
 
 

 

 

Research in Physics 

2008-2013 
 

 

 

Theoretical Physics .................................................................................................................................. 1 

Condensed Matter, Materials  and Soft Matter Physics ....................................................................... 38 

Nanoscale Physics Cluster ........................................................................................................... 38 

Magnetic Resonance Cluster ...................................................................................................... 96 

Materials Physics Cluster .......................................................................................................... 121 

Astronomy and Astrophysics (A&A) .................................................................................................... 172 

Elementary Particle Physics (EPP) ....................................................................................................... 204 

Centre for Fusion Space and Astrophysics (CFSA) .............................................................................. 247 

 

 

 



Astronomy and Astrophysics 
 

172 
 

Astronomy and Astrophysics (A&A)   

 8 Staff; 5 PDRAs;10 PhDs;  

    

     

 453 articles; 8193 citations; £3.1 M grant awards; >£19 M income in-kind; 11 PhDs awarded 

A&A is an observational group using a wide range of ground and space based telescopes.  Research 
focuses on: Compact Objects (Gänsicke, Marsh, Steeghs), Extra-Solar Planets (Pollacco, West, 
Wheatley), and High-Redshift Universe (Levan, Stanway), which all attract significant public interest 
and lead to high profile publications.  The future is bright, with major new international facilities 
being built or planned that will have impact in all three areas: GAIA is an ESA mission that will 
transform our knowledge of compact objects in our Galaxy; the next generation survey instrument 
(NGTS) for extra-solar planets will be built at ESO’s premier optical observing site in Chile; the high-
redshift Universe is the key science driver behind the major new millimetre wave observatory ALMA, 
and equally large projects are targeting the discovery of transient objects in the distant Universe.  
Collaborations are also being pursued for high-speed astrophysics. 

A&A’s recent strategy has been to grow to critical mass in a small number of areas and secure the 
leadership that promotes the prospects for funding from national and EU sources.  An initiative in 
2012 united key members of the Wide Angle Search for Planets (WASP) team that has discovered 
tens of transiting exo-planets and is the most successful project searching for such objects.  These 
transiting planets are particularly important, being the only systems where the precise mass and 
radius, and hence composition, of a planet can be determined and the atmospheric composition can 
be studied directly.  In future the group aims to build on its expertise in wide-field time-domain 
astronomy to search for transient sources, esp. electromagnetic counterparts to gravitational wave 
inspiral sources.  Telescope time awarded within the period included over 2 Msec of X-ray and IR 
satellite time; the largest Hubble Space Telescope allocation to any UK group, incl. a Large 
Programme Award (PI Gänsicke), only five of which are allocated world-wide each year; and two 
International Time Programme (ITP) awards for exoplanet work (PI Pollacco).  

A&A’s research has been recognised in each of its cores areas: Levan received the 2011 Philip 
Leverhulme Prize for Astronomy & Astrophysics for his work on gamma-ray bursts; WASP gained the 
2010 Royal Astronomical Society Group Achievement Award; and in 2012 Gänsicke won an ERC 
Advanced Grant that recognises his world-leading work in applying spectroscopic surveys, above all 
the Sloan Digital Sky Survey, to understand rare populations of white dwarfs.   
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A ‘kilonova’ associated with the short-duration γ-ray burst GRB 130603B 

Nature 500, 547–549 (2013) 10.1038/nature12505 

N.R. Tanvir, A.J. Levan, A.S. Fruchter, J. Hjorth, R.A. Hounsell, K. Wiersema, R.L. Tunnicliffe 

 

Short-duration γ-ray bursts are intense flashes of cosmic γ-rays, lasting less than about two seconds, 
whose origin is unclear. The favoured hypothesis is that they are produced by a relativistic jet 
created by the merger of two compact stellar objects (specifically two neutron stars or a neutron 
star and a black hole). This is supported by indirect evidence such as the properties of their host 
galaxies, but unambiguous confirmation of the model is still lacking. Mergers of this kind are also 
expected to create significant quantities of neutron-rich radioactive species, whose decay should 
result in a faint transient, known as a ‘kilonova’, in the days following the burst. Indeed, it is 
speculated that this mechanism may be the predominant source of stable r-process elements in the 
Universe. Recent calculations suggest that much of the kilonova energy should appear in the near-
infrared spectral range, because of the high optical opacity created by these heavy r-process 
elements. Here we report optical and near-infrared observations that provide strong evidence for 
such an event accompanying the short-duration γ-ray burst GRB 130603B. If this, the simplest 
interpretation of the data, is correct, then it confirms that compact-object mergers are the 
progenitors of short-duration γ-ray bursts and the sites of significant production of r-process 
elements. It also suggests that kilonovae offer an alternative, unbeamed electromagnetic signature 
of the most promising sources for direct detection of gravitational waves. 

 

 
 

  

http://dx.doi.org/10.1038/nature12505
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A -ray burst at a redshift of z ~ 8.2 

Nature 461, 1254-1257 (2009)  10.1038/nature08459 

N. R. Tanvir, D. B. Fox, A. J. Levan, et al. 

 

Long-duration -ray bursts (GRBs) are thought to result from the explosions of certain massive stars, 
and some are bright enough that they should be observable out to redshifts of z > 20 using current 

technology. Hitherto, the highest redshift measured for any object was z = 6.96, for a Lyman- 
emitting galaxy. Here we report that GRB 090423 lies at a redshift of z ~ 8.2, implying that massive 
stars were being produced and dying as GRBs ~630 Myr after the Big Bang. The burst also pinpoints 
the location of its host galaxy. 

 

 
 

The right-most panel shows the discovery image made using the UKIRT Wide Field Infrared Camera 
with the K filter (centred at 2.15 um) at a mid-time of about 30 min after the burst. The other three 
images (Y, 1.02 um; J, 1.26 um; H, 1.65 um) were obtained approximately 1.5 h after the burst using 
Gemini North's Near Infrared Imager and Spectrometer (NIRI). The main panels are 40 arcsec to a 
side, oriented with north to the top and east to the left. Insets, regions around the GRB, smoothed 
and at higher contrast. The absence of any flux in Y implies a power-law spectral slope between Y 

and J steeper than F ~ -18 and, coupled with the blue colour at longer wavelengths (J-H(AB) 
~ 0.15 mag), immediately implies a redshift greater than about 7.8 for GRB 090423. 

  

http://dx.doi.org/10.1038/nature08459
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An Extremely Luminous Panchromatic Outburst from the Nucleus of a 
Distant Galaxy 

Science 333, pp. 199-202 (2011)  10.1126/science.1207143 

A.J. Levan et al. (62 others incl. L. van Spaandonk, R. L. Tunnicliffe, P.J. Wheatley) 

 

Variable x-ray and γ-ray emission is characteristic of the most extreme physical processes in the 

universe. We present multiwavelength observations of a unique γ-ray–selected transient detected 

by the Swift satellite, accompanied by bright emission across the electromagnetic spectrum, and 

whose properties are unlike any previously observed source. We pinpoint the event to the center of 

a small, star-forming galaxy at redshift z = 0.3534. Its high-energy emission has lasted much longer 

than any γ-ray burst, whereas its peak luminosity was ∼100 times higher than bright active galactic 

nuclei. The association of the outburst with the center of its host galaxy suggests that this 

phenomenon has its origin in a rare mechanism involving the massive black hole in the nucleus of 

that galaxy. 

 

 

  

http://dx.doi.org/10.1126/science.1207143
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A Possible Relativistic Jetted Outburst from a Massive Black Hole Fed by a 
Tidally Disrupted Star 

Science 333, pp. 203-206 (2011)  10.1126/science.1207150 

J.S. Bloom, D.Giannios, B.D. Metzger, S.B. Cenko, D.A. Perley, N.R. Butler, N.R. Tanvir, A.J. Levan, 

P.T. O' Brien, L.E. Strubbe,, F.De Colle, E.Ramirez-Ruiz, W.H. Lee, S.Nayakshin, E. Quataert,, A.R. King, 

A. Cucchiara,, J. Guillochon, G.C. Bower, A.S. Fruchter, A.N. Morgan, A.J. van der Horst  

 

Gas accretion onto some massive black holes (MBHs) at the centers of galaxies actively powers 

luminous emission, but most MBHs are considered dormant. Occasionally, a star passing too near an 

MBH is torn apart by gravitational forces, leading to a bright tidal disruption flare (TDF). Although 

the high-energy transient Sw 1644+57 initially displayed none of the theoretically anticipated (nor 

previously observed) TDF characteristics, we show that observations suggest a sudden accretion 

event onto a central MBH of mass about 106 to 107 solar masses. There is evidence for a mildly 

relativistic outflow, jet collimation, and a spectrum characterized by synchrotron and inverse 

Compton processes; this leads to a natural analogy of Sw 1644+57 to a temporary smaller-scale 

blazar. 

 

  

http://dx.doi.org/10.1126/science.1207150
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On the evolutionary status of short-period cataclysmic variables 

Monthly Notices of the Royal Astronomical Society, 388, 1582 (2008) 10.1111/j.1365-

2966.2008.13539.x 

Littlefair, S. P.; Dhillon, V. S.; Marsh, T. R.; Gänsicke, B. T.; Southworth, J; Baraffe, I.; Watson, C. A.; 

Copperwheat, C. 

We present high-speed, three-colour photometry of seven short-period (Porb≤ 95 min) eclipsing 

cataclysmic variables (CVs) from the Sloan Digital Sky Survey. We determine the system parameters 

via a parametrized model of the eclipse fitted to the observed light curve by χ2 minimization. Three 

out of seven of the systems possess brown dwarf donor stars and are believed to have evolved past 

the orbital period minimum. This is in line with the predictions that 40–70 per cent of CVs should 

have evolved past the orbital period minimum. Therefore, the main result of our study is that the 

missing population of post-period minimum CVs has finally been identified. The donor star masses 

and radii are, however, inconsistent with model predictions; the donor stars are approximately 10 

per cent larger than expected across the mass range studied here. One explanation for the 

discrepancy is the enhanced angular momentum loss (e.g. from circumbinary discs); however, the 

mass-transfer rates, as deduced from white dwarf effective temperatures, are not consistent with 

enhanced angular momentum loss. We show that it is possible to explain the large donor radii 

without invoking enhanced angular momentum loss by a combination of geometrical deformation 

and the effects of starspots due to strong rotation and expected magnetic activity. Choosing 

unambiguously between these different solutions will require independent estimates of the mass-

transfer rates in short-period CVs.  

The white dwarfs in our sample show a strong tendency towards high masses. We show that this is 

unlikely to be due to selection effects. The dominance of high-mass white dwarfs in our sample 

implies that erosion of the white dwarf during nova outbursts must be negligible, or even that white 

dwarfs grow in mass through the nova cycle. Amongst our sample, there are no helium-core white 

dwarfs, despite predictions that 30–80 per cent of short-period CVs should contain helium-core 

white dwarfs. We are unable to rule out selection effects as the cause of this discrepancy.  

 

  

http://dx.doi.org/10.1111/j.1365-2966.2008.13539.x
http://dx.doi.org/10.1111/j.1365-2966.2008.13539.x
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A Deeply Eclipsing Detached Double Helium White Dwarf Binary 

The Astrophysical Journal Letters,  735, L30, 2011, 10.1088/2041-8205/735/2/L30 

Parsons, S. G.; Marsh, T. R.; Gänsicke, B. T.; Drake, A. J.; Koester, D 

 

Using Liverpool Telescope+RISE photometry we identify the 2.78 hr period binary star CSS 41177 as a 

detached eclipsing double white dwarf binary with a 21,100 K primary star and a 10,500 K secondary 

star. This makes CSS 41177 only the second known eclipsing double white dwarf binary after NLTT 

11748. The 2 minute long primary eclipse is 40% deep and the secondary eclipse 10% deep. From 

Gemini+GMOS spectroscopy, we measure the radial velocities of both components of the binary 

from the Hα absorption line cores. These measurements, combined with the light curve information, 

yield white dwarf masses of M 1 = 0.283 ± 0.064 M ☉ and M 2 = 0.274 ± 0.034 M ☉, making them both 

helium core white dwarfs. As an eclipsing, double-lined spectroscopic binary, CSS 41177 is ideally 

suited to measuring precise, model-independent masses and radii. The two white dwarfs will merge 

in roughly 1.1 Gyr to form a single sdB star. 

 

 

Left: the contours show the 68 and 95 percentile regions of the scaled radii R1/a and R2/a, where a 

is the orbital separation, constrained by the RISE photometry. Right: the contours show the 68 and 

95 percentile regions of the masses and radii for the hot (black lines) and cool (gray lines) white 

dwarfs. Also shown are mass–radius relations for helium core white dwarfs with hydrogen layer 

fractional masses of MH/M∗ = 10−4 (solid lines) and MH/M∗ = 10−8 (dashed lines) from Benvenuto 

& Althaus (1998) for temperatures of 10,500 K and 21,100 K, respectively. The confidence regions 

shown here are for two parameters jointly and should not be directly compared to the uncertainties 

in Table 2, which are more closely related to single parameter confidence intervals.  

http://dx.doi.org/10.1088/2041-8205/735/2/L30


Astronomy and Astrophysics 
 

179 
 

Precise mass and radius values for the white dwarf and low mass M dwarf 
in the pre-cataclysmic binary NN Serpentis 

Monthly Notices of the Royal Astronomical Society, 402, 2591 (2010) 10.1111/j.1365-

2966.2009.16072.x 

Parsons, S. G.; Marsh, T. R.; Copperwheat, C. M.; Dhillon, V. S.; Littlefair, S. P.; Gänsicke, B. T.; 

Hickman, R. 

Using the high resolution Ultraviolet and Visual Echelle Spectrograph (UVES) mounted on the Very 
Large Telescope in combination with photometry from the high-speed CCD camera ULTRACAM, we 
derive precise system parameters for the pre-cataclysmic binary NN Ser. A model fit to the 
ULTRACAM light curves gives the orbital inclination as and the scaled radii, RWD/a and 
Rsec/a. Analysis of the He ii 4686 Å absorption line gives a radial velocity amplitude for the white 
dwarf of KWD= 62.3 ± 1.9 km s−1. We find that the irradiation-induced emission lines from the surface 
of the secondary star give a range of observed radial velocity amplitudes due to differences in optical 
depths in the lines. We correct these values to the centre of mass of the secondary star by 
computing line profiles from the irradiated face of the secondary star. We determine a radial 
velocity of Ksec= 301 ± 3 km s−1, with an error dominated by the systematic effects of the model. This 
leads to a binary separation of a= 0.934 ± 0.009 R⊙, radii of RWD= 0.0211 ± 0.0002 R⊙ and Rsec= 0.149 
± 0.002 R⊙ and masses of MWD= 0.535 ± 0.012 M⊙ and Msec= 0.111 ± 0.004 M⊙. The masses and radii 
of both components of NN Ser were measured independently of any mass–radius relation. For the 
white dwarf, the measured mass, radius and temperature show excellent agreement with a ‘thick’ 
hydrogen layer of fractional mass MH/MWD= 10−4. The measured radius of the secondary star is 10 
per cent larger than predicted by models, however, correcting for irradiation accounts for most of 
this inconsistency, hence the secondary star in NN Ser is one of the first precisely measured very low 
mass objects (M≲ 0.3 M⊙) to show good agreement with models. ULTRACAM r′, i′ and z′ 
photometry taken during the primary eclipse determines the colours of the secondary star as 
(r′−i′)sec= 1.4 ± 0.1 and (i′−z′)sec= 0.8 ± 0.1 which corresponds to a spectral type of M4 ± 0.5. This is 
consistent with the derived mass, demonstrating that there is no detectable heating of the 
unirradiated face, despite intercepting radiative energy from the white dwarf which exceeds its own 
luminosity by over a factor of 20. 

 

 

Model fits to the ULTRACAM light 

curves with residuals shown below 

  

http://dx.doi.org/10.1111/j.1365-2966.2009.16072.x
http://dx.doi.org/10.1111/j.1365-2966.2009.16072.x
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Kepler observations of the beaming binary KPD 1946+4340 

Monthly Notices of the Royal Astronomical Society, 410, 1787 (2011) 10.1111/j.1365-

2966.2010.17559.x 

Bloemen, S.; Marsh, T. R.; Østensen, R. H.; Charpinet, S.; Fontaine, G.; Degroote, P.; Heber, U.; 

Kawaler, S. D.; Aerts, C.; Green, E. M.; Telting, J.; Brassard, P.; Gänsicke, B. T.; Handler, G.; Kurtz, D. 

W.; Silvotti, R.; van Grootel, V.; Lindberg, J. E.; Pursimo, T.; Wilson, P. A.; Gilliland, R. L.; Kjeldsen, H.; 

Christensen-Dalsgaard, J.; Borucki, W. J.; Koch, D.; Jenkins, J. M.; Klaus, T. C. 

The Kepler Mission has acquired 33.5 d of continuous 1-min photometry of KPD 1946+4340, a short-
period binary system that consists of a subdwarf B star (sdB) and a white dwarf. In the light curve, 
eclipses are clearly seen, with the deepest occurring when the compact white dwarf crosses the disc 
of the sdB (0.4 per cent) and the more shallow ones (0.1 per cent) when the sdB eclipses the white 
dwarf. As expected, the sdB is deformed by the gravitational field of the white dwarf, which 
produces an ellipsoidal modulation of the light curve. Spectacularly, a very strong Doppler beaming 
(also known as Doppler boosting) effect is also clearly evident at the 0.1 per cent level. This 
originates from the sdB's orbital velocity, which we measure to be 164.0 ± 1.9 km s−1 from 
supporting spectroscopy. We present light-curve models that account for all these effects, as well as 
gravitational lensing, which decreases the apparent radius of the white dwarf by about 6 per cent, 
when it eclipses the sdB. We derive system parameters and uncertainties from the light curve using 
Markov chain Monte Carlo simulations. Adopting a theoretical white dwarf mass–radius relation, the 
mass of the subdwarf is found to be 0.47 ± 0.03 M⊙ and the mass of the white dwarf 0.59 ± 0.02 
M⊙. The effective temperature of the white dwarf is 15 900 ± 300 K. With a spectroscopic effective 
temperature of Teff= 34 730 ± 250 K and a surface gravity of log g= 5.43 ± 0.04, the subdwarf has 
most likely exhausted its core helium, and is in a shell He burning stage.  

The detection of Doppler beaming in Kepler light curves potentially allows one to measure radial 
velocities without the need of spectroscopic data. For the first time, a photometrically observed 
Doppler beaming amplitude is compared to a spectroscopically established value. The sdB's radial 
velocity amplitude derived from the photometry (168 ± 4 km s−1) is in perfect agreement with the 
spectroscopic value. After subtracting our best model for the orbital effects, we searched the 
residuals for stellar oscillations but did not find any significant pulsation frequencies.  

 

 
Kepler light curve of KPD 1946+4340 after de-trending and removing outliers. 

 

 

  

http://dx.doi.org/10.1111/j.1365-2966.2010.17559.x
http://dx.doi.org/10.1111/j.1365-2966.2010.17559.x
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The Seventh Data Release of the Sloan Digital Sky Survey 

Astrophysical Journal Supplement, 182, 543-558 (2009) 

Abazajian, K. N. et al; (203 authors incl. B.T. Gänsicke) 

This paper describes the Seventh Data Release of the Sloan Digital Sky Survey (SDSS), marking the 
completion of the original goals of the SDSS and the end of the phase known as SDSS-II. It includes 
11,663 deg2 of imaging data, with most of the ~2000 deg2 increment over the previous data release 
lying in regions of low Galactic latitude. The catalog contains five-band photometry for 357 million 
distinct objects. The survey also includes repeat photometry on a 120° long, 2 5 wide stripe along 
the celestial equator in the Southern Galactic Cap, with some regions covered by as many as 
90 individual imaging runs. We include a co-addition of the best of these data, going roughly 2 mag 
fainter than the main survey over 250 deg2. The survey has completed spectroscopy over 9380 deg2; 
the spectroscopy is now complete over a large contiguous area of the Northern Galactic Cap, closing 
the gap that was present in previous data releases. There are over 1.6 million spectra in total, 
including 930,000 galaxies, 120,000 quasars, and 460,000 stars. The data release includes improved 
stellar photometry at low Galactic latitude. The astrometry has all been recalibrated with the second 
version of the USNO CCD Astrograph Catalog, reducing the rms statistical errors at the bright end to 
45 milliarcseconds per coordinate. We further quantify a systematic error in bright galaxy 
photometry due to poor sky determination; this problem is less severe than previously reported for 
the majority of galaxies. Finally, we describe a series of improvements to the spectroscopic 
reductions, including better flat fielding and improved wavelength calibration at the blue end, better 
processing of objects with extremely strong narrow emission lines, and an improved determination 
of stellar metallicities. 
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Two White Dwarfs with Oxygen-Rich Atmospheres 

Science 327, pp. 188-190 (2010)  10.1126/science.1180228 

B. T. Gänsicke, D. Koester, J. Girven, T. R. Marsh, D. Steeghs 

 

Stars with masses ranging from 7 to 10 times the mass of the Sun end their lives either as massive 
white dwarfs or weak type II supernovae, but there are only limited observational constraints on 
either evolutionary channel. Here we report the detection of two white dwarfs with large 
photospheric oxygen abundances, implying that they are bare oxygen-neon cores and that they may 
have descended from the most massive progenitors that avoid core collapse. 

 

 
 

SDSS spectroscopy. The observed spectra of SDSS 0922+2928 (bottom) and SDSS 1102+2054 (top) 
are shown as thick gray lines. Superimposed as thin black lines are models for Teff = 10,000 K and 
log(g) = 8 (bottom) and Teff = 10,500 K and log(g) = 8 (top). The wavelengths of the strongest OI and 
CI absorption lines, as well as of Hα and Hβ, are indicated by tick marks. Fλ is the power received at 
Earth per unit area and wavelength interval. 

  

http://dx.doi.org/10.1126/science.1180228
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Evidence for Water in the Rocky Debris of a Disrupted Extrasolar Minor 
Planet 

Science, 342,  pp. 218-220 (2013) 10.1126/science.1239447 

J. Farihi, B. T. Gänsicke, D. Koester 

 

The existence of water in extrasolar planetary systems is of great interest because it constrains the 

potential for habitable planets and life. We have identified a circumstellar disk that resulted from 

the destruction of a water-rich and rocky extrasolar minor planet. The parent body formed and 

evolved around a star somewhat more massive than the Sun, and the debris now closely orbits the 

white dwarf remnant of the star. The stellar atmosphere is polluted with metals accreted from the 

disk, including oxygen in excess of that expected for oxide minerals, indicating that the parent body 

was originally composed of 26% water by mass. This finding demonstrates that water-bearing 

planetesimals exist around A- and F-type stars that end their lives as white dwarfs. 

 

 

Oxygen budget in GD 61 and terrestrial bodies. The first two columns are the early phase (EP) and 

steady-state (SS) fractions of oxygen carried by all the major rock-forming elements in GD 61, 

assuming that all iron is carried as FeO.   

http://dx.doi.org/10.1126/science.1239447
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Cataclysmic Variable Primary Effective Temperatures:  
Constraints on Binary Angular Momentum Loss 

Astrophysical Journal, 693, 1007 (2009)  10.1088/0004-637X/693/1/1007 

Dean M. Townsley and Boris T. Gänsicke 

 

We review the most decisive currently available measurements of the surface effective 
temperatures, T eff, of white dwarf (WD) primaries in cataclysmic variables (CVs) during accretion 

quiescence, and use these as a diagnostic for their time-averaged accretion rate, 〈�̇�〉. Using time-
dependent calculations of the WD envelope, we investigate the sensitivity of the quiescent T eff to 
long-term variations in the accretion rate. We find that the quiescent T eff provides one of the best 
available tests of predictions for the angular momentum loss and resultant mass-transfer rates 
which govern the evolution of CVs. While gravitational radiation is completely sufficient to explain 

the 〈�̇�〉of strongly magnetic CVs at all P orb, faster angular momentum loss is required to explain the 
temperatures of dwarf nova primaries (nonmagnetic systems). This provides evidence that a normal 
stellar magnetic field structure near the secondary, providing for wind launching and attachment, is 
essential for the enhanced braking mechanism to work, directly supporting the well-known stellar 

wind braking hypothesis. The contrast in 〈�̇�〉 is most prominent for orbital periods P orb > 3 h, above 

the so-called period gap, where 〈�̇�〉 differs by orders of magnitude, but a modest enhancement is 

also present at shorter P orb. The averaging time which 〈�̇�〉 reflects depends on 〈�̇�〉 itself, being as 

much as 105 years for low-〈�̇�〉  systems and as little as 103 years for high-〈�̇�〉  systems. We discuss in 
some detail the security of conclusions drawn about the CV population in light of these time scales 
and our necessarily incomplete sample of systems, finding that, due to the time necessary for the 
quiescent T eff to adjust, the consistency of measurements between different systems places 

significant constraints on possible long-timescale variation in 〈�̇�〉 . Measurements for nonmagnetic 
systems above the period gap fall below predictions from traditional stellar wind braking 
prescriptions, but above more recent predictions with somewhat weaker angular momentum loss. 
We also discuss the apparently high T eff's found in the VY Scl stars, showing that these most likely 

indicate 〈�̇�〉 in this subclass even larger than predicted by stellar wind braking. 

 

 

 

 

 

Close up of Porb < 2 h, the 
filled circles indicate 
nonmagnetic systems 
and the open diamonds 
indicate magnetic 
systems  

  

http://dx.doi.org/10.1088/0004-637X/693/1/1007
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SDSS unveils a population of intrinsically faint cataclysmic variables at the 
minimum orbital period 

Monthly Notices of the Royal Astronomical Society, 397: 2170 (2009) 10.1111/j.1365-
2966.2009.15126.x 

B.T. Gänsicke, M. Dillon, J. Southworth, J.R. Thorstensen, P. Rodríguez-Gil, A. Aungwerojwit, 
T.R. Marsh, P. Szkody, S.C.C. Barros, J. Casares, D. De Martino, P.J. Groot, P. Hakala, U. Kolb, 
S.P. Littlefair, I.G. Martínez-Pais, G. Nelemans and M.R. Schreiber 

 

We discuss the properties of 137 cataclysmic variables (CVs) which are included in the Sloan Digital 
Sky Survey (SDSS) spectroscopic data base, and for which accurate orbital periods have been 
measured. 92 of these systems are new discoveries from SDSS and were followed-up in more detail 
over the past few years. 45 systems were previously identified as CVs because of the detection of 
optical outbursts and/or X-ray emission, and subsequently re-identified from the SDSS spectroscopy. 
The period distribution of the SDSS CVs differs dramatically from that of all the previously known 
CVs, in particular it contains a significant accumulation of systems in the orbital period range 80–86 
min. We identify this feature as the elusive ‘period minimum spike’ predicted by CV population 
models, which resolves a long-standing discrepancy between compact binary evolution theory and 
observations. We show that this spike is almost entirely due to the large number of CVs with very 
low accretion activity identified by SDSS. The optical spectra of these systems are dominated by 
emission from the white dwarf photosphere, and display little or no spectroscopic signature from 
the donor stars, suggesting very low mass companion stars. We determine the average absolute 

magnitude of these low-luminosity CVs at the period minimum to be 〈Mg〉= 11.6 ± 0.7. 
Comparison of the SDSS CV sample to the CVs found in the Hamburg Quasar Survey and the Palomar 
Green Survey suggests that the depth of SDSS is the key ingredient resulting in the discovery of a 
large number of intrinsically faint short-period systems. 

 

The orbital period distributions of the new 
SDSS CVs (white histograms) and the old 
SDSS CVs ( grey) applying four different 
magnitude limits. From top to bottom: g ≤ 
22.5, corresponding to the faintest CV 
included in our sample; g ≤ 19.0, 
corresponding to the magnitude limit of 
the low-redshift quasar survey within 
SDSS; g ≤ 17.5, corresponding to the 
magnitude limit of the HQS; and g ≤ 16.1, 
corresponding to the magnitude limit of 
the PG Survey. The number of systems 
below, in and above the 2–3 h period gap 
as well as their sum are given in each 
panel, with the values for the new SDSS 
CVs being on top of those for the old SDSS 
CVs. The number of new SDSS CVs, old 
SDSS CVs and WD-dominated CVs in the 
∼80–86 min period spike are shown on the 
left-hand side of the period histogram. 

  

http://dx.doi.org/10.1111/j.1365-2966.2009.15126.x
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Spectroscopy of z∼ 5 Lyman break galaxies in the ESO Remote Galaxy 
Survey 

Monthly Notices of the Royal Astronomical Society, 409: 1155 (2010) 10.1111/j.1365-
2966.2010.17375.x 

L. S. Douglas, M. N. Bremer, M. D. Lehnert, E. R. Stanway and Bo Milvang-Jensen 

 

We present the global results of a large spectroscopic survey carried out in order to identify z∼ 5 
Lyman break galaxies (LBGs) across 10 widely separated ∼45 arcmin2 fields to a depth of IAB= 26.3. 
The redshifts of seventy 4.6 < z < 5.6 LBGs were identified through their Lyα emission and/or a 
strong continuum break, with 38 sources showing detectable line emission of between 2.6 × 10−18 
and 7 × 10−17 erg cm−2 s−1. Just over half of the spectroscopically confirmed z∼ 5 galaxies have rest-
frame Lyα equivalent widths above 20 Å, double the frequency of similarly strong line emitters in 
similar z∼ 3 LBG samples. However, when reasonable corrections are made for the spectroscopically 
unconfirmed sources that are nevertheless at these redshifts in both samples, we find no significant 
difference in the frequency of high equivalent width line emitters between the samples. The rest-
frame UV continuum slope of a typical z∼ 5 line-emitting galaxy (as measured primarily from 
photometry, but also apparent in spectroscopy) is bluer than that of a typical break-only galaxy, a 
difference that is difficult to explain purely by differences in the ages of their stellar populations. 
Variation in metallicity and/or dust extinction can more straightforwardly account for this difference. 
If the correlation between metallicity and UV continuum slope identified at low redshift is applicable 
at z > 3, the typical z∼ 5 LBGs have metallicities a factor of 3 lower than those of LBGs at z∼ 3. 
Hubble Space Telescope imaging of a subset of the LBGs indicates that a large majority of the 
spectroscopically confirmed LBGs in our sample are members of multiple systems (on ∼ arcsec 
scales) and/or show disturbed morphology. Using local LBG analogues as a model, this multiplicity 
could be explained either by super-starburst regions within a larger unseen structure or by a high 
incidence of merging events at this epoch. The current data cannot distinguish between these two 
possibilities. The surface density of z∼ 5 LBGs in two of the 10 fields is considerably higher than in 
the rest. Both show clear spikes in their redshift distributions indicating strong three-dimensional 
clustering in these fields. Against an expectation of about one source per 0.1 in redshift between 4.8 
< z < 5.6, one field has seven identified objects between 5.11 < z < 5.21 and the other has 17 
between 4.95 < z < 5.15. Neither structure can be bound given their depth in redshift and probably 
extend beyond the observed fields. The three-dimensional distances between LBGs in the structures 
are too large for them to have triggered their starbursts through mutual gravitational interaction, 
and so it is likely that the short-lived LBGs represent only a small fraction of the baryons in the 
structures. 

 

 

2D spectra of a selection of Lyα emitters at increasing redshift 

with the Lyα emission marked by the circles. 
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Spectral population synthesis including massive binaries 

Monthly Notices of the Royal Astronomical Society, 400: 1019 (2009) 10.1111/j.1365-
2966.2009.15514.x 

John J. Eldridge, and Elizabeth R. Stanway 

 

We have constructed a new code to produce synthetic spectra of stellar populations that includes 
massive binaries. We have tested this code against the broad-band colours of unresolved young 
massive stellar clusters in nearby galaxies, the equivalent widths of the Red and Blue Wolf–Rayet 
bumps in star-forming Sloan Digital Sky Survey galaxies and the ultraviolet and optical spectra of the 
star-forming regions Tol-A and B in NGC 5398. In each case, we find a good agreement between our 
models and observations. We find that in general binary populations are bluer and have fewer red 
supergiants, and thus significantly less flux in the I band and at longer wavelengths, than single star 
populations. Also we find that Wolf–Rayet stars occur over a wider range of ages up to 107 yr in a 
stellar population including binaries, increasing the ultraviolet flux and Wolf–Rayet spectral features 
at later times. In addition, we find that nebula emission contributes significantly to these observed 
properties and must be considered when comparing stellar models with observations of unresolved 
stellar populations. We conclude that incorporation of massive stellar binaries can improve the 
agreement between observations and synthetic spectral synthesis codes, particularly for systems 
with young stellar populations. 

 

 
The theoretical broad-band colours for a stellar population with a total mass of 105 M⊙ compared 

to observations of unresolved young massive clusters in local galaxies   
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A New Dynamical Model for the Black Hole Binary LMC X-1 

The Astrophysical Journal, 697 573 (2009) 10.1088/0004-637X/697/1/573 

J.A. Orosz, D. Steeghs, J.E. McClintock, M.A.P. Torres, I. Bochkov, L. Gou, R. Narayan, M. Blaschak, 
A.M. Levine, R.A. Remillard, C.D. Bailyn, M.M. Dwyer, and M. Buxton 

 

We present a dynamical model of the high mass X-ray binary LMC X-1 based on high-resolution 
optical spectroscopy and extensive optical and near-infrared photometry. From our new optical data 
we find an orbital period of P = 3.90917 ± 0.00005 days. We present a refined analysis of the All Sky 
Monitor data from RXTE and find an X-ray period of P = 3.9094 ± 0.0008 days, which is consistent 
with the optical period. A simple model of Thomson scattering in the stellar wind can account for the 
modulation seen in the X-ray light curves. The V – K color of the star (1.17 ± 0.05) implies AV = 2.28 ± 
0.06, which is much larger than previously assumed. For the secondary star, we measure a radius of 

R 2 = 17.0 ± 0.8 R ☉ and a projected rotational velocity of V rotsin i = 129.9 ± 2.2 km s–1. Using these 
measured properties to constrain the dynamical model, we find an inclination of i = 36 38 ± 1 92, a 

secondary star mass of M 2 = 31.79 ± 3.48 M ☉, and a black hole mass of 10.91 ± 1.41 M ☉. The 
present location of the secondary star in a temperature-luminosity diagram is consistent with that of 

a star with an initial mass of 35 M ☉ that is 5 Myr past the zero-age main sequence. The star nearly 
fills its Roche lobe ( 90% or more), and owing to the rapid change in radius with time in its present 
evolutionary state, it will encounter its Roche lobe and begin rapid and possibly unstable mass 
transfer on a timescale of a few hundred thousand years. 

 

 

Top: the phased velocity curve of LMC X-1. 

Phase zero corresponds to the time of the 

inferior conjunction of the secondary star. 

The MIKE radial velocities are shown with 

the filled circles and the MagE radial 

velocities are shown with the filled 

triangles. The model curve for the best-

fitting orbital model assuming a circular 

orbit is shown with the solid line, and the 

model curve for the best-fitting model 

assuming an eccentric orbit is shown with 

the dashed lines. Center: the residuals with 

respect to the circular orbit model. Bottom: 

the residuals with respect to the eccentric 

orbit model. 
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The expanding bipolar shell of the helium nova V445 Puppis 

The Astrophysical Journal, 706, 738 (2009) 10.1088/0004-637X/706/1/738 

P.A. Woudt, D. Steeghs, M. Karovska, B. Warner, P.J. Groot, G. Nelemans, G.H.A. Roelofs, T.R. Marsh, 

T. Nagayama, D. P. Smits, and T. O'Brien 

 

From multi-epoch adaptive optics imaging and integral field unit spectroscopy, we report the 

discovery of an expanding and narrowly confined bipolar shell surrounding the helium nova V445 

Puppis (Nova Puppis 2000). An equatorial dust disc obscures the nova remnant, and the outflow is 

characterized by a large polar outflow velocity of 6720 ± 650 km s–1 and knots moving at even larger 

velocities of 8450 ± 570 km s–1. We derive an expansion parallax distance of 8.2 ± 0.5 kpc and deduce 

a pre-outburst luminosity of the underlying binary of log L/L ☉ = 4.34 ± 0.36. The derived luminosity 

suggests that V445 Puppis probably contains a massive white dwarf accreting at high rate from a 

helium star companion making it part of a population of binary stars that potentially lead to 

supernova Ia explosions due to accumulation of helium-rich material on the surface of a massive 

white dwarf. 
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The not-so-massive black hole in the microquasar GRS1915+105  

The Astrophysical Journal, 768, 185 (2013) 10.1088/0004-637X/768/2/185 

D. Steeghs, J. E. McClintock, S. G. Parsons, M. J. Reid, S. Littlefair, and V. S. Dhillon 

 

We present a new dynamical study of the black hole X-ray transient GRS1915+105 making use of 

near-infrared spectroscopy obtained with X-shooter at the Very Large Telescope. We detect a large 

number of donor star absorption features across a wide range of wavelengths spanning the H and K 

bands. Our 24 epochs covering a baseline of over 1 yr permit us to determine a new binary 

ephemeris including a refined orbital period of P = 33.85 ± 0.16 days. The donor star radial velocity 

curves deliver a significantly improved determination of the donor semi-amplitude which is both 

accurate (K 2 = 126 ± 1 km s–1) and robust against choice of donor star template and spectral features 

used. We furthermore constrain the donor star's rotational broadening to vsin i = 21 ± 4 km s–1, 

delivering a binary mass ratio of q = 0.042 ± 0.024. If we combine these new constraints with 

distance and inclination estimates derived from modeling the radio emission, a black hole mass of M 

BH = 10.1 ± 0.6 M ☉ is inferred, paired with an evolved mass donor of M 2 = 0.47 ± 0.27 M ☉. Our 

analysis suggests a more typical black hole mass for GRS1915+105 rather than the unusually high 

values derived in the pioneering dynamical study by Greiner et al. Our data demonstrate that high-

resolution infrared spectroscopy of obscured accreting binaries can deliver dynamical mass 

determinations with a precision on par with optical studies. 

 

 
Lomb–Scargle periodogram obtained from our RVs spanning over 1 yr. A prominent peak is observed 
at the orbital period of the binary. The dark shaded area denotes our binary period determination of 
P = 33.85 ± 0.16 days, while the lighter gray area denotes the period constraint from Greiner et al. 
(2001a). 

  

http://dx.doi.org/10.1088/0004-637X/768/2/185


Astronomy and Astrophysics 
 

191 
 

Initial Data Release of the Kepler-Int Survey  

The Astronomical Journal, 144, 24 (2012) 10.1088/0004-6256/144/1/24 

S. Greiss, D. Steeghs, B. T. Gänsicke, E. L. Martín, P. J. Groot, M. J. Irwin, E. González-Solares, 
R. Greimel, C. Knigge, R. H. Østensen, K. Verbeek, J. E. Drew, J. Drake, P. G. Jonker, V. Ripepi, 
S. Scaringi, J. Southworth, M. Still, N. J. Wright, H. Farnhill, L. M. van Haaften, and S. Shah 

 

This paper describes the first data release of the Kepler-INT Survey (KIS) that covers a 116 deg2 
region of the Cygnus and Lyra constellations. The Kepler field is the target of the most intensive 
search for transiting planets to date. Despite the fact that the Kepler mission provides superior time-
series photometry, with an enormous impact on all areas of stellar variability, its field lacks optical 
photometry complete to the confusion limit of the Kepler instrument necessary for selecting various 
classes of targets. For this reason, we follow the observing strategy and data reduction method used 
in the IPHAS and UVEX galactic plane surveys in order to produce a deep optical survey of the Kepler 
field. This initial release concerns data taken between 2011 May and August, using the Isaac Newton 
Telescope on the island of La Palma. Four broadband filters were used, U, g, r, i, as well as one 
narrowband one, Hα, reaching down to a 10σ limit of ~20th mag in the Vega system. Observations 
covering ~50 deg2, thus about half of the field, passed our quality control thresholds and constitute 
this first data release. We derive a global photometric calibration by placing the KIS magnitudes as 
close as possible to the Kepler Input Catalog (KIC) photometry. The initial data release catalog 
containing around 6 million sources from all the good photometric fields is available for download 
from the KIS Web site (www.astro.warwick.ac.uk/research/kis/). 
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The first WASP public data release 

Astronomy and Astrophysics 520, L10 (2010) 10.1051/0004-6361/201015655 

O. W. Butters, R. G. West, D. R. Anderson, A. Collier Cameron, W. I. Clarkson, B. Enoch, C. A. Haswell, 

C. Hellier, K. Horne, Y. Joshi, S. R. Kane, T. A. Lister, P. F. L. Maxted, N. Parley, D. Pollacco, B. Smalley, 

R. A. Street, I. Todd, P. J. Wheatley and D. M. Wilson 

The WASP (wide angle search for planets) project is an exoplanet transit survey that has been 
automatically taking wide field images since 2004. Two instruments, one in La Palma and the other 
in South Africa, continually monitor the night sky, building up light curves of millions of unique 
objects. These light curves are used to search for the characteristics of exoplanetary transits. This 
first public data release (DR1) of the WASP archive makes available all the light curve data and 
images from 2004 up to 2008 in both the Northern and Southern hemispheres. A web interface () to 
the data allows easy access over the Internet. The data set contains 3 631 972 raw images and 
17 970 937 light curves. In total the light curves have 119 930 299 362 data points available between 
them. 
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WASP-3b: a strongly irradiated transiting gas-giant planet 

Monthly Notices of the Royal Astronomical Society, 385: 1576 (2008) 10.1111/j.1365-
2966.2008.12939.x 

D. Pollacco et al.(47 authors including P.J. Wheatley and R.G. West) 

 

We report the discovery of WASP-3b, the third transiting exoplanet to be discovered by the WASP 
and SOPHIE collaboration. WASP-3b transits its host star USNO-B1.0 1256−0285133 every 1.846 834 
± 0.000 002 d. Our high-precision radial velocity measurements present a variation with amplitude 
characteristic of a planetary-mass companion and in phase with the light curve. Adaptive optics 
imaging shows no evidence for nearby stellar companions, and line-bisector analysis excludes faint, 
unresolved binarity and stellar activity as the cause of the radial velocity variations. We make a 
preliminary spectroscopic analysis of the host star and find it to have Teff= 6400 ± 100 K and log g= 
4.25 ± 0.05 which suggests it is most likely an unevolved main-sequence star of spectral type F7-8V. 
Our simultaneous modelling of the transit photometry and reflex motion of the host leads us to 
derive a mass of 1.76+0.08

−0.14MJ and radius 1.31+0.07
−0.14RJ for WASP-3b. The proximity and relative 

temperature of the host star suggests that WASP-3b is one of the hottest exoplanets known, and 
thus has the potential to place stringent constraints on exoplanet atmospheric models. 
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WASP-12b: the hottest transiting extrasolar planet yet discovered  

The Astrophysical Journal, 693, 1920 (2009) 10.1088/0004-637X/693/2/1920 

L. Hebb, A. Collier-Cameron, B. Loeillet, D. Pollacco et al. (incl. P.J. Wheatley and R.G. West)  

 

We report on the discovery of WASP-12b, a new transiting extrasolar planet with Rpl = 1.79+0.09
−0.09 RJ 

and Mpl = 1.41+0.10
−0.10 MJ. The planet and host star properties were derived from a Monte Carlo 

Markov Chain analysis of the transit photometry and radial velocity data. Furthermore, by 
comparing the stellar spectrum with theoretical spectra and stellar evolution models, we 
determined that the host star is a supersolar metallicity ([M/H] = 0.3+0.05

−0.15), late-F (Teff = 6300+200
−100 

K) star which is evolving off the zero-age main sequence. The planet has an equilibrium temperature 
of Teq = 2516 K caused by its very short period orbit (P = 1.09 days) around the hot, twelfth 
magnitude host star. WASP-12b has the largest radius of any transiting planet yet detected. It is also 
the most heavily irradiated and the shortest period planet in the literature. 

 

 
R*/M1/3

* in solar units vs. effective temperature. WASP-12 is the large solid circle. Evolutionary mass 
tracks (solid lines with adjacent numbers labeling the mass of that line) and isochrones (100 Myr, 
solid; 1 Gyr, dashed; 2.0 Gyr, dotted; 5.0 Gyr, dot-dashed) from Girardi et al. (2000) for Z = 0.03 are 
plotted for comparison to the WASP-12 parameters. 
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A high C/O ratio and weak thermal inversion in the atmosphere of 
exoplanet WASP-12b 

Nature, 469, 64 (2011) 10.1038/nature09602 

N. Madhusudhan, J. Harrington, K.B. Stevenson, S.Nymeyer, C.J. Campo, P. J. Wheatley, D. Deming, J. 
Blecic, R.A. Hardy, N.B. Lust, D.R. Anderson, A.Collier-Cameron, C.B. T. Britt, W.C. Bowman, L.Hebb, 
C.Hellier, P.F. L. Maxted, D. Pollacco & R.G. West 

 

The carbon-to-oxygen ratio (C/O) in a planet provides critical information about its primordial origins 
and subsequent evolution. A primordial C/O greater than 0.8 causes a carbide-dominated interior, as 
opposed to the silicate-dominated composition found on Earth; the atmosphere can also differ from 
those in the Solar System. The solar C/O is 0.54. Here we report an analysis of dayside multi-
wavelength photometry of the transiting hot-Jupiter WASP-12b that reveals C/O ≥ 1 in its 
atmosphere. The atmosphere is abundant in CO. It is depleted in water vapour and enhanced in 
methane, each by more than two orders of magnitude compared to a solar-abundance chemical-
equilibrium model at the expected temperatures. We also find that the extremely irradiated 
atmosphere (T > 2,500 K) of WASP-12b lacks a prominent thermal inversion (or stratosphere) and 
has very efficient day–night energy circulation. The absence of a strong thermal inversion is in stark 
contrast to theoretical predictions for the most highly irradiated hot-Jupiter atmospheres 

 

 
Observations and model spectra for dayside thermal emission of WASP-12b. 
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Metals in the exosphere of the highly irradiated planet WASP-12b 

The Astrophysical Journal Letters, 714, L222 (2010) 10.1088/2041-8205/714/2/L222 

L. Fossati, C. A. Haswell, C. S. Froning, L. Hebb, S. Holmes, U. Kolb, Ch. Helling, A. Carter, P. Wheatley, 
A. C. Cameron, B. Loeillet, D. Pollacco, R. Street, H. C. Stempels, E. Simpson, S. Udry, Y. C. Joshi, 
R.G. West, I. Skillen, and D. Wilson 

 

We present near-UV transmission spectroscopy of the highly irradiated transiting exoplanet WASP-
12b, obtained with the Cosmic Origins Spectrograph on the Hubble Space Telescope. The spectra 
cover three distinct wavelength ranges: NUVA (2539–2580 Å), NUVB (2655–2696 Å), and NUVC 
(2770–2811 Å). Three independent methods all reveal enhanced transit depths attributable to 
absorption by resonance lines of metals in the exosphere of WASP-12b. Light curves of total counts 
in the NUVA and NUVC wavelength ranges show a detection at a 2.5σ level. We detect extra 
absorption in the Mg ii λλ2800 resonance line cores at the 2.8σ level. The NUVA, NUVB, and NUVC 
light curves imply effective radii of 2.69 ± 0.24 RJ, 2.18 ± 0.18 RJ, and 2.66 ± 0.22 RJ respectively, 
suggesting the planet is surrounded by an absorbing cloud which overfills the Roche lobe. We detect 
enhanced transit depths at the wavelengths of resonance lines of neutral sodium, tin, and 
manganese, and at singly ionized ytterbium, scandium, manganese, aluminum, vanadium, and 
magnesium. We also find the statistically expected number of anomalous transit depths at 
wavelengths not associated with any known resonance line. Our data are limited by photon noise, 
but taken as a whole the results are strong evidence for an extended absorbing exosphere 
surrounding the planet. The NUVA data exhibit an early ingress, contrary to model expectations; we 
speculate this could be due to the presence of a disk of previously stripped material. 

 

 
Hubble Space Telescope 
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The Low Density Transiting Exoplanet WASP-15b  

The Astronomical Journal, 137, 4834 (2009) 10.1088/0004-6256/137/6/4834 

R. G. West, D. R. Anderson, M. Gillon, L. Hebb, C. Hellier, P. F. L. Maxted, D. Queloz, B. Smalley, A. H. 
M. J. Triaud, D. M. Wilson, S. J. Bentley, A. Collier Cameron, B. Enoch, K. Horne, J. Irwin, T. A. Lister, 
M. Mayor, N. Parley, F. Pepe, D. Pollacco, D. Segransan, M. Spano, S. Udry, and P. J. Wheatley 

 

We report the discovery of a low-density exoplanet transiting an 11th magnitude star in the 
Southern hemisphere. WASP-15b, which orbits its host star with a period P = 3.7520656 ± 0.0000028 
d, has a mass M p = 0.542 ± 0.050 M J and radius R p = 1.428 ± 0.077 R J, and is therefore one of the 
least dense transiting exoplanets so far discovered (ρp = 0.247 ± 0.035 g cm–3). An analysis of the 
spectrum of the host star shows it to be of spectral type around F5, with an effective temperature T 

eff = 6300 ± 100 K and [Fe/H] = –0.17 ± 0.11. 

 

 
WASP photometry folded on the best-fit period (top panel) with representative error bars for a 
randomly selected subset of data points. EULER I band (middle) and R band (lower). The curve shows 
the best-fit transit model from the MCMC fitting. 
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WASP-17b: an ultra-low density planet in a probable retrograde orbit 

The Astrophysical Journal, 709, 159 (2010) 10.1088/0004-637X/709/1/159 

D. R. Anderson, C. Hellier, M. Gillon, A. H. M. J. Triaud, B. Smalley, L. Hebb, A. Collier Cameron, P. F. 
L. Maxted, D. Queloz, R. G. West, S. J. Bentley, B. Enoch, K. Horne, T. A. Lister, M. Mayor, N. R. Parley, 
F. Pepe, D. Pollacco, D. Ségransan, S. Udry, and D. M. Wilson 

 

We report the discovery of the transiting giant planet WASP-17b, the least-dense planet currently 
known. It is 1.6 Saturn masses, but 1.5-2 Jupiter radii, giving a density of 6%-14% that of Jupiter. 
WASP-17b is in a 3.7 day orbit around a sub-solar metallicity, V = 11.6, F6 star. Preliminary detection 
of the Rossiter-McLaughlin effect suggests that WASP-17b is in a retrograde orbit (λ –150°), 
indicative of a violent history involving planet-planet or star-planet scattering. WASP-17b's bloated 
radius could be due to tidal heating resulting from recent or ongoing tidal circularization of an 
eccentric orbit, such as the highly eccentric orbits that typically result from scattering interactions. It 
will thus be important to determine more precisely the current orbital eccentricity by further high-
precision radial velocity measurements or by timing the secondary eclipse, both to reduce the 
uncertainty on the planet's radius and to test tidal-heating models. Owing to its low surface gravity, 
WASP-17b's atmosphere has the largest scale height of any known planet, making it a good target 
for transmission spectroscopy. 

 

 
Mass–radius distribution of the 62 known transiting extrasolar planets. The best-fitting values for the 
three WASP-17b models are depicted according to the key given in Table 4. Other WASP planets are 
filled, red circles; non-WASP planets are open, black circles; Jupiter, Saturn, Neptune, and Uranus are 
filled, gray diamonds, labeled with the planets' initials. For clarity, error bars are displayed only for 
WASP-17b. Some planets discovered by CoRoT, HAT, TrES, WASP, and XO are labeled with the 
project initial and the system number (e.g., WASP-17b = W17). HD 149026b is labeled D1 and 
HD 209458b is labeled D2. The labeled, dashed lines depict a range of density contours in Jovian 
units. Data are taken from this work and http://exoplanet.eu. 
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An orbital period of 0.94 days for the hot-Jupiter planet WASP-18b 

Nature 460, 1098 (2009)  10.1038/nature08245 

C. Hellier, D. R. Anderson, A. Collier Cameron, M. Gillon, L. Hebb, P. F. L. Maxted, D. Queloz, 
B.Smalley, A. H. M. J. Triaud, R. G. West, D. M. Wilson, S. J. Bentley, B. Enoch, K. Horne, J. Irwin, 
T.A.Lister, M. Mayor, N. Parley, F. Pepe, D. L. Pollacco, D. Segransan, S. Udry & P. J. Wheatley 

 

The ‘hot Jupiters’ that abound in lists of known extrasolar planets are thought to have formed far 
from their host stars, but migrate inwards through interactions with the proto-planetary disk from 
which they were born, or by an alternative mechanism such as planet–planet scattering. The hot 
Jupiters closest to their parent stars, at orbital distances of only ~0.02 astronomical units, have 
strong tidal interactions, and systems such as OGLE-TR-56 have been suggested as tests of tidal 
dissipation theory. Here we report the discovery of planet WASP-18b with an orbital period of 
0.94 days and a mass of ten Jupiter masses (10 MJup), resulting in a tidal interaction an order of 
magnitude stronger than that of planet OGLE-TR-56b. Under the assumption that the tidal-
dissipation parameter Q of the host star is of the order of 106, as measured for Solar System bodies 
and binary stars and as often applied to extrasolar planets, WASP-18b will be spiralling inwards on a 
timescale less than a thousandth that of the lifetime of its host star. Therefore either WASP-18 is in a 
rare, exceptionally short-lived state, or the tidal dissipation in this system (and possibly other hot-
Jupiter systems) must be much weaker than in the Solar System. 
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WASP-19b: the shortest period transiting exoplanet yet discovered  

The Astrophysical Journal, 708, 224 (2010) 10.1088/0004-637X/708/1/224 

L. Hebb, A. Collier-Cameron, A.H.M.J. Triaud, T.A. Lister, B. Smalley, P.F.L. Maxted, C. Hellier, D.R. 
Anderson, D. Pollacco, M. Gillon, D. Queloz, R.G. West, S. Bentley, B. Enoch, C.A. Haswell, K. Horne, 
M. Mayor, F. Pepe, D. Segransan, I. Skillen, S. Udry, and P.J. Wheatley 

 

We report on the discovery of a new extremely short period transiting extrasolar planet, WASP-19b. 
The planet has mass M pl = 1.15 ± 0.08 MJ , radius R pl = 1.31 ± 0.06 RJ , and orbital period P = 
0.7888399 ± 0.0000008 days. Through spectroscopic analysis, we determine the host star to be a 
slightly super-solar metallicity ([M/H] = 0.1 ± 0.1 dex) G-dwarf with T eff = 5500 ± 100 K. In addition, 
we detect periodic, sinusoidal flux variations in the light curve which are used to derive a rotation 
period for the star of P rot = 10.5 ± 0.2 days. The relatively short stellar rotation period suggests that 
either WASP-19 is somewhat young (~ 600 Myr old) or tidal interactions between the two bodies 
have caused the planet to spiral inward over its lifetime resulting in the spin-up of the star. Due to 
the detection of the rotation period, this system has the potential to place strong constraints on the 
stellar tidal quality factor, Q' s , if a more precise age is determined. 
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An Earth-sized planet with an Earth-like density 

Nature, 503, 377 (2013)  10.1038/nature12768 

F. Pepe et al. 34 authors incl. D. Pollacco 

 

Recent analyses of data from the NASA Kepler spacecraft have established that planets with radii 

within 25 per cent of the Earth’s ( ) are commonplace throughout the Galaxy, orbiting at least 
16.5 per cent of Sun-like stars. Because these studies were sensitive to the sizes of the planets but 
not their masses, the question remains whether these Earth-sized planets are indeed similar to the 
Earth in bulk composition. The smallest planets for which masses have been accurately determined 

are Kepler-10b (1.42 ) and Kepler-36b (1.49 ), which are both significantly larger than the 

Earth. Recently, the planet Kepler-78b was discovered and found to have a radius of only 1.16 . 
Here we report that the mass of this planet is 1.86 Earth masses. The resulting mean density of the 
planet is 5.57 g cm−3, which is similar to that of the Earth and implies a composition of iron and rock. 
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Temporal variations in the evaporating atmosphere of the exoplanet 
HD 189733b 

Astronomy and Astrophysics 543, L4 (2012) 10.1051/0004-6361/201219363 

A. Lecavelier des Etangs, V. Bourrier, P. J. Wheatley, H. Dupuy, D. Ehrenreich, A. Vidal-Madjar, 
G.Hébrard, G. E. Ballester, J.-M. Désert, R. Ferlet and D. K. Sing 

 

Atmospheric escape has been detected from the exoplanet HD 209458b through transit 
observations of the hydrogen Lyman-α line. Here we present spectrally resolved Lyman-α transit 
observations of the exoplanet HD 189733b at two different epochs. These HST/STIS observations 
show for the first time that there are significant temporal variations in the physical conditions of an 
evaporating planetary atmosphere. While atmospheric hydrogen is not detected in the first epoch 
observations, it is observed at the second epoch, producing a transit absorption depth of 14.4 ± 3.6% 
between velocities of −230 to −140 km s-1. Contrary to HD 209458b, these high velocities cannot 
arise from radiation pressure alone and require an additional acceleration mechanism, such as 
interactions with stellar wind protons. The observed absorption can be explained by an atmospheric 
escape rate of neutral hydrogen atoms of about 109 g s-1, a stellar wind with a velocity of 190 km s-1 
and a temperature of  ~105 K. An X-ray flare from the active star seen with Swift/XRT 8 h before the 
second-epoch observation supports the idea that the observed changes within the upper 
atmosphere of the planet can be caused by variations in the stellar wind properties, or by variations 
in the stellar energy input to the planetary escaping gas (or a mix of the two effects). These 
observations provide the first indication of interaction between the exoplanet’s atmosphere and 
stellar variations. 

 

 
Peter Wheatley used the NASA Swift spacecraft to detect a dramatic stellar flare that seems to have 
driven off part of the atmosphere of the exoplanet HD189733b. The Jupiter-like planet was blasted 
with 3 million times the X-ray radiation received by the Earth during an X-class flare, and 
observations with the Hubble Space Telescope eight hours later detected a flow of hydrogen gas 
escaping the planet. A previous observation with HST had not shown any evaporation. 
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The coronal X-ray–age relation and its implications for the evaporation of 
exoplanets 

Monthly Notices of the Royal Astronomical Society, 422: 2024 (2012) 10.1111/j.1365-
2966.2012.20657.x 

A. P. Jackson, T. A. Davis, and P. J. Wheatley 

 

We study the relationship between coronal X-ray emission and stellar age for late-type stars, and the 
variation of this relationship with spectral type. We select 717 stars from 13 open clusters and find 
that the ratio of X-ray to bolometric luminosity during the saturated phase of coronal emission 
decreases from 10−3.1 for late K dwarfs to 10−4.3 for early-F-type stars [across the range 0.29 ≤ (B−V)0 
< 1.41]. Our determined saturation time-scales vary between 107.8 and 108.3 yr, though with no clear 
trend across the whole FGK range. We apply our X-ray emission–age relations to the investigation of 
the evaporation history of 121 known transiting exoplanets using a simple energy-limited model of 
evaporation and taking into consideration Roche lobe effects and different heating/evaporation 
efficiencies. We confirm that a linear cut-off of the planet distribution in the M2/R3 versus a−2 plane 
is an expected result of population modification by evaporation and show that the known transiting 
exoplanets display such a cut-off. We find that for an evaporation efficiency of 25 per cent we 
expect around one in ten of the known transiting exoplanets to have lost ≥5 per cent of their mass 
since formation. In addition we provide estimates of the minimum formation mass for which a 
planet could be expected to survive for 4 Gyr for a range of stellar and planetary parameters. We 
emphasize the importance of the earliest periods of a planet’s life for its evaporation history with 75 
per cent expected to occur within the first Gyr. This raises the possibility of using evaporation 
histories to distinguish between different migration mechanisms. For planets with spin-orbit angles 
available from measurements of the Rossiter–McLaughlin effect, no difference is found between the 
distributions of planets with misaligned orbits and those with aligned orbits. This suggests that 
dynamical effects accounting for misalignment occur early in the life of the planetary system, 
although additional data are required to test this. 

 

 

 

Plot of mass squared 
over radius cubed 
against the inverse 
square of the mean 
orbital distance for our 
exoplanet sample. 
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