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X-ray observations of the spotted star AB Dor with BeppoSAX
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Abstract. The young rapidly-rotating spotted star AB Doradus was observed by BeppoSAX on five occasions in November
1998, December 1999, June 2000 and August 2001. In the first four observations it was very active with spectacular flares
detected up to energies of 50 keV at the peak of the strongest ones. The individual observations were long enough in several
cases to investigate possible rotational modulation effects induced by starspot associated coronal active regions. Simultaneous
optical photometry was obtained at the South African Observatory during the December 1999 observation. We present an
analysis of the quiescent and flaring emission of AB Dor and we discuss the implications of these observations for inferring
the active region distribution over the star surface. The absence of rotational modulation or of self-eclipses of the longest flares
indicate that they are located at high latitudes. The comparison of the X-ray and optical data shows evidence of rotational
modulation of the quiescent emission, with higher X-ray emission when the star is less spotted. Intrinsic variations of the
coronal emission on time scales of 	 days as well as tens of minutes are also present.
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1. Introduction

AB Doradus is a nearby (

���
��

pc) young (age �������� � Myr) star of spectral type K0-1 V, with a rotation period
of only 12.4 hours, which makes it one of the most rapidly-
rotating stars known. Its coronal emission is characterized by
high-level variability, on time scales from minutes to weeks,
and by the occurrence of frequent flares.

AB Dor has been observed by BeppoSAX five times: on
1997 November 9, 1997 November 29, 1999 December 8,
2000 June 3, and 2001 August 10. During the December 1999
observation simultaneous optical photometry was obtained at
the South African Observatory. In the first four occasions the
star was very active with large flares (Fig. 1) detected up to
energies of � � � keV at the flare peak. The November 1997
flares started just at the beginning of both observations, while
in December 1999 and in June 2000 the flares occurred in
the middle of the observing runs, allowing us to study the
quiescent emission both before and after the flare. During the
August 2001 observation, which covered ����� � rotational pe-
riods, the star showed continuous variability at a lower level
(Fig. 2).
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Spectral analysis with 2-T models shows that the quies-
cent corona has temperatures of � 
 � MK and ������� � �
MK and subsolar metal abundances (  ��!�"� �#���"� �  %$ ), with&(' � � �*),+ 
 �.-0/ cm 132 ; during the flares temperatures of
up to 100 MK are reached.

The X-ray data acquired by BeppoSAX on AB Dor are
unique. Not only spectacular flares were observed with peak
intensities a factor 100 larger than the quiescent emission of
the whole star, but the star itself was observed continuously
for up to �4��� � rotational periods. This allows us to investi-
gate the temporal behaviour of the high-temperature coronal
plasma in AB Dor as well as to infer the spatial distribution
of X-ray emitting active regions above the star’s surface and
its relation to the underlying photospheric spots. In particu-
lar, three are the main conclusions that can be derived about
the coronal structure of AB Dor from this unique data set:
1) the X-ray emitting coronal active regions are distributed
non-uniformely over the stellar surface (as indicated by the
presence of rotational modulation) and are predominantly lo-
cated on the stellar hemisphere opposite to the spotted one
(at least during the December 1999 observation, the only one
for which we have simultaneous photometric data); 2) in-
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Fig. 1. MECS light curves of the four flares observed on AB Dor
in 1997, 1999 and 2000. Only 50 ksec intervals are shown for each
observation

Fig. 2. MECS light curve of AB Dor in August 2001

trinsic variations of the coronal emission not related to the
star’s rotation occur on times scale of days ( � 2.5 days dur-
ing the long August 2001 observation) as well as on much
shorter time scales ( �


 �.2 sec). On the contrary, there was
little variation (at most by a factor of 2) of the average qui-
escent level over � � � � years; 3) large X-ray flares do occur
close to the polar regions indicating that active regions coro-
nal loops must be present at high latitudes in addition to the
photospheric spots inferred by Doppler imaging. The obser-
vational evidence for these conclusions is briefly presented in
the following sections.

Fig. 3. LECS and MECS light curves of the quiescent emission ob-
served in December 1999, folded with the orbital period, compared
with the optical light curve. Phases have been computed using the
ephemeris of Innis et al. (1988)

2. Quiescent emission

2.1. Variability analysis

The December 1999 data have been analyzed with the
method developed by Collura et al. (1987) which allows to
establish the presence and amplitude of non periodic vari-
ability on relatively short time scales ( �



hour). The results

indicate that significant variability was present during the qui-
escent phases on time scales �


 � 2 sec, with an amplitude of
� 
��

% in the �"� 
 ��� keV band (LECS data) and � ��� % in
the


 � � � 
 � keV band (MECS data).

2.2. Rotational modulation

The comparison of the December 1999 X-ray light curve,
folded with the rotational period, with the simultaneous op-
tical light curve suggests that part of the X-ray emission (as-
sociated with the hotter plasma) is indeed rotationally modu-
lated, with the emission peak at the opposite position of the
main dark spot (Fig. 3)

The quiescent emission observed in August 2001 shows
a long-term modulation (Fig. 4, top panel) over � �

rota-
tional periods (i.e. 2.5 days). Some rotational modulation is
also present, as shown in the bottom panels of Fig. 4, where
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Fig. 4. Top panel: MECS quiescent light curve observed in August
2001 (all obvious peaks have been removed). Bottom panels: MECS
folded light curve divided into four equal intervals lasting 2 rota-
tional periods

the folded light curve has been divided into intervals lasting
2 rotational periods.

2.3. Static loop modeling

The quiescent X-ray spectra collected in December 1999
have been fitted with detailed static coronal loop models, as
described in Maggio & Peres (1996). Two loop components
are required to fit the data in a satisfactory way. The results
(Table 1) indicate that the cooler loop component is associ-
ated to plasma with a maximum temperature � ��� MK con-
fined in loops shorter than the stellar radius, covering several
percents of the stellar surface; the hotter loops have instead������� �	�.� MK and cover a surface fraction 10 times smaller
than for the cooler loops, assuming the same length (not con-
strained by the modeling).

3. Flare analysis

We have analyzed the 1997 November 9 and the 1999 De-
cember 8 flare decays using two different approaches. We
first applied the method developed by Reale et al. (1997),
based on detailed hydrodynamic modeling of magnetically-
confined plasma in a single coronal loop with fixed geome-
try, which allows us to derive the flaring loop length from the
light curve decay time 
���
 and from the slope � of the linear

Fig. 5. Flare analysis using the Reale et al. (1997) method for the
1997 November 9 flare (left panels) and for the 1999 December 8
flare (right panels)

Fig. 6. Fit of the flare light curves using the two-ribbon flare model
(Kopp & Poletto 1984). � is the order of the Legendre polinomial
describing the loop (smaller � imply larger loops)

decay path in the ������� �����������! #"%$'& diagram. The method
has been calibrated for the BeppoSAX/MECS response (see
Maggio et al. 2000 for details). This analysis (Fig. 5) yields a
loop size about half the stellar radius for the November 1997
flare, while in order to describe the December 1999 data a
flaring loop with length (*)�+-, is required.

We also analysed the data using the two-ribbon flare
model developed by Kopp & Poletto (1984) as extended to
the stellar case by Poletto et al. (1988), which assumes a
growing system of loops formed by reconnection of open
field lines at progressively higher altitudes during the flare.
This model allows us to derive the magnetic field strength in
the flaring region for a given loop size. The two-ribbon flare
model can describe the data with good accuracy (except for
the initial rise phase, which is beyond the applicability of the
model) but the size of the loop cannot be uniquely determined
(Fig. 6). If the constraint on the loop length derived with the
Reale et al. method is used, the two-ribbon flare modeling
suggests that the maximum strength of the magnetic field for
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Table 1. Results of the static loop modeling of the quiescent emission in December 1999

Cool loop component Hot loop component������� ���
	�� 
 � ���
	�� 
 �
( ����� K) (cm) (%) ( ����� K) (cm) (%)

Pre-flare 0.35 18 ������� 3.0 42 ������� 0.1
Post-flare 0.32 18 ������� 2.6 38 ������� 0.2

the November 1997 flare is ��� � times larger than for the
December 1999 flare.

4. Conclusions

The large amount of data we have analyzed provides us with
a quite complex and detailed description of the corona of AB
Dor.

The variability analysis of the quiescent emission con-
firms the presence of significant non-periodic variations of
the X-ray flux on characteristic time scales �


 ��2 sec, possi-
bly associated with low-level flaring activity. Rotational mod-
ulation of the harder component of the coronal emission is
also suggested by the comparison with simultaneous optical
data.

The long-term monitoring performed in August 2001
over � � � � rotational periods has evidenced a long-term mod-
ulation of the quiescent emission, with a period of � ��������� .

The comparison of the five observations shows that the
mean level of the quiescent emission changed at most by a
factor of 2 over a time span of � � � � years.

The quiescent emission can be described as originating
from static coronal loop models, with a cooler component
covering a relatively large fraction of the stellar surface, and
a hotter component with smaller surface filling factor (as-
suming the same loop size). The plasma confined in the two
classes of coronal loops reaches maximum temperatures at
the loop top of � ��� MK and �*�.� MK, respectively.

The analysis of the flare decays suggests in most cases
the presence of flaring loop structures with sizes smaller than
the stellar radius, with the notable exception of the loop as-
sociated with the December 1999 flare, whose semi-length
was ��� �"! . Continuous heating is usually required during
the flare decay phases, except in the last case.

The absence of modulation or self-eclipses during the
longest flares suggests that they occurred in regions close to
the stellar poles, in agreement with the location of magnetic
structures inferred from optical observations.
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