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Abstract. We present a BeppoSAX observation of AMHer A common characteristic of Polars is a long-term variabilit
during a prolonged low state. The source was observed fotheir luminosity, best monitored at optical wavelengths in t
~ 4 hrs at a flux level comparable to previous low states, fgbrototype AM Herculis itself, where irregular changes in bright
lowed by a rapid{ 40 min) drop by a factor of- 7to the deep- ness ofAV ~ 2 — 3 mag (high and low states) are observed o
est X-ray low state ever detected. While the active phase X-ttyjescales of months. As Polars have no accretion disc, chan
flux is likely to be accretion induced, coronal emission fronm the luminosity directly reflect changes in the mass loss rate
the secondary may contribute significantly during the inactitke secondary star. One possible cause for these variations
phase. The timescale of this dramatic change in the accretamtive regions episodically covering the inner Lagrangian poi
rate is of the order of the dynamical timescale of the secondarfithe cool star (King & Cannizzo 1998). During high states, th
star; no available model can satisfactorily explain the evolutiotiray emission of AM Her is very soft; the accretion is, hence
of the X-ray flux detected in these BeppoSAX data. dominated by high mass flow ratesg@icke et al. 1995, here-

after G95). The few X-ray low state observations obtained ¢
Key words: accretion — binaries: close — stars, individuafar showed AM Her at a low flux level with no noticeable so
AM Her — X-rays: stars component (Fabbiano 1982, hereafter F82; G95). Inltatter
we report a BeppoSAX observation of AM Her during an opti
cal low state, showing an active phase fot hrs, followed by
the deepest X-ray quiescence detected so far.

1. Introduction

AM Her, the bright prototype of th€olars contains a mag-
netic (~ 14 MG) white dwarf which accretes from a late-type. Opservations

main sequence secondary star. The strong magnetic field locks )
the white dwarf into synchronous rotation with the orbital pe® BEPPOSAX (Boella et al. 1997) observation of AM Her was

riod and channels the accretion flow towards the magnetic pGRfied out from 1997 September 6, 13:38 to September 7, 3
of the white dwarf. The accretion region is a strong source @¢T) with the co-aligned Narrow Field Instruments covering
X-ray emission, with the emitted spectrum depending on tee range 0.1-300 keV. The source was detected only by {
mass flow rate. At low mass flow rates, < 30g cm—2s—!, LOW Energy Concentrator Spectrometer (LECS) [0.1-10 ke
the infalling matter is heated close to the white dwarf surfa@®d by the two active units of the Medium Energy Conce
in a stand-off shock te- 10° K, giving rise to emission of ther- trator Spectrometers (MECS) [1.3-10 keV], with effe_ctlve on
mal bremsstrahlung and cyclotron radiation. For high mass fIGRUrce exposures of 9.8 ksec and 24.7 ksec, respectively. Ca
rates, the shock may be buried in the white dwarf atmosphei@les have been extracted from a circular region with a radi

and the primary thermal bremsstrahlung is reprocessed int8fe in both instruments._ Backgrqund count rates were e
blackbody soft X-ray emission. tracted from blank sky pointings using the same radius, res

iNngin5.6 x 1073 cts s~ and7.0 x 1073 cts s~ for the LECS
Send offprint requests t®. de Martino and the MECS, respectively. During the BeppoSAX observ
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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.
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tion, AM Her was in a low statel{ =~ 15.1 mag; Fig. 1) since

~ 120d, the longest since three years.

3. Analysis and results
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Fig. 2. MECS (upper panel) and LECS (lower panel) light curves of

3.1. The X-ray light curve
. AM Her, binned in 200 sec. The on-targettimes are indicated by shaded
The background subtracted MECS and LECS light curves as at the bottom of each panel. The top axis gives magnetic phases.

AM Her (Fig. 2) display a striking evolution of the count rateg,nt rates below zero are due to the uniform background subtraction.
during the BeppoSAX pointing. During the first two satellite
orbits, HD =2 450 698.1-698.2, the count rate in the MECS
detector steeply rises and subsequently falls by a factar .
Fitting the rise (1st orbit) and the decay (2nd orbit) times withan? |
exponential slope resultsif,e = 44+ 1% minandre; = 39+ =%

'3 min. The maximum of this burst-like event likely occurred 0 [,
while the satellite was in the earth shadow. A steep rise by a 0.08 —¢) —
factor~ 6 is also observed in the LECS count rates, but, dye, i ]
to the shorter on-source time (Fig. 2), the decay has been ol °-9* |~ | w #
marginally covered. A second decay in the MECS countrateis jﬁw ,,,,,,,,,,,,,,,,, 4 f
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observed during the third satellite orbit B3 2450698.22), _ o, —

with a similar timescale as the first decay. The later data shéwm 0.05 :

the system at an approximately constant level6d + 0.8) x =19 G } L** } ; M# |
103 cts s—Land(6.8 + 1.1) x 103 cts s~tin the MECS and  _ g EM"*"‘A”'V"““"M ""“'*”#*‘“W‘*"**‘&"W """ V“‘@ Wik
LECS, respectively. We note the X-ray emission of AM He%@‘g 004
did not switch off completely. We will refer to the observation§t |
obtained before and after B 2 450 698.25 as thactiveand
guiescenphases, respectively.

Fig. 3 shows the active and quiescent MECS and LECS
count rates folded with the linear polarization ephemeris (HeiB#y. 3a—dLECS and MECS count rates, binned in 200 sec, during the
& Verbunt 1988). During the active phase, the count rates guiescent phase@ndb, respectively) and during the active phase (
both instruments show a deep minimum¢ats 0.1. A sec- andd, respectively).
ond minimum, less pronounced and structured, is observed at

¢ =~ 0.42 — 0.55, followed by a steep rise. During quiescence,

the poor statistics prevents the detection of an orbital mOdu{ﬂbute to the structured shape of the secondary minimum in the
tion. The minimum observed atn., ~ 0.1 is a recognized ;e cg light curve. A second minimum &t,., ~ 0.5 is also
stable feature in the X-ray light curve of AM ng, both in hlgrEJbserved in the soft X-rays (G95), likely due to photoelectric
state (.695; Beardmore & storne 1997) and in low state (F ; 'sorption in the accretion stream. However, it is very unlikely
G95), interpreted as the_ecllpse ofthe accreting pole by the whjte, absorption can account for the deep second minimum in the
fjwarf. The second minimum Bnag ~ 0'4_2 — 0.55 observed MECS 2-10keV light curve. We conclude that, while the min-
in the MECS data is, however, not straightforward to unde, , ghserved at H3=2 450 698.2 is consistent with being

sFand. The GINGA hard _X—_ray Iight curve Of.AM Her QUringd e to the eclipse of the accreting pole, the initial rise and the
high state shows a quasi-sinusoidal modulation, possibly WHEcline at HD =2 450698.22 are likely due to intrinsic X-ray
a small plateau shortly beforg,,, = 0.5 (Beardmore & Os- luminosity variations (cfr. Sect. 4)

borne 1997). A substantial short-term variability, observed in
the GINGA data, could also be present in our data and con-
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3.2. The X-ray spectrum Table 1.2-10keV and bolometric Raymond-Smith model fluxes fo

. . the active (A) and the quiescent (Q) phase at the given temperaturg
Spectral fitting was performed separately for the active and qui-

escent phases. No soft blackbody component is required Bhase K Ths

LETTER

Frs(2-10 keV) FRs(bol)

the data being the LECS+_MECS spec’Fra fitted with a ther- [keV] (10713 ergs cm 25~}
mal plasma (Raymond-Smith) model with solar abundances,
assuming an interstellar hydrogen column densit\ef = A 5.8 18 36

9 x 10 cm~2 (G95). The relative normalization of the two A 9.0 19 39

instruments was left free to allow for a residual mismatch in thé 20.0 19 50
. . . . 5.8 2.4 4.8

absolute calibrations and the different time coverage. For th%. 20.0 55 65

quiescent phase this parameter resulted to be completely uncon- i ' i

strained and was, therefore, fixed to unity. The fits are acceptable
forboth phases?,; < 1, resulting inkTrs = 5.8+ %% keV for _ _ _
the active phase and in alower limiTis > 3.6 keV for the qui- ray flux observed during both active and quiescent phases
escent phase (quoted errors refer to the 90% confidence Ie\%lllf to _the secondary star only.
The temperature derived for the active phase spectrum is sig-/\Ctive phaseThe secondary star has been observed to
nificantly lower than the typical value for the high state1@.5 active atoptical wavelengths. A large and rapidi(hr) bright-
keV, Beardmore et al. 1995), but is broadly consistent with tff&'"9 has been detected in AM Her d“T'”g a low state in 193
9keV temperature derived from the low state Einstein obséph@knovskoy et al. 1993), with the typical morphology, sha
vations in August 1980, when AM Her was &t ~ 14.5 mag rise gnd slow decay, of a stellar fla_re..We, therefore, compa
(F82). In Table 1, we list for the active phase the 2-10 keV ane tlmescalesz energetics and emission measure of the ag
the bolometric fluxes for Raymond-Smith models at 5.8 ke, 'Y Phase with those of flares in dMe and RS CVn stars.
at 9 and 20keV, the latter for comparison with the low staf80rough compilation of X-ray flares is provided by Pallavicin
(V ~ 14.9 mag) observed in September 1990 during the Ro&t2- (1990), mainly based on EXOSAT LE data. Stellar flare
All Sky Survey (G95). The 9 keV thermal bremsstrahlung modg|'©" & Wide variety of timescales and energetics, and the act
fitted to the Einstein spectrum (F82) resulted in 4-04 keV phase of AM Her falls into the large flares category, ywth ani
bright phase flux o8 x 1013 ergs cm~2s~1, which converts Ccréase of flux ok 7. However, the morphology of this 4 hr
into a bolometric flux 0120 x 10~ 13 ergs cm 25—, somewhat 2Ctive phase, with arather slow exponential risel¢ min), and
higher than that obtained by GO8)(x 103 ergs cm~2s1) & double-humped decay with similar time scales, differs fro

for an assumed 20 keV thermal bremsstrahlung spectrum fit{gt Of typical flares. Moreover, the temperature is higher thg
to the ROSAT PSPC data. The bolometric fluxes derived froffPIcal flare temperatures of7 —3.4 ke\/.?ﬁlso, thiaveragg lu-
the BeppoSAX active phase spectrum (Table 1) are of the safigoSity in the 0.05-3keV band,4 x 10" ergs s~ assuming
order of magnitude as those given by F82 and G95, thus ingidiStance of 91 pc (695)2'7'5 at tggz high f?d of the peak lu
cating that the active phase corresponds to the normal low-sti¢gities of stellar flares,0%* — 10" ergs s™, observed with
activity while the quiescent phase represents the deepest X- _EXO_SA_T LE experiment. The sa;ane holds f9r the integrats
low state observed so far. As shown in Table 1, the resultinosity In the same band,4 x 10° ergs, which compares
quiescence bolometric flux is a facter8 lower than any X-ray With 3 > 10 . __1 x 10°" ergs for ste5l?lar fla?’re_s. Only the derived
flux of AM Her hitherto reported. volume emission measufed x 10 cm””, is com_pargble to

We finally note that the lack of detection of a soft componeffioSe of stellar flares. Therefore, the discrepancies in the
is consistent with the previous 1980 and 1990 low states. An (Fteistics of the active phase in AM Her from those of stell
per limit can be obtained including a 29 eV blackbody in the fita€S: along with the coincidence of thg,,, ~ 0.1 minimum
as derived from high state ROSAT data (G95). No improveméﬂtthe phase-folded light curve with the eC"Pse_ of the accre
in the fitis achieved, and we constrdin, / Frs < 2. However, ing pole, strongly suggest that the X-ray emission detected

the BeppoSAX data alone do not allow us to assess the evenft@PPOSAX during the active phase is due to accretion.
presence of substantial blackbody emission in the EUV. QuiescenceThe quiescent X-ray flux is the lowest observe
so far in AM Her and could be due to coronal emission fro

the secondary. Although we cannot constrain the quiesce
4. Discussion temperature, the lower limit of 3.6 keV is higher than typica
coronal temperatures{250 eV-1.7 keV). However, assuming
kTrs = 5.8keV, the luminosity in in the soft X-ray bands
The BeppoSAX observation reported here has revealed an ahEXOSAT and Einstein isv 2 x 10%? ergs s, which is
precedented large variation in the X-ray emission of AM Heabout the observed luminosity of late-type main sequence st
showing short activity event followed by the deepest X-ray lo(Pallavicini et al. 1990; Eracleous et al. 1991). Therefore, unle
state ever detected so far. Since we lack of information the secondary in AM Her is unusally inactive, coronal emissic
whether the source was in a sustained active state before significantly contributes to the quiescent X-ray flux of AM Her
BeppoSAX pointing, which would clearly indicate accretioneven though the temperature might suggest the presence o
induced X-ray emission, we explore the possibility that the Yaccretion induced component.

4.1. The origin of the X-rays
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4.2. Variability of the accretion rate the Roche lobe. King & Cannizzo (1998) discuss possible mod-

Identifying the X-ray emission during the active phase as deles for such variations on timescales ©f 1d, but none of
9 y g P em seems appropriate for the rapid X-ray turn-off detected
to accretion leads to the conclusion that we have observe

significant drop of the accretion rate at HID = 2450 698.2 'ﬁegﬁszsl?e)&)roenng ;?;;:;29(’ g(ﬁmi:germisérl;:e?\?gg Lc;v:/i_
We are left with the ambiguity that the observed rise in bot '

2 . ility could have been produced by an eruptive mass ejection
MECS and LECS at the begmnmg of the observatlon. are smthe secondary star. Eruptive prominences, extending up to
lated to the onset of an accretion event. In the following,

— 20 R,, are indeed observed in active late stars (Cameron

estimate the accretion rates during the active phase as %Ibl) but with masses of the order bt 1017 g, a factor of

as an upper limit for the quiescent phase, assuming that 2290 lower than the mass accreted on the white dwarf during
the latter is accretion-induced. Thatal accretion luminosity

. L he active phase. Unfortunately, the knowledge of mass ejec-
can be estimated taking into account that about half of t@ P Y 9 )

. . 16ns in stars other than the sun is still very scarce, limiting any
thermal bremsstrahlung and cyclotron radiation emitted frou ther comparison.

the hot pos t'Sh.OCk plasma is intergepted by the white dwar Our BeppoSAX observation of AM Her has revealed that
2nd ri-eLmlttedLln theitr? \L/ anSQt%bESheNdJOILQ?: Htehrebgoi?ﬁﬁe mass transfer rate is subject to large variations also during
uv & Leb + Loy eye & 2.9 L. NEQ 9 low state. Stellar activity on the secondary appears to be an

tLr|but|oLn from Lan ulggr?lz;aed—S5ogki\L;\/th?so?:§r?;Zﬂegsccin; a important, but poorly explored ingredient in understanding the
tb + Luv 4 Leye. RS 9 ' nature of these variations.

lower limit of L,.. > 2.4 x 103! ergs s~ ! for the active phase,
while3.1x10% ergs s~ is derived for the quiescent phase. Asacknowledgementsie acknowledge useful discussions with J.
sumingM.q = 0.6 Mg, (Rywq = 8.7x10% cm), these luminosi- Schmitt, K. Readomn and G. Cauzzi.
ties imply accretion rates @ff > 4.1 x 10712 M, yr~* for the
active and a factor of 10 lower for the quiescence. Consideri
the upper limit on a possible soft EUV component (Sect. 3.2),
these accretion rates could be higher by a factor &f It ap- Beardmore A.P., Done C., Osborne J.P., Ishida M., 1995, MNRAS 272,
pears that the normal low state accretion rate, as measured by749
Einstein, ROSAT, and by BeppoSAX during the active phase Bgardmore A.P. & Osborne J.P., 1997, MNRAS 290, 149
broadly consistent with that expected from gravitational braRoella G. etal. 1997, A&AS 122, 299
ing, 3 x 1071 Mg yr~! for Py, = 3.09h (Warner 1995). Cam?;?]g g'ciglszglp'\ '\grgng'fozé ?gg’;)
However, the accre.tlon rate during the qwe;cgnt phase is at Igéfleous M’_’ Halp’enfl, Pa’tterson 3..1991, ApJ 382, 200
one order of magnitude below that value, indicating a turn-off, . :
A ansicke B.T., Beuermann K., de Martino D., 1995, A&A 303, 127

of the mass transfer. We stress that, considering the lerfigh) (G95)
quiescent phase, the observed large decrease in flux is not e 3. Verbunt F., 1988, A&A 189, 112
to inhomogenous accretion, but to a decrease of the total Mgy A.R., Cannizzo J.K., 1998, Afid press
transfer rate. Pallavicini R., et al. 1990, A&A 228, 403.

The puzzling result is the very short timescale40 min, Shakhovskoy N.M., et al. 1993, Ann. Isr. Phys. Soc. 10, 237
on which accretion turns off, remarkably close to the dynarkvarner B., 1995Cataclysmic Variable Star€Cambridge University
ical timescale of the secondary star (Warner 1995). This may Press)
be interpreted as a temporary detachment of the secondary from
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