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The Gas Pixel Detector is a new generation X-ray polarimetsed on photoelectric effect that
has been developed by INFN of Pisa and INAF/IASF of Rome. Xpeeted performances have
been recently supported by the measurement of the modulfatitor at a few keV, namely in the
energy range of maximum interest. About 80% of the sengitasipected on the basis of a Monte
Carlo software are achieved with the current prototypecelefinitely proving the feasibility of
X-ray photoelectric polarimetry with the GPD. Its advanetatus of development allows to plan
its use in the near future space missions and three progwsagpassed a certain level of selection
by the Italian and European space agencies. Two scenanesemaerged: the first is a small
pathfinder mission, able to measure the polarization ofcgialand bright extragalactic sources
in a few days of observation with a low-cost X-ray telescapigije the second is the introduction
of this device in the focal plane of a large internationaleskatory, which would make accessible
even the faint extragalactic sources. Here we briefly sunz@aoth these opportunities.
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1. Introduction

Polarimetry is the branch of X-ray astronomy where there is the largedieggayeen expecta-
tions and actual results. It has been recognized as a primary tool in g&igation of compact
sources since the beginning of X-ray astronomy [1; 2], however onlggngeresults have been
achieved due to the lack of sensitivity of the X-ray polarimeters which flesva Anatter of fact,
it has been possible to register the positive detection of X-ray polarizatilyrirothe emission of
the Crab nebula [3; 4]. The lack of experimental feedback has ne¢pted the development of a
rich literature from which we expect that almost all galactic and extragalsaticces should emit
partially polarized radiation (for a recent review, see [5]).

The Gas Pixel Detector (GPD hereafter) is a completely Italian projectapma by INFN of
Pisa and INAF/IASF of Rome and consists in a new generation polarimeted bagphotoelectric
absorption [6; 7; 8]. The GPD is basically composed by a cell gas whetps are absorbed,
a Gas Electron Multiplier and a fine-subdivided ASIC detector: its 105@€lgpwork as many
proportional counters but their small dimension, 50, allows to accurately resolve the tracks of
photoelectrons. Their initial directions of emission carry a significant mermbtlye polarization
of the absorbed photons.

No major issues are expected in the use of the instrument in space. This deftindamen-
tally composed by 105610° independent proportional counters with a common gas volume. The
possibility of destructive discharges is limited thanks to the low backgroutiteafetector, which
allows a low gain of the GEM, and the most critical issue remains the pollution gfathenixture.
However a sealed version of the GPD has been working in laboratompndoe than 15 months
without showing any degradation of the performances. The GPD haswalgived without any
degradation after the irradiation of iron ions corresponding to seveaisyin orbit performed
in the Heavy lon Medical Accelerator in Chiba (HIMAC) and to vibrationsl éimermo-vacuum
tests between -15 and 45. The current prototype used in the laboratory weights 1.6 kg and it is
contained in a box 149190x 70 mn?, including read-out electronics.

The advanced status of development of the GPD makes possible its use wétriraygnci-
dence optics on-board future missions in a few years. Its high sensitilotysato design small
and low cost missions which would anyway unveil the X-ray polarimetry #dactic and bright
extragalactic sources. Subsequent larger missions could then be optimthe Ecientific ques-
tions arisen by these pathfinder missions. Below we summarize the persp#atieasurement of
the GPD in the context of Italian missions (see Table 1).

2. Pathfinder missions: PolariX and EXP

Pathfinder missions are intended as low cost and small missions to launchilyedses: they
are designed to be very versatile and allow an exploration of the rich vafistyentific objectives
of X-ray polarimetry. The baseline is the use of a He-DME mixture, which alawesponse
in the 2-10 keV energy range, with good timing ((8) and spectral capabilities (20% at 6 keV).
The short focal length (2.1-3.5 m) limits the angular resolution of the instrufhbectuse of the
inclined penetration of photons in the gas cell of the GPD) to a few tens sé@a(see Table 1).
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# f Ang. Res. fov E AE T T
cm arcsec arcmi  keV keVat6keV pus ks
Pathfinder missions
PolariX 3 350 24 ~15x15 2-10 20% 8 15.7
EXP?/HXMT 2 210 40 ~25x25 2-10 20% 8 10.7
Large observatory
XPOL/IXO 1 2000-2500 5 ~2.6x2.6 2-10 20% 8 0.75

Table 1: Comparison of the main characteristics of the X-ray pheitteic polarimeters based on the GPD
and inserted in next satellite missions. # is the numberlettepesf the focal length, Ang. Res. the
angular resolution (HEWY: the energy rangéE the spectral resolutiorm, the time resolution. Eventually
T is the time required for reaching an MDP of 1% for the Crab teebetween 2 and 10 keV.

PolariX (PolarimetroX, which in Italian means “X-ray polarimeter”, [9]) is a small mission
dedicated to X-ray polarimetry proposed to the Italian space agency Ay8hzia Spaziale Ital-
iana) and accepted for a Phase A study which ended in December 2@0&iXHs currently
waiting for the downselection to two approved missions and, if selected, itiilinched in mid
2014. It is developed under the responsibility of IASF/INAF of Rome with a¢betribution of
INFN of Pisa (for the development of the focal plane) and the scientifipau of the University
of Rome “Roma Tre”. The ambitious schedule of PolariX and the small budigette to small
missions (50 millions of euro) requires the use of technologies with high degreadiness. With
this concept in mind, we plan the use of three telescopes of the midsiex(which has never
flown), which would be integrated by OAB/INAF, and to exploit the heritafjthe spacecraft of
SIMBOL-X, planned to be built by Thales Alenia Space of Turin. The gobsegment is instead
managed by the Telespazio of Rome on the basis of that of the Italian missidEAR]].

An exploded view of PolariX is reported in Fig. 1(a). PolariX is designedast three tele-
scopes: however, since the mandrels of the Jet-X optics are still avaitabléjrther units could
be built and easily inserted in the payload with a modest cost. Note that thd asduster of
small and low cost telescopes allows to reach in practice the same sensiti@isjragge telescope
with equivalent total area, since virtually any source accessible to Xakrimetry will be much
stronger than internal and diffuse background.

The focal plane (see Fig. 1(b)) hosts in the baseline three detectong)ynas much as the
optics. A baffle protects the GPD by straight light and an electrostatic grileotop prevent that
charged particles overload the HV power supply. The calibration of datdctor is performed
in-flight thanks to unpolarized sources fFand Cd%) and a polarized one (at 2.7 and 5.9 keV)
based on Bragg diffraction at nearly 45 degrees [11]. They are tadum filter wheel which also
provides a close position (for the launch and for the measurement of tmeahbackground), a
gray filter (for very bright sources) and a diaphragms (to excludénbalgjects in the field of view
of faint sources). At any time, the sky orthogonal to the direction of thesS20° is accessible to
PolariX.

EXP?(Efficient X-ray Photoelectric Polarimeter, [12]) is the Italian contributippraved by
ASI to the Chinese mission HXMT (Hard X-ray Modulation Telescope), tevdo a sensitive
survey in hard X-rays and to pointed observations for an half of gaien time. Two similar
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Figure 1: (a) Exploded view of PolariX (image credit: Thales Alenia Spa¢ Turin). @) Layout of the
focal plane. The box which contains the HV power suppliestaadead-out electronics is in orange (images
credit: INFN of Pisa).

instruments, possibly tuned to slightly different energy bands, are pladbé focal plane of as
much as X-ray telescopes built by OAB/INAF, the latter being mounted on tleeo$ithe HXMT
spacecraft. The focal plane layout is similar to that of PolariX, with a filtezellwvhich allows the
periodic monitoring of the performances of the detector.

2.1 XPOL on-board IXO/XEUS

A polarimeter based on the GPD (XPOX;ray Polarimeter) is also inserted in the focal plane
of the International X-ray Observatory (I1XO) space mission, to be laeddn 2020. Even in
this case, the instrument should be filled with a Helium-DME mixture sensitive bat@eand
10 keV, even if further studies could allow to extend these limits to fully exploitlainge area
of the telescope, specially below 2 keV. The current version of the GIPPan’t sustain the rate
expected for strong sources (a few thousands of count per s@ttmel case of the Crab Nebula)
and a re-design of the ASIC chip is required to increase the read-akt clo

XPOL gains more than an order of magnitude of sensitivity with respect tdipdén mis-
sions, allowing a survey of even faint extragalactic sources in a rabEoobservation time. The
long focal length of the IXO telescope (20-25 m) is another scientific dov¢his mission: the
angular resolution of polarimeter would be 5 arcsec (including the bluranged by the inclined
penetration in the gas cell), opening the way to finely resolve diffuse esudike Pulsar Wind
Nebulae or galactic and extragalactic jets.

3. Scientific performances

The scientific performances of a pathfinder mission (PolariX is taken asm&nand XPOL
are summarized in Fig. 2(a) and Fig. 2(b) respectively, where the#iger time to reach a certain
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Figure 2: Observation time required to reach a certain MDP as a fumaifathe flux of the source for
PolariX (@) and XPOL p).
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Figure 3: Simulated 1 Ms observation of GRS 1915+105 with PolariX. Energy dependence of the
degree and of angle of polarization are@) &nd p). The solid and dashed curves refer to the case of a Kerr
and a Schwarzschild black hole respectively- 1.0 and6, = 70°. Errors are at the &= level [14].

Minimum Detectable Polarization (MDP) at the 99% confidence level is reppade function of
the flux. Reasonable observation time with the small missions will be up to 1 Ms,khat &40
days, while in the IXO scenarios pointings up to a few days are expected.

The possibilities of X-ray polarimeters on-board next missions can be lagpeeciated with
a specific scientific case. It's a long-standing prediction that the measuntréheedirection of
polarization of thermal emission from the accretion disk around galactic blalels is a powerful
probe to investigate the spin of the compact object [13]. Recent fully vistti simulations [14]
shows that this effect is observable even with PolariX and a long pointeegHs). 3)

4. Conclusion

In a few years an X-ray photoelectric polarimeter based on the GPD ceuluibched as a
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dedicated mission (PolariX) and on-board the Chinese satellite HXMT fEXese pathfinders
would open the way for the first time to the polarimetry of several tens of tialand bright
extragalactic sources. Refined studies of the most interesting objectseehtgrehis survey and
the polarimetry of faint extragalactic sources would be accessible to XBt@lLpolarimeter on-
board IXO to be launched in 2020.
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