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ABSTRACT  

Scheduled to launch in late 2021, the Imaging X-ray Polarimetry Explorer (IXPE) is a Small Explorer Mission designed 

to open up a new window of investigation -- X-ray polarimetry. The IXPE observatory features 3 identical telescopes 

each consisting of a mirror module assembly with a polarization-sensitive imaging x-ray detector at its focus. An 

extending boom, deployed on orbit, provides the necessary 4 m focal length. The payload sits atop a 3-axis stabilized 

spacecraft which, among other things, provides power, attitude determination and control, commanding, and telemetry to 

the ground. During its 2-year baseline mission, IXPE will conduct precise polarimetry for samples of multiple categories 

of x-ray sources, with follow-on observations of selected targets. IXPE is a partnership between NASA and the Italian 

Space Agency (ASI).  

 

Keywords: X-ray polarimetry, gas pixel detectors, grazing-incidence optics 

 

1. INTRODUCTION  

The Imaging X-Ray Polarimetry Explorer1 (IXPE) is a NASA small explorer mission selected in early 2017. IXPE will 

be a pathfinder mission opening a new window on the x-ray sky by enabling polarimetry measurements on essentially all 

classes of the brightest cosmic x-ray sources. Scheduled for launch in late 2021, with a 2-year baseline mission, IXPE 

will perform a study of approximately 50 sources in its first year, with follow-on more detailed observations of selected 

targets in year two.  

The following technical overview provides brief programmatic details (section 2), a detailed description of the payload 

and its calibration (section 3), an overview of the Ball-Aerospace-provided spacecraft (section 4), and a discussion of the 
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ground network for observatory commanding, data retrieval, and processing (section 5). Finally, the overview concludes 

with the current status of the program as of July 2021. 

2. PROGRAM OVERVIEW 

The IXPE observatory will be launched on a Falcon-9 rocket from Kennedy Space Center in late 2021. It will be inserted 

into an equatorial orbit at a nominal altitude of 600 km and a nominal inclination of 0°. This orbit inclination provides a 

low charged-particle background and allows frequent data downloads to the primary ground station in Malindi, Kenya (a 

backup ground station is in Singapore). The chosen altitude maximizes the orbit lifetime while still satisfying a NASA 

requirement of re-entry within 25 years. 

The IXPE Mission Operations Center will be at the University of Colorado Laboratory for Atmospheric and Space 

Physics (LASP) while the Science Operations Center will be at the Marshall Space Flight Center (MSFC). Data will be 

archived at NASA’s High Energy Astrophysics Science Archive Center (HEASARC) and made publicly available 

within 30 days of the end of an observation for the first 3 months, and within 1 week of an observation after that. 

NASA’s Small Explorers are P.I.-led missions, with the P.I team, program management, system engineering, and safety 

and mission assurance oversight all at MSFC. In addition, MSFC is responsible for the Mirror Module Assembly 

(MMA) fabrication, testing, and calibration, as well as for science operations and data analysis. Archiving will be the 

responsibility of NASA’s HEASARC. The program also has a substantial contribution from the Italian Space Agency, 

which provides funding for the polarization-sensitive detectors as well as the Malindi ground station and scientific 

support with its Space Science Data Center (SSDC). The IXPE spacecraft is provided by Ball Aerospace, which is also 

responsible for observatory integration and testing. Finally, to aid in science planning, IXPE has a large science advisory 

team, comprising of more than 90 scientists from 12 countries. 

3. THE IXPE PAYLOAD 

3.1 Overview 

 

Figure 1: The IXPE Observatory highlighting the payload elements 

 

Figure 1 shows a schematic of the IXPE observatory. The payload consists of three identical x-ray telescopes each 

comprised of a Mirror Module Assembly (MMA) with a polarization-sensitive detector unit (DU) at its focus. Data from 
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the three detectors are handled by a Detectors Service Unit (DSU), located under the spacecraft top deck, which 

packages the data for the S/C computer provides for transmission to the ground. A deployable boom establishes the 

appropriate focal length after launch- and positions each MMA above its respective detector. Fixed X-ray shields, in 

combination with collimators on each detector, limit stray radiation so that only x-ray photons that enter through the 

mirror can impinge on the detector entrance window. A star tracker on each end (rear star tracker which points in the -Z 

direction not shown in Figure 1) provide pointing knowledge for the three-axis stabilized spacecraft. 

3.2 Mirror Module Assembly 

The IXPE observatory has three MMAs2,3 each comprised of 24 concentrically-nested mirror shells. The mirror shells 

are fabricated from an electroforming process using a nickel/cobalt alloy that has a higher strength than more-typically-

used pure nickel. The shells are closely packed, with just 2 mm separation, to maximize the effective area for a given 

outer diameter. Each mirror shell has an overall length of 600 mm which includes both parabolic and hyperbolic 

segments of the Wolter-1 configuration. Table 1 gives the MMA parameters with performance data - effective area and 

angular resolution - from MMA calibrations. 

Table 1: Mirror Module Assembly parameters 

Parameter Value 

Number of mirror modules 3 

Number of shells per mirror module 24 

Focal length 4 m 

Total shell length 600 mm 

Range of shell diameters 162–272 mm 

Range of shell thicknesses 0.18–0.25 mm 

Shell material Electroformed nickel–cobalt alloy 

Effective area per mirror module  
166 cm

2
 (@ 2.3 keV);  

> 175 cm
2
 (3–6 keV) 

Angular resolution (HPD) ≤ 28 arcsec 

Field of view (detector limited) 12.9 arcmin square 

 

The mechanical design of each MMA is shown in Figure 2. The front spider is the primary structural element of the 

design, through which the MMA will mount to the mirror module support structure during payload integration at 

spacecraft supplier and integrator, Ball Aerospace. Each of the nine spokes of the front spider has a precisely fabricated 

and positioned comb glued to it. During MMA alignment and assembly, each mirror shell is inserted and glued into the 

corresponding slot between the tines of each comb, thus mounting the mirror shells to the spokes of the front spider.  

The rear spider has 18 spokes, each with a metal comb. After all of the 24 shells have been epoxied to the front spider, 

the rear spider is attached to the central support tube and its metal combs aligned such that each mirror shell floats within 

the corresponding slot between the tines of the rear-spider combs. However, unlike the front-spider combs, which hold 

the mirror shells, the rear-spider combs merely limit excursions of the shells under launch loads to preclude shell-to-shell 

collisions. In this way the mirror shells are not over-constrained, as they would be if rigidly attached at both ends. To 

prevent any possible marring of the mirror shell surface the comb tines have heat-shrink sleeving applied to cushion 

impacts. 
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Completing the MMA is a pair of thermal shields, one at each end. These are fabricated from an ultra-thin (1.4 µm) 

polyimide film, coated with 50 nm of aluminum and supported on a highly transparent steel mesh. A contribution from 

Nagoya University in Japan, they provide for thermal control, restricting heat loss while allowing x-rays to pass though4. 

 

 

Figure 2: Mechanical design of the MMA 

 

3.3 Detector Units 

The heart of the IXPE payload are the detector units (DUs). Located at the focus of each MMA these provide position 

sensitivity, energy determination, timing information and, most importantly, polarization sensitivity. Inside each DU is a 

Gas Pixel Detector5,6,7 (GPD) which images the photoelectron tracks produced by x-rays absorbed in the special fill gas 

(Dimethyl Ether - DME). The initial emission direction of the photoelectron contains the necessary information to 

determine the polarization of the source, while the initial interaction point and the total charge in the track provide the 

location and energy of the absorbed x ray, respectively. 

Figure 3 shows a schematic of the GPD. An x ray enters through a beryllium window and interacts in the DME fill gas. 

The resulting photoelectron leaves a trail of ionization, and this photoelectron track drifts through a Gas Electron 

Multiplier (GEM), to provide charge gain, and onto a pixel anode readout. Table 2 gives the relevant performance 

parameters. 

 
Figure 3: Schematic of the Gas Pixel Detector (GPD) 
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Table 2: Performance parameters of an IXPE Detector Unit (DU) 

Parameter Value 

Sensitive area 15 mm × 15 mm (13 x 13 arcmin)  

Fill gas and asymptotic pressure DME @ 0.656 atmosphere 

Detector window 50-µm thick beryllium 

Absorption and drift region depth 10 mm 

Spatial resolution (FWHM) ≤ 123 µm (6.4 arcsec) @ 2 keV 

Energy resolution (FWHM) 0.57 keV @ 2 keV (∝ √E) 

Useful energy range  2 - 8 keV 
 

An expanded view of a detector unit is shown in Figure 4 (left). As well as the GPD, the unit houses all of the back-end 

electronics to process each event, as well as high-voltage power supplies. It also houses a filter and calibration wheel 

assembly for on-orbit calibration (see section 3.7), as well as a collimator for reduction of x-ray background. Figure 4 

(right) shows a photograph of a completed flight DU. 

 

 

Figure 4: Expanded view of a Detector Unit (DU, left); photograph of a completed flight unit (right). 
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3.4 Extending Boom 

To fit within the original launch vehicle fairing and yet provide the necessary 4-m focal length, IXPE utilizes an 

extending boom that deploys on orbit. The boom, provided by Northrop Grumman Space Systems, is triangular in 

section, with three glass-fiber longerons that extend along its full length. Battens and diagonals complete the structure 

and provide additional stiffness.  

The boom is initially coiled in a canister and when released uncoils via stored strain energy in a controlled manner via a 

lanyard and a damper which governs the deployment speed. The lanyard is also used to stow the boom after ground tests. 

Covering the boom is a thermal sock which limits sun/shade temperature excursions and thereby limits diurnal changes 

in overall length. Atop the boom is a tip/tilt/rotate mechanism that may be used on orbit to adjust the initial alignment of 

the MMAs with respect to the DUs (see section 3.5).  

3.5 Payload Alignment 

The IXPE focal plane detector has an active area of 15 mm ×15 mm and so each telescope must be carefully aligned to 

ensure the image is near the center of the detector and that the axis of each mirror module is co-aligned with the star 

tracker. The driving requirement here is the capability to simultaneously place an extended source of diameter up to 9 

arcminutes on all three detectors. 

Alignment primarily consists of placing the three DUs and the three MMAs on congruent triangles, the former on the top 

deck of the spacecraft and the latter on the deployable mirror module support structure. Surface mount reflectors (SMRs) 

installed on the MMAs and DUs during construction enable this process which is done using a laser tracker system. 

Precise knowledge linking the SMR positions to the respective nodes of the MMAs and the DUs is derived to high 

precision (< 100 µm) during component assembly. Before the MMAs are placed precisely in position, their x-ray axes 

are co-aligned with each other and with the optical axis of the forward star tracker using alignment cubes mounted on 

each MMA and measured during x-ray calibration. 

The deployment accuracy of the boom is such that the x-ray image of an on-axis x-ray source should be within ~ 1 mm 

(1-σ) of the center of each detector. For precise alignment, use may be made of an on-board Tip/Tilt/Rotate (TTR) 

system (Figure 5, left). Situated between the boom and the mirror module support structure, the TTR can effectively 

repoint the observatory to move the image on the detector as shown in Figure 5 (right). This is possible because the star 

tracker is mounted on the MMSS, so that adjusting the TTR in tip/tilt has the effect of offset point the observatory which 

then moves to re-acquire the target. The rotate component of the TTR compensates for any rotational offset when the 

boom deploys. 

 

Figure 5: Left image shows the Tip/Tilt/Rotate mechanism; Right image shows the MMA on-orbit alignment scheme 
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3.6 Ground Calibration 

Precise calibration of the x-ray telescopes is very important for subsequent on-orbit data analysis. This is particularly 

true for a pathfinder mission like IXPE where polarization will be measured for the first time from many sources. IXPE 

calibrations consisted of detailed detector calibrations in Italy and detailed MMA calibrations in the US. In addition, a 

single telescope consisting of the spare MMA and the Spare Detector Unit, was also calibrated in the US to confirm that 

its response could be synthesized from the individual MMA and DU calibration. 

Detector Unit calibrations were carried out in Italy using purpose-built calibration equipment8. A key task for this was 

the development of a suite of polarized sources with precisely known polarization, that would cover the full IXPE energy 

range. These sources utilized matched x-ray energies with available crystals to give Bragg reflection at near 45°, 

resulting in near 100% polarized x rays. Details of these custom sources is given in Table 3.  

DU flight-unit calibrations extended from July 2019 to March 2020. The spare unit completed calibration in September 

2020. Measurements of the DU polarization response constituted approximately 77.5% of the total calibration time. 

Included in this was a large block of time (60% of the total) to map the DU polarization response to unpolarized x rays, 

so that any small systematic effects could be removed in flight data analysis. 

 

Table 3: Custom polarized sources (crystal + x-ray tube) used in DU ground calibrations 

Crystal X-ray Tube Energy 
(keV) 

Diffraction 
Angle 

Polarization 
(%) 

PET 

(002) 
Continuum 2.01 45.0 ~ 100 

InSb 

(111) 
Mo L 2.29 46.4 99.2 

Ge (111) Rh L 2.70 44.9 ~ 100 

Si (111) Ag L 2.98 41.6 95.1 

Al (111) Ca K 3.69 45.9 99.4 

Si (220) Ti K 4.51 45.7 99.5 

Si (400) Fe K 6.40 45.5 ~ 100 

 

MMA calibrations were carried out at the MSFC Stray Light Test Facility (SLTF), which features a 100-m vacuum 

beam tube with x-ray source assemblies at one end and a 10 m × 3 m test chamber at the other (see Figure 6). The MMA 

under calibration was mounted in the test chamber atop a hexapod that enabled precise linear control in all axes and 

precise angular control in tip and pan. Beyond the MMA, at a distance of 4.17 m (the effective focal length of the MMA 

at 100-m source distance), were the facility detectors used to measure the MMA response. These consisted of a fast 

silicon drift detector with known effective area and a CCD camera with fine (13.5 µm) pixels for accurate MMA point 

spread function measurements, both mounted on a moveable stage. After initial MMA calibrations the flight spare 

detector unit was also mounted on the detector stage. 
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Figure 6: The MSFC Stray-Light Test Facility (SLTF) 

 

Calibration measurements were made at multiple energies for on- and off-axis effective area and angular resolution. Also 

measured were the MMA responses to sources outside of the direct field of view, so called ghost rays, which can 

increase the observation background for observations in crowded source regions. For telescope calibration, a subset of 

the polarized source energies used in Italy (Rh, Ti and Fe) were utilized to measure the polarization response in addition 

to effective area and angular resolution. MSFC calibrations ran from July 2020 through January 2021. An important 

finding from the telescope calibration was, as expected, that the polarization response of the DU was not affected by the 

presence of the MMA. 

3.7 In-Flight Calibration Monitoring 

To enable in-flight calibration monitoring, each DU is equipped with a filter and calibration wheel assembly9 (Figure 7). 

These assemblies contain various radioactive sources that can be rotated in front of the GPD to provide for monitoring 

gain, energy resolution, spurious modulation and modulation factor (the sensitivity to polarization for a 100% polarized 

source) during the mission. The calibration sources will be used in those parts of the orbit when the x-ray source under 

study is eclipsed by the earth, calibrating one detector per orbit. 

The calibration sources are all based on 55Fe isotopes which have a Kα line at 5.9 keV and a Kβ line at 6.5 keV. Cal 

source A produces polarized x rays at 3 keV (via a silver target, Si Lα = 3 keV) and at 5.9 keV, through 45° Bragg 

reflection off a graphite mosaic crystal. Cal sources C and D are unpolarized 5.9 keV and 6.5 keV x rays in a spot (~ 

3mm) and flood (~ 15 x 15 mm) configuration respectively. Cal source D utilizes a silicon target in front of the 55Fe to 

produce a broad beam at 1.7 keV (Si Kα). 

In addition to the calibration sources the wheel also contains an open position, a closed position and an attenuator 

position consisting of a 75-µm-thick kapton foil coated with 100 nm of aluminum on each side. The first of these is for 

normal operations, the second for internal background measurements and the third is for observing very bright sources 

which would otherwise exceed the throughput of the system 

 

Figure 7: Filter and calibration wheel assembly (left: top view (+z); right: bottom view (-z)) 
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4. THE IXPE SPACECRAFT 

The IXPE spacecraft bus is Ball Aerospace’s fourth build of its BCP-small spacecraft10. This design utilizes a hexagonal 

structure made from machined aluminum plates and closed out with a honeycomb top deck. Components are mounted 

inside the side panels as well as both sides of the top deck (see Figure 8). The solar array, shown unfurled, wraps around 

the spacecraft body for launch and prior to deployment. 

 

Figure 8: IXPE spacecraft schematic (shown with solar panels unfurled) 

 

For coarse attitude sensing the IXPE spacecraft utilizes an array of 12 sun sensors and a 3-axis magnetometer. For fine 

attitude there are two star trackers, one on the mirror module support structure and co-aligned with the axes of the 

MMAs (see Figure 1), and one underneath the spacecraft and pointing in the -Z direction. Pointing control is via 3 

reaction wheels with torque rods used to de-saturate the wheels as necessary. 

Command and data handling is handled by an integrated avionics unit. This contains the flight software and handles the 

telemetry, data storage and overall payload control. Communication is via S band, with a 2 kbps command rate and a 2 

Mbps downlink telemetry rate. There is 6 Gbytes of on-board memory assigned for data storage between downloads. 

5. GROUND NETWORK 

Communication with IXPE is via a primary ground station in Malindi, Kenya, with a backup station in Singapore. Data 

download will vary with observing program but will average around 3-4 contacts per day. Commanding will be 

approximately once per week.  

Mission operations will be run from the Mission Operation Center (MOC) run by the Laboratory for Atmospheric and 

Space Physics (LASP) located at the University of Colorado. The MOC communicates with the Science Operations 

Center (SOC) and with the observatory via the ground network shown in Figure 9. 

The SOC, located at NASA/MSFC, is responsible for science operations. The SOC formulates the observing plan that is 

then sent to the MOC for detailed scheduling. The SOC receives all the observatory data which it then processes. 

Science data products are then distributed to the HEASARC for public access within 1 week after the end of an 

observation (after an initial 3-month checkout period during which the turnaround time is 30 days) 
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Figure 9: IXPE ground network 

 

6. CURRENT STATUS 

At the time of writing (July 2021), the IXPE observatory is fully integrated, has completed vibration, shock and acoustic 

testing and is about to enter a 22-day thermal vacuum test (see Figure 10). After all environmental testing is complete 

there will be a series of functional tests before shipment from Colorado to the Kennedy Space Center, which is currently 

scheduled for mid-October 2021 (contingent on the current launch date holding firm). Observatory test and integration at 

the SpaceX facility will take approximately 1 month. 

 

 

Figure 10: IXPE observatory on vibration table (left) and being prepared thermal vacuum testing (right). Credit: Ball Aerospace. 
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