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ABSTRACT

Context. The Be stars are massive dwarf or subgiant stars that preseporary emission lines in their spectrum, and partityiar
theHa line. The mechanism triggering these Be episodes is clyrenknown, but binarity could play an important role.

Aims. Previous observations with the VIMISIR instrument (Kervella & Domiciano de Souza 2007) rdedaa faint companion to
Achernar, the brightest Be star in the sky. The present satens are intended to characterize the physical natutiebbject.
Methods. We obtained near-IR images and an H-band spectrum of AchBrosing the VLTNACO adaptive optics systems.
Results. Our images clearly show the displacement of Achernar B oysrtion of its orbit around Achernar A. Although there are
not enough data to derive the orbital parameters, theyanelia period of about 15yr. The projected angular separafitime two
objects in December 2007 was less than 0,16 6.7 AU at the distance of Achernar.

(0®) Conclusions. From its flux distribution in the near- and thermal-infar@dhernar B is most likely an A1V-A3V star. Its orbital period
o appears similar to the observed pseudo-periodicity of ta@tBnomenon of Achernar. This indicates that an interattéween A
o and B at periastron could be the trigger of the Be episodes.
AN Key words. Stars: individual: Achernar; Techniques: high angulaok&tion; Stars: emission-line, Be; Stars: binaries: close
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<E 1. Introduction 2. Observations
AN ;
2.1. Imagin
N gng

As the brightestry = 0.46) and nearest Be star in the sky, :
' Achernar  Eri, HD 10144) has been the focus of a lot of inWe observed Achernar at several epochs in the second half

X .. of 2007 using the Nasmyth Adaptive Optics System (NAOS,
1 terest over the past decades. Its very fast rotation vglesini 0
is estimated beptween 220 to 270 knﬁ.and its éfectiSe tem- Rousset et a]. 20D3) of the Very Large Telescope (VLT), cedp|

(- L 4 0 the CONICA infrared camera (Lenzen et pl. 1j998), abbre-
perature between 15000 to 20000K (Vinicius et [al. P00 lated as NACO. TablE Al1 gives the list of the observatiohs o

o - :
.— Achernar was chosen as the subject of the first VLTI observR-

. . . L . chernar and the standard séd?he (HD 9362). We selected the
N tions, which revealed its extraordinarily distorted iféeomet- smallest available pixel scale of 2+ 0.03 magpix (Masciadri

CD”C profile (Domiciano de Souza et 4l. 2003).flerent possi- et al. [200B), giving a field of view of 13/&13.6". Due to
the brightness of Achernar, we employed narrow-band filiérs

S bilities have been proposed recently to explain the exoapti
wavelengths D94+ 0.015, 1644+ 0.018, and 2166+ 0.023um

ally hii h flattening ratio of the photosphere of the star k8ao
et al.[2001; Carciofi et 8)' Further interferometibser- hereafter abbreviated as 1.09, 1.64, and 2.17) togetharawi
eutral density filter (labelediD2_short”), with a transmission

vations have revealed the presence of the stellar wind exnit
5t about 1.5%. The raw images were processed using the Yorick

o)) by the overheated p_oles_ of the star (I_(grvella & Domicifano
< SOUZG)’ resulting in a slight revision of its flatteniag nd IRAF software packages in a standard way, except that we
id not subtract the negligible sky background. Examplabef

N tio. A model of the envelope of Achernar has recently been pr
SMages of Achernar A & B andPhe are presented in F[g. 1.

c“sented by Meilland?). Last year, we discovered a clo

o in faint companion to Achernar, from filiaction-limited ther-

omal IR_imaging with VLTVISIR (Kervella & Domiciano de

: Souz?). The present Letter reports the follow-up agpt2.1.1. Astrometry

= optics observations in the near-IR domain to charactetiize t

® companion, hereafter referred to as Achernar B. To obtain the position of B, we first prepared the images by sub

< tracting a 180 rotated version of each image to itself. This re-
moves the contribution of Achernar A and mainly leaves a pair
of positive and negative images of B, corrected from the PSF
wing leaks from A (Fig[]2). We then directly measured the posi
tion of Achernar B relative to A using a Gaussian fit procedure

Send offprint requests to: P. Kervella ! httpy/yorick.sourceforge.ngt
* Based on observations collected at the European Southerh IRAF is distributed by the NOAO, which are operated by the
Observatory, Chile under ESO Program 279.D-5064(A) Association of Universities for Research in Astronomy,.Jnmder co-
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Table 1. Position of Achernar B relative to Achernar A.

Epoch Am) A o(@ AP o(0) R

2006.7660 1125 -1840 75 2110 75 123
2007.488 217 -95.9 6.6 1786 6.6 89
2007.824 217 -46.9 6.6 1658 66 7.6
2007.975 217 -353 6.6 1482 66 6.7

@ Differential coordinates and uncertainties in milliarcsesqnags).
b Projected A-B separation in AU.
¢ From Kervella & Domiciano de SouzO?).

Fig.1. NACO images of Achernar A & B (left) and@iPhe (right)

in the 2.17um filter obtained on 22 December 2007. The arrows ; ; ; ; : :
indicate the position of Achernar B. The field of view i, and |- N T RRE—— fesssanics 2 2 A
the grey scale is normalized for both images to the central pa | | : ‘ 3
of the PSF.

2007824 =
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Fig. 3. Position of Achernar B relative to A for four epochs.
The open square indicates the VISIR observation (Kervella &
Domiciand 2007), and the dots represent the new NACO epochs.
The dashed curve is a simple quadratic fit through the datdapoi
intended to guide the eye. The segment over Achernar A in-
, . . dicates its projected rotation axis and polar wind as measur
Fig. 2. Result of the subtraction of a 18@otated version of the .\ kervella & Domiciano[(2006). The apparent angular sizes o

image of the Achernar system presented in fg. 1 (Ieft) froRthernar A and its polar wind are approximately represetaed
itself. The “B+" and “B-" arrows point at the positions of the g-gje.

positive and negative images of Achernar B, and the “A res.”

arrow indicates the A subtraction residuals. The apertsesiu

for photometry is shown in the lower left corner, and the figld apm = +115. If B was a background source, we would ex-

view is 1 on each side. pect an apparent displacemepposite in azimuth to A's proper
motion. As B is clearly comoving with A, we can rule out
the possibility that it is a background source. As a remdrg, t

on these images. Although Achernar B is clearly visible ht gharallactic oscillation of the position of Achernar A is dina

three wavelengths, the Gaussian fit converged essentiathei (7 = 2268+ 0.57 mas) compared to the observed displacements,

K band where the high Strehl ratio (compared to the &rA9m-  but the presence of B could haviexted theHipparcos proper

ages in particular) results in a better separation of theafjets. motion and parallax measurement of Achernar. The otherrepoc

The formal fitting error is belowt0.1 pixel, but we estimate the listed in Tabld A.lL give astrometric positions compatibithe

true uncertainty ta+0.5 pixel (0.066), due to the presence oftrajectory shown in Fig] 3, although with lower accuracy tue

residual speckles from Achernar A close to B. The pixel scaj@or seeing conditions.

and detector orientation introduce negligible systematicer-

tainties (Masciadri et aJ. 20p3; Chauvin et[al. 3005). 1.2. Photometry

Between epochs 2006.760 (Kervella & Domici 00%

and 2007.975, we measured an apparent displacement of B Felr the photometric calibration of our images, we observed

ative to A ofpg = 161+ 10mas along an azimuth of = a standard star immediately before or after Acherddthe

+113 (Fig.[3 and Tabl¢]1). According to thdipparcos cata- (HD 9362, G9lll) in the same narrow-band filters. It was cho-

log (ESA[199F), the amplitude of Achernar A's proper motiosen in the Cohen et aI99) catalogue of spectrophotametr

on the sky over 1.2yr ip,m = 116 mas along an azimuth ofstandards for infrared wavelengths. Due to the small séipara
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of the Achernar A-B pair, PSF fitting is not possible for maasuthat Achernar A may contribute with part of thé band spec-
ing the photometry of B. We therefore proceeded in threesstefgrum. Details on the 3 recorded ABBA sequences are given in
Table[A.]. Observations were performed using the clastieal

1. We measured classical aperture photometry of Acherhar re
ative toé Phe, using a large aperture of Li radius.

2. As for the astrometry measurement, we subtracted & 18(
rotated version of each image to itself to remove the con
tribution of Achernar A and leave a positive and a negative
image of B, along with limited residuals from A (Fiﬂ. 2).

3. We obtained aperture photometry of B from the subtracte
images using an aperture radius of 0.04g€hown in Fig|]2).

This procedure has ensured that we obtain properly refetenc
photometry for Achernar A (the influence of B is negligible at
step 1), that we can transfer to B at step 3. Step 2 is nece
sary because B is located inside the wings of the PSF of A
This subtraction is fcient thanks to the good circular symme-
try of the PSF produced by NACO. At step 3, we measure thg
photometry of A and B over the same aperture and within the
same images. This allows us to avoid the problem of the vari-
able Strehl ratio of adaptive optics images. The conversitme Fig. 4. Position of the NACO slit relative to Achernar A and B.
measured narrow-band magnitudes to standarl band mag-
nitudes requires taking the position of the quasi-monotiatic
wavelengths within the bands and the shape of the obser
spectra into account. Starting from the narrow-band fluxea-m
sured on Achernar anéiPhe, we used the Picklel (1D38g-
erence spectra corresponding to their spectral types (BRV
GOlll) to recover the corresponding broadband flux ratioe TP}
filter profiles were taken from Bessell & Breft (1988). Frore th
October-December 2007 observations, we derived magsitu
of: my(A) = 0.58:014, M4(A) = 0.80.011, Mk(A) = 0.81i011.

NACO sequence where the spectrum is recorded with the target
%% itioned at two dierent slit positions, i.e. the ABBA observ-
ing sequence. For the data reduction we applied tvikemint
rocedures: (1) the classical spectral reduction proeedsing
he IRAF packages for dark and flat field corrections, and (2)
he A-B, B-A procedure. Because the sky background is negli-
@ible and the target is rather bright, both procedures gieati-

Sl results. In the last step, IRAF was used to obtain 1D spect

from weighted averages of 2D spectra and to perform the wave-

Xhﬁse vallyes %ﬁneée;}llxsasgresek Withk.tﬂHtK |m§38gggfs Of length calibration. Figur§] 5 shows the continuum-nornealiz
0%7emar0 g%rf ):n d Ducati u;c}g ((5'186-.088) cata?é)zgt]_)'s average spectrum derived from our 12 observations. The at-
- (£0.32, V2040.33 L 1T S ' mospheric absorption lines were corrected using the trasm

although systematically brighter by 0.1-0.2 mag, parédylin on by Lord 11992), but some residuals are visible in pakic

theJ band. This may be due our narrow-band filters corresporﬁ%,ound/l — 1.66um (CHs and water vapor lines). The absorp-

ing to the emission lines _sometimes present in the _spectlfumti n lines from the Brackett transitions 11 to 23 of hydroges
Achernar. As we may slightly overestimate the brightness gf, - \isiple in the spectrum and marked by vertical lines
Achernar, we quadratically added an uncertainty of 0.1 mag.

From the magnitudes of Achernar A, the small-aperture pho-
tometry obtained at step 3 gives the following broadband-mag. Discussion
nitudes for Achernar Bm;(B) = 4.23.0.36, My (B) = 4.29.0.22,
mk(B) = 4.61.927. The magnitude dierences measured be
tween A and B in the three narrow-band filters at@&y g9 =
3.64i0,47, AMygs = 3.50i0,19, AMp 7 = 3.8010,25, corresponding
to an average contrast f30 between the two stars in the near
infrared. These magnitudes of B are averages over the Qeto

December 2007 observations (epoch 2007.8) and the errer : i
contain the statistical uncertainty and the dispersionliothe (Udes suggest a spectral type around A1V, slightly fairitant

measurements. The magnitudes at the other epochs (liseof Y§92 and slightly brighter than Sirius, which have respecti
observations in Table A.1) show a marginally significanghti  Magnitudes oMapk ~ 0.55 and 1.56. Thé\ band absolute

ening of B by—0.7.04mag in thek band between 2007.488 andnagnitude of Achernar B is also very similar to that of Sirius
2007.975 as it aipEfoaches A (My = 1.62). It thus does not appear to present an infrared ex-

cess that would betray a Vega-like dusty envelope. Becagga V
itself presents a significant excess in this bag (= 0.55) due
2.2. Spectroscopy to the presence of dust, it is not comparable.

. . Our NACOH band spectrum of B presents a lot of similarity
For the spectroscopic observations, we used#7e3_SH mode ,iih early A-type star spectra, as shown in Fﬁb 5. This is-con

of NACO, featuring a slit width of 86 mas on the sky, a spectrgimed by the computation of linear Pearson cross-cormsati

resolution of 1500 over thid band (dispersion of 0.34 nmixel),  cqefficients between our normalized spectrum and the reference

and an angular pixel scale of 27 nf@igel. As shown in Fig{|4, | pand spectra from Ranade et Joad Pickles[(1998
the slit was centered on Achernar B. Although most of thetligi ¢ shoqu in Fig.[|6 the spect%pes AOV—A4Ve)the
fed into the slit comes from the companion, it is not exclude ’

_The Hipparcos parallax of Achernar®{ = 22.68 + 0.57 mas;
ESA ) corresponds to a distance modulug of 3.22 +
0.06 mag. The absolute magnitudes of B in K and thermal
infrared N band (average of the PAH1 and PAH2 magnitudes,
e AppendiﬂA) are therefordl; = 1.00.937, My = 1.07.92>,
k = 1.39%02s, andMy = 1.88.01». TheJHK absolute magni-

4 httpy/vo.iucaa.ernet.jrvoi/NIR_Header.htm|
3 httpy/www.ifa.hawaii.edjusergpickleg AJP/hilib.html 5 httpy/www.ifa.hawaii.edyusergpicklegAJP/hilib.html




4 P. Kervella et al.: The close-in companion of the fast motpstar Achernar

1,05

2
o
<
<
—“'
3
\)3
‘:
S, |
,2
<2
—n

n o
©
o
'
'
|
'
'
'
'
'
'
|
i
v
'
'
'
'
=
|
'
'
'
|

o
©
o

Flux (normalized to continuum)
g

o §
&
R

0,80 | | | | | | . | | . | . | . | . |

1,50 1,52 1,54 1,56 1,58 1,60 162 1,64 1,66 1,68 1,70
Wavelength (um)

Fig.5. Average spectrum of Achernar B (solid curve) compared tdth®and spectrum of HR 2763 Gem, A3V, dashed curve)
from Ranade et al4). The positions of the Brackettsitaoms 11-4 to 23-4 of hydrogen are marked with verticaddin

100%

4, Conclusion

90% | - 1- From our photometry and spectroscopy, Achernar B is most

probably an A1V-A3V star. Our data are currently iffizient

for deriving its full orbit, but its minimum period is 15yr.

Its fast orbital motion should allow the derivation of rélia

parameters within a few years. The periodic approach of the

companion could be the cause of the observelb yr pseudo-

periodicity of the Be episodes of Achernar (Vinicius e).

The passage of B at periastron within a few AUs of A could ex-

tract material from the equator of A, where théegetive gravity

is very low. The next such passage should happen around 2010

(Meilland 200Y). Achernar appears similar to the BO.21\ar st

6 Sco, which has a 1.5 mag fainter companion on a highly excen-

tric 10.6yr orbit (Beddind 1993; Miroshnichenko et | 01

This suggests that the presence of companions around Be star

should be examined carefully, as it may play a key role in trig

Fig.6. Cross-correlation between our spectrum of B and refegering the Be phenomenon.

n ra from Ran al. (4004), M re- 198
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Table A.1. Log of the NACO observations of Achernar and
6 Phe.

Date/ UT Star Filt. AtxN® o (”)° AMS
Imaging
2007-06-27T08:48:52 «a Eri  2.17 X5 0.102 1.46
2007-08-01T10:07:20 «Eri 2.17 X5 0.082 1.19
2007-08-09T09:51:54 «Eri 2.17 X5 0.088 1.20
2007-10-27T04:41:17 «Eri  2.17 230 0.091 1.20
2007-10-27T04:46:27 «aEri 1.64 22 0.092 1.20
2007-10-27T04:50:06 « Eri  1.09 20 0.141 1.20
2007-10-27T05:45:31 §Phe 2.17 %8 0.094 1.19
2007-10-27T05:48:24 s§Phe 1.64 46 0.096 1.20
2007-10-27T05:50:22 s§Phe 1.09 45 0.122 1.20
2007-10-28T03:01:11 «Eri 2.17 1.%40 0.083 1.21
2007-10-28T03:04:21 «Eri 1.64 1.%30 0.084 1.20
2007-10-28T03:07:18 « Eri  1.09 1.%27 0.104 1.20
2007-10-28T03:37:24 s§Phe 2.17 39 0.084 1.10
2007-10-28T03:39:15 §Phe 1.64 38 0.090 1.10
2007-10-28T03:44:21 s§Phe 1.09 37 0.102 1.10
2007-11-01T00:09:42 «Eri 2.17 0.4150 0.096 1.54
2007-11-01T00:12:42 «Eri 1.64 0.4110 0.103 1.53
2007-11-01T00:15:35 «Eri 1.09 0.4100 0.175 1.51
2007-11-07T02:22:55 «Eri  2.17 0.4150 0.093 1.21
2007-11-07T02:25:12 «Eri 1.64 0.4110 0.097 1.20
2007-11-07T02:28:02 «Eri 1.09 0.4100 0.132 1.20
Fig.A.1. Residual of the subtraction of the VISIR PAH2 image 2007-11-07T02:37:56 6Phe 2.17 %25 0.089 1.11
of n Ser from the image of Achernar in the same band. The con2007-11-07T02:39:46 §Phe 1.64 %22 0.094 1.10
tribution of Achernar B is clearly visible. The arrow indtea ~ 2007-11-07702:41:25 5Phe  1.09 %20 0119 110
the rotation axis of Achernar A. 2007-12-22T01:39:46 «Eri 2.17 1.%50 0.073 1.23
2007-12-22T01:44:21 «Eri 1.64 1.%37 0.071 1.24
2007-12-22T01:46:51 «Eri  1.09 1.%34 0.087 1.24
Appendix A: Thermal infrared imaging at 11.25um 2007-12-22T02:26:40 §Phe 2.17 25 0.076 1.23
. . . 2007-12-22T02:31:48 s§Phe 1.64 %22 0.070 1.24
Kervella & Domiciano de Souza[ (2407) did not detectong7.12.29T02:34:57 sPhe  1.09 54 0.093 125
Achernar B in the 11.2bm images (PAH2 band) of the sys- Spectroscopy
tem obtained with the VUVISIR instrument in BURST mode. 2007-10-27T05:22:23 « Eri
A re-analysis of these observations has shown that themdaso 2007-10-27T05:23:26 « Eri
this non-detection was the introduction of noise duringrthe ~ 2007-10-27T05:24:20 «Eri
malization and subtraction of the PSF reference stBhg). For ~ 2007-10-27T705:25:24 a Eri
our VISIR program on the Ble] star MWC300 (Domiciano de 2007-10-28T03:20:30 a Eri
Souza et al[ 2008), we obtained BURST mode images of arg007-10-28T03:21:33 a Eri
other PSF calibratorpSer) 3.4 hours before the observations288;'18'22%2:32121 B
A . g . . -10- :23: aEri
of Achernar (under similar seeing conditions). Sing8er is 007-12-22T02:04-11 o Eri
brighter thans Phe, we could obtain a cleaner PSF-subtractedgg7.12-22702:05:14 « Eri
image of Achernar B, as presented in I@A.l. From this imager007-12-22T02:06:08 « Eri
aperture photometry over a 0/28iameter gives a flux ratio of 2007-12-22T02:07:10 « Eri
1.74% between Achernar B and A (the ratio of peak intensities _ o ]
is 2.14%). From the 16.8 Jy absolute flux derived by Kervella® The exposure timeat are given in seconds\ is the number of
& Domiciano de Souza[(20p7) for A, the contribution from B , individual exposures. ,
is therefore 0.3 Jy at 11.2Bn. This value is comparable to the = FOF the imaging observations,(”) is the FWHM of the star image

A L as measured on the images themselves, and for the spegimsco
0.4 Jy flux derived by Kervella & Domiciano de SOU@OO?) at observations, we list the observatory seeing in the visible

8.59um. ¢ AM is the airmass.

0.5x100 1.28 1.23
0.5x100 1.28 1.23
0.5x100 1.26 1.24
0.5x100 1.23 1.24
0.5x100 1.25 1.19
0.5x100 1.17 1.19
0.5x100 1.20 1.19
0.5x100 1.19 1.19
1.0x 50 0.91 1.26
1.0x 50 0.91 1.26
1.0x 50 0.83 1.27
1.0x 50 0.85 1.27
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