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• Linear polarisation constrains on source geometry

• Polarisation Fraction: symmetry of the source
• Polarisation Angle: orientation of the source 

•  X-ray polarimetry provides a new window on high-energy universe 
• New purpose-built instrumentation is required 
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• The addition of polarisation as 
an observable elucidates source 
properties which cannot be 
resolved 

• e.g.: emission processes, 
magnetic field / material 
geometry

E

• Polarisation fraction (PF) = 100%
• Polarisation angle (PA) = 0°

Unpolarised 
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Polarised 
scattered beam

Crab Cygnus X-1

Synchrotron emission

• Polarisation angle determines the magnetic 
field direction

• Maximum polarisation fraction for 
synchrotron emission ~75%.  Will be reduced 
for a disordered magnetic field.

Reflection

• Polarisation probes geometry
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“As high as 
possible…”

…106 m3 zero pressure 
balloon

~40 km

~2 Tonnes

Source

Measured
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 The flux (m-2s-1E-1) of cosmic 
radiation typically follows an 
inverse power law



Challenges of High Latitudes 

Disadvantage               high background rate (low geomagnetic cut-off) 
Advantage                    long duration (circumpolar) 
 
• CXB = Cosmic X-ray Background – isotropic photons 
• CR = Cosmic Rays – isotropic charged particles 
• Earth albedo – coming from Earth: photons, neutrons, charged particles 
 

 
 
 
 
 
 
 

Earth albedo 

CXB & CR 

Source 

12/18 

“… for as long as possible”
• Collecting area drives measurement sensitivity. Eventually limited by 
mass constraints. 

• Measurements are subject to significant non-isotropic background. 
Strong atmospheric albedo component.  Neutrons and forward-
scattering X-rays are troublesome.  Anticoincidence systems are heavy.     

• Multi-day flights are required



e.g. M. Chauvin et al., Nat. Sci. Rep. 7 (2017) 7816 / Nat. Astr. 2 (2018) 652 / MNRAS 477 (2018) L45/  MNRAS 483 (2019) L138.   

 

Landing
July 18th 2226 UT

Launch
July 12th 0317 UT2016

Crab

Cygnus X-1

PoGO+: “MDP” ~10% (~1 week)
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~20 M⊙ black holeAccretion disk

Relativistic jet (radio)

~40 M⊙ 
supergiant 

star

Cygnus X-1

dEarth~7200 Lyr

a>0.92 (e.g. Fe lines)
5.6 days



Black-hole binary Cygnus X-1

Unpolarised  
X-rays 

Polarised  
X-rays

Reflection surface

M. Chauvin et al. (PoGO+ Collaboration), Nature Astronomy 2 (2018) 652

• No indication of “strong gravity” 
• Implies that the inner part of the 

accretion disk (“corona”) is an 
extended object or lies far from the 
black hole 


• Geometric information without 
imaging (10-15°! ) 

• Intriguing - a more sensitive mission is 
now required.

Corona (109K)

~10-15 °


~600 km


Black hole

Accretion disk

Reflected  
X-rays

NASA

• PoGO+ observations (20-180 keV):

• Emission weakly polarised (<8.6%, 90% CL) 

• Polarisation angle perpendicular to accretion disk

PoGO+

Energy (keV)

Hard state

(Low accretion rate)

Soft state

(High accretion rate)



X-ray 
mirror

Celestial X-ray 
source

Celestial X-ray 
source

X-raysX-rays

~12 m

X-ray 
detector

X-ray 
polarimeter

PoGO+ XL-Calibur

~2
 m

Sensitivity dictated by 
detector area. Difficult to 
scale up. Large volume 
detector suffers from 

high background.

Sensitivity dictated 
by X-ray mirror. 

Detector is small and 
easy to shield from 

background. 



X-ray mirror

Star trackers &  
Sun sensor

12 m long optical bench

Wallops ArcSecond 
Pointer (WASP)

Communications 
(Iridium, TDRSS, “WiFi”)

Polarimeter and 
anticoincidence 

shield

Pointing precision: 1 arcsec (RMS) 
Pointing knowledge < 15 arcsec (3σ)

Q. Abarr et al., Astroparticle Physics 126 (2021) 102529.



XL-Calibur tests at CSBF facilities, Palestine, USA

(H. Takahashi)



12 m

Photomultiplier tube

Be rod  
(12 mm dia, 8 cm long)

BGO scintillator 
(3 cm thick)

W collimator

4x4 CZT detectors (0.8 mm thick) 
ΔE (40 keV) ~5.9 keV FWHM

CZT detector

Rotation bearing X-ray mirror (Hitomi spare)

213 nested Pt/C-coated shells (Wolter I)

Effective area: 180 cm2 @ 30 keV

 

XL-Calibur: spectropolarimetry 15-80 keV. MDP ~2% / √tday 

100 keV threshold



• Cygnus X-1 (hard spectral state)
• Black hole binary
• Discern geometry of X-ray bright 

black hole corona.

• Crab pulsar
• Rotation powered pulsar
• Phase-resolved polarimetry
• Differentiate emission models
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• NASA Small Explorer 
mission, IXPE 
•  2-8 keV (photoelectric polarimeter)
•  30” imaging 
•  Launch December 9th 2021(4 m)

IXPE

XL-Calibur

IXPE 
(2-8 keV)

XL-Calibur
(15-80 keV)

Swift / BAT (15-50 keV)

Balloon-satellite synergy



2-8 keV 
PF=(4.0±0.2)% (20σ !)

PA=(-20.7±1.4)°


Clear support for a corona extended 
in the plane of the accretion disk

H. Krawczynski et al. (IXPE Collaboration) 
arXiv:2206.09972 
20th June 2022

(⟂ to disk)

Wedge-shaped corona

XL-Calibur

Truncated disk+inner hot flow

Seed photons from outer cool disk Synchrotron seed photons

i=30°

i=47°

i=30°

i=47°



XL-Calibur flights  
(NASA APRA programme)

McMurdo

Esrange

Victoria   
Island

~5-7 days

Launch attempts: 25/6, 
30/6, 1/7, 2/7, (3/7), … 

~8-55+ days 
December/January  

Planned for 2023/2024 



Hoping for better weather …

… before the campaign ends on ~13 July



The XL-Calibur Collaboration
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