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Advantages

e Inherently broad band device

e Astrophysical non-thermal spectra are
characteristically broad band

e Astrophysical diagnostics (model
discriminators) may/should benefit from
understanding the energy dependence



Basic Principles

e Based on the angular dependence of the
incoherent (and coherent) scattering
cross-section on the linear polarization of
the incident photon



Basic Principles

e Thomson cross-section illustrates the
angular dependence

do /dQ = (e’ /mc*)(cos” $cos” @ +sin” @)

e For scattering from bound electrons one
must account for both coherent and
iIncoherent scattering and photoelectric
absorption



Thompson Approximation
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Thompson Approximation
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Considerations

e Scatter as much incident flux as possible
e Avoid multiple scattering
e Achieve as large an M as possible

MDP(%) = (4.29x10* / M (%))\/(Rs + R, ) /[ R21

e Collect as many scattered X-Rays as

possible
e Minimize the background



The Polarimeter Conundrum

e The scattering material should be thick
(deep) in order to effectively provide for
iInteraction with all the incident photons.

e [he scattering material should be thin
(narrow) in order to allow the scattered
photon to easily escape.

e (Similar conundrums apply as well to other
approaches to polarimetry.)



Interaction Lengths

}nteraction Lengths for Lithium and Beryllium
lower curves for beryllium and higher curves for lithium
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Scattering Coefficients

.Linear Interaction Coefficients for Lithium and Beryllium
higher curves for beryllium, lower curves for lithium

Total black
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Thus...

e Photo-electric absorption is a real
nuisance!!

e Multiple scattering needs to be minimized
as this negatively impacts the “modulation
factor”

e The degree of modulation for a 100%

polarized beam in the absence of any
background.



In the beginning.....

e July 1968 — Lithium-block, Thomson-
scattering polarimeter flown on an
Aerobee -150 sounding rocket

e Target was Sco X-1
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Fig. 1. (a) Schematic representation of the polarimeter concept. (b) Mounting of the polarimeter
and ancillary equipment in the rocket.




In the beginning....

e March 1969 - Lithium-block, Thomson-
scattering polarimeter flown on an
Aerobee -150 sounding rocket

e Target was the Crab Nebula
e February 1971 Lithium-block, Thomson-

scattering polarimeter flown on an
Aerobee -350 sounding rocket

e Target was the Crab Nebula
e (Included crystal polarimeter)



Rocket 17.09
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Systematic Effects

e Critical design consideration
e Astrophysical Polarization may be/will be
small

e E.g. "east-west” effect was of concern in these
early rocket flights



The Results
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New Concepts - Spectrum-X
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Spectrum-X

e Lithium (and crystal) scattering block at
the focus of a telescope
e New systematic effects to worry about

e Impacts of off-axis pointing
» Received a lot of attention



Off-Axis Pointing

e A solid angle effect

P=100(a, / 1)

=[(y/0,,)" /]




Off-Axis Pointing - 1
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Other Systematic Effects

e Off-axis pointing also polarizes an unpolarized
beam

» Symmetry broken even if the telescope is perfectly
symmetric

e Impact of the asymmetries in the telescope
o Built in quadrants!
» Leads to a second component at “2w”
» Changes the statistics, sensitivity, etc.



XPE
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MDP for SXRP & XPE
(10° seconds)




Conclusions

e Inherently broad band
e Based on sound physical principles

e Have been built and flown
e \WWorked as predicted

e Relatively inexpensive
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