


IXPE addresses key scientific objectives f1XPE 

• Opens a new window on the universe - imaging (30 ) X-ray polarimetry 
- The science driver that advances and impacts hi·gh energy astrophysics 
- Increases information space and lifts mode.ling degeneracies 

• Addresses key questions, providing new scientific results and constraints 
that trace back to the Astrophysics Roadmap and the Decadal Survey 

- What is the spin of a black hole? 
What are the geometry and magnetic-field strength in magnetars? 

- Was our Galactic Center an Active Galactic Nucleus in the recent past? 

- What is the magnetic field s~ructure in synchrotron X-ray sources? 
What are the geometries and origins of X-rays from pulsars (is·olated and accreting)? 

• Provides powerful and unique capabilities 
- Reduces integration time by a factor of 100 over our ·OS0-8 experiment 

Simultaneously provides imaging energy timing, and polarization data 
- Devoid of instrument systematic effects at less than a fraction of a percent 

- Meaningful polarization measurements for a large number of sources of different classes, 
as evidenced by our Design Reference Missi·on 

• 



tut o al 

IXPE Team and Mission 

esign a Op ratio s 
p ar S ra1g t orward 

• ASA Explo:rer Mission, cost capped at 175M 
(FY 5) 

• Class D Mission managed by MSFC 
• XL launch from Kwajale·n 
• 540 km circular orbi at 0° inclina ion 
• 2 year aseline mission, 1 yea SEO 
• Pl: Martin Weisskopf, MSFC 
• aunch ready by end of 2020 



IXPE INSTRUMENT DE . CR/PTJON 

Measures spatiat 
spectral. timing and 
polarization state of x .. 
rays from 49 known 
targets 

• Set of three mirror 
module assemblies 
focus x rays on to 
three corresponding 
focat plane detector 
units. 

• Mirror modules provide 
imaging and 
background reduction 

• Detectors provide 
position, energy and 
polarization informaUon, 
photon by photon plus 
time stamp 



IXPE Deployment f1XPE 

ass 4.9 kg 

Lengith 3.64 m 

Deployment Lengt : 0.2 mm~ 
r peata · iHty Translation: 0.07 mm 

Twist: 0.27° 



IXPE Mirror Module Assembly 

he HPO of each mirror modu e assembl shall be no rea er han 26 arcseconds at 2.3 

Cw a r c te: 

• 24 mandrels 

• 1 en neerin unit cons sting of 6 shells, 3 ass 

simulators, 1 external therma shied, 1 sup ort spider 

/combs & 1 nd cap ure sp · r 

• 96-102 N ckel - Cobalt (not 11 coat d) very hin she Is 

• 4 . 1 ht un·ts 3 + s are with w/ 24 ne t d shells, xternal 

thermal shield, sp • d r /combs & nd capture spider 

... 

\ 

In rseclio 

eV, 
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Replicated Optics Manufacturing at MSFC f1XPE 

1. CNC machine, mandr I 
formation from Al Bar 

2. Chemical d an and 
activation & Electroless 

--------
.3. Precision turn to sub -. 

I 
I 
I 
I 
I 
I 
I 

4. Polish and superpollsh 
to fin I b,_, - ----. 

._ ____________________ ...... _ - - - ---- -
S. Metrology- repeat Step 
4 until su ce finish m t 

6 .. Ultrasonic de n & passivation 
tor move surface contaminants 

8. Align shells Into module 

7. I ctroform nlcki I 
shell onto mandr I 

8. Separate optic from mandret 
- reuse mandrel for next sheU 

• 



IXPE Alignment ystem 

ART-XC shells supported from 3 points 
during the alignment and bonding process 

IXPE shells are ~ the thickness of ART 
and will be gravity off-loading during the 

alignment and bonding process • 



MSFC X-ray Optics Heritage 

aramete 

Number of m · rror 
modules 
Number of shells per 
mirror module 

Focal length 

o al shell ength 
Rang of shell diameters 

Rang of shell 
thickness s 

S el materia 

Effective area 
module 

r mirror 

7 

7 (10 fo s c 
o es) 

2000 mm 

600 mm 

38-52 mm 

0.25 mm 

E~ectroformed 
nickel-cobalt aHoy 
Coating: > 30 nm of 
iridium (> 90°/o bulk 
density) 
150 cm2 {200 at 8 
keV, 
14 cm2 ( 0) at 15 
keV 

Angular reso utao (HPD) 10 arcsec 

7 (plus 1 spare) 

28 

2700 mm 

580mm 

50 - 150mm 

0.5mm 

Electrof or med 
nickel-cobalt al oy 
Coating: > 10 nm of 
iridium (> 90o/o bu,k 
density) 

3 (plus 1 spare) 

24 

4000 mm 

600mm 
162 - 272 mm 

0.18 - 0.26 mm 

Electroformed nickel­
cobalt a loy 

210 cm2 (at 2.3 keV)· ~ 65 cm2 at 8 keV 
(on axis) > 230 cm2 (at 3-6 keV) 

25 arcsec HPD on s 25 arcsec HPD on 
axis (measured) axis 
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FOXSI Free Flyer Science Objectives f1XPE 

• FOXSI Free Ffyer addresses the fundamental processes of impulsive energy release 
and particle acceleration in the solar corona. 

• FOXSI will achieve this through focused hard X-ray imaging with 100 f mes better 
sensitivity and dynamic range than previous instruments (e.g. RH SSI). 

• FOXSI will observe emission from energetic electrons: 

• direcUy in the 
acceleration site in 
the corona such as 
near ftare 
reconnection sites 
or CME shocks, 

• as they travel 
through the corona, 

• where they are 
stopped in the 
chromosphere and 

• as they escape into 
interp~anetary 
space. 

Type 111 radto 
bursts 

• 



FOXSI Free Flyer Hardware 

• If selected MSFC will provide 2 
fl ight modules + 1 spare module. 
fuJl'y calibrated. each with 15 or 20 
shells 

• X ray optics is a Tier 1 for 
Scientific Research at MSFC 

• FOXSI science requires high­
resolution hard x-ray optics, niche 
area for MSFC - no domestic 
competitors 

• Sub-Orbital Development 
(significant) 

• FOXS I rocket flights (Nov. 
2012, Dec. 2014) FOXSl-3 on 
schedule 

• HEROES baUoon flight ( Sept. 
2013) 

• Orbital Devetopment 

• ART-XC fabricated and 
delivered by MSFC 

• IXPE SMEX Development 

Schematic representations of stowed and 
deployed OXSI SMEX satellite 

Seven FOXSI Mirror odules 
mounted on rocket 

FOXSI (rocket) 1rror odule 
fabricated at MSFC 


