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ABSTRACT

Aims. We wanted to determine the rotation parameters of GQ Lup A, thereby constraining the evolutionary history of the GQ Lup

system.

Methods. We have undertaken a photometric monitoring campaign on GQ Lup A consisting of two epochs spaced one year apart. We

also searched the photometric archives to enlarge the data set.

Results. We were able to determine the photometric period (8.45 + 0.2 days) in both epochs in several photometric bands. This
periodicity could also be found in some of the archival data. The combined false-alarm probability is 0.015. The variation is most
likely caused by hot spots on the surface of GQ Lup A. This, combined with high-resolution spectra (vsini) allows calculation of
GQ Lup A’s inclination (i = 27 + 5°). Radial velocity data also contains this period but is inconclusive. Nevertheless, the RV data
supports the interpretation that hot spots cause the photometric variation. We use the known K-band variability, amplitude, and phase
of GQ Lup A together with a new image of GQ Lup A+b, taken quasi-simultaneously with our monitoring of the star, to confirm the

magnitude and, hence, luminosity of the companion.
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1. Introduction

Neuhduser et al. (2005) recently discovered a sub-stellar com-
panion around the classical T Tauri star GQ Lup A in the Lupus
star forming region by direct imaging. The companion has a sep-
aration of 0.7” or ~100 AU (see also Mugrauer & Neuhduser
2005). This companion may have formed closer in, and been
moved to a larger separation by interaction with a more mas-
sive inner companion (Debes & Sigurdsson 2006; Boss 2006).
Therefore the question arises whether GQ Lup harbors addi-
tional companions at closer distances which could be found by
radial velocity techniques. Unfortunately, classical T Tauri stars
are very active and can exhibit strong spot activity (Hoffmeister
1965). This can mimic radial velocity (RV) signals of an orbit-
ing planet. This has been studied in detail by Saar & Donahue
(1997) and Saar et al. (1998). Neuhéuser et al. (1998) monitored
the weak-line T Tauri star Par 1724 in Orion and attributed its
RV variation to a cool spot. Paulson et al. (2002, 2004) used their
precise RV-data of the Hyades stars to investigate the cause of
the RV-scatter. They concluded that the scatter is mainly caused
by spots, and that plage regions are less important. This result

* Based on observations obtained on Cerro Paranal, Chile, in
ESO program 075.C-0710(C) and on La Silla, Chile, in ESO pro-
grams 074.C-0034(A),075.C-0710(E), 075.C-0710(F), 075.C-0202(A),
076.C-0010(A) as well as with ANDICAM of the SMARTS
consortium.

** Photometry data of epochs I and II are only available in electronic
form at the CDS via anonymous ftp to

cdsarc.u-strasbg.fr (130.79.128.5) orvia
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?]/A+A/468/1039

http://www.aanda.org

is confirmed by RV-monitoring of the very active star EK Dra
(Konig et al. 2005). The principle effect of dark spots on spec-
troscopy is that the reduced continuum level at the velocity of the
spot leads to an apparent emission peak at that velocity, crossing
the line profile as the spot transits the photosphere.

As part of an investigation of GQ Lup we undertook a photo-
metric monitoring campaign to search for a photometric period
of the primary. If this period can be ascribed to the rotation of
the star, this allows — in combination with the v sini from spec-
tra — the determination of the inclination of GQ Lup A. This
inclination is very likely also the inclination of the disk around
GQ Lup A, and possibly also the inclination of its companion’s
orbit.

2. Observations
2.1. Photometric monitoring

We carried out a photometric monitoring campaign at the
1.3 m telescope of the Cerro Tololo Inter-American Observatory
(CTIO), Chile, using the ANDICAM dual-channel photometer
of the SMARTS consortium. The ANDICAM obtains simulta-
neous optical and near-IR imaging by splitting the beam with a
dichroic filter and directing the light to two independent cam-
eras. Observations were taken at two epochs. Over the 25 days
from April 6 to May 1, 2005 (epoch I), data were taken on
15 nights (13 in the optical). We observed through the R, I, J,
and K filters. We obtained 3 consecutive images in each filter
each night. The J and K images are dithered. In all, there are
39 R and I and 45 J and K band images. These observations

http://dx.doi.org/10.1051/0004-6361:20066793
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Fig. 1. Light curve of GQ Lup in the R, I, J, and K broad band filters
phased to a period of 8.38 days. The same pattern can be observed in
all 4 filters and the amplitude decreases from R to K band. The most
likely cause for this behavior is activity on the rotating stellar surface
such as hot spots. The data are from April 2005 (epoch I).

were repeated one year later (epoch II) using the V, R, J,
and K filters. In the 17 days from May 9, 2006 to May 26, 2006,
25 sets of images were taken on 15 nights. Each IR exposure
contains 3 dithered images, so there are 75 IR exposures per fil-
ter. Some of these images were later rejected by the differential
photometry algorithm.

The optical ANDICAM data are processed (over-scan sub-
traction and flat-fielding) prior to distribution. Aside from a
2 X 2 re-binning, the IR data are delivered raw. The flat field
images are generated from the dome flats obtained about every
other night. We generated a sky image by taking the median
of the dithered images. The sky image is then subtracted from
the individual frames. We combine the individual J and K im-
ages using a shift and add technique. We performed aperture
photometry to obtain the instrumental magnitudes. The result-
ing magnitudes were input into the differential photometry algo-
rithm by Broeg et al. (2005) to obtain differential magnitudes for
GQ Lup A.

We have made the measurements for both epoch I and
epoch II available on-line at CDS. The archive contains the fol-
lowing information for each observed filter: the Julian date, the
differential magnitude, and the calculated error as described in
Broeg et al. (2005).

We used the differential magnitudes, to search for periods
in all filters separately using the string-length method (SLA)
(see Burke et al. 1970; Dworetsky 1983) as well as the discrete
Fourier transform method (DFT).

Applying the string-length method to epoch I, all four filters
produced a minimal string-length at the same period of 8.3 days.
Using the Fourier transform, on the other hand, all filters gave
the peak at a frequency of 0.117915d~! corresponding to a pe-
riod of 8.48 days. Except for the alias frequency of 0.88d™!, no
other powers appear in the Fourier transform, and no other sig-
nificant minima in the string-length algorithm.

The resulting period of our first epoch is therefore the mean
value, P = 8.38 + 0.2 days.

The light-curve phased to the best SLA period of 8.38 days is
shown in Fig. 1. It is apparent that the photometric variability is
of similar shape in all filters. The decrease in amplitude with in-
creasing wavelength [R (1.41 mag), I (1.29 mag), J (0.87 mag),
K (0.44mag)] suggests that the variability is caused by hot or
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Fig. 2. Upper panel: light curve of GQ Lup in the V, I, J, and K broad
band filters phased to a period of 8.45 days. The same pattern can be
observed in all 4 filters and the amplitude decreases from V to K band.
Lower panel: the photometric color V — I of GQ Lup A. A large value
suggests a lower black-body temperature. The temperature correlates
well with the brightness variation. This is strong evidence that temper-
ature variations (e.g. hot/cold spots) are causing the brightness varia-
tion. The amplitude and shape of the light curve have changed in the
year since the observations in Fig. 1. These data are from May 2006
(epoch II).

cold spots on the surface of the rotating star. Thermal emission
from areas of different temperature (i.e. hot spots in the colder
photosphere) will exhibit a greater flux difference at shorter
wavelengths than at long wavelengths.

We repeated the above period search for epoch II. The shape
and amplitude of the light curve have changed. The string-length
algorithm in the V-band gives only two significant minima at 8.6
and 8.45 days. The /-band only has one minimum at 8.45 days.
Because of the decrease in amplitude from epoch I to II, the
amplitude in the infrared data is too small to permit a period
determination. Nevertheless, the second epoch confirms our pe-
riod from epoch I. Figure 2 shows the second epoch observations
phased to the 8.45 days period. Additionally, the lower panel
shows the V — I color. Again, the correlation of color and bright-
ness change indicates that temperature changes are the cause for
the brightness variation. The most likely cause is hot spots on
the surface of the star. This is indicated by the large amplitude
of variation. Cold spots do not usually produce such large am-
plitudes (compare e.g. Herbst 1989, or Neuhéuser et al. 1998).
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Table 1. Literature data with photometry on GQ Lup. We have combined data that was taken close together.
group  source, designation year # measurements ~comments
1 Schwartz & Noah (1978), SN March 1977 4
1 Appenzeller et al. (1978), A July 1977 8
1 Bertout et al. (1982), B April 1978 5 conversion from 13 color system
(Johnson & Mitchell 1975), Fe Il features
2 Covino et al. (1992), C May 1990 13
3 Waagen (2005) July 2001-June 2005 123 AAVSO
- Mundt & Bastian (1980) January 1979 2 only 2 points
- Kardopolov & Filipev (1985)  June—July 1985 34 large scatter, no period
- Herbst (1985) 1985 22 no period found
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Fig. 3. Light curve of GQ Lup in the V band taken from literature data
in group 1 (1977/78). The data have been folded assuming a period
of 8.41 days. In all 3 data sets, the same single peak structure can be
observed.

Combining both epochs, we conclude that GQ Lup A has a
photometric period of P = 8.45 + 0.2 days.

Also, photometric data were taken in ESO run 075.C-0710
in May 2005, but data are available only from one night, so that
they are not useful for constraining the period.

2.2. Photometry from archive data

We also looked for photometry on GQ Lup in archive data. It
has been observed by a number of groups. We also obtained data
from the AAVSO (Waagen 2005) project. All sources are listed
in Table 1.

Since there were only a few observations in some of the pub-
lications, we combined those measures from the same observing
seasons. Combining all of the data is not recommended since ac-
tivity driven variability might change over time as is confirmed
by our own photometric study. We used only data in the V band
because most of the data are in that band.

Again, we searched for a periodic signal with both the SLA
and the DFT. In the combined data of group 1, the DFT gives
the strongest signal at a period of 8.41 d. The resulting light
curve shows a single peak, see Fig. 3. In the SLA, however,
this period is only one among several probable candidates. This
period could also be found in group 2 (from 1990) but it was
not the strongest signal. The phased light curve shows a double
peak and the amplitude of variation is much larger (see Fig. 4)
which compares well with our new data (see Fig. 1). One pos-
sible explanation is that a second strong spot has appeared on
the surface of the star during the decade between the observa-
tions. It is equally likely that a more complicated spot pattern
has evolved over that time period. The timescale is rather short
for spot-caused brightness variation. Nevertheless, a combina-
tion of more than one spot can lead to the observed light curve.

Additionally, we analyzed data from the American associa-
tion of variable star observers (AAVSO), group 3. They provided

Fig.4. Light curve of GQ Lup in the V band taken from literature
in group 2 (1990). The data have been folded assuming a period of
8.41 days. The light-curve now appears double-peaked as in April 2005.
A line was added to guide the eye.

us with a total of 123 measurements. Unfortunately, those mea-
surements are spread out over a period of 4 years. This leads to
a Nyquist frequency of 0.07 suggesting that periods smaller than
14 days cannot be extracted from the data. Even when looking
at subsets of the data that lead to a Nyquist period of smaller
than 8 days, the 8.4 day period could not be confirmed in those
data. There are many candidates in both the DFT and the SLA
method, and the 8.4 day period is present in most subsets, but it
is impossible to tell which period is correct or if any period is
significant at all.

The other observations in the archives did not exhibit any
convincing periodic signal.

In sum, all archival data taken together strongly hint at a pe-
riod in the vicinity of 8.4 days. Furthermore, there is strong ev-
idence that the active photosphere of GQ Lup has changed in
the 1980’s in-between the observations. This change in activ-
ity might be the reason why we could not determine any pe-
riod in the AAVSO data which cover a time-span of 4 years.
Taken together, the archival data confirm our photometric period
of GQ Lup A from our photometric monitoring campaign.

2.3. Lomb-Scargle periodogram analysis

To quantify the periodicity of the data, we performed a Lomb-
Scargle periodogram analysis (Scargle 1982; Horne & Baliunas
1986). To determine the false-alarm probability (hf. FAP) we
averaged measurements taken each night, so that there is at most
one measurement per night as suggested in Horne & Baliunas
(1986).

As expected, no single observing run provides significant
power in the Lomb-Scargle periodogram. Therefore we com-
bined our two epochs to determine the significance of the pe-
riod. We proceeded as follows: A) First, the Lomb-Scargle pe-
riodogram for each epoch is calculated in the same frequency
range. B) Next, the power is converted to a FAP using the
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Fig. 5. False-alarm probabilities according to Scargle (1982) for the
2005 and 2006 observations (dashed lines). We consider both observa-
tions independent measurements and can therefore multiply the FAPs
of both runs (solid line). The combined FAP is 2.3% at P = 8.86 days.
When combined with the literature data from group 2 the FAP is low-
ered to 1.5%.

number of independent frequencies according to Horne &
Baliunas (1986). C) In a final step the FAPs at each frequency
are multiplied to obtain the true FAP of both epochs taken
together.

The combined FAP of the 2006 V and 2005 K observations,
shown in Fig. 5, is 2.3% (minimum at 8.87 d). Admittedly, this
value is not very small. If we further add the 1992 literature
data, group 2 (from Table 1), the FAP is lowered to 1.5% (min-
imum at 8.99 d). Unfortunately, we cannot combine the data
with group 1 because in group 1 there are not enough measure-
ments in each subgroup to determine the Horne number of inde-
pendent frequencies which is necessary to obtain a meaningful
conversion from Lomb-Scargle power to FAP. Nevertheless, the
group 1 data support the 8.5 day periodicity even though we can-
not quantify the contribution. A combination of our V and K data
with the HARPS radial velocity measurements (see Sect. 2.4)
leads to a FAP of 0.004 (minimum at 8.64 d).

The Lomb-Scargle analysis therefore confirms a periodic
signal with a periodicity in the range from 8 to 10 days with
a FAP of 1.5%. However, it is ill-suited to determine the exact
value of the period when confronted with non-sinusoidal input as
a frequency shift must be expected in that case. In the extreme
case of a double peaked structure (e.g. two peaks of different
height and width), the Lomb-Scargle periodogram will even give
a higher power at twice the true frequency and the location of the
peak at the true frequency will be shifted. Therefore we use the
SLA to determine the value of the frequency and keep the value
of the photometric period as determined in the last section.

2.4. Radial velocity measurements

We observed GQ Lup A with the ESO echelle spectrograph
FEROS' on the 1.5m, and later on the 2.2m-telescope at
La Silla. The spectra cover the wavelength region between about
3600 A and 9200 A, and have a resolution of /A1 = 48 000.
The standard MIDAS pipeline for FEROS was used for bias sub-
traction, flat-fielding, scattered light removal, echelle order defi-
nition and extraction, and wavelength calibration of the spectra.
Precise measurements of the radial-velocity (RV) have then been
carried out by cross-correlating the object spectra with spectra
of the RV standard HR 5777 observed with the same instrument,
using the IRAF? RV package. The RV of HR 5777 is known to

! Fiber-fed Extended Range Optical Spectrograph.
2 Image Reduction and Analysis Facility from the National Optical
Astronomy Observatories (NOAO).

C. Broeg et al.: Rotational period of GQ Lupi

Table 2. Summary of radial velocity data.

Instrument Time # meas.
HARPS (this paper)  Feb.—March 2005 7
HARPS (this paper)  May 5, 2005

FEROS (this paper)

8
March 1999-March 2000 3
FEROS (Melo 2003) 6

July 1998-May 2000
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Fig. 6. Radial velocity curve showing the averaged HARPS data phase
folded with an assumed period of 8.4 days. Despite the small time dif-
ference to the CTIO 2005 data (see Fig. 1) of only 50 days the phase
cannot be compared to the photometry light curves. The error in the pe-
riod determination of 0.2 days leads to a offset in phase of 0.2 making
a comparison meaningless.

be stable, and has been determined with an accuracy of 55 ms~!
(Murdoch et al. 1993).

In addition, we have obtained HARPS? data with the
ESO 3.6 m telescope on La Silla, Chile. The ESO pipeline was
used to reduce the HARPS data, and to determine the RVs.

Furthermore we took the published RV data on GQ Lup from
Melo (2003). All RV-data used are summarized in Table 2.

We proceeded as follows in searching for a periodic signal
in the RV-data: Due to the 5-year time-span and the fact that
we used two different instruments, it was questionable whether
all data could be used in one data set. Therefore we started
searching for periods in the HARPS data only. The SLA gives
the smallest value for the period of 8.596 days. Combining the
data with the FEROS data, there is an equally strong signal at
around 4.92 and 8.4924 days. When looking at the FEROS data
only, no period stands out. We cannot exclude that there is a
slight offset in the zero point (S1kms™!) in the RV data taken
from literature in Table 2. For this reason, and because of the
change in spot pattern suggested by the photometric data, it is
probably not feasible to combine the HARPS and FEROS data,
so we’ll ignore the periodicity in the combined data.

In sum, the RV data alone does not constrain the period. It
appears clear that a periodic signal exists in the data but multi-
ple frequencies are present. Taken together with the photometric
data, it is likely that the 8.45 day period in the photometric data
and the possible ~8.6 day period in the RV data are caused by
the same mechanism, namely the rotation of large star spots on
the surface of the star. This is supported by the amplitude of the
RV signal (~3 kms™!). Guenther et al. (2006) find that CTTS and
WTTS show RV-variations of <3 kms™' due to stellar activity.
This value is in good agreement with the results from Saar et al.
(1998), if one takes the larger v sin i, and the larger spot-coverage
of the young stars into account.

The HARPS RV measures phase-folded on the hypothetical
period of 8.4 days is shown in Fig. 6.

3 High Accuracy Radial velocity Planet Searcher.
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While we cannot use the RV data as an independent confir-
mation of our photometric period, we can gain insight on possi-
ble stellar companions of GQ Lup A: we can certainly exclude
an object causing RV-variations with a (semi-amplitude) larger
than 2kms™!. In total, the object was observed for 7 years, if
we also take the published observations into account. Assuming
a typical eccentricity of a binary of 0.3, we can thus exclude a
companion that is more massive than 0.1 My with a semi-major
axis of <2.6 AU.

2.5. Inclination of GQ Lup A

If caused by star spots, the photometric period should be equal to
the rotational period of GQ Lup A (neglecting differential rota-
tion). This assumes that we see the effects of hot (or cold) spots
on the surface of GQ Lup A. If we see hot areas in the disk on
the other hand, e.g. at the inner edge of the disk, the rotational
period might be different from the photometric period.

Because of the large amplitude in the photometric signal
and because the photometric signal is also present in the op-
tical bands, we will for now assume the variations are due to
spots. Since we know the rotational period we can calculate
GQ Lup A’s inclination if we know its vsini. Guenther et al.
(2005) give the vsini = (6.8 + 0.4)kms~!. We know the lu-
minosity L = 1.58 £ 0.18 Ly and the effective temperature
Tt = 4060K (both values from Neuhduser et al. 2005, T.¢
from spectral type using Kenyon & Hartmann 1995). Given the
spectral type of the star, its uncertainty (+ one sub-class) and sys-
tematic uncertainties in the spectral type temperature conversion,
we estimate the error of the effective temperature in GQ Lup A
to be +£300 K.

This allows calculation of GQ Lup A’s radius using the
Stefan-Boltzmann law. Using the above values we get a radius
of (2.55+0.41) R,. Now we can calculate the equatorial surface
velocity:

1
v=2.55R0m2ﬂ:(15.212.4)kms". (1)
For the error estimation we use the conservative errors as given
in the text above (for L and T.g) and an error in the rotational
period of 0.2 days. This gives a sini of 0.45 and an inclination
i~ (26.6+4.8)".

In sum, we derive GQ Lup A’s inclination to be i ~ (27 +
5)°. This result is obtained under the assumption that the vsini
measurement and the photometric variability are caused by the
same phenomenon, e.g. spots on the surface of the star. If that is
the case, we have an almost pole-on view onto the star; this is
probably also the inclination of the disk around GQ Lup A, and
possibly also of the orbit of GQ Lup b. In this case, using the
projected separation of GQ Lup b as ~100 AU from Neuh&user
et al. (2005), the true orbital separation would be ~112 AU.

Because of strong infrared excess emission, it appears very
probably that GQ Lup A is surrounded by a strong and massive
circumstellar disk. See e.g. Guenther (2006) for the spectral en-
ergy distribution of GQ Lup A. Batalha et al. (2001) argued that
the disk is seen near edge-on because of variable extinction to-
wards GQ Lup A. However, GQ Lup A shows not only hard, but
also soft X-ray emission (see Krautter et al. 1997); this is atypi-
cal for T Tauri stars with disks, see Neuhduser et al. (1995). The
latter authors argued that the disks are seen near pole-on in such
cases, so that soft X-rays are not completely extincted. This in-
terpretation may apply for GQ Lup A. This is supported by new
models (see Jardine et al. 2006; Gregory et al. 2006) that predict
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accretion near the equator caused by a different magnetic config-
uration in classical T Tauri stars as compared to main sequence
stars. They also predict small filling factors which is in agree-
ment with the shape of our light curves. Spots near the poles
would most likely not produce a large variation when the star is
seen pole-on.

3. Relevance for GQ Lup b

Neuhéuser et al. (2005) determined the magnitude of GQ Lup b
by relative photometry compared to GQ Lup A. They found a
brightness difference of 6.00 + 0.15 mag in K. They did not
take into account the possible variability of star A, but used its
2MASS value (K = 7.096 + 0.020 mag). The variability of star
A would introduce an additional uncertainty (or rather a small
shift when knowing the phase and correcting for this effect) not
taken into account in Neuhduser et al. (2005).

We obtained a new image of GQ Lup A and b on
May 27, 2005 between 03:30h and 04:17h UT, again using
NACO at the VLT/Yepun, as in Neuhéuser et al. (2005). We have
reduced the data as in 2004.

Using the light curve from the K-band photometric mon-
itoring of GQ Lup A during April 2005, we can predict the
K-band magnitude of GQ Lup A during the NACO observa-
tion on 27 May 2005. However, due to the error in the period
(0.2 days) and due to the fact, that the NACO observation falls
into the narrow minimum seen in Fig. 1 (so that it could easily
be brighter), a precise prediction is not possible. We predict for
GQ Lup A a K-band magnitude of K = 7.00 to 7.25 mag for
May 27, 2005, 04h UT.

We corrected from differential to apparent magnitude by us-
ing three stars from 2MASS in the GQ Lup field observed on a
photometric night during our April 2005 monitoring. The offsets
between the differential magnitudes and the 2MASS magnitudes
of these three stars agree to <1% (0.01 mag), so that they can be
assumed to be long-term constant.

The magnitude difference between GQ Lup A and b on the
image from May 27, 2005 is 6.10 = 0.15 mag. With K = 7.00
to 7.25 mag for star A, we find the magnitude of GQ Lup b
to be K = 13.2 £ 0.2 mag (on May 27, 2005). Using BCx =
3.0 = 0.1 mag based on a revised temperature for GQ Lup b
of 2600 + 100 K obtained from higher resolution J-, H-, and
K-band VLT/Sinfoni spectra (Seifahrt et al. 2007), and a distance
of 140 + 50 pc, its luminosity will be log(L/Ly) = —2.29 +
0.41. This is consistent with the values given in Neuh&user et al.
(2005) and Seifahrt et al. (2007).

‘We note that the same problem of possible variability of the
primary can have occurred in the determination of the magnitude
and, hence, luminosity and mass, of companions of other young
stars such as, most recently, 2M1207 (Chauvin et al. 2005a),
AB Pic (Chauvin et al. 2005b), and AB Dor (Close et al. 2005).
The latter is known to be one of the most variable stars on the
sky.

4. Summary

With our photometric monitoring, supplemented by archival
data, we have determined the photometric period of GQ Lup A
with a FAP of 0.015. Since the amplitude of the brightness vari-
ation is strongly dependent on the wavelength of the filter, we
conclude that the brightness variations are caused by hot or cold
spots on the surface of the star. This implies that the photometric
period is equal to the rotational period of GQ Lup A. Because
of the large amplitude of the variations (1.5 mag in R in 2005)
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hot spots are likely to be the cause. Hot spots may be a con-
sequence of on-going accretion from the disk onto the star. We
witnessed large changes in the activity pattern over a one year
timescale. The amplitude of variation dropped by a factor of two
in-between the two epochs.

The archival data provides additional evidence that the ac-
tivity pattern of the star is constantly changing. It has changed
qualitatively from 1979 to 1990 and finally to 2005/2006.

The radial velocity data also show one possible period near
the photometric period, but it is not possible to exclude other fre-
quencies. Nevertheless, the RV amplitude is in agreement with
hot spots being the cause for the photometric variation.

Combining all the measurements, we conclude that 8.45 +
0.2 days is the photometric period and most likely also the ro-
tational period of GQ Lup A. It is the only period that occurs
in all data sets. A rotation period of 8.4 days is quite typical for
T Tauri stars with disks. Because of the large time-spread of the
different data sets, there is no phase coherence between different
data sets and we cannot determine the period more precisely by
combining the data sets.

We use the known periodicity together with new photometry
data on GQ Lup A and b to refine the luminosity of GQ Lup b. It
is confirmed atlog L/ L, = —2.41 +£0.41 (instead of —2.37+0.41
previously). The conclusions in Neuhiuser et al. (2005) remain
valid.

Assuming that the brightness variations are caused by spots
on the surface of GQ Lup A, we derive GQ Lup A’s inclination to
be i = (27 £5) °. This is likely also the inclination of its disk and
companion’s orbit. The semi-major axis of the orbit of GQ Lup b
is ~112 AU.
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