' Aalto University

Siltala, L.; Jetsu, L.; Hackman, T.; Henry, G. W.; Immonen, L.; Kajatkari, P.; Lankinen, J.;
Lehtinen, Jyri; Monira, S.; Nikbakhsh, S.; Viitanen, A.; Viuho, J.; Willamo, T.

Time-series analysis of long-term photometry of BM Canum Venaticorum

Published in:
Astronomische Nachrichten

DOl:
10.1002/asna.201613205

Published: 01/05/2017

Please cite the original version:

Siltala, L., Jetsu, L., Hackman, T., Henry, G. W., Immonen, L., Kajatkari, P., Lankinen, J., Lehtinen, J., Monira,
S., Nikbakhsh, S., Viitanen, A., Viuho, J., & Willamo, T. (2017). Time-series analysis of long-term photometry of
BM Canum Venaticorum. Astronomische Nachrichten, 338(4), 453-463. https://doi.org/10.1002/asna.201613205

This material is protected by colpyright and other intellectual property rights, and duplication or sale of all or
part of any of the repository collections is not permitted, except that material may be duplicated by ?/ou for
your research use or educational purposes in electronic or print form. You must obtain permission for any
other tuhse: Elgctronic or print copies may not be offered, whether for sale or otherwise to anyone who is not
an authorised user.


https://doi.org/10.1002/asna.201613205
https://doi.org/10.1002/asna.201613205

arXiv:1601.03536v4 [astro-ph.SR] 13 Sep 2016

Astronomische Nachrichten, 17 September 2018

Time series analysis of long—term photometry of BM Canum Veatico-
rum *

L. Siltala?, L. Jetsu!, T. Hackman!, G.W. Henry?, L. Immonen?, P. Kajatkari !, J. Lankinen?, J.
Lehtinen?, S. Monira®, S. Nikbakhsh', A. Viitanen?, J. Viuho', andT. Willamo*

! Department of Physics, P.O. Box 64, FI-00014 University efgihki, Finland
2 Center of Excellence in Information Systems, Tennessete Staiversity, 3500 John A. Merritt Blvd., Box 9501,

Nashville, TN 37209, USA
Received Accepted

Key words Methods: data analysis, Stars: activity, binaries, stasspndividual (BM CVn)

We study standard JohnsorffdientialV photometry of the RS CVn binary BM CVn spanning over a quartercentury.

Our main aims are to determine the activity cycles, the régudace diferential rotation and the rotation period of the
active longitudes of BM CVn. The Continuous Period Seardd$0s applied to the photometry. The changes of the mean
and amplitude of the light curves are used to search forigctiycles. The rotation period changes give an estimate of
the rate of surface ffierential rotation. The Kuiper method is applied to the egaftthe primary and secondary minima
to search for active longitudes. The photometry revealpthsence of a stable mean light curve (MLC) connected to the
orbital periodPy, = 2016252 of this binary. We remove this MLC from the origindlmagnitudes which gives us the
correctedv’ magnitudes. These two samples/odndV’ data are analysed separately with CPS. The fraction ofiabiel
CPS models decreases when the MLC is removed. The same caghiéictivity cycle of approximately 12.5 years is
detected in botly andV’ samples. The estimate for the surfac@edential rotation ca@cient,k > 0.10, is the same for
both samples, but the number of unrealistic period estisrdeereases after removing the MLC. The same active lorggitud
period of P, = 20511+ (7005 is detected in the andV’ magnitudes. This long—term regularity in the epochs of prim
and secondary minima of the light curves is not caused by th€ NDn the contrary, the MLC hampers the detection of
active longitudes.

Copyright line will be provided by the publisher

1 Introduction 11993) Mohin ndran (1987) arrived at a lower limit
estimateR > 6R@ forthe primary. Stawikowski & Glebocki
Bidelman (1983) noticed the strong €& line emission of (1994) argued that the inclination of the orbital plaiag, =

BM CVn (HD116204, BD-39 2635) I|@3) suspected26’, is nearly equal to the inclination of the rotation axis of

photometric variability. This was confirmed by Boyd et althe primaryjrot = 24°. Their estimate for the primary radius

@) who discovered a periodBfhot = 2193 fromalight was 15+ 2R,

curve having an amplitude of'07. Furthermorl Activity induced chromospheric or coronal emission of

(1984) suggested that BM CVn is a RS CVn binary. AmongM CVn has been detected in the opticali0d&K and Ha

other published,nqt values are 2D (Mohin & Raveendran, lines, aswell as in UV and X- raywavelengtﬁs (Dempsey et al.,

1987), 2066 = 0703 (Strassmeier ethl., 1989) and'2@  [1993{Fekel et l.. 1986 Frasca & Cataidno. 1994: MonteE et a

o5 (Erdem et all, 2009). However, Koen & Eyer (2002) dé2000] Pérez Martinez etlal., 2011; Sato & Kuji, 1990; Smasier et dl.,
tected no periodicity in the Hipparcos photometryrof  [1990). Radio and IR emission has also been detelg_te_d_&lak@&u]_e_dgb,
169 observations. 12009 Helfand et all., 1999; Mitrou etlal., 1996).

Griffin & Fekel (1988) showed that BM CVn is a bi-  Recent studies have shown that for some RS CVn bi-
nary with P, = 2006252+ (70018, and noted that the sec-naries the light curve is heavily biased by the ellipsoidal
ondary companion could not be detected spectroscopicakijiape of the primary (Roettenbacher étlal., 2015a,b). Fur-
BM CVn is currently classified as a single-lined eclipsinghermore, other physical processes, e.g. mass transfer be-
binary withvsini = 15 knys in the Third catalogue of chro- tween close binaries could distort the light curve. These
mospherically active binarie al., 2008). The sugginds of distortions would always follow the periodicity of
gested spectral types of the primary are K etked orbital period. Long-term active longitudes, on thesoth
(1987), KI 11l (Sato & Kujl,[1990) and G8 lll(Bfin etal., hand, may follow a dferent periodicity [(Hackman etal.,

" _ |2!Tli) Thus, if the dference between these periods is large

The analysed —photometry ~ and ~numerical - results of the,, 0k e can separate the spot activity from other vari-
analysis are both published electronically at the CDS via
anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) ora vidDility connected to the orbital period. One way to attempt
httpy/cdsarc.u-strasbg/fiz-bin/gcat?JA+A/yyy/Axxx this is to subtract a mean light curve fit calculated with the
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method is described here only briefly, because we have al-

" | ‘Q . ready applied it to the photometry of numerous stars (Hackenal.,

rost iak. | [2011]2014: Kajatkari et 4l., 2014, 2015; Lehtinen éf alLR0

Lesh ‘éf %g%%gt . : 2012/2016). We divided the observations into datasets hav-

B .5 § ; *1 é 81 ing a maximum length oATmax = 1.5Pg, = 30794, The
5175 %3’%2 5 % o %%%é £%%7 modelled datasets contained at least nmin = 14 observa-
S *'% : %; A i** § tions. CPS uses a sliding window with a lengti\dfnaxand
i % *é $ models all datasets having at leagf, observations within
1951 %,ﬂ % 71 suchawindow. The notation for the mean of th@bserving
b osk ;’* 1 timest; of a dataset is. The CPS modelis
¥ K

2. S T T TS T T SO TS SO S O NN RO N R ~ ~ ey .

522&3 BRI R tA SRR SN AN y(ti) = y(ti.5) =M + ; [Bkcos k2r ft;) + Cy sin (k2 ft;)],
1990 1995 2000 year 2005 2010 2015

€ whereK is the model order angl= [M, By, .., Bk, Cy, ..., Ck, f]
Fig.1 Photometric data. Upper panel: AlVs ¢ data. s vector of free parameters. The best modelling otler
Lower panel: AllAVk_c data in the same magnitude scalgor each dataset is chosen by using a Bayesian criterion
as in the upper panel (Lehtinen et al!, 2011, Eq. 6). Here, the tested orders fsr th
best model were & K < 2. These models gave the follow-

orbital period. This approach is, in a sense, similar to thigg physically meaningful light curve parameters: the pe-

pre-whitening used in detecting stellaiffdrential rotation riod P(), the mean brightnedd(z), the peak to peak am-

(Reinhold 1 2013) plitude A(t), and the epochs of the primary and secondary
) ' @inima in time, tmin1(7) andtmin2(7). The error estimates

Sea:?crzhe cur_rent study, Wi 1apé>llg/st)h$0 C?]gtt'grl:]%l:f Z?réo r these light curve parameters were determined with the
{(Lehtinen ethl., 2011, P Y O BWootstrap method (Lehtinen et dl., 2011). The reliable and
CVn spanning over a quarter of a century. One of our aims___. : . o
. . . unreliable parameter estimates were identified from these
is to look for active longitudes. Therefore we check whether . .

) . . . ._pootstrap results. The parameter estimates were condidere
the binary has any orbital period mean light curve, whic

could distort the detection of active longitudes reliable if the distribution of the bootstrap estimatesdtr
' model parameters and the model residuals followed a Gaus-

sian distribution|(Lehtinen et Al., 2011). Two concrete ex-
2 Observations amples of the use of this reliability criterion can be found

in (Jetsu & Pelt, 1999, Figs. 2 and 4). We use the notation
Our differential photometry was obtained with the T3 0.4nR(r) = O for the reliable light curve parameter estimates and
automated photoelectric telescope (APT) at Fairborn OB{7) = 1 for the unreliable ones. The modelling results cor-
servatory in Arizona. The observations were made betwegglate for temporally overlapping subsets containing com-
April 6th, 1990 (HJD= 2447987.9) and June 15th, 2015mon data. We selected a sequence of independent datasets
(HJID = 2457188.8). The comparison and check stars of owtich did not overlap. The notation for these independent
target star, & BM CVn, were C= HD 116010l(Yoss & Gifid,datasets is IND{) = 1, while that for the remaining over-
(1997, K2lI-11l, V=5.60) and K= HD 115271 [(Royer et al., lapping datasets with common data is INE 0.
2007, A7V,V = 5.78). The meann) and the standard
deviation §) of standard Johnson feérential magnitudes,
AVs ¢ (Fig. [, upper paneln = 2930), werem + s =
1721 + 0"096. The respective values for thé/_c dif-
ferential magnitudes (Fif 1, lower panal= 2744) were
m+ s = 01797+ 0"0064. Hence, G- HD 116010 was e detected periodicity in all 1319 origin® magnitude
a reliable comparison star, the accuracy of our photomeiggtasets. The order of the best model wWas= 1 in 205
was approximatelyy = 01'0064, and the observed varia-datasets and = 2 in 1114 datasets. CPS gave the following

tions of S= BM CVn were certainly real. The photometricnumbers of dierent types oM(7), A(7), P(7), tmin1(7) and
data reduction procedures and the operation of the T3 0.4, ,(1) estimates:
)

APT have been described in detail, e.g., by Heary (1999
and Fekel & Henily| (2005). The filerential AVs_c magni-
tudes are hereafter referred to as the origihalagnitudes.

4 Analysis ofV magnitudes

4.1 CPS results for the originalV magnitudes

IND(t)=1 IND(r)=1 IND(r)=0 IND(r)=0
R(r)=0 R@=1 R@)=0 Rr)=1
M(r) n=107[m] n=12[0g] n=1098[x n=102[x
3 CPS method A(r) n=107[m] n=12[g] n=1098[x] n=102[x
P(r) n=107[m] n=12[0] n=1098[x) n=102[x
We analysed the original magnitudes of BM CVn with  ti,1(r) n=107 [m] n=12[0] n=1098[x] n= 102[x
the CPS method formulated by Lehtinen €tlal. (2011). Thigyno(r) n=23[a] n=6[a] n=293p n=42[x
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SEG=1,SET=1 |SEG=1,SET=21 |SEG=2,SET=1 |SEG=2,SET=5 |SEG=2,SET=16 |SEG=2,SET=32 |SEG=3,SET=1 |SEG=4,SET=1 |SEG=4,SET=13 |SEG=4,SET=33 |SEG=5,SET=1

1990.30,R(7)=0| 1990.39,R(7)=0| 1991.07,R(7)=0| 1991.28,R(r)=0| 1991.36,R(r)=0| 1991.45,R(7)=0| 1992.31,R(7)=0| 1993.21,R(r)=1| 1993.31,R(7)=0| 1993.40,R(7)=0| 1994,04,R(1)=0

N
RTINS

SEG=5,SET=11 | SEG=5,SET=25 | SEG=5,SET=40 | SEG=5,SET=55 |SEG=6,SET=1 SEG=86,SET=8 |SEG=6,SET=20 |SEG=6,SET=37 |SEG=6,SET=52 |SEG=7,SET=1 SEG=7,SET=14

N o=
NN

1994.14,R(7)=0| 1994.22,R(7)=0| 1994.31,R(T)=1| 1994.40,R(7)=0| 1995.07,R(7)=0| 1995.18,R(7)=0| 1995.26,R(7)=0| 1995.37,R(7)=1| 1995.45,R(7)=0| 1995.91,R(7)=0| 1996,01,R(T)=0

SEG=7,SET=27 |SEG=7,SET=38 | SEG=7,SET=51 |SEG=7,SET=72 |SEG=7,SET=92 |SEG=8,SET=1 SEG=8,SET=5 |SEG=8,SET=18 |SEG=8,SET=35 |SEG=8,SET=49 [SEG=8,SET=54

M*wﬁw‘wwﬁw&ﬁﬁﬂ

N
NN

1996.10,R(7)=0| 1996.18,R(7)=0| 1996.27,R(7)=0| 1996.35,R(r)=0| 1996.44,R(1)=0| 1996.93,R(7)=0| 1997.09,R(7)=0| 1997,17,R(r)=0| 1997.27,R(7)=0| 1997.34,R(7)=0| 1997.45,R(7)=0

SEG=9,SET=1 SEG=9,SET=8 |[SEG=9,SET=16 |SEG=9,SET=27 |SEG=9,SET=44 [SEG=9,SET=59 |SEG=10,SET=1 |[SEG=10,SET=14|SEG=10,SET=30| SEG=10,SET=37| SEG=10,SET=49

N
Lo o

1997.90,R(7)=0|1998.01,R(7)=1| 1998.14,R(T)=1| 1998.22,R(7)=0| 1998.30,R(7)=0| 1998.40,R(7)=0| 1998.90,R(7)=1| 1999.00,R(7)=0| 1999.09,R(7)=0| 1999.18,R(7)=1| 1999.27,R(T)=0

SEG=10,SET=68| SEG=10,SET=89| SEG=11,SET=1 | SEG=11,SET=12| SEG=11,SET=23| SEG=11,SET=37| SEG=11,SET=55| SEG=12,SET=1 |SEG=12,SET=15| SEG=12,SET=29| SEG=13,SET=1

b A T T N T T N e

1999.35,R(7)=0| 1999.45,R(7)=0| 2000,00,R(T)=0| 2000,10,R(7)=0| 2000.19,R(7)=0| 2000.27,R(7)=0| 2000.36,R(7)=0| 2001.21,R(7)=0| 2001.30,R(7)=0| 2001.39,R(7)=0| 2002.19,R(7)=0

N
RTINS

SEG=13,SET=6 | SEG=13,SET=17| SEG=14,SET=1 | SEG=14,SET=2 |SEG=14,SET=18| SEG=14,SET=31| SEG=15,SET=1 | SEG=15,SET=13| SEG=15,SET=20| SEG=15,SET=34[ SEG=15,SET=51

N
Lo Nww

2002.31,R(7)=0{ 2002.39,R(7)=0| 2003.06,R(T)=0| 2003.23,R(7)=0| 2003.31,R(7)=0| 2003.39,R(7)=0| 2004.04,R(7)=0| 2004.14,R(7)=1| 2004.24,R(7)=0| 2004,33,R(7)=0| 2004,43,R(T)=0

SEG=16,SET=1 |SEG=16,SET=6 |SEG=16,SET=10| SEG=16,SET=24| SEG=16,SET=36|SEG=16,SET=46| SEG=17,SET=1 | SEG=17,SET=3 | SEG=17,SET=15| SEG=17,SET=27| SEG=17,SET=39

N
TN

2004.93,R(7)=0{ 2005.07,R(7)=0| 2005.19,R(T)=0| 2005.28,R(7)=0| 2005.36,R(7)=0| 2005.46,R(7)=0| 2005.89,R(7)=0| 2006.00,R(7)=0| 2006.09,R(7)=0| 2006. 19,R(7)=0| 2006.,28,R(T)=0

SEG=17,SET=54| SEG=18,SET=1 | SEG=18,SET=9 | SEG=18,SET=21| SEG=18,SET=35| SEG=18,SET=48| SEG=19,SET=1 | SEG=19,SET=8 | SEG=19,SET=19| SEG=19,SET=35[ SEG=19,SET=51

N
Lo Nww

2006.36,R(7)=0{ 2007.06,R(7)=0| 2007.15,R(T)=0| 2007.24,R(T)= 1| 2007.33,R(7)=0| 2007.41,R(7)=0| 2007.98,R(7)=1| 2008.06,R(7)=0| 2008.16,R(7)=0| 2008.24,R(7)=0| 2008.32,R(T)=0

SEG=19,SET=68| SEG=20,SET=1 | SEG=20,SET=9 | SEG=20,SET=16| SEG=20,SET=28| SEG=21,SET=1 [ SEG=21,SET=10| SEG=22,SET=1 | SEG=22,SET=15| SEG=22,SET=29| SEG=22,SET=45

N
Lo 9o

2008.42,R(7)=0{ 2009.03,R(7)=1| 2009.11,R(7)=0| 2009.20,R()=0| 2009.28,R(7)=0| 2010.14,R(7)=0| 2010.36,R(7)=0| 2010.94,R(7)=0| 2011.04,R(7)=0| 2011.12,R(7)=0[ 201 1,21,R(7)=0

SEG=22,SET=63| SEG=22,SET=82| SEG=23,SET=1 | SEG=23,SET=11| SEG=23,SET=31| SEG=23,SET=51| SEG=23,SET=70| SEG=23,SET=89| SEG=24,SET=1 |SEG=24,SET=7 [SEG=24,SET=15

2011.30,R(7)=0{ 2011.38,R(7)=0| 2011.99,R(7)=0| 2012.07,R(7)=0| 2012.15,R(7)=0| 2012.24,R(7)=0| 2012.34,R(7)=0| 2012.42,R(r)=0| 2013.14,R(7)=0| 2013.23,R(7)=0| 2013.42,R(7)=0

N
Lo Nww

SEG=25,SET=1 |SEG=25,SET=3 | SEG=25,SET=12| SEG=25,SET=18| SEG=26,SET=1 |SEG=26,SET=5 |SEG=26,SET=14| SEG=26,SET=23| SEG=26,SET=33 0.5 0.0 05 1.0

1

1,

19 M%M f\_ﬂ/“\‘h/'v,r\_,mm

2 2014.03,R(7)=0| 2014.21,R(7)=0| 2014.29,R(7)=0| 2014.39,R(7)=0| 2015.03,R(7)=0| 2015.12,R(7)=0| 2015.22,R(7)=0| 2015.32,R(7)=1| 2015.41,R(7)=0
00 05 00 05 00 05 00 05 00 05 00 05 00 05 00 05 00 05 1.0

Fig.2 The data and the light curves of 119 independéntagnitude datasets (INDE 1)). The reliable and unreliable

models a re denoted with R(= 0 and 1, respectively. The x-axis is the phasand the y-axis is the magnitudé The

computation of the phasesis explained in the last paragraph of SEcf] 4.1.

g o
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Note that the symbols given in the brackets are those used.ss

- . . (a)
in Figs [3£6 for the modelling results of the originamag- o an , g™,
nitude data. All CPS analysis results for the indepentlent= 175l ne * *  TmYiym* o i'g ~

datasets are published electronically at the CDS. 185 T L

1.95
! o
F 3
.\\
2015

The data and the CPS models of the 119 independentos
datasets are shown in F[d. 2. We first computed the phasgi'i
¢1 = FRACI(t — tmin1(1))/P(r)], where FRACK] removes = o} - )
the integer part of its argumeRrt Then, the phaseg, 1 of ol » J‘*\.!*\hf‘ *,""’ ol ¥\

the primary minimémn 1(7) were computed with the active 1990 1995 2000 2005 2010
year

longitude ephemeris of EQ] 2. The photometry and the CPS . .
models are plotted as a function of the phase ¢1 + ¢4, 19-3 @ MeanM(r) for the originalV magnitudesb)
in Fig.[2. Amplitude A(7) for the originalV magnitudes. The symbols

are explained in the first paragraph of SEcil] 4.1

4.2 Activity cycles inV photometry 48

40
Horne & Baliunas [(1986) formulated the ?ower s?ectrum 35

method (hereafter PSM) which was appliedi by Baliunas et also

(1995) to search for activity cycles in the chromosEheriE 25

Ca Il H&K emission line data. For examp tal. ,,

(2000) and Kajatkari et al. (20115) have applied PSM to the |,

following light curve parameterdvi(r) (axisymmetric part ‘ ‘ ‘ x ‘
of spot distribution),A(r) (non-axisymmetric part of spot 9% 1995 2000 o 2000 2010 2015

distribution),M(r)+A(7) /2 (maximum spottedness) B(7)~ Eig 4 PeriodP(r) for the originalV magnitudes. The,

A(7)/2 (minimum spottedness). These four parameters aggqp,, + 3AP,, levels are denoted with horizontal continu-
also analysed here, although there are actually only two igy,s and dotted lines respectively.

dependent variable$/(r) and A(r). Furthermore, the am-

plitude of the light curve does not depend only on the area

of the spots, but there are also other causes, e.g. vasatigfhere P; + op; is period ofi:th datasetw = 0'5? is the

of the temperature of the spots or the connection betweﬁ/éight, Py = [ZX7wP1/[Z2% w] is the Weightéd mean

their projected area and their latitude. of P, andAP,, 27[2'1_017Wi(Pi|7_ P2/ [S17 W] jV2 is the
The M(r) andA(r) changes of BM CVn are shown in grror of this weightelc] meaR,, mﬁﬂ.@l, Eq.

Figs.[3. PSM detected the following activity cyclBs in 14). The numerical values for BM CVn af, + AP, =

then = 107 independent and reliable estimates of the aboygig7 . (#36. We use the multiplying constant value of 6 in

four parameters of BM CVn, wherE is the false alarm Eq.d, because parameis the+3AP,, upper limit for the

probability (Horne & Baliunas, 1986) period variations.
Pe £ opc F Lehtinen et al.[(2011, their Eq. 15) introduced the re-
M(7) 131+ 072 5x 10141 lation Zpnys = Z2 — Z2,, whereZ measures the observed
AT) 120£03  2x10° period changes of E§J 1, whilnys and Zsp, measure the
M(7) + A(r)/2 128+ 02 5x10° real physical and unreal spurious period changes. The mean
M(r) - A(r)/2 182+ 04 7x107° of the half amplitudeA(r)/2 of the above mentioned 107

All F values indicate that these cycles are very significanhodels of BM CVn isAnq = 07068. The data precision is
Considering therp. errors, the first three parameters mayN = oy = 0'0064. This yields a “signal to noise” ratio of
follow the same activity cycle of approximatelyYB2which € = Anat/N ~ 10. Together with the mean number of data
has been repeated twice between 1990 and 2015. Howeymints per datasetyaia = 19.9, and the ratio of the mean ro-
the paramete (7) — A(r)/2 appears to follow another cycletation period to the dataset lengths: = 1.45, this predicts

of 18/2. spurious changes @y, ~ 0.08 (Lehtinen et all, 2016, Eq.
10). This is a major fraction of the raw estimate= 0.10,
4.3 Differential rotation in V photometry although the physically originating component of the perio

changes may still be estimatedZyhys ~ (2% - Z2,)"? =
The P(r) changes of BM CVn are shown in F[g. 4. NumerQ.06.
ous unrealistic period estimates were obtained for low am- 44 approximation for the solar law offtérential ro-
plitude light curves, e.g. in the years 1992, 1993, 1995 anghiy is P(b) = P(b = 0)/[1 — ko(sinb)
1998. Our estimate for thefiierential rotation of BM CVn | 5titde andk, = 0.2 is the solar dferential rotation co-
is based on the = 107 reliableP(r) estimates of indepen- g;cient. If this law were valid for BM CVn and it®(7)
dent datasets. We compute the value of the parameter g reliable tracers of surfacefidirential rotation, the dif-

Z = 6AP, /Py, =0.10= 10% (1) ferential rotation coficient of BM CVn would belk] =

2], whereb is the

Copyright line will be provided by the publisher
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. . ) 1 T L T T
Zpnys/h, wherebyin and bnax are the minimum and maxi- ° (a) * ‘1; " 4 ‘ v (v)
mum latitudes of spot activity, arttl= sin? bpax— Si bmin 08 ’ ’

(Jetsu et &I, 2000). The exact latitudes of the spots can not| §°

X x 25
be determined from photometric observations, and thus thes - f;' x 5! * ,( 20
numerical value ofiremains unknown. For example, if spots* * 353 x ‘* . | = "
form at all latitudes between the equator and pole of BM**[ *' ;*  } %3‘ ;
CVn, this codficient reaches its maximum valle = 1. " ! i fg i‘?&? ’ 10
Thus, the relatiofk| > Zpnys ~ 0.06 is valid for all possible u l ‘1’% * 4 5
bmin andbmay Values. 0.0 s s s i LK 0
1990 1995 2oooyear2005 2010 2015 0.0 0.2 O<4¢O<6 0.8 1.0
4.4 Active longitudes inV photometry Fig.5 (@) tmin1(r) andtminz(r) for the originalV mag-

_ _ ) nitudes with the active longitude ephemeris of Ejq(t®.
The spots on the surface of rapidly rotating giants have be?lrﬂstogram of the number of valuag) within 0.1 bins

observed to concentrate on long-lived active long'tUd@S(eir}tﬁhase. The dark and shaded areas denote the reliable

Jetsli| 1996). Such structures have been detectemd, €.9. Wt (7) andtyin2(r) estimates of independent datasets, re-

the nonweighted or weighted Kuiper test formulat ctively.
, Sect. 3.1). In this test, the phagesf n time points
t; are first computed with the tested periBdThese phases
are then arranged into increasing order (i.e. rank ordegvents have previously been observed, e.g. on the rapidly
The monotonously increasing sample distribution functiorotating single G4 11l giant FK Comae (Jetsu etal., 1993).
Fa(#i) = i/nof these phases is compared to the sample dis- If the inclination of the primary were indeed orily; =
tribution function of an even distributioR(¢) = ¢, i.e. a 24° (Stawikowski & Glebocki, 1994), then extreme spot cov-
random distribution. The Kuiper test statisticMs = D™ +  erage would be required to explain the high amplitudes of
D™, whereD* = Fp(¢) — F(¢) andD™ = F(¢) — Fa(¢). A A(r) ~ O"'5 in the year 2013 (Fiddl 3).

largeV,, value indicates that the phasgsdo not represent  Using the Barnes-Evans relation as formulated by Lacy

a sample drawn from a random distribution, i.e. the phas¢ea77) we can derive an alternative estimate of the stellar
¢; are not evenly distributed and there is periodicity in timeadius with the formula

pointst; with the tested perio.

We applied the nonweighted Kuiper test to the reliable 0gR/Ro = 7.4724- 0.2Vo = 2Fv + logd 3)
tmin1(r) estimates of all independent datasets=( 107). WhereFy = 3.977- 0.429(V — R)o and [d] = pc. The
The tested period range was betweeBBBy, = 1796 and Hipparcos parallax of 8.86 mas (van Leeuwen, 12007i com-
1.15Py, = 23'8. The best rotation period for the active lonbined with theV magnitude an&/ — R ~ 0.81 (Eker et al.,
gitudes of BM CVn wasP, = 20'511+ 0°005. This peri- 2008) indicate a primary radius 6f8R,. This would mean
odicity reached an extreme significance@{ = 1x 107 that that the rotational inclination of the primary is in fac
(Jetsu & Pelt, 1996, Eq. 24). We also applied the same tést ~ 50°. This value would still require a high, but not ex-
to the reliabletmin 1(t) andtmin2(r) estimates of all indepen- treme spot coverage. Furthermore, assuming approximately
dent datasets(= 130). The result was exactly the samethe same orbital inclination, would result in a secondary
20’511+ 07008 (Q« = 4x 1077). mass of~ 0.3Mg. Thus it is no surprise that its spectral

All tyin1(7) andtyin2(7) estimates of BM CVn are shownlines have not been observed.
in Fig.[3. The phases are calculated from the active longi- Recently. Roettenbacher et al. (2015b) showed that the
tude ephemeris ellipsoidal shape of the primary of ;nother RS(;;Vn bina)ry

Gem (Duemmler et al., 199P4 = 19604471+ 07000022

HIDy = 2 447 9878762+ 20:511E 2) offered an alternative explanation for the active longitude
where the zero epoch is the time of the first photometrttypothesis presented by Kajatkari et ial. (2014). For BM CVn,
observation. The majority of the reliable primary minimahe active longitude perio®y = 20!511 + 07005 is only
of independent datasets concentrate between phases 0.1&B8% smaller than the orbital perideh, = 2016252+
0.6 (Fig.[Ba: closed squares and Hify. 5b: dark areas). Tt#018. This period dierence causes & = 2.48 phase
corresponding simultaneous secondary minima are usuatlfference during the whole time span of data. The three pe-
about half a rotation apart from these primary minima (Figiods of BM CVn increase in the ord®y < Po < Pw. The
Ba: closed triangles). The light curves had only one mirR, = 2067 error,AP,, = 0?36, does not exclude the cases
imum in the years 1991-1992, 1997, 2001-2006, 201Ry < Pqyp, or Py, < Py. However, the accuracy of the other
2013, i.e. two minima were present for half of the timetwo periods excludes the caBg > Pop.

When the activity was present on both longitudes, the longi-  We decided to test the ellipsoidal primary shape hypoth-
tude with stronger activity determined the phasé.gf1(r)  esis for BM CVn. The orbital period ephemeril
(Fig.[Ba: closed squares). Sometimes the activity shifted 8{1988) was

ruptly nearly to the opposite side of the stellar hemisphere _
like in the years 2003—-2004. This type of the “flip-flop” HJDy = 2 445 25212+ 20/6252E (4)

Copyright line will be provided by the publisher
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1.0 x X 35

(a),* ; . (v) because the radial velocity measurements 3% Fek
08 ”'* i . i % (1988) follow a single and double sine wave wit, and
i ;i % «J F 25 2P,h, respectively (Figg]7cd). These results do not support
06 é. o Ai ‘ o the ellipsoidal shape hypothesis, because the MLC of BM
> !!:5 . J " T X < s CVn does not have two minima and maxima. We will later
o4 3 g “} f discuss the possible cause of this sinusoidal MLC of BM
" e y i 10 CVn in the end of Secl]6. Whatever the real cause may be,
‘R ‘£ * 4 i 3 5 it is certain that this regular®42 variation has been mis-
ool & K& A {1 } ¥ . 0 leading our CPS analysis of the originamagnitudes.
1990 1995 2000 2005 2010 2015 000204060810 We also computed the MLC for the first and second part

Fig.6  tmin(7) andtmino(7) for the originalV magnitudes ©f the data, i.e. before and after the mid epoch of 2002.85.
with the orbital period ephemeris of Hg. 4. Otherwise as ihhese two MLCs are denoted with dashed and dotted lines
Fig.[. in Fig.[@a. Both of these curves show one maximum and
minimum. The maximum deviation of both curves from the
MLC of all data is only §014. The phase and the height
of the MLC maximum of BM CVn has remained very sta-
ble, but the depth and the phase of the MLC minimum has
varied. These MLC minimum variations are at least partly
caused by the high amplitude light curves of the years 2012
and 2013. However, the MLC of BM CVn in Fif] 7a (con-
tinuous line) must be a real phenomenon, because the er-
ratic changes of the light curve mean, amplitude and pe-
riod, and especially those of the minimum and maximum
phases, should cause a constant long—term MLC. The MLC
was computed withP,p. This induces a phaseftirence

of A¢ = 2.48 with P4 during the whole time span of data.
Hence, the observed MLC phase coherence is not caused by

’\ . . active longitudes.

‘~ ..‘ ) ° ) ) e

-5 . . !
0.0 02 04 ¢ 0.6 08 0.0 02 0.4 ¢ 0.6 038 1.0

4.5 MLC corrected V' magnitudes

Fig.7 (a) The MLC of BM CVn with the ephemeris Eq. Wi : L :

~ : e used the Bayesian criterion from Lehtinen etlal. (2011,
B The bin width was 0.050 |n.pha$eThe error bar.s show Eg. 6) to determine the best modelling oréeior the binned
the mean error within each bin. The continuous line Shov‘(?magnitudes of Fig7a. The tested orders wetek) < 4

the best fit with the model of EgE] 5. The dashed and t . .
dotted lines show the MLC for the binned data before ar’?;-‘e bes.t orderw@ﬁ = 2. Hence, we modelled these binned
magnitudes with

after the mid epoch 2002.8&) The MLC for the period _

2P, in Eq.[4. (c) Radial velocitiesv; in | 92(4,Buic) = @ + a1cos (Z¢) + bysin(2rg)  (5)
) with the ephemeris EQ] 4d) Same data for the + ap cos (4r¢p) + by sin (4ng).

period Porp in Eq.[4.

where the free parameters wq!?,a._c = [ag, a1, by, az, by]
and the orbital phaseswere calculated from the ephemeris

_ _ .. of Eq.[4. The best fit hady = 1.721+ 0.002,a; = 0.011+
Thetmini(7) andtmin2(r) phases of BM CVn computed with 0.002.b; = —0.017+ 0.003.3, = 0.000+ 0.002 andb, =

this ephemeris are shown in Fig. 6. These phases ShOW(T803¢ 0.002. The continuous line outlines this model in

clear concentrations at = 0.25 or 0.75, which could be Fig.[@a. The Bayesian criterion fr hti thl (2011,

one signature of ellipticity. The minima of the binnBé&nd
V magnitude light curves of Gem were at these particular.Eq' 6) revealed that a second order compgnent was present
the MLC, although the amplitude of this second order

. ) | i Fig, !
orbital phases i tIa.L_(2£|)15b, their Fig éart was low, i.e. constam@b was zero and constahf was

The results of a similar binning of thé magnitudes of BM ; o .
CVn are shown in Figl7a. This"042 peak to peak am- very close to zero. We used this same criterion to determine
X . the besK value for the CPS models afl V andV’ datasets.

litud light h fter MLC) sh |
plitude mean light curve (hereatter ) shows only one This best fit of Eq_b was used to remove the MLC from

minimum and one maximum, while there were two maxim : ;
and minima. in the MLC of- Gem. ﬁ]ev magnitudes of BM CVn. The corrected magnitudes
were computed from

The MLC of BM CVn would also have two minima and , —
maxima, if the reaPq, of BM CVn were two times larger VI(t) = V(1) - G2(¢. fmic) + @0 (6)
than the one reported n_Giin & Fekel (198B) (Fig[l7b). whereV/(t;) were the original data and the values of the free
However, this double period hypothesis must be rejectggarametergy . c were those of this best fit of Ef] 5. The

Copyright line will be provided by the publisher
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169 J A rameter estimate$)’(7), A'(z), P'(7), t..._,(r) andt’ . (7),
i %i SEC=T5ET=11 were: mint min2
1721 e j
e b Fo i IND’(r)=1 IND’(r)=1 IND'(r)=0 IND'(7)=0

1751 © R()=0 R()=1 R(@=0 R()=1

M'(r) n"=105[m] " =14[g] n’ =1117;x n =83[x
A(r) nW=105[m] " =14[0] " =1117[x n’ = 83[x]
P(r) n=105[m] n"=14[0] n’' =1117[q n’ = 83[x]
thina(r) W =105[m] n"=14[0] n" =1117;x 0" =83y
tino(™ W =24[a] n=5[a] n"=321x n =33[x

1.84
i The symbols used for the modelling results of these param-

B S S eters in Figs[ Q=12 are given above in the brackets. The
0.0 0.2 0.4 0.6 0.8 1.0

¢ fraction of unreliable CPS models was 11319= 8.6%

Fig.8 Anexample of the MLC correction procedure Théor the originalV magnitudes. This fraction decreased to
data (closed squares) and the CPS model (continuous @%1319: 7.4% for theV” magnitudes. Hence, the number

are from Fig[®2 (SE&1, SET=1). The crosses denote MLC reliable models (Rr) = 0) increased when the MLC was

magnitudes computed from Eg. 5. The diamonds show tﬁ%moved from the original magnitudes. The CPS analysis
MLC correctedv’ magnitudes (E416) results of the corrected” magnitudes are also published

only electronically at the CDS.
The CPS models of 119 independ®himagnitude data-

CPS analysis results do not depend on subtracting a cons&gf are shown in Fi§] 9. The phases were first computed
value from diferential photometry. Therefore, we did nofrom¢; = FRAC[(t - t; . ,(7))/P'(r)]. Then, we computed
subtract the MLC mean, i.e. the constagt= 1.721, from the phaseg, , of the primary minima; . ,(7) with the ac-

the V() data. In other wordsay was “added back” in Eq. tive longitude ephemeris of EQl 2. T magnitudes and

6. the CPS models are plotted as a function of the plpase

ﬁz)é + ¢y, in Fig.[@. The light curves of the origind and

One example of this correction procedure of Eqgs. 5 a ) ) . .
8 is di P L correctedV’ magnitudes are nearly identical (Fig$. 2 and
is displayed in Fig[18. The original data are denotedlg). The largest change in the mean valt) and M’ (7)

with closed squares (SE& 1, SET= 1). The continuous = .
line shows the light curve for these original data, i.e. ts fi is 01014. It occurs in SE¥18 of SEG 11. The largest am-

light curve from FigR. The MLC valuegs(é, BuLc) com- plitude change, 8027, betweerA(r) and A’(r) occurs in

; . T=1, SEG=19. The light curves of this latter dataset are
puted with Eq[b are scattered (Fig. 8: crosses). The reasagplayed in Fig<2 arfd 9.

for this scatter is that these MLC values are computed wi
the periodP,p, = 2006252, but the correct period for these
data is much shorteP(r) = 20/14 + (731. This mixes the 5.2 Activity cycles inV’ photometry
MLC phases when these phases are computed “incorrectly” . .
with P(7), i.e. not with the correct perioBy. The upward he amplitude of the MLC was low, i.e. onl§"042. Hence,

peak in the MLC values (crosses) close to phase 0.35 prI e correctlog of Eldt‘—'lg Sh?tﬂd g(l):;tsc?u;te large cr_}?]nges n
vides a nice example of the correction procedure. When tﬁ| & mean and ampfitude of the Ight curves. the max-

peak is subtracted from the originéldata (closed squares),'mum differences were maii((r) - M'(r)}) = 0014 and

, . ax(A(r) — A'(7)]) = 0"027. When we applied PSM to the
the corrected/” data show a dip at the same phase (Opé(;ﬂorresponding CPS parameters as in Ject. 4.2, the results

diamonds).
were
P, + o F
5 Analysis of V/ magnitudes M’ (7) 13102 1x107
A7) 120+ 03 5x 10°*

M'(t) + A(1)/2 129+0/2 2x 10710
M'(7) - A'(r)/2 182+04 5x107°

We use a prime’) to denote all CPS analysis results folThe best cycles were practically the same as those for the
theV’ magnitudes, e.gV’(7) for the mean. For, this no- original V magnitudes. All this supported the presence of
tation is not required, because the observing titne§the an activity cycle of approximately 1.

V(t) and V(t;) magnitudes are the same. The total number

of CPS models for the correctéd magnitudes was 1319. 5 3 pirerential rotation in V'
Again, CPS detected periodicity in all datasets. The order

of the best model wak’ = 1 in 220 datasets and’ = 2  The results foP’(r) are shown in Figi_11. Tha’ = 105
in 1099 datasets. The number offdrent types of CPS pa- independent and reliable period estimates Rgd: AP}, =

5.1 CPSresults for the MLC correctedV’ magnitudes

photometry
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SEG'=1,SET'=1 SEG'=1,SET'=21 | SEG'=2,SET'=1 SEG'=2,SET'=5 SEG'=2,SET'=16 [SEG'=2,SET'=32 |SEG'=3,SET'=1 SEG'=4,SET'=1 SEG'=4,SET'=13 |SEG'=4,SET'=33 [SEG'=5,SET'=1

N
RTINS

1990.30,R'(7)=0 | 1990.39,R'(7)=0 | 1991,07,R(7)=0 | 1991,28,R(7)=0 | 1991.36,R'(7)=0 | 1991.45,R'(7)=0 | 1992.31,R(T)=0 | 1993.21,R"(7)=1 | 1993.31,R'(1)=0 | 1993.40,R'(7)=0 | 1994.04,R(1)=0

SEG'=5,SET'=11 |SEG'=5,SET'=25 | SEG'=5,SET'=40 |SEG'=5,SET'=55 |SEG'=6,SET'=1 SEG'=6,SET'=8 SEG'=6,SET'=20 | SEG'=6,SET'=37 [SEG'=6,SET'=52 [SEG'=7,SET'=1 SEG'=7,SET'=14

N o=
NN

1994.14,R'(7)=0 | 1994.22,R'(7)=1 | 1994,31,R(7)=0 | 1994,40,R (7)=0 | 1995.07,R'(7)=0 | 1995.18,R'(7)=0 | 1995.26,R(7)=0 | 1995.37,R'(1)=1 | 1995.45,R'(7)=0 | 1995.91,R'(7)=0 | 1996.01,R(7)=0

SEG'=7,SET'=27 |SEG'=7,SET'=38 |SEG'=7,SET'=51 |SEG'=7,SET'=72 |SEG'=7,SET'=92 |SEG'=8,SET'=1 SEG'=8,SET'=5 SEG'=8,SET'=18 |SEG'=8,SET'=35 |SEG'=8,SET'=49 |SEG'=8,SET'=54

N
NN

1996.10,R'(7)=0 | 1996.18,R'(7)=0 | 1996.27,R(1)=0 | 1996.35,R'(7)=0 | 1996.44,R'(7)=0 | 1996.93,R'(7)=0 | 1997.09,R'(1)=0 | 1997.17,R'(1)=0 | 1997.27,R'(1)=0 | 1997.34,R'(1)=0 [ 1997.45,R(1)=0

SEG'=9,SET'=1 SEG'=8,SET'=8 SEG'=9,SET'=16 | SEG'=9,SET'=27 |SEG'=9,SET'=44 |SEG'=9,SET'=59 |SEG'=10,SET'=1 |SEG'=10,SET'=14|SEG'=10,SET'=30|SEG'=10,SET'=37| SEG'=10,SET'=49

T oo by SIS S SUAFE et S, RS SR L SR S T I N W,

N
Lo o

1997.90,R'(7)=0 | 1998.01,R\(7)=1 | 1998.14,R(1)=1 | 1998.22,R(1)=0 | 1998.30,R'(7)=0 | 1998.40,R'(7)=0 | 1998.90,R'()=1 | 1999.00,R'(7)=0 | 1999.09,R'(7)=0 | 1999.18,R'()=1 | 1999.27,R(7)=0

SEG'=10,SET'=68 | SEG'=10,SET'=89| SEG'=11,SET'=1 | SEG'=11,SET'=12| SEG'=11,SET'=23| SEG'=11,SET'=37| SEG'=11,SET'=55| SEG'=12,SET'=1 | SEG'=12,SET'=15| SEG'=12,SET'=29( SEG'=13,SET'=1

1999.35,R'(7)=0 | 1999.45,R'(7)=0 | 2000,00,R"(7)=0 | 2000,10,R (7)=0 | 2000.19,R'(1)=0 |2000.27,R'(7)=0 | 2000.36,R"()=0 | 2001.21,R'(7)=0 | 2001.30,R'(1)=0 | 2001.39,R'(7)=0 |2002.19,R(7)=0

N
RTINS

SEG'=13,SET'=6 |SEG'=13,SET'=17| SEG'=14,SET'=1 | SEG'=14,SET'=2 | SEG'=14,SET'=18|SEG'=14,SET'=31| SEG'=15,SET'=1 | SEG'=15,SET'=13| SEG'=15,SET'=20| SEG'=15,SET'=34 | SEG'=15,SET'=51

I e e e i e M, NI P e

N
Lo Nww

2002.31,R'(7)=0 | 2002.39,R'(7)=0 | 2003.06,R'(1)=0 | 2003.23,R'(7)=0 | 2003.31,R'(7)=0 | 2003.39,R'(7)=0 | 2004.04,R(T)=0 | 2004.14,R'(7)=1 | 2004.24,R'(7)=0 | 2004.33,R'(7)=0 | 2004.43,R(T)=0

SEG'=16,SET'=1 |SEG'=16,SET'=6 |SEG'=16,SET'=10| SEG'=16,SET'=24 | SEG'=16,SET'=36| SEG'=16,SET'=46| SEG'=17,SET'=1 | SEG'=17,SET'=3 |SEG'=17,SET'=15| SEG'=17,SET'=27| SEG'=17,SET'=39

N
TN

2004.93,R'(7)=0 | 2005.07,R(7)=0 | 2005,19,R(7)=0 | 2005.28,R'(1)=0 | 2005.36,R'(7)=0 | 2005.46,R(7)=0 | 2005.89,R(T)=0 | 2006.00,R'(1)=0 | 2006.09,R'(7)=0 | 2006.19,R'(7)=0 | 2006.28,R(T)=0

SEG'=17,SET'=54 | SEG'=18,SET'=1 | SEG'=18,SET'=8 | SEG'=18,SET'=21| SEG'=18,SET'=35| SEG'=18,SET'=48| SEG'=19,SET'=1 | SEG'=19,SET'=8 |SEG'=19,SET'=19|SEG'=19,SET'=35( SEG'=19,SET'=51

N
Lo Nww

2006.36,R'(7)=0 | 2007.06,R'(7)=0 | 2007.15,R(1)=0 | 2007.24,R'(1)=1 | 2007.33,R'(7)=1 | 2007.41,R'(7)=0 | 2007.98,R(T)=1 | 2008.06,R'(7)=0 | 2008.16,R'(7)=0 | 2008.24,R'(7)=0 | 2008.32,R(T)=0

SEG'=19,SET'=68 | SEG'=20,SET'=1 | SEG'=20,SET'=9 | SEG'=20,SET'=16| SEG'=20,SET'=28| SEG'=21,SET'=1 | SEG'=21,SET'=10| SEG'=22,SET'=1 | SEG'=22,SET'=15| SEG'=22,SET'=29 | SEG'=22,SET'=45

N
Lo 9o

2008.42,R'(7)=0 | 2009.03,R'()=1 | 2008,11,R(7)=0 | 2009.20,R'(7)=0 | 2009.28,R'(7)=0 | 2010.14,R'(7)=0 | 2010.36,R(T)=0 | 2010.94 R'(7)=0 | 2011.04,R'(7)=0 | 2011.12,R'(7)=0 | 2011.21,R(1)=0

SEG'=22,SET'=63 | SEG'=22,SET'=82| SEG'=23,SET'=1 | SEG'=23,SET'=11| SEG'=23,SET'=31 | SEG'=23,SET'=51| SEG'=23,SET'=70| SEG'=23,SET'=89 | SEG'=24,SET'=1 |SEG'=24,SET'=7 [SEG'=24,SET'=15

2011.30,R'(7)=0 | 2011.38,R'(7)=0 | 2011.99,R()=0 | 2012.07,R'(1)=0 | 2012.15,R'()=0 [ 2012.24,R(7)=0 | 2012.34,R()=0 | 2012.42,R(7)=0 | 2013.14,R'(1)=0 | 2013.23,R(7)=0 | 2013.42,R(7)=1

N
Lo Nww

SEG'=25,SET'=1 [SEG'=25,SET'=3 | SEG'=25,SET'=12| SEG'=25,SET'=18| SEG'=26,SET'=1 | SEG'=26,SET'=5 | SEG'=26,SET'=14| SEG'=26,SET'=23| SEG'=26,SET'=33 0.5 0.0 0.5 1.0

1

1,

2.1 2014.03,R'(7)=0 |2014.21,R'(7)=0 | 2014,29,R'(T)=0 | 2014,39,R'(7)=0 | 2015.03,R'(7)=0 | 2015.12,R'(7)=0 | 2015.22,R'(T)=0 | 2015.32,R'(T)=1 | 2015.41,R'(T)=0
00 05 00 05 00 05 00 05 00 05 00 05 00 05 00 05 00 05 1.0

Fig.9 The light curves of 119 independevit magnitude datasets (ING = 1)). The reliable and unreliable models are

denoted with Rr) = 0 and 1, respectively. The x-axis is the phasand the y-axis is the magnitudé. The computation

of phase® is explained the last paragraph of Jeci 5.1.

g o
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Fig.10 @ MeanM’(7) for theV’ magnitudesb) Ampli- =% 02°
tudeA' () for theV’ magnitudes. The symbols are explained o

0.15}

in the first paragraph of Se€t. 5.1 0.10f
w5 ‘ ‘ ‘ ‘ ‘ 000 ‘ ‘ ‘ ‘ ‘ ‘ ‘
20 0.044 0.046 0.048 f 0.050 0.052 0.054 0.056
35 < Fig.13 @ Kuiper periodogram for the = 107 indepen-
T 30 % dent and reliablemin1(r) estimates of originaV magni-
™ 2 % o tudes. The thick horizontal lines denote the locations ef th
20 s : 5 two best periods & 20'51 and 2= 20!68. b) Kuiper peri-
is * odogram for ther’ = 105 independent and reliabtig, , ()
10 ‘ ‘ ‘ > ‘ estimates of correctéd’ magnitudes. The two best periods
1990 1995 2000 Jear 2005 2010 2015 are 1= 20.151 and 2= 20.170'

Fig.11 PeriodP’(r) for the corrected” magnitudes, oth-

erwise as in Fid.4 period range was the same as in SEcfl 4.4. The best ac-

P tive longitude rotation period waB,, = 20/512 + (005

sof™ (Qk = 5 x 10°®). The result for then’ = 129 reliable

t;nin,l(T) andt;nin,z(r) estimates of independent datasets was

the same, 2512+ 07010 Qx = 6 x 107). TheP, andP,

o~ values were also the same within their error limits. There-

R fore, the ephemeris of Ef] 2 was also used in our[El. 12,

10 which shows the phases ¢f, () andt (7). Most of

the reliablet;; () estimates of independent datasets con-
centrate between phases 0.1 and 0.7.

0.0

1990 1995 2000 2005 2010 2015 0.0 0.2 0.4, 0.6 0.8 1.0 The Kuiper test periodogramé, for the primary min-
vear ¢ ima of the originaV magnitudes and the correctétimag-

nitudes are shown in Figs.J13. The two best active longitude

periods for the originaV magnitudes were 281 (Qx =

1x 107) and 2068 Q< = 1 x 107 . TheV, peak of

20167 + 037, which was equal t&’ = 0.11 = 11%. The the second best period value in Hig] 13a was also very sig-

signal to noise ratic\/N was practically the same as fornificant. The two best active longitude periods for the cor-
g P y .rectedv’ magnitudes were 281 (Qx = 5x1078) and 2670

thg originalV magmtude_data, because f[here were no si « = 4% 10°5) (Fig.[I3b). After the MLC correction, the
nificant changes in the light curve amplitudes. Hence, t . o . S
, . - significance of the best period increased, while the signif-
V' magnitude data gave close to the sanféedential rota- . X
icance of the second best period decreased. From this we

tion codficient estimatk’ > Z, = 0.08 (with changes c[ould conclude that the MLC did not cause the active longi-

Zspu = 0.08). Comparison of Figsl 4 afdl11 revgal_ed th%udes. On the contrary, the MLC hampered the detection of
the MLC correction eliminated numerous unrealig®i@) . :
active longitudes.

values obtained in the CPS analysis of origifamagni-
tudes. Most of the remaining unrealis&#¢(r) values were
obtained during the year 1998 when the amplitédg) of

light curves was very close to zero.

1.0

08

0.6

0.4

0.2

Fig.12 t/ . () andt, .(r) for the corrected/” magni-

min, min,
tudes with active longitude ephemeris of EL. 2.

6 Conclusions

We analysed a quarter of a century of photometry of BM
5.4 Active longitudes inV’ photometry CVn. The originaV magnitude data were binned as a func-

tion of phase computed with the orbital period ephemeris of
The nonweighted Kuiper test was applied tothe- 105re- Eq.[4. This revealed that the photometry contained a mean

liablet . ,(7) estimates of independent datasets. The testight curve, or MLC, having a peak to peak amplitude of
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