarimetry while the strategy for a space resolved measene can be imple-
mented after having analyzed the observation of Cas A. Oighpsarge size
SNRs ¢ 30) with a clear X-ray synchrotron spectrum in their rims are 1506,
RX J1713.7-3946, and RX J0852:04622. Clearly all these considerations de-
pend on how much the magnetic fields are ordered but this gl the scope
of such measurements.
Pulsar Wind NebulaeSpatially resolved X-ray polarimetry allows the magnetic
field orientation in the torus, in the jet and at various dists from the pulsar
to be determined. This makes it possible to evaluate thé téverbulence and
instabilities exploring the acceleration mechanism resgie for the observed
particle distribution|(Shibata et al (2003); Volpi et al (Z)). XIPE reaches an
MDP of 2% in 5x 5 angularly resolved regions of the Crab Nebula ifi §®f
observing time thanks to its imaging capability. The caliigtio resolve the sur-
rounding nebula makes polarimetry of the pulsar more ditéogvard, allowing
the emission model to be derived and compared for examplethitse studied
in optical band[(Hardind (2005)). A few additional PWNs vk accessible to
XIPE for comparative measurements (seefig. 1).
JetsThe acceleration mechanisms in jets and the related X-rags@n, espe-
cially at large distances from the central massive objdotshoth galactic and
extragalactic sources, is a very much debated issue ang petarimetry can, in
both cases, help to resolve the matter.
— UQSOs The multiwavelength behavior of about two dozen X-ray biemr
with relativistic radio emitting spots, superluminal foieav of them, indicates
that they are a scaled-down version of radio-loud galaéh,consequently

much shorter characteristic variability timescales. Byanseof spectro-polarimetry

in X-rays and at other wavelengths of these very luminousaibj it is pos-
sible to shed light on jet formation and evolution and thelation with the ac-
cretion disk emission. GRS194305, Cyg X-1, Cyg X—3, and XTEJ15568564
have flux between one hundred millicrabs and several cribajrag an MDP
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Fig. 1 The Chandra images of Cas A (left) and of the Crab Nebula tfrigithin the sensitive area of
XIPE together with its PSF (Half Energy Width). The activeais 15 mmx 15 mm or 14.7 arcmirx
14.7 arcmin.

< 1%. They are also good candidates to search for Generai\Rglaffects
(see sed.312)

— Blazars & Radiogalaxies In Blazars, multiwavelength polarimetry, including

X-rays, would allow for disentangling the origin of the sadacharacteristic
emission peak in their spectral energy distribution, tisaioka determination
of the polarization angle. This peak is due either to syntthmself Compton
(same angle as that of the synchrotron peak (Celotti and (18€4))) or to
Inverse Compton (IC) of seed photons (different angle)sypmeably from the
disk or from the broad-line regions. The degree of polaidredf the IC peak
allows the electron temperature (Poutanen (1994)) in thie jee estimated.
XIPE reaches an MDP of 3% for Mrk 421 inx4 10° s.
In some radio-loud AGN, the jet component can be as brightadisk com-
ponentin the 2-10 keV energy band, as in 3C273 (Grandi andhital (2004,
2007)). In this case, because the jet component is hardetaion of the po-
larization angle is expected.

— Magnetic reconnectionMagnetic reconnection and subsequent acceleration of
charged patrticles in the corona are at the base of the pioduzt solar flares
(Brown (1971)). Actually, the Sun, providing a strong sibthae to its closeness,
acts as a Rosetta stone, clearly showing phenomena simitaose which may
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happen in objects significantly fainter and much farthenawaove 20 keV, see
fig[2(a) (left), the emission from solar flares (Hard X-RayR) is mostly domi-

nated by the non-thermal bremsstrahlung generated by higiyg electrons im-

pinging down on the chromosphere with a polarization degseleigh as 40% at
20 keV (Zharkova et al (2010)) (see fig. 4(b) left and rightl és caption). Be-

low 10 keV, the emission is mostly thermal due to plasma hgati the reconnec-
tion site and in the flaring loop filled with evaporated chra@ploeric plasma (see
fig.[2(a), right). X-ray lines are present up to 7 keV (Peres ¢1987)] Doschek
2)). The thermal component is also expected to be peldrialthough at a
lower level than the non-thermal one, due to possible amip@s in the electron

distribution function|(Emslie and Brown (1980)). Back 'seein further modi-
fies the spectrum, especially at higher energ anchk )t Jeffrey and Kontar
)). X-ray polarimetry of the HXR offers the possﬂyllto make a diag-

nostic of the level of the anisotropy of the electron beanmg] af the mag-
netic field configuration, and to study the acceleration raam in the solar
corona. Both RHESSI, with its spectrometer not designedet@ Ipolarimeter
(Suarez-Garcia etlal (2006)), and the Thomson scatteritayipmter on-board
Coronas-F|(zhitnik et all (2006)) attempted to measure theXpolarization
from solar flares with only low significative results or langeper limits due to
the high energy threshold of the former and to the high bamkagpl/low efficiency
of the latter. Moreover, future missions such as Solar @rlaite not sensitive to
polarization. XIPE performs polarimetry of radiation etad by solar flares in
the 15-35 keV energy band, reaching, for the two detector array gardtion,
an MDP of 0.6% for an X10 class flare and 6.6% for an M5.2 class.f/e
estimated the sensitivity to different classes of solaeflarsing the spectra and
the lightcurves in_Saint-Hilaire et al (2008) in equatidriNle also evaluated the
expected number of flares for each class, depending on theadilvity. Based
on the forecast of the sun sibtse estimated that from July 2017 to June 2019
about two dozen flares are expected to be observed betwesnXd18 and class
M5. Being close to the solar minimum, the probability of an &€ is, however,
small. XIPE solar polarimeter operates in an energy rangaevthe spectrum of
the flares is dominated by non-thermal bremsstrahlung leufltix expected is
large. By measuring their polarization with good accurawyaf number of flares
in different positions on the solar disk, it will be able tanstrain different models
(see fig[ 2(B) right and its caption) with much higher premisiith respect to the
data available today.

XIPE will also monitor the X-ray variability of the Sun betee 1.2 and 15 keV
with a small dedicated photometer with good energy resmiuity determine the
coronal average temperature and the related thermodyradraiacteristics for
either non-active or flaring corona. This also is partidylanportant for space
weather studies.

1 http://www.swpc.noaa.gov/ftpdiriweekly/Predict. B@12/04/04
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Fig. 2 (a). Sketch of the flaring loop in hard X-rays and soft X-raysu(fayfroni Priest and Forfies (2002))
(b (left)). Directivity and polarization degree resulting from timegration over all the coronal magnetic
tube. The directivity is the ratio between the intensity giv@n angle and the average intensity (unit value
means isotropic emission). The model explores two initiéient power-law indices of the particles that
are acceleratedy.= 3 (redlines) andy = 7 (bluelines). Different lines show different models for the sim-
ulation: solid line: pure collisions(C), dashed line: @tins and converging magnetic field{®), dotted
line: collisions and return current (€E), dash-dotted line: all factors are taken into accountEcB).

0 is the radiation propagation direction that is the anglevbeh the normal to the sun where the injec-
tion and the downward beaming occur and the observer. A higblarization is expected whehis 90°
therefore when the flare is located on the linib(right) ). Comparison of the polarization expected from
different models with available data at 20 keV as a functib& ¢hat is the position angle in the solar disk
(cosE) = 1is the disk center and 0 is the limb) for an electron beath wide angle dispersiom\(u = 0.2
wherey is the cosine of the pitch angle of the precipitating elewjo The electrons’ energy flux is 10
erg cnr2 571, Fory = 3 the following models are shown: solid linef& model, solid line with crosses:
C+E+B model. Fory = 7 the models are : dashed line-€ model, dashed line with crosses-E+B
model. The cases of a more collimated electron beAam £ 0.09 withy = 7 and C+E model) are also
shown. The initial electron energy fluxes are respectiveh? rg cnm2 s~1) (dot-dashed lines) and 1
erg cm 2 (dotted lines). The data are frdm_Tindo ét/al (1970, 1872@b}5 keV, diamonds) and from
[Tramiel et 41[(1984) (16 21 keV, triangles). The figures are from Zharkova et al (2010)

2.2 Emission in strong magnetic fields

The presence of an intense magnetic field affects the prtipagz the two X-ray
polarization modes in a plasma. Moreover, it channels tlasrpé along the field
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lines, causing an asphericity in its distribution. Both pbmmena produce radiation
which is observed as anisotropic and polarized.

— Accreting White Dwarfs In White Dwarfs (WDs) with a strong magnetic field,
X-ray polarization derives from the scattering on the Whace, from its accret-
ing column and, when present, from the (truncated) disk. Jdiarization sig-

nal is periodic and energy dependent, with values rangiom #% to 8% t
(2004); McNamara et 8)). XIPE can search for phageigent X-ray po-

larization in the brightest objects. For AM Her, XIPE reasla® MDP of 6% in
each of ten phase bins with 48 of observation.

— Millisecond X-ray pulsars Accretion is responsible for the spin-up of neutron
stars up to the maximum possible rotation speed. Comptdtesog in the ac-
cretion shock, which is localized and not extended as showpubsation, po-
larizes the radiation at higher energies (Viironen and &weft (2004)). Phase
resolved X-ray polarimetry allows for testing this modebtiapossibly, for dis-
criminating an alternative scenario where the scattesrigim the accretion disk
(Sazonov and Sunyaev (2001)). It also provides the georaéprarameters, such
as the orbital and magnetic inclination, which are usuate fparameters in the
evaluation of the mass and the radius of the neutron stahé\ptesent time 14
accreting millisecond X-ray pulsars (AMXP) are known anettare very faint
in quiescence. They, however, can serendipitously outborseveral days with
fluxes exceeding tens of milliCrabs and more, showing thkirlkz pulsation. At
a flux of 10 mCrab, rather low for this kind of sources, andgnéging for 16 s,
e.g. SAX J1808 4—3658 reaches an MDP of 3% in 5 phase bins that is sufficient
for modeling the source.

— Accreting X-ray pulsars In accreting X-ray pulsars, the large magnetic field
(102 — 10'3 Gauss) derived from the observed cyclotron lines createsrini-

ence effects with an energy and phase dependent polarisiaghatur al
)). Phase resolved X-ray polarimetry allows for defaing the geometry
of the accretion (fan or pencil beam), the position of thatioh axis in the sky
and the angle between its position and the magnetic dipcdeyNK-ray pulsars
can be observed by XIPE with sufficient sensitivity. For epéenan observation
of Her X-1 is characterized by an MDP of 3.5% in 10 indepengéaise bins.

2.3 Scattering in aspherical situations

— X-ray binaries The 2-10 keV spectrum of accretion-disc-fed X-ray binaries

in the hard state is probably mostly due to Comptonizatioralyot corona.

The aspherical geometry produces polarized X-rays (HaamdiMait (1993);

Poutanen and Vil (1993); Poutanen and Svemsson |(199%Yhearpolarization

degree places constraints on the unknown geometry of thehmnal(Schnittman and Krolik
)). Above 7 keV, the Compton reflection of the primaryission from the

disk is also expected to be polarized with a polarizatiorreleghat depends on

the disk inclination and on the anisotropy of the intrinsiigsion m&

(1989){ Poutanen et al (1996)).
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— Radio-quiet AGNs In radio-quiet AGNs, the Comptonization in the corona and
the Compton reflection from the disk always dominate witlpees to the disk
emission mostly irradiating in UV or in soft X-ray, and thexgaconsiderations
as above apply (Schnittman and Krolik (2010)). A XIPE obation of IC4329A
of 3x10° s yields at an MDP of 3.6%. In addition to the above reflectiovi-e
ronments, scattering can occur in AGNs on the so-called cotde torus, whose
geometry is still largely unknown, and on the ionizationesmwhen present (see
fig.[3). X-ray polarimetry (see fif. 3(b)) can shed light onte@enection between
these two regions as well as on the true torus geometry (Gamsand Maitt
(@)). In the case of NGC 1068, an MDP of 4.2% can be reaclittadaw ob-
servation lasting §10° s. With an observing time of £G the 3¢ measurement
is at level of 5% (2-4 keV) and 6.9% (4-10 keV). With this sérgy it is possi-
ble to disentangle most of the models and to provide an aaiditil-o error on
the angle of 9.5 (see paragradh 4) that is sufficient to hint the possibldiosta
of 60°. A multiwavelength polarization campaign can allow for a&per inves-

tigation of the geometries of the scattering regions (Gaosmand Maitt (2011);
Marin et al (2012a)) in AGNSs.
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Fig. 3 (a). Sketch of the scattering environment around NGC 1068.I(tensity, level of polarization
and polarization angle as a function of energy for the moéiéiyo3(a). Here the column density of the
torus isNy = 10?7 cm~2 and the optical depth of the scattering conessige = 0.3. u = cos(i) where i

is the viewing direction measured with respect to the digktanus symmetry axis; FAs the total flux of
the primary source, emitted into the same viewing direct®oth figures are frorh_ Goosmann and Matt
(2011).

— X-ray reflection nebulaeThere are a few molecular clouds in the Galactic Cen-
ter region whose X-ray spectra are well reproduced by a porapgfon Reflec-
tion component, indicating that such clouds are reflectireg X-ray radiation
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produced by a source outside the cloud. The most famous dgamfgr B2,
but more recently, the X-ray emission from the Sgr C complas additionally
proposed to have the same oridin (Murakamilet al (2001b). firzzle here is
that there is no X-ray source bright enough in the surrouyglift has been pro-
posed, therefore, that these clouds are reflecting passiemifom the central
black hole [(Sunyaev et al (1993); Koyama et al (1996)), wisicbuld have un-
dergone a phase of strong activity about three hundred pgardf the emission
from the nebulae is indeed due to scattering, it should by Wigrhly polarized
(Churazov et al (2002)), with a direction of polarizatiorrmal to the scattering
plane, and therefore to the line connecting the cloud tolthminating source.
The detection of polarized X-ray emission from one or morehefse clouds
would place a strong limit on the position of the source whilthminated them
in the past and, if the polarization plane is indeed perpmnadi to the direction
towards Sgr A*, it will be proved that not many years ago thé&e®awas a low lu-
minosity AGN. In addition, measurements of the polarizatiegree will provide
unique information on the position of the clouds with regpeSgr A* along our
line of sight. The flux from Sgr B2 is evolving with time. It isirently decreas-

ing (Koyama et all(2008)), probably reflecting the evolutadrthe illuminating
source flux in the past. Other reflecting nebulae are presennd the central

black hole, which are also varying with time, e.g. Sgr C (Mami et gl (2001b);

I |LZT_Q|7)), and the brightest of them when XIPE wiliterbit will of
course be chosen for observation. Although it is not possibestimate the flux
of Sgr B2 when XIPE will be in orbit, assuming the flux measusg@eppoSAX
(Sidoli et al {20011)) and a polarization of 40%, the pregisidth which the po-
larization angle can be measured iR P s is 3.5 (1-0), good enough to set
tight constraints on the origin of the illuminating rad@ti One question is the
background rate expected when observing this very faireldd X-ray source.
This question is answered in section 5. 1.2. Here we jusewmit the background
is still about 30 times smaller with respect to the expectenice rate as based on
estimates frod@?S). The image of Sgr B2 on the timtactive area is
shown in the collage of fidl 4.

3 Fundamental physics with XIPE

High Energy Astrophysics makes accessible natural labnestof fundamental physics,
providing tests of physical theories which would otherwigampossible. X-ray po-
larimetry is a sensitive probe because distinctive sigeaton the degree and angle
of polarization are expected during photon transfer inrgjrgravitational or mag-
netic fields. Energy dependent rotations of the polarimaéingle and variations of
the polarization degree from distant sources may reveah@QuaGravity effects and
allow for axion-like particle searches.
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Fig. 4 Image of Sgr B2 on the GPD active area as in Murakam| et al @0@Dbr XIPE, we assume half
of this region where we evaluated the background. The gresmrapresents the total active area of the
X-ray polarimeter. The galactic coordinates shown are grefes. The active area is 15 mm15 mm or
14.7 arcminx 14.7 arcmin. The XIPE PSF is the Half Energy Width.

3.1 QED in strong magnetic fields

Emission from a neutron star (NS) surface is expected to bariped because the
opacity of the atmosphere to photons polarized perperatitalthe magnetic field
(X-mode) is smaller than that for parallel polarized raidia{O-mode)/(Pavlov and Shibanov
(1978)). The radiation in the X-mode can escape from inned,(¢herefore, hotter
and brighter) layers of the NS atmosphere. The expecteddagfrpolarization in-
duced by this effect is not large, at level of 85% (Pavlov and Zavlin (2000)), be-
cause of the different magnetic field orientations at thession sites. Although this
basic result is commonly accepted, the detailed photosfieaacross the atmosphere
is strongly affected by quantum-electrodynamics (QEDg&# because a magnetic
field in excess of 18 Gauss for magnetars polarizes the vacuum (Mészaros/ 1992
As discussed i 3.71.1 and[in 3.11.2, QED produces three dlectffects on X-ray
polarization. One effect is on the energy dependence ofyXprarization degree
and angle, due to the presence of a vacuum resonance. Thevatheffects are the
enhancement of the maximum degree of polarization and teereable lag of the
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polarization angle between optical light and X-rays, batle ¢b birefringence. The
signatures on the spectrum (softening of the hard tail addation of the equiva-

lent width of the proton-cyclotron line) can be less evidemd, at the same time, the
modelling is affected by the degeneracy on the various petenrs. Polarization mea-

surements can be used to disentangle these degeneracigsd@elaberg and Perna
(2009)).

3.1.1 The effect of the vacuum resonance

Detailed calculations (van Adelsberg and Liai (2006); Bed€z and Davis (2011))

have shown that QED effects have a peculiar signatures opdlagization of the
radiation detected by a distant observer, while they hawsa dbvious impact on
spectral parameters. A resonance, occurring when theilootiom to dielectric ten-
sor of the plasma and of the vacuum compensate each othalgdgiroduce a transi-
tion between the two photon modes analogous to the Mikh&yairnov-Wolfenstein
mechanism for neutrino oscillatiom%l-MbOS)). Tebability of a transi-
tion between the photon modes depends on the geometry, tieafigld, and proper-
ties of the medium, increasing monotonically with the egerfithe photon. For the
magnetic field regime B< 7x 10 Gauss, the resonance typically lies outside the
photospheres of the two photon modes. Since surface emissisually dominated
by the X-mode, at energies a few keV, X-mode photons are converted to O-mode
photons after decoupling from the atmosphere, leading tapa 90 shift in the
angle of polarization. For stronger, magnetar-strengtgmaétc fields, the resonance
occurs inside the O-mode photosphere; thus, the rapidaotiat the plane of polar-
ization does not occur (see f[d. 5). Detecting thé 8flation in normal pulsars but
not magnetars would independently confirm the presencep#rsstrong magnetic
fields in magnetars. Such rotation can be excluded for examphe case of SGR
1806-20 a bright (not the brightest) magnetar. 16 46conds we can get a®mea-
surement at level of 23.6% {24 keV) and 21.3% in (410 keV) for each of the 5
phase bins. This level of polarization, well below the expdaalue from the model
of [Fernandez and Davis (2011) showed in the fifire 5, impligsr error in angle

of 9.5°, a precision that is sufficient to exclude the’96tation in the data.

3.1.2 The effect of birefringence

X-ray polarimetry of NS emission provides an opportunitytiserve another QED
effect: vacuum birefringence induced by a strong magnegid.fir his effect was pre-
dicted nearly 70 years ago (Heisemberg and Euler (1936)54Kepf (1936)) but still
needs to be verified experimentally. If the vacuum birefeimce is present, the indices
of refraction of the two linear polarization modes diffevtin each other. Vacuum po-
larization produced by a NS magnetic field is indeed suffidielecouple the polar-
ization modes, so that the direction of polarization foldoilve direction of the local
magnetic field Heyl and ShaViv (2000). When modes are cougdeih at a distance
which is large with respect to the radius of the NS, the locaginetic field is almost
parallel and therefore photons coming from different regiof the NS surface add
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Fig. 5 This figure (from_Fernandez and Davis (2011)) is the result Monte Carlo simulation of the
phase-resolved emission observed from a magnetar with l@Eitraay flux modelled as t12g18c90Eu
(ApNS(rad)=1.2ymax = 1.8, seed pol=Emode,Ocap(°)=90, whered ¢ is the twist angle of its magne-
tosphereymax is the maximum Lorentz factor of the electrons in the netmgphere@c,p, is the angular
size of the emitting polar cap). From top to bottom are shdweriritensity, the polarization fraction and the
polarization angle as a function of rotational phase (tWigpferiods shown) in energy bands-(2 keV and
4—-12 keV). The pair of angle®fy the angle between the magnetic axis and the rotation @xighe line

of sight from the rotation axis) of (4570°) is represented by a solid/black line, {7@5") is dottedred,
(60°, 70°) is dashedilue and (90, 90°) is dot-dashedfcen It can be seen that the polarizations in the
two energy bands are always in phase.

coherently. This produces a 5-7 times larger polarizategrek in the NS phase av-
eraged signal (Heyl et dl (2603)) than in estimates wherfrigence is not taken
into account (Pavlov and Zavlin (2000)).

In addition, the NS and its magnetosphere rotate and, sicenbdes of lower
energy radiation couple first, another observable premtiaif the presence of vacuum
birefringence effects is that the angle of polarizatioroat €nergy should lag behind

higher energy photons (Heyl and Shaviv (2000)). For the @rasar, the lag between
X-rays and optical emission should be about 10 degrees,rag@dén the Deutsch

model (Deutsch (1955)) in Heyl and Shaviv (2000).

3.2 General Relativity in extreme gravity fields

The emission from the accretion disk is the brightest corepbnf the X-ray spec-
trum from Galactic Black Holes when they are in a high stake §trong gravitational
field in the innermost region of the disk, that is responsibfethe X-ray emission,
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causes a rotation in the polarization angle larger than fataing black-hole and
for higher energies (Stark and Conndrs (1977); Connors @t80);| Dov¢iak et al
(2008);[Li et dl (2009)| Schnittman and Krdlik (2010); Kramyaski (201P)). The
measurement of the rotation of the polarization angle (agtek) with energy, and
therefore of the spin of the black-hole, allows for testingn@ral Relativity in ex-
treme gravity fields. The best but not the only source to $efoc this effect is
GRS1915+105 (see figl 6), a brigh®SO whose 2-10 keV emission is, when in high
state, dominated by thermal emission. Moreover, the sasitaghly inclined (70 in
ler_a.b_QLa.n_d_RQ_dﬂgu_éi(lQ_M)) and therefore the polannategree is expected to
be high. Other less inclined sources may show lower polaoizéevels, which could
still, however, be easily detected in several other brigij¢cts. In addition, about 4
transient BH binaries are expected to have a large enougtoflue measured during
2 years of operation and they are good sources to search fefféfs.

GRS 19154105 - 300ks 0 GRS 19154105 — 300ks
w B @ 10
— a=0.00 g
E FE e o
TN eom =%
2 of \L : '
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3 i e =ee s
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Fig. 6 (a). Expected variation of the polarization degree with epeargGRS1915+105 simulating an
observation of 300 ksec The model is fr Q@8le the errors are evaluated for the case
of an observation with XIPE)h{). Polarization angle rotation with energy in the same olzgem.

In AGNSs, the thermal emission from the disk peaks in UV anddfwe lies
outside the energy band of XIPE. Strong Gravity effects feshithemselves with
the temporal variation of the polarization angle from refelcX-rays ml
(2011)) from a prlmary source with changing height from tloeration disk (see

1(2004)), as in the case of MC6&-30—15. In this source, an
MDP of about 4% can be reached in 300 ks. A long look (1 Ms or natrthis source
may provide a first test of the model. Alternatively, theratifeast one galactic black
hole candidate (XTE J1656500) which is thought to behave like MC&G—30—15
on a smaller scale (Rossi et al (2005); Reislet al (2013))nKéi#o a factor of 100
higher flux, this source would allow for deeper studies o {iienomenon. An al-
ternative model explains the observed relativistic iroe from MCG-6—30—15 as
a non-relativistic feature arising from partial coveritidiller et al (2009)). Partial
absorption in a clumpy outflow intercepting the line of sigeherally induces low-
polarized forward scattering and always produces a pe@itioiz position angle that is
constant in energy. In the reflection case, on the other lihagholarization is larger
and its position angle varies systematically with energja§er polarization is ex-
pected at higher energies and a long-look observation of 2avisletect polarization
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above 3% (4-10 keV) as expected by the the reflection mofel (Marin et al 2£0)
only, and thus strongly favor one of the two interpretatiaee fig[V. Furthermore,
‘ 6)) pointed out two specific effectgerfieral relativity that
can be revealed in linear polarization from light scattdrgdelativistic jets that are
expected due to indirect photons passing in the immediateityi of a black hole.
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Fig. 7 MDP of the two scenarios for a 1 Ms observation of ME&-30—15. The solid curve represents
clumpy absorption, while the red dashed curve is relativistflection induced by a Kerr super massive
black hole with spin parameter= 1. With an observation of 2 Ms a polarization larger than 3%
can be detected between 4 and 10 keV to be compared with a [{&)686) expected average polarization
degree, after spectral convolution in the same energy Barlfigure is fro b)

3.3 Quantum Gravity

The identification of a good candidate observational testtiodying Quantum Grav-
ity in its different forms (loop, string, non-commutativpaxe-times) is presently
still a challengel(Amelino-Cameli 04)). Polarimetsyoine of the few possible
probes|(Gambini and Pullin (1999)) of loop Quantum GravAtythe quantum scale,
birefringence would be responsible for a rotation of theapahtion angle along the
photon path. Such rotation, in the linear case, is propoatito the source distance
and to the square of the energy by means of an dimensionletes m
(2003)). The scale of breakdown of the usual dispersiotioglds = 1, the Plank
scale (see for examd@tom)). Detecting a noistviag linear polariza-
tion from distant sources allows upper stringent limits éopbaced om, and cases
other than linear to be excluded. Upper limits based on tbbservational tests al-
ready rely on the UV polarization of a radio galaxy (Gleised &€ozameh|(2001))
and on X-ray polarization of the Crab Nebula measured by ©8@s in t
@) () < 10~%). A more stringent upper limit comes from the UV/optical el
ization of Gamma-ray burst afterglows as in Fanlet al (209710~ 7). In hard X-
rays, upper limits from INTEGRAL data (see, for example, Maoe et al[(2008);

IStecker[(2011); Laurent ef al (2011)) are instead based suitsederived from the
prompt emission of Gamma Ray Bursts (Kalemci et al (2007)Ghton et 81(2007))
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and from the Crab emissiot@OOB)). Such lowisigimce results are
still debated. Sometimes, different instruments on-b@asdthemselves in contra-
diction. We stress that the detectors were not primarilyigihesl as polarimeters.
Such instruments were never calibrated on-ground or iit-fanbthis purpose. In this
regardmad (20]12) noted that the data in the measurédlatmn curves in

McGlynn et &l (2007) are not distributed with Poissoniariistias gwhile this is as-

sumed in the evaluation of the error contours for exam 1(2008)). Re-
cently, by using the measurement (P ff% 3.30 significance) for GRB 110724,
with a known redshift of 0.382 (s 012) afdrence therein) by
the GAP GRB Compton polarimeter aboard IKARUS, an uppetlimc 10-°was
evaluated im 12). Looking to different soulaiadifferent distances the
relation between the latter and the rotation of the poléioreangle with energy can
be tested with respect to a possible intrinsic polarizasingle variability. With an
observation of 19s, values ofy down to 3x 10~1° can be reached with XIPE using
e.g. the known Blazar 1ES116232, at z = 0.186, with a clear synchrotron spectrum
and high optical polarization, assuming it has a 10% paddion degree in the X-ray
band. By performing polarization measurements from séweight enough Blazars
at different distances, observed to pursue other scienbfectives, XIPE can put the
results on a firm statistical basis (as discussed for GRBsostefecky and Mewes

(2013)).

3.4 Search for axion-like particles

Axion-like particles (ALP) are bosons that are predicteebitensions of the Standard
Model. They can form the so-called cold dark matter resgm@s$or the formation of
structures in the Universe and, conversely, be the quiendisd dark energy respon-
sible for the acceleration in the cosmic expansion. Axiois with photons in the
presence of a magnetic field with a rotation of the photonnadtion and possibly
with the production of elliptical polarization from linear

Such an effect was searched on-ground by Polarizzazionéudébd con LASer
(PVLAS), a dedicated experiment with initially positivestgts but successively with-
drawn (Zavattini et al (2006, 2008)). PVLAS has recentlyrbepgradedmm
(2012)).

On-ground experiments are limited by having short basglised the conse-
quently small effects on polarization. Searching for ttifea in distant astrophysi-
cal sources overcomes this limitation. This effect may bedable in neutron star
atmosphere spectra; however, because photon-axion ctmvarccurs only for the
O-mode, this signature is much easier to detect using pak&sh measurements than

standard spectrosco@OlZ)).

Other authors (Bassan et al (2010); PayeZ et al (2012)) steghehat in case of
a very light ALP, photon-ALP mixing in intergalactic, inttster and Galactic mag-
netic fields may significantly affect the polarization of iettbn emitted by distant
sources, inducing either a linear polarization on inifialhpolarized photons or a
dispersion of the degree of polarization of initially limlyapolarized ones (see fig.
[8). Clusters of galaxies emitting in X-rays, and a dozen wiftux large enough for

al
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polarimetry, are expected to have very small or null linealapzation in origin. A
detection of a large polarization from clusters could besipeature of photon-ALP
mixing (see for example lower-right panel of fi. 8). Morepimaging allows the
contribution of possible AGNSs or of foreground objects ie #poV to be excluded.

Moreover, ALP signatures should strongly depend on enardya the projected
position of the object on the sky because of the differeneedgnetic field morphol-
ogy in different directions of observation. Natural cared&s for these studies are
again Blazars where ALP-induced effects can be searchedlfnitthe correlation
between the polarization of galactic sources and the vigwirection. A sample of
Blazars with the synchrotron peak emitting in X-rays, if fhteoton-ALP mixing is
acting, should show an X-ray polarization distributiorgkar with respect to the cor-
responding distribution in optical wavelength, due to thesgnce of a cut-off energy
for this effect, in a way that depends on the distance.
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Fig. 8 Probability density function derived by simulating the pagation of X-rays in the extragalactic
magnetic field and the photon-ALP coupling. It is shown thelfgolarization measured for initially lin-
early polarized photons emitted at z = 0.3 from GRBs or otigadce sources. The sources have an initial
fixed polarization of 100%, 70%, 30% or 0%. The magnetic fielderent length scaling and the plasma
density used corresponds to the Wilkinson Microwave Anggnt Probe (WMAP) constraints. The figure
is from[Bassan etld] (2010).

4 Science requirements for a small imaging X-ray polarimety mission

The capability to measure the degree of polarization andatigge of polarization
can be expressed in terms of the MDP that represents, atarnceanfidence level,
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the level of the signal which can be attributed solely toistiatl fluctuations in the
instrumental response. In fact, polarization is a positieéinite quantity and there-
fore it is always measured to some extent. Only a detectieatgr than the MDP is
statistically significant, and to reach aodBmeasurement of a particular level of po-
larization, an integration time 2.25 longer than that cgpnding to the same MDP
is required in case, as it is common practice in X-ray polatim both the angle
and the modulation amplitude are simultaneously meas\Weisékopf et all(2010);
Elsner et al/(2012); Strohmayer and Kallrhan (2013)). A messent at 3¢ of the
polarization degree allows a d-confidence interval on the position angle of about
9.5 to be reached (Elsner et al (2012); Strohmayer and Kallm@h3g. If the level
of background is negligible with respect to the counts frtwa $ource, the MDP at
99% confidence level is expressed as :

4.29
MDP = ———. 1
puvVSVT M)

In equatiori iy is the so-called modulation factor, S is the source countig
and T is the observing time. The requirement on the imagipglodity is important
for two reasons: first of all, imaging is necessary to singietbe target source from
others in the FoV, thereby reducing the underlying backgdoMoreover, imaging
is a powerful tool for performing angularly resolved potaeitry of extended sources
(e.g. Pulsar Wind Nebulae, Supernova Remnants). Sincexpiected that only one
solar flare will occur at a time and that it is usually much bteg than the back-
ground, scientific objectives on solar physics do not pogdéraaging requirement.

A moderate energy resolution is required to perform eneegplved polarimetry
of source continua and to disentangle the dependency ogyagthe instrumental
response, e.g. the modulation factor and the efficiency.

XIPE scientific requirements on the timing resolution amditig accuracy are
driven mainly by the necessity to resolve in phase the eonissi rapidly spinning
millisecond pulsars. The timing requirement for the solare$ polarimeter is less
stringent, except for the dead time.

The pointing accuracy is defined to include in the FoV extensieurces such
as the Crab Nebula. The range of duration of an observatatrstfans from a few
kiloseconds to one week is requested to arrive at the redjsegasitivity. However,
a set of on-board calibration sources must be provided tokctiee performance
stability.

The short duration of the mission implies no particular iegments on the sta-
bility performance since the XIPE payload is already builihvspace-proven tech-
nology typical of X-ray Low Earth Orbit instrumentation.

5 The payload

XIPE has four instrument units, two identical Efficient Xsfahotoelectric Polarime-
ters (EXPs), a Medium Energy Solar Polarimeter (MESP) andlar ®hotometer in
X-rays (SphinX) described in the following paragraphs.
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The two EXPs comprise two identical pairs of X-ray telessoaed focal plane
instrumentation. The X-ray telescopes are a heritage afffieX project, for which
four mirror modules (MMs) were developed, as well as thregaflmodel units (FM)
and an Engineering Qualification Model (EQM) used for thelifjoation test cam-
paign but with the same characteristics of the 3 FM units.
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Fig. 9 (a). The sketch of the different components of the GRR).The current GPD prototype having a
larger body, but the same active area, with respect to theséesed versiori (Bellazzini et al (2007)) with
a more uniform electric field and background. BEE is the latmyy back-end prototype. The flight BEE
is described in paragrajihb.2).(The measured modulation factor for two filling mixtures déferent
energies, compared to Monte Carlo simulation.
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5.1 The Astronomical X-ray polarimeter

As already mentioned, the XIPE payload is a descendant ofARDX (_I
(2010)) but with only two telescopes, to be compliant wita tasources of an ESA
small mission. The Gas Pixel Detector (GPD) is, howevervexbin a configuration
(see fig[ 9(B)) with a larger cross section.

5.1.1 The Detector and the Mirrors

The GPD|(Bellazzini et al (2007)) is a gas cell made of MACOR(ilith a mixture
of 20% He and 80% DME, with a thin 50m Beryllium entrance window glued on
a titanium frame, a drift gap (1 cm), a charge amplificati@ygstand a multi-anode
read-out. X-rays absorbed by the gas are converted intteejpbotoelectrons thatin
turn produce an ionization pattern in the gas. The trackiftedrby a uniform electric
field to the Gas Electron Multiplier (GEM), and there the g®ais multiplied with a
negligible change in the shape.

Below the GEM, at a distance of less than a few hundred the top layer of
a multilayer ASIC (Application Specific Integrated CirquEMOS (Complemen-
tary MetalOxide Semiconductor), is covered with 105600ahe¢xagonal pads with
50 pum pitch and a high filling factor. The ASIC CMOS (Bellazzini@t{2006)) chip
is glued and internally bonded to a Kyocera alumina packagase pins are exter-
nally soldered to a Printed Circuit Board. The bottom lay#the ASIC CMOS con-
stitute complete readout electronics independent for @aet. The self-triggering
capability is coupled to the selection capability of the-$tame containing the pho-
toelectron track. The image of the latter is analyzed by garg¢ghm m&
(2003); Pacciani etlal (2003)) that provides the impact pwith a resolution of 30
um rms (Soffitta et al (2013)) and an estimate of the emissicecton. Photoelec-
trons derived from polarized photons have emission aziadutinections distributed
as co$(¢), whereg is the angle with respect to the polarization vector.

While generating the so-called modulation curve, the degrel the angle of the
linear polarization of the incoming photons are derivedTfitbe amplitude and phase.

The mirror modules were developed at the Brera Observatatyraanufactured
by Medialario with an electroforming replica process. Thewsist of 12 gold coated
Nickel shells with a Wolter | geometry, with diameters goiingm 191 to 300 mm
and a total length os 600 mm. The focal length is 3500 mm. Theg been calibrated
many times at the PANTER X-ray test facility for a variety ofeegies and off-axis
angles. The total effective area of a single unit for somegeas of interest is reported
in table[3.

The Half Energy Width (HEW) is- 15 arcsec at 1.5 keV and 19 arcsec at 8 keV

)). At the end of November 2012, as desdribesec[6, the JET-X

(FM 2) optlcs was again calibrated at PANTER X-ray test fciPreliminary results
show (Spiga and et al. (2013)) that the effective area andigelar resolution are
presently basically preserved, and, therefore, the optestill suitable for an X-ray
experiment with good imaging capabilities. The total massazh (MM) unit is of
59.9 kg and the maximum diameter of one mirror unit is at therface flange, and
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this corresponds to a diameter of 388 mm. A maximum gradiétgss than 22C
assures that the HEW is not degraded by more than 10 arcsec.

JET-X optics have been already qualified for a launch withid?roockets (for the
JET-X experiments on-board Spectrum-X-Gamma) and DELTkets (for the Swift
mission). The EQM module can be used for the qualificatiom wther launchers
(e.g. Vega). The effective area of the JET-X optics and tfieiehcy make the GPD
sensitive in the energy range of 2—10 keV.

The sensitivity achieved with this configuration (Mulerigé(2008)) is already
compliant with the scientific requirements. However, a oorgus search in the pa-
rameter space of gas thicknesses and mixtures is being ctendwith the intention
of arriving at an even better figure of merit (i.e. to optimize parameters of the gas
mixture, such as the electron transverse diffusion, thtestag probability and the
charge gain).

A prototype GPD was thermo-vacuum tested betweefCHEnd +45C and irra-
diated with a Fe ion dose corresponding to several yearsin(@&ellazzini and et al.
M)). GEMs produced with the current technology havenlseecessfully irradi-
ated with protons and heavy ions (Iwahashi et al (2011)).Mai characteristics of
the EXPs GPD on-board XIPE are summarized in thble 1.

Table 1 Characteristics of EXP and MESP on-board XIPE

Parameter % EXP units (2x MESP units)

Polarization sensitivity =~ MDP = 14% in 100 ks for 1 mCrab
0.6% for an X10 flare; 6.6% for an X5.2 flare (MESP, 15-35 keV)

Imaging capability 24 arcsec (HEW, overall), 14714.7arcmin® FoV
Spectral resolution 20% @ 5.9 keV
Timing Resolution: 8us; Accuracy: 2us; Dead time: 1Qus (negligible)
Gas mixture 20% He-80% DME 1-atm 1-cm (EXP)
60% Ar-40% DME 3-atm 3-cm (MESP)
Energy range 2-10 keV (EXP)
15-35 keV (MESP)
Background EXP: 5.5 10~/ c/s (4.8 nCrab, point source) (Soffitta et al (2012))

MESP: negligible for solar flare X-ray polarimetry

It should be noted that the scientific requirements for XIREfalfilled even with
a payload hosting a single GPD and a single telescope. Twscigbes allow the
same sensitivity to be obtained in half of the time, makinggilole larger population
studies in the time frame of the mission.

5.1.2 The background of XIPE

The residual background of the GPD is not, at the present sthglevelopment,
minimized by means of the use, for example, of an anti-cdente system or pulse
shape discrimination as in the case of a traditional gaswitdtproportional counter.
However, all these methods exploit in some way the spaceliitbn of the charges
produced by the detection event. The same and possiblyr lwettebe done with
the GPD that resolves the track. The high granularity of teector surface and
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Table 2 Expected residual background for XIPE EXP.

Source Extension Source rate  Diff. Backg. Resid. 0@ Resid. CHy
(Bunner(1978))  (Bunner
1978))
(c/s) (c/s) (c/s) (c/s)

Point-like 24" HEW 2103%-200 51012 55107 5.610°
(407 um) (4.8 nCrab) (49 nCrab)

SgrB2 1.5x%x 3.5 5810°% 151010 1.810° 19107
1.5x 3.5mm? (5 u Crab) (160 nCrab) (1.6Crab)

simple methods of pattern recognition allow a very low andarm background to
be reached. Very briefly, we show here what kind of backgraejettion can be
applied :

— Amplitude. The spectroscopic capability of the GPD allows for setarigwer
and an upper energy threshold.

— Maximum window. The ASIC CMOS chip can be configured setting a maximum
allowed window frame. Background events are charactebyetlwindow frame
larger than that of an X-ray event.

— Number of pixels X-rays provide a smaller non-zero pixel number with respec
to the minimum ionizing background electrons.

— Contiguity of the track. Minimum ionizing particles produce tracks that can
be discontinuous while this case is much more infrequentigher ionizing
particles such as X-ray photoelectrons.

— Difference in skewnessBackground tracks due to minimum ionizing particle are
characterized by a more uniform charge distribution wigpezt to photoelectron
tracks, with a consequent difference in skewness.

Due to the finite range of the electrons, the most external fiame of the ASIC
CMOS chip cannot be easily used because not all the azimantigdes are detected
with the same coverage. Such a frame represents a sort edusigd®incidence that
allows for excluding the background events arriving frora fbur sides. With the
current GPD (see fi§. 9(b)) having a larger body with respe¢hat proposed for
POLARIX, the background does not accumulate close to theCAglIges.

Applying the above prescriptions, we expect that the baulgd rate in orbit is
conservatively well-estimated by means of past experienwith gas detectors filled
with similar mixtures. We therefore evaluated the backgrbaf the GPD by using
the measurements reportemmgm) for the gastdeféled with Ne-CO,
and extrapolating the results from tBél, gas detector but taking into account the
difference in number of electrons in the molecules. The pemknd estimates are
shown in tabl€R.

5.2 The solar X-ray polarimeter and photometer

Polarimetry of solar flares is still a debated unresolveadse astrophysics notwith-
standing experiments launched since the beginning of Xastppnomy. We decided
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to include in the payload two Medium Energy Solar Flare polaters (MESPS) de-
signed with the same technology as the low energy polariméiat filled with an
Ar-DME (60-40) mixture. The drift region is 3-cm thick. Thee¢ MESPs always
face the sun within an accepted angletoB0° depending on the pointing constraints
of the EXPs. Their open configuration is equipped with a figflddew angular de-
limiter (FAD) that reduces the X-ray background, while thedrtion of a multi-layer
gray filter suppresses the low-energy, low-polarizatiangé photon flux expected
during flares. The acquired data are continuously storeccytbc memory and, af-
ter a positive on-board trigger condition is verified, theg saved to be downloaded
on-ground. The two MESPs are effective in the 15-35 keV gneagge. At these
energies, the intensity of the flare is still large, and a sig@bmetrical area pro-
vides sufficient sensitivity. Also, the non-thermal bretredsiung starts to dominate
the emission with an expected high degree of linear poléoiza

Notwithstanding the intrinsic good imaging capability oB8P, no information
on the location of the flare with respect to the solar limb cardivectly derived by
this open-sky configuration. The modelling of the expecteldfization degree will,
therefore, need information from other solar missions. MIEESP design has already
been developed for the New Hard X-ray Mission (NHXM, Tagiaf et dl (2012))
project and is validated in laboratory with a prototype 2-2#atm thick filled with a
mixture Ar-DME 70-30(Fabiani etlal (2012)). To complemere study of the flare,
an X-ray photometer, SphinX, uses a silicon PIN detectohfgh time resolution
(10 us) measurements of the solar spectra of quiet and activenadrothe range
1.2-15 keV. The SphinX instrument is a heritage of CORONA®tBn payload and
its volume is 27x 7 x 22 cn?. A new more compact and lighter design is under

study to be included in future missions (Sylwester et al 3P0

Inclined penetration effects for the solar polarimeter The requirement on the sky
visibility for EXP means that the pointing direction of MES#th respect to the Sun
is +30°. Photons coming from flares could therefore impinge on thedler at an
inclined angle. This effect has been studied for a GPD witheaDME mixture in
Muleri and et al.[(2010) and is the object of a forthcomingeyaiMuleri (2013)). In
Muleri and et al.[(2010), it has been shown that when applifiegstandard analysis
to the modulation curve, prominent systematic effects aseoved which can, how-
ever, be precisely corrected with the procedure describeéle same paper. More-
over, recent laboratory measurements by The Space Reggantér in Poland also
showed that, with this inclination, SphinX is still sengttifor observing the emission
from the Sun.

5.3 The electronics and the filter wheel

In the vicinity of each of the two GPDs of the EXP and of bothh# two GPD of the
MESP the three Back-End Electronics (BEE) are located. Bdfh is responsible
for distributing the low voltages to the ASIC CMOS, contiadl, by means of a dedi-
cated Field-Programmable Gate Array (FPGA), the ASIC CM&@®formingAnalog-
to-Digital (A/D) conversion of the ASIC output signals, aslias the zero-suppression,
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time-tagging each event with an accuracy @f€ and, finally, implementing a Peltier
Driver 'for the GPD temperature control to be compliant wttle GPD stability re-
quirement f= 2°C within +5—+20°C). Each GPD requires three high voltage power
supply lines (HV) in the range 0-23 kV (EXP) and 0.2-6 kV (MESP) and currents
of a few nanoamperes.

Two filter wheels (FW #1 and FW #2), whose design is derivedhftbat suc-
cessfully flying on boarcKMM-Newton, are placed in front of each of the two EXP
GPDs. Each observation mode corresponds to a different Ritigro Each position
allows for optimizing polarimetry in case of bright or mplé sources in the FoV, for
calibrating the gain and the response to polarized X-tayséhilet al (2007)) and for
the gathering of the internal background. The GPD, the BEEtha FW compose
the separated Focal Plane Assembly (FPA) of each EXP MM.

5.4 The Interface Electronics

XIPE takes advantage of the spacecraft On Board Data Handtit (OBDH) in
order to share with the bus some of the most relevant furalityrsuch as the data-
storing and the preparation of packets, at variance with ARIX with its dedicated
Payload Data Handling Unit (PDHU).

At the payload level, there is an Interface ElectronicsE)/®ith the remaining
functionalities. The I/FE is responsible for configuring BEEs of EXP, MESP and
SphinX, including the provision of regulated Low Voltage¥/) from the unregu-
lated power provided by the solar panels. generating andagiag the housekeep-
ing, being in charge of the EXP FWs, taking care of the nonleggd primary power
bus providing the secondary voltages needed by the unitsagiag the Pulse Per
Second synchronization signal line, parsing and exectitie¢elecommands coming
from the spacecraft, and managing the Payload Instrumeaitafipe Modes (Boot,
Maintenance, ldle, Observation and Test).

6 Some results from the GPD-JETX mirror calibration at the PANTER X-ray
test facility

The block diagram of the XIPE payload is shown in figl 10, heeeslvow the first
calibration of an X-ray polarimeter with X-ray optics, nagnene of the two flight
models of JET-X, has been performed at the Max Planck Intetitr Extraterrestrial
Physics PANTER X-ray test facility at Neuried by Munchen (@any), see fid._11.
A stand-alone new calibration of the JET-X optics was penfed with very good
results, implying that JET-X optics are still suitable far ¥-ray space experiment.
Here, we present the preliminary re-measurement of thetaféearea (see tablel 3)
compared with theoretical expectations.

By means of Monte Carlo simulations and measurements, wadlishowed that
the overall angular resolution is dominated by the poinéagrfunction of the optics
and, secondarily, by the inclined penetration in the gdsttiicknessl(Lazzarotto and et al.

(2010); Soffitta et &l (2013)). In this regard, we measurebi&ni and et all (2013))
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Fig. 10 The Block Diagram of the XIPE experiment. Here FW is the Filt¢heel (one for each of the
two EXPs) that includes filters, unpolarized and polarizatibcation sources; LV is the regulated low
voltage that powers the three Back End Electronics (BER)ititude also the high voltages (HV), and
manage the GPDs; MM is the X-ray Mirror Module (two MMs in #f&=AD (field angular delimiter)

is the mechanical shield for the Cosmic X-ray Backgroundeaibed in front of the solar X-ray flares
polarimeter; PDHU is the payload data handling unit hostetthé spacecraft and incorporating the XIPE
mass memory.

at the PANTER X-ray test facility a position resolution, ab «eV, of 23.2 arcsec,
fully consistent with the estimate done at this energy. Ii&we show the image of
the X-ray source at 4.5 keV focused by the optics and detdxtelde GPD.

Table 3 On-axis theoretical and measured effective area duringltvember 2012 calibration campaign
at the PANTER X-ray test facility.

Energy = Measured effective area  Theoretical effective area

(keV) (cn?) (cm?P)
2.99 109 105

4.54 112 110
6.4 96 104

8.04 53 61

We also performed a dedicated long run to arrive at a usefpeupmit on
the spurious modulation introduced by the optics at 4.5 Kehé results of this
analysis, that require a careful evaluation of the modutafrom the underlying
bremsstrahlung, will be presented in a forthcoming paper.pléin in the future to
perform an end-to-end calibration with the use of a polarizeurce at the same fa-
cility.

7 The Payload budgets
The XIPE telemetry budget is reported in table 4. The typitzh rate for the two

EXP units observing a typical source (with a flux of 200 mCiiat?9 kbit/s, plus the
housekeeping (4 kbit/s in total). For the purpose of sustgihigh data rates in the
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Fig. 11 The JET-X mirror at the front and the GPD in the backgrounchéxperimental chamber at the
PANTER X-ray test facility.

case of bright sources, two strategies can be envisagee jprtiposed architecture.
The baseline is the temporary data storage in the PDHU mas®mewhich is part
of the spacecraft, combined with alternating between biagid faint sources in the
observation sequence so that the average data rate is bebwustainable by the
downlink. In this scenario, the PDHU mass memory dedicaigte two EXP units
must be>2 GB to store the data collected in a observation lastirgsléf a bright
source such as the Crab Nebula. Alternatively, the PDHU eafopn in real-time
the track reconstruction, and transmit on ground only thmmesults of the analysis.
MESP data will be continuously transferred and stored irPthélU but they will be
transmitted to Earth only if a flare is detected. This is exgeto occur sporadically:
about 20 solar flare events lasting a few tens of minutes witiliserved by the MESP
during the mission lifetime of 2 years. In case of a trigglee, tlata starting from 5
minutes before the trigger will be completely downloadéd; tis, without real-time
on-board analysis, together with EXP data. The PDHU massanededicated to
MESP must be at least 2.5 GB to completely store the datactetidor a X10 class
flare (the brightest kind of event) lasting 30 minutes. Thentetry requirement for
the SphinX instrument is 8 kbit/s.

The XIPE payload mass budget is reported in table 5. XIPEriscty derived
from POLARIX phase A and also benefits from a study for IXO, apgmsed ESA
large mission. The payload mass budget is therefore welivkn The mass of the
flight telescopes, which contribute a large part of the miadsjown because they al-
ready exist. The GPD prototypes currently in use are alréadiwith flight compo-
nents; therefore, their (low) mass can be evaluated with déguracy. The associated
electronics for the XIPE detector payload has a standaidmi€Eherefore, a definite
evaluation of the mas of the flight hardware is possible. Tddgad structure is the
large mounting plate, indeed part of the payload, where tiners, the detectors and
their electronics are fixed.

Finally, the XIPE power budget is shown in table 6. A largefien of the power
is for the thermal balancing of the Mirror Modules in ordempt@vent possible dis-
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Fig. 12 Image of the PANTER X-ray source at 4.5 keV, focused by the dBptics and imaged by the
GPD. The Z axis represents the total counts per bin. The fergth of the JET-X optics for a point source
at infinite is 3500 mm while the focal length for the finite diste at PANTER X-ray facility is 3600 mm.
The Half Energy Width measured at PANTER in this configuratorresponds to 23.2 arcsec while the
plate scale is about 1 arcmin/mm.

Table 4 XIPE Telemetry budget

2 x EXP units 29 kbit/s (typical )

MESP < 2.5 GB (sporadically, once per month)
SphinX 8 kbit/s
HK < 4 kbit/s

tortion due to temperature gradients. Taking into accduaitdne JET-X telescope is
currently flying on the Swift satellite, that the lower engtigreshold is larger (2 keV
for XIPE) and finally that the overall angular resolution iscadetermined by the in-
clined penetration in the GPD, the requested power for tkedepe thermal stability
is known, and is less demanding than that of XRT-SWIFT.
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Table 5 The Payload Mass budget of XIPE. CBE is the Current Best BEstirand DMM is the Design

Maturity Margin (it includes an additional cautionary pentage depending on the maturity level of each
items, FAD is the Field Angular Delimiter for the solar pafaeter (MESP).

No. of tem CBE

PAYLOAD MASS BUDGET

DMM  CBE+DMM

Mass(kg)  Tot (kg) Mass (kg) Mass (kg)
EXP 203.6
MM 2 60T 120.0 5% 126.0
MM baffles + heater + harness 2 5.0t 10.0 5% 10.5
MM mounting structure 1 10.0 10.0 20% 12.0
GPD+FW+Baffle+mechinterf. 2 3.3f 6.6 10% 7.3
BEE+mechnterf. 2 1.6% 3.1 10% 3.4
Payload structure 1 32.0 32.0 20% 38.4
Sun Shield 1 5.0 5.0 20% 6.0
MESP 16.0
GPD+mechnterf. 2 3.0 6.0 10% 6.6
BEE+mechnterf. 1 2.0 2.0 10% 2.2
FAD 2 3.0 6.0 20% 7.2
SPHINX 3.7
All integrated instrument 1 3.5 35 5% 3.7
Other 10.7
StarTracker 1 1.0 1.0 5% 11
I/FE 1 5.0 5.0 20% 6.0
Harness 1 3.0 3.0 20% 3.6
TOTAL 234.0
TPOLARIX heritage
$IXO heritage
Table 6 The Payload Power budget of XIPE
PAYLOAD POWER BUDGET
No. of tem  CBE DMM  CBE+DMM
Power(W)  Power (W) Power (W) Power (W)
EXP 168.0
MM thermal control (peak) 2 50t 100.0 20% 120.0
GPD 2 2.0% 4.0 20% 4.8
BEE 2 12.0 24.0 20% 28.8
FW (peak) 2 6.0 12.0 20% 14.4
MESP 28.8
GPD 2 2.0 4.0 20% 4.8
BEE 1 20.0 20.0 20% 24.0
SPHINX 15.8
All integrated instrument
(peak) 1 15 15.0 5% 15.8
Other 29.5
StarTracker 1 6.0 6.0 5% 6.3
IIFE 1 19.3 19.3 20% 23.2
TOTAL 242.1
TSwift heritage

$IXO heritage
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Table 7 System constraints of XIPE

Constrain Value

Satellite stabilization Three axis
Absolute Pointing Error 3 arcmin
Absolute Measurement Accuracy 10 arcsec, 5 Hz
Sky accessibility 90+ 30°

Average scientific telemetry rate 50 kbit/s
Minimum size storage 5 GByte

8 Mission Profile
8.1 Proposed launch vehicle
The mission concept is based on a launch into a circular, tpvatrial orbit by the

Vega Launcher. The orbit considered for XIPE is of Low EartbiQLEO) type, and
has characteristics reported in tale 8.

Table 8 Requirements on the launcher.

Parameter Requirement
Altitude 600+ 16 km for two years mission and controlled re-entry.
Inclination 5 +1°

Eclipse duration 36 minutes max
Ground Station 8-11 min contact

8.2 Mission duration

The nominal mission duration is 2 years, plus 1 month for c@ssimning, 3 months
for the Science Verification Phase (SVP) and 1 month for decissioning. Such a
duration is sufficient to address the science goal presémtzettior 2.

8.3 Ground Station

The satellite in nominal operation phase is supported bydicdted low latitude
ground station, such as Malindi, during its entire lifetifibe Malindi ground station
is optimally located for the near equatorial XIPE-sateléitbit. The coverage pattern
for this LEO altitude is a regular sequence of contacts, 8ag once per orbit, each
one followed by a gap of about 85 min. Assuming this contawetand a telemetry
data rate as high as 512 kbps (included Reed-Solomon ortlooaing for error
correction managing), the downloadable data volume is Gl2/6lay.
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8.4 Communication requirements

The communication requires, as a minimum, the use of S-Bandrwnication sys-
tem, which is available at Malindi Ground Station. This isde@ompatible with the
mission goals by means of alternating the observation gfhibisource with subse-
guent observation of dim sources, coupled with storage efitita in the on-board
memory.

8.5 Ground Segment

The XIPE Ground Segment (G/S) performs the main functigresfations needed
at ground level to manage the mission in terms of both seedthntrol and global
data management. The planned G/S includes the groundrstdttbe Italian Space
Agency (ASI) located at Malindi and the Mission Operatiom@e (MOC) of INPE
at Sao José dos Campos (Brazil). The G/S monitors andalsritre satellite plat-
form and payload, performs the orbit/attitude operatiomd generates the orbital
products used for satellite Monitoring & Control, for theyfzad management and
mission planning. The G/S generates the mission plannidgcaecks, according
to scientific observation requests coming from the User SegifU/S). It acquires
the raw satellite data (housekeeping and telemetry) amdristers them to the U/S
for processing. The G/S also includes the Satellite Simukatd the Communication
Network responsible for interconnecting the Ground Sedtfigeilities and providing
the related communication services in a secure and reledofe

The U/S manages the scientific observation requests comongthe scientific
community, forwards them to the G/S for payload schedulictiy#ies, ingests the
raw satellite data coming from the G/S, and generates,\ashcatalogues and de-
livers the scientific data and the data products to the usanmamity.

8.6 Alternative mission scenario

The utilization of Iridium Next, at variance with the bus posed for POLARIX, also
gives the opportunity for significative launch cost redoictdy means of participation
in twin or a dedicated launch with DNEPR also called SS18)ukraine launch
vehicle named after the Dnieper River, with a more favoraiolgt with respect to
Vega. This alternative has not been studied so far. It wauldly a highly inclined
orbit. The expected background would be larger in this dasewe should not forget
that its counting rate is smaller than the source countiteglyg orders of magnitude
for any observation with realistic observing time for X-gaglarimetry.

9 System requirements and spacecraft key factors
The key constraints on the satellite characteristics ana/shn table¥. The photo-

electric X-ray polarimeters are based on GPD technologyradispersive instru-
ment with intrinsic homogeneous azimuthal response igetbge of the conversion
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point of the photons in the gas. Therefore, rotation is nqtired since the system-
atics induced by grazing incidence X-ray optics are not etqukto provide additional
instrumental contribution unless down to a very low levelrihez Almeida and Martinez Pillet
d@)). This fact facilitates the use of platforms with tieial three-axis stabiliza-
tion. The requirement on the Spacecraft Absolute Pointimgris driven by the FoV
of the instrument and by the requirement on the misalignroktite two optics. The
requirement on the Absolute Measurement Accuracy allows\é degrading the
PSF of the instruments and it exploits the capability of tHRDGo measure the con-
version point with high precision and the photon-by-phdtansmission on-ground.
The XIPE science data down-link and storage capability anepatible with S-band
to observe an average source. A storage of 5 GByte allowsthésition of 24 hours
of data from Crab plus an X-ray flare of class X10.

Some operations, usually performed at payload level, atikisncase demanded
of the hardware installed at bus (platform) level. This isgible because of the char-
acteristics of the proposed platform. The OBDH acquiressaoies the science data,
taking care of the satellite telecommands, of the telensatd/of the attitude control
(AOCS). The thermal control, including that of the telese®pnd of the detectors, is
also performed by the OBDH.

The on-board processor, with associated electronics amdomye decodes and
distributes the payload telecommand. It processes, ifethdtie data evaluating the
impact point and the photoelectron emission angle, andqiadke data and the
Housekeeping, storing them in the OBDH memory. Finally,dnages the Pulse Per
Second synchronization signal (for the On-Board Timing{®8nd Universal Time
(UT) synchronization) line by using the GPS system. The emmuand precision of
the on-board clock should be such to time tag the event wjtk accuracy.

10 The platform for XIPE

The size and pointing requirements for the XIPE telescopetha drivers for the se-
lection of the XIPE service module. In this framework, thiéizdtion of the Iridium
Next platform, developed by Thales Alenia Space firm on edfdtidium Commu-
nication Inc., is very promising. This product is now comuialized with the name
of Elite platform. The advantages of this three-axis stabilizetfqlan is in the cost
resulting from the mass production of 81 satellites. Al$® mass production fits
perfectly the launch date in 2017. The utilization of thiadiof platform for an X-
ray mission is not a novelty because it has been alreadydenesl for other science
missions.

The Iridium Next platform is equipped with a 2.0 kW solar grraounted on
a double articulated arm. The high modularity of the platfailows for the “plug
& play” of the payload module. By means of a preliminary pagd@accommodation
study, a XIPE satellite concept based®ite platform was developed in collaboration
with Thales Alenia Space Italia. This concept is shown inrBflB.

Iridium Next can also provide an option based on X-band démktransmission
and a propulsion capability, allowing the orbit mainteraufi¢ necessary) as well
as the management of satellite end-of-life. The Iridium N#atform and the Vega
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launcher can be matched by means of a special adapter. Totraexlation of XIPE
within the fairing of the VEGA launcher is shown in flg.]14.

2x EXP BEEs

2x EXPs

2X JET-X MM

Fig. 13 XIPE payload accommodated in the Iridium NEXT bus.

The platform and the payload can also be concurrently iatedgrand tested at
a very late stage, reducing interference and thereforeniptig the schedule. The
Iridium platform mass is about 450 kg and the power consuwmps about 500 W.

11 Science operation and archiving

The XIPE science operation and archiving are different ftbose of standard ESA
missions. The team owns the Science Operation Phase dstiagléhree months,
and the Core program data for 25% of the net observing time.rémaining 75%
net observing time is assigned to a peer-reviewed Guestr@yggogram. Target of
Opportunity observations are possible and a proprietaiipgef one year is guaran-
teed.

The data are, after a proper check and standard processlivgrdd to the owner.
They are in the form of a photon list containing the time, theaption point, the
energy and the emission angle, plus the data on coveragewindows and dead
time. Specific nonstandard analysis is possible by meansoftaare package dis-
tributed and documented by the team of the Scientific DataeCefithe Italian Space
Agency (ASDC), that also stores all the data and producteeatdifferent steps. Data
format and the calibration database (CALDB) are written @B (Office of Guest
Investigator Programs)FITS (Flexible Image Transport System), that is the stan-
dard file format in X-ray astronomy, with a total expected amiwmf 5 terabyte. The
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Fig. 14 XIPE satellite in the fairing of the VEGA bus.

Science Operation Center is located at the INAF/IAPS, IN®B, INFN/Pisa and
ASDC—Frascati.

12 Conclusions

The most recently flown dedicated X-ray polarimeter datek Iba the 1970s. Mo-
tivated by the interest among theoreticians for openingva wadow in X-ray as-
tronomy, where almost all the classes of sources are exprtee polarized, many
missions with on-board X-ray polarimetry have been progasece then, and some
arrived at various levels of completion. These include thky tested and calibrated
Stellar X-ray Polarimeter (Kaaret et al (1989, 1994); Tarksit al (1997); Soffitta et/al

)) aboard the former and not flown Spectrum X-GammaiRusatellite, and
GEMS, that was discontinued by NASA in May 2012.

In this paper, we described XIPE, proposed in June 2012 f&3h small mis-
sion aimed at performing spectral-imaging polarimetryedéstial sources and of so-
lar flares. XIPE takes advantage of already existing X-rajcepvith good imaging
capabilities and an already existing improved version ef@PD X-ray polarimeter,
built with materials and techniques already suitable f@& insspace. XIPE is a low-
risk mission with a limited need for resources. The MDP thERE can reach (14%
at 1 mCrab in 10s of observing time in 210 keV energy band) is compliant with
the polarization expected by most of the classes of galacticces and with a limited
sample of luminous AGNSs.
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The imaging capability allows for resolving polarimetrytbe Crab and of other
PWN and supernova remnants, disentangling the presenceltipie sources in the
FoV and maintaining the background at a level compatiblé& wiaking all obser-
vations source dominated. The feasibility of XIPE has begthér demonstrated by
having tested the proposed JET-X optics, either standeadomith the GPD gas de-
tector in its focus, in a dedicated calibration campaigrhat PANTER X-ray test
facility.
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