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 Optical spectrum – synchrotron emission 
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 discovered optically pulsed polarized emission 
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Table 1: Data for individual Cepheids 

OGLE 
#  

l  
(deg) 

b  
(deg) 

D  
(kpc) 

z 
(kpc) 

R  
(kpc) 

VR 
(km s-1) 

ρ  
(km s-1) 

P 
(day) 

01 -0.03 2.94 28.4 1.5 19.9 -12 -3 2.598 
02 4.57 4.85 25.2 2.1 16.6 27 50 2.026 
03 4.35 2.89 25.4 1.3 16.9 19 24 1.236 
05 5.38 2.34 25.2 1.0 16.8 23 28 3.796 
32 6.89 -3.89 29.5 -2.0 21.4 10 15 3.736 

 
OGLE names are OGLE-BLG-CEP-#, l and b are the galactic coordinates; D, z and R 
are the distances from the sun, the Galactic plane and the perpendicular distance from 
the axis of Galactic rotation (assuming the Sun-Galactic centre distance is 8.5 kpc), 
respectively; VR and ρ are the heliocentric radial velocity and the radial velocity after 
correction for solar motion and Galactic rotation, respectively; and P the pulsation 
period. 
 

 
 
Figure 1: Schematic of the Galaxy. 
The positions of the Cepheids (open circles with assumed maximum uncertainties of 
±0.2 mag) are compared to the location of the H!I gas. The solid and dashed curves 
are model fits, S and N1, respectively, from ref. 1 at three times the HWHM above 
and below the Galactic plane. We note that figures 1 and 2 of ref. 2 show the H I flare 
in the relevant region extending up to about 2!kpc. The dark grey points are 
previously known Galactic Cepheids10 and the approximate regions surveyed by 
OGLE (2!<!|b|!<!6) are shown in light grey on either side of the plane. The positions of 
the Sun and Galactic centre are indicated by the star symbols. 
 
There is almost no information on gas or stars in the Galactic disk immediately 
behind (Galactic longitude l!±!15°) the Galactic centre. The atomic hydrogen 
observations2 on either side of the centre, but away from the central region itself, 
suggest that the gaseous disk of the Milky Way at l!≈!0 is not warped but shows a 
marked flaring at Galactocentric radii (R, the distance from a star to the centre of the 
Galaxy) of 15!kiloparsecs (kpc) and more; we note that the details are model 
dependent. The thickness of the gaseous disk1, 2 increases from 60!parsecs (pc) half-
width at half-maximum (HWHM) at R = 4!kpc to 2.7!kpc at R = 30!kpc and, especially 
at positive Galactic longitudes1, there is a marked increase from about 0.4!kpc at R = 
15!kpc to about 1.0!kpc at R = 20!kpc. 
 
Therefore we found the Cepheids at exactly the distance predicted for this increase in 
disk thickness, as can be seen in Fig. 1. The absence of Cepheids nearer the Sun is 
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Figure 3. The Nova 1437 radial velocity curve. The solid curve corresponds to the  
secondary star’s inferior conjunction occurring at mid-eclipse. The (better fitting) dashed  
curve corresponds to inferior conjunction occurring 0.035P after the eclipse. See text for  
details. 
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Figure 1.  Panels a), b) and c): Phase plot of Nova 1437 photometry in V, g' and B 
bands respectively. The observations are phased with the orbital period, using the 
ephemeris of Eq. 1. Panel d): Phase plot of g' photometry, after subtracting all variability 
related to the orbital motion (see Methods section 4). The observations were phased with 
the spin period of the white dwarf using the ephemeris of Eq. 2. Panel e): Same as d), but 
with points binned with a bin size of 0.025xPspin. Panel f) Chandra observations in the 
0.2-10 keV band phased with the spin period of the white dwarf using the ephemeris from 
Eq. 2. 
 
 
 

Shara et al., Nature, 2017
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4 Stephen B. Potter & David A. H. Buckley

Figure 2. Fourier analysis of the combined data set: Top and
bottom panels are the amplitude spectra of the photometry and
circular polarized counts respectively. ! is the spin frequency, also
indicated by the red, vertical, dashed line. Blue, vertical, dashed
line indicate where the beat frequency would be expected. Inserts
show expanded views around the spin frequency.

4 DISCUSSION

There are only two other IPs with longer orbital periods
than IGR J17014�4306/Nova Sco 1437 A.D., namely GK
Persei (47.9 hr), see e.g. Crampton, Fisher & Cowley (1986);
Bianchini et al. (2003) and 1RXS J173021.5-055933 (15.42
hr), see Butters et al. (2009).

GK Persei is also a classical novae (Nova Persei 1901)
surrounded by the nova remnant; the Fireworks nebula. It
was classified as an intermediate polar after the discovery
of 351s pulsed X-ray emission, see (Mauche 2004) and refer-
ences therein.

1RXS J173021.5-055933 (IGR J17303-0601, V2731
Oph) was selected from the ROSAT Bright Source Cata-
logue (Voges et al. 1999) by Gaensicke et al. (2005) and
identified as an Intermediate polar with an orbital period of
15.42 hr and WD spin period of 128.0s. UBVRI polarimetric
observations were carried out by Butters et al. (2009) who
reported possible spin modulated circular polarization in the
B-filter but not in the other filters.

IGR J17014�4306/Nova Sco 1437 A.D. is now the
longest period eclipsing intermediate polar known, which
makes it an interesting system from an evolutionary per-
spective (see Fig. 5).

4.1 The accretion geometry

With an orbital period of >3h and a P
spin

/P
orb

= 0.04,
IGR J17014�4306/Nova Sco 1437 A.D. is a ’regular’ disc-
fed IP according to the prescription by Norton, Somerscales
& Wynn (2004) and Norton et al. (2008), albeit with an
extreme orbital period of 12.8 hours.

Figure 3. Spin folded photometry and circular polarimetry of
the June 25th observations. Bin sizes correspond to ⇠ 46s (0.025
spin phase bins) for the photometry and polarimetry.

Ferrario & Wickramasinghe (1999) have shown that, for
stream-fed accretion, significant power would be expected in
the optical at the beat frequency (! � ⌦). In contrast, for
disc accretion, the dominant power in the continuum and
line fluxes is always at the spin frequency !. We have found
significant power at ! only, consistent with the ’regular’ disc-
fed IP classification. This is further supported by the broad
(FW⇠2000-2700 km/s) emission of HI Balmer, HeII and HeI
lines reported by Shara et al. (2017).

IGR J17014�4306/Nova Sco 1437 A.D. displays nega-
tive circular polarization only, which would ordinarily be
attributed to either single pole accretion or a viewing geom-
etry that somehow hides one of the magnetically accreting
poles. Single pole accretion is di�cult to reconcile given the
disc-fed classification, which would be expected to produce
accretion curtains onto the magnetic poles of both hemi-
spheres. It is also di�cult for the ’lower’ pole to be mostly
self occulted by the WD given the high inclination. One pos-
sibility is that any emission from the lower pole is obscured
by the accretion disc. This scenario has been suggested by
Evans & Hellier (2007) in order to partly explain why some
IPs show soft X-ray emission and others do not. They rea-
son that the viewing geometry to the so called soft IPs is
such that the accreting poles are viewed directly and there-
fore the soft emission is not obscured. Hard IPs however can
have one or both poles either obscured by an accretion disc
or by accretion curtains, which would absorb the blackbody
component of the soft emission. Similarly this could also ex-
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