Orbital Period Variation in the Chromospherically Active Binary

FF UMa (2RE J0933+624)

M.C. Galvez'2, D. Montes?, M.J. Ferniandez-Figueroa?, E. De Castro? & M. Cornide?

: Department of Astronomy, University of Florida, Bryant Space Science Center, Gainesville, Florida, USA
Dept. de Astrofisica, Facultad de Fisicas, Universidad Complutense de Madrid, Madrid, Spain

TAU Symp. 240:
Binary Stars as Critical Tools &
Tests in Contemporary Astrophysics

Abstract

ob:

Table 1:

Obs. MID S/N
2400000+

Primary Secondary

Radial velocity data of the 5

. N . (Ha)
serving runs and data taken from previous

Vietoy Vi ®
(km +1) (km 51

We present here a detailed study of FF UMa (2RE J0933+624), a recently authors. Jefon)! 49054591 359 £90
discovered, X-ray/EUV selected, active binary system with strong Ha Orbit of RE J0933 (FF UMa) o o oy
ission. By using high ion echelle sp pic observations taken ! !
during five observing runs from 1998 to 2004, we derived precise radial 49056.425
velocities that allowed us to determine the orbital solution of the system at ] e = (hoean
5 5 5 5 5 o B+ 2000 Elemen, Valie  Uncertainiy Units 49056.543
different epochs. Analyzing these orbital solutions and a previous one in . 49056.600
1993, determined by other authors, we have found a change in the . i s g‘;?; b (;‘;D)’;m B ot a0
heliocentric Julian date on conjunction (T.,,) that can be explained by a RN ks 700000 00000 g S
change with time in the orbital period of the system. The relative amplitude of ] G0 0.0000 (adopted) -
the orbital period variation derived from these data was dP/P ~ 5 x 10-4, i igf’”ig izﬁz tﬂ » 146
which results to be larger than the variations found in other similar o 39354 07718 km et o
chromospherically active binaries like AR Lac an HR 1099. This orbital period 7 a=M: /M 21155 01012 0
variation can be vela'ed (Appleguie 1992; Lanza et al. 1998, 2006) wﬁh the - /}/ P T e b 253
ion of the g of its v : ag sini 2811 0.16% 10° km 25
active d st ar prod d by ungular h within its ;;im 41444 0.1753 10° km -
convective envelope. In addition, using these observations, we have g f{" sesTer 14
i the stellar p of the and we have carried ; o5 o 0% o5 & s s
out a study of the chromospheric activity using all the optical indicators from 3 orrg 0.0236: Mo e
CallH&Kto Ca Il IRT lines. N * { ‘ P e d i "
| i
w H B H | 2
s Table 2: Orbital solution of FF UMa. All 5
Observatlons o o o2 o2 O ital Prase (1 Lj o7 o8 o0 the parameters are calculated for the observing o
The spectroscopic observations of this binary system were obtained run that ul take "“‘,"‘:f"m"cc_(FOCESM)' . 15
during five observing runs from 1998 fo 2004: Fig. 2: Radial velocities of all observing runs. We plotted the orbital solution (continuurn line) | | T1¢ OrPit results eircular. With the resulting i
3 ) . N parameters and assuming a secondary star 93
; 1) 12 to 21 January 1998 using fhe 2.1m Otto Struve Telescope at of the FOCES04 observing run and we have superimposed the data from the rest runs shifted in | | 0 S0 B qoMe T8 FER0TE SO0 o
P \\cDonald Observatory Texas (USA) with the Sandiford Cassegrain phase according with the determined O-C in Ty, see tex for explanation. Different symbols | | (o o7 0o g f e g of a0
Echelle Spectrometer. During fhis observing run, a 1200x400 pixel CCD and colours cortespond to different epachs (1993 Jeffies et al. 1993), and 1998 - 2004 our | | oo % B GG BT M | o samnioe s dam i mniow
defector was used. The speciiograph sefup was chosen 10 cover fhe | | [observing runs). e Clusifcation. | 1 R ettt et
Ha (6563 A) and Ca Il IRT (8498, 8542, 8662 A) lines. The wavelength
range covers from 6400 to 8800 A in 31 orders. The reciprocal
dispersion ranges from 0.06 to 0.08 A /pixel and the spectral resolution,
0.13 to 0.20 A. In one of the nights, we changed the spectrograph
setup to include the He | D; (5876 A) and Na D,, D, (5889.9, 5895.9 A), With 39 radial determined by us (from 1998 to 2004) and 9 given by Jeffries et The i ibutic in the dif optical
with wavelength coverage of 5600-7000 A. al. (1995), we fried to compute the orbital solution but we find some tricking activity indicat has been d using the spectral subtraction
N facts. When we fit the data from each observing run separately we obtain a technique Montes et al. (1995; 1997; 1998). The synthesized spectrum was
g 8 1) 22 elUelyg ZI00Y) USR] finte 24 Hobby—_EberIy Telescqpe good orbital solution, but when we fried to fit the total orbital solution (using all o using the : STARMOD ) A at Penn Sr:ote (Barden
(HET)atiMeDonaldobservaion/ e Q I N e the radial velocities from the different epochs) we are not able fo find a good 1985). In Table 4, we give th jssion absolut icial fl
resolution spectrograph UFOE (Upgraded Fiber Optic Echelle). A (e " A " ep 3 9o I I relilte T e cessjemiss on lgbsolute superficial Tux
i orbital solution. Analyzing in detail these results we discover that orbital (LogF) (meusured in the subtracted spectra) for these lines. We have
HET  1200x400 pixel CCD detector was used.The wavelength range covers 1§ btained at diff t r il B o hift in g the ! both " . it
from 4400-9150 A in 26 orders. The reciprocal dispersion ranges from - 8 0a nec [ REEES are very simPar, but There [s a shi (Crall usingia
0.06 fo 0.17 A/pixel and the spectral resolution (FWHM) from 0.14 fo the heliocentric Julian date on conjunction (T,,,). See Fig. 2 and 3. except !or !'hz. The profiles of the Ha, qnd. Ca Il IRT (A8498, A8542) lines are
042 A, Taken i!lls In|.o account, we computed the orl::l'al solution with the F_OCESO4 run plotted in Figs. 5 and é. For each observation we have plotted the observed
and shifted in phase the rest of the observing runs. See the orbital solution spectrum (solid-line) and the sy d spectrum (dashed-line) in the left
3) and 4) April 2002 and April 2004. These observing runs took place section. . panel and the subfracted spectrum (dotted line) in the right panel.
on 22 to 26 April 2002 and from 29 March to 7 April 2004, using the 2.2m = i Ha line is observed always in emission above the continuum in the
telescope at the German Spanish Astronomical Observatory (CAHA) observed spectra for both components, (see Fig. 5). This emission is
(Almeria, Spain). The Fibre Optics Cassegrain Echelle Spectrograph persistent during all the observations indicating that it is a very active binary
(FOCES) was used with a 20482 24 and 150u respectively SITE#1d15 Fig. 3: Note the orbital phase system similar o some RS CVn and BY Dra systems.
CCD detector. The wavelength range covers from 3450 to 10700 A in shift  between the orbital n N
112 orders. The reciprocal dispersion ranges from 0.04 to 0.13 A/pixel solutions obtained with the data Fig. 5: Ho ‘ Fig. 6: Call IRT
and the spectral resolution (FWHM) ranges from 0.08 to 0.35 A of the FOCES04 observing run REIOOR H 2REJ0933 Call IRT
3 g 2 BTFaCTed serve: Subtracte
5) This run were made on 2 to 6 April 2004, using the 2.56m Nordic (IC;:)";"[:;“"] (i) é"d SR rad Foces 2004 roces ;;;:"“?b * s st
Optical Telescope (NOT) located at the Observatory Roque de Los (blue squares). pes
Muchachos (La Palma, Spain). The Soviet Finnish High Resolution
Echelle Specfrograph (SOFIN) was used with an echelle grating (79 nr
grooves/mm), ASTROMED-3200 camera and a 20522 pixel 2K3EB s
PISKUNOV1 CCD detector. The wavelength range covered is from
3545 to 10120 A in 42 orders. The reciprocal dispersion ranges from . . . N N ey LOA4
0.033 to 0.11 A/pixel and the spectral resolution (FWHM) from 0.14 to We have the different hy that can explain this behaviour : 7
0.32A 1. The existence of another star as a distant third component of the system
could intfroduce changes in the main orbit of the observed system. Variations H AN
in in the center of mass radial velocity (y) could indicate the presence of a : Pys H \ A
— third component (Cumming 2004). However, the amplitude of the variations in H . H e e g
7 we have found in our data is only of 3 km s, P /
." fric radial vel N ities of t{oih fs have been d by 2. The pi of in the active components of this 2t
using the cross-correlation technique. The spectra of the program stars were binary, could produce y in the ion line profiles and the o
closscenelated order.by Sidleryusing .ih_e LR CORYInNIRAT, ugfxln§1 cormresponding CCF. This could affect the radial velocity data and this way
spectra of radial velocity standards of similar spectral fypes. The velocity is transmit errors to the orbital solutions. However, we have found (see radial LA
derived from the position of lhe cross -correlation peak (Fig. 1 A and B). In velocities section) that this is not the case.
Table 1 we list the final obtail tric radial velocities (V) and their LALS
associated erors (oy) for each spectrum. As the system is $B2 we can see 3. Another iated to the activity could be an se
two peaks in the CCF coming from the two components and we can fit each orbital period due to the of activity with hme It can be
peak sep y. When the P ts are too close, we used fits. dasa of cyclic of the g P - CaE— " o o o o
But as it ﬁl“")be seen ': the Fig. “I\ 'hediI"TQU:GTSI profiles (double peaks G:Id of both components of the system along the magnetic ac"vtfy cycle. In the -t - -
asymmetries) can produce errors in radial velocity measures. To COWEC” s siudy of |he RS CVn system HR 1099, Frasca & Lanza (2005) based on the " P i
emor, we recalculated the radial velocities using the h d by Matese & Whirtmere (1983) and elaborated later by ﬁdoer::’lloﬂ"r;gn:i\{:‘:'f ::::ZII:‘ 'eo, meﬁ::u::ﬂt:;::: Iti:l::ss:vcil'rho;:\:é);s:sesril;\,:agseu':w:
|echmque ugulnsl speciru of |hg sameradidl velocity standard star but Applegu'e (1992) and lanza et al. (1998), in which 'emporal variations of either could not fit the emission lines with four components (two, narrow and
to the velocity of the components of FF UMa some RS CVn systems could be due to ch in the q P of i
(vsini ~30 km s°"). This way the profiles of CCF become regulars, see Fig. 1B. t al th i I d |h t i th cescomEctst o schistar welliound that the best fils was a
3 'y the p gulars, 9 primary component along the activity cycle and that come from the Lorentzian curve, one for each component (see Fig.7). Absorption of the
A ‘ ‘ B ) s Ceme g energy driven by the stellar three, HB, Hy and H3 lines filled in with emission is seen too (see Fig. 8 for HB
" v C— ™ I The results obtained until this study were variations of dP/P~10¢-10 in an exumple).a? e relleslo s!ronge L hejCSIHIATK fines and N
£ ' ,A' ' ! 7' ! ! : ! " 9 interval of 7 to 109 years. In FF UMa we have found a variation of dP/P~10-4in clear Srss ONECH the He I'"e. comng from b°'h~ ccmp?nenis. As 15
) e 11 years, one order of magnitude higher, but it could be explained by the represented in fig 6 a clear emission above the confinuum is observed in
@ A / \ [ 1 higher effici of the Inthe of the system. the core of the Ca Il IRT absorption lines from both components.
N 3 ig. 8: Fig. 7: Lorentzian fitting of Hot profile.
o 1 e o gbserved Substracted
‘ 1003 10058780 20080 470x10-4 T T
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Fig. 1: Cross-correlation functions (CCFs) of the both components of the binary system, zoosc 050504 !
fitted with Gaussians. A) left panel, original CCF, B) right panel, corrected CCF. .
e 2 Fig. 4 and Table 3: T, shift (O- j SUSEROS— i
— e st | C) at the different epochs and the Vovelensth ) veveleneth &)
D 24000004+ derived orbital period variation.
In Table 3 we present the orbital period variation deduced from the orbital
; Qgﬂ:gg%j';‘éé;?i%ﬁg;f?g&ém solution of the different observing runs, in the first column we give the year of Table 4: »
3. Cumming A., 2004, MNRAS, 354, 1165 the observing run, in the second, T, in the third, the O-C (Observed - Absolute _SHPef“CPl flux of
4. Frasca A. & Lanza A F., 2005, 429, 309 Calculated = difference between the observed T.,,; and calculated T,,; from all the activity indicators.
5. Jeffries R.D., Bertram D & Spurgeon R.D., 1995, MNRAS, 276, 397 the FOCES04 run that has been taken as reference), and in the last column the b Vel of {0 frkmy el
a g 5 e 4 4 secondary not deblended
6. Lanza AF., Rodono. M & Rosner R., 1998, MNRAS, 296, 893 relative orbital period variation. dP/P. Fig. 4. represents the variation of the O-C 2. Average value from two
7. Lanza AF., 2006, MNRAS, 369, 1773L (Teon) for every run with fime. The amplitude of the variation is 2 days and it apertures.
8. Matese J.J. & Whirtmere D.P., 1983, A&A, 117, L7 look like a linear tendency. We would need a Iarger time observation for 3. Value measured with low S/N.
9. Montes D., Ferndndez-Figueroa M.J., De Castro E. & Comide M.,1995, A&A, 294, testing if the tendency remains linear of b idal as it is ted if 4. f"a !‘ H line """‘f"‘c component
165 ; ; o O G G i, x:];l:;:e\;\[m He line from the other
10. Montes D., Fernandez-Figueroa M.J., De Castro E. & Sanz-Forcada J.,1997, A&A,
125, 263 Although recent studies, as Lanza (2006), are not completely in agreement
11. Montes D., Sanz-Forcada J., Femandez-figueroa M.J., De Castro E. & Poncet A., with Applegate model, we found that the quantitative explanation of the
1998, A&A. 330, 155 phenomena is the most likely for FF UMa system.
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