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epted ...Abstra
t. The sample of 115 B-type stars in S
o OB2 asso
iation is examined for existen
e of visual 
ompan-ions with ADONIS near-infrared adaptive opti
s system and 
oronograph in J and Ks bands. Pra
ti
ally all
omponents in the separation range 0:003{6:004 (45 � 900 A.U.) were dete
ted, with magnitudes down to K = 16.The K and J�K photometry of primaries and di�erential photometry and astrometry of 96 se
ondaries arepresented. Ten se
ondaries are new physi
al 
omponents, as inferred from photometri
 and statisti
al 
riteria,while remaining are faint ba
kground stars. After small 
orre
tion for dete
tion in
ompleteness and 
onversion of
uxes into masses, an unbiased distribution of the 
omponents mass ratio q is derived. The power law f(q) / q�0:5�ts well the observations, whereas a q�1:8 distribution whi
h 
orresponds to random pairing of stars is reje
ted.The 
ompanion star fra
tion is 0:20 � 0:04 per de
ade of separation, 
omparable to the highest measured binaryfra
tion among low-mass PMS stars and �1.6 times higher than the binary fra
tion of low-mass dwarfs in solarneighborhood and open 
lusters in the same separation range.Key words. binaries: visual { stars: statisti
s; formation1. Introdu
tionBinary star formation me
hanisms represent an importantbut still poorly understood part of star formation. This iswhy a 
on
erted e�ort is a
tually deployed to �ll this gapfrom both theoreti
al and observational sides.Observationally, multipli
ity statisti
s in stellar popu-lations of di�erent environment, age and mass is one of themost important 
lues to binary formation. Considerabledata have been a

umulated for old low-mass solar-typenearby stars (Duquennoy & Mayor, 1991 { hereafterDM91), for pre-main sequen
e (PMS) stars and for thestars of intermediate mass and age in open 
lusters (asreviewed by Du
hêne 1999). In 
ontrast, the multipli
-ity properties of high-mass stars remain poorly known.The most re
ent 
omprehensive study of B-type stars stillseems to be that of Abt et al. (1990), based on the spe
tro-Send o�print requests to: N. Shatsky? Based on observations 
olle
ted at the European SouthernObservatory, La Silla, Chile (ESO programme 65.H-0179)?? Tables 1, 3 and full version of Table 2 are only avail-able in ele
troni
 form at the CDS via anonymous ftpto 
dsar
.u-strasbg.fr (130.79.128.5) or via http://
dsweb.u-strasbg.fr/Abstra
t.html

s
opi
 data and traditional 
atalogues of visual binaries.The e�ort of Brown & Vers
hueren (1997) to measure pre-
ise radial velo
ities of B-type stars in S
o OB2 has not yetprovided the updated statisti
s of short-period systems.Here we study the binarity and mass ratio distribution ofB-type stars in the separation range of 45-900 A.U.Dis
overy of massive visual binaries is limited to massratios q 
lose to 1 be
ause of the high intrinsi
 brightnessof B-type primaries. Re
ently, a spe
kle-interferometri
survey of O-type stars was done by Mason et al. (1998),but few new pairs were dis
overed despite the in
reasedangular resolution, owing to the magnitude-di�eren
e re-stri
tions of the opti
al interferometry. On the other hand,interferometry in the infra-red (IR) has led to the dis
ov-ery of 4 additional 
ompanions to the 4 brightest starsin the Orion Trapezium (Weigelt et al. 1999). S�oderhjelm(1997) obtained the unbiased distribution of the mass ra-tio of A and F binary stars from the magnitude di�er-en
es measured by Hippar
os, but only for q > 0:6 wheredete
tion was 
omplete. For A-type stars, f(q) is roughlyuniform in this interval at short (60-120 A.U.) separationsand slightly rises towards small q at larger (240-480 A.U.)separations.
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20+20
framesTeles
ope ESO 3.6 m, La Silla, ChileInstrument ADONIS AO systemCamera, dete
tor Sharp II + NICMOS3Image format 2562 0:0005 pixels, or (12:008)2Coronographi
 mask Radius 100Filters ( �/��, �m): J (1.25/0.3), Ks (2.15/0.3)One-frame exposure 0:05-0:4 s (non-
oronographi
)3-5 s (
oronographi
)Fig. 1. S
heme of ADONIS (Beuzit et al. 1997) data and basi
instrumental parameters.In 1997 we used the ESO 3.6 m teles
ope with 
orono-graph to investigate the advantages that Adaptive Opti
s(AO) o�ers for the dete
tion and study of low-mass 
om-panions to B-type stars (Tokovinin et al. 1999 { TCSB99).The 
ompanion dete
tion was 
omplete in the separationrange from 100 to 600 and for the magnitude di�eren
e up to10m and more in the K photometri
 band. High dynami
range imaging and redu
ed luminosity di�eren
e in the Kband (
ompared to the visible) give a

ess to 
ompanionswith masses down to the bottom of the Main Sequen
e andbelow, thus permitting for the �rst time to obtain a 
om-plete 
ompanion 
ensus and the unbiased mass ratio dis-tribution in the a

essible range of separations. The use ofAO helps to redu
e the residual wings of the Point SpreadFun
tion (PSF) outside the 
oronographi
 mask, but,more importantly, 
on
entrates the light from se
ondary
ompanions into the di�ra
tion-limited image 
ores, thusgreatly improving their dete
tability against the primary
omponent's wings. Bouvier et al. (1997, 2001) alreadyused AO to study binarity in open 
lusters.Low-mass binary 
ompanions to B-type stars are some-times dete
ted by their X-ray emission. This method is
omplementary to AO imaging: it is sensitive to all sepa-rations but 
an not dete
t 
omponents with lowest masses(see dis
ussion in TCSB99). Re
ently Hubrig et al. (2001)observed a sample of X-ray sele
ted stars of late B spe
traltype with AO and dete
ted new opti
al and physi
al 
om-ponents. They did not derive improved binary statisti
sfrom these data.In this paper we probe for binarity a homogeneoussample of 115 B-type stars in the S
o OB2 asso
iation.This asso
iation is ideally suited for the studies of B-

stars binary properties for several reasons. It is amongthe 
losest to the Sun (d = 145 p
), has a well-de�nedage with small spread (from 4 to 15 Myr for the di�er-ent sub-groups, de Zeeuw et al. 1999), and is relativelywell investigated in many respe
ts (de Geus et al. 1989).Pra
ti
ally all B-type stars were observed by Hippar
oswhi
h provided se
ure membership status and additional
onstraints on binarity from astrometry. The binary statis-ti
s of low-mass PMS stars in S
o OB2 is available for 
om-parison (K�ohler et al. 2000, Brandner et al. 1996). Thus,it is possible to 
he
k the theoreti
al predi
tions about thedependen
e of binary statisti
s on primary mass.In Se
t. 2 we des
ribe the observing method and the
hara
teristi
s of our sample of B-type stars. In Se
t. 3the data pro
essing is outlined and the limits of 
ompan-ion dete
tion are derived. The J and K photometry ofthe known and newly dis
overed 
omponents and of theprimary stars is given. It is interpreted in Se
t. 4, wherethe mass ratio distribution is derived. The results are dis-
ussed and 
ompared to other works in Se
t. 5.2. Statisti
al sample and observationsOur list of targets is based on the work of Brown &Vers
hueren (1997) who provide re
ent data for OB-typestars in the S
o OB2 asso
iation. The membership of thesestars in asso
iation is 
on�rmed by the Hippar
os data (deZeeuw et al. 1999). A few additional targets were also se-le
ted from the latter work.Eight visual binaries with separations from 100 to 600and small magnitude di�eren
e were removed from theobservational program be
ause they are not suitable forwave-front sensing. These obje
ts were in
luded in the �-nal statisti
al analysis, however. We presume that thereare no additional 
ompanions to these stars in the studiedseparation range, be
ause most of su
h 
ompanions wouldbe dynami
ally unstable (TCSB99). The basi
 data forthe target stars are given in Table 1. The interstellar ex-tin
tion is generally small, it is taken from de Geus et al.(1989) or estimated from (B�V ) 
olor. Note that somepairs of targets belong to the same wide multiple systems;nevertheless, they were observed and analyzed indepen-dently, as des
ribed below.The observation were performed from 24/25 to 28/29May, 2000. For ea
h target star, we obtained a sequen
eof images (so 
alled data 
ubes) in J and Ks (hereafter K)�lters. Data with and without 
oronographi
 mask weretaken in ea
h �lter (Fig. 1):1. Short integration time images (Tint limited by sat-uration of the dete
tor) were taken without 
orono-graph in \1/4 frame" mode: the image of target starwas pla
ed in the 
enter of one of the dete
tor quad-rants for the �rst half of the data 
ube a
quisition, andthen, with the help of the 
hopping mirror of ADONIS,shifted to the opposite quadrant for the rest of 
ube.Binaries with separations of 0:0012 { 3:002 
an be observedin this mode, with partial 
overage up to 900.
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o OB2 32. Long integration time 
ubes were taken with the targetstar pla
ed in the 
enter of dete
tor �eld and hiddenby a 
oronographi
 mask of 100 radius. In this mode,the sequen
e of sky frames was taken in between oftwo sequen
es of obje
t frames. The 
overed range ofseparations is thus 100 { 6:004. With 
oronograph, thedete
tion limit at moderate separations is about 2m {3m deeper than in dire
t images.The seeing and transparen
y during this run were vari-able; the periods of photometri
 
onditions 
overed onlypartially the �rst and the se
ond nights and the whole lastnight. During the last night, most of targets with newlyfound 
ompanions were re-observed to se
ure their photo-metri
 parameters. For target stars observed only in non-photometri
 
onditions, the K and J�K values in Table 1are 
agged a

ordingly.3. Data pro
essing and resultsIn this se
tion we des
ribe the pro
essing of data 
ubes,the sear
h and measurement of 
ompanions, and the pho-tometry of both se
ondary and primary 
omponents.3.1. Primary data redu
tionFor primary data redu
tion, we used the E
lipse pa
k-age (Devillard 1997) sin
e it in
ludes the spe
ial utility forpro
essing of images in ADONIS format. The initial stepsof data pro
essing were standard and in
luded subtra
tionof average sky frames (for the non-
oronographi
 mode {subtra
tion of the frames with a target star in oppositequadrant), division of the result by the 
at �eld, 
orre
-tion for bad pixels. Flat �elds were taken on the dusk skyas in TCSB99. The photometri
 pre
ision after 
at �elddivision is 1 { 2%.Series of 20 individual images in ea
h data 
ube (both
oronographi
 and dire
t) were averaged to produ
e twoindependent �nal images per 
ube (Fig. 1), or a total of8 average images for ea
h target in two �lters and in twomodes. The subsequent redu
tion was done independentlyto assure the reality of the dete
ted 
omponents and to as-sess the pre
ision of photometri
 and position parameters.While redu
ing the data 
ubes, additional information oftwo kinds was also obtained:Sky o�set �elds. To estimate the surfa
e density of �eldstars around ea
h target, we have pro
essed separatelythe sky o�set images obtained in 
oronographi
 mode.The subtra
tion of the dark and ba
kground was donewith the help of 
leaned ba
kground images. Theseframes were obtained by median averaging of the skyo�set frames of di�erent targets taken with the same�lter and integration time, thus eliminating all stars.No 
at �eld division was performed on sky images.Plane-by-plane 
ux variations. As one of the diag-nosti
s of non-photometri
 
onditions, we 
omputedthe variation of integral 
ux from the target star be-tween di�erent planes of the non-
oronographi
 data

Fig. 2. The non-
oronographi
 image of HD 144987 with twonew 
ompanions P and Q. The wings of PSF have the spe
klestru
ture. Primary 
omponent is saturated in a given intensitys
ale.
ubes. The varian
es above 5% were treated as 
loudssignature.3.2. Dete
tion of 
ompanionsThe sear
h for faint point sour
es in the vi
inity of in-trinsi
ally bright B-type target stars is a non-trivial task.The Point Spread Fun
tion (PSF) of ADONIS normally
onsists of a sharp (di�ra
tion-limited) 
ore and extendedwings with a 
hara
teristi
 spe
kle pattern (Fig. 2). Thispattern 
hanges from obje
t to obje
t and represents amajor obsta
le for dete
tion of faint 
ompanions in AO im-ages (e.g. Ra
ine et al. 1999). We tried to redu
e spe
klenoise on non-
oronographi
 images by subtra
ting PSFmodels as des
ribed in App. A and a
hieved noise levelssome 1.5{2 times lower. Spe
kle stru
ture in the ADONISimages is not random (as assumed in Ra
ine et al.) butindeed semi-stati
.We developed a spe
ial 
ode jupe (to be in
luded inthe new distribution of E
lipse) to determine the radialpro�le of the PSF P (�) with the target star hidden bythe 
oronograph mask. First, the position of the star isfound by 
omparing the intensity of PSF wings in x andy dire
tions (
f. TCSB99). Radial distan
e � refers to thisposition. The pro�le P (�) is the median value of intensityat given �. We used the same 
ode to remove average radialresiduals from PSF-subtra
ted non-
oronographi
 images.Images with subtra
ted P (�) were sear
hed for pointsour
es using the findobjs utility of E
lipse. The de-te
tion threshold was set to 3�(�), where �(�) is the rmsof azimuthal intensity 
u
tuations in the PSF wings atea
h �, also 
omputed by jupe pro
edure. These thresh-olds were 
onverted from pixel intensities to integrated
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Fig. 3. The dete
tion 
urves for non-
oronographi
 and
oronographi
 images of HD 100546 in J and K bands.Coronographi
 
urves start at � = 20 pixels. The log-linear�t with a saturation plateau is used to approximate the 
om-bined 
urve in K (dashed line). The \spike" at � = 35 pix-els is 
aused by subtra
tion of the averaged PSF �tted byDAOPHOT (App. A).
uxes with the help of Strehl ratios measured on non-
oronographi
 images. Thus, limiting magnitude di�er-en
es �Jlim(�) and �Klim(�) were derived for ea
h frame(see example in Fig 3).The dete
tion limits for the whole sample have some
ommon 
hara
teristi
s. At small �, they are approxi-mately proportional to R = log �, with the average slopedKlim=dR = 1:35�0:22. Further on, they saturate at somelevel whi
h depends on the integration time. In 
orono-graphi
 images Klim saturates at about K = 16:8 � 0:5,about 2m � 3m fainter than in non-
oronographi
 im-ages. It is possible to des
ribe the dete
tion limit by amerged 
urve whi
h 
onsists of the non-
oronographi
 lin-ear part for ��100 and 
oronographi
 part for � > 100. This
urve, typi
ally, is 
ontinuous at the jun
tion point �=100(Fig. 3). In other words, in the area 
lose to the mask edgethe residual spe
kle noise in a 
oronographi
 image withsubtra
ted P (�) and in the respe
tive non-
oronographi
image with subtra
ted average PSF (App. A) is roughlythe same. Individual log-linear slopes and saturation levelsof the merged dete
tion 
urves were found for ea
h targetstar. They were subsequently 
onverted into limiting massratios qlim(�) (Se
. 4.4).3.3. Photometry of target starsThe majority of targets in our sample did not have anyreliable measurements of near-IR magnitudes and 
olorsbefore our study. To measure the 
ux, we must integratethe signal in an aperture as large as possible, redu
ingthe dependen
e of the result on image quality. EÆ
ien
yof AO 
orre
tion 
hanged signi�
antly as seeing variedfrom 0:005 to 2:000 during our run. Also, the result must beinsensitive to dete
tor imperfe
tions and to the presen
e

of other sour
es in the �eld of view. We 
omputed the 
uxof the target star asF lux = X�<200 I(x; y) + 500Z200 P (�)2��d�; (1)where the �rst term is the sum of pixel values I(x; y) ina 
ir
le of 200 radius and the se
ond term is an integralof the median radial pro�le. Median averaging e�e
tivelyremoves all distant (� > 200) sour
es and dete
tor defe
ts.For binary targets with � < 200 the 
ux of ea
h 
omponentwas then 
omputed from the total 
ux and the magnitudedi�eren
e as found by PSF �tting.Integration of the median pro�le P (�) gives a some-what lower 
ux than dire
t integration of intensity, be-
ause average intensity of spe
kles is higher than theirmedian intensity. Nevertheless, spe
ial tests have shownthat this bias is less than 1% (or 0:01m) in all 
ases.The magnitudes were redu
ed to zenith with averageextin
tion 
oeÆ
ients of 0:08 in J and 0:10 in K. Theerrors 
aused by extin
tion un
ertainty are negligible be-
ause all obje
ts were observed 
lose to zenith. The pho-tometri
 zero points were determined from the primarystandard star HD 161743 and 
on�rmed by 5 other starsfor whi
h J and K magnitudes were taken from Simbad.All determinations are mutually 
onsistent to within �5%.The resulting K magnitudes and J�K 
olors of pri-mary 
omponents are given in Table 1. The errors re-
e
t the deviations of individual 
uxes from the meanand also take into a

ount the 
ux di�eren
e between twohalves of the data 
ubes (Se
t. 3.1). Observations in non-photometri
 
onditions are marked by \
" in the 
ags 
ol-umn. For these targets, measured J and K magnitudesrepresent only upper limits; the lowest of measured mag-nitudes was adopted.We have 
omputed the expe
ted magnitudes Ktheobased on the spe
tral types and visual magnitudes of allsample stars. These estimates agree well with the a
tualdata for the majority of targets measured in photometri

onditions: the di�eren
e Kobs �Ktheo shows a rms s
at-ter of 0:m15 and its absolute value is less than 0:m4 for alltargets but two.These two outliers with K ex
ess of about 1m areHD 100546 and HD 143275. The �rst star is reportedto harbor a signi�
ant amount of 
ir
umstellar dust(Augereau et al. 2001, Meeus et al. 2001) whi
h is a natu-ral origin of an in
reased infrared luminosity. The se
ondstar (Æ S
o) was intensively studied and its photometryfrom Simbad (K = 2:75) agrees mu
h better with Ktheothan our own measurement (K =1:85). Our result 
ouldpossibly be explained by an error of ADONIS shutter tim-ing at short (0.02 s) exposure. HD 143275 is a brighteststar in our sample. Nevertheless, other bright stars werealso observed with su
h integration time and an estimatedrandom shutter error does not ex
eed 0.003 s.On the other hand, Æ S
o is a multiple star with Be-type primary and 
omplex light variations. An extended
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o OB2 5study is published by Otero et al. (2001) where the ob-servations of a \
 Cas-like outburst" are reported. Thepeak magnitude of 1:m9 in the visible was dete
ted justtwo months after our observations. The authors explainthis event as being 
aused by the periastron passage ina 
lose multiple star. This is a se
ond, more attra
tiveastrophysi
al explanation of our dis
repant photometry.Based on a 
omparison of observed and expe
ted Kmagnitudes, we have extended the validity of 
ompan-ion's photometry to 16 stars whi
h were observed on non-photometri
 nights but for whi
h jKobs � Ktheoj < 0:3and J�K 
olors deviate from the estimated by less than0.06. These 
ases are marked as \+" in the 
ags 
olumnof Table 1. The external errors of our photometry must benot larger than �0:m1 in K and �0:m15 in J�K.3.4. Photometry and astrometry of 
ompanionsThe program findobjs provides approximate positionsand brightness of dete
ted sour
es. The �nal measure-ment of their relative 
oordinates and magnitudes wasmade with the pro�le-�tting utility NSTAR of DAOPHOTpa
kage (Stetson 1987). Image of the primary star (ifsingle) taken without 
oronograph was sele
ted as PSFmodel for �tting distant (� > 1:0075=35 pixels) 
ompo-nents, whereas syntheti
 average PSFs (App. A) were usedfor 
loser pairs. Positions of primaries on 
oronographi
images were inferred by indire
t te
hniques with redu
eda

ura
y (App. B). The 
hara
teristi
 error in position is0:00005 { 0:00010.Relative 
omponent positions in pixel 
oordinates weretransformed into ar
se
onds. For 
alibration, we used bi-nary stars HD 120709 and HD 199005 AB measured byHippar
os. Pixel size was found to be 0:000497 � 0:000005,and the orientation of dete
tor rows was found to be east-west to within �0:Æ1. Measurements of several additionalknown binaries 
on�rmed this 
alibration.The magnitudes and relative positions of 96 se
ondary
omponents are given in Table 2 (its full version is pub-lished ele
troni
ally).The approximate (as given by findobjs) magnitudesof some one hundred �eld stars found in sky frames areprovided in Table 3. These data are used to estimate thesurfa
e density of ba
kground stellar population. In bothtables the K magnitudes and J�K 
olors are given withtheir errors. The errors are inferred from the s
atter ofindividual values obtained from the measurement of dif-ferent frames. Errors in Table 2 are those of magnitudedi�eren
es and do not in
lude un
ertainties of primarystar magnitudes. The 
umulative distributions of K mag-nitudes of sour
es around targets and in the sky framesare shown in Fig. 4. The majority of sour
es are faint,
lose to the dete
tion limits at K � 16m.Few bright binaries from Table 2 were measured byHippar
os or Ty
ho (ESA, 1997) in the visible. The 
om-parison of their magnitude di�eren
es in the K band with�VT or �Hp is shown in Fig. 5.

Fig. 4. Cumulative distributions of K magnitudes of allsour
es found in target frames (dotted line) and in sky frames(dashed line). The distribution of sour
es in target frameswhi
h are 
onsidered as opti
al (Se
t. 4.2) is plotted in solidline whi
h resembles the dashed 
urve of sky-frame ba
kgroundsour
es.
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Fig. 5. Comparison of the magnitude di�eren
es in the Kband with visual magnitude di�eren
e from Hippar
os (�Hp)or Ty
ho (�VT , Fabri
ius & Makarov 2000). The leftmostpoint represents the 
losest (� � 0:001), unreliably measuredpair HD 130807; the rightmost HD 145792 is possibly an in-frared 
ompanion. Two straight lines represent the equal dif-feren
es (upper) and the ones expe
ted from the standard re-lations (Lang 1992).Four stars from our sample (HD 100841, 113902,126981, 145483) were also observed by Hubrig et al.(2001). They did not dete
t the bright 
ompanion to HD100841. The reality of this 
omponent is dubious; it isnot seen in our J-band images either. On the other hand,an additional 
lose (0:002) 
ompanion to HD 145483 wasfound by Hubrig et al.; we did not observe this targetbe
ause it has a known 
ompanion at 3:008. Another suspi-
ious 
omponent is HD 133937 P, whi
h is not seen in J
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o OB2Table 2. Photometry and di�erential astrometry of 
ompanion stars. Only data for observed non-opti
al 
omponents are shownhere. Last 
olumn gives the status of 
ompanions (see text), new 
ompanions are marked; \?" in the Comp 
olumn denotesun
ertain dete
tions. Field 
ag 
ontains \
" for data obtained in non-photometri
 
onditions or \+" for likely photometri

onditions (Se
t. 3.3); \:" denotes in
omplete resolution.HD Comp K ��K J-K ��(J�K) 
ag �00 ��00 �Æ ��Æ Nobs Status98718 B 5.86 0.01 -0.03 0.01 0.354 0.005 143.6 0.5 1 P100841 P? 6.81 0.27 + 0.734 0.038 135.2 3.0 1 P new104878 B 7.00 0.02 0.07 0.08 
 0.698 0.008 157.9 0.2 2 P108250 P 10.50 0.03 1.01 0.05 + 2.362 0.024 53.2 0.1 1 P new109668 P 10.94 0.26 0.82 0.29 
 4.853 0.049 198.3 0.1 3 P? new113703 P 9.16 0.02 0.47 0.02 
 1.551 0.016 268.2 0.2 2 P new116087 B 7.03 0.07 -0.11 0.23 0.164 0.010 135.2 3.6 2 P120324 P 10.06 0.05 1.02 0.18 
 4.637 0.047 304.2 0.1 2 P new120709 B 6.32 0.02 7.878 0.079 105.8 0.1 1 P130807 B 6.84 0.01 -0.12 0.08 
: 0.099 0.008 86.0 7.3 1 P131120 P 9.43 0.10 0.85 0.12 1.046 0.012 161.1 0.4 2 P new132200 C 5.46 0.04 -0.04 0.04 0.128 0.008 156.4 1.9 1 P132200 B 8.45 0.03 0.61 0.03 3.950 0.040 83.0 0.1 2 P133937 P? 11.05 0.02 
 0.006 0.048 293.2 0.1 1 P new136504 B 5.55 0.06 0.42 0.12 + 0.279 0.008 149.2 1.0 1 P140008 B 9.47 0.05 0.42 0.05 
 0.507 0.009 132.8 0.8 1 P142378 B 7.78 0.01 0.23 0.02 0.524 0.006 119.7 0.5 1 P144217 B 6.80 0.05 -0.78 0.12 
 0.292 0.010 170.5 3.1 1 P144218 E 7.43 0.05 
: 0.119 0.005 36.3 2.5 1 P144987 P 9.75 0.08 0.57 0.12 1.119 0.015 116.9 0.3 5 P new144987 Q 12.81 0.06 1.04 0.26 3.056 0.032 228.0 0.2 3 P? new145502 B 5.14 0.01 0.06 0.01 + 1.334 0.014 1.8 0.1 1 P145792 B 8.07 0.02 0.62 0.02 1.693 0.018 219.8 0.2 2 P147165 C 4.77 0.07 0.06 0.07 + 0.469 0.006 244.4 0.4 1 P151890 P 10.33 2.02 
 9.154 0.092 210.2 0.1 1 P? new157056 B 5.02 0.24 0.300 0.025 251.6 3.3 1 Pbut quite prominent in our sole K-band image. This starand HD 100841 P need more observations to 
on�rm theirreality.4. Statisti
s of 
ompanions4.1. The 
olor-magnitude diagramIn Fig. 6 the 
olor-magnitude diagram is given. Only thestars observed under photometri
 
onditions are plotted.Some red 
ompanions fall beyond the right boundary ofthe plot. The J magnitude is taken as a photospheri
 lu-minosity indi
ator sin
e it is known to be relatively freeof IR ex
ess, unlike K magnitude.The Main Sequen
e (MS) is tra
ed from the data ofLang (1992) for a �xed distan
e modulus of 5:m73 (140p
). The primaries fall mostly near MS or s
atter to theright from MS. The highly deviating point belongs toHD 100546 (Se
t. 3.3). In general, the measured J�K
olors are validated by this plot.The iso
hrones for 3 Myr and 10 Myr ages are based onthe data of d'Antona & Mazzitelli (1994, DM94) (for low-mass stars, we used their tra
ks 
omputed with Alexander,Rodgers and Iglesias opa
ities and CM 
onve
tion, shownto 
orrespond to real PMS stars by a number of authors).Small triangles mark the masses of 1.5, 1.0, 0.7, 0.5, 0.3,0.2, 0.1, 0.08 solar masses. The e�e
tive temperatures Te

and bolometri
 luminosities were 
onverted to the ob-served (J; J �K) parameters. This transformation is notpre
ise, involving some assumptions; the tra
ks themselvesare not quite se
ure, too.New tra
ks were published by a number of authors re-
ently. Among them, the work of Bara�e et al. (1998) ismost useful, giving the syntheti
 absolute J and K mag-nitudes instead of Te and bolometri
 luminosities. Thus,the 
omparison with observations is more dire
t. We foundthat new iso
hrones do not di�er from those of DM94 verysigni�
antly. Although the slim available data on PMSmasses seem to support the Bara�e et al. tra
ks (Ste�enet al. 2001), the new tra
ks do not reprodu
e well themass-luminosity (M-L) relation of older MS stars.The a
tual 
olors and magnitudes of the low-massPMS population in S
o OB2 are plotted in Fig. 6 by smallasterisks using the data of Walter et al. (1994). Thoseauthors estimate that the masses of these X-ray sele
tedstars range from 0.2 to 2 solar, the typi
al extin
tion isAV � 0:5, and the age is around 1 Myr. We express somereservations about this age estimate, be
ause OB stars aremu
h older (de Zeeuw et al. 1999).
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Fig. 6. The 
olor-magnitude diagram. Filled 
ir
les { physi-
al se
ondaries, empty 
ir
les { opti
al se
ondaries, 
rosses {primaries. Only the stars with valid photometry are plotted.Line is the Main Sequen
e for a distan
e modulus of 5.73, ex-tending from B0V to M6V. The 3 Myr and 10 Myr iso
hronesfor masses from 1.5 down to 0.08 solar mass are plotted as well(lines with triangles). Small asterisks { low-mass populationof the S
o OB2 asso
iation from (Walter et al. 1994). A shortsegment shows the reddening ve
tor for AV = 1m.4.2. Status of the se
ondary 
omponentsThe se
ondaries known to be physi
al are either on MS orabove. Some newly dis
overed 
omponents also fall withinthe low-mass zone and 
an be 
lassi�ed as physi
al. On theother hand, most of the faint se
ondaries are opti
al. Thelower limit for physi
al se
ondaries 
orresponds roughlyto J = 13 or K = 12 (for 3 Myr age). Some se
ondarieshave J �K > 1:7, falling outside the graph boundary. Wepresume that they are heavily reddened ba
kground stars.All previously known 
omponents are 
onsidered hereas physi
al. The reason for this is that the S
o OB2 asso-
iation has a relatively large proper motion of 40 mas/yr,and any ba
kground 
omponent would show up by its fastmotion relative to primary. This argument does not apply,however, to the asso
iation members that proje
t 
lose tothe targets.All new 
omponents fainter than K = 12 or J = 13are 
onsidered as opti
al. The remaining bright opti
alsare identi�ed on the 
olor-magnitude diagram when validphotometry is available. Otherwise, an un
ertain status isassigned. On the total, there are 37 physi
al 
omponents,of whi
h 10 are new (3 of them have un
ertain status and1 is a questionable star HD 100841 P). The total numberof new opti
al 
omponents is 70.The status 
odes in Table 2 are:P - for physi
al 
ompanions;P? - for un
ertain physi
al 
ompanions;

Fig. 7. Distribution of the density of ba
kground (opti
al)
omponents in the sky. The �elds with no opti
als are plottedas empty squares. The + 
rosses indi
ate opti
al 
omponentsin the main �elds, x 
rosses { in the sky �elds, with 
ross sizeproportional to the number of 
omponents.O - for de�nitely opti
al (ba
kground) 
ompanions;O? - for likely opti
al 
ompanions.The part of the Table 2 reprodu
ed in this paper gives in-formation on all observed non-opti
al 
ompanions. Thedis
rimination between the opti
al and physi
al se
on-daries is one of the important issues in this study andpotentially a weak point. Naturally, all new 
omponentshave small masses and their 
lassi�
ation dire
tly a�e
tsthe lower bin of the mass ratio distribution. In Se
t. 4.5we 
onsider the 3 un
ertain 
ompanions as physi
al. Ourguess is that 1 or 2 of them may be opti
al, but this revi-sion would only reinfor
e our main 
on
lusions.4.3. Statisti
s of ba
kground sour
esIn Fig. 4 the 
umulative distribution of the opti
al 
om-ponents (number of 
omponents N that are brighter thangiven magnitude) is plotted in full line. Only 
omponentswith � > 300 were sele
ted (at smaller separations, the 
om-panion dete
tion in the 
oronographi
 frames is a�e
tedby the halo of the primary). Dashed line shows the samedistribution for the sky �elds. Only 
ompanions dete
tedin both J and K bands were sele
ted.The two 
urves 
oin
ide to within statisti
al 
u
tu-ations, espe
ially in the important region around K =12�14 where the dis
rimination between opti
al and phys-i
al 
omponents is 
riti
al for our analysis. We note thatthe total surfa
e of main �elds is smaller than the sur-fa
e of sky �elds by 15% (
entral 300 ex
luded). On theother hand, the dete
tion limits in the sky �elds may belower be
ause of the lower Strehl ratio (anisoplanatism).All in all, there are 5 
omponents brighter than K = 12 inthe sky �elds and 3 su
h opti
al 
omponents in the main�elds. Taken at fa
e value, it means that about 2 
om-ponents in the main �elds may be still mis-
lassi�ed asphysi
al. However, it is 
lear that our 
lassi�
ation s
hemedid not miss a large number of faint physi
al 
ompanions,
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o OB2otherwise we would observe an ex
ess of \opti
als" in 
om-parison with the sky �elds.An important feature of ba
kground sour
es is theirhighly 
u
tuating density (Fig. 7). For 45 targets, no op-ti
al 
omponents were found neither in the main nor inthe sky �elds; on the other hand, in the remaining �elds asigni�
ant 
orrelation between the number of opti
al 
om-ponents in the main and sky �elds was found. In 3 main�elds, as mu
h as 7 to 9 opti
al 
omponents were dete
ted,with no less than 6 
omponents in the 
orresponding sky�elds. This 
orrelation is a strong argument for the opti
alnature of faint 
omponents.Quite often more than one 
omponent identi�ed as op-ti
al are present in the main �elds and have 
omparableseparations. They 
an not be physi
al for yet another rea-son: non-hierar
hi
al stellar systems are dynami
ally un-stable and must disintegrate, given the age of S
o OB2group.In following sub-se
tions we 
onsider the 
al
ulation ofthe mass ratios q =M2=M1. It will allow us to derive themass ratio distribution f(q) of physi
al systems.4.4. Estimation of masses and mass ratiosIn prin
iple, masses of MS stars 
an be estimated fromtheir J�K 
olors. However, the 
olors are measured withlarge errors and are distorted by extin
tion and IR ex
ess.Hen
e, the best way to estimate masses of the 
ompanionsis to use their luminosities, preferably in the J band. Onthe other hand, the use of mass-luminosity (M-L) relationrequires a knowledge of distan
e and age (for low-massstars), it relies also on the yet un
ertain PMS tra
ks.The M-L relations for MS and PMS stars are takenfrom Lang (1992) and Bara�e et al. (1998), respe
tively.For PMS tra
ks, the mass M depends on A (the loga-rithm of age in Myr) and absolute J0 or K0 magnitudesapproximately aslog(M=M�) � 0:706� 0:305J0 + 0:545A; (2)log(M=M�) � 0:440� 0:313K0 + 0:581A: (3)For MS stars, the M-L relation was approximated by sev-eral linear segments. The a

ura
y of all these approxi-mations is better than �10% in mass. Of 
ourse, the a
-tual iso
hrones are not linear but rather \saturate" asthe luminosity rea
hes its MS value. So, the 
ompanionmasses were 
al
ulated from both MS and PMS relationsand the lowest of the two values was taken. The a
tualages of subgroups were used in the 
al
ulations: 4.5 Myrfor Upper S
orpius, 14.5 Myr for Upper Centaurus-Lupusand 11.5 Myr for Lower Centaurus-Crux (de Zeeuw et al.1999).The M-L relation is favorable for mass estimation: itsslope at MS roughly 
orresponds to M / L0:5 and steep-ens toM / L0:8 for the PMS tra
ks. This explains why themass estimates are relatively insensitive to data redu
tiondetails.

Fig. 8. The fra
tion of dete
table 
omponents as a fun
tionof mass ratio q for separations from 0:002 to 0:009, as indi
atedby numbers near the 
urves.The masses of primary stars were also estimated fromtheir luminosities rather than from their spe
tral 
lasses.This was done to 
an
el as mu
h as possible the in
u-en
es of errors in distan
es, extin
tion, et
., whi
h a�e
tthe masses of primaries and se
ondaries in almost the sameway and hen
e have little e�e
t on the mass ratios q. Eventhe errors in the photometry 
aused by non-photometri

onditions are 
ompensated to some extent be
ause q de-pends mostly on the magnitude di�eren
e.The dete
tion limits were studied and modeled inSe
t. 3.2. We 
onvert the derived log-linear relations be-tween Klim and R = log(�=100) into the limiting mass ra-tio qlim using the M-L-Age relation in the K band and thea
tual age of ea
h target. K-band is used sin
e low-massred 
ompanions are better dete
ted at longer wavelengths.These limiting mass ratios are sorted in in
reasing orderand plotted in Fig. 8 as dete
tion probability (bias). If allframes were taken in exa
tly the same 
onditions, all qlimwould be identi
al. The a
tual distribution of qlim re
e
tsthe spread in the observing 
onditions, exposure time, tar-get brightness, et
.The dete
tion bias is modeled as a set of linear fun
-tions of log q, negle
ting the \tails" of the distributionsin Fig. 8. Linear models are de�ned by two parameters,the log qlim where 50% of 
ompanions are dete
ted andthe full range in log qlim. These parameters were repre-sented by quadrati
 fun
tions of R. The analyti
al modelof dete
tion bias is plotted in Fig. 9.4.5. Mass ratio distribution and 
ompanion fra
tionThe distribution of the physi
al se
ondaries in the(log �; q) plane is shown in Fig. 9. It is expe
ted that the
omponent distribution in log � should be uniform (�Opik'slaw). Indeed, it seems to be the 
ase. Moreover, thereseems to be no signi�
ant 
orrelation between � and qin the separation range studied. This permits to dis
ussthe q distribution for all relevant separations jointly.
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Fig. 10. Left: The histogram of the mass ratio distribution f(q) in separation range from 45 to 900 A.U. (full line). Dashedline shows the un
orre
ted value in the �rst bin. Asterisks { re-normalized f(q) of G-type dwarfs with periods P >30 yr (a > 10A.U.) from DM91. Dotted line 
orresponds to f(q) / q�0:5, dash-dot { to f(q) / q�1:8. Right: 
umulative distribution 
orre
tedfor dete
tion in
ompleteness (
rosses) and its modeling as F (q) = q0:5.

Fig. 9. The distribution of the known and measured (squares),known and unmeasured (pluses) and newly dis
overed (aster-isks) physi
al 
omponents in the (log �; q) plane. The dete
tionmodel is shown by solid line (50% dete
tion) and dashed lines(0% and 100% dete
tion). The separation range sele
ted forstatisti
al analysis is delimited by the verti
al lines.We limit the statisti
al analysis to the separation rangefrom 0:003 to 6:004, whi
h 
orresponds to 45{900 A.U. at thedistan
e of S
o OB2. For lower separations, the dete
tionbias in q be
omes too important. The upper limit is deter-mined by the half-size of the frames. Components at largerseparations were a
tually dete
ted in the 
orners, but, asevident from Fig. 9, little 
an be gained by extending thelimit to 900 and making 
orre
tions for in
omplete surfa
e
overage.A total of 27 physi
al 
omponents fall in the sele
tedseparation range whi
h 
overs 1.3 de
ades. Assuming thatthe distribution in log � is uniform and that the distribu-tion in q is smooth, we estimate the fra
tion of missed
omponents by integrating the bias model within the se-le
ted limits for ea
h bin of the q histogram. The fra
tionof dete
ted 
omponents is more than 0.8 for all bins, whi
h

means that our in
ompleteness 
orre
tion remains reason-ably small. The resulting histogram of q (after 
orre
tionfor in
ompleteness) is plotted in Fig. 10 (left).The same data redu
tion steps were done for the DM94tra
ks and two �xed ages of 3 and 10 Myr. The results arequalitatively very similar. Comparing the histograms forthese two iso
hrones, we saw that assuming a younger ageresults in lower masses, slightly re-distributing the 
om-ponents between the two lowest bins.In Fig. 10 (right) the same histogram is plotted as
umulative distribution, in order to avoid binning. It is
orre
ted for dete
tion in
ompleteness by in
reasing the\weights" of low-q systems a

ordingly. The slope of the
umulative distribution 
learly in
reases towards low q.Adopting the power law f(q) / q��, it seems that theindex �=0:5 �ts well the data.The q-distribution does grow towards low q, but onlymildly. On the other hand, the power law with index �from 1.8 to 2.1 is 
learly reje
ted. Su
h power law 
or-responds to the initial mass fun
tion (IMF) in S
o OB2(Brown 1998, Preibis
h & Zinne
ker 1999, Preibis
h et al.2001) and would apply if the se
ondary 
omponents weresele
ted randomly from IMF.The power-law distributions f(q) / q�� are not inte-grable for � > 1, in this 
ase the total binarity is deter-mined by the elusive 
ut-o� at low q. On the 
ontrary,the a
tual distribution is smooth and integrable, the totalbinarity is well de�ned. The total number of 
omponents(after 
orre
tion for in
ompleteness) is 29.6 for the 115 tar-gets studied and in the separation range of 1.3 dex. Thisleads to a 
ompanion star fra
tion (CSF) of 0:20�0:04 perde
ade of separation or 0:13� 0:02 per de
ade of period.We repeated the analysis while ex
luding the 3 faint
omponents with un
ertain physi
al status and the 2 
om-ponents with unse
ure dete
tion. The number of 
ompan-ions in the 0:003 � 600 separation range be
omes 23 (24.85after 
orre
tion for in
ompleteness), the CSF is revised
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Fig. 11. Mass ratio as fun
tion of separation for the 56 low-mass PMS binaries in S
o OB2 studied by K�ohler et al. (2000).The 
urve shows indi
ative dete
tion bias, verti
al lines indi-
ate the separation range of their statisti
al analysis.down to 0:17 � 0:04. The lowest bin in the histogram(Fig.. 10 left) be
omes 30% less, leading to even moreuniform f(q) whi
h may be approximated by a q�0:3 law.This exer
ise shows that our 
on
lusions do not 
riti
allydepend on the remaining un
ertainties in the experimentaldata.5. Dis
ussionBefore our study, we suspe
ted that the number of un-known low-mass visual 
omponents around B-type starsis large, be
ause low-mass stars are, generally, mu
h morefrequent than high-mass stars, and be
ause the dete
tionof su
h 
omponents by traditional te
hniques was diÆ
ult.Now we see that the newly dete
ted low-mass physi
al
omponents are not so numerous and that the old dete
-tions were essentially 
omplete down to at least q = 0:3.It was indeed ne
essary to go mu
h deeper in magnitudedi�eren
e to validate the histori
al data! In this perspe
-tive, the fa
t that most of our newly dete
ted 
omponentsare opti
al is not disappointing.Our result is in marked disagreement with the 
on
lu-sions of Abt et al. (1990) who 
laim that the distributionsof the se
ondary 
omponents to B2-B5 stars follows theSalpeter mass fun
tion and in
reases steeply towards smallq in the range of separations studied here. Their analysis isbased on the known visual 
omponents 
on�rmed by 
om-mon proper motions. Still, we strongly suspe
t that mostof wide pairs in the B2-B5 sample of Abt et al. are opti
al.In their Table 5 there are 7 trapezium-type systems withseparations in the 1000 to 6300 range and separation ratioless than 3 whi
h are likely unstable, if physi
al. When thespe
tra of the 
omponents of 116 trapezium-type systemswere taken by Abt & Corbally (2000), they dis
overed thatonly 28 of them 
an be physi
al { a proof that most of the
ataloged trapezia are indeed spurious.In Table 4 we give a summary of statisti
al binaritystudies in di�erent populations, to be 
ompared to ourresults. The sample size N and the approximate range of

Table 4. Companion star fra
tion (number of 
ompanions perde
ade in separation) in di�erent populations.Spe
tral type, N Range, CSF Ref.environment A.U.B, S
o OB2 115 45-900 0.20 � 0.04 1PMS, S
o OB2 118 20-900 0.21 � 0.04 2PMS, S
o-Lup 269 120-1800 0.12 � 0.02 3PMS, Tau-Aur 104 120-1800 0.22 � 0.04 3G, �eld 164 40-900 0.12 � 0.03 4M, �eld 58 10-1000 0.11 � 0.04 5A-K, Hyades 167 5-50 >0.16 � 0.03 6G-K, Pleiades 144 12-1000 0.14 � 0.02 7G-K, Praesepe 149 15-600 0.15 � 0.03 8Referen
es: 1 - this work; 2 - K�ohler et al. (2000); 3 -Brandner et al. (1996); 4 - Duquennoy & Mayor (1991); 5 -Fisher & Mar
y (1992); 6 - Patien
e et al. (1998); 7 - Bouvieret al. (1997); 8 - Bouvier et al. (2001).separations surveyed are indi
ated. The CSF (fra
tion ofall 
ompanions per unit interval in the logarithm of sepa-ration) is only a weak fun
tion of separation, hen
e it is le-gitimate to 
ompare results in di�erent separation ranges.For the Hyades, the CSF given by Patien
e et al. (1998)involved a fa
tor of 2 
orre
tion for undete
ted systems,hen
e we preferred the un
orre
ted lower limit.The most re
ent study of the multipli
ity of low-masspopulation of S
o OB2 (K�ohler et al. 2000) is very simi-lar to the present work by the number of targets surveyedand the separation range (0:0013 � 600). They �nd a CSFof 0:21� 0:04 per de
ade of separation, indistinguishablefrom our result. We tried to pro
ess the magnitudes and
ux ratios of the 56 systems from their Tables 2 and 3 inthe same manner as our data, 
onverting the K magni-tudes into mass ratios with the help of a 3 Myr iso
hroneand for the assumed distan
e of 140 p
. The results areshown in Fig. 11. The 
urve indi
ates our best guess ofthe dete
tion threshold, whi
h is � 3 times higher thanthe threshold given by the authors themselves. About 7.8systems in their sample (mostly with large separations)were estimated to be opti
al. Taking into a

ount theseun
ertainties, it does not make sense to 
ompare the his-tograms of q. All that 
an be said is that the q distributionseems to be uniform and 
ertainly does not in
rease to-wards small q as mu
h as would be expe
ted from the IMFslope.Brandner et al. (1996) provided a 
omprehensive sum-mary of the previous binarity studies among the PMSstars whi
h were made in the visible. The CSF in theUpper S
orpius and Lupus is 0:12 � 0:02 per de
ade ofseparation for a 
ombined sample of 269 stars. The globalCSF among 525 PMS stars is 0:14� 0:013, whi
h remainsthe most statisti
ally sound estimate to date (however, inthe Taurus-Auriga region the CSF is 0:22�0:04). Clearly,K�ohler et al. obtained a signi�
antly higher CSF for thesame population. However, Brandner et al. �nd an ev-iden
e for CSF variations a
ross the S
o OB2, and theregions studied by K�ohler et al. happen to be near the
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o OB2 11binary-ri
h zone. This seems to be the most plausible ex-planation of this dis
repan
y.Our sample 
overs a large region in the sky. For thisreason the CSF=0.12 measured by Brandner et al. is moreappropriate for 
omparison with our result, CSF=0.20.Thus, more massive B-type stars do have an an in
reasedCSF with respe
t to the lower-mass PMS stars. The same
on
lusion is rea
hed by 
omparing our result to the bi-nary fra
tion of low-mass �eld dwarfs and low-mass 
lusterpopulation (Table 4).The unbiased mass ratio distribution for visual bina-ries with B-type primaries is the main result of this study.The idea of independent sele
tion of the visual 
ompo-nents from some initial mass fun
tion 
an now be de�-nitely reje
ted. However, the new result is not so unex-pe
ted, after all. The f(q) obtained by DM91 for the wide(logP (days) > 4) systems is similar to the f(q) foundhere (Fig. 10). The mass ratio should be indeed biasedtowards a uniform one by stellar dynami
s, whatever theIMF. N-body simulations demonstrated that the shape off(q) depends on the density and 
omposition of the stel-lar aggregate where the binaries have been formed, and a
ertain 
hoi
e of parameters may reprodu
e the result ofDM91 (Kroupa 1995, Durisen et al. 2001).On the other hand, the se
ondary 
omponents of B-type stars must have been formed in the same 
loudsas their primaries, in 
onditions that likely favored highmasses. The se
ondaries may thus be distin
t from therest of low-mass population in S
o OB2 with respe
t totheir initial mass fun
tion and age. For the moment weare not able to disentangle the in
uen
e of dynami
al andbirth fa
tors on the �nal mass ratio distribution. The im-portant thing is that the distribution itself is now knownwith some 
on�den
e.A
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tion and measurement of 
lose
ompanions with DAOPHOTIn this appendix we present the solution of the problem ofPSF sele
tion for DAOPHOT �tting in non-
oronographi
mode. A simple subtra
tion of the radial pro�le of PSF(jupe algorithm) leaves the bright semi-stati
 spe
kle pat-tern around the target star unattenuated. To remove itpartially, we produ
ed the set of average PSFs for ea
hnight and ea
h �lter, grouped by the value of the Strehl ra-tio (i.e. relative sharpness) of the image (Fig. A.1). Beingaveraged over images of many obje
ts, these syntheti
PSFs 
ontain no tra
e of any possible faint 
ompanionswhi
h hide under the spe
kle pattern (extra PSF 
leaning
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Fig.A.1. Example of the 
lassi�
ation of images into groupsby Strehl ratio (SR), used to produ
e average PSFs. The SRof images of the last (�fth) night in J band are plotted againsttheir Full Width at Half Maximum (FWHM); boxes denote theborders of groups. Lines 
onne
t the points whi
h belong to twoplanes of the same data 
ube and re
e
t the fast variability ofimage quality.fun
tion of DAOPHOT II removes all outlying featureslike median �ltering). The radius of these syntheti
 PSFsis 35 pixels = 1:0075 (maximal available in DAOPHOT fromthe used release of ESO-MIDAS).All non-
oronographi
 images of target stars were �t-ted with one of those average PSFs sele
ted a

ording totheir own Strehl ratio. The residuals after PSF suntra
-tion were visually sear
hed for new 
lose 
ompanions. The
ompanions of all new and known 
lose (� < 1:0075) visualsystems were simultaneously �tted with this method us-ing NSTAR or ALLSTAR utility of DAOPHOT to produ
e thedi�erential astrometri
 and photometri
 measurements re-ported in this paper.To get an estimate of the dete
tion limits a
hieved withsubtra
tion of syntheti
 PSFs, we used again the jupe pro-gram. After subtra
tion, the intensity of the remainingspe
kle noise de
reased to a level whi
h, by 
han
e, 
o-in
ided with the dete
tion limit in 
oronographi
 images(Fig. 3).Appendix B: Di�erential astrometry with
oronographThe 
oordinate di�eren
es between the sour
e and targetstars were measured in three di�erent ways. The �rst andmost reliable method is the simultaneous PSF �tting toprimary and se
ondary stars in non-
oronographi
 images.However, simultaneous PSF �tting is not appli
able to
oronographi
 images sin
e the primary star is not visible.Instead, the position of the primary was determined fromthe PSF wings by the jupe program. The relation betweenthis method and dire
t PSF �tting was studied. The pre-
ision of jupe 
oordinates of a primary was found to be

�0:3 pixels, with a 
onstant bias of �1:5 and �0:6 pix-els in x and y dire
tions, respe
tively. This bias is 
aused,possibly, by the asymmetry of the PSF wings.Alternatively, the known positions of the primary inthe two quadrants of non-
oronographi
 images 
an beused to predi
t the position of the star under the mask,supposing that AO system stabilizes the image in the de-te
tor plane and that the o�sets provided by the 
hoppingmirror of ADONIS are pre
ise and repeatable. These o�-sets were studied and 
alibrated. It turned out that the
hopping me
hanism moves the target star a
ross the de-te
tor with an rms error of about �0:25 pixels; the errornever ex
eeds 0.6 pixels.Whenever 
omponents were measured by several meth-ods, resulting 
oordinates were 
omputed as weighted av-erages, with weight 10 for dire
t PSF �tting, weight 1.5for jupe 
oordinates and weight 2.0 for 
oordinates ex-trapolated from non-
oronographi
 images.


