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Gaia14aaa- Gaia's first Supernova 

Sloan Digital Sky Survey spectra of the host galaxy  

Gaia BP/RP spectra 

Gaia light curve 

Gaia14aaa- Gaia's first Supernova

 
Discovery Date: 2014-08-30 02:22:31 
Position: 200.25961 45.53943 
Magnitude: 17.32  

 Sloan Digital Sky Survey 
image of the host galaxy 



Br
ig

ht
ne

ss

Wavelength

Gaia14aaa- Gaia's first Supernova - Type Ia  

 
Spectra of the supernova taken on 

the 3rd September 2014 

 Liverpool Telescope, Canary 
Islands, Image of the supernova 

 Isaac Newton Telescope, 
Canary Islands 



Core Collapse SN: Gaia14act
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Core Collapse SN: Gaia14act

 

The broad "bumps" in the spectrum are 
caused by material which is moving at speeds 

of thousands of kilometres per second - 
characteristic of a violent supernova 

explosion.

Asiago Observatory in the north of Italy. 



Type Ia SN: Gaia15adb

 Photometric follow up shows 
the fall of the light curve

 Position in SDSS host galaxy

Gaia discovery



Cataclysmic Variables: Gaia14aco
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http://www.astrosurf.com/vdesnoux/catvar/catvar.html

Hydrogen
Oxygen
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Cataclysmic Variables: Gaia14aco

 

 
These systems comprise of two stars which are in 
a binary, one of which (the primary) is pulling 
material from its companion (the donor). 

 New Technology Telescope at 
La Silla Observatory in Chile

System is hot (and hence emits more light at 
blue wavelengths than red). The spectrum also 
shows the typical fingerprints of a cataclysmic 
variable.

http://www.astrosurf.com/vdesnoux/catvar/catvar.html


Eclipsing Cataclysmic Variables: Gaia14adh

Text

 Photometric follow up reveilles 
eclipse in the system

 
 New Technology Telescope at
 La Silla Observatory in Chile 

From Elme Breedt



Gaia Science Alerts 
First Science Discovery Publication

Text



Total eclipse of the heart: The AM CVn Gaia14aae / ASSASN-14cn
Campbell et al. 2015 

Gaia light curve

 BP + RP
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Figure 1. WHT+ACAM spectrum of Gaia14aae taken on 2014 October 13 during quiescence, showing double-peaked He emission and an absence
of H lines. The historical GALEX and SDSS photometry are also shown as red points; the fainter GALEX magnitudes probably cover an eclipse.
The blue and magenta lines are Te↵ = 12700 K and 13100 K respectively He-atmosphere models fitted to the optical flux and two different epochs
of UV flux. The top-right inset shows the spectral energy distribution (SED) fit with the WISE data included, the bottom-right inset shows a zoom
in of the He I �6678 line in velocity space.

the 4.2-m William Herschel Telescope (WHT). The data were reduced within IRAF in the standard

fashion. The extracted and calibrated spectrum has a resolution of ⇠12 Å and a S/N of ⇠20 in

the continuum. The spectrum, plotted in Fig. 1, shows clear He emission lines, but no detectable

H lines. The emission lines are broad (FWHM = 2415 ± 100 km/s) and display double-peaked

profiles, which are typical of AM CVn stars, revealing the presence of an He-dominated accretion

disc. Based on this spectrum, we classified Gaia14aae as an AM CVn system. The spectral clas-

sification and similarities to other eclipses motivated more photometry to be obtained. The peak

velocities of the two emission components are at 800 ± 50 km/s relative to rest frame, averaged

over all detected emission lines. Measurements of the peak separation of the individual double

peaked lines all agree within 3� of the average value. We do not see a sharp central spike between

the lines, which is observed in many AM CVn stars, and thought to originate on the surface of the

WD (Marsh 1999; Morales-Rueda et al. 2003; Roelofs et al. 2007, 2009). This might be due to

the low resolution of the spectrum, although it could also be because of the high inclination of this

system, as appears to be the case with SDSSJ0926+3624 (Copperwheat et al. 2011).

The historic optical and infrared fluxes of Gaia14aae in presumed quiescence are also shown

in Fig. 1. The optical fluxes are from the Sloan Digital Sky Survey (SDSS) DR 10 (Aihara et al.

c� RAS, MNRAS 000, 4–19

 
 Teff = 12900 ± 200 K, He-atmosphere models

Accretion rate = 7-8*10-11M yr-1 for 0.75M  

 WHT spectrum: double-peaked He 
emission and an absence of H lines. 

Dr Heather Campbell, IoA, Cambridge, hcc@ast.cam.ac.uk

William Herschel Telescope, 
 La Palma 

Total eclipse of the heart: The AM CVn Gaia14aae / ASSASN-14cn
Campbell et al. 2015 

The historical GALEX, SDSS and WISE photometry 

 Distance of 225 +- 10 pc.

mailto:hcc@ast.cam.ac.uk


 

emission brings the stars closer and mass transfer starts. The He
burning may continue after the mass transfer starts and leads
to composition changes (Yungelson 2008; Nelemans et al.
2010). The arrow from the He to the WD channel indicates
the possibility that if the He is exhausted before RLOF, the
helium star turns into a hybrid white dwarf that fills the critical
lobe while evolving along the cooling track. Such a system
would belong to the WD branch. In the He-channel the donor
star is semidegenerate and has a larger mass than in the WD
channel. At late stages the two channels merge, and the most
likely end product is a cold DB white dwarf with a brown dwarf
or a planet in close orbit.

If the distance between the two stars is too large for a second
CE event, the pair will evolve as a normal hydrogen CV, with a

white dwarf and a main-sequence star in a wider orbit. If the
evolution is finely tuned, so the donor with mass ∼1:0 M⊙ fills
its Roche lobe when the hydrogen abundance in the center is
<0:4, it may (by magnetic braking and GW radiation) evolve
into a long-period AM CVn star. This is called the hydrogen-
star channel (Tutukov et al. 1985; Podsiadlowski et al. 2003).

The first numerical population synthesis study for both the
WD and He-star channels was made by Tutukov & Yungelson
(1996). Nelemans et al. (2000) noticed that the standard algo-
rithm with two stages of CE, described by Webbink’s (1984)
energy-balance equation, did not well reproduce the parameters
of double white dwarfs known at that time, and a formalism
for description of the first CE based on angular momentum bal-
ance was suggested. This algorithm was implemented in the

FIG. 2.—The basic steps in the evolution of AM CVn stars from close binaries to supernova explosions or a cooling white dwarf with a companion (prepared by
L. Yungelson).

AM CVN STARS: STATUS AND CHALLENGES 1137

2010 PASP, 122:1133–1163

This content downloaded from 131.111.184.23 on Mon, 24 Nov 2014 05:12:15 AM
All use subject to JSTOR Terms and Conditions

The basic steps in the 
evolution of AM CVn stars 
from close binaries to 
supernova explosions or a 
cooling white dwarf with a 
companion 

Solheim et al. 2010

Total eclipse of the heart: The AM CVn Gaia14aae / ASSASN-14cn



 Amateur Astronomers, CBA, light curve
Discovered the eclipses

Total eclipse of the heart: The AM CVn Gaia14aae / ASSASN-14cn
Campbell et al. 2015 
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 Run by Joe Patterson, in New York
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10 H. Campbell et al.
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Figure 2. Historic light curve from CRTS (black crosses) and Pan-STARRS1 (filled circles) spanning eight years of observations. Pan-STARRS1
clearly detected outbursts from Gaia14aae in 2014, and appears to have seen two eclipses. The ASAS-SN and Gaia detections are shown by the
orange diamonds (and limits as grey triangles) and a purple stars respectively.

Calibration Server (CPCS2; Wyrzykowski et al. 2013), which calibrates all the data from dif-

ferent telescopes to a common photometric system. To measure the magnitude of Gaia14aae on

the BFOSC, Asiago and ACAM images, we used co-located list-driven differential photometry as

described in Irwin et al. (2007), using the CASUTOOLS package, yielding a precision of 15-18

millimag for Gaia14aae while out of eclipse. The comparison stars were checked and found to be

photometrically stable. For all data we convert MJD (UTC) times to the barycentric dynamical

timescale, correcting for light travel times.

3 ANALYSIS

In order to estimate the WD temperature, we assume that the contribution of the accretion disc to

the GALEX FUV and NUV fluxes is negligible, and we fit the three ultraviolet observations with

helium-atmosphere models from Koester (2010), as shown in Fig. 1. We estimate the contribution

2 gsaweb.ast.cam.ac.uk/followup/

c� RAS, MNRAS 000, 4–19

 

Historic light curve

Outbursts

Amateur Astronomers, CBA, light curve
Discovered the eclipses

Total eclipse of the heart: The AM CVn Gaia14aae / ASSASN-14cn
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Total eclipse of the heart: The AM CVn Gaia14aae / ASSASN-14cn
Campbell et al. 2015 

All telescope involved in photometric follow up 

Bialkow 0.6m, Poland  

0.5m, La Palma  

Loiano Observatory 

0.6m, ASV Serbia 



Total eclipse of the heart: The AM CVn Gaia14aae / ASSASN-14cn
Campbell et al. 2015 

All telescope involved in photometric follow up 

Asiago 1.82m Copernico  

Mercator 

4.2m WHT+ACAM 

 Belogradchik AO 0.6m Bulgaria



Artist Impression Gaia14aae

Total eclipse of the heart: The AM CVn Gaia14aae / ASSASN-14cn
Campbell et al. 2015 

 
Imaging from  

Loiano Observatory  

(152cm Cassini Telescope)  



AM CVn Gaia14aae

High cadence lightcurve from  
WHT+ACAM, Loiano+BFOSC 

AM CVn Gaia14aae

x
Observed r-band WHT light curve. The best 

fitting model (lines) comprising of a WD, 
accretion disc and bright-spot where the 

gas stream hits the disc.

Observations confirm  

Period is 49.7 mins 

 
Ephemeris = 
BMJD (TDB) = 
56980.0557197 (13) 
+ 0.034519487 (16) E,



AM CVn Gaia14aae

High cadence lightcurve from  
WHT+ACAM, Loiano+BFOSC 

AM CVn Gaia14aae

x
Observed r-band WHT light curve. The best 

fitting model (lines) comprising of a WD, 
accretion disc and bright-spot where the 

gas stream hits the disc.

Observations confirm  

Period is 49.7 mins 

 Ỏứ = 0.0373 ± 0.0005



AM CVn Gaia14aae

Dr Heather Campbell, IoA, Cambridge, hcc@ast.cam.ac.uk

Lower limit:
i = 90°
q = 0.019
r1 = 0.026
a = 0.413
Mprimary = 0.782 Msun
Msecondary = 0.015 Msun
 

Eclipse timing reveals 
orbital parameters, 
mass of system!

Upperlimit:
i = 80°
q = 0.133
r1 = 0.013
a = 0.488
Mprimary = 1.159 Msun
Msecondary = 0.154 Msun

More data is required to 
break degeneracy - See Elme 
Breedt’s talk tomorrow

mailto:hcc@ast.cam.ac.uk




Sloan Digital Sky Survey 
image of the historic source

AM CVn Gaia14aae

- Articles around the press release
- Many telescopes involved created there 
own press releases
- Observer magazine in the Sunday 
Guardian on the November 22.



★ More precise, high-cadence photometry - average out flickering, which is 

limiting the analysis of the light curve at present. 

★ Vital to observe the bright spot in the system, -  pin down the orientation, 

★ Further spectra - may detect the same narrow spikes between the double-

peaked emission lines that are seen in other AM CVn stars. 

★ Spectra will also provide information on the elements present in the system, 

useful for understanding the evolutionary history of Gaia14aae. 

★ Gaia will also provide parallax and proper motion 

★ Long-term precision timing will be needed to detect the expected period 

change due to gravitational radiation-driven mass transfer. 

AM CVn Gaia14aae: Future data



Conclusions

★ 273 Alerts published 

★ 112 classified 

★ Mostly supernovae and CVs

★ First ever eclipsing AM CVn star - see Elme Breedt for 

more 

★ Example of how important Amateur

★ More to come in the next few years!


