Current status of the X-ray Polarimeter
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Abstract

We describe the current status of a Thomson X-ray polarimeter developed for
a small satellite mission. Currently, a laboratory model has been made and
tested successfully and the design and fabrication of an engineering model is
In progress. This involves, re-design of the currently developed lab model,
taking into consideration the different standards required for space
qualification. We describe the design aspects of the detector, front-end
electronics and the processing electronics.

Scientific Objectives
X-ray polarimetry is an unexplored area in high energy astrophysics. In the whole

history of X-ray astronomy, there was only one experiment for X-ray polarisation
measurement and Crab nebula is the only X-ray source for which a definite
polarisation measurement exists. Polarisation measurement gives insight about the
strength and the distribution of magnetic field in the source, geometric anisotropies
In the source and their alignment with respect to the line of sight, as well as the
nature of the accelerator responsible for energizing the electrons taking part in
radiation and scattering.

A laboratory model [1,2] and variations [3] have been made and tested successfully
and the design and fabrication of an engineering model is in progress. This
experiment will be suitable for X-ray polarisation measurement of hard X-ray
sources like accretion powered pulsars, black hole binaries in low-hard states, and
even for black hole binaries in thermal state [4]. For about 50 brightest X-ray

sources, a Minimum Detectable Polarisation (MDP) of 2-3% will be achieved.

Principle of Operation

The instrument 1is based on
anisotropic Thomson scattering X-rayDetector
of X-ray photons. X-rays from the
source are made to undergo
Thomson scattering and the
intensity  distribution  of  the
scattered photons is measured as a
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Polarised X-ray will produce an
azimuthal modulation in the count <

rate. The total configuration will be
rotated about the viewing axis.

Instrument Specifications

Photon collection area 1018 cm?
Energy range 5-30 keV

Proportional counters
~100 kgs.

~ 650 x 650 x 550 mm?
50 Wiatt

4.2 Gbits per day

Scattering element Beryllium/Lithium
Life time 3-5 years

Modulation factor ~40%

2-3% Minimum Detectable Polarisation (MDP)
for 50 mCrab sources with 1 mega sec exposure

Equatorial orbit (preferred) of altitude 500-600km,

with pointing accuracy of 0.1 deg, and with spin

Satellite requirements

along roll axis of about 0.5 rpm

Field of view 3x3 degree with 0.2 degree flat topped response
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Detector Configuration

VIEWING / SPINNING AXIS

COLLIMATOR |
- WITH
= TOP PLATE |

DETECTORS

Fabricated Engineering Model Detector

s e c0o00000000, .

4

-‘Q
i A aBa

.aOo.lQOQQOQ‘!!!Oo.ol

Electronics for Engineering Model
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Polarimeter electronics block diagram

Front-end electronics

Results
The position sensitivity is achieved by 40 .
charge division method. The processing M
electronics logic is implemented in H‘ |
Field Programmable Gate Array - ™ JUL.’LJ.JJ%

(FPGA). The test results obtained with = il
lab unit of the detector and electronics i |
designed for the Engineering model are Fo00

1000
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Infrastructure Development

For the purpose of test and calibration of
the X-ray polarimeter detectors, an 18kW
X-ray generator has been procured and the
Installation is in progress. The installation
of the chiller required for the x-ray N\ -
generator is complete.
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