
Gravity and Extreme Magne1sm SMEX 

•  Submi7ed to Small Explorer AO (Jan 2008) (1 of 32) 
–  PI:  Jean Swank, Deputy PI:  Keith Jahoda 

•  Selected for Phase A study (1 of 6) 
–  GEMS (GSFC), Joint Astrophysics Nascent Universe Satellite (PSU), 

Transi1ng Exoplanet Survey Satellite (MIT),  Coronal Physics 
Explorer (NRL), Interface Region Imaging Spectrograph (Lockheed), 
and Neutral Ion Coupling Explorer (UC Berkeley) selected 

•  Phase A Concept Study reports completed (12/08) 
•  Site Visit completed (4/09) 
•  Selec1ons (2) expected (7/09) 
•  Launch:  Dec 2012 or April 2014 

















•  Exploits:  strong correla1on between the X‐ray electric field vector and  
 the photoelectron emission direc1on 

•  Advantages: dominates interac1on cross sec1on below 30 keV 

•  Challenge: 
•  Photoelectron range < 1% X‐ray absorp1on depth (λx) 

•  Photoelectron sca7ering mfp < e‐ range 

•  Requirements: 
•  Accurate emission direc1on measurement  
•  Good quantum efficiency 

•  Ideal polarimeter: 2D imager with: 
•  Resolu1on elements σx,y < e‐ mfp  
•  Ac1ve depth ~ λx 
•  => σx,y < depth/103 

Photoelectric X-ray Polarimetry
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TPC Photoelectric Polarimeter Concept
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•  Image pixels are formed by readout strip pitch (y) and drig velocity/sampling rate (x)￼ 
•  Quantum efficiency (depth ) is perpendicular to readout (drig) direc1on 



•  An Electrical EDU demonstrates the func1onality of the 
APV25 ASIC 

•  “First Light” ‐ 6 keV tracks 

GEMS Electrical EDU 

APV25 ASIC on Compune9cs Strip board 

Dri5 electrode 

SciEnergy MPGD 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GEMS Electrical EDU 

µ:   0.0071 +/‐ 0.0088 
θ:   ‐45.7 +/‐ 35.1
χ2:  1.17

 µ:   0.483 +/‐ 0.010 
 θ:   ‐59.1 +/‐ 0.5 
 χ2:  1.02

•  Modula1on at 4.5 keV in flight condi1ons 



Sensi1vity Figures of merit 



Question 3 – MPGD Performance

Laser drilling leaves very li7le exposed dielectric penetrated by field lines 

SciEnergy laser drilled holes, 140 µ pitch,  100 µ thick 

CERN wet‐etched holes, 140 µ pitch,  50 µ thick 



Instability < 1% 

Time between SAA drafts 



•  Approach ‐ 
–  Sufficient, well chosen measurements to allow:  

•  Construc1on of a detailed response matrix  
•  Parameterized by measurable quan11es  (in flight or ground calibra1on)￼ 

•  Data obtained at GSFC (for each detector): 
–  Polariza1on at selected energies (matched atomic lines and 45 deg Bragg crystals)￼ 
–  “Unpolarized” input at numerous energies  

•  Unpolarized data sets can be constructed with any atomic line and rota1on 

•  Data obtained at BNL (one detector, one or more visits):   
–  Tunable energies  

GEMS Ground Calibration

•  Data obtained at U. Iowa (for each detector): 
–  Collimated beams, polarized and unpolarized, map 

uniformity 

•  Background 
–  Response to γ‐rays, electrons, protons 
–  Rejec1on efficiency 

Black, Martoff, (BNL staff), Dion, Hill at BNL 



•  X‐ray tube periodically illuminates 
ac1ve region 

–  Tracks energy scale over orbit scales 

–  Tracks polariza1on sensi1vity on 
observa1on 1me scales 

•  UV pulser provides sensi1ve drig 
velocity calibra1on on frequent basis 

GEMS In-Orbit Calibration

•  Spacecrag rota1on allows data to be folded against sky angle or detector angle ‐ 
modula1on vs detector angle provides input to response matrix and eliminates 
sensi1vity to residual asymmetries 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•  Spacecrag rota1on mi1gates residual asymmetries 

•  Simula1ons with 106 photons/run (µ ~ 0.5, MDP < 0.01) show the power of spacecrag 
rota1on 

Identifying and Controlling False Modulation

•  PROCEEDURE 

•  Generate photons 

•  Move photon E‐field into 
detector frame 

•  Generate photoelectron 
direc1on with cos2(f) 
distribu1on 

•  Distort (by stretching) 
one axis 

•  Measure the distorted 
direc1on 

•  Map the photoelectron 
direc1on back onto the 
sky 

•  RESULTS:  Spacecrag rota1on removes the effects of detector asymmetries  



•  At the faintest fluxes, unrejected background, while small, is no 
longer negligible     

•  The average background is predicted to be ~0.15 mCrab 

•  0.09 ct‐s‐1 (sum of all three detectors) 

•  scaled from OSO‐8 Neon counter  (Bunner 1978, Ap.J., 220, 
261) 

•  Background intensity and apparent modula1on can be measured 
from parts of TPC which do not see the source. 

•    

 Measuring Background Polarization


