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The Two SODART Flight Mirrors
 and

 
from the

 Spectrum X-Gamma Payload 

A Replica of the Bragg Crystal Polarimeter 
in SXRP

A Monitor Counter
 

The SXRP Polarimeter Flight Unit 

A Unique Combination of Features
Two 8 m, High Throughput Telescopes for

 Sensitive X-Ray Polarimetry 

Energy-Resolved X-Ray Polarization 
Measurements 

in the 2 - 16 keV Energy Band

Accurate Photon Timing for Pulsar Studies

Science Payload

Mission Overview

Key Mission Characteristics
Two SODART mirror assemblies and SXRP polarimeter 
are built, calibrated and qualified for flight.

The Bragg crystal polarimeter for the second telescope is a 
streamlined replica of the one in SXRP.
 
A small, lightweight, selectively redundant spacecraft 
enables highly stable operation in low earth orbit.

Spacecraft components are flight proven, have low cost, 
and minimal schedule risk.

In addition, significant margins for schedule (10 weeks),
cost (25%), and technology have been established.

 Launch Vehicle
The Taurus 2210 launcher provides high reliability to orbit. 



Explore the Ultimate Limits of Gravity and Energy

Test General Relativity predictions of strong field gravity near black holes 

Measure the spin of a black hole

 Explore mechanisms for jet propagation in microquasars

Test if jets from black holes power the X-ray emission

 Measure the accretion disk geometry around neutron stars

Determine whether accretion-powered pulsars have pencil or fan-beam geometries

 Test the source geometry for rotation-powered pulsars  

 Measure the extreme field strengths of magnetars

Confirm that supernova remnants are sites for cosmic ray acceleration

 Constrain models for extragalactic jet propagation 

 Test the standard unified model for AGN

Determine the origin of the X-ray emission from radio galaxies and quasars

*

*

*

*

*

Science Objectives





Bragg Polarimeter

(BCP2)

Graphite Crystal Proportional Counter
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Rotating Stage
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Observe how black holes influence space, time and matter

Energy resolved polarimetry for black holes Cyg X-1(high state)  and GRS 1915+105 for 105 s 
and 3 x 105 s. Spectra from Cui et al. 1998 for Cyg X-1; Muno et al.1999 for GRS 

1915+105).Estimated inclination angles are 30° for Cyg X-1 and 70° for GRS 1915+105. 



Test the theory of general relativity near black holes
Determine the spin of a black hole

Disk with 75.5° inclination 
(Conners, Piran and Stark,1980)

Effects of mass accretion rate for a 10 solar mass 
black hole (Matt, Fabian and Ross, 1993) 

Predicted polarization fractions and position angles as a function of energy 
for disk models near a black hole.



Neutron Stars and Supernova Remnants

Compare polarization data 
with pulsar wind nebula 

morphology

Determine pulsar beaming 
mechanisms

Study accretion disk 
dynamics

Schematic of pencil and fan beam 
geometries. 

Predictions for pulse phase dependent 
polarization at two x-ray energies 

(Meszaros et al.1988).

Energy resolved 
polarimetry of Her X-1 

using PRIZE.

1.6 keV

9.0 keV



Active Galacitc Nuclei
Blazars, Quasars and Radio 

Galaxies

Reveal the nature of cosmic 
jets and relativistic flows

Test models of blazars and jets

Cen A
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Polarimeter Strawman Observing Plan including Minimum Detectable Polarization (MDP)
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About PRIZE, the NASA Peer Review glowingly said:

“Even if PRIZE were to achieve just 1/3 of its 
objectives, it would be a fantastic mission!”

BUT,

the Peer Review felt that PRIZE still has a major 
weakness:

“The Crab might be just an anomaly. Expected 
polarizations might be just at the detection limit. Many 
extragalactic sources may have polarization levels as 

low as 1% which would be difficult to measure.”

NASA placed PRIZE in Category II



Issues to Consider When Comparing Polarimeters

Compatibility of Telescope HPD with Polarimeter Detector Area

Relative Sensitivity As a Function of Energy

Modulation Factor Plays a Dominant Role

in Measuring Polarization at 1% Level

Systematic Effects must be well understood

(Phase locked or not)

Statistical Significance is not enough!
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To Measure Polarization at the 1% Level

Highest Modulation Factor Possible

Systematic Effects Understood

Sufficient Statistics


