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ABSTRACT

Context. The origin, evolution, and ultimate fate of magnetic cataclysmic variables are poorly understood. It is largely the nature of
the magnetic fields in these systems that leads to this poor understanding. Fundamental properties, such as the field strength and the
axis alignment, are unknown in a majority of these systems.

Aims. We undertake to put all the previous circular polarization measurements into context and systematically survey intermediate
polars for signs of circular polarization, hence to get an indication of their true magnetic field strengths and try to understand the
evolution of magnetic cataclysmic variables.

Methods. We used the TurPol instrument at the Nordic Optical Telescope to obtain simultaneous U BV RI photo-polarimetric obser-
vations of a set of intermediate polars, during the epoch 2006 July 31-August 2.

Results. Of this set of eight systems two (1RXS J213344.1+510725 and 1RXS J173021.5-055933) were found to show significant
levels of circular polarization, varying with spin phase. Five others (V2306 Cyg, AO Psc, DQ Her, FO Aqr, and V1223 Sgr) show
some evidence for circular polarization and variation of this with spin phase, whilst AE Aqr shows little evidence for polarized emis-
sion. We also report the first simultaneous UBVRI photometry of the newly identified intermediate polar 1IRXS J173021.5-055933.
Conclusions. Circular polarization may be ubiquitous in intermediate polars, albeit at a low level of one or two percent or less. It is
stronger at longer wavelengths in the visible spectrum. Our results lend further support to the possible link between the presence of

soft X-ray components and the detectability of circular polarization in intermediate polars.

Key words. infrared: stars — polarization — stars: binaries: general — stars: magnetic fields

1. Introduction to magnetic cataclysmic variables

Cataclysmic variables (CVs) are a class of binary system in
which a main sequence star (the secondary) transfers matter
to its white dwarf (WD) companion (the primary), via Roche
lobe overflow. Within this class there is a division of systems
based upon the magnetic field strength of the WD, the non-
magnetic (or only very slightly magnetic) CVs and the magnetic
systems (mCVs). This is an important distinction, as the pres-
ence of a magnetic field on the WD has a profound effect on the
structure and evolution of the system, since the accreting mate-
rial is a plasma, its motion is subject to the field. In mCVs the
accreting material typically attaches itself to the magnetic field
lines close to the magnetospheric radius and is funnelled toward
the WD surface. If the WD has a dipole magnetic field struc-
ture then this has the effect of concentrating the accreting ma-
terial into small regions above the magnetic poles. The material
reaches supersonic speeds as it is accelerated toward the surface
under the influence of gravity. It then goes through a shock as
it decelerates to subsonic speeds. This matter then cools as it
falls to the surface, emitting hard X-rays (kT ~ 10-60 keV)
via bremsstrahlung radiation and optical/infrared cyclotron
radiation. Many mCVs also exhibit a soft X-ray component,

* Based on observations obtained at the Nordic Optical Telescope at
the Roque de los Muchachos Observatory in La Palma.

which is thought to occur due to either some of the accreting
material somehow avoiding the shock and directly impacting
the surface of the WD (see e.g. Motch et al. 1996), or from the
reprocessing of hard X-rays (see e.g. Lamb & Masters 1979).
Recently Evans & Hellier 2007 have suggested that this compo-
nent is in fact present in all mCVs, and that its detection depends
on whether geometric factors allow it to be seen or not.

The mCVs are themselves divided into two groups based
upon their periodicities, which are in turn assumed to im-
ply different magnetic field strengths. The polars contain syn-
chronously rotating WDs, whilst in intermediate polars (IPs) the
WDs rotate asynchronously with respect to the binary orbit.

The polars typically have a magnetic field strength of the or-
der 10-100 MG. This has the effect of channelling the accreting
material onto the WD surface before an accretion disc can form.
Furthermore, the magnetic field of the WD extends to the body
of the secondary and will act to synchronize the spin and orbital
periods of the system. Typically the polars are found to have an
orbital and spin period of less than two hours. For an overview
of polars see e.g. Cropper (1990).

IPs are asynchronous systems, generally believed to have a
magnetic field strength of approximately 1-10 MG. This smaller
field means that matter falls inward toward the WD in much the
same way as in non-magnetic CVs. However, at some critical
distance from the WD, the magnetic field will begin to dominate,
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and the accretion process is altered. It then carries on in much the
same way as in the polars. For a comprehensive review of IPs see
e.g. Warner (1995) or Patterson (1994).

Non-magnetic CVs evolve from long orbital periods (a few
hours) to short orbital periods (just over an hour). The proposed
explanation for this evolution is magnetic braking and gravita-
tional radiation (King 1988). Both these processes should also
be present in mCVs and since IPs generally have a longer or-
bital period than the polars it was suggested that IPs evolve into
polars (Chanmugam & Ray 1984). This hypothesis has not been
widely accepted as there is little evidence of strong magnetic
fields in IPs. There are however some IPs with a similar mag-
netic field strength to the polars, up to 30 MG in the case of
V405 Aur (Piirola et al. 2008).

Cumming (2004) suggested that the relatively high accre-
tion rate in IPs may suppress the magnetic field by overcoming
ohmic diffusion, such that magnetic flux is advected into the in-
terior of the WD. This would cause the surface magnetic field
to appear less than it really is. Considering the evolution of non-
magnetic CVs, i.e. the orbital period decreases until ~3 h when
the accretion effectively “turns oft” then it resumes at ~2 h, al-
lows a regime where an IP may have its “true” magnetic field
resurface when the accretion turns off, allow synchronization,
then reappear as a polar when the accretion resumes at a lower
rate. This theory also ties in with studies of isolated WDs, where
peak magnetic fields of ~10° G are seen, whereas in binaries
the field strength is typically an order of magnitude smaller (the
maximum seen is 230 MG in AR UMa Schmidt et al. 1996)
(Wickramasinghe & Ferrario 2000).

In order to test any evolutionary hypotheses an accurate de-
termination of the magnetic fields present in IPs is needed. The
best way of doing this is via circular polarization measurements.

Here we report the first paper in our survey of circular po-
larization emission from IPs. Initially we summarise the field as
it stands, in order to put our survey in context (Sect. 2). Then
we outline the method we use and the style of reporting our
data (Sect. 3). Then we report the results of each of the targets
(Sect. 4), followed by a discussion of each (Sect. 5). We have fur-
ther data in hand for some of the Southern Hemisphere targets
that we will be reporting in the near future.

2. Circular polarization
2.1. mCVs

In an accretion column in a mCYV there will be material accreting
onto the magnetic poles of the WD. The electrons in this material
will spiral along the magnetic field lines as they fall to the sur-
face, emitting circularly polarized radiation. The inhomogene-
ity of the magnetic field structure, the velocity of the electrons,
and their varying temperature will have the effect of causing
the electrons to emit a broad harmonic structure. By modelling
the polarized radiation given off (i.e. simulating the harmonic
structure) it is possible to estimate the magnetic field strength
of the WD. Wickramasinghe & Meggitt (1985) did this for a
range of magnetic field strengths in polars. Their models take
into account the magnetic field strength, the temperature, the
plasma parameter, and the viewing angle. These four variables
cause the modelling to give non-unique solutions for the fitting
of the harmonic curve. Their model has been used extensively
in estimating the magnetic field strength in polars by measuring
the level of circular polarization in different wave-bands (see e.g.
Piirola et al. 1987a,b; Katajainen et al. 2003) and has also been
used in IPs (see e.g. Piirola et al. 1993).
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The polarized light measured in mCVs is generally quoted as
a fraction of the total incoming radiation. In polars the source of
the unpolarized and polarized radiation should vary at the same
period — the orbital period. In IPs however, the situation is more
complex. The presence of an accretion disc, that emits at op-
tical frequencies, will dilute the measured polarization. If the
flux from the accretion disc varies at any period other than the
spin period then this will dilute the signal in a complex fash-
ion. Added to this are the possible presence of a hot spot and
the emission from the secondary which will vary at the orbital
period.

The geometry of the accretion column is also an issue, since
the circular polarization is not given off in all directions (see
e.g. Norton et al. 2002). The specific size/shape of the accretion
column will therefore affect the emission.

Another likely complexity is that the magnetic field structure
of the WD may not be dipole-like. This could lead to multiple
accretion columns at multiple magnetic poles. If the magnetic
field is close to being a dipole it is also possible that it could
be offset from the centre, leading to one pole appearing to be
stronger than the other and not at diametrically opposed poles.
This complexity is further confounded by the very fact that the
accreting material does not come from infinity, in which case
even an ideal dipole would not form an accretion column at ex-
actly the position of the magnetic poles.

Given all these complications we cannot be certain what the
average magnetic field strength really is in IPs, it is possible that
estimates of the field strength are over an order of magnitude
understated. What we are then assuming to be low number har-
monics of a low magnetic field may be high number harmonics
of a much larger field.

2.2. Method of circular polarization detections

Assuming circular polarization in IPs can be measured in a sim-
ilar way to polars and that IPs are of a comparable field strength,
implies that harmonics will be present in the UV-IR. The optimal
method to reveal these harmonics would be spin phase resolved
circular spectro-polarimetry. This requires very large telescopes
with very specialised instrumentation allowing high time resolu-
tion data collection. This is beyond the scope of this study, there-
fore we concentrate on the more readily available technique of
circular photo-polarimetry.

The general principle of circular photo-polarimetry is to
measure the fraction of polarized radiation after a 1/4 wave plate,
which converts circular polarization into linear polarization. This
process introduces biases however, for example, incomplete 90°
retardation by the wave plate. These biases may cause so called
“Stokes parameters cross talks”, particularly in the case of tar-
gets with non-negligible linear polarization. These cross talks
can effectively be eliminated by rotating the wave plate to at
least two different wave plate angles and then calculating a sin-
gle measurement of the circular polarization by using flux values
from both positions. This process has an important effect on the
temporal resolution of the data, since enough time must be spent
integrating on the target to get a good signal to noise value, and
if this has to be done multiple times then the temporal resolution
will suffer.

By taking simultaneous circular polarization measurements
in different pass-bands a clearer understanding of the harmonic
structure may be gained. If the pass-bands are defined to have a
range comparable to the expected width of the harmonics then
comparison of the circular polarization in each band gives an
indication of the magnetic field strength.
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The method of reporting the level of circular polarization is
rather ambiguous, some authors quote the average level through-
out their observing run (e.g. Stockman et al. 1992), some give or-
bitally binned data, but most report data phase binned at the spin
period. Each method may have the effect of giving a different
interpretation of the magnetic field (see e.g. Uslenghi et al. 2001
where the data is presented in mean, spin binned and orbitally
binned format). The average value approach could potentially
smooth a sinusoidal-like variation, with an arbitrary amplitude
and zero offset, to an average of zero. Phase binning at the or-
bital period may be severely affected by the variation in orbitally
varying unpolarized light. Phase binning over the spin period
can reduce both these effects, and since the circular polarization
is thought to originate from the accretion column (emission from
which varies at the spin period) this is therefore the most desir-
able approach. The base line chosen needs to be sympathetic to
the orbital variation, i.e. either be short in relation to the orbital
period, or considered in chunks, and the integration time short
compared to the spin period.

2.3. Previous circular polarization detections in IPs

DQ Her was the first IP (although not classified as an IP at
the time) to have circular polarization detected (Swedlund et al.
1974). This white light detection was carried out over the course
of three months allowing many measurements over the entire
4.6 h orbital period. The level of circular polarization was found
to vary periodically over the spin period (142 s) and to be both
positive and negative. This variation was found to have a dif-
ferent profile over the orbital period also. The maximum ampli-
tude of variation was found to be approximately 0.6%. Stockman
et al. (1992) also measured the level of circular polarization on
DQ Her, they found a mean level of +0.01 + 0.01%, however,
they remark that short period systems will have their levels of
reported circular polarization reduced due to the long measure-
ment times.

The next detection of circular polarization in an IP was
BG CMi (Penning et al. 1986; West et al. 1987). Measurements
were taken in five different pass bands at various times over four
months. This allowed the measurements to be plotted over the
orbital period (3.75 h). In the 1.10-1.38 um band the data were
distributed randomly about the mean of —1.74 + 0.26% indicat-
ing no orbital modulation. Phase binning the data at the spin
period (15.9 mn) showed a coherent modulation, however the
variation was within two sigma of being zero. West et al. (1987)
also considered the variation of the circular polarization with the
passband, they found that the amplitude detected increased with
wavelength, ranging from —0.053 + 0.051% at 0.32-0.86 um to
—4.24 + 1.78% at 1.40-1.65 um.

PQ Gem (RE 0751+14) was found in the early 1990’s to
exhibit significant circular polarization which was modulated at
the spin period (Rosen et al. 1993; Piirola et al. 1993; Potter et al.
1997).

Since then, several IPs have been found to exhibit similar
behaviour, or have had upper limits placed on their circular po-
larization (see Table 1 for a summary of all measurements).

V2306 Cyg is the only reported IP to show significant pos-
itive polarization in one band and negative in another (Norton
et al. 2002), this requires two opposite poles to be seen and for
them to be in different states (i.e. one or more of the temperature,
geometry, accretion rate etc must be different at the two poles).
In all the other cases the polarization has the same sign across
the different wave bands.
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Each significant (non-zero) measurement of circular polar-
ization has had an estimate of the magnetic field present on the
WD attributed to it. Different approaches to modelling the emis-
sion have lead to differing inferred values however (see Table 2).

Given the rather disparate nature of previous studies, which
generally tend to have information lost in the style of reporting,
we have initiated a survey to conclusively measure the degree of
circular polarization and comprehensively characterise its nature
in IPs.

3. Observations

Observations were carried out at the 2.56 m Nordic Optical
Telescope (NOT) on the island of La Palma over three consecu-
tive nights starting 2006 July 31. The telescope was fitted with
the TurPol instrument. This is the double image chopping po-
larimeter (Piirola 1973, 1988; Korhonen et al. 1984), which is
able to perform simultaneous photo-polarimetric measurements
in all UBVRI bands, by using four dichroic filters (which split the
light into five spectral pass-bands). The pass-bands are defined
as having an effective wavelength of 360, 440, 530, 690, and
830 nm for each of UBVRI respectively. By inserting a plane par-
allel calcite plate into the beam before the focal plane, polariza-
tion measurements are possible. The calcite splits the incoming
light into two components, the ordinary and the extra-ordinary,
which are orthogonally linearly polarized. A diaphragm in the
instrument has two apertures, one passes the star’s ordinary com-
ponent, the other passes the extra-ordinary component. A chop-
per opens and closes the apertures alternately, illuminating the
photo-cathode of the photomultiplier tube. By measuring the rel-
ative intensities of components after a wave-plate, (which may
be rotated in 90° steps) the degree of circular polarization of the
light entering from the star can be calculated. Both components
of the sky background pass both diaphragms, and the polariza-
tion of the sky is thus directly eliminated. In addition, measure-
ments of empty sky are also done at 10 mn intervals, as this sky
value is needed in calibration of the photometry.

For one polarization data point, normally at least four mul-
tiples of the integration time plus mechanical dead-time (few
seconds) generated from rotation of the wave plate is needed,
assuming that the circular polarization is measured from two dif-
ferent wave plate positions. This will have the effect of “smear-
ing” out the data on some very short period objects, and therefore
may under report their true polarization value. In this study, as
some of the targets show remarkable variability within a short
timescale, we have chosen in those cases to use only one wave
plate position measurement, instead of two. The reduction soft-
ware was altered in such a way that it could take a circular polar-
ization measurement from only one position of the wave plate.
This single position polarization measurement improves the tem-
poral resolution of the data, but at the cost of increasing the un-
certainty on the measurement as the biases are not cancelled out.

The targets chosen for this northern hemisphere survey are
those in Table 3, and the observing log in Table 4. Note the
very short period systems (AE Aqr (33 s), DQ Her (142 s), and
RX1730 (128 s)) have one orientation of the wave-plate per mea-
surement, and the other targets have two.

The instrumental polarization was small in all bands (see
Table 5). The circular polarization standard star GRW+70 8247
(West 1989) was used to check the calibration, the values re-
ported here are consistent with previous measurements of the
standard. The uncertainties quoted on each circular polarization
measurement are based on photon noise and are one sigma.
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Table 1. Summary of previously measured circular polarization in IPs.

O. W. Butters et al.: Circular polarization survey of intermediate polars. I.

Name Wavelength range®  Mean Min Max  Integration time Total time  Ref.!
(nm) (%) () ()  (3)
AE Aqr 350-920 —-0.03 £ 0.02 15 140 min 1
1 —-0.06 + 0.03 15 150 min 1
350-570 —-0.06 £ 0.02 5 390 min 1
320-860 +0.01 £ 0.02 8xI° x2 2
590-860 —-0.01 £ 0.01 14 34 min 2
320-860 -0.13 £0.03 8xI° x5 2
320-860 +0.01 £ 0.01 8 x I° %3 2
1150-1350 +0.06 + 0.08 4 min 2
1450-1650 —-0.80 + 0.60 7 min 2
500-750 +0.07 £ 0.02 5 255 min 3
(550) +0.06 + 0.01 5 323 min 3
AO Psc 570-920 +0.03 £ 0.03 240 180 min 1
1 240 180 min 1
320-860 —-0.05 +0.06 8xI° x1 2
660-860 +0.00 + 0.07 gxI° %3 2
320-860 +0.03 £ 0.03 8xI° x2 2
BG CMi 640-860 —-0.24 + 0.03 2x ~30 4
320-860 —-0.05 £ 0.05 5
720-860 —-0.25 £ 0.06 5
1110-1380(1250) -1.74 £ 0.26 5
1400-1650(1500) —4.24+1.78 5
DQ Her 370-580 -0.6"  +0.6> 142 ~1980 min 6
320-860 +0.01 +0.01 250 min 2
EX Hya 570-920 —-0.02 £ 0.04 240 200 min 1
590-860 +0.01 £ 0.02 24 68 min 2
FO Aqr 640-860 +0.06 + 0.02 4
330-920 —-0.01 +0.02 120 200 min 1
I +0.11 £ 0.07 240 200 min 1
320-860 —-0.06 + 0.04 gxI° x2 2
320-860 +0.01 £ 0.04 8xI° x6 2
720-860 -0.01 £0.17 gxI° x5 2
1150-1350 +0.19 £ 0.13 51 min 2
1150-1350 +1.09 £ 0.31 141 min 2
Visual +0.11+0.13  -02> +03* 28 270 min 7
IR -0.01+0.55 -1.3" +0.8> 28 270 min 7
GK Per 1150-1350 +0.03 £0.10 45 min 2
PQ Gem U +0.0 £ 0.6 80 min 8
B +0.0 £ 0.6 80 min 8
14 +0.0+0.9 80 min 8
R -1.1  +0.6 80 min 8
U -0.4*  +0.3" 8x5 162 min 9
B -03*  +0.4> 8x5 162 min 9
14 -0.7%  +0.7% 8x5 162 min 9
R -1.5>  +0.7% 8x5 162 min 9
1 27 +15 8x5 162 min 9
U -0.5"  +0.3 ~730 min 10
B -0.2>  +0.3% ~730 min 10
14 -0.6> +0.4% ~730 min 10
R -1.0>  +0.2° ~730 min 10
1 -13"  +1.3 ~730 min 10
J -12°  +1.0° ~270 min 10
K 2.0 +1.3 ~460 min 10
RXJ2133 (360) +0.90 £0.06 -02" +15 4x24 229 min 11
(440) +1.12+£0.05 +02° +25 4x24 229 min 11
(530) +1.17+0.09 -03* +35 4x24 229 min 11
(690) +0.85+0.07 +0.2> +3 4 %24 229 min 11
(830) +0.89+0.08 -0.4" +25 4x24 229 mn 11
TV Col 640-860 —-0.03 £ 0.04 4
320-860 —-0.13 +£0.09 gxI° x1 2
320-860 -0.07 £ 0.07 8xI° x3 2
320-860 —-0.08 +£0.10 §xI° x1 2
V1223 Sgr 350-920 —-0.06 + 0.03 240 144 min 1
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Table 1. continued.
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Name Wavelength range® Mean Min Max Integration time ~ Total time  Ref.!
(nm) (%) (%) (%) )
I+ R —-0.04 £ 0.07 240 563 min 1
14 -0.48 +0.62 >-2 <+2 14 12
R +0.03 £ 0.13 >-05 <+05 14 12
J -0.36 £0.13 > -1 <+05 14 12
K +1.14 £ 1.26 >-8 <+8 14 12
V2306 Cyg  (360) +0.04 + 0.06 8 x 10 (210) 872 min 13
(440) +0.16 + 0.08 8 x 10 (210) 872 min 13
(530) +0.18 £ 0.11 8 x 10 (210) 872 min 13
(690) —-0.55 £ 0.08 -1.3° +1° 8 x 10 (210) 872 min 13
(830) -0.91+0.14 -1.7° +0.4° 8 x 10 (210) 872 min 13
B +0.32 £0.10 -0.3% +0.7° 58 52 min 14
R -1.99 +0.11 -52b -0.6" 45 55 min 14
V2400 Oph WL -2.9% -1.0° 120 & 180 ~900 min 15
14 ~—1.8? -4.8° -1.0° 120 ~33 min 15
R ~-2.3b -5.1° -0.5° 120 ~71 min 15
I ~—3.3 -6.0° -1.0° 120 ~32min 15
320-700 (470) —-0.90 +0.03 50 16
560-900 (700) -2.82+0.04 50 16
V405 Aur 500-750 1.8 (Semi-amp) 17
U -2 +2 8 x 12 (96) 1328 min 18
B -3 +3 8 x 12 (96) 1328 min 18
14 -3 +3 8 x 12 (96) 1328 min 18
R -2 +2 8 x 12 (96) 1328 min 18
I -1 +1 8 x 12 (96) 1328 min 18
YY Dra 320-860 +0.09 +0.10 &xI° x1 2

@ Numbers in parentheses indicate the effective wavelength of the filter; * estimated from plots; ¢ I corresponds to an unspecified time between

0.5-1 mn; ¢ constant polarimeter position.

! References — (1) Cropper (1986); (2) Stockman et al. (1992); (3) Beskrovnaya et al. (1996); (4) Penning et al. (1986); (5) West et al. (1987);
(6) Swedlund et al. (1974); (7) Berriman et al. (1986); (8) Rosen et al. (1993); (9) Piirola et al. (1993); (10) Potter et al. (1997); (11) Katajainen
et al. (2007); (12) Watts et al. (1985); (13) Uslenghi et al. (2001); (14) Norton et al. (2002); (15) Buckley et al. (1995); (16) Buckley et al. (1997);

(17) Shakhovskoj & Kolesnikov (1997); (18) Piirola et al. (2008).

The zero points of the UBVRI magnitude scale were deter-
mined by observations of Landolt standards (109954, 111 250,
1112093 and 114 637; Landolt 1992) during each night.

4. Results

Successful measurements are outlined for seven of the tar-
gets below. The results of RXJ2133 are reported separately in
Katajainen et al. (2007).

Given the ambiguity in the previously reported results, we
give our data in multiple formats. The average value over the
run will show any large unmodulated polarization (like that in
BG CMi) and allow comparison with most of the previous mea-
surements. The peak amplitude (of the spin folded and phase
binned data) gives an idea of how modulated the system is. The
peak to peak value shows whether or not both magnetic poles can
be seen, and gives the best indication of the presence of modula-
tion.

4.1. AE Agr

AE Agqr has the shortest spin period of all the known IPs (~33s),
and a relatively long orbital period of 9.88 h. Observed over
two nights it was at an orbital phase of 0.6 and 0.3 from su-
perior conjunction of the WD with respect to the secondary
on the two nights respectively (Welsh et al. 1993). We used a
spin period of 0.000382833 d, calculated for July/August 2006
from the ephemeris of de Jager et al. (1994). The zero spin

Table 2. Inferred magnetic field strengths from the measured circular
polarization in IPs.

Name Inferred magnetic ~ Reference
field strength (MG)

BG CMi 5-10 West et al. (1987)

3-10 Chanmugam et al. (1990)
PQ Gem 8-18 Piirola et al. (1993)

9-21 Vaeth et al. (1996)

9-21 Potter et al. (1997)
V2400 Oph >8 Buckley et al. (1995)

9-27 Vaeth (1997)
V405 Aur ~30 Piirola et al. (2008)

phase point used here is arbitrarily set to the midnight epoch
at HID 2453949.5.

Over the two nights this system showed a marked difference
in its behaviour. During the first night the U band exhibited sig-
nificant flickering and a general trend of an increase in magni-
tude (see Fig. 1). This was mirrored in the raw U band circular
polarization where the magnitude increased as the run went on.
On the second night the U band exhibited significantly less flick-
ering. This was a trend that was seen in all bands to some extent
(see Fig. 1). This flickering is a well known feature of AE Aqr
(see e.g. Beskrovnaya et al. 1996). With this in mind the data
from the two nights is presented separately.

The short period of the system is such that the temporal res-
olution must be as small as possible to search for any periodic
variations. In order to satisfy this only one position of the wave
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Table 3. Target list.

Name 2000 62000 Vv Pgpin Por
(mag)  (s) ()

RXJ1730 17:30:21  -05:59:32  15.8 128.0 15.42
DQ Her 18:07:30  +45:51:32 13 142.1 4.65
V1223 Sgr 18:55:02 -31:09:48 13.2 745.6 3.37
V2306 Cyg 19:58:14  +32:32:42 16 1466.7 4.35
AE Aqr 20:40:09 —00:52:16 12 33.1 9.88
RXJ2133 21:33:44  +51:07:24 153 570.8 7.19
FO Aqr 22:15:55 -08:21:05 13.5 1254.5 4.85
AO Psc 22:55:17  -03:10:39  13.3 805.2 3.59

RXJ1730 = 1RXS J173021.5-055933;
RXJ2133 = 1RXS J213344.1+510725.

plate was used for each polarization measurement. On the first
night an integration time of ~3 s was used, this gave an overall
temporal resolution of ~8.5 s. On the second night an integration
time of ~1 s was used, giving a temporal resolution of ~4.5 s for
a full polarization measurement. Even at this short time scale the
measurements will be smoothed to some extent. The data was
folded and binned into 10 bins over the spin cycle (see Figs. 2
and 3). Both nights show a very small amplitude circular polar-
ization. However in the raw data, values with an amplitude of
over 2% (with a typical error of 0.6%) are not uncommon.

The mean values in each band (over each of the nights) are
all within three sigma of zero. The peak amplitude is 0.80 +
0.39% and the maximum peak to peak value is 1.22+0.48% (see
Table 6). The short spin period means that this data set covers
many spin periods, and therefore the signal to noise is good.

4.2. AO Psc

AO Psc is a typical IP with a spin and orbital period of 805.2 s
and 3.59 h respectively. Using the orbital ephemeris of Kaluzny
& Semeniuk (1988), AO Psc was at an orbital phase of 0.14 from
the maximum optical light. We note that the error in the calcula-
tion of this phase is small, but the ephemeris is old (20 years) so
it may be somewhat out of date. The spin ephemeris has an ac-
cumulated uncertainty of greater than one spin, so we have used
a zero point of HID 2453 949.5. The spin period from Kaluzny
& Semeniuk (1988) of 0.0009319484 d was used.

Each polarization measurement consisted of two positions
of the wave plate at 10 s each. The polarization data was then
binned into eight bins across the spin cycle. The mean values in
each band were within three sigma of being zero. The maximum
amplitude in the binned data was 0.86 +0.37%, with a maximum
peak to peak variation of 1.30 + 0.50%, see Fig. 4 and Table 6.
This peak to peak variation is less than three sigma, so we cannot
claim this as a reliable detection of variable polarization.

4.3. DQ Her

DQ Her has an orbital period of 4.65 h and a spin period of
142 s. Using the ephemerids of Zhang et al. (1995) DQ Her was
at an orbital phase of 0.23 from the optical eclipse. We used an
arbitrary zero point of phase as HID 2453 948.5. A spin value
of 0.00164504 d was used.

Due to the short period, a single wave plate position was
used for an integration time of 10 s. The data was binned into
ten bins over the spin period. All of the mean polarization values
are less than three sigma from zero. The maximum amplitude
seen is 0.64 + 0.31% and the maximum peak to peak value was
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1.00 + 0.39% (see Table 6), this is less than a three sigma detec-
tion of variation (see Fig. 5).

4.4. FO Aqr

FO Aqr has an orbital period of 4.85 h and a spin period of
1254.5 s. Using the ephemeris of Patterson et al. (1998), FO Aqr
was at an orbital phase of 0.98 from the dip in the optical light
curve at the start of this observation. It was also at a spin phase
of approximately 0.6 from pulse maximum, but we note that
FO Aqr is rather erratic and this value may be some way off
now, so zero phase was arbitrarily set to HID 2453 948.5. Here
a spin value of 0.014519035 d from Patterson et al. (1998) was
used.

Each polarization measurement was taken with two positions
of the wave plate with an integration time of 10 s in each. The
data was binned into four bins over the spin cycle. The mean
circular polarization was within two sigma of being zero in each
band. A peak amplitude of 1.15 + 0.65% is present in the / band
(see Fig. 6). The peak to peak values had a maximum of 1.43 +
0.80% (see Table 6).

4.5. 1RXS J173021.5-055933

IRXS J173021.5-055933 (RXJ1730) is a relatively newly clas-
sified IP. It has a reported orbital period of 15.42 h and spin pe-
riod of 128.0 s (Ginsicke et al. 2005). This short period (and
therefore large number of spin cycles) has rendered the spin
ephemeris of de Martino et al. (2008) out of date, and there
is no published orbital ephemeris. Zero spin phase was set to
HID 2453950.5. A spin period of 0.001481481 d (Génsicke
et al. 2005) was used.

Here the first simultaneous UBVRI photometry of this object
is presented (see Fig. 7). The photometry exhibits a double peak
profile with equal maxima and unequal minima in each band.
The photometric CLEANed (Lehto 1997) periodograms of each
individual band are shown in Fig. 8. The spin period is seen at a
value of 128.1+0.7 s and the first harmonic at 64.0+0.2 s (uncer-
tainties based on a one sigma Gaussian fit to the periodogram).
The spin peak is seen strongest in the V band.

The wave plate was positioned in one orientation for each
circular polarization measurement for 10 s. The data were binned
into 15 bins over the spin cycle. In each band the mean circular
polarization was within two sigma of being zero. The biggest
amplitude modulation was 4.26 + 1.09% and the greatest peak to
peak value was 8.26 = 1.56% (see Table 6). The spin period was
recovered from a period search of the B band circular polariza-
tion also. The short spin period means that many spin cycles (69)
were completed, this leads to a high confidence in this data set.

4.6. V1223 Sgr

V1223 Sgr has a spin and orbital period of 745.6 s and 3.37 h re-
spectively. Using the orbital ephemeris of Jablonski & Steiner
(1987) V1223 Sgr is at an orbital phase of 0.83 from the
maximum light, again this phase is valid with respect to the
ephemeris, but the ephemeris is over 20 years old. The spin
ephemeris has accumulated too much uncertainty to be useful
here, so zero phase was arbitrarily set to HID 2453950.5. A
spin value of 0.00863 d from Osborne et al. (1985) was used.
The polarization measurements consisted of two positions
of the wave plate, each of 10 s. The data was binned into ten
bins across the spin cycle. The mean values of the circular
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Table 4. Observing log.
Name Start time End time Duration  No. of Py,  No. of Py,  Filters Exposure time? Resolution® V¢
(HID?) (HID%) (mins) (s) (s) (mag)

DQ Her 13948.4240 13948.5349  159.7 0.57 67.4 UBVRI 1x10 ~24 14.5
RXJ2133 13948.5732  13948.6542 116.6 0.27 12.3 UBVRI 4x10 ~96 15.3
FO Aqr 13948.6933  13948.7091 22.8 0.08 1.1¢ UBVRI 2x10 ~48 13.9
AE Aqr 13949.5103  13949.5704 86.5 0.15 156.8 UBVRI 1x3 ~8.5 11.4
V2306 Cyg 13949.5794  13949.6528 105.7 0.40 4.3 UBVRI 2x10 ~48 14.7
AO Psc 13949.7047  13949.7194 21.2 0.10 1.6° UBVRI 2x10 ~48 13.2
RXJ1730 139504112 13950.5134 147.2 0.16 69.0 UBVRI 1x10 ~24 16.3
V1223 Sgr 13950.5298 13 950.5871 82.5 0.41 6.6 UBVRI 2x10 ~48 13.7
AE Aqr 13950.6224 13 950.6366 20.4 0.03 37.0 UBVRI 1x1 ~4.5 11.6
RXJ2133 13950.6455 13950.7187 1054 0.24 11.1 UBVRI 4x10 ~96 15.2

@ +2440000; ® the number of orientations of the wave plate, and the time spent at each orientation; ¢ the resolution is roughly the number of
orientations of the wave plate multiplied by the exposure time multiplied by two (to account for the ordinary and extraordinary measurements)

plus some mechanical dead time; ¢

Table 5. Calibration data (taken on the first night).

Instrumentational Measured standard
polarization polarization

Band Value uncertainty ~ Value uncertainty
(%) (%) (%) (%)

U —0.005 0.030 +0.126  0.103

B -0.064 0.024 -3.607 0.112

Vv -0.017 0.028 -3.959 0.166

R -0.011  0.024 -4.064 0.156

1 -0.059 0.029 -2.647 0.226

polarization are all within three sigma of being zero. The max-
imum amplitude variation was 1.30 + 1.12% in the U band and
the maximum peak to peak value was 2.16 + 1.22% (see Fig. 9).
The peak to peak values are all within three sigma of being zero
(see Table 6).

4.7. V2306 Cyg

V2306 Cyg has an orbital period of 4.35 h and a spin period of
1466.7 s (Norton et al. 2002; Zharikov et al. 2002). The spin
ephemeris of Norton et al. (2002) was used to phase the spin
variations here.

Each polarization measurement consisted of two positions of
the wave plate, each position being 10 s. The data were binned
into 15 bins over the spin cycle. The maximum amplitude cir-
cular polarization was 1.06 = 0.41% in the I band. The mean
circular polarization in each band is consistent with zero (see
Table 6). The maximum peak to peak value (1.95 + 0.66% in
the 7 band) indicates that variation is present (see Fig. 10 and
Table 6).

4.8. Summary of results

Table 6 summarises the results obtained, this should now be used
in conjunction with the results in Table 1. As noted earlier, our
results on RXJ2133 have been reported separately in Katajainen
et al. (2007).

measured; ¢ these data sets are short and therefore the reported uncertainties are probably underestimated.
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Fig. 1. Raw UBVRI photometry of AE Aqr taken on the two nights. The
abscissa is in left plot is HID — 2453 949, in the right plot it is HID —
2453 950.

5. Discussion
5.1. AE Aqr

This is the first simultaneous UBVRI polarimetry measurement
of AE Aqr. In most previous measurements a broad band fil-
ter and/or a much too long integration time has been used (see
Table 1). This will have had the effect of smearing any polar-
ization out to almost zero. In the cases where a short integration
time has been used only a mean value has been reported, except
for Cropper (1986) where a maximum semi-amplitude of ~0.1%
was given.

The data reported here broadly agrees with the previous
mean measurements of close to zero. The small peak to peak
values are also in agreement with this. We do note that there is
a hint of circular polarization in the raw data (over 2% in places
— with a typical error of 0.6%).
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Fig. 2. Spin folded and phase binned simultaneous UBVRI photometry
(left) and circular polarization (right) plots of AE Aqr, taken on the first
night (HJD 2453 949). Zero phase corresponds to HID 2453949.5. A
spin period of 0.000382833 d was used.
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Fig. 3. Spin folded and phase binned simultaneous UBVRI photometry
(left) and circular polarization (right) plots of AE Aqr, taken on the sec-
ond night (HID 2453 950). Zero phase corresponds to HID 2453 949.5.
A spin period of 0.000382833 d was used.

Given the generally accepted view that AE Aqr is a propeller
system it seems intuitive to assume that it would have a large
magnetic field to power this regime. Norton et al. (2008) have
shown in their theoretical modelling that propellers can exist at
low magnetic field strengths when they are spinning sufficiently
fast. So a large magnetic field in AE Aqr is not necessarily re-
quired.
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5.2. AO Psc

This is the first simultaneous UBVRI polarimetric observation of
this target. All previous measurements have had a long integra-
tion time (3240 s) when compared to the spin period (805.2 s)
(see Table 1), so any variations shorter than this will have been
smeared out effectively.

The mean measured circular polarization values are consis-
tent with previous measurements (all of which were within one
sigma of zero) (see Table 1).

The peak to peak values show hints of variation, (1.30 %
0.50%) in the I band, but the detection is not conclusive. The
short data set (1.6 spin periods) means that the uncertainties in
this observation are large. This, coupled with the non-zero peak
to peak values and a tentative detection in the / band may war-
rant further investigation.

5.3. DQ Her

This is the first simultaneous UBVRI polarimetric observation
of DQ Her. The maximum level of circular polarization seen
here (0.64 = 0.31%) is consistent with the plots of Swedlund
et al. (1974) who illustrate a variation with a max/min of >0.5%.
They found that the polarization was also variable on the orbital
period, our data was just under 0.6 of a complete orbital period
so we cannot bin our data as they did, and we see no overall
trend in our data. Their pass band was approximately equal to
our UBYV bands combined.

The only other measurement of circular polarization in
DQ Her was that of Stockman et al. (1992). They give a broad-
band integrated result close to zero, this is likely consistent with
Swedlund et al. (1974) who see both positive and negative polar-
ization values. As such, this is the first published result of time-
resolved R and I band (as well as the first simultaneous UBVRI)
data. The largest departure from zero polarization is seen in the
I band here, and the raw data show up to 6 + 1%.

Although by itself this data cannot claim a significant circu-
lar polarization detection, when considered with the results of
Swedlund et al. (1974), it seems likely that DQ Her does ex-
hibit variable circular polarization. To make a definite conclu-
sion, more measurements are needed, particularly in the / band.

5.4. FO Agr

This is the first simultaneous UBVRI polarimetry of FO Aqr. All
previous measurements report a mean value close to zero, except
for in the 1.15-1.35 um range where +1.1 + 0.3% polarization
has been detected (see Table 1). The mean circular polarization
seen here is within two sigma of all the previous measurements
where there is an overlap in pass band (see Table 1). Since the
large value of the circular polarization in the / band has such a
large uncertainty we cannot claim this as a detection, although
it is possible that circular polarization is present at the level of
around 1%.

The short data set (1.1 spin periods) means that the uncer-
tainties are probably much higher than quoted. This system also
perhaps warrants further investigation, particularly in the / band.

5.5. RXJ1730

RXJ1730’s short spin period (128.0 s) and long orbital period
(15.4 h) make it a close sibling to the enigmatic AE Aqr (spin
and orbital periods of 33.1 s and 9.88 h respectively).
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Table 6. Summary of results. Min and max correspond to the phase binned data.

Target Filter = Mean Min Max Peak-Peak
(%) (%) (%) (%)
AE Aqr¢ U +0.02+0.02 -0.14+0.07 +0.13+0.10 0.27 +0.12
B +0.05+0.02 -0.00+0.06 +0.09+0.06 0.09 +0.08
Vv -0.02+0.02 -0.09+0.08 +0.04+0.07 0.13+0.11
R +0.01 £+0.01 -0.09+0.05 +0.11+0.06 0.20 +0.08
1 +0.06 +0.02 -0.00+0.06 +0.15+0.07 0.15=+0.09
AE Aqr® U +0.00+£0.08 -0.27+0.26 +0.38+0.23 0.65=+0.35
B -0.07+0.07 -046+0.21 +026+0.21 0.72+0.30
14 +0.08 £+0.07 -033+0.23 +0.50+0.26 0.83+£0.35
R +0.02+0.04 -0.14+0.18 +0.34+0.18 0.48 £0.25
1 +0.10+0.07 -0.42+0.28 +0.80+0.39 1.22+0.48
AO Psc U +0.07+£0.05 -0.06+0.14 +048+0.16 0.54 +0.21
B +0.07 £0.06 -0.08+0.20 +0.20+0.28 0.28 £0.34
14 +0.05+0.09 -055+0.33 +043+0.25 0.98+0.41
R -0.02+0.08 -0.44+0.29 +0.19+0.21 0.63+0.36
1 +0.29+0.10 -0.44+0.35 +0.86+0.37 1.30+0.50
DQ Her U +0.00+£0.04 -0.16+0.14 +0.19+0.13 0.35=+0.19
B +0.14+0.05 -0.05+0.17 +047+0.16 0.53+0.23
Vv +0.12+0.07 -0.08+0.25 +0.35+0.29 0.43 +0.39
R +0.03+0.06 -022+0.20 +040+0.23 0.61 +0.31
1 +0.04 £+0.07 -0.64+0.31 +035+0.25 1.00=+0.39
FO Aqr U +0.16 £0.10 -0.00+0.24 +0.56+0.53 0.60 + 0.58
B +0.07+0.10 -0.27+0.20 +047+0.28 0.74 £0.34
14 +0.17+0.15 -038+0.36 +0.40+0.36 0.78 +£0.51
R +0.11+0.12 -0.01 £0.60 +0.42+0.30 0.43 £0.67
1 +0.27+0.20 -0.28+0.47 +1.15+0.65 1.43+£0.80
RXJ1730 U -023+0.18 -148+0.72 +1.02+0.84 250+1.11
B +0.00+0.21 -4.00+1.11 +426+1.09 8.26+1.56
Vv -039+021 -1.79+145 +138+1.19 3.17+1.88
R -0.07+0.13 -155+0.79 +1.80+0.67 3.35+1.07
1 -0.12+0.19 -195+093 +1.82+0.75 3.77+1.19
V1223 Sgr U -0.01+020 -130+1.12 +0.86+0.48 2.16+1.22
B -0.00+0.08 -0.40+0.34 +0.36=+0.38 0.77 £0.51
14 -0.04 +0.09 -045+0.25 +0.55+041 1.00+0.48
R -0.05+0.09 -040+0.36 +0.32+0.55 0.71 £0.65
1 -0.27+0.11 -092+043 +050+0.46 1.42+0.63
V2306 Cyg U +0.06 +0.08 -0.61+£0.45 +0.61+0.33 1.23+£0.56
B -0.00+0.07 -0.47+0.51 +046+0.29 0.92=+0.59
14 -0.07+0.08 -0.86+0.29 +0.51+0.37 1.36+048
R -0.08 £+0.06 -0.78+0.26 +045+0.26 1.23+0.37
1 -0.11+0.10 -1.06+0.41 +0.89+0.52 1.95+0.66

“ First night; * second night.

The photometric data shows a double peaked profile with
equal maxima and unequal minima (see Fig. 7). Period analysis
yields a spin period of 128.1 + 0.7 with the first harmonic visible
at 64.0 + 0.2 s. This is in good agreement with Génsicke et al.
(2005) who concluded that both poles could be seen.

de Martino et al. (2008) report simultaneous optical Sloan
filter data from the u’, g’ and ' bands. The #’ filter is approxi-
mately the same as our U band, g’ covers all our B and the upper
half of V, and »’ covers the lower half of V as well as R. In each
of their u’, g’ and r’ band observations the fundamental and the
first harmonic were seen, with the first harmonic, on average,
being strongest. This is in contrast to what we see (see Fig. 8),
i.e. the fundamental being dominant. However, de Martino et al.
(2008) show their " band power spectra obtained on each of
six consecutive nights. This shows a marked change in the rel-
ative strengths of the first harmonic and fundamental over time,
the last night exhibiting a similar structure to ours. de Martino
et al. (2008) see the strongest signal in their g’ and «’ bands, our
U band has very little power, but our V band is the strongest, and
since this contributes to what is their g’ band this tallies up.

The level of polarization, 8.26 + 1.56% peak to peak in the
B band, makes this one of the most variable circularly polarized
IPs, and therfore likely one of the most magnetic, measured to
date. The variation of the circular polarization in the B band,
showing both positive and negative values is indicative of both
magnetic poles being visible (since each pole may only emit ei-
ther positive or negative circular polarization). We note that the
raw circular polarization data is somewhat noisy, with individual
measurements of over 15%, we are unsure of the origin of these
values, but we speculate that they may arise from short epochs
when the diluting light is randomly lower due to flickering.

In the B band the photometry and circular polarization are
coincident; the peaks in the photometry align with the peak and
trough in the circular polarization. This strengthens the asser-
tion that both poles are seen and they are both emitting circular
polarization.

Like many of the other IPs for which circular polariza-
tion has been detected, RXJ1730 is also an INTEGRAL source
(Barlow et al. 2006). We discuss this further in Sect. 5.8.



900

mag Pc %
U Circular u
11.95 1.0
E)
12,10 b 0.0 F--§--F-go-Eo-o-EooE
[T
2ot * 1o
Pe %
mag 5 c 5
13.20 1.0
13.35 Lo b \ 0.0 E’”L’T”L”E"T”E"i’
(]
13.50 -1.0
Pe %
mag Y c .
13.10 1.0
' i
=) R ' t 0.0 Iii{LAE%?
13.40 -1.0
Pc %
nag 5 c .
12.10 1.0
(I [ YO S SR
13.25 . 0.0
1 4 ! t {r T } E %
13,40 -1.0
%
nag . Pc I
13.45 1.0 % [ }
13.60 Dot PO A S ¥
TR + }
13.75 -1.0
0.0 0.5 1.0 a.0 0.5 1.0

Phase PHASE

Fig. 4. Spin folded and phase binned simultaneous UBVRI photometry
(left) and circular polarization (right) plots of AO Psc. Circular polar-
ization measurements have an 23 s resolution. Zero phase corresponds
to HID 2453 949.5. A spin period of 0.009319484 d was used.

The variable nature of this object over the course of several
days (de Martino et al. 2008) makes this an ideal target for a
long base line follow up. Monitoring how the circular polariza-
tion varies as the accretion column structure changes over time
and linking this to the photometry may reveal more about the
magnetic nature of this source and IPs in general. Phase resolved
circular spectro-polarimetry would be the ideal tool in revealing
the magnetic field strength of RXJ1730, but taking into account
the extremely short spin period (128 s), and relative faintness
(V ~ 17) there are very few telescope and instrument combina-
tions available where these kind of observations are possible.

5.6. V1223 Sgr

The mean circular polarization in V1223 Sgr is within four
sigma of the previously reported values, and zero (see Tables 1
& 6). The maximum peak to peak variation of 2.16 + 1.22% in
the U band is not constrained enough for this to be considered a
definite detection, but when considered with the results of Watts
et al. (1985) it is likely that V1223 Sgr is strongly polarized.

There is a clear hint of a double peaked structure in the UVRI
circular polarization curves, indicating that two magnetic poles
can be seen. This is an effect seen in the photometry also, with
hints of a double peaked profile in each band. This is in contrast
to previous results which show a single peaked structure.

The raw circular polarization measurements are stable in all
bands at the start of the run, but the U band begins to fluctuate
as the run goes on, sometimes, quite randomly, up to 20%.

V1223 Sgr has a similar spin and orbital period to V405 Aur
which was recently found to be very magnetic (Piirola et al.
2008) and has its circular polarization peak in the blue part of
the spectrum. If the level of polarization seen here is confirmed
then V1223 Sgr would be a close twin of V405 Aur. We also note
that V1223 Sgr is an INTEGRAL source (Barlow et al. 2006).
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Fig. 5. Spin folded and phase binned simultaneous UBVRI photometry
(left) and circular polarization (right) plots of DQ Her. Zero phase cor-
responds to HID 2453 948.5. A spin value of 0.00164504 d was used.

5.7. V2306 Cyg

V2306 Cyg has had significant levels of circular polarization re-
ported previously; Uslenghi et al. (2001) first reported it after
using the TurPol instrument at the NOT (results summarised in
Table 1). The mean results reported here are within the bounds
given by uncertainties (two sigma) in their U BV bands, however
in R and I Uslenghi et al. (2001) find a much higher amplitude
mean value. Norton et al. (2002) also reported B and R band po-
larization at the NOT, this time using the ALFOSC instrument,
they obtained mean values of +0.32 +0.10% and —1.99 £ 0.11%
in each band respectively. Here we see significantly lower values
than theirs also.

The shape of the circular polarization variation seen here is
one of two minima per spin cycle in the B and / bands (see
Fig. 10). The B band of Norton et al. (2002) has an indication
of a two peaked profile, our results confirm this.

The discrepancy between our results and those reported pre-
viously can be explained in a variety of ways. The orbital phase
may be different during each of the observations, Uslenghi et al.
(2001) showed the circular polarization varied significantly over
the orbital period, unfortunately the orbital ephemeris has accu-
mulated too much uncertainty for this to be calculated. Another
consideration is the brightness of the source, Uslenghi et al.
(2001) did not quote a magnitude, but Norton et al. (2002) mea-
sured UBVRI magnitudes which are significantly fainter than
ours. Since circular polarization is calculated as a fraction of the
total incoming light this may have had the effect of seriously
diluting our result.

5.8. Implications of our results

Generally each of the definite or potential circular polarization
detections reported here have been most prominent towards the
red end of the spectrum. This is in agreement with what has been
seen before, and reinforces the notion of IPs being less magnetic
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Fig. 6. Spin folded and phase binned simultaneous UBVRI photome-
try (left) and circular polarization (right) plots of FO Aqr. Zero phase
corresponds to HID 2453 948.5. A spin period of 0.0014519035 d was
used.
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Fig.7. Spin folded and phase binned simultaneous UBVRI photome-
try (left) and circular polarization (right) plots of RXJ1730. Zero phase
corresponds to HID 2453 950.5. A spin period of 0.001481481 d was
used.

than polars, as weaker fields will give rise to polarization appear-
ing at longer wavelengths.

Amongst the IPs detected by INTEGRAL (Barlow et al.
2006; Bird et al. 2007) RXJ2133 and V2400 Oph have previ-
ously been found to display a large degree of circular polariza-
tion (Katajainen et al. 2007; Buckley et al. 1995, 1997), whilst
RXJ1730, V2306 Cyg, DQ Her, V1223 Sgr and FO Aqr are
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Fig. 9. Spin folded and phase binned simultaneous UBVRI photometry
(left) and circular polarization (right) plots of V1223 Sgr. Zero phase
corresponds to HID 2453 950.5. A spin period of 0.00863 d was used.

shown here to have some degree of circular polarization or at
least strong hints of it. The only other INTEGRAL-detected 1P
to have its circular polarization measured is GK Per (Stockman
et al. 1992). This was reported as having a mean value of
0.03 + 0.10%, but as noted earlier, the practice of reporting
mean values may seriously under report the true magnetic na-
ture. In light of this, it would be productive to look for circular
polarization in the rest of the INTEGRAL IP sources, namely
V709 Cas, IGR000234+6141,NY Lup, and MU Cam. As noted
by Katajainen et al. (2007), NY Lup may well be a close twin of
the strongly polarized IP RXJ2133.

It has also been noted that the presence of a soft X-ray
component may be related to the presence of a large magnetic
field (Katajainen et al. 2007). The circular polarization seen in
RXJ1730 further adds to this trend as it is also a soft X-ray
source (de Martino et al. 2008). This brings the total of soft
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Fig. 10. Spin folded and phase binned simultaneous UBVRI photometry
(left) and circular polarization (right) plots of V2306 Cyg. The spin
ephemeris of Norton et al. (2002) was used to phase the spin variations.

X-ray emitting, circularly polarized IPs to four, namely PQ Gem,
V405 Aur, RXJ2133 and RXJ1730. Perhaps the same geometry
which allows the soft X-ray component to be seen in some IPs
but not others, as suggested by Evans & Hellier (2007), may
also allow the efficient detection of circular polarization. Indeed
Evans & Hellier (2007) suggested that the reason some IPs show
polarization and the others do not, is mostly due to different ac-
cretion geometry and hiding effects of the accretion curtains.
This may tie in with the suggestion by Norton et al. (2002) with
regard to V2306 Cyg, that cancellation of polarized emission be-
tween the two magnetic poles may hide significant polarization
in some systems. Futhermore, it may be that only those systems
which show an asymmetry between the poles (in terms of tem-
perature etc or accretion curtain structure) or have an offset or
non-dipole magnetic field structure, emit a detectable signal.

6. Conclusion

We have detected temporal variation in the circular polariza-
tion emission in RXJ1730, with possible emission (and in some
cases variation) in V2306 Cyg, DQ Her, V1223 Sgr, AO Psc and
FO Aqr; AE Aqr had none detected at a significant level. Broadly
speaking this is in agreement with previous results, and adds to
the observational trend of IPs having less polarization than po-
lars; and hence likely smaller effective magnetic field strength.

There are indications of a correlation between the detec-
tion of circular polarization in IPs and their detection as hard
X-ray sources by INTEGRAL. We therefore suggest that other
INTEGRAL sources should be tested for circular polarization.
Where such objects also exhibit soft X-ray components (i.e.
NY Lup and MU Cam), we predict there is a very good chance
of detecting significant circular polarization.
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