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The Galway Astronomical Stokes Polarimeter (GASP) is aratliigh-speed, full Stokes, astro-
nomical imaging polarimeter based upon a Division of Amygl# Polarimeter. It has been de-
veloped to resolve extremely rapid stochastien(s) variations in objects such as optical pulsars,
RRATs and magnetic cataclysmic variables. GASP has no rgguémts or modulated compo-
nents, so the complete Stokes vector can be measured froongiexposure - making it unique
to astronomy. Furthermore the time required for the deteation of the full Stokes vector is
limited only by the time resolution of the detectors used tradincident photon fluxes. GASP
utilizes a modified Fresnel rhomb, which acts as a highly @ctlatic quarter wave plate and a
beamsplitter (referred to as an RBS). Here we present aigtisarof how the DOAP works,
some of the optical designs for the polarimeter, and giveespreliminary results. Calibration
is an important, and difficult issue with all polarimetersit lparticularly in astronomical po-
larimeters. We give a description of calibration technigappropriate to this type of polarimeter,
particularly the Eigenvalue Calibration Method of Comp&iDrevillon
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1. Introduction

Optical polarimetry, traditionally relies upon elementgls as rotating half-wave plates and
Wollaston prisms to determine the polarisation. Such a agetlogy works for objects which ex-
hibit polarisation that is static, slowly changing or hadlvadefined periodic behavior. Normal
emission from optical pulsars clearly falls into this catgg but stochastic phenomena - such as
the optical counterpart to giant radio emission [7] or fiogtadio transient (RRAT) emission [6]

- present a difficult problem for polarimetry. Photo-pafaeters, among the fastest polarimeters,
can obtain Stokes I, Q, and U i us but this may still not be fast enough for stochastic phe-
nomna. GASP is designed to address this problem by measinmgtaneously all Stokes vectors
and thereby enabling a determination of both linear andildrgolarisation in a single exposure.
Similar considerations can be given to studies of otherhststic phenomena such as flickering
associated with CVs. Most importantly, GASP will be in pimsitfor target of opportunity inves-
tigations such as polarisation measurements of the afterg gamma ray bursts and searches for
the optical counterparts of new gamma-ray pulsars whichbeitliscovered by the Fermi GRO. In
this paper we describe the design criteria for the polaemet

2. Division of Amplitude Polarimetry (DOAP)

DOAP (see Azzam [2]) can measure the entire Stokes vectanitasmeously. This is achieved
by splitting the incoming light across a specially coatedrbsplitter to divide the light to linear
and circular components, then onto a polarizing beam splitiormally a Wollaston prism. As a
result, four beams of different intensities will relatedarly to the input Stokes vector as follows,
| = AS wherel is a 4x 1 intensity vectorA is a 4x 4 matrix for the system an8 is the input
vector retrieved fronB= IA~L. Only the photon fluxes and time-resolution of the detectadu
will limit the temporal resolution of the Stokes vector dhtd.

7 -y Fa

Dl D2
Light path -

inside prism

Wollaston
Prism 1 7°

ollson,

Wollaston Prisi.

Prism 2 Fald —
g Mirrors
’ Output 7 x
N Beams (4) 3
. ‘7’4 Detactor ___
Beamsplitter

D4

(a) Original DOAP from Azzam [2] (b) An early polarimeter
design following develop-
ments of the Compain[4]
polarimeter

Figure 1: One of the optical designs where the Wollaston splits thiet limmediately after the RBS and
each field has its own optics onto the imager.
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Figure 2: Schematic optical layout for the GASP

Compain & Drevillon [4] describe a DOAP in which a modified &nel rhomb, similar to that
in Fig 1(b) and 2, is used. We have based the Galway AstrorarSitokes Polarimeter (GASP)
upon this design. The prism is designed to act as a highlyoatdic quarter wave plate (QWP)
and a retarding beamsplitter (RBS). Particular attenti@s waid to the design of this prism as
the optomisation of the system matrix is best when the iitiens$ both reflected and transmitted
beams are equal. Utilizing Snells law, and the prism gegmestd the equation for calculating
the retardance induced by internal reflection (see Born aoll [3]) the prism angle X) can be
solved. The prism anglex] is designed to yield a total quarter wave redardance foritwarnal
reflectionsf). At the same time the angle of incidengg, is such that both reflected and transmit-
ted beams are of equal intensity. When each beam is passeditha Wollaston prism these beams
are split into two further polarisation states. The resgltfiour beams are re-imaged enabling their
intensities to be extracted and consequently we can detertiné full polarimetric characterisation
of the input beam.

3. Optical Design

Fig 2. Shows the schematic design diagram for GASP. The imgpimeam is split three
ways with two used for polarimetry and the third, the extdctvaste light, for guidance and
finding. A Wollaston prism is used to split the two polarinietthannels and each individual beam
is picked off to either four individual APD modules or two ENDD detectors. The overall quantum
efficiency (DQE) of each beam is 8-12% with the higher numleémndpfor the EMCCD system and
the lower for the APDs.
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4. Calibration

Polarimeters are among the hardest instruments to cailrastronomy. Normally the instru-
mental polarization is determined and is subtracted fragrdiita. This means that the polarimeter
must be designed to have the analyser as soon as possibi&lighthpath as other elements may
depolarize the input. GASP works by purposely polarizirg lthht before the analysers so a dif-
ferent calibration method is used. A Polarization Statedeaior (PSG) Generates four linearly
independent, optimized [1, 5], Stokes vectors which aresored in the lab. The PSG vectors are
passed through the system and four respective intensitgrgegre recorded. The system mat#éx,
is calculated byA = IW~1. WhereW and| are 4x 4 matrices formed by the 4 PSG and intensity
vectors respectively. No instrumental polarization wiist as this is a total polarimeter and this
has been calibrated out. The calibration is verified by méagyolarization and zero polarization
standard stars.

4.1 ECM Calibtation

Calibration of the polarimeter is achieved through the Bigdue Calibration Method (ECM)
[5]. All one has to do is measure the Mueller matrices of 4 kmdwgh quality samples, Air, a
polarizer at @ and 90 and a QWP at 28 Eigenvalues analysis of the 4 Mueller matrices a linear
mapping algorithm, unambiguously determines the errorection matrices foA andW. The
ECM method achieves 1% accuracy, consequently the poleimoan then measure polarization
with similar accuracy.

5. Current Progress

GASP has been tested on the 1.5m Cassini telescope at Lolasern@tory, Bologna. Here
we show the results on two standards - one a 50% polarisedes@RL 2688 and the other an
unpolarised standard - BD+32 3739. Fig 3 shows an instrumxation test where we show the
measured angle of polarisation as a function of instrumdehtation with respect to parallactic
angle on the sky. Fig 4 shows the the measured intensitiestbfdmurces again as a function of
relative instrument orientation. The significance of thdsttis that under rotation the degree of
linear polarisation should remain constant whilst the argfl polarisation should vary precisely
with the rotation angle, even though each of the four outmaniss will vary sinusoidally. This
is demonstrated in upper two panels, thus proving that thea&ixncan be correctly calibrated to
allow accurate inversion of tHevector, yielding theés vector for individual frames. The fluctuations
in Stokes | and U/Q were consistent with our model for the pgapion of Poisson noise. Fig f3
shows the determined degree of polarisation for a serieslaf 8xposures of CRL 2688 using the
Cassini telescope. This will be equivalent tezdb ms exposures of the Crab pulsar on a 8m class
telescope.
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Figure3:

CRL2688 - Rotation Test

140 -

Y =1.00544x + 09613 #

[+

Polarization angle

Rotation angle

Polarization angle versus field rotation for the rotaticst t&f a polarised source.

Raw Intensities of Rotation Test

25

20 L

&
£ . . 1 = CHI - CRL268%
K " = CH2 - CRL2688
.
£ P * 4 CH1 - BD+32 3739
E L
2 . n 4 « CH2 - BD+323739
@ 10 =
= LN
5
INENEAEA R AR P AP S RNENENA AR AP RPEFENYRNANENER
Ao oA | Ll [ Ak ] fa
0
0 20 40 60 80 100 120 140 160 180 200

Rotation angle (degrees)

Figure4: Raw channel outputs (chl and ch2) for the rotation test ofariged (CRL 2688) and unpolarised
(BD+32 3739) sources.

Galway Fellowship programme for their financial assistan8eience Foundation Ireland, who
supported the development of GASP under grant 05/RFP/PBE 00

Antonello de Martino, for advice and support and for the la@drequipment including the
original “Compain & Drevillon” RBS

References

[1] R. Azzam, I. EIminyawi, and A. M. El-Saba. General an&ynd optimization of the four-detector
photopolarimeterJournal of the Optical Society of America A, 5:681-689, May 1988.

[2] R. M. A. Azzam. Division-of-amplitude photopolarimet@oap) for the simultaneous measurement of
all four stokes parameters of lighptica Acta, 29(5):685-689, 1982.



GASP- Galway Astronomical Stokes Polarimeter

CRL2688 (50% polarized 0.1s per sample)
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Figure 5: Degree of polarization versus time for CRL2688 showing this& characteristics of the series
with 0.1 s exposures
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