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The Puzzle of V407 Cygni

R. Hudec

Abstract

We discuss the nature and recent observations (optical and gamma-rays) of symbiotics binary /Mira variable V407 Cygni.

In addition we discuss another object of similar category, namely the variable star FY Aql with possible association with

an eruptive gamma-ray source.
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1 Introduction

V407 Cyg is a symbiotic binary harboring a Mira
variable, of 745 day pulsation and a possible orbital
period of 43 years, at a distance of 2.5/3.0 kpc and
a reddening of F(B — V) = 0.5/0.6 (Munari et al.
1990). Miras of such a long pulsation period are
generally OH/IR sources, with a thick dust envelope
which prevents direct observation of the central star.
In addition to a possible previous one in 1936 (when
the object was noted for the first time by Hoffmeis-
ter 1949), V407 Cyg has recently been discovered in
outburst by Nishiyama and Kabashima (2010, CBET
2199) on 2010 Mar 10.8 UT. Spectroscopic confir-
mation was first provided by Munari et al. (2010,
CBET 2204) on 2010 Mar. 13.1 UT. They noted
the emergence of the spectrum of a He/N nova that
overwhelmed the absorption spectrum of the Mira.
Numerous and strong emission lines were observed,
which belonged to two distinct groups. The first
group, composed of sharp profiles with even narrower
central absorptions, originated from the ionized slow
wind of the Mira. The second group, characterized
by much broader profiles for helium, nitrogen and hy-
drogen lines, originated from the nova fast expand-
ing ejecta. Such a scenario was highly reminiscent of
the recurrent nova RS Oph. The outburst of V407
Cyg has since then been detected also in gamma-rays
(ATel 2487) and at radio wavelengths (ATel 2506,
ATel 2511, ATel 2514, ATel 2536), and observed in
the infrared (CBET 2210 ).

2 History

The variable star V407 Cygni was discovered by
Cuno Hoffmeister at Sonneberg on astronomical
astrograph plates in 1949 as a nova-like variable
(Hoffmeister 1949). The object was first investigated
in more detail (on astronomical sky patrol plates) by
Ludwig Meinunger at the Sonneberg Observatory in
1966 (Meinunger, 1966). The star exhibited a strange

outburst in 1936, followed by Mira like light varia-
tions with a period of 745 days, perhaps related to a
thermonuclear event in 1936.

3 Spectroscopy

The spectral appearance of V407 in outburst is highly
peculiar. The spectrum is completely different from
those ever recorded for this object and other sym-
biotic Mira variables in outburst. The white dwarf
companion to the Mira variable experiences an out-
burst similar to that of classical novae, and its ejecta
move in the circumstellar environment already filled
by the ionized wind of the Mira (CBET 2204).

It is worth mentioning that the Li abundance is
certainly anomalous, about a factor of 100 higher
than normal. This has been interpreted by several
studies (cited in Shore et al. 2011 and Munari et al.
2011) that the red giant is likely an AGB star or, at
least, massive.

4 V407 Cyg as a gamma-ray
transient

Fermi LAT detection of a New Galactic Plane
Gamma-ray Transient in the Cygnus Region: Fermi
J2102+4-4542, and its Possible Association with V407
Cyg was reported in ATel 2487; C. C. Cheung
(NRC/NRL), D. Donato (NASA GSFC), E. Wal-
lace (U. Washington), R. Corbet (NASA GSFC),
G. Dubus (U. Grenoble), K. Sokolovsky (MPIfR),
H. Takahashi (Hiroshima U.) and by Abdo et al.
(2010) on behalf of the Fermi Large Area Telescope
Collaboration. The Large Area Telescope (LAT), on
board the Fermi Gamma-ray Space Telescope, de-
tected a transient gamma-ray source in the Galactic
Plane: Fermi J2102+4542. Preliminary analysis of
the Fermi-LAT data indicates that on the 13th and
14th of March 2010, the source was detected with
a more than 100 MeV flux of (1.0 £+ 0.3) x 107° ph
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Figure 1. #band light curve, Data from

indicate lower weight points in Meinunger's data. The dotted line is a hand-drawn interpolation of the maxima showing the effect of the dust

obscuration discussed in the text.

Fig. 1: The historical light curve of V407 Cyg (Munari et al., 1990)

Fig. 2: INTEGRAL IBIS observation of the V407 Cyg position (Bassani, 2010) shows the new transient to be located
between two persistent hard X-ray sources, with no confirmation of the transient detection
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Fig. 3: V407 Cyg optical
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CCD observations prior

to and after the 2010 optical flare (courtesy of AAVSO
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Fig. 4: V407 Cyg optical CCD observations prior to the 2010 optical flare (courtesy of Meduza, Lubos Brat, Czech

Republic)

em™2-s7! and (1.440.4) x 107® ph em =257, respec-
tively (statistical only) — the corresponding signifi-
cances on these days are 8 sigma and 6 sigma. A sys-
tematic uncertainty of 30 % should be added to this
number. There is no previously reported gamma-ray
source at this location.

Within the 95 % confidence error circle radius
of 0.12 deg (statistical only) is the symbiotic star
V407 Cyg, with a reported optical outburst begin-
ning approximately 2 days earlier (CBET 2199) than
the onset of gamma-ray activity detected by LAT.
Swift/XRT observations triggered on the optical out-
burst of V407 Cyg and performed on 2010 March
13th and 15th resulted in 2.4-2.6 sigma (0.3-10 keV)
detections of an X-ray source coincident with the po-
sition of the star in each of the two 960 sec exposures.

The gamma-rays could have been caused by shock
driven acceleration of the ejected material, and its
capture by strong magnetic fields within the system.
This is the first hard gamma-ray emission detected
from this category of objects.

5 The case of FY Aql

Other Mira/Symbiotics stars with possible gamma-
ray eruption/association have also been known, but
without firm confirmation. One of these candidates
is the variable star FY Aql located inside the error
box of GRB19790331.

An optical study in the field of FY Aql/
GRB19790331 was published by Hudec in 1989. The
investigated Mira/Symbiotics star FY Aql is inside
a small error box of the gamma-ray burst (GRB)

GRB19790331. Results were presented from an op-
tical investigation of the error box of the gamma-ray
burst source (GRBS) 1979 0331. Consideration was
given to the light changes and the optical behavior of
the variable FY Aql, located inside the box. These
results confirm that FY Aql is indeed a Mira variable
with short period flares.

This Mira/Symbiotics system had a temporary
reflecting nebula, indicating possible eruption in the
past. The object position is in a crowded part of
the Milky Way in Aquila. During a standard cat-
alog search of the box, Laros et al. (1985) found
that the Mira variable star FY Aql is inside the re-
gion. Subsequent studies have found that the Mira
star has short-duration flares and a surrounding re-
flection nebula, while the nebula has subsequently
disappeared. Details concerning FY Aql are given in
Hartmann and Pogge (1987), Hudec (1989), Schaefer
et al. (1987), Hudec (1987), Schaefer (1990), Schaefer
(1991), and Irwin and Zytkow (1994).

6 Conclusions

The symbiotics Mira variable star V407 Cygni is very
probably coincident with a gamma-ray transient de-
tected by Fermi. There are also other objects in this
category that may be sources of high-energy gamma-
ray emmission, such as FY Aql. Obviously the cate-
gory of Mira Symbiotic variables with reflecting (tem-
porary) nebulas are worth further study to estab-
lish the physics behind the posible gamma-ray ac-
tivity. The spectroscopic properties during the opti-
cal flare indicate the possibility to detect such events
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by RP/BP photometers/ultra-low resolution spectro-
graphs on ESA Gaia satellite. These findings also
confirm the importance of long-term optical moni-
toring by CCD telescopes and cameras and also his-
torical long-term optical coverage provided by astro-
nomical plate collections.
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