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Abstract. We present a catalogue of OB associations in IC1613. Using an automatic and objective method (Battinelli’s
1991 technique) 60 objects were found. The size distribution reveals a significant peak at about 60 parsecs if a distance modulus
of 24.27 mag is assumed. Spatial distributions of the detected associations and H Il regions are strongly correlated.
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1. Introduction are probably formed by the winds of massive members of asso-
ciations in spite of the close presence of a WO star. Lozinskaya

ﬁ‘f sger:i/a-;yszslﬁrcr:?r:gjgs Isstarz er:%I;j digﬁﬁu;(\j/ef;r;girr“téa;%?_ al. (2002) obtained spectra of the stars forming the chains
forming region” (Kontizas et al. 1999). The properties of thgnd estimated their spectral types and luminosity classes. The

tars were found to be atftkrent evolutionary stages and six

associations and the ionized gas clouds in which they are e hem are identified as O stars Lozinskaya et al. (2003) car-
bedded allow tracing of the regions of most recent star for- ) )

mation in th laxi IC1613 | faint. ireqular gal Xned out detailed kinematical studies of the complex of multiple
ato € galaxies. -0L2 1S a 1aint, {reguilar galaxy, | o q 1y |1 shells in region of ongoing star formation in the
within the Local Group, which is resolvable into stars fro .
. warf irregular galaxy 1IC 1613.
the gro_und. The young stellar content of IC 161_3 was investi- ., purpose of the present paper, the fourth in our IC 1613
gated first by Hodge (1978). On the photographic plates tal(segries, is to outline the new boundaries of the associations

with the 5-m Hale telescope he identified by eye estimateS - 1613 using observational material of uniform quality and

twenty OB assouat.lons. M_ore recently, Freedman (1988) PH objective method of identification of stellar associations.
sented color-magnitude diagrams for 11 of them. Georgiev

et al. (1999) presented thdBV stellar photometry of the

northeast sector of the galaxy. The properties of nine HodgeObservations and data reduction

(1978) OB aSSOCIatIOH.S in this area are analyzed as We”,&’lsset of UBV frames of IC1613 was obtained on the
seven new OB associations determined by cluster analy§|_s

Valdez-Gutierrez et al. (2000) presented End [SII] obser- AsTroE(Iacnr:iglcohl;it:\r/]atf:;?;%Ziezf’ ;?1% tﬁzl%af?n: té\::g(?gs;
vations using the PUMA scanning Fabry-Perot interferomet%r the San Pedro Martir observatory in Mexico.The exposure
The kinematics of the ionized gas in the complex sample |Enes of the images are between 600 and léOO S. The field
nebulae was investigated. The ionized gas is distributed in CI%?'view of both telescopes is.B x 5.6, The seeing .during

sical H Il regions and in a series of superbubbles. They foupd , o i
that almost every superbubble in the NE region has an in[hese observations was-12" with stable and good photo

rﬁéfric conditions. Three selected fields in the main body of

rior association containing massive stars, suggesting a phys* 8 galaxy were observed. The Landolt (1992) standards were

I|_nk petween them. Rosado et al. (2(.)01) cont|_nued t.h c mv?ﬁken before and after all observations. The IRAF data reduc-
tigation of the influence of the massive stars in the interstel-

lar medium of IC 1613 in the NW and southem region of t ion package was used to carry out the basic image reductions.

. he stellar photometry of the frames was performed with the
galaxy. In the southern region they found that the SUperbubbp(?)slnt-spread function fitting routine ALLSTAR available in
Send gfprint requests toJ. Borissova, DAOPHOT (Stetson 1993). Complete details of the data re-

e-mail: jborisso@astro.puc.cl duction and analysis may be found in Georgiev et al. (1999).
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The zero-point errors of the transformations to the standatidtributions of a number of stars equal to the number of the
UBV system are 0.04 mag. We transformedxhg coordinate sample of blue stars, and distributed over the same area, were
systems of investigated fields to the one reference local sgseated and the PLC technique was applied to search for poten-
tem and then searched for stars in common between datagetkgroups. This experiment was repeated fdfedent mini-
We check the residuals in magnitude and color for the starsnmum numbers of stars. They found that the spurious detections
common. They do not show any systematiffetience or trend are less than 10% if the six stars as a minimum population of
so we can conclude that all datasets are homogeneous in n@B-stars of potential associations are chosen (see their Fig. 3).
nitude within the errors. The artificial star technique (Aparicio Here, we follow Pietrzynski et al. (2001) approach
& Gallart 1995) was used to investigate crowdirfteets. The for IC1613. The value ofls was derived applying the method
completeness can seriouslffext our analysis for magnitudeswith different values for the distance parameter. In our case the
fainter than 21 mag. There are no significanffetiences in position of the maximum of the functiofy(d) is located in
the completeness factors between investigated fields. Sincetberinterval between 17 and 23 pixels. The number of associ-
analysis concerns only bright OB stars, no completeness cations obtained withls = 17,18...22 and 23 pixels changes by
rection was made. Field stars should not seriousligch the less than 5%. Thus we confirm the Pietrzynski et al. (2001) re-
structure of the color-magnitude diagram because IC 1613sidt that the number of detected OB associations is insensitive
situated far from the Galactic plane and no correction for coto the adopted value of the search radius in this interval. We
tamination by field stars was applied. Fortunately IC 1613 hadoptedds = 20 pixels as a search radius. The next parameter
very low reddening — ©3-0.06 (Freedman 1988; Georgievthat needs to be specified is the minimum number of gianfs
et al. 1999), which also dos noffacts our results. the potential association. Again, using the statistical approach
of Pietrzynski et al. (2001), described in the previous paragraph
we derive four OB stars as a minimum number of stars in some
clump in order to have a “real” association.
The automated search for OB associations was carried out us-With the above described parameters Battinelli's (1991)
ing Battinelli's (1991) algorithm (also called the PLC techalgorithm selects 58 associations with sizes between 30
nique). The method assumes that “any given two stars in amd 130 pc (with accepted distance of 730 kpc, Dolphin et al.
ensemble of OB stars belong to the same association if and c2000).
if it is possible to connect these two stars, by successively link- And finally to check our results and to cover the whole
ing OB stars located between them, separated from each oteaxy we retrieve th&BV images of IC 1613 from the ING
by no more than a certain fixed distance parameter, or seafgiohive, UK Astronomy Data Center, Cambridge. The images
radius, calledds”. The distance parametek can be derived were obtained on 11 December 1998 with the 2.5-m Isaac
from the catalogue of early type stars using the funcfigd). Newton Telescope and Wide Field Camera (WFC), which has a
This function describes the number of groups containing f&ld of view of 114 x 22.8 arcmin. Unfortunately, they are not
leastp stars, for any given value of the distance parameter of high quality and not as deep as Rozhen images. We reduced
The function steeply rises until a maximum value is reachetie images and transformed the instrumental magnitudes to the
followed by a gradual decrease towards a limiting value of &tandardJBV system using about 100 common stars between
which corresponds to the situation that the valud isfso large  WFC and Rozhen photometry. Then we ran again Battinelli’s
that all stars can be assigned to one group. The optimum va{il891) algorithm in the same way as described above. On the
of the distance parametdy is defined as the value dfcorre- WFC images we found 55 associations. Comparing with the
sponding to the maximum of the functidp(d). associations obtained from Rohzen images there are 5 omitted
In order to select the catalogue of blue stars we needassociations (G1, G2, G4, G8 and G26, see Table 1) and 2 addi-
adopt brightness and color cuffe. In IC 1613 we selected astional (G59 and G60) ones. The WFC images are less deep than
blue stars the stars that have absolute magnitijes —2 (as- Rozhen data by approx. 1 maglhand there are less than four
suming (m— M) = 24.27+0.1, Dolphin et al. 2000) and dered-OB stars in each of the omitted associations. Also, the bound-
dened colorsB-V)q < 0.0 (assuminde(B—V) = 0.03, Rienke aries of some associations in the fields in common are slightly
& Hodge 2001). Recently Pietrzynski et al. (2001) used thiéferent. In general the average quantities of the common as-
same algorithm to investigate associations in NGC 300. Thegciations in the two lists however are littl&ected. The two
adopted Battinelli’'s (1991) method adjusting the two importaatditional associations are found in the areas not covered by
parameters in the Battinelli algorithm, described in the prewhe Rozhen frames.
ous paragraph — distance parameteasind the minimum num- The map of the association boundaries resulting from the
ber of stargp by numerical analysis. To derive the valuedgf automated search of IC 1613 is shown in Fig. 1 and the proper-
Pietrzynski et al. (2001) applied the PLC technique with seties of the associations are summarized in Table 1. Columns 1,
eral values for the distance parameter and several values for2tend 3 give the designation and the equatorial coordinates of
minimum number of stargy. Their results show that the po-the detected associations. The number of brighg (< —2)
sition of the maximum of the functiofi,(d) depends slightly OB members in each of the associations, their sizes in parsecs
on p and is located in the relatively narrow interval (see theamd cross-identification with the catalogue of Hodge (1978) are
Fig. 2). The second parameter —the minimum number of ptargiven in the next columns. The coordinates of the OB associa-
of the potential association was determined by Pietrzynski ettédns were determined as the mean coordinates of their separate
(2001) by performing the statistical tests. One hundred randonember stars.

3. Associations
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Table 1. Catalogue of OB associations in IC 1613.

Name @2000 62000 size(pc) OB stars Hodge Name  asq00 62000 size(pc) OB stars Hodge
Gl 01:04:53.92 +02:10:08.49 33 5 - G32 01:04:53.0402:06:11.00 60 7 H9
G2 01:04:54.11 +02:08:50.65 46 5 - G33 01:04:57.2802:05:15.55 40 10 H9
G3 01:04:54.84 +02:10:30.98 35 5 - G34 01:04:59.08-02:04:23.50 60 6 H9
G4 01:04:57.74 +02:10:56.39 30 4 - G35 01:04:55.95-02:05:44.97 84 18 H9
G5 01:04:58.04 +02:08:56.80 27 5 - G36 01:05:00.54-02:05:17.01 57 7 H9
G6 01:04:58.54 +02:08:22.14 43 6 - G37 01:04:57.8402:04:46.41 65 7 H9
G7 01:04:59.49 +02:09:17.81 129 36 H10 G38 01:05:00.4¥02:05:06.94 79 13 H9
G8 01:04:59.43 +02:08:40.54 28 4 - G39 01:04:53.6%02:05:44.15 72 7 H8
G9 01:05:00.26 +02:10:13.41 33 4 - G40 01:04:59.36-02:05:52.03 45 6 H8
G10 01:05:00.59 +02:10:42.84 112 36 H11l G41 01:04:58.7602:05:24.97 62 8 H8
G11 01:05:00.91 +02:09:41.73 92 14 H13 G42 01:04:53.0#02:04:56.66 64 4 -
G12 01:05:01.21 +02:08:33.03 40 6 H14 G43 01:04:49.1%02:06:15.83 44 5 -
G13 01:.05:01.64 +02:07:31.51 42 6 H14 G44  01:05:01.7802:06:19.08 42 6 H7
G14 01:.05:02.22 +02:08:44.37 107 27 H14 G45 01:04:50.9802:04:29.19 54 6 -
G15 01:05:02.22 +02:08:03.08 112 50 H15 G46 01:04:48.8602:06:47.12 76 8 H6
G16 01:05:02.66 +02:09:25.29 55 8 H13 G47 01:04:50.69-02:07:01.43 101 10 H6
G17 01:05:03.05 +02:09:38.14 31 7 H13 G48 01:05:02.2802:06:01.92 106 9 H7
G18 01:05:03.43 +02:08:35.60 71 11 H14 G49 01:04:51.6302:06:23.82 49 4 -
G19 01:.05:04.17 +02:10:16.83 51 6 - G50 01:04:46.46-02:07:28.28 55 4 H4
G20 01:05:04.98 +02:11:55.88 53 7 H16 G51 01:04:46.2802:08:59.07 84 6 H4
G21 01:05:04.77 +02:09:31.83 103 23 H17,H13 G52 01:04:45.9202:06:28.20 82 6 HS
G22 01:.05:05.16 +02:11:14.26 86 10 - G53 01:04:41.6902:09:16.98 112 10 -
G23  01:05:05.17 +02:08:50.48 28 5 H17 G54 01:04:44.9802:09:24.31 37 5 -
G24  01:05:06.07 +02:09:01.59 45 5 - G55 01:04:33.46-02:08:21.15 80 6 H3
G25 01:05:06.28 +02:09:30.08 37 11 H17 G56 01:04:50.4602:08:14.68 76 5 H3
G26 01:05:06.26 +02:06:52.73 40 5 - G57 01:04:43.4@-02:08:17.12 76 5 H2
G27 01:.05:06.71 +02:08:39.35 72 11 - G58 01:04:46.8402:08:17.81 90 11 H1
G28 01:.05:07.59 +02:09:55.16 111 15 H17,H18 G59 01:05:10.4402:12:27.30 60 15 H20
G29 01:05:10.05 +02:10:24.48 68 8 H19 G60 01:04:26.1+02:06:56.05 28 4 -
G30 01:05:13.68 +02:08:22.22 41 8 -

G31 01:04:54.60 +02:06:04.61 52 6 H9

Comparison with the stellar associations outlined by Hodggentified in the present paper than those presented by Hodge
(1978) shows that most of them coincide with our groups, b(it978).
in general each Hodge association divides into several smallern Fig. 2 (top panel) we show the size distribution of the de-
groups. The “new” associations have smaller sizes and lo@lted associations. There is a peak located at 60 pc. Comparing
like bright cores within Hodge associations. Hodge (1986) dgre IC 1613 associations with the Magellanic Clouds, M 31,
scribes the problem of the fiigrent sizes of the stellar assoM 33 and NGC 6822 (Bresolin et al. 1998; Ilvanov 1996) as-
ciations in the Magellanic clouds and other nearby galaxigsciations we can see that the distribution of their sizes is
as M 31 and M 33. He concluded that the mean size of the a@imilar with a peak between 40 and 80 pc. The mean size of
sociations depends on the image scale and the distance totitfegeassociations in IC 1613 is 63 pc and is in agreement with
galaxy. It is known also that young associations in the Galaxjte mean sizes of associations in LMC-60 pc, SMC-70 pc
like the Trapezium, contain small compact subgroups similand M 33-60 pc (Bresolin et al. 1998). All these measure-
to those selected in IC1613 (Lada & Lada 2003) while th@ents are performed using the same Battinelli (1991) method.
older associations consist of randomly distributed stars amdorder to check whether these similar sizes are caused by
they could not be divided into subgroups. The Battinelli (1991he identification algorithm we performed a numerical anal-
criterion obviously detects the youngest compact groups aysls. Using DAOPHOT in IRAF we build the artificial im-
this may explain the smaller mean size of the stellar grouages for our Field II. Field Il contains 19 associations with
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Fig. 1. Map of the associations in IC 1613 outlined by Battinelli (1991949. 2. Top panel size distribution of associations in IC 16:Bottom

algorithm. panel histogram of the number of OB stars per association.
a mean size of 64 pc and an average of 7 OB stars. To ¢t ., : : »
serve the completeness we chose to add 3 artificial assor ' : .
tions with 7 “OB” stars. We created these artificial associatio ; £
with the PSF obtained for Field 1l and added them randomly ‘o
the image. We then applied Battinelli's (1991) algorithm. W ) *
repeat this procedure many times. As a result we found tt ° iy Q Rt gas
the size of an association does not depend on how close Q : Q_“;w@. OO . O ;
neighboring association is. The same procedure was usec g&% -:-‘:I\ eitrs D . @
estimate the spurious detections of the associations due to t ¢ 3 SR O i ;
dom concentrations of blue stars. Here, we artificially adde o Ve@%%'b P o B o
21 “OB” stars (10% of the whole sample in Field Il) at randon - %;-\ &\Qb ’
positions and created 20 images. Again, we apply Battinell X 2T ! S
(1991) algorithm and estimated that betweerb 3B associ- & § ﬂ--.bbb-@' :
ations in the whole sample could be randomly concentrat T ' P R .
OB stars. - P g, R
The histogram of the number of OB stars per association e %’
shown in Fig. 2, bottom panel. As can be seen most of the as '
ciations have fewer than twelve OB members, with a maximu g
of the distribution at seven OB members. The most populo
association contains 50 OB stars.
4. Stellar associations and superbubbles Fig. 3. Map of the associations in IC 1613 outlined by the Battinelli

o ) o o (1991) algorithm (solid lines) with superimposed boundaries of
The associations are not uniformly distributed within thgyperbubbles (dashed lines).

galaxy and they are mostly concentrated in the NE and NW re-

gions (Hodge 1978). On the other hand, the ionized gas

in IC 1613 is concentrated in large diameter, expanding sand they are probably physically connected to the gas. The map
perbubbles (Valdez-Gutierrez et al. 2000) in the same regioakthe associations with superimposed boundaries of the super-
Comparison with the velocity map of the superbubbles (Fig.béibbles is shown in Fig. 3.

in Valdez-Gutierrez et al. 2000) shows that almost every super- Some of the newly identified stellar associations are found
bubble in IC 1613 has an interior association. These assoatthe boundaries of the superbubbles/andh the interac-
tions are located within or at the periphery of the superbubbtém zone between them. This indicates new star formation at
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the edges of superbubbles. Does this suggest, however, a saaiple could be randomly concentrated OB stars. We detected
nario of self-induced star formation where the shocks that ctee expected strong correlation between the spatial distribu-
ate the larger diameter superbubbles induce the formationtiohs of associations and H Il regions in IC 1613.

new stars compressing the ambient neutral or molecular gas?

And are these more recently formed associations in turn cre&t:—
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