Second Workshop on Robotic Autonomous Observatories
ASI Conference Series, 2012, Vol. 7, pp 59 – 78
Edited by Sergey Guziy, Shashi B. Pandey, Juan C. Tello &
Alberto J. Castro-Tirado

The impact of networks of robotic telescopes in
continuous monitoring of high energy cosmic sources
Franco Giovannelli 1∗ and Lola Sabau-Graziati2†
1

INAF - Istituto di Astrofisica Spaziale e Fisica Cosmica, Roma
Area di Ricerca di Roma-2, Via del Fosso del Cavaliere 100, I 00133 Roma, Italy
2
INTA - Dpt de Programas Espaciales y Ciencias del Espacio
Ctra de Ajalvir Km 4 - E 28850 Torrejón de Ardóz, Spain

Abstract. High energy (HE) cosmic sources are characterized by emissions in a wide range of the electromagnetic spectrum. In order to clarify
their behavior and understand the involved physics it is necessary to perform simultaneous measurements in a range of energy as wide as possible.
This makes it necessary to use different techniques and instrumentation
both space- and ground-based. Simultaneous observations are in general
very difficult to be performed because they need the involvement of many
instruments that belong to many experiments under the control of many
groups and countries. However, since the importance of multifrequency
measurements is now universally recognized, many efforts are made in order to obtain such measurements. Our group has been a pioneer in such
a kind of measurements since middle of 1970s. We will briefly discuss
the impact of such measurements in different class of HE cosmic sources,
such as T Tauri stars (TTSs), active galactic nuclei (AGNs), gamma-ray
bursts (GRBs), X-ray binary systems (XRBs), and cataclysmic variables
(CVs). This discussion is mainly based on the review paper ”The impact
of the space experiments on our knowledge of the physics of the universe”
(Giovannelli & Sabau-Graziati 2004) and subsequent revisions. We will
also discuss the importance of having a network of robotic telescopes that
can provide long term optical monitoring of the classes of HE sources already discussed. Such measurements will provide fundamental data for
understanding many problems that are still open, such as the physics of
the outbursts in flaring systems, the search of rotational periods of white
dwarfs in CVs and orbital periods of those systems, rotational periods and
periodicities of flare-like events of TTSs, correlations between optical and
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X-ray flares in X-ray/Be systems, fluctuations in the light curves of AGNs
and their correlations with the HE emission in order to test the validity of
current models, etc.
Keywords : cataclysmic variables – X-ray pulsars – T Tauri stars – AGNs
– jets – gamma-ray bursts – multifrequency observations – robotic campaigns

1. Introduction
Multifrequency observations are a typical collaboration task between different ‘kinds’
of astronomers. The idea of collecting them together was born some time ago during
the historical first ‘Frascati 1984 Workshop’ on “Multifrequency Behaviors of Galactic Accreting Sources” (Giovannelli 1985). Traditional observations with a single instrument, sensitive to a given frequency, give only partial knowledge of the observed
object. To obtain a complete picture of the object, we need either multifrequency
imaging or multifrequency spectrum. Fig.1 shows clearly the necessity of measuring
the multifrequency spectrum of the 197 ms pulsar (Nel & de Jager 1994). Indeed, if
we take only the soft X-ray spectrum derived by EINSTEIN’s data (Cheng & Helfand
1983) and we try to extrapolate this power–law spectrum to higher energies, we completely misunderstand the behaviors of the pulsar, being its spectrum at higher energies derived by GRO-EGRET’s data completely different (Fierro et al. 1993); and also
the extrapolation of EGRET’s data to lower energies would completely fail the fit.

Figure 1. Energy spectrum of the radio pulsar PSRB 1055-52 (Reprinted with permission from
Nel & de Jager (1994) c 1994, American Institute of Physics). Wrong extrapolations to low
energies (red) and to high energies (blue) are superimposed.
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Among celestial objects, high energy (HE) cosmic sources are especially interesting from the point of view of multifrequency observations. Collapsed objects, close
binaries, supernova remnants (SNRs), pre-main-sequence stars, AGNs, and GRBs experience particularly violent phenomena of high complexity, and emit radiation over
the whole electromagnetic spectrum. Among the HE cosmic sources, XRBs constitute the most rich laboratory for multifrequency observations: they are a cauldron of
different physical processes which occur at different frequencies and in different time
scales (Giovannelli & Sabau-Graziati 2011).

2. Experimental multifrequency astrophysics
Multifrequency astrophysics develops into Experimental multifrequency astrophysics
and Theoretical multifrequency astrophysics. We will discuss the first item through
several examples coming from our direct experience. Our purpose is to render clear
enough the importance of multifrequency astrophysics as new technique of investigation and methodology for its development for a better understanding of the physics
governing our Universe (Giovannelli & Sabau-Graziati 2004).
Experimental multifrequency astrophysics can be developed as follows: a) Simultaneous Multifrequency Observations; b) Coordinated Multifrequency Observations;
c) Data base and/or Literature observations; d) Multifrequency Observations (not necessarily simultaneous); e) Multisite Observations.

2.1

Simultaneous multifrequency observations: RU Lupi – a T Tauri Star

Simultaneous multifrequency observations can be performed with different experiments and/or facilities in different energy ranges (i.e. when it is necessary to get the
total energy distribution of a source, or to search for energy dependent variations).
For instance, the study of PMSSs is of great interest as it provides crucial information
on the role of magnetic fields, angular momenta, accretion of matter, and mass–loss
processes, as well as indirect information on the formation processes of the Sun and
solar system. In this framework, very important results were obtained for the classical T Tauri star RU Lupi which was a special target for coordinated, sometimes
simultaneous multifrequency observations (Giovannelli et al. 1990, 1995). These results allowed to model the multifrequency behavior of RU Lupi (Lamzin et al. 1996).
Among the many results obtained in the long campaign of coordinated observations,
spread between 1983 and 1988, the total energy distribution in quiescence and during
Flare-like Events (FLEs) obtained simultaneously from UV to IR in five occasions is
the highlight result. This allowed to determine the energy budget during FLEs. Fig.2
shows the five simultaneous observations of RU Lupi, as discussed by Giovannelli
(1994) and Giovannelli et al. (1995).
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Figure 2. Total energy distributions of RU Lupi, simultaneously obtained in UV (violet), optical (green), and IR (red) regions (Giovannelli et al. 1995).

2.2

Data bases and/or literature observations: RU Lupi – a T Tauri star

Up–to–date there are numerous data bases of different space– and ground–based experiments, and a huge amount of literature reporting data acquired with many instruments in energy bands spread over the whole electromagnetic spectrum for a big
amount of cosmic sources belonging to the most various classes of objects. Therefore,
if one likes to understand the whole behavior of a cosmic source, it is convenient to
look at data bases and literature for the benefit of science. Indeed, it is possible to
find an interesting huge store of data, and sometimes these data can be also by chance
simultaneous, or coordinated.
An interesting example is that of the TTauri star RU Lupi, for which multifrequency coordinated (no-simultaneous) observations allowed to solve the problem of
the rotational period, which is wrongly reported in the literature as ∼ 3.7 days (Plagemann 1969; Boesgaard 1984). Giovannelli et al. (1991), analyzing a large set of data
from RU Lupi did not find any significant periodicity at 3.7 days. Giovannelli (1994)
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Figure 3. X–ray luminosity versus rotational velocity of PMSSs (Bouvier 1990). The position
of RU Lupi is marked in red for rotational period of 27.686 days and in blue for 3.7 days (after
Giovannelli, 1994).

found in the literature several Flare–Like–Events (FLEs) in the optical during the
preparation of a review paper about RU Lupi. These events, together with those obtained simultaneously in UV, optical, and IR (Giovannelli et al. 1987), and in X–ray
(Giovannelli et al. 1984a) showed a periodicity of PFLE = 27.686 ± 0.002 days, probably associated with the rotational period of the star. Indeed, if we put such a period in
the diagram log L x vs log vrot (Bouvier 1990), RU Lupi fits perfectly the relationship
to which pre–main–sequence–stars obey, contrary to the wrong position in the diagram in which RU Lupi lies in the case that a period of 3.7 days is taken as rotational
one (see Fig.3).
2.3

Coordinated multifrequency observations: micro–quasar GRS 1915+105
and quasar OJ 287

Relativistic jets have been found in numerous galactic and extragalactic cosmic sources
at different energy bands. The emitted spectra of jets are strongly dependent on the
angle formed by the beam axis and the line of sight, and obviously by the Lorentz factor of the particles ((Bednarek et al. 1990) and the references therein). Observations
of jet sources at different frequencies can provide new input for the comprehension of
such extremely efficient carriers of energy, like for the cosmological GRBs. The discovered analogy among µ–QSOs, QSOs, and GRBs is fundamental for studying the
common physics governing these different classes of objects via µ–QSOs, which are
galactic, and then apparently brighter and with all processes occurring in time scales
accessible by our experiments (e.g. Chaty 1998). Chaty (2007) remarked the importance of multifrequency observations of jet sources by means of the measurements
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Figure 4. Observation of the link between accretion and ejection. X-ray, NIR and radio light
curves of GRS 1915+105 during the 1997 September 9 multifrequency observation campaign.
The disappearance of the internal part of the accretion disc (decrease in the X-ray flux) is followed by an ejection of relativistic plasma clouds (oscillation in the NIR and radio) ((Chaty
2007) and the references therein) (reproduced with kind permission of Società Italiana di
Fisica).

of GRS 1915+105, taken in 1997. The link between accretion and ejection is visible
examining Fig.4. We can see the disappearance of the internal part of the accretion
disk, shown by a decrease in the X–ray flux, followed by an ejection of relativistic
plasma clouds, corresponding to an oscillation in the near–infrared (NIR) and then in
the radio, the clouds becoming progressively optically thin.
One very exciting example of multifrequency campaigns is coming from the
quasar OJ 287 that was extensively observed from 2005 to 2010 by several hundred scientists and amateur astronomers. Fig.5 shows the spectral energy distribution
(SED) of OJ 287 obtained with all measurements at different wavelengths (Valtonen
2001). Briefly: i) the 2005 October optical outburst occurred at the expected time,
thus confirming the General Relativistic precession in the binary black hole system;
ii) the nature of the radiation of the October 2005 outburst was bremsstrahlung from
a hot gas at T = 3 × 105 K. This was confirmed by combined ground–based and UV
observations; iii) a secondary outburst of the same nature was expected on September
13, 2007. Within the accuracy of observations, it started at the corrected time; iv) further synchrotron outbursts were expected following the two bremsstrahlung outbursts.
They occurred at the expected time between October 2007 and December 2009; due
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Figure 5. Spectral energy distribution of OJ 287 obtained with simultaneous and nonsimultaneous measurements (Valtonen 2001). The IR and optical bands, accessible with robotic
telescopes, are marked in red and gray, respectively.

to the effect of the secondary on the overall direction of the jet, the parsec scale jet
was expected to rotate in the sky by a large angle around 2009. This rotation has been
detected at high frequency radio observations. The correctness of General Relativity has been demonstrated up to third Post–Newtonian order, better than when using
binary pulsars.
Marscher et al. (2011) presented an X-ray image of OJ 287 revealing a long
jet, curved by 55◦ . and extending 90 kpc from the nucleus. This de-projects to > 1
Mpc based on the viewing angle on parsec scales. Radio emission follows the general
X-ray morphology but extends even farther from the nucleus.
Kotani et al. (2007) discussed that the Japanese MITSuME (Multicolor Imaging
Telescope for Survey and Monstrous Explosions), – formed by Okayama and Akeno
50 cm optical telescopes – is very useful for long term monitoring of AGN fluxes.
2.4

Simultaneous, coordinated, not–simultaneous, multisite multifrequency observations: Gamma-Ray Bursts

One of the most interesting example of simultaneous, coordinated, not–simultaneous,
multisite multifrequency observations is given by Gamma–ray bursts (GRBs).
GRBs are sudden events of a few seconds duration, different from each other both
in intensity and duration. The same GRB manifests in different energy ranges with
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some delays (e.g. (Nicastro et al. 2001; Castro Cerón 2011)). Since their discovery
in 1967 — thanks to the four VELA spacecraft, originally designed for verifying
whether the Soviet Union abided the 1963 Limited Nuclear Test Ban Treaty — when
16 strong events were detected (Klebesadel et al. 1973), GRBs have remained a puzzle
for the community of high energy astrophysicists. For this reason the problem of
GRBs is the subject of hundreds of papers, most of them devoted to their physical
interpretation. Mazets & Golenetskii (1988) review the observations of GRBs until
roughly the end of 1980s.
After the launch of the RXTE and BeppoSAX it has been possible to perform
multifrequency observations of the probable counterparts associated with the GRBs
just within a few hours of occurrence. Indeed, the BeppoSax measurements allowed
the detection of the fading X-ray emission, which follows the higher energy photon
emission associated with the GRB in its highest state. Such an emission has been
called afterglow (Costa et al. 1997) and it extends to lower energy ranges, where
Optical, IR, and Radio counterparts are detected since 1997 (e.g., reviews of Piran
(1999a, 2000); Feroci (2001); Castro-Tirado (2002), and references therein). The first
X-ray afterglow detected was that related to the GRB 970228 (Costa et al. 1997). With
the detection of the afterglow of the GRB 970228, the so–called Afterglow Era for
GRBs started. A confirmation that this Era was born arrived soon with the detection
of the radio afterglow of the GRB 970508 (Frail et al. 1997), whose distance was
derived by the optical spectrum as z = 0.835 (Metzger et al. 1997). So the 30 year old
problem of fixing the distances to the GRB sources was apparently solved. For the
GRB 990510, following the BeppoSAX/WFC detection, Vreeswijk et al. (1999a,b)
found the optical counterpart placed at z = 1.619. This is the first GRB for which
polarized optical emission was detected (1.7 ± 0.2%) ∼ 18.5 hr after the maximum
emission (Covino et al. 1999) and later on by Wijers et al. (1999). This confirms
the synchrotron origin of the blast wave itself and represents the second case for jetlike outflow (Stanek et al. 1999), being the first that of the GRB 970228. Thus GRB
counterparts are multifrequency emitters, contrary to supernovae, which emit most of
their energy at the optical frequencies. The X-ray and optical afterglows of GRBs
have been discussed in the excellent review by Frontera (2003).
A qualitative light curve of a GRB and subsequent decline until disappearing
within its host galaxy is shown in Fig.6 (Pozanenko 2009).
The Swift observatory is strongly improving our knowledge about GRBs. The
average redshift of the host galaxies for the long GRBs is z̄ = 2.8, which is a factor
of ∼ 2 greater than the average redshift for the GRBs detected in the pre–SWIFT era
(Malesani 2006). Moreover, this spacecraft has detected a few dozen short bursts at
cosmological distances at average redshift z̄ = 0.5. They are located mostly in elliptical galaxies outside of the star formation regions. Therefore, they must be connected
to the old population and not to the young massive stars (as the long bursts are). The
most likely explanation is that at least a large part of these events are due to mergers
of compact objects (Zió1łkowski 2007).
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Figure 6. Qualitative optical light curve of a GRB from its appearance to its disappearance
within its host galaxy (Pozanenko 2009).

Theoretical description of GRBs is still an open strongly controversial question.
Fireball (FB) model (Meszaros & Rees 1992; Piran 1999b), cannon ball (CB) model
(Dar & de Rújula 2004), spinning-precessing jet (SPJ) model (Fargion 2003a,b) are
the most popular, but they are not compatible with each other. (Dar 2006) critically
discussed the FB and CB models. He concluded that the CB model is incredibly more
successful than the standard FB models of GRBs. Fargion & Grossi (2006) support
the validity of SPJ model declaring that it is even more general than the CB one.
The MITSuME robotic telescope is suitable for detecting GRBs. Indeed, an entry is automatically generated to each Swift GCN notice with coordinates, and the
measurements start few seconds later. For instance for the GRB100906A, MITSuME
started the measure ∼ 14 s after the SWIFT–BAT trigger (Kotani et al. 2007).
For GRBs detection, the philosophy of BOOTES network is very important. Indeed, this network uses identical telescopes spaced around the Earth, with identical
filter sets and identical CCD cameras (Castro Cerón 2011). The BOOTES INTA–
CSIC–ASU detected GRB 050904 at z = 6.39 (Haislip et al. 2006). This makes it
possible to experimentally verify the existence of GRBs until very high redshift (z
∼ 25), where the first light appeared and Pop III stars formed (Lamb et al. 2000;
Ciardi & Loeb 2000; Brommm & Loeb 2002). The detection of a GRB090429B at
z ' 9.4 (Cucchiara et al. 2011) plays a role in favour of the possibility of detecting
GRB until the epoch of Pop III stars formation.
2.5

Simultaneous, coordinated multifrequency observations, data base, literature: A0535+26/HDE245770 – X-ray/Be system

The most studied high mass X-ray binary (HMXB) system, for historical reasons
and due to concomitant favourable causes, is the X-ray/Be system A 0535+26/HDE
245770. Complete reviews of the A0535+26/HDE 245770 system can be found in the
papers by Giovannelli et al. (1985); Giovannelli & Sabau-Graziati (1992) and Burger
el al. (1996).
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By means of long series of coordinated multifrequency measurements, very often
simultaneously obtained, it was possible to:
• identify the optical counterpart HDE 245770 of the X-ray pulsar;
• identify various X-ray outbursts triggered by different states of the optical companion and influenced by the orbital parameters of the system;
• identify the presence of a temporary accretion disc around the neutron star at
periastron.
Multifrequency observations of this system started soon after its discovery as an
X-ray pulsar by the Ariel-5 satellite (Rosenberg et al. 1975). The error box of the
X-ray source contains 11 stars up to 23rd magnitude; these include the 9 mag Be star
HDE 245770. The a priori probability of finding a 9 mag star in such a field is 0.004,
so that (Margon et al. 1977) suggested this star as a probable optical counterpart of
A0535+26. But in order to really associate this star with the X-ray pulsar, it was
necessary to find a clear signature proving that the two objects would belong to the
same binary system. This happened thanks to a sudden insight of one of us (FG),
who predicted the fourth X-ray outburst of A 0535+26 around mid December 1977.
For this reason, Giovannelli’s group was observing in optical HDE 245770 around
the predicted period for the X-ray outburst of A 0535+26. Fig.7 shows the X-ray flux
intensity of A 0535+26 as deduced by various measurements available at that time,
with obvious meaning of the symbols used (Giovannelli 2005). FG’s intuition was
sparked by looking at the rise of the X-ray flux (red line) and at the 24th May 1977
measurement (red asterisk): he assumed that the evident rise of the X-ray flux would
have produced an outburst similar to the first one, which occurred in 1975. Then with
a simple extrapolation he predicted the fourth outburst, similar to the second: and this
happened!
Optical photoelectric photometry of HDE 245770 showed significant light enhancement of the star relative to the comparison star BD +26 876 between Dec. 17
and Dec 21 (here after 771220-E) and successive fading up to Jan. 6 (Bartolini et
al. 1978), whilst satellite SAS-3 was detecting an X-ray flare (Chartres & Li 1977).
The observed enhancement of optical emission followed by the flare-up of the X-ray
source gave a direct argument strongly supporting the identification of HDE 245770
– later nicknamed Flavia’ star by Giovannelli & Sabau-Graziati (1992) – with A
0535+26. Soon after, with spectra taken at the Loiano 152 cm telescope with a
Boller & Chivens 26767 grating spectrograph (831 grooves/mm II-order grating: 39 Å
mm−1 ) onto Kodak 103 aO plates, it was possible to classify HDE 245770 as O9.7IIIe
star. This classification was so good that it survives even to the recent dispute attempts
made with modern technology. The mass and radius of the star are 15 M and 14 R ,
respectively; the distance to the system is 1.8 ± 0.6 kpc (Giangrande et al. 1980).
UV spectra taken with the IUE enabled the reddening of the system to be determined as E(B-V) = 0.75 ± 0.05 mag, the rotational velocity of the O9.7IIIe star
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Figure 7. X-ray flux versus time of A 0535+26. X-ray measurements are reported with red
lines and asterisk, upper limits with green arrows, and predicted fluxes with light blue stars.
Periods of real detected X-ray outburst and optical measurements are also marked (Giovannelli
2005).

(vrot sin i = 230 ± 45 km s−1 ), the terminal velocity of the stellar wind (v∞ ' 630 km
s−1 ), the mass loss rate (Ṁ ∼ 10−8 M yr−1 in quiescence (Giovannelli et al. 1982).
During the October 1980 strong outburst, the mass loss rate was Ṁ ∼ 7.7 × 10−7 M
yr−1 (de Martino et al. 1989).
Giovannelli et al. (1985) and Guarnieri et al. (1985a) found UV and optical features of HDE 245770 as indicators of the X-ray activity of A 0535+26. They found
experimentally that the X-ray flaring activity of A 0535+26 is preceded by modifications in the optical spectrum of the companion HDE 245770, of about one week
(≈ 0.6 × 106 s). This roughly corresponds to the transit time of puffs of material expelled by the Be star at ∼ 300 km s−1 in order to reach the neutron star, being the
dimensions of the orbit of ∼ 1.34 AU (de Loore et al. 1984). The Hγ line seems
to be the best indicator of the activity going on. Moreover, enhancements of optical
luminosity were observed on four occasions before X-ray outbursts (Bartolini et al.
1983; Maslennikov 1986). Narrow absorption components present in the blue wings
of the Si IV and C IV resonance lines indicate a variable mass loss superimposed on a
steady wind of ∼ 10−8 M yr−1 (Giovannelli et al. 1984b; de Loore et al. 1984). They
are strong probes in studying the physics and dynamics of the mass transfer at periastron and the subsequent X-ray flaring. X-ray outbursts are triggered by the eccentric
orbital motion (Porb  111 days: ≈ 107 s). Then, multifrequency monitoring of this
system and of a number of other X-ray/Be systems around the passage at the perias-
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Figure 8. Optical outburst on December 5, 1981 (811205-E) (Guarnieri et al. 1985b) – marked
with a red line – occurred 8 days before the X-ray outburst of December 13, 1981 (Nagase et
al. 1982) – marked with a blue line – and was just 13 cycles after the 771220-E. Around the
big X-ray outburst – October 9–24, 1980: JD 2,444,522 – 2,444,537 (marked with the blue
rectangle) – scarce optical measurements are available.

tron — as possible with the network of robotic telescopes — could give a conclusive
answer to many of the open problems on the Be/X-ray transients.
From two outburst decays, with exactly the same shape (Bartolini et al. 1983),
Giovannelli & Sabau-Graziati (2011) used the optical period of the system (Porb−opt =
110.856 ± 0.002 days. This value is in agreement with the many values available in
the literature, but it has the advantage that it has been derived by two simple optical
measurements. We will use such a period in the following in order to discuss the
flaring activity of the system.
The narrow absorption components in the C IV resonance line in the high resolution IUE spectra of Flavia’ star. The velocity of the “puffs” of material expelled by
the star is ∼ 350 ± 50 km s−1 , roughly coincident with that measured in the optical
spectra (∼ 300 ± 50 km s−1 ). Then, the transit time from the primary to the secondary
is about 7–8 days, being the dimension of the system of ∼ 1.34 AU (Giovannelli et al.
1984b; de Loore et al. 1984; Guarnieri et al. 1985b).
Fig.8 shows the optical outburst 811205-E (Guarnieri et al. 1985b) – marked with
a red line – which occurred 8 days before the X-ray outburst of December 13, 1981
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(Nagase et al. 1982) – marked with a blue line – and was just 13 cycles after 771220E), when, through enhanced optical activity, Bartolini et al. (1978) discovered the firm
association between the X-ray pulsar and the O9.7 IIIe star. Around the strong X-ray
outburst – October 9–24, 1980: JD 2444522 – 2444537 (marked with the blue rectangle in Fig.8) – scarce optical measurements are available. However, such a strong
X-ray outburst occurred between the 9th (JD 2444500.6) and 10th (JD 2444611.4)
cycle after 771220-E. This fact has been deeply commented in the conclusions of
the paper by Giovannelli & Sabau-Graziati (2011). In this paper, the authors used
811205-E to give the optical ephemerides of the binary system that are in our opinion
the most reliable. They are:
JDopt−outb = JD0 (2, 444, 944) ± n(110.856 ± 0.002) days.
By using such ephemerides they discussed several X-ray outbursts. They concluded
that the periastron passage of the neutron star is scanned every 110.856 days, and the
X-ray outbursts are triggered starting from that moment and occur roughly after 8
days – the transit time of material expelled from the primary to reach the secondary.
In the case of Be star in “quiescence (steady stellar wind)”, the X-ray outburst has an
intensity ≈ 0.1–0.5 Crab (normal outbursts); in the case of ”moderate activity (steady
stellar wind plus puffs of material expelled)”, the intensity of the X-ray outburst is ≈
0.5–1 Crab (anomalous or noisy outbursts); in the case of the ”expulsion of a shell”
from the primary, preferably triggered near the periastron passage, a very strong Xray outburst (> 1– ∼ 4 Crab) occurs and its duration is typically very long (≈ 10 − 20
days) (casual outbursts).
Therefore, continuous long–term monitoring of A0535+26/Flavia’ star at least
in optical and X-ray could definitively prove their conclusions. We believe that this
behavior of A0535+26/Flavia’ star system is typical for all the X-ray/Be systems
for which we wish methodical multifrequency monitoring. Robotic telescopes are
suitable for such monitoring: for instance PI experiment has collected optical data
during about 3 years (JD 2,454,000 – 2,454,900). Comparison of these data with
those in X-rays is in progress (Giovannelli & Sabau-Graziati 2011).

2.6

Data base and literature: SS Cygni - a cataclysmic variable

SS Cyg is the most observed and intriguing cataclysmic variable (CV). For reviews
see the papers by Giovannelli et al. (1991); Giovannelli (1996); Giovannelli & SabauGraziati (1998). The most extensive review about SS Cyg before the advent of space
era is that by Zuckerman (1961). The light curves of SS Cyg are continuously produced by the AAVSO observations since 1896 (Mattei et al. 1985, 1991, 1996, 2002)1 .
On the base of its optical light curves, SS Cyg was classified as a dwarf nova
1 AAVSO

web page (http://www.aavso.org/)
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(Bath & van Paradijs 1983), with the white dwarf mass equal to Chandrasekhar’s limit
(Patterson 1981). On the contrary, Giovannelli & Sabau-Graziati (2012) discussed
about its intermediate polar (IP) nature analyzing its multifrequency behaviour and
the different interpretations of data coming from the literature. Moreover, on the
basis of more realistic values of its orbital parameters, they attempted to reconcile all
experimental multifrequency data with the magnetic nature of SS Cyg.
The orbital parameters of the binary system were derived by Giovannelli et al.
(1983) by using theoretical and experimental constraints from measurements obtained
+0.14
+0.08
in different energy regions. They are i = 40◦+1
−2 , M1 = 0.97−0.05 M , M2 = 0.56−0.03
10
9
M , R2 = 0.68+0.03
R
,
R
=
2.9
×
10
cm,
R
=
3.6
×
10
cm,
where
1
and
od
id
−0.01
2 refers to the primary and secondary star, respectively. Rod and Rid are the outer
and inner accretion disk radius. These parameters have been confirmed by direct
measurements of radial velocities (Martinez-Pais et al. 1994). Martinez-Pais et al.
(1994) also determined that the optical companion of SS Cyg system is a K2–K3 latetype star. Bisikalo et al. (2008) in the study of the matter flow structure in SS Cyg by
using Doppler tomography technique found that the Rid = (2.6 − 3.3) × 109 cm that is
another important confirmation of the goodness of Giovannelli et al.’s parameters.
The mass of the white dwarf of the binary system SS Cyg was considered for
long time as high as the Chandrasekhar’s limit – because of a paper that appeared
in the Astrophysical Journal (Patterson 1981) – a value completely useless for any
sort of serious interpretation of the many multifrequency experimental data and for
modelling.
In our opinion there are several incontestable arguments in favor of the IP nature
of SS Cyg, namely:
i) the strong analogy of SS Cyg with the well established IP EI UMa (Reimer et
al. 2008). Table 1 shows the parameters of EI UMa and SS Cyg;
ii) in the diagram log LX vs log Ṁ for the IPs (Warner 1996), SS Cyg lies just in
the place of IPs (Fig.9, left panel). The X-ray luminosity of SS Cyg (LX ∼ 4.7 × 1032
erg s−1 ) has been derived from the values of the distance of SS Cyg: 166 pc (Harrison
et al 1999) and its X-ray flux: FX ∼ 3 × 10−10 erg cm−2 s−1 (Giovannelli et al. 1991;
McGowan et al. 2004). The average mass accretion rate Ṁ ∼ 2×1017 g s−1 ((Gaudenzi
et al. 1990), and the references therein; (Schreiber & Gänsicke 2002));
iii) in the diagram log Ṁ vs log Porb (Warner 1996) SS Cyg lies just in the place
of IPs (Fig.9, right panel). The orbital period of SS Cyg is Porb = 6.6 h (Martinez-Pais
et al. 1994);
iv) SS Cyg has been detected in the hard X-ray range, together with other tens of
very well known IPs (Landi et al. 2009; Scaringi et al. 2010). Such an emission cannot
be justified without the presence of an intense white dwarf magnetic field. Moreover,
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Table 1. Comparison of the characteristic parameters of EI UMa – a well established IP
(Reimer et al. 2008) – and SS Cyg (Giovannelli et al. 1983; Lombardi et al. 1987; Gaudenzi et
al. 1990; Giovannelli et al. 1991; Schreiber & Gänsicke 2002).

EI UMa
Porb = 6.434 h
Popt = 745 s (∼ PXMM )
0.81 M < MWD < 1.2 M
RWD = 7 × 108 cm
MR = 0.81 M
RR = 0.76 R
LX ∼ 10 × 1032 erg s−1
Ṁ = 3.6 × 1017 g s−1
MV = 5.4
f = Rd/a = 0.2 – 0.3
UBV Orbital modulations of
continuum

SS Cyg
Porb = 6.603 h
Popt = 745 s (∼ PXMM UV )
MWD = 0.97 M
RWD = 5 × 108 cm
MR = 0.56 M
RR = 0.68 R
LX ∼ (6.6 − 9.8) × 1032 erg s−1
Ṁ ' (1 − 4) × 1017 g s−1
MV = 5.9
f = Rd/a = 0.2
UBV & UV Orbital modulations of
continuum & emission lines EWs

Figure 9. Left panel: relationship between X-ray luminosity and mass accretion rate for IPs
that are indicated with blue squares (by courtesy of (Warner 1996)). Right panel: relationship
between mass accretion rate and orbital period for IPs that are indicated with black crosses (by
courtesy of (Warner 1996)). SS Cyg positions are indicated with a red rectangle and with a red
line with arrows in the left and right panel, respectively.

if SS Cyg should be a dwarf nova (non-magnetic CV) – like it is reported in the table
of detected CVs in the former papers – why other dwarf novae are not detected with
the same instruments?
Galis et al. (2011), while discussing X-ray and optical activity of INTEGRAL
CVs, explicitly mentioned SS Cyg as IP, making a comparison with its X-ray behaviour with those very similar of V 709 Cas, a well established IP.
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Figure 10. Observed emission fluxes converted to luminosity for magnetic CVs (Howell et al.
1999) are indicated with : C II in the left panel, and C IV in the right panel. SS Cyg positions
are indicated with a red star. Luminosity expressed in erg s−1 , and B in unit of 106 gauss.

Figure 11. Left panel: relationship between Pspin and Porb for IPs (by courtesy of Warner,
1996). Right panel: relationship between the magnetic moment of the white dwarfs in CVs and
M (by courtesy of (Warner 1996)). Polars are indicated with black crosses, and IPs with their
abbreviated titles. SS Cyg positions are indicated in the left and right panels with a red star and
red square, respectively. Magnetic moment µ is expressed in G cm3 , and Ṁ in unit of 1016 g
s−1 .

Then we can assume, without reasonable doubts, that SS Cyg is an IP. What is the
intensity of its magnetic field? A relationship between the strength of the high–state
UV emission lines and the strength of the white dwarf magnetic field has been found
by Howell et al. (1999).
From the fluxes of UV emission lines (Gaudenzi et al. 1986) we derived the luminosity of C II and C IV: LCII ∼ 7.8 × 1030 erg s−1 , and LCIV ∼ 6.2 × 1031 erg s−1 ,
respectively.
Using these values of luminosity and the extrapolation of the line best fitting the
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emission line luminosity of CII and C IV from Howell et al. (1999), the magnetic field
intensity of SS Cyg is 2.5 and 2.0 MG, respectively as shown in Fig.10, left and right
panels, respectively.
Taking into account the errors in the fluxes of the considered UV lines, we can
argue a reasonable value of the white dwarf magnetic field in SS Cyg as B ∼ 2.2 ± 1.0
MG.
Moreover,
v) a periodicity at 12.18 ± 0.01 m in R and I bands was detected in SS Cyg by
Bartolini et al. (1985), probably associated to the spin period of the white dwarf. If
the rotation is direct with orbital motion Pspin = 11.82 ± 0.01 m, corresponding to
709.2 ± 0.6 s. If the rotation is inverse Pspin = 12.56 ± 0.01 m. Tramontana (2007)
found a periodicity of 12.175 ± 0.539 m by using 504 images obtained on October 26,
2006 with SS Cygni in outburst at the didactic telescope TACOR of the La Sapienza
University. Braga (2009) by using 10 ks XMM-OM UV observations of SS Cyg
found a periodicity of 709 ± 1 s. By using Pspin = 709 s and the relationship Pspin vs
Porb (Warner 1996), SS Cyg lies in the zone of the IPs very close to the line of 1 M
(Fig.11, left panel). The mass of SS Cyg white dwarf is 0.97+0.14
−0.05 M (Giovannelli et
al. 1983).
Finally, with B ≈ 2 MG, and the radius of the white dwarf Rwd = 5 × 108 cm
(Martinez-Pais et al. 1994), the magnetic moment is µ ≈ 2.5 × 1032 G cm3 . Using this
value of µ and the average value of Ṁ, SS Cyg lies just in the IPs region as shown in
the right panel of Fig. 11.
Undoubtedly a network of robotic telescopes is fundamental in providing continuous survey of this intriguing system.

3. Conclusions
We hope to have clearly discussed several arguments that give definitive proofs of
what a network of robotic telescopes can provide for improving and accelerating our
knowledge of the physics of the Universe.
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