
Identi�
ation of spe
tral lines of � Cen A star apossibly at spot maximumAyman. S. Kordi1 and M.Y. Amin1;21-Physi
s and Astronomy Department, Fa
ulty of S
ien
e ,King Saud University2-Astronomy Department, Cairo University, EgyptAbstra
tIn this paper, we present an analysis of the spe
tral lines in the region between6790 �A to 6880 �A of an e
helle spe
trum from � Cen A ( the brighter 
omponentof � Cen system). In these very high signal to noise ratio (S/N ' 400 ) spe
tra,the pre
ision of identi�ed lines is good enough that these lines are 
omparableto the lines of three major 
atalogs. 51 lines from 10 
hemi
al elements areidenti�ed. The two of the 10 are S
II and CrII with the lines at 6860.935 �A and6882.520 �A respe
tively. The identi�ed neutral elements are FeI, SiI, CaI, NiI,CoI, CrI, ViI and TiI. Our analysis indi
ates that we have probably observed �Cen A at spot a
tivity maximum.keywords stars : � Cen A.1 Introdu
tionThe nearest neighbors to the solar system are the stars belonging to the multiplesystem � Centauri. Currently, few astronomers are interested in stars in the solarneighborhood. However the � Cen stars are an ex
eption to this rule. For the years1960-1991, at least 229 bibliographi
 referen
es are given for � Cen A in the SIMBAD
atalog, Chmielewski et al. (1992).� Cen A has been subje
t of several spe
tral studies. Most studies have found �Cen A is similar to the Sun, (Demarque et al. 1987, Allen 1983, Hardorp 1980, andFlannery and Ayres 1978), but the star appears to be over-abundant in metal rela-tive to the sun, Furenlid and MeYlan (1990). The 
omprehensive studies by Fren
hand Powell (1971) and England (1980) indi
ate a metal overabundan
e relative to thesun by approximately a fa
tor of 2(0.2-0.3 dex). England (1980) adopted an e�e
tivetemperature for � Cen A whi
h is 50 K 
ooler than the Sun, while Soderblom (1986)
on
luded from a study of H� pro�les that the e�e
tive temperature of � Cen A isalmost within narrow margins of the Sun's e�e
tive temperature. Smith et al. (1986)derived the e�e
tive temperature of � Cen A as 50 K hotter than the Sun and found1



over-abundan
es of analyzed elements su
h as Ca and Fe are nearly 0.2 dex. Edvards-son (1988), using England's e�e
tive temperature, found similar over-abundan
e; andSoderblom and Dravins (1984) found Li over-abundan
e of a fa
tor 2 in � Cen A. A
omprehensive analysis of the evolutionary studies of the � Cen A by Flanney andAyres (1978) assigned an e�e
tive temperature whi
h is slightly higher than the Sun'se�e
tive temperature and also a higher metal abundan
e. Furenlid and MeYlan (1990)measured over 500 lines of 26 elements in very high signal to noise ratio spe
tra of �Cen A and 
arried out analysis of di�erential abundan
e between the sun and � CenA star. They found that the metal overabundan
e in � Cen A is nearly 0.12 dex.The primary purpose of this study is to identify the spe
tral lines in the spe
trumof � Cen A in the region between 6790 �A to 6884 �A and 
ompare them with the other�ndings and the solar spe
trum.This paper is organized as follows, in Se
tion 2 : observations, data and redu
tion-s. Se
tion 3 : line identi�
ation. The dis
ussion is given in Se
tion 4. Finally the
on
lusions are given in Se
tion 5.2- Observations, Data and Redu
tionsHigh dispersion e
helle spe
tra for � Cen A was observed during two night observingrun,by Kordi, in April of 1996 at the Mount Stromlo observatory , Canberra, Australi-a. Eight E
helle full (2kx2k pixl size) spe
tral frames with resolution of 100,000 wereobtained, 
overing wavelength range from 6260 t0 6900 �A, with a few gaps 
orrespond-ing to the telluri
 lines between 6870 and 6884 �A. This spe
tral region was 
hosenbe
ause it 
ontains suÆ
ient number of lines of di�erent 
hemi
al spe
ies and telluri
lines whi
h 
an be used for testing instrumental e�e
ts. The telluri
 absorption linesare mainly H2O and O2 lines (GriÆn 1973).The e
helle was 
entered at wavelength of 7700 �A with a dispersion of 0.05 �A perpixel. Ea
h night a 9 bias, 6 dark, and 6 
at frames were taken. Ea
h stellar framewas given an integration time 
al
ulated, with exposure times of 100 s, to get a S/N' 400 and 
at �eld frame were integrated to same S/N, bias and dark frames werealso obtained. The photon 
ounts on the 
ontinuum per pixel rea
h 60,000 photon perpixelAn observed spe
trum might have two kinds of defe
ts. The �rst one is due tothe media between the stars and the dete
tor (mainly the Earth's atmosphere), whilethe se
ond is due to the 
hara
teristi
s of the CCD dete
tor and the e
helle spe
-trograph. To make the spe
trum ready for analysis, one should take out all thesedefe
ts. FIGARO, a general spe
tral data redu
tion pa
kage, KAPPA (Kernel Appli-
ation Pa
kage) and SPECDRE (Spe
tra Data Redu
tion) pa
kage provided by theSTARLINK group were used to take out both mansioned e�e
ts.
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3- Spe
tral lines identi�
ationWe divided the spe
tra by the mean value to normalize the 
ontinuum. The mean was49242.6 
ounts equal to 49242x2 photons per pixel. Then we multiply the spe
tra by10,000 to let the 
ontinuum be in the same level as that of solar spe
trum. At the edgewhere the 
atness has some error , the 
ontinuum is a little more than 10,000 
ounts.By 
omparing the extra
ted spe
trum of � Cen A with the solar spe
trum (Del-bouillie et al 1972, 1981), we identi�ed the stellar lines and as well as their wavelengthsin the solar spe
trum. Later we have re�ned the identi�ed lines using the Solar tableby Moore et al (1965) and Atomi
 Spe
tral Line Database from CD-ROM 23 of R. L.Kuru
z (http://
fa-www.harvard.edu/amdata/ampdata/kuru
z23/sekur.html), whi
his a 
olle
tion of atomi
 line parameters of astronomi
al interest and provides tools forsele
ting subsets of lines for typi
al astrophysi
al appli
ation su
h as line identi�
ation,
hemi
al 
omposition, and model atmosphere 
al
ulations. The 
omparison betweenour atlas of � Cen A and solar atlas is given in Figures (1-6).4- Dis
ussionWe used the well identi�ed stellar lines in tables (1)and (2) from Delbouille et al.(1972, 1981) to 
alibrate the spe
tra of � Cen A and to 
ir
umvent the diÆ
ultiesarising from using ar
 emission lines as a referen
e. These stellar lines are automati
allyput on throughout the duration of the exposure, and do not require being provided,maintained or operated, whi
h redu
es the likelihood of errors. We �rst generated a3rd polynomial �t through the position of these lines ( results of the �t in the 
olumnfour in tables (1) and (3)), and then we used it to �t all spe
tra.Tables (1) and (2) show the identi�ed lines; 
olumn one gives the bin number wherethe lines are lo
ated in the spe
tra, 
olumn two shows the identi�ed wavelength of thelines, 
olumn three lists the a
tual wavelength of lines after 
alibration of the spe
traand 
olumn four displays the dis
repan
y between the stellar lines and the lines on theatlas. We note that the dis
repan
y is less than � 0.01 �A in most of the lines.Its is interesting to 
ompare in tables (3) and (4) our 
ounts of lines in the presentwork with similar 
ounts from Moore et al (1965), Furenlid and Meylan (1990) andfrom Atomi
 spe
tral line database from CD-ROM 23 of R. L. Kuru
z (http://
fa-www.harvard.edu/amdata/ampdata/kuru
z23/sekur.html); and from Vienna Atomi
Line Database (VALD). Our 
ounts have been made in the region near the telluri
 linesfrom 6790 �A to 6783 �A.In tables (3) and (4), the 
olumn one shows the lines of � Cen A after 
omparingwith the solar atlas by Delbouilie et al (1972, 1981), 
olumn two shows the 
omparisonwavelengths of Atomi
 spe
tral line database from CD-ROM 23 of R. L. Kuru
z, 
olumnthree shows the 
omparison wavelengths of Moore et al (1965), 
olumn four shows the
omparison spe
tra from Furenlid and Meylan (1990), 
olumn �ve shows the 
hemi
alspe
ies taken from the previous referen
es and 
olumn six shows the 
hara
ter of themagneti
 �eld in the lines, Moore et al (1965).3



Table 1: 
alibrating linesChannel � from Delbouile et al. Cal
ulated � Dis
repan
y Line34.9726 6786.8359 6786.8569 0.0210 1145.0186 6793.2588 6793.2559 -0.0029 2151.2081 6793.6211 6793.6147 -0.0063 3182.2374 6795.4170 6795.4116 -0.0054 4189.1634 6795.7983 6795.8125 0.0142 5194.3484 6796.1221 6796.1123 -0.0098 6235.0582 6798.4780 6798.4644 -0.0137 7242.3026 6798.8999 6798.8823 -0.0176 8272.1392 6800.5991 6800.6025 0.0034 9331.2389 6804.0039 6804.0020 -0.0020 10335.9478 6804.2739 6804.2725 -0.0015 11381.0238 6806.8501 6806.8574 0.0073 12440.7581 6810.2681 6810.2739 0.0059 13499.0668 6813.6099 6813.5986 -0.0112 14522.9283 6814.9521 6814.9565 0.0044 15618.6025 6820.3730 6820.3838 0.0107 16764.4445 6828.5991 6828.6060 0.0068 17847.0219 6833.2358 6833.2344 -0.0015 18914.7678 6837.0098 6837.0171 0.0073 19946.9009 6838.8301 6838.8066 -0.0234 20
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Table 2: 
alibrating linesChannel � from Delbouile et al. Cal
ulated � Dis
repan
y Line965.5410 6839.8340 6839.8438 0.0098 21992.5859 6841.3452 6841.3462 0.0010 221005.2039 6842.0420 6842.0464 0.0044 231016.8585 6842.6899 6842.6929 0.0029 241025.7701 6843.1699 6843.1870 0.0171 251034.3347 6843.6621 6843.6616 -0.0005 261105.5160 6847.5952 6847.5981 0.0029 271123.1133 6848.5669 6848.5688 0.0020 281135.0858 6849.2300 6849.2290 -0.0010 291156.9004 6850.4409 6850.4307 -0.0103 301243.0618 6855.1680 6855.1641 -0.0039 311253.1991 6855.7202 6855.7197 -0.0005 321281.1237 6857.2520 6857.2485 -0.0034 331297.5972 6858.1558 6858.1499 -0.0059 341366.9688 6861.9458 6861.9355 -0.0103 351377.1962 6862.4888 6862.4922 0.0034 361733.5111 6881.7148 6881.7202 0.0054 371748.5739 6882.5200 6882.5254 0.0054 381758.6715 6883.0698 6883.0649 -0.0049 39
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Table 3: Measured lines and Comparison with otherslines of � Cen A Kuru
z Moore FM 1990 element 
har.6786.863 6786.856 6786.86 6786.856 FeI w6793.259 6793.252 ? ? FeI6793.621 ? 6793.628 ? FeI-YI w6795.798 6795.788 6795.798 6795.788 SiI6796.122 6796.122 6796.128 ? FeI s6798.478 6798.479 ? ? CaI6800.599 6800.596 ? 6800.596 SiI6804.004 6804.001 ? ? FeI6804.276 6804.272 ? ? FeI6806.850 ? 6806.856 6806.846 FeI s6810.268 6810.257 6810.267 6810.256 FeI s6813.610 6813.605 6813.616 ? NiI6813.923 6813.916 ? ? ViI6814.952 6814.942 6814.961 ? CoI s6819.590 6819.586 6819.595 ? FeI s6820.373 6820.369 6820.374 6820.369 FeI s6824.845 6824.825 6824.857 FeI6827.945 ? ? ? TiII�6828.599 6828.590 6828.596 6828.590 FeI u6833.236 6833.224 6833.248 ? FeI o6836.619 ? ? ? CrII�6837.010 6837.016 6837.013 6837.016 FeI o6838.839 ? ? ? FeII�6839.834 ? 6839.835 6839.831 FeI s6841.345 6841.335 6841.341 ? FeI s6842.042 ? 6842.043 6842.035 NiI w6842.690 ? 6842.689 ? FeI us : indi
ates that the line is strong in spot spe
trum of the sun (Moore et al.) w: indi
ates that the line is weak in the spot spe
trum. u : indi
ates that the lineis un
hanged in the spot spe
trum. o : indi
ates that the line is obliterated in thespot spe
trum. �: indi
ates that the line is taken from Vienna Atomi
 Line Database(VALD).
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Table 4: Measured lines and Comparison with otherslines of � Cen A Kuru
z Moore FM 1990 element 
har.6843.170 ? ? ? SiI�6843.662 ? 6843.655 ? FeI w6847.595 ? ? ? FeI�6848.567 6848.580 6848.566 6848.580 SiI6848.860 6848.860 6848.860 ? FeI6850.441 ? 6850.439 ? NiI6851.642 6851.649 ? ? SiI6852.721 ? 6852.722 ? CrII�6854.826 6854.838 ? ? FeI6855.168 ? 6855.166 ? FeI s6855.720 ? 6855.723 ? FeI u6857.252 ? 6857.251 ? FeI w6858.156 ? 6858.155 ? FeI u6860.100 6860.136 6860.099 ? FeI6860.290 6860.266 ? ? TiI6860.760 6860.760 ? ? SiI6860.935 6860.936 ? ? CrII6861.946 ? 6861.945 ? FeI s6881.715 6881.712 6881.716 ? CrI s6881.453 ? 6881.463 ? FeI+atm6862.498 6862.492 6862.496 6862.491 FeI u6882.520 6882.520 ? ? S
II6883.070 ? 6883.070 ? CrI s6864.313 6864.313 ? ? FeIs : indi
ates that the line is strong in spot spe
trum of the sun (Moore et al.) w :indi
ates that the line is weaken in the spot spe
trum. u : indi
ates that the lineis un
hanged in the spot spe
trum. o : indi
ates that the line is obliterated in thespot spe
trum. ?: indi
ates that the line is taken from Vienna Atomi
 Line Database(VALD).
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We �nd 51 spe
tral lines in the region of 
onsideration, in whi
h 30 spe
tral linesbelong to FeI, 6 lines to SiI, one line to ea
h CaI, ViI, FeII, CoI, TiII, S
II and TiI,and three lines to NiI and CrII, two line to CrI .We used more than one atlas for 
omparing our results, sin
e all lines do not appearin one atlas only, see tables (3) and (4). From tables (3) and (4) we noti
e that, 21lines of FeI, 2 lines of SiI and 2 lines of NiI are observed, more than that found byFurenlid and Meylan (1990) in our region of 
onsideration. We identi�ed spe
ies ( CaI,ViI, CoI, TiI, CrI, CrII, SCII) at new wavelengths whi
h are not listed by Furenlid andMeylan. This means that the physi
al parameters of the surfa
e of � Cen A, su
h ase�e
tive temperature, may have 
hanged from 1983, date of observations of Furenlidand Meylan, to 1996, date of our observations. When we 
ompare our observationswith Moore et al (1965) we found some of these lines, whi
h are not listed in Furenlidand Meylan (1990), are stronger in the sunspot. By 
omparing the 43 lines, whi
hwe 
arefully identi�ed, with the identi�
ations of an earlier high-resolution spe
trumtaken by Furenlid and Meylan in 1983, we �nd that many lines present in 1996 inthe spe
tral region 6790-6880A were not present in 1983. This may suggest that thespe
trum of the star 
hanged between1983 and 1996 and this might be due to thepresen
e of spots in 1996. However, it is very unlikely Furenlid and Meylanlisted intheir 1990 paper 
hoosed faint lines and left the stronger lines, unless and until theyhave some unspe
i�ed 
riterion. They 
hose to measure only a few of the lines is nota satisfa
tory reason. They have listed FeI 6939.834 (Table 2 in their paper) and NiI6842.042; and left the stronger lines FeI 6841.345 (Kuru
z 6841.335, More 6841.341),FeI 6842.690 and FeI 6843.662 (More 6842.689, More 6843.655) whi
h are found injuxta position to the listed on
e.Moreover they have listed lines of small equivalent width and left the stronger andwider lines. From the above dis
ussion, so this may indi
ate that we observed � CenA during a 
y
le of spot a
tivity maximum, and a possible eviden
e of magneti
 �eldthrough those lines. In our study, �ve spe
tral lines out of a total of 43 spe
tral linesare not identi�ed.By 
omparing our spe
trum with the atlases of Jenniskens and Desert (1994); andTuairisg et al. (2000) for di�use interstellar bands, we found all spe
tra are stellarorigen.The measurements of equivalent widths (EW) resulted from the Sun and from ourspe
trum for alpha Cen A are shown in tables (5 and 6). In this measurements we useSPLAT (spe
tra line analysis) software provided by STARLINK pa
kage.5- Con
lusions� Cen A holds a spe
ial signi�
an
e in stellar astrophysi
s. It o�ers us a 
han
e tostudy the 
hemi
al 
omposition and to understand its surfa
e stru
ture. A

urate lineidenti�
ation together with a 
omparison with earlier studies may revel the physi
al
hanges in � Cen A star during period su
h as those of spot a
tivity.In this paper, we made identi�ed the spe
tral lines of � Cen A star in the regionbetween 6790 �A to 6884 �A, using E
helle spe
tros
opi
 data of very high signal to8



Table 5: Measured lines and their equivalent widths in m�Alines Our EW. EW(FM90) EW (sun)6786.863 25 35 27a6793.259 10 ? 26b6793.621 16 ? 12a6795.798 8 15 9a6796.122 14 ? 26b6798.478 4 ? 20b6800.599 12 23 15a6804.004 36 ? 26b6804.276 23 ? 26b6806.850 45 46 35a6810.268 59 64 51a6813.610 14 ? 28b6813.923 4 ? 23b6814.952 26 ? 27b6819.590 19 ? 26b6820.373 42 53 42a6824.845 weak ? 26b6827.945 weak ?6828.599 57 70 58a6833.236 28 ? 26b6836.619 weak ?6837.010 15 26 20a6838.839 50 ?6839.834 29 46 33a6841.345 74 ? 26b6842.042 27 44 29a6842.690 40 ? 41aEW : indi
ates that the equivalent widths.a : indi
ates that the equivalent widths from Moore et al.b: indi
ates that the equivalent widths from Kuru
z.
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Table 6: Measured lines and their equivalent widths in m�Alines Our EW. EW(FM90) EW (sun)6843.170 weak ?6843.662 60 ? 59a6847.595 ?6848.567 16 29 18a6848.860 weak ? 26b6850.441 5 ? 10a6851.642 weak ? 14b6852.721 weak ? 4a6854.826 weak ? 26b6855.168 77 ? 85a6855.720 21 ? 23a6857.252 32 ? 27a6858.156 65 ? 57a6860.100 weak ? 26b6860.290 20 ? 22b6860.760 19 ? 14b6860.935 weak ? 24b6861.946 32 ? 22a6881.715 15 ? 26b6881.453 5 ? 11a6862.498 43 41 31a6882.520 23 ? 21b6883.070 24 ? 31a6864.313 11 ? 26bEW : indi
ates that the equivalent widths.a : indi
ates that the equivalent widths from Moore et al.b: indi
ates that the equivalent widths from Kuru
z.weak :indi
ates that the line is weak to get the information for EW.
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noise ratio. The pre
ision in the identi�
ation of the lines is suÆ
iently high that we
an 
ompare the lines with three major 
atalog. We identi�ed 51 lines of 10 elements.Two of that belong to elements as ion ( S
II and CrII) having spe
tral lines at thewavelengths 6860.935 �A and 6882.520 �A, and the remaining FeI, SiI, CaI, NiI, CoI, CrI,ViI and TiI, are neutral elements . In our spe
tra we did not found di�use interstellarbands.A
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Figure 1: The spe
tra of � Cen A and the sun in the range of 6780 �A to 6800 �A
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Figure 2: The spe
tra of � Cen A and the sun in the range of 6800 �A to 6820 �A
14


