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Introduction:  The promise of X-ray polarization 

measurements to provide insight into the geometry 
and source mechanisms of high energy sources has 
been recognized since the sounding rocket and OSO-8 
observations of the Crab nebula in the 1970s.    How-
ever, it is only now that a sensitive and dedicated mis-
sion is under development:  the NASA Imaging X-ray 
Polarimetry Explorer (IXPE) Small Explorer with an 
anticipated launch in 2021.   Although IXPE is ex-
pected to be a revolutionary observatory, detecting X-
ray polarization in the 2-8 keV band from a few dozen 
sources, it will be limited in collecting area and band 
width.    The X-ray Polarization Probe (XPP) is de-
signed as a second generation instrument with im-
proved sensitivity, bandpass, and imaging resolution.  
The XPP concept fits within the proposed Probe class 
of missions, addressing key astrophysical questions at 
a cost of not more than ~$1B. 

Instrumentation:  Three co-aligned telescopes 
simultaneously measure X-ray polarization from ~0.1 
– 60 keV.     Two of the telescopes are optimized for 
effective area and simultaneously illuminate three 
instruments which cover the entire 0.1 – 60 keV band 
while the third telescope is optimized to provide 10 
arcsec imaging over a band comparable to IXPE.  
Many classes of X-ray sources, and in particular neu-
tron stars and black holes, are unresolved and isolated 
sources.   For these sources, simultaneous observa-
tions with modest angular resolution and three distinct 
instruments are possible.   Just in front of and just 
behind the focal spot, a time projection photo-electric 
polarimeter, sensitive from 2 – 10 keV and a Compton 
polarimeter sensitive from 6 – 60 keV provide broad 
band spectrally resolved polarimetry of many non 
thermal processes.  For many compact objects, the 
bulk of the emitted energy is in this band, and we ex-
pect to probe the geometry and energetics of the cen-
tral engines.   The time projectionphotoelectric polar-
imeters are similar to the detectors designed for the 
GEMS/PRAXyS mission, but are equipped with a rear 
window so that higher energy photons can pass 
through this detector and illuminate the Compton po-
larimeter based on the design employed on the X-
Calibur balloon payload.     Within the optical path 
that illuminates these detectors, three sets of Critical 
Angle Transmission gratings disperse lower energy X-
rays towards graded multilayers, arranged to reflect 

only one linear polarization onto imaging detectors.  
The gratings themselves are transparent above 2 keV 
and supported by mounting structures which provide 
only modest obscuration.   With gratings oriented at 
three different angles relative to the optical path, the 
gratings provide instantaneous measurement of the 
Stokes I, Q, and U parameters.   Azimuthal asymme-
tries in the sensitivity of any of the three instruments 
are mitigated by rotation of the entire observatory 
about the line of sight. 

A third telescope, optimized for imaging perfor-
mance and co-aligned with the other telescopes, illu-
minates a photoelectric pixel polarimeter similar to 
the IXPE detectors, and enables imaging studies of 
spatially extended objects including supernova rem-
nants and jets. 

All of the detector technology is currently availa-
ble.   All of the components of the grating polarime-
ters are demonstrated as a system in a laboratory ex-
periment, and the individual components used in other 
applications.   The time projection photoelectric po-
larimeters were developed to TRL-6 for the GEMS 
mission, and the Compton polarimeter has flown as 
part of the X-Calibur balloon payload.  The imaging 
photoelectric polarimeters have been developed for 
IXPE. 

Mission:  The XPP mission is feasible using exist-
ing technologies, as demonstrated during a mission 
design study in the NASA Glenn Research Center 
COMPASS design center.    Estimates of a mission 
cost, based on analogy costing from known instru-
ments devellopment costs, and modelled costs for 
spacecraft and operations indicate that XPP can be 
developed for ~ $1.0B, including 30% reserves on the 
hardware development. 

 
We present estimates of Observatory efficiency 

and performance, describe the key design parameters 
of the mission, and introduce some of the observa-
tional questions which XPP can address. 
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