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THE EXTREME OUTBURST OF EXLup IN 2008:OPTICAL SPECTRA AND LIGHT CURVEK�OSP�AL, �A.1; N�EMETH, P.2; �ABRAH�AM, P.1; KUN, M.1; HENDEN, A.3; JONES, A. F.41 Konkoly Observatory, P.O.Box 67, 1525 Budapest, Hungary, e-mail: kospal�konkoly.hu2 Florida Institute of Tehnology, 150 West University Boulevard, Melbourne, FL 32901, USA3 Amerian Assoiation of Variable Star Observers, 49 Bay State Road, Cambridge, MA 02138, USA4 31 Ranui Road, Stoke, Nelson 7011, New ZealandEXLup is the prototype of EXors, a lass of pre-main sequene eruptive variables, ex-hibiting unpreditable brightenings lasting some months (Herbig, 1977; Herbig et al., 2001;Herbig, 2007). Aording to the urrent piture, eruptions of pre-main sequene stars areaused by enhaned aretion (Hartmann & Kenyon, 1996). In quiesent phase, EXLuphas typially V� 13 mag, while in outburst, it may brighten by 1{4 mag. The last knownare-up happened in 2002 (Herbig, 2007). As was announed by Jones (2008), EXLuphas been in outburst again sine at least 2008 January 15. Based on visual estimates, thestar reahed a peak brightness of 8 mag, brighter than at any time before. We startedan optial spetrosopi monitoring programme on 2008 January 25. In this paper wepresent our spetra olleted until 2008 February 17, as well as the visual light urve forthe same period.Our spetrosopi observations were arried out during 13 nights in 2008 Januaryand February with the newly installed 0.8m f/8 Cassegrain telesope, equipped with aDFM Cassegrain Spetrograph and a 1024�1024 pixels Apogee Alta amera, at FloridaInstitute of Tehnology. Unfortunately, due to the loation of the site, we were onstrainedto observe at extremely high airmasses (between 2.5 and 3.8). The 500 slit and 600 l/mmgrating yielded a spetral resolution of �=�� = 730 in the 4250{6050�A wavelength rangeat a dispersion of 1.7�A/pixel. The S/N for our spetra is typially 5-10. The datawere redued using IRAF dred tasks and spetra were extrated by using the twodspepakage. The spetra were traed by a 5th order Legendre funtion using the apall task,and the bakground was sampled over a 25 pixel range on both sides of the spetra.Wavelength alibration was done using observations of a HgAr lamp. The positions offour identi�ed HgAr lines were �tted by a 3rd order Legendre funtion with rms around0.01, to obtain the dispersion axis. The log of observations an be seen in Tab. 1.In order to inrease the signal to noise ratio, we ombined all 13 spetra, by �rst shiftingthem in wavelength and then by averaging them. The resulting averaged spetrum isplotted in Fig. 1. The spetrum is dominated by emission lines, of whih many an beidenti�ed as metalli lines (Fe I, Fe II, Mg I, Ti II). In addition, a prominent H� anbe observed, however, H is absent from all our spetra. No absorption lines seem tobe present. The identi�ed spetral features are marked in Fig. 1. In order to be ableto quantitatively ompare our spetra with eah other and with others published in theliterature, we seleted three lines and measured their equivalent widths, see Tab. 1.
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Table 1: Log of spetrosopi observations, and equivalent widths of seleted emission lines of EXLup.The �rst two olumns show the date and JD when the exposure started; the third olumn gives theexposure time in seonds; the fourth olumn shows the number of spetra taken that night; and the lastthree olumns display the equivalent widths in �A of seleted emission lines. The unertainties of theequivalent widths are about 10% and are dominated by the unertainties in �tting the ontinuum level.Date JD-2450000 Exp. time Nr. H� Fe II �4921 Fe II �50152008 Jan 25 4490.959 600 1 �30.0 �12.1 �11.42008 Jan 26 4491.956 900 1 �13.4 �6.0 �5.42008 Jan 28 4493.949 900 1 �12.3 �4.7 �4.62008 Jan 29 4494.945 900 1 �6.5 �3.2 �3.42008 Jan 30 4495.956 600 3 �9.0 �3.9 �3.62008 Jan 31 4496.945 900 2 �7.3 �3.6 �3.22008 Feb 1 4497.938 900 1 �8.8 �3.7 �3.82008 Feb 5 4501.936 900 1 �10.4 �6.3 �6.62008 Feb 6 4502.936 900 1 �7.4 �4.2 �4.52008 Feb 9 4505.967 900 1 �8.3 �4.8 �5.02008 Feb 11 4507.915 600 1 �13.2 �5.8 �6.52008 Feb 14 4510.912 900 1 �10.8 �5.7 �5.92008 Feb 17 4513.913 900 1 �5.1 �3.1 �3.2

4500 5000 5500 6000
Wavelength (Å)

0.8

1.0

1.2

1.4

1.6

1.8

2.0

T
i 

II
 (

41
)

H
 g

am
m

a
F

e 
I 

(2
)

F
e 

I 
(6

8)

F
e 

I 
(2

)
F

e 
II

 (
37

)
F

e 
II

 (
37

)
F

e 
II

 (
38

)
F

e 
II

 (
26

)

F
e 

II
 (

37
)

F
e 

II
 (

37
)

T
i 

II
 (

49
)

F
e 

II
 (

43
)

T
i 

II
 (

17
)

H
 b

et
a

F
e 

II
 (

42
)

F
e 

II
 (

42
)

F
e 

I 
(6

6)
 +

 T
i 

II
 (

86
)

M
g 

I 
(2

)
F

e 
II

 (
49

)
F

e 
II

 (
49

)
F

e 
II

 (
49

)
F

e 
II

 (
48

, 4
9)

F
e 

I 
(1

5)
F

e 
I 

(1
5)

F
e 

I 
(4

1)
F

e 
I 

(1
5)

F
e 

I 
(1

5)
F

e 
II

 (
55

)

F
e 

I 
(1

5)

T
i 

I 
(8

)

M
g 

I 
(8

)

atm. ???

Figure 1. Average of our 13 normalised spetra of EXLup. Identi�ed spetral lines are marked.
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Figure 2. Light urve of EXLup in the period 2008 January 15 { 2008 February 19. Filled dots: visualestimates of A.F. Jones; open squares: V-band magnitudes from the AAVSO International Database.The vertial lines at the bottom mark the dates when spetra were obtained.
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Figure 3. Pro�les of the H� line on 2006 January 25 (solid line), 26 (dashed line), and February 1(dotted line).
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Similar optial spetra were already published for EXLup both in quiesent and inoutburst phases (Appenzeller et al., 1983; Patten, 1994; Lehmann et al., 1995; Herbig etal., 2001; Herbig, 2007). All these spetra show prominent Balmer lines. H� is learlyvisible also in our spetra, and its equivalent width is similar to those published in theliterature. Interestingly, H is absent from all our spetra, though it was observed in allthe previous studies. Weak He lines were reported in the literature. We found no He lines,but this might be due to our limited spetral resolution (some He lines might be blendedwith Fe lines). On the other hand, while Fe and other metalli lines were either weakor absent in previous spetra, they are very strong in ours, very likely the strongest everobserved.Our 13 spetra over a period of nearly one month around the peak brightness, as shownin the light urve in Fig. 2, whih is a ompilation of visual and V-band observations. Inmid-January, the star already had a visual brightness of � 10 mag, well above the usualquiesent brightness of 13 mag. It soon beame even brighter, reahing a maximum of8-9 mag, then started a slow fading. Cheking the equivalent width values in Tab. 1, wefound a trend: the equivalent widths were high on the �rst date, then beame signi�antlyredued between 2008 January 25 and 28, and stayed more or less onstant sine then (seee.g. the H� pro�les in Fig. 3). The hydrogen and iron lines follow the same trend. Patten(1994) found that the equivalent widths of the Balmer lines did not appear to hangemuh between the outburst and the quiesent phase. This is di�erent in our results. Thesigni�ant hanges in our equivalent widths, however, might be due to the brightening ofthe objet between the dates of our �rst and subsequent spetra. The lak of absorptionfeatures that would normally be present in an M-type dwarf suggests that the inreasedbrightness of EXLup is not due to variable photosphere but to the addition of a featurelessontinuum, probably the aretion luminosity.In summary, our photometri and spetrosopi observations prove that EXLup is inoutburst, exhibiting the highest peak brightness ever observed. The spetra of the presentoutburst di�er signi�antly from the previous ones in several aspets: the lak of the Hand He lines, and the extremely strong metalli features. The inreased brightness ofthe system is probably due to inreased aretion. Inreased aretion, and onsequentlyinreased stellar wind, an also explain the wealth of metalli lines oming from infallingor ejeted hot gas, similarly to the ase of DRTau (Beristain et al., 1998).Aknowledgements. The Olin Observatory 0.8m telesope at the Florida Insti-tute of Tehnology was funded in part by a grant from the National Siene Foundation(AST 0420753). We are grateful to the FIT Time Alloation Committee for a generousalloation of time. P. N�emeth also wishes to thank the help with the spetrograph anddata redutions to S. Vennes and A. Kawka. This researh was partly supported by theHungarian Researh Fund (OTKA) K62304.Referenes:Beristain, G., Edwards, S., Kwan, J., 1998, ApJ, 499, 828Hartmann, L, Kenyon, S.J., 1996, ARA&A, 34, 207Herbig, G.H., 1977, ApJ, 217, 693Herbig, G.H., Aspin, C., Gilmore, A.C., Imho�, C.L., Jones, A.F., 2001, PASP, 113, 1547Herbig, G.H., 2007, AJ, 133, 2679Jones, A. F. A. L., 2008, CBET, 1217, 1


