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• Photoelectron/Bragg: < 10 

keV 

• Compton :> 30 KeV 

• Thomson: 5-30 keV 
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Prototype  Detectors 
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Polarised X-ray Source 
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Test Results 
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New design  
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Design goal:  
MDP of 2-3% at 5 sigma level for 1 million sec exposure 
of a 50 mCrab source. 
Potential Sources :50 

MDP   (nσ)  = (n / µ S)  (2(S+B)/T) 1/2 
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Engineering	  Model	  
The	  mechanical	  configuraDon	  

•  Similar	  to	  prototype	  
-‐>Consists	   of	   4	   detectors	  
placed	   in	   cyclic	   order	   on	   all	  
sides	   of	   the	   scaJering	  
element	  

-‐>Larger	  area	  
-‐>Overlapping	   arrangement	   to	  
reduce	  corner	  dead	  area	  

-‐>Detectors	   side-‐connected	   to	  
increase	  sDffness	  	  
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Sensitivity 

MDP(nσ)	  =(n/µS)	  ×(2(S+B)/T)	  1/2	  

Accretion powered pulsars	  

Crab	  
Black hole binaries	  

Low mass 
X-ray Binaries	  

Active Galactic Nuclei 
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Mechanical	  configuraDon…..	  
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Polarimeter	  electronics:	  
Main	  secDons	  
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Electronics 
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Simulations to optimise scattrer 
geometry 
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Collimator 
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Collimator 
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Engineering Model Detectors 
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Spectrum (Det-1) Spectrum (Det-2) 

Position (Det-1) Position (Det-2) 
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Cylindrical detector 

•  An alternative approach 

  No dead area at corners 
  Uniform gain and 

quantum efficiency in all 
directions 

  Less systematic 
uncertainties 
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Cylindrical detector 

•  Wire-frame 
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The Satellite Bus 
•  Satellite with ARgos and ALtiKa 

(SARAL) ISRO/CNES (Feb 2013), 
400 kg 

•  3 Axis Stabilised 
•  200 kg Payload 
•  800 W power 

0.1 degree pointing 
Spin (power generation??) 
Reorientation, Long staring 
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Polarisation is unexplored in High Energy Astrophysics 

X-ray emission from the following processes should be 
polarised 

• Cyclotron 
• Synchrotron 
• Non-Thermal Bremsstrahlung 
• Scattering from non-spherical plasma 

These objects should produce polarised X-ray radiation 
• Accretion powered pulsars 
• Rotation powered pulsars 
• Magnetars 
• Pulsar wind nebulae 
• Non-thermal supernova remnants 
• Black holes, micro-quasars and active galactic nuclei 

X-ray Polarisation 

Crab nebula is the only source for 
which X-ray polarisation 
measurement 
Exists with high s/N.  
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Accreting X-ray Pulsars 

Meszaros et al. 1988	  
Image: NASA	  
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Accreting X-ray Pulsars 
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Degree	  and	  angle	  of	  polarizaDon	  with	  pulse	  phase	  for	  Pencil	  beam	  and	  Fan	  beam	  (le[	  and	  right)	  for	  (i1,i2=45,75)	  
Ecycl=38	  keV	  and	  KT=8	  keV	  (Meszaros	  et	  al.	  1988)	  



Accreting X-ray Pulsars 
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Jets & Motion in Accretion Disk 
around Black Holes 

Image: NASA	   Tanaka et al. 1995	  Stockholm,	  26	  August	  2014	  



X-ray Polarisation in Black Holes 
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Dovchiak et al, Schnittmann et al.	  



X-ray Polarisation and Corona 
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X-ray Reflection from BH Accretion Disk 
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Polarisation  from  BHCs  in disk Dominated state 
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Polarisation  from  BHCs  in disk Dominated state 
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Maitra and Paul 2011	  



Rotation Powered Pulsars & Magnetars 
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Instrument  Status 
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Advisory  Committee  for  Space  (ADCOS) 

  Recommended  in  Dec 1012 

Satellite compatibility  etc.  worked  out 

May 2014: Mission  Planning 

Equatorial /  Polar  ? 

Mission Status 
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Polar  vs  Equatorial  
Orbit 
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New Development/
Technique 

50.3mm	  

50mm	  

0.6mm	  

0.15mm	  

Anode	  wire	  

AN1	  

AN2	  

IniDal	  two	  piece	  design	  	  

The	  new	  design	  

Photoelectron polarimeter with proportional counters 
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Photoelectron Polarimeter 
with Proportional Counter 
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