
Detecting Gamma-ray
 Polarisation 

Using SPI 
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JP	  ROQUES	  



2	  

SPI	  as	  a	  Polarimeter	  

•  No positional information
 available within the
 detectors 

•   Scatter angles
 determined by the centre
 to centre line 

•  90% multiples events
 occur in adjacent pixels 

→ Double Events 



From 100keV to 1MeV 
•  Q-factor ~25% 
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SPI	  as	  a	  Polarimeter	  

E	  

SPI	  rolling	  angle	  

Pb:	  mask	  shadow,	  rolling	  angle,	  dead	  detectors,	  anAcoincidence,	  background	  
→We	  need	  simula2ons	  



•  Based on the TIMM Model 

•  Originally designed to calculate
 SPI line background 

•  Current Model Includes SPI,
 JEM-X, limited IBIS models 

4	  

The	  GEANT4	  Model	  
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Each simulation  
•  50 million photons 
•  Equivalent of ~6hrs of real SPI data 
•  Takes ~6hrs to run on a single processor 
•  19 simulations for a pointing  
•  18 for 0° - 170° in 10° steps  

+ 1 unpolarised 

For Cygnus X-1 (2000 scw): 
 6h×19×2000=228000h =9500days! 

Integral-13 Cluster 
•  32 10-core compute nodes (Intel Xeon

 2.26 GHz) 
•  Completes 144 simulations in ~3hrs 
•  Completes Cygnus X-1 in 33 days 
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The	  GEANT4	  Model	  



•  Each adjacent detector pairs considered (Pseudo detectors: 42
 later reduced to 22 after failure of four Ge pixels)  

•  Recorded data modelled as:  

 i: pseudo detector, s: scw 
 - G4is(%,Π) is the counts from the Geant4 simulation, as a function
 of polarisation fraction % and angle Π. Values weighted by
 livetime  
 - Bis is taken from a Flat Field 

•  Data fitted on a Science window by Science window  and pseudo
 detector by pseudo detector basis resulting in a Chi2 
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Fi<ng	  The	  Data	  



•  Chi2 is calculated looping over the polarisation angles and
 fraction producing a Chi2 map: 
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Fi<ng	  The	  Data	  

Angles	  0-‐180°	  

FracAon	  	  
-‐100	  to	  +100%	  





Optical :  Kanbach et al.,2005 

CRAB PULSAR : next steps 
•  Evolution during phase: 

–  Dean et al,2008 : nothing in the pulsed
 emission  (PF radio and optical < 10 %) 

•  Much more data to analyse ( ~2.5 Ms) 
•  Precision increase 
•  Stability investigation 
•  Preliminary results are consistant with those

 ones 

•  Aim : produce a Crab polarized spectrum for
 future reference and calibration 

•  More to be presented at Annapolis (15-19 /09) 



Cygnus X-1 polarisation 



Data set and Field of view 

Angle selection : 13° 
More than ~20 scw in the revolution 

42 parts of revolutions 

Total duration : 4 Ms 

From June 2003 to December  2009 

Sky Model   :  Cyg X-1 
         Cyg X-3 
         EXO 2023+375 
         GRS 1915     

Mainly based on the data set analysed 
in Jourdain et al. 2012 

Rev 470-505 removed   (complex sky model) 
Rev 739-746 removed  : more tests needed 

=> Total duration   ~ 2.6 Ms 

The differences 



RESULTS SUMMARY 

39° +/- 3° 
100 % ; > 75 % (2 σ) 

122° +/- 6° 
15 % +/- 6 %  

47° +/- 4° 
41 % +/- 10 %  

Not significant 



•  Cygnus	  X-‐1	  analysis	  

•  Summary	  of	  Cygnus	  X-‐1	  polarization	  

–  Polarization	  angle:	  42°	  ±3°	


–  Polarization	  fraction:	  	  

130keV	  –	  230keV:	  non	  polarised	  

	  230keV	  –	  370keV:	  41%	  ±10%	  

	  370keV	  –	  850keV:	  >	  75%	  

•  	   Electric	  vector	  ~60° away	  from	  the	  jet
	  Structure	   	  	  
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Radio	  jet:	  -‐20°	  

North	  

East	   West	  

Stirling	  et	  al.	  2001	  

E	  

Cygnus	  X-‐1:	  High	  Energy	  Polarization	  at
	  40degrees	  







CYGNUS X-1 

-  Since a long time, High energy excess above the 
comptonisation law has been reported – HEAO – SIGMA – 
OSSE – SPI….. 

-  Thanks to polarisation this component can be isolated and 
identified. 

-  Significant impact on our view of X-ray binaries 
-  Jet structure plays a major role in the high energy emission 

-  More data on Cygnus X-1 are welcome… but since a few years 
Cyg X1 is in low state: polarisation in undetectable. (Jourdain et 
al, 2013) 







NEXT STEPS 



PheniX – M4 
A NEW VISION OF THE HARD X-RAY SKY 



PheniX  

•  Unique instrument covering the ~3-400 keV range 
•  High sensitivity: > x5-10 Nustar and >x50-100

 Integral 
•  High energy resolution and high counting rate 
•  Polarimetry capability 



PheniX: model payload 
•  Two co-aligned telescopes working in parallel 
•  Focal length of 40m by extensible mast 
•  Two grazing incidence mirror modules “inside”

 the spacecraft 
•  Two focal plane assemblies on top of the mast 
•  Focal plane: 

–   HPGe DSSD cooled at 90K 
–  Passive cooling 
–   Active and passive shield 



PheniX: 3 DIMENSIONS Ge DETECTOR 

•  Double sided stripped Germanium detector: 
–  Size: around 8 x 8 x 1.5 cm  cooled at 80 K 
–  Strip pitch 0.5 mm     
–  Depth of interaction (1-2 mm) : Background reduction

 Energy resolution 0.13 keV @ 5 kev, <0.5 kev @100 keV 
–  Energy range : 1 -400 keV 
–  Low number of electronic chains: 2x SQRT(Npix) 

•  Intensive use of digital electronics for position and energy
 reconstruction. 

•  Annealing capabilities 
•  Multiple events reconstruction capability 
•  Polarization measurements 

New generation detector for the focal plane of Hard X-ray telescope 



Diode Ge 100X-100Y 



POLARIMETRY  



PHENIX-POLARIZATION 


