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Periodic activity in the T Tauri star TW Hya* 

M .  V .  Mekkaden 
Ind~an l n ~ l l l ~ i r e  o/ A r f ro j~h~~. s r t s ,  Bar~~olore 560 034 

Abstract. UBVRl photometry of the isolated T Tauri star TW Hya, 
obtained during 1987 April from ESO, 1s presented. The data analysis shows a 
periodicity of 2.195 d in light variation. The steep increase of amplitude 
towards shorter wavelengths 1s interpreted as due to the rotational modulation 
of hot plage region on the stellar surface. 

Krl-  rltor~ls : .f -raw-I star r W  Hya--U BVRI 

1 . Introduction 

The T Tauri stars are variables usually with irregular light changes, but a few exhibit 
regular photolnetric variations wlth prriodiclties comparable to the~r  ant~cipated rotation 
periods. Cl1u1:,1 inov rt uI. (1986) have shown that most of the T Tauri variability is caused 
by hot plage regions on the stellar surface. 

TW Hya is an isolated -1' Tau r~  star with very strong and variable H, emission. 
Rucinski & Krautter (1983) have found that the star is not associated with any dark 
clouds or star forming regions. From a detailed investigation they have reported that TW 
Hya showed irregular light variability superposed on a possible short time scale periodic 
variation of a few hours' duration. 'Further observation and analysis by Rucinski (1988) 
have indicated that the light variability of T W  Hya may have a periodicity of 2d. 

2. Observations and discussion 

U B V R I  photomctric observations of TW Hya were carried out during nipe consecutive 
nights in 1987 April using the 50 crn telescope of the European Southern Observatory 
(ESO) La Silla. A cooled RCA 31034 photomultiplier tube and a photon counting system 
were used. All observations were made differentially with respect to the comparison star 
HD 95470. Sufficient number of Cousins' photometric standards were measured for the 
conversion of the instiumental magnitudes to the standard photometric system. TW Hya 
was observed several times evcry night to search for short time scale variability. The 
trend of the light variability indicated a periodicity around 2d. To determine the period 
of light variation more accurately, the method adopted by Raveendran, Mekkaden & 

*Based o n  ohservatton\ collected at thc European Southern Observatory, La Silla, Chile. 
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Mohin (1982) was used. The best fit period was found to be 2.195 days. Figure 1 shows 
UBVRI light curves of TW Hya. The phases were calculated using the ephemeris (with an 
arbitrary initial epoch) given below: 

Phase 

Figure 1. UBVRI light curves of TW Hya. 

Analysis of the photometry obtained by Rucinski & Krautter (1983) during 1982 January 
also showed the 2.195d periodicity, though the amplitude and the shape of the light curve 
were entirely different. But the observations by Rucinski in 1987 March showed irregular 
light variation. 

Figure 2 shows the V light curves of TW Hya obtained during 1982 January 
(Rucinski & Krautter 1983) 1987 March (Rucinski 1988) and 1987 April (the present 
work) using the ,ephemeris given above. It is evident from figure 1 that the amplitude of 
light variation increases towards shorter wavelengths. The steep amplitude increase 
towards shorter wavelengths observed in TW Hya can be produced only by hot plage 
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Figure 2. V l~ght curves of I'W Hya at d~ffrrent epochs 
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regions; however, in a few T Tauri stars there is photometric evidence that both plage 
regions and cool spots coexist (Chugainov 1986). 

The expression 

m, = - 2.5 log { 1 - .fi 1 - BA (Tpl)/ BA ( T)lj 

has been used to derive thc fractional area and the temperature of the hot plage regions 
on TW Hya. In the above equation r n ~  is the amplitude of light variation at wavelength 
A; T,, and T. are the plage and photospheric temperatures; f is the maximum fraction of 
the stellar disc covered by plages; and BA is the Plank function. This expression does not 
take into account the effects of the inclination of the rotational axis and the limb 
darkening. Assuming a photospheric temperature of 4000 K for TW Hya the values off 
and Tpl were determined by fitting the above expression to the amplitudes in UBVRl 
bands by least square technique. The best-fit values are f = 0.77% and TP\ = 8155 K. 
Figure 3 is a plot of amplitude versus wavelength. The closed circles represent the 
observed values and the open circles the computed values. 

The 1982 observations of Rucinski & Krautter (1983) were also analysed to 
determine the plage area and its temperature. The best-fit values are f = 3.08% and 
Tpi = 6926 K. In figure 4 the observed amplitudes (closed circles) and the computed 
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Figure 3. Ampl~tude vs wavelength (1987 Apr~l) The filled c~rcles refer to observed arnpl~tudo and the 
open c~rcles the computed. 
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Figure 4. Amplitude vs wavelength (1982 January). Symbols are as in figure 3. 
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amplitude (open circles) arc  plotted against the wavelength. Though the 1987 April 
observations showed well deflncd periodicity. photometry by Ruclnski (1988) during 1987 
March did not  indicate any per iod~c variation. Hence the formation and the 
disintegrntlOn of hot p h g c  legions on 'i'w Hya is a very fast process. Furthermore, 
photometry of 7 W tIya also shows short tlnle scale variations probably due to flare type 
activity. 

A n a l ~ u s  ot thc phlrto~nctry 01 I b' t l ~ a  d u ~ ~ n g  1987 April shows that  the star exhibits 
light va11at1on \\it11 ii 2.19511 p c r l ~ d  I his pcrlod is lound to satlsly the observations of 
Ruclnshl L% Kriiuttc~ ( 19S3). I 1 1 ~  5teL.p ir lcrc~sc in i l i ~ ~ p l ~ t ~ d t '  towards shorttr wavclcngths 
can bc cxpliiincd 111 tclm!, 01  the rotntlonrtl modulation of plagt. like hot regions on the 
stella1 surface. 1i;ipiii changes tahc plrlcc In the structure and tor~ndtion of these plagts. 

I he c ~ l d c n c c  that hot plagc ~ c g i o n \  cslst in '1' 1 auri stars seems to point to the 
presrnct. ot 411 ong ~ n ~ l g n c t i c  1 icl~is on thc stella s surfacc. I'hcsc strorlg magnetic fields 
might cause cxtrcrnu chromoaphcric activity. Another alternative hypothesis to the strong 
cllromo\pher~c ac t~i i t !  111 I 1 uur i star5 is giien hy Hcrtout & Hasri (1988). 1 hey assume a 
typical I l aur i  %tar to con5lht of :I 1:ltt' type star  surrounded by an  extended actlve thin 
accretion disc 111at IC:LC~IC'\  d OWII  to the s t ~ l l a r  photosphere and n boundary lnycr where 
the rt1attc.r tlorn the d14c l i r 1 ; i l l ~  C I I C O \ I I ~ ~ C T ~  t l ~  X ~ I I ~ .  hl.ig~lc~it..illy controlled accrctlon 
through the hourlcliir) layer could rcsull In hot spots 011 the stellar surfacc. 

,*\rl ;iccrction Jl\c ari)ttnJ I W 11y;i i4 ;I relnotc .possibility since the s t a ~  is not 
associi~tt.d wit11 any  h cloutis. Sir thc cxt rcnx chro~nosphcric activity due to the strong 
magnetic ~ I c I L ~ \  ~ * o ~ ~ l d  c ~ p I ; i i r ~  1110st 01' the ~ I ~ C ~ ~ O I I I C I I ~  ohsclved ln '1'W tlya. 
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