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Abstract. We present a BeppoSAX observation of AM Her
during a prolonged low state. The source was observed for
∼ 4 hrs at a flux level comparable to previous low states, fol-
lowed by a rapid (∼ 40 min) drop by a factor of∼ 7 to the deep-
est X-ray low state ever detected. While the active phase X-ray
flux is likely to be accretion induced, coronal emission from
the secondary may contribute significantly during the inactive
phase. The timescale of this dramatic change in the accretion
rate is of the order of the dynamical timescale of the secondary
star; no available model can satisfactorily explain the evolution
of the X-ray flux detected in these BeppoSAX data.

Key words: accretion – binaries: close – stars, individual:
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1. Introduction

AM Her, the bright prototype of thePolars, contains a mag-
netic (∼ 14 MG) white dwarf which accretes from a late-type
main sequence secondary star. The strong magnetic field locks
the white dwarf into synchronous rotation with the orbital pe-
riod and channels the accretion flow towards the magnetic pole
of the white dwarf. The accretion region is a strong source of
X-ray emission, with the emitted spectrum depending on the
mass flow rate. At low mass flow rates,ṁ ≤ 30 g cm−2s−1,
the infalling matter is heated close to the white dwarf surface
in a stand-off shock to∼ 108 K, giving rise to emission of ther-
mal bremsstrahlung and cyclotron radiation. For high mass flow
rates, the shock may be buried in the white dwarf atmosphere,
and the primary thermal bremsstrahlung is reprocessed into a
blackbody soft X-ray emission.

Send offprint requests to: D. de Martino

A common characteristic of Polars is a long-term variability
in their luminosity, best monitored at optical wavelengths in the
prototype AM Herculis itself, where irregular changes in bright-
ness of∆V ' 2 − 3 mag (high and low states) are observed on
timescales of months. As Polars have no accretion disc, changes
in the luminosity directly reflect changes in the mass loss rate of
the secondary star. One possible cause for these variations are
active regions episodically covering the inner Lagrangian point
of the cool star (King & Cannizzo 1998). During high states, the
X-ray emission of AM Her is very soft; the accretion is, hence,
dominated by high mass flow rates (Gänsicke et al. 1995, here-
after G95). The few X-ray low state observations obtained so
far showed AM Her at a low flux level with no noticeable soft
component (Fabbiano 1982, hereafter F82; G95). In thisLetter
we report a BeppoSAX observation of AM Her during an opti-
cal low state, showing an active phase for∼ 4 hrs, followed by
the deepest X-ray quiescence detected so far.

2. Observations

A BeppoSAX (Boella et al. 1997) observation of AM Her was
carried out from 1997 September 6, 13:38 to September 7, 3:26
(UT) with the co-aligned Narrow Field Instruments covering
the range 0.1-300 keV. The source was detected only by the
Low Energy Concentrator Spectrometer (LECS) [0.1-10 keV]
and by the two active units of the Medium Energy Concen-
trator Spectrometers (MECS) [1.3-10 keV], with effective on-
source exposures of 9.8 ksec and 24.7 ksec, respectively. Count
rates have been extracted from a circular region with a radius
of 4

′
in both instruments. Background count rates were ex-

tracted from blank sky pointings using the same radius, result-
ing in 5.6× 10−3 cts s−1 and7.0× 10−3 cts s−1 for the LECS
and the MECS, respectively. During the BeppoSAX observa-
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Fig. 1. Long-term optical light curve of AM Her from AAVSO data.
The time of the BeppoSAX observation is indicated.

tion, AM Her was in a low state (V ≈ 15.1 mag; Fig. 1) since
∼ 120 d, the longest since three years.

3. Analysis and results

3.1. The X-ray light curve

The background subtracted MECS and LECS light curves of
AM Her (Fig. 2) display a striking evolution of the count rates
during the BeppoSAX pointing. During the first two satellite
orbits, HJD = 2 450 698.1–698.2, the count rate in the MECS
detector steeply rises and subsequently falls by a factor∼ 7.
Fitting the rise (1st orbit) and the decay (2nd orbit) times with an
exponential slope results inτrise = 44± 46

14 min andτfall = 39±
13
8 min. The maximum of this burst-like event likely occurred

while the satellite was in the earth shadow. A steep rise by a
factor∼ 6 is also observed in the LECS count rates, but, due
to the shorter on-source time (Fig. 2), the decay has been only
marginally covered. A second decay in the MECS count rate is
observed during the third satellite orbit (HJD = 2 450 698.22),
with a similar timescale as the first decay. The later data show
the system at an approximately constant level of(6.5 ± 0.8) ×
10−3 cts s−1and(6.8 ± 1.1) × 10−3 cts s−1in the MECS and
LECS, respectively. We note the X-ray emission of AM Her
did not switch off completely. We will refer to the observations
obtained before and after HJD = 2 450 698.25 as theactiveand
quiescentphases, respectively.

Fig. 3 shows the active and quiescent MECS and LECS
count rates folded with the linear polarization ephemeris (Heise
& Verbunt 1988). During the active phase, the count rates in
both instruments show a deep minimum atφ ≈ 0.1. A sec-
ond minimum, less pronounced and structured, is observed at
φ ≈ 0.42 − 0.55, followed by a steep rise. During quiescence,
the poor statistics prevents the detection of an orbital modula-
tion. The minimum observed atφmag ≈ 0.1 is a recognized
stable feature in the X-ray light curve of AM Her, both in high
state (G95; Beardmore & Osborne 1997) and in low state (F82;
G95), interpreted as the eclipse of the accreting pole by the white
dwarf. The second minimum atφmag ≈ 0.42 − 0.55 observed
in the MECS data is, however, not straightforward to under-
stand. The GINGA hard X-ray light curve of AM Her during
high state shows a quasi-sinusoidal modulation, possibly with
a small plateau shortly beforeφmag = 0.5 (Beardmore & Os-
borne 1997). A substantial short-term variability, observed in
the GINGA data, could also be present in our data and con-

Fig. 2. MECS (upper panel) and LECS (lower panel) light curves of
AM Her, binned in 200 sec. The on-target times are indicated by shaded
areas at the bottom of each panel. The top axis gives magnetic phases.
Count rates below zero are due to the uniform background subtraction.

Fig. 3a–dLECS and MECS count rates, binned in 200 sec, during the
quiescent phase (a andb, respectively) and during the active phase (c
andd, respectively).

tribute to the structured shape of the secondary minimum in the
MECS light curve. A second minimum atφmag ≈ 0.5 is also
observed in the soft X-rays (G95), likely due to photoelectric
absorption in the accretion stream. However, it is very unlikely
that absorption can account for the deep second minimum in the
MECS 2–10 keV light curve. We conclude that, while the min-
imum observed at HJD = 2 450 698.2 is consistent with being
due to the eclipse of the accreting pole, the initial rise and the
decline at HJD = 2 450 698.22 are likely due to intrinsic X-ray
luminosity variations (cfr. Sect. 4).
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3.2. The X-ray spectrum

Spectral fitting was performed separately for the active and qui-
escent phases. No soft blackbody component is required by
the data being the LECS+MECS spectra fitted with a ther-
mal plasma (Raymond-Smith) model with solar abundances,
assuming an interstellar hydrogen column density ofNH =
9 × 1019 cm−2 (G95). The relative normalization of the two
instruments was left free to allow for a residual mismatch in the
absolute calibrations and the different time coverage. For the
quiescent phase this parameter resulted to be completely uncon-
strained and was, therefore, fixed to unity. The fits are acceptable
for both phases,χ2

red < 1, resulting inkTRS = 5.8± 3.9
1.8 keV for

the active phase and in a lower limitkTRS ≥ 3.6 keV for the qui-
escent phase (quoted errors refer to the 90% confidence level).
The temperature derived for the active phase spectrum is sig-
nificantly lower than the typical value for the high state (∼13.5
keV, Beardmore et al. 1995), but is broadly consistent with the
9 keV temperature derived from the low state Einstein obser-
vations in August 1980, when AM Her was atV ∼ 14.5 mag
(F82). In Table 1, we list for the active phase the 2-10 keV and
the bolometric fluxes for Raymond-Smith models at 5.8 keV,
at 9 and 20 keV, the latter for comparison with the low state
(V ∼ 14.9 mag) observed in September 1990 during the Rosat
All Sky Survey (G95). The 9 keV thermal bremsstrahlung model
fitted to the Einstein spectrum (F82) resulted in a 0.4 – 4 keV
bright phase flux of48 × 10−13 ergs cm−2s−1, which converts
into a bolometric flux of120×10−13 ergs cm−2s−1, somewhat
higher than that obtained by G95 (80 × 10−13 ergs cm−2s−1)
for an assumed 20 keV thermal bremsstrahlung spectrum fitted
to the ROSAT PSPC data. The bolometric fluxes derived from
the BeppoSAX active phase spectrum (Table 1) are of the same
order of magnitude as those given by F82 and G95, thus indi-
cating that the active phase corresponds to the normal low-state
activity while the quiescent phase represents the deepest X-ray
low state observed so far. As shown in Table 1, the resulting
quiescence bolometric flux is a factor∼ 8 lower than any X-ray
flux of AM Her hitherto reported.

We finally note that the lack of detection of a soft component
is consistent with the previous 1980 and 1990 low states. An up-
per limit can be obtained including a 29 eV blackbody in the fit,
as derived from high state ROSAT data (G95). No improvement
in the fit is achieved, and we constrainFbb/FRS ≤ 2. However,
the BeppoSAX data alone do not allow us to assess the eventual
presence of substantial blackbody emission in the EUV.

4. Discussion

4.1. The origin of the X-rays

The BeppoSAX observation reported here has revealed an un-
precedented large variation in the X-ray emission of AM Her,
showing short activity event followed by the deepest X-ray low
state ever detected so far. Since we lack of information on
whether the source was in a sustained active state before our
BeppoSAX pointing, which would clearly indicate accretion-
induced X-ray emission, we explore the possibility that the X-

Table 1. 2-10 keV and bolometric Raymond-Smith model fluxes for
the active (A) and the quiescent (Q) phase at the given temperatures.

Phase kTRS FRS(2 − 10 keV) FRS(bol)
[keV] [10−13 ergs cm−2s−1]

A 5.8 18 36
A 9.0 19 39
A 20.0 19 50
Q 5.8 2.4 4.8
Q 20.0 2.5 6.5

ray flux observed during both active and quiescent phases was
due to the secondary star only.

Active phase:The secondary star has been observed to be
active at optical wavelengths. A large and rapid (∼ 1 hr) bright-
ening has been detected in AM Her during a low state in 1992
(Shakhovskoy et al. 1993), with the typical morphology, sharp
rise and slow decay, of a stellar flare. We, therefore, compare
the timescales, energetics and emission measure of the active
X-ray phase with those of flares in dMe and RS CVn stars. A
thorough compilation of X-ray flares is provided by Pallavicini
et al. (1990), mainly based on EXOSAT LE data. Stellar flares
show a wide variety of timescales and energetics, and the active
phase of AM Her falls into the large flares category, with an in-
crease of flux of>∼ 7. However, the morphology of this∼ 4 hr
active phase, with a rather slow exponential rise (>∼ 44 min), and
a double-humped decay with similar time scales, differs from
that of typical flares. Moreover, the temperature is higher than
typical flare temperatures of1.7−3.4 keV. Also, the average lu-
minosity in the 0.05–3 keV band,1.4 × 1030 ergs s−1assuming
a distance of 91 pc (G95), is at the high end of the peak lumi-
nosities of stellar flares,1027 − 1030 ergs s−1, observed with
the EXOSAT LE experiment. The same holds for the integrated
luminosity in the same band,1.4 × 1034 ergs, which compares
with 3×1030 −1×1034 ergs for stellar flares. Only the derived
volume emission measure1.4 × 1053cm−3, is comparable to
those of stellar flares. Therefore, the discrepancies in the char-
acteristics of the active phase in AM Her from those of stellar
flares, along with the coincidence of theφmag ≈ 0.1 minimum
in the phase-folded light curve with the eclipse of the accret-
ing pole, strongly suggest that the X-ray emission detected by
BeppoSAX during the active phase is due to accretion.

Quiescence:The quiescent X-ray flux is the lowest observed
so far in AM Her and could be due to coronal emission from
the secondary. Although we cannot constrain the quiescence
temperature, the lower limit of 3.6 keV is higher than typical
coronal temperatures (∼ 250 eV–1.7 keV). However, assuming
kTRS = 5.8 keV, the luminosity in in the soft X-ray bands
of EXOSAT and Einstein is∼ 2 × 1029 ergs s−1, which is
about the observed luminosity of late-type main sequence stars
(Pallavicini et al. 1990; Eracleous et al. 1991). Therefore, unless
the secondary in AM Her is unusally inactive, coronal emission
significantly contributes to the quiescent X-ray flux of AM Her,
even though the temperature might suggest the presence of an
accretion induced component.
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4.2. Variability of the accretion rate

Identifying the X-ray emission during the active phase as due
to accretion leads to the conclusion that we have observed a
significant drop of the accretion rate at HJD = 2 450 698.25.
We are left with the ambiguity that the observed rise in both
MECS and LECS at the beginning of the observation are re-
lated to the onset of an accretion event. In the following, we
estimate the accretion rates during the active phase as well
as an upper limit for the quiescent phase, assuming that also
the latter is accretion-induced. Thetotal accretion luminosity
can be estimated taking into account that about half of the
thermal bremsstrahlung and cyclotron radiation emitted from
the hot post-shock plasma is intercepted by the white dwarf
and re-emitted in the UV, as established for AM Her by G95:
LUV ≈ Ltb + Lcyc with Lcyc ≈ 2.3 Ltb. Neglecting the con-
tribution from an undetected soft EUV component,Lacc ≈
Ltb + LUV + Lcyc. ForkTRS = 5.8 keV, this translates into a
lower limit of Lacc ≥ 2.4 × 1031 ergs s−1 for the active phase,
while3.1×1030 ergs s−1 is derived for the quiescent phase. As-
sumingMwd = 0.6 M� (Rwd = 8.7×108 cm), these luminosi-
ties imply accretion rates oḟM ≥ 4.1×10−12 M� yr−1 for the
active and a factor of 10 lower for the quiescence. Considering
the upper limit on a possible soft EUV component (Sect. 3.2),
these accretion rates could be higher by a factor of∼ 2. It ap-
pears that the normal low state accretion rate, as measured by
Einstein, ROSAT, and by BeppoSAX during the active phase, is
broadly consistent with that expected from gravitational brak-
ing, 3 × 10−11 M� yr−1 for Porb = 3.09 h (Warner 1995).
However, the accretion rate during the quiescent phase is at least
one order of magnitude below that value, indicating a turn-off
of the mass transfer. We stress that, considering the long (∼ 9 h)
quiescent phase, the observed large decrease in flux is not due
to inhomogenous accretion, but to a decrease of the total mass
transfer rate.

The puzzling result is the very short timescale,∼ 40 min,
on which accretion turns off, remarkably close to the dynam-
ical timescale of the secondary star (Warner 1995). This may
be interpreted as a temporary detachment of the secondary from

the Roche lobe. King & Cannizzo (1998) discuss possible mod-
els for such variations on timescales of∼ 1 d, but none of
them seems appropriate for the rapid X-ray turn-off detected
by BeppoSAX. On the other hand, if AM Her was in a deep low
state also before our BeppoSAX pointing, the observed vari-
ability could have been produced by an eruptive mass ejection
from the secondary star. Eruptive prominences, extending up to
10 − 20 R?, are indeed observed in active late stars (Cameron
1991) but with masses of the order of4 × 1017 g, a factor of
∼ 10 lower than the mass accreted on the white dwarf during
the active phase. Unfortunately, the knowledge of mass ejec-
tions in stars other than the sun is still very scarce, limiting any
further comparison.

Our BeppoSAX observation of AM Her has revealed that
the mass transfer rate is subject to large variations also during
low state. Stellar activity on the secondary appears to be an
important, but poorly explored ingredient in understanding the
nature of these variations.
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