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Abstract. We report the possible detection of alLA6708A A number of researchers (Fekel 1996; Barrado 1996; Huss:
line enhancement during an unusual long-duration optical flaetal. 1997; Ferandez & Miranda 1998; Newduser et al. 1998)
in the recently discovered, X-ray/EUV selected, chromosphérave investigated starspots as the possible cause of the obse|
ically active binary 2RE J0743+224. Theléquivalent width Li 1 abundances spreads. However, Li can also be produced
(EW) variations follow the temporal evolution of the flare antbw energy spallation reactions in stellar flares (Fowler et g
large changes are observed in the intensity of the line. The m&@55; Canal 1974; Canal et al. 1975). Some evidence of Lip
imum Li 1 enhancement (40% in EW) occurs just after the maguction by spallation have been found in the Sun (Livshits 199
imum chromospheric emission observed in the flare. A signlfivingston et al. 1997), but no detection has been reported
icant increase of théLi/“Li isotopic ratio is also detected. Noother stars. Spallation has only been discussed as a poss
significant simultaneous variations are detected in other phoity-to explain the high Li abundances observed in some stg
spheric lines. Neither line blends nor starspots seem to be (Rallavicini et al. 1992; Mathioudakis et al. 1995; Favata et &
primary cause of the observed Lline variation. From all this 1996).
we suggest that this tienhancement is produced by spallation In this letter we describe the Li\6708A line enhancement
reactions during the flare. detected during the observations of an unusual long-duration ¢

tical flare in the recently discovered, X-ray/EUV selected CAI
Key words: stars: activity — stars: chromospheres — stars: IRE J0743+224, and discuss the possible causes.
naries: spectroscopic — stars: flare — stars: abundances — stars:

individual (2RE J0743+224)
2. Observations and analysis

High resolution (0.16\) observations of this star were obtained
1. Introduction during a 10 night run 1998 January 12-21 using the 2.1m te
scope at McDonald Observatory and the Sandiford Cassegr

The resonance doublet of Liat \6708A is an important di- Ebchelle Spectrograph (McCarthy et al. 1993). The spectrain t
Li

agnostic of age in Iqte type stars since I IS easy destroyed Y line region are plotted in Fif] 1. These observations are a
thermonuclear reactions in the stellar interiors. However, Li . L |

. ; ; alyzed in detail in a separate paper (Montes & Ramsey 1998
observations of several types of chromospherically active star . ;
; : ere stellar properties, orbital parameters, and chromosphe
such as pre-main sequence stars, late-type dwarfs in open = : : :
. ; -~ .. Dehavior are discussed. We found that this star, previously cls
ters, as well as post-main sequence objects, show a significapt . . L ; ‘
. sitied as single-lined spectroscopic binary (Jeffries et al. 199
range of abundances. It is well-known that a large number:0 ; o . .
. . S .iS'a double-lined spectroscopic binary (SB2) with a K1 III pri
chromospherically active binaries (CAB hereafter) show Li : .

ary and an orbital period of 10 days.

abundances higher than the normal values characteristic of SR S . . .
. S A dramatic increase in the chromospheric emissions (
of the same mass and evolutionary stage (Pallavicini et al. 1992 . : . .
. ] . . . : nd Cair IRT lines) is detected during the observations (se
Liu et al. 1993; Ferandez-Figueroa et al. 1993; Randich et g .
1094: Barrado et al. 1997, 1998: Montes et al. 1998). This i he temporal evolution of theddEW in the upper left panel of
' ' . ' : ) ig.[2). The increase of the emission start the 3th night (194

is very temperature sensitive because of its low ionization p,?énuary 15) reach a maximum on the 5th night and at the e

tential of 5.37 eV. Thus the equivalent width (EW) should be : o
enhanced in dark spots but reduced in the bright facular of the observations (1998 January 22) the chromospheric i

ions as demonstrated by solar observations (Giampapa 19 iy not yet recovered the quiescent value. The total duratj
9 y pap of the event was evidently larger than 8 days. We interpret t

Send offprint requests t®avid Montes behaviour as an unusual long-duration flare based on a) the te
* Guest observer at McDonald Observatory poral evolution of the event, b) the broad component obsery




o
Ll
=
—
L
-

L6 D. Montes & L.W. Ramsey: Li enhancement during a long-duration stellar flare

T T T
. LB 1 | cal 6717 ]
Lil Ho . < &
1998/01/22 | 1 g« oo o 130 s (} %% % R
Bt o Liale T ]
! 1 1 | o ® i ° ,
1998/01/19 ok ! ! ! T
828 831 834 828 831 834
T T T b — —
- | ‘ . o Lil 3F cal 6572 ‘ ]
: : ! ~ 3 + ; T o %
ot! - L _
1998,/01/18 € al %% % %7 ) 5 9.0 %} 7
! . / 5 ¢ 13
o I I I I I I
- 1998/01/17 B 828 831 834 828 831 834
N T T T T T T T T
S[ Fel 6710 1 _Fcareart ‘
a -
= 1 1 1 1 = =
o - L 1
1998/01/16 = % 4; % %% % o[ §{> %% %% %,7
N I I I i = 8 I
| | 1 ° | | | S e T B E|
1998/01/15 | 828 831 B3 j 828 831 834
: ‘ / %1 Fel 6703 | S cal 6462 1
— (=} ot 4
! ! I - N 18F oo 5 9d 0]
1998/01/14 E o %, % o1 0
i \ ‘ @ 1 st 8
— — o 1 1 1 L 1 1 1
: ' ! 828 831 834 B 828 831 834
- UL L B L L |
1998/01/13 5 [ Fel 6663 1 ST nir 6643
- | | | . S r
—~ a
o, @ — -
1 1 - = L ‘% B % _ : - - e %
K1III reference star I = %’ % % %} 4; % L % {) % % %’ %) %’ 1
B 7] 0 S i
@ L L 1 L L 1 L L 1 L L ] ° O L 1 L L 1 L L 1 L
- | | - 828 831 834 828 831 834
rol 6663 ! 671“531 Gl;ello | HID(R450000+) HID(R450000+)
© Fe] 6677 cal 6717
Il L L L L L L 1 L L L 1 . . o . .
6660 8680 6700 6720 Fig. 2.Measured EW for i, Lit 6_708A and other photosph(_arlc lines
Wavelength (&) during the flare. The dotted line is the mean EW for each line.

Fig. 1. Spectra of 2RE J0743+224 in the1Li6708A line region from
1998 January 13to 22. AK1 Il reference star (HR 5340) is also plotted In order to test if these variations are real we have also

for comparison, With .the more intense photospheric lines identifier%‘easured the EW of other photospheric lines. We have selected
The wavelength position of the lines of both components are marked. - . . -
several |solaged lines in the same spectral order as théris;
Fe1 A6710.3A and Fer A6703.6A which are close and similar
in strength to the Liline. In addition we study the more intense
in the Ha line profile, ¢) the detection of the HeDs line in  lines Fer \6663.4A and Car A6717.7A. Other intense lines
emission and d) a filled-in of the He\6678A line. A detailed included in different spectral orders were also measured. All are
description of the flare is given in Montes & Ramsey (1998a¢gutral lines and, as the Lline, the EW should be enhanced in
b). a different way depending of their excitational potential when
Here we analyze the spectra in tha i6708A line region. the the temperature decrease. These lines are listed in[Table 2
The Li1 absorption feature is clearly observed (Eig. 1) and appgether with their excitational potentiatand the mean EW
pears centered at the wavelength corresponding to the prim@#yV), the standard deviation, and the peak to peak variation
component with no evidence for a contribution from the se(EWmax - EWmin). The measured EW for each night is plotted
ondary. The mean EW is 130 Awhich is a little bit above the in Fig[Z, the errors bars have been calculated taking into account
normal value for this kind of star, typically 100 mA, (Randich the error in placing of the continuum and theobtained from
et al. 1994; Barrado et al. 1997, 1998). In addition, a small atgpeated measures in each line. As can be seen the variations
sorption feature corresponding to tha li6104A is marginally in these lines are very small and, contrary to tha line no
detected in the spectrum taken the 4th night. A careful analysfyrelation with the temporal evolution of the flare is evident.
of the Li1 A6708A line indicates that the line profile, EW, andThe peak to peak variation in thelline is a factor 3 larger than
intensity, |, are changing during the observations. The measutdghe other lines and the of similar strength lines is 3 times
EW and | are given in Tablg 1 and the EW is plotted in Hig 3maller. Furthermore, no clear systematic behavior is observed
where we can see that the increase afliie follows the tempo- With different excitation potentials.
ral evolution of the flare. The maximum Lenhancement (50%
in EW) occurs just after the maximum chromospheric emissi . : .
observed in the flare (5th night). However, any real variations%r‘; Discussion and conclusions .
the Li1 EW (in excess of the uncertainties) are clearly indicat€dine source of variability of the Li A6708A line could due to
on nights 1 and 7 only. blending with TiO bands at 6707.29, 6707.92, and 6708.16
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Table 1.Measured Li A6708A line parameters Table 2. Photospheric line parameters E

|_
HJD EW I Aca-Li Ao OLi/Li Line Id.(M) A X EW 0 EWmax—min =
(2450000+) &) (A) (A) (A) ev) A (A)

826.8794 0.102 0.146 9.892 6707.789
827.8537 0.122 0.149 9.899 6707.782
828.8925 0.133 0.161 9.898 6707.783
829.8929 0.126 0.165 9.886 6707.795
830.9239 0.136 0.164 9.889 6707.792
831.9308 0.138 0.177 9.880 6707.801
832.9098 0.153 0.178 9.861 6707.820 0.0

835.8891 0.130 0.144 9.853 6707.828 0.11

Li 1(1) 6707.8 0.000 0.130 0.014 0.051
Car(18)  6462.566 2.523 0.344 0.008 0.024
Car(18)  6471.660 2.526 0.192 0.006 0.017
Cai (1) 6572.781 0.000 0.173 0.007 0.023
Car(32)  6717.685 2709 0.225 0.009 0.024
Fer(268)  6546.245 2758 0.174 0.006 0.021
Fer(111)  6663.446 2.424 0.180 0.005 0.016
Fer(268) 6703573 2758 0.101 0.005 0.017
Fer (34) 6710.310 1.485 0.094 0.003 0.009

o Ni 1 (43) 6643.641 1.676 0.172 0.005 0.019
and CN bands at 6707.84as these molecular bands also be

come stronger at the lower temperatures of the starspots. How-
ever, the calculations of the Labundance in sunspots that take
into account these bands (Engvold et al. 1970; Ritzenhofftean suggested by Giampapa (1984) and found no evidence
al. 1997) concluded that the molecular blend is of lower inthanges in the EW is correlated with the photometric variab
portance. Thus it seems reasonable assume that this effedtyimlue to starspots in four active stars. The simulations do
the stellar spectra is also negligible. At this spectral resolutiby Barrado (1996) also indicated smaller changes in the E
the Li1 line is blended with the nearby Fe\6707.41A line, and even, in certain cases, the presence of faculae can ca
which is clearly seen in the spectra of the inactive and Li frekese changes, leaving the EW unaltered. By application of
star HR 5340 (K1 1ll). The mean EW measured in these specbBappler imaging technique, Hussain et al. (1997) show that t
is 20 mA, which is much smaller than the observedilEW. Li 1 behaves in much the same way that conventional Dopp
Furthermore, as the other photospheric lines we measuredididging Ca and Fe lines do. Until now significant variations
not show significant variations, we conclude that this line doasthe Li1 EW have been found only in some stars with very hig
not produce the variation in the measured EW. Due to the Li 1rabundances such as pre-main sequence stars (Patterer
SB2 nature of this binary in some orbital phases the lines D893; Ferandez & Miranda 1998; Newdluser et al. 1998) and
the primary component could be blended with the lines froother young and very active stars (Robinson et al. 1986; Jeffr
the secondary (see Fig. 1). This is clearly seen in the spectretal. 1994; Soderblom et al. 1996). Larga BW variation has
from the 5th night (which is very close the conjunction). Thbeen observed at larger V band amplitude in V410 Tau. Here
EW of the strongest lines measured during this night are notigeak to peak variability the i EW of 0.12A has been found
ably larger than in the rest of the nights due to the contributiday Ferrandez & Miranda (1998) when the amplitude in V was
(=~ 15%) to the EW from the secondary. We have corrected te mag, while little or no variation have been reported by pr¢
EW for this effect by subtracting the EW of the lines in th&ious work on this star at lower V amplitudes (Basri et al. 199
secondary measured at other orbital phases where the linesPatterer et al. 1993; Mart 1993; Welty & Ramsey 1995). This
not blended. These corrected values are what we have plottesllt is confirmed on the young star Par 1724 by Neiser et
in Fig[2. However, for weak lines with EW similar to the Li al. (1998). However, in CAB little or no variations have bee
line the contribution of the secondary seems to be negligitpeeviously reported (Pallavicini et al. 1993). Recent observ
and this effect is not observed. In conclusion the observead Ltions (Berdyugina et al. 1998) of the extremely CAB Il Peg
line variations do not seem to be due to any kind of line blendshich exhibits high V band variations and spot filling factors
The Li 1 line variations could be caused by possible colshow very small Lt EW variations (10 mf\), poorly correlated
spots and faculae on the stellar surface (see review by Fek#éh quasi-simultaneous photometric observations. Th&M/
1996). Since this line is very temperature sensitive, the EVdriations that we observe are clearly larger than those repor
should be enhanced in dark spots but reduced in the bright facether CAB with similar activity levels and Li abundance.
ular regions as shown by solar observations (Grevesse 1988leed, in other stars that exhibit largerlEW variations other
Traub & Roesler 1971; Giampapa 1984). While Giampagdnotospheric lines exhibit similar EW variations (Fandez &
(1984) suggests this can substantially alter the EW in stelliranda 1998), contrary to the behavior we report here. Taki
spectra, other authors find this is not the case. No detectiorirdb account all these facts, the starspots that we infer on t
Li 1 EW variations in six active dwarfs have been reported pprface of 2RE J0743+224 from the analysis of the TiO M55
Boesgaard (1991). The calculations of Soderblom et al. (19%#)nd (Montes & Ramsey 1998b), do not seem to be the prima
indicate that the effect is only significant when the fraction afause of the observed Lline variation.
the surface covered by spots is very high (see also Stuik et The possibility of detecting Liabundance inhomogeneities
al. 1997). Pallavicini et al. (1993) show by means of spectnasulting from spallation reactions in the solar photosphere ha
synthesis simulations that the effects may be less pronounbeen discussed by Hultqvist (1974, 1977). Evidence for su
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Li formation have been found through the deexcitation lirftLi/7Li ratio is consistent with increasinti during the flare

Li (478 keV) that results froma-« reactions. This line has beenas is predicted for the production of Lby spallation reactions.
detected by-ray spectral observations of solar flares with OSO- The Lit EW variations that we observe are clearly correlated
7 (Chupp et al. 1973), SMM (Murphy et al. 1990) and Yohkotvith the temporal evolution of the flare, and large changes are
(Yoshimori et al. 1994; Kotov et al. 1996). Recent calculation @bserved in the core of the Lline, as predict the models of Li

Li production in solar flares by Livshits (1997) agree witline  production in flares (Livshits 1997). Thus taking into account
observations and suggest that enhancement of Li, especiallyhiat the other possible causes of variability have been mini-
the intensity of the Li A\6708A line, should be observed in themized above we suggest that thisilis produced by spallation
Sun and other active stars. Evidence for a Li enhancement at cegections in the flare. The observéid/Li ratio also support
umbral position, during a solar flare is reported by Livingstothis hypothesis. Neither the EW variation or the/"Li varia-

et al. (1997). In other stars (including the UV Ceti flares stargpn are entirely convincing by themselves but together they are
no evidences of production of Li by nuclear reactions have bestnongly suggestive. This is the first time that suchémhance-
previously reported. The possibility of Li production have beament associate with a stellar flare is reported, and probably the
discussed only in terms of the energy required (Ryter et al. 19T@hg-duration of this flare is a key factor for this detection.
Karpen & Worden 1979), as a possibility to explain the high Li
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Another signature of Li production from spallation reactions

is that the®Li/ " Li isotopic ratio should increase. The predicted
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