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Figure 3. The three brightest Superflares. These were chosen for having the
brightest peak flux, so the relative photometric accuracy will be the best
available. These three light curves are typical for all 60 K2 events. The figures
make apparent that all light curves consist of a sharp initial spike, plus a
roughly-exponential tail that might have a rounded local peak near the start.
All the plots (including those in Fig 4) show the same time range for the
background-subtracted fluxes normalized so that the peak is at 1.0.
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Figure 4. A sampling of three Superflare light curves. These events were
chosen to display the diversity of light curves. Superflare #21 is one of the
faintest and shortest, showing the initial spike alone, presumably because the
tail is too faint to be visible. Superflare #57 has three initial spikes near the
start of a FRED. Superflare #58 looks like the ZTF flare (see Figure 2) except
with the initial spike included in the coverage.
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★	V2487	Oph	is	a	recurrent	nova	
!  Nova	eruptions	in	the	years	1900	and	1998	

★	V2487	Oph	has	extreme	Superflares	
!  Once	per	day,	lasting	for	an	hour	or	so	
!  20	Mega-Carringtons	per	flare	
!  >100,000X	energy	budget	of	any	known	Superflare	star	

★	Superflares	from	magnetic-reconnection	
!  Same	mechanism	as	for	solar	flares	

★	Hard	challenge	to	explain	
!  How	to	get	such	huge	magnetic	fields?	
!  Why	does	V2487	Oph	have	such	large	Superflares?	

★	Superflares	would	kill	all	life	on		
	surrounding	exoplanets	



Pagnotta	et	al.	2009,	AJ,	138,	1230	

NOVA V2487 OPH (1998) IS A RECURRENT NOVA; 
THE RAREST OF ALL TYPES OF VARIABLE STARS	
Nova Oph 1998	 1900 Eruption	 The System	No. 5, 2009 DISCOVERY OF A SECOND NOVA ERUPTION OF V2487 Oph 1231

He ii or iron lines with ionization higher than [Fe ii] during
outburst.

Using this set of criteria, V2487 Oph rapidly came to our
attention. The nova was discovered by K. Takamizawa at
magnitude 9.5 on 1998 June 15.561 (Nakano 1998). We have
constructed a light curve from AAVSO observations, Liller &
Jones (1999), Hanzl (1998), and our own CCD observations at
quiescence in 2002 and 2003. From this light curve we derive
Vmax = 9.5, Bmax = 10.1, t3 = 8 days, and an amplitude
of 8.2 mag. This fast, low-amplitude nova easily satisfies the
Duerbeck criterion. From its outburst spectrum (Lynch et al.
2000), we see an expansion velocity of 10,000 km s−1 and He ii
lines. V2487 Oph is therefore a likely RN.

V2487 Oph has been suspected previously to be a recurrent
nova. Hachisu et al. (2002) describe the system as a “strong
candidate recurrent nova” based on their analysis of the light
curve from the 1998 outburst. They call particular attention to
the rapid decline and the plateau phase of the outburst light
curve, both of which are characteristic of fast RNe such as
U Sco. Based on the mass transfer rate in quiescence, they
estimate a recurrence time of 40 years. They also note that
the system has a high-mass white dwarf accretor (MWD ≈
1.35 ± 0.01 M⊙), as based on their model, which makes it a
prime candidate for a Type Ia supernova progenitor in addition
to being a probable RN. Rosenbush (2002) also names V2487
Oph as a potential recurrent nova, and places it in his CI Aql
group, based on the shape of the outburst light curve. Hernanz
& Sala (2002) also point to V2487 Oph as in interesting case,
as it was apparently seen before the 1998 outburst in X-rays, as
part of the ROSAT All-Sky Survey.

3. DISCOVERY

Harvard College Observatory has approximately 500,000
archival plates, taken from the 1890s to the 1950s, and from
the 1960s to the 1980s. There are two main types of plates:
patrol plates and deep plates. Patrol plates cover a large area
of the sky, typically 20◦ square, and have a limiting magnitude
∼ 14. Deep plates cover a smaller area of the sky, but go much
deeper, often to around the 18th magnitude. Many of the Harvard
plates for V2487 Oph were checked by one of us in 2004. In the
summer of 2008 we completed an exhaustive search of all plates
at Harvard showing V2487 Oph. The 1900 outburst of V2487
Oph was discovered at magnitude B = 10.27 ± 0.11 on plate
AM 505, which was taken on 1900 June 20 (JD 2415191.617).
AM 505 is part of the AM patrol plate series taken at Arequipa,
Peru, is centered at right ascension 17h and declination −15◦,
has a blue-sensitive emulsion, and has a limiting magnitude of
B = 11.3.

All other plates housed at Harvard that could possibly show
the 1900 outburst were examined. There are no plates covering
the position of V2487 Oph to a sufficient depth during the
months surrounding the eruption to provide confirmation. On
plate B 25522, it can be seen that V2487 Oph was not up on 1900
June 2. Plate I 25510 covers the area on 1900 June 30, but has
a limiting magnitude of B = 11.3. By this time, approximately
10 days after peak, V2487 Oph had decreased in brightness
to B ∼ 13.6 and thus there is no chance of seeing it on the
plate. During this time period, patrol images of a field were only
taken approximately every two weeks, and deep plates were
only taken for specific observing campaigns. When combined
with the short duration of the V2487 Oph outburst, it is therefore
not surprising that no other plates show evidence of the outburst.
While there are no confirmation plates, there are none for which

Figure 1. Top: Scanned image of Harvard plate AM505. V2487 Oph is marked
with the arrow. The field is approximately 60′ wide by 30′ tall; north is up,
and east is to the left. The 1.′8 image trail of V2487 Oph is identical to that of
the neighboring stars, providing evidence that the image is not a plate defect, a
near-telescope light source, or a solar system object. The image is within 15′′

(0.025 mm on the plate) of the sky position of V2487 Oph, which is a small
fraction of the length of the trail. Bottom: SAO-DSS image of the same field.
The four most prominent stars from the plate are marked and labeled, as is the
position of the V2487 Oph.

the lack of detection is inconsistent with an outburst on 1900
June 20.

With only one plate showing the outburst, we must provide
reasons for our confidence in this discovery. A 1.′8 trailing in
right ascension gives all of the star images on the plate a distinct
dumbbell shape. In Figure 1, it can be seen that the object at
the location of V2487 Oph has the same dumbbell shape, and
therefore the light forming the image came from a fixed location
in the sky. This provides a strong proof that the image is not
any type of plate defect. Trailing such as this is not unusual
on the Harvard plates, though most plates show a more typical
(circular) point-spread function (PSF). In this case, the imperfect
tracking provides a unique PSF which, when combined with the
fact that the image is in focus, indicates that the light originated
beyond the Earth’s atmosphere and then passed through it on its
way to the telescope, a further argument against a plate defect
or local light source. The fact that the trail over the 61 minute
exposure has the same length and orientation as the trails of
nearby stars demonstrates that the point source cannot be an
asteroid or other near-Earth object. The Minor Planet Center
confirms that there were no minor planets in this location at that
time.

Quantitative astrometry on the scanned plate places the star
image in the correct location in relation to other stars in the
area to within 2′′ in declination and 15′′ in right ascension. For

So	V2487	Oph	is	one	of	just	ten	
known	recurrent	novae	in	our	
Milky	Way	
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Figure 10. CI Aql in 2000. The small circles are for V-band magnitudes, while the few diamonds are for B-band magnitudes. The V-band template is hidden by the
densely sampled light curve (until late in the tail), while the B-band template lies below it.
(A color version of this figure is available in the online journal.)
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Figure 11. V2487 Oph in 1998. The diamonds are for the B band, while the circles are for the V band. The large symbols are for photometry by D. Hanzl. The two
curves are the light curve templates for the two bands, with the blue being on the bottom. Note that V2487 Oph is one of the fastest known novae.
(A color version of this figure is available in the online journal.)

amplitude of roughly 1 mag, and the two secondary maxima
could well simply be at different phases in the red giant cycle,
resulting in the total system having some apparent offset in
the light curve when the system is near quiescence. That is,
the differences between the light curves are likely just due
to a different luminosity of the red giant. Either explanation
would have the entire nova eruption luminosity history plus any
accretion disk brightening history being identical. Likely the
luminosity of the red giant would be considered an incidental
and confusing light source that can be ignored for purposes
of understanding the RN phenomenon and for purposes of
understanding the specific eruption physics. As such, the light
curve for the nova event itself (plus any possible accretion disk
phenomenon) is apparently constant from eruption to eruption.

For RS Oph, the template provides a good fit to all eight
light curves. But the match is not perfect. When RS Oph is

faint, the light curve is often somewhat bright or dim compared
to the template. The deviations from the template vary slowly
with respect to the duration of the eruption, and the deviations
are the largest during the post-eruption dips. During the post-
eruption dips, the nova eruption light has faded away, and the
accretion has stopped with an empty disk (Worters et al. 2007),
so the only significant optical light source at the bottom of
the post-eruption dip is the red giant. So variations from the
template must come from the red giant. Such slow variations
of the red giant are already known, for example, from the
modulations on the orbital period (Gromadzki et al. 2008) and
from the power density spectrum (PDS) of the variations in
quiescence (see Section 12.3). These variations have a typical
amplitude of half a magnitude, and this is exactly what we see in
the deviations from the template. So we have a consistent picture
that the nova light always follows the same template while the

Period	=	1.24	±	0.02	days	
	
Mwd	=	1.35	±	0.05	M☉	
	
M	~	1	x	10-7	M☉	/year	
	
		→		Recurrence	Time	~	18	yrs	
	
Tcompanion	=	6000°	±	1000°	
	
Distance	~	26,000	light-years	



V2487	OPH	HAS	SUPERFLARES	2 Schaefer, Pagnotta, & Zoppelt

Oph has frequent, large-amplitude flares. Many of these flares have
energies of ⇠1038 ergs, and thus qualifying as Superflares. These
flares are sharply di�erent from the usual flickering seen in all cata-
clysmic variables (CVs). Indeed, nothing like these flares have ever
been seen in any RN, classical nova, CV, X-ray binary, or con-
tact binary in quiescence. However, a wide variety of systems are
known to have startlingly-energetic flares with similar properties in
a number of other settings (Schaefer 1989; 1990; 1991; Schaefer,
King, & Deliyannis 2000), and these have been labelled as Super-
flares, with very wide-reaching implications (Rubenstein & Schaefer
2000; Lingam & Loeb 2017). There is no necessary implication
that the V2487 Oph Superflares share the same mechanism as the
other classes of Superflares. Still, the origin and nature of the unique
Superflares is now the central mystery of V2487 Oph.

2 OBSERVATIONS

With a prior interest in RNe and the suggestions that V2487 Oph was
a RN, we started a two-part study in 2002. First, to seek the photo-
metric modulation tied to the orbital period, %, as a long % would
further support the RN hypothesis. This was carried out with CCD
photometry on a variety of telescopes at McDonald Observatory and
Cerro Tololo Inter-American Observatory (CTIO). We started with
just a few magnitudes per night, spread over many nights, but this re-
vealed no periodic modulations, so we switched to intensive all-night
monitoring for five straight nights. No eclipses or sine wave variabil-
ity were seen. So when the Kepler spacecraft was used to look at
the galactic centre region in Cycle 9 of the K2 mission, we proposed
taking 59-second integrations, and our proposal (GO 9912, PI Pag-
notta) was accepted. This resulted in an awesome photometric time
series of high accuracy nearly continuously for 67 days (see Figure
1). From our initial study, we mistook the flaring to be the ubiquitous
and highly-variable jumps due to thruster firings and pointing drift
that occurred during all K2 observing (Howell et al. 2014). Only on
the second detailed examination did we realise that the Superflares
were unrelated to the thruster firings, and all other artefacts, so they
must be intrinsic to V2487 Oph. Looking at archived light curves,
we found that the Zwicky Transient Factory (ZTF) happened to have
a time series lasting 87 minutes (with 47 second time resolution) that
beautifully shows a 0.35 mag amplitude Superflare with a FWHM
of near 50 minutes on an exponential-like tail (see Figure 2). This
highly-significant flare provided the independent proof that V2487
Oph does indeed have Superflares.

The second part of our program was to test the RN hypothesis by
seeking a prior nova eruption in the many archival sky photographs
(plates) stored around the world. Almost all the useful plates are now
at the Harvard College Observatory1 and Sonneberg Observatory2,
where we made multiple visits from 2004 to 2013 for the laborious
task of examining all plates showing the field. In total, we examined
1960 plates at Harvard and 1800 plates at Sonneberg, that each could
have shown a prior outburst (Pagnotta & Schaefer 2014). On one
Harvard plate, from 1990 June 20, we found a ⌫=10.27±0.11 image
at exactly the position of V2487 Oph that shared the same unusual
point spread function as all other stars on this plate caused by small
trailing (Pagnotta et al. 2009). This was the confident discovery of
the second nova event, making V2487 Oph the tenth known RN in
our Milky Way.

1 https://platestacks.cfa.harvard.edu/
2 https://www.astronomiemuseum.de/
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Figure 1. The first 25 days of the K2 light curve with Superflares. This
light curve has 1800 second time resolution, with the Superflares only barely
resolved, after the fluxes have been converted to a magnitude (with an arbitrary
o�set). The Superflare amplitude is artificially low here, because the 1800
second time bins show the peaks (with maximum flux lasting only a few
minutes) at a substantially lower value than is shown in the 59-second light
curve. This light curve shows that the flare frequency is not constant, with the
first seven days having no large Superflares. At first glance, the Superflares
for this stretch of data (and only for this part of the light curve) appear to be
uniformly spaced, but the uniformity is illusory with the time between peaks
varying widely with no sharply preferred value.
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Figure 2. The Superflare recorded by ZTF. This light curve provides the inde-
pendent proof that V2487 Oph has Superflares, independent of any artefacts
from the K2 light curves. Judging from the universal presence of sharp spikes
at the start of Superflare light curves, it appears that the ZTF light curve
started just a few minutes too late to catch the initial spike.
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Oph has frequent, large-amplitude flares. Many of these flares have
energies of ⇠1038 ergs, and thus qualifying as Superflares. These
flares are sharply di�erent from the usual flickering seen in all cata-
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other classes of Superflares. Still, the origin and nature of the unique
Superflares is now the central mystery of V2487 Oph.
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a RN, we started a two-part study in 2002. First, to seek the photo-
metric modulation tied to the orbital period, %, as a long % would
further support the RN hypothesis. This was carried out with CCD
photometry on a variety of telescopes at McDonald Observatory and
Cerro Tololo Inter-American Observatory (CTIO). We started with
just a few magnitudes per night, spread over many nights, but this re-
vealed no periodic modulations, so we switched to intensive all-night
monitoring for five straight nights. No eclipses or sine wave variabil-
ity were seen. So when the Kepler spacecraft was used to look at
the galactic centre region in Cycle 9 of the K2 mission, we proposed
taking 59-second integrations, and our proposal (GO 9912, PI Pag-
notta) was accepted. This resulted in an awesome photometric time
series of high accuracy nearly continuously for 67 days (see Figure
1). From our initial study, we mistook the flaring to be the ubiquitous
and highly-variable jumps due to thruster firings and pointing drift
that occurred during all K2 observing (Howell et al. 2014). Only on
the second detailed examination did we realise that the Superflares
were unrelated to the thruster firings, and all other artefacts, so they
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we found that the Zwicky Transient Factory (ZTF) happened to have
a time series lasting 87 minutes (with 47 second time resolution) that
beautifully shows a 0.35 mag amplitude Superflare with a FWHM
of near 50 minutes on an exponential-like tail (see Figure 2). This
highly-significant flare provided the independent proof that V2487
Oph does indeed have Superflares.

The second part of our program was to test the RN hypothesis by
seeking a prior nova eruption in the many archival sky photographs
(plates) stored around the world. Almost all the useful plates are now
at the Harvard College Observatory1 and Sonneberg Observatory2,
where we made multiple visits from 2004 to 2013 for the laborious
task of examining all plates showing the field. In total, we examined
1960 plates at Harvard and 1800 plates at Sonneberg, that each could
have shown a prior outburst (Pagnotta & Schaefer 2014). On one
Harvard plate, from 1990 June 20, we found a ⌫=10.27±0.11 image
at exactly the position of V2487 Oph that shared the same unusual
point spread function as all other stars on this plate caused by small
trailing (Pagnotta et al. 2009). This was the confident discovery of
the second nova event, making V2487 Oph the tenth known RN in
our Milky Way.
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Figure 1. The first 25 days of the K2 light curve with Superflares. This
light curve has 1800 second time resolution, with the Superflares only barely
resolved, after the fluxes have been converted to a magnitude (with an arbitrary
o�set). The Superflare amplitude is artificially low here, because the 1800
second time bins show the peaks (with maximum flux lasting only a few
minutes) at a substantially lower value than is shown in the 59-second light
curve. This light curve shows that the flare frequency is not constant, with the
first seven days having no large Superflares. At first glance, the Superflares
for this stretch of data (and only for this part of the light curve) appear to be
uniformly spaced, but the uniformity is illusory with the time between peaks
varying widely with no sharply preferred value.
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Figure 2. The Superflare recorded by ZTF. This light curve provides the inde-
pendent proof that V2487 Oph has Superflares, independent of any artefacts
from the K2 light curves. Judging from the universal presence of sharp spikes
at the start of Superflare light curves, it appears that the ZTF light curve
started just a few minutes too late to catch the initial spike.

MNRAS 000, 1–19 (2021)

Superflares on Recurrent Nova V2487 Oph 5

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

-50 0 50 100 150 200 250 300

No
rm

al
ize

d 
Fl

ux
 (c

t/
s)

Time after peak (minutes)

Superflare #5

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

-50 0 50 100 150 200 250 300

No
rm

al
ize

d 
Fl

ux
 (c

t/
s)

Time after peak (minutes)

Superflare #10

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

-50 0 50 100 150 200 250 300

No
rm

al
ize

d 
Fl

ux
 (c

t/
s)

Time after peak (minutes)

Superflare #30

Figure 3. The three brightest Superflares. These were chosen for having the
brightest peak flux, so the relative photometric accuracy will be the best
available. These three light curves are typical for all 60 K2 events. The figures
make apparent that all light curves consist of a sharp initial spike, plus a
roughly-exponential tail that might have a rounded local peak near the start.
All the plots (including those in Fig 4) show the same time range for the
background-subtracted fluxes normalized so that the peak is at 1.0.
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Figure 4. A sampling of three Superflare light curves. These events were
chosen to display the diversity of light curves. Superflare #21 is one of the
faintest and shortest, showing the initial spike alone, presumably because the
tail is too faint to be visible. Superflare #57 has three initial spikes near the
start of a FRED. Superflare #58 looks like the ZTF flare (see Figure 2) except
with the initial spike included in the coverage.
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SUPERFLARES!	
Discovered	&	named	in	1989	

	Schaefer	1989,	ApJ,	337,	927	

Wonderful	Kepler	light	curves	in	2012	
	Maehara	et	al.	2012,	Nature,	485,	478	

Huge	flares	on	normal	stars	
!  Energy	>	100	Carringtons	
!  Duration	~	hours	
!  Very	bright	from	X-rays	to	radio	

Seen	on	all	types	of	normal	stars	
!  Sun-like	stars	(including	closest	solar	twins)	
!  All	along	main-sequence	(B-M	and	L)	
!  White	dwarfs,	sub-giants,	giants,	supergiants	
!  Mira	stars,	RS	CVn	stars...	

All	caused	by	magnetic-reconnection	
	
	
	

V2487	Oph	scenario:	



CONSEQUENCES	OF	SUPERFLARES	
★	DIRECT	RADIATION	WILL	KILL	ALL	UNPROTECTED	LIFE	
	
★	SUPERFLARES	WILL	DESTROY	OZONE	LAYER,		

	 	LETTING	THE	STAR’s	ULTRAVIOLET	LIGHT	STERILIZE	THE	PLANET	SURFACE	
	
★	WRECK	ALL	SATELLITES	AND	ELECTRONIC	TECHNOLOGY	
	
★	SUPERFLARE	RADIATION	WILL	STRIP	ALL	ATMOSPHERE	FROM	PLANETS	



V2487	OPH:		MOST	EXTREME	SUPERFLARE	STAR	
<Time	Interval>	 Energy	per	flare	 Energy	per	year	

V2487	Oph	 1.1	day	 20	Mega-Carringtons	 1	Giga-Carrington	

Superflare	Stars	 10	days	-	1	century	 100	–	106	Carringtons	 <10000	Carringtons	

Flare	Stars	 ~1	month	 ~10	Carringtons	 ~1	Carrington	

Carrington	Event	 ~5	centuries	 1	Carrington	 0.01	Carringtons	

Solar	Flares	 ~	1	year	 0.01	–	1	Carrington	 ~0.1	Carringtons	
1	Carrington	~1032	erg	

V2487	Oph:			most	frequent	Superflare	star	
V2487	Oph:			>10X	more	energy-per-flare	than	any	other	
V2487	Oph:			>100,000X	larger	yearly	energy	budget	



V2487	OPH	SUPERFLARES	ARE...	
★	...	STARTLING	

!  Nothing	like	this	has	ever	been	seen	or	imagined	
!  All	other	known	Superflare	stars	are	‘normal’	
!  Superflares	not	seen	on	any	other	nova,	recurrent	nova,	...	

	
★	...	BY-FAR	THE	MOST	POWERFUL	KNOWN	

!  >10X	more	powerful	than	any	known	Superflare	
!  >10X	more	frequent	than	any	other	known	Superflare	star	
!  >100,000X	more	energy	per	year	than	any	known	Superflare	star 	 		

	
★	...	NOW	A	HARD	CHALLENGE	FOR	THEORISTS	

!  How	is	it	possible	to	regenerate	the	huge	needed	magnetic	fields	once	a	day?	
!  What	is	the	configuration	of	the	magnetic	field	lines?	
!  Why	do	no	other	novas	or	recurrent	novas	have	huge	Superflares?	

	
★	...	BAD	FOR	LIFE	ON	EXOPLANETS	


