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Abstract. Deep long-slitspectroscopic observations of the bl&erlevich 1982, Terlevich et al. 1991, Masegosa et al. 1994,
compact galaxy 1Zw 18 obtained with the CFH 3.6 m Telescofteotov et al. 1994, Terlevich et al. 1996), with the possible ex-
are presented. The very low value of oxygen abundance presgption of SBSG 0335-052W (Lipovetsky et al. 1999). This led
ously reported is confirmed and a very homogeneous abundeKoath & Sargent (1986) to suggest that during a single starburst
distribution is found (no variation larger than 0.05 dex) over thevent, the metals ejected by the massive ionizing stars are mixed
whole ionized region. We concur with Tenorio-Tagle (1996) anwlithin a short time scale in the Hll region and lead, in few Myr,
Devost et al. (1997) that the observed abundance level cantoat metallicity level comparable to that of IZw 18. Other studies
result from the material ejected by the stars formed in the cimave also shown that only one burst is sufficient to account for
rent burst, and propose that the observed metals were formethim oxygen abundance in 1Zw 18 (Alloin et al. 1978, Lequeux
a previous star formation episode. Metals ejected in the currentl. 1981, Kunth et al. 1995). Thus if the metallicity measured
burst of star formation remain most probably hidden in a hiot IZw 18 is solely the result of the metals produced in the cur-
phase and are undetectable using optical spectroscopy. We gt burst, a discontinuity in the spatial abundance distribution
cuss different scenarios of star formation in 1IZw 18. Combiningould be expected corresponding to the edge of the recently
various observational facts, for instance the faint star formatienriched region, typically a few hundred parsecs away from the
rate observed in low surface brightness galaxies (Van Zee etyalung stellar core (Roy & Kunth 1995).
1997¢), itis proposed that a low and continuous rate of star for- Early measurements of the abundance in the HI halo of
mation occurring during quiescent phases between bursts cdd 18 by[Kunth et al. (1994) indicated that the metallicity of
be a significant source of metal enrichment of the intersteltdre very massive neutral cloud in front of the ionizing clus-
medium. ter might be a factor of about 20 lower than in the HIl region,
strengthening the possibility of a sharp abundance drop. How-
Key words: galaxies: dwarf — galaxies: individual: 1Zw 18 —ever the UV absorption lines they used were saturated, and this
galaxies: ISM result remains very uncertain (Pettini & Lipman 1995). More-
over, recent Hl observations by Van Zee et al. (1998) displayed
lower velocity dispersion in the HI halo than those assumed by
Kunth et al. (1994), leading to a metallicity comparable to the
abundance in the central ionized region.
The blue compact galaxy 1Zw 18 is a fiducial object - it has On the other hand, several observations of starburst galax-
a very low metallicity and is currently experiencing an intenses (Kobulnicky & Skillman 1997, and references therein) have
star formation episode. Its metallicity (Searle & Sargent 197€hown no significant gradient or discontinuity in the oxygen
Skillman & Kennicutt 1993) is the lowest (1/5Q.J observed abundance distributions within the HIl regions, except for the
in this kind of objects and more metal-deficient blue compagfell established local overabundance of nitrogen in NGC5253
dwarf galaxies have not been found despite extensive seargfgsich 1970, Walsh & Roy 1987, 1989, Kobulnicky et al. 1996,
1997). This corroborates models which predict that during a
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old stellar population would be expected. Early observations
IZw 18 did not reveal clearly such an old population (Thua
1983, Hunter & Thronson 1995), but recent reanalysis of H¢
archive data (Aloisi et al. 1999) has shown that stars older th
1 Gyr must be present. Moreover, Ostlin (1999) studied the |
solved stellar population in the near infrared with NICMO! |
onboard HTS and found also that while the NIR colour magr
tude diagram was dominated by stars 10-20 Myr old, numerc
red AGB stars require a much higher age, in agreement w
Aloisi et al. (1999). NICMOS data require stars older than %
Gyr to be present and an age as high as 5 Gyr is favoured. T f
holds even if a distance slightly higher than the conventional 1 _ "E o
Mpc is adopted. This suggests that the present star format — pod
episode in IZw 18 is not the first one. The rather high C/O ratio

observed in IZw 18 (Garnett et al. 1997) could also suggest a cgl: 1- V-band image of IZw 18 (from Hunter & Thronson 1995) with
bon enrichment by an evolved population of intermediate md8§ Shit position overlaid.

stars. However, other starburst galaxies show quite lower C/O

ratio (Garnett et al. 1995, Kobulnicky & Skillman 1998, 1zotownd the dispersion 1.5&/pix, leading to a spectral resolution
& Thuan 1999), so this fact remains puzzling and controversigf about 8.2A. The seeing was between 1 and 1.5 arcsec. The
(Izotov & Thuan 1999). Considering the large uncertainties @pectra were reduced using IRAF. The bias was removed us-
the determinations of the stellar yields (Prantzos 1998, 1998y the overscan section from each frame. The pixel-to-pixel
and on the determination of the C/O ratio (Izotov et al. 199¢ensitivity correction and the illumination effects (vignetting)
Izotov & Thuan 1999), this may not be used as a strong evidengere corrected using dome flat field and sky flat images. The
for an enrichment by an old stellar population. images were calibrated in wavelength using a combination of
Thus the mechanism responsible for the dispersal and migo exposures made during the second night with a Neon and
ing of newly synthesized elements in a starburst galaxy remaggielium lamp respectively. Five 50 seconds exposure images
unclear, as well as the chain of star formation events responsi§féhe standard star Feige 34 were obtained in order to flux cal-
for the observed abundances. IZw 18, as the lowest abundajggte the spectra. To account for wavelength-dependent atmo-
galaxy among starbursts, is an ideal laboratory to study thegeric refraction, we fitted a low-order polynomial along the
processes; its low metallicity is indicative of a rather “simplestellar continuum in each frame and then realigned each spec-
star formation history, and one would expect the material ejectgdm before combination. Th& 3 spatial profile on the seven
by the present massive stars to give high contrast in the abffames obtained during the first night was different from those
dances between the enriched and the non enriched zones. Hgw-obtained during the two other nights. We assumed that the
ever, if the small companion galaxy northwest of | Zw18 hasositioning of the slit was slightly different during the first and
had an influence, as suggested by Dufour et al. (1996) througB two other nights. Nevertheless, as the offset was less than 1”
tidal effects or streaming gas resulting from a collision with thgjit positionning error), we aligned and combined all the nights
main body of | Zw18, the recent history of dispersal and mixinggether in order to increase the S/N ratio.
of elements may not be that easy to disentangle. After reduction, an abnormal “diffuse light” background in
We conducted deep long slit spectroscopy of IZw 18 in ordgfe blue part of the long exposure images appeared. The origin
to measure the O/H abundances as far as possible from the eg#his “light” is probably due to a slight increase in the temper-
tral HIl region of the NW knot, and to detect a discontinuity ogture of the CCD with time or to light diffused in the instrument
systematic gradient in the metallicity distribution. Observationfuring long exposures. This feature was removed by the sub-
and reduction are described in SEEt. 2; results are presentegidbtion of the background (task BACKGROUND) and using the
Sect B andl4 and the star formation history of this galaxy figsk APSCATTER which is especially designed for this kind of
discussed in the last sections. purpose. The residuals after correction were less thath®b
the continuum level. Three bad columns (579 to 5814600
and 46022 respectively) of the CCD were ignored. We applied
a Doppler correction to shift the final spectrum to zero velocity.
Seventeen exposures of 3000 seconds each of the blue compacEpectra were extracted by summing along the slit. The aper-
galaxy 1Zw 18 were obtained with the 3.6 m Canada-Frandewes used were 5 pixels (1.57") wide with 2 pixels (0.63") of
Hawaii Telescope during three successive nights between 1998rlap. In order to increase the signal to noise (especially for
February 1 and 4 using the MOS spectrograph with the 2048&he [OIII]4363& line), large aperture spectrum were extracted
2088 Loral 3 thick CCD detector. A long slit (1.52 arcsec wideumming over 12 pixels (3.78") every 6 pixels (1.89") along the
was used with a position angle of 45covering the spectral slit, but this did not allow extension of the region over which
range from 3700 to 6908. The position of the slit is dis- [OIII]4363A could be measured. We also extracted a large aper-
played on Fid.Il. The spatial resolution was 0.3145 arcsec/pixe spectrum integrated over the whole galaxy (25 pixels cen-

2. Observations and data reduction
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tered on the maximum of the continuum emission) in order to 1
compare our observations with the spectroscopic measurements HalHp
(butwith different PA) of Skillman & Kennicutt (1993). Asmall ~ 0-5 |
aperture spectrum integrated over 2 pixels (0.62") has also been
extracted to match the aperture usef by Izotov et al. (1997). The 0
large aperture spectrum is displayed in Elg. 2 and results of litle
measurements (for both small and large aperture) are shown in -0-> |
Table[l. Their mean FWHM is around/& and the lines are
unresolved.

Emission lines were measured automatically using the rou- -5 . 0 +5
tine TWOFITLINES]. We compared the measurements with Position (arcsec)
those made interactively with Gaussian fits through the IRAF
task SPLOT and found no differences larger than two percent. A30000 b)
few weak lines in regions of low S/N high, for which no Gaus-
sian could be fitted, were measured by direct integration. The25000¢ Stellar absorption 1
errors bars were computed by summing in quadrature the eff&c-
tive photon noise on the line flux and the rms noise in the log&3l 20000}
continuum. An additional two percent error accounts for un-
certainties in the flat-fielding and sky+diffuse light subtraction 15000t
process.

Stellar absorption

10000

-5 0 +5
Position (arcsec)

3. Dust extinction

The interstellar dust extinction, or reddening, was first eval-
uated using the W/HS, Hy/HG and H/HS ratios, assuming 8.0
their intrinsic values to be 2.75, 0.475, 0.264 respectively for
an electron temperature of 20000 K and a density of 100°%cm~
(Osterbrock 1989). We used the extinction function

I(A) F(A) 10K .E(B-V)

Stellar absorption

7.5

I(HB)  F(H)

where IQ\) is the intrinsic line intensity, F) is the observed flux

ateach wavelength and K)is the extinction function according 6.5 : ‘

to the galactic reddening law jof Seaton (1979). -5 0 +5
In order to correct from the effect of stellar absorption in the Position (arcsec)

Balmer lines, we first assumed that their strength was the sam

e . . .
. ) . .Fig. 3a — c.Spatial profile of E(B-V), Te and oxygen abundance in
for all the lines. We derived then the value for which consi Zw 18. Positions are given in arcsec from the maximum of the con-

tent results for E(B-V) were obtained using the three differef,ym emission, with values negative and positive in the NE and SW
Balmer ratios. As the extent over which the flux was integrat@glections respectively. The region where the stellar absorption has
is larger than the size of the ionizing star cluster, we correctggen subtracted is indicated, as well as the region where the WR stars
for the underlying stellar absorption only in the central area, have been found.

over 3.8” (185 pc) centered on the maximum continuum emis-
sion, according to the images of Hunter & Thronson (1995). We
found the underlying stellar absorption to be aroundil ose

to the value of 2A used by, Skillman & Kennicutt (1993) and

@ 7.0

12+Log(O/H

the time below zero. Artificially increasing thedlux by less
. s than four percent erases this discrepancy, suggesting it could be
Foy & Walsh (1987) and adopted this value (&for correc- (partially) related to small calibration errors dues to the Balmer
'Oni_h iati f1h tincti ter E(B-V) al thabsorption lines in the Feige 34 spectra.
€ variation of the extinction parameter E(B-V) along the Stasinska & Schaerer (1999) have shownHais partially

slit is shown in Fig.B.a. It can be seen that a good agreemg%ited by collisions in 1Zw 18, so that tfi#, /H ratio should

betvvee_n the three co_mputed values IS obtained only in the_ CBEbetween 2.95 and 3.00 for atleast the main body ofthe nebula,
tral region (we have indeed forced this agreement by defini her than for case B recombination. This effect would explain

th? strent?tth of dthe .abSOLpt'on(;'T_g/S&' Oui_slde the cetntral t‘f"r discrepancy between the reddening values estimated using
values obtained using+iHS an 3 ratios are systemat- different line ratios. These authors conclude that the reddening

cally lower than values obtained withoi#H 3, and fall most of affecting this ionized nebula should be practically equal to zero.
! Twofitlines, Version 1.4 package for IRAF provided by Jos&herefore, we have assumed no reddening at all along the slit
Acosta, Instituto de Astrofisica de Canarias - SPAIN in our calculations.
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Fig. 2. Large aperture spectrum (over 25 pie., 7.85") of IZw 18, with zooms on the blue and red part to show the faintest lines. The most
important lines are labelled.

4. Abundance determinations the previous determinations of Skillman & Kennicutt (1993)
and|lzotov & Thuan (1999) respectively. However, our mea-
surement in the small aperture appears somewhat smaller
The temperature sensitive [Ol11]4383ine was measured over (but still compatible within the error bars) than the value of
a slit length of 12 arcsec. This extent is comparable with thizotov & Thuan (1999).

reported by Martin (1996) despite the large difference in expo-

sure tirr_les (5100_0 S for_ this obse_rvatio_n and 1200Q s for thab 1he oxygen abundance

of Martin), but with a different orientation of the slit (PA =

45° against 7.6 of Martin). Nevertheless, the [OI11]5007 line Oxygen abundances were derived for the regions where the elec-
was observed over a length of 49 arcsec (2.5 kpc) againstte® temperature was measured using [OUl}63. They were
arcsec in Martin's observations. We then computed the ratio@tained by summing over ionization states using the expres-
[O111]14959+[Ol11]15007 line strength to [OIII]436§ to evaluate Sion:

the electron temperatufi, (Olll) with a program based onthe o o+ (++

3-level atom formulae frorh McCall (1984) using atomic datg = 7+ T (2)

from|Mendoza (1983). Uncertainties were propagated throuiﬂ N
all steps to derive the error bars. Fijy.3.b shows the varidl® presence of Hell 4686 suggests that™* should also be

tion of the derived electron temperature as a function of pBresent. Generally, Hell 4686 is used to evaluate the abundance
sition along the slit. The electron temperature can be consff-= but the origin, nebular or circumstellar, of Hell 4686
ered constant across the HIl region. Using the large and sm@llZw 18 is not well established. However it has been shown
aperture spectra, we also obtain a mean electron temperakg@rand et al. (1997) that this line peaks at the position of the

of 19300+ 600 K and 19700+ 1000 K in agreement with WR feature, suggesting that these stars could be responsible for
a higher excitation locally, and th&t™* is not an abundant

4.1. Electron temperature
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Table 1.Observed line fluxes (without reddening correction) of the NW component of IZw 18 for the large aperture (LA) and the small aperture
(SA) spectra.

Line Id RestA (A) Flux (LA)  Erroron EW (LA) Flux(SA) Erroron EW (SA)
Flux (LA) Flux (SA)
[SII] 6731.4 1.6 0.1 -25 14 0.2 -1.1
[S1]] 6716.8 2.2 0.1 -3.5 1.8 0.2 -1.5
Hel 6678.4 25 0.1 -3.9 2.7 0.2 2.1
Ha 6563.0 306.4 0.9 -450 329.8 0.2 -251.8
[NII] 6584.2 0.8 0.1 -1.2 0.7 0.2 -0.6
[SIII] 6312.9 0.5 0.1 -0.7 detected — —
[O]] 6301.6 0.5 0.1 -0.7 — — —
Hel 5876.1 6.5 0.1 -7.3 6.3 0.2 -3.6
[OI11] 5007.2 205.4 0.6 -152 2235 0.3 -86.2
[OI1I] 4959.3 68.8 0.6 -49.4 74.9 0.3 -28.2
Hel 4922.4 0.6 0.1 -0.5 — — —
Hp 4861.9 100 0.2 -68.7 100 0.3 -35.8
Hel + [AIV] 4712.0 0.9 0.1 -0.6 0.3 0.2 -0.1
Hell 4686.4 3.6 0.2 -2.2 4.3 0.4 -1.4
Hel 4472.8 2.3 0.2 -1.2 1.2 0.5 -0.3
[OI1I] 4364.4 6.6 0.3 -3.3 7.5 0.7 -2.0
Hy 4341.8 44.8 0.2 -21.9 41.3 0.5 -10.7
Ho 4103.3 22.2 0.3 -8.9 17.0 0.7 -3.6
He 3970.7 17.6 0.5 -6.4 12.2 0.8 -2.3
[NellI] 3869.5 18.3 0.7 -6.1 19.4 1.3 -3.4
HI 4 NellI 3889.9 17.4 0.6 -5.9 12.0 1.1 2.1
Sill 3854.9 2.7 0.1 -0.9 detected — —
HI 3836.2 35 0.5 -1.1 1.3 0.7 -0.2
HI 3798.9 3.4 0.1 -1.1 1.7 0.7 -0.3
HI 3769.1 detected — — — — —
HI 3751.8 detected — — — — —
[OI1] 3727.4 35.6 0.9 -10.9 30.1 1.8 -4.8
Hpflux 2.9E-14 3.5E-15
(ergscm™2s71)
E(B-V)a,/m, 0.075 0.121
E(B-V)u, /H, 0.008 0.077
EB-V)u;/m, 0.008 0.136

ion. |Skillman & Kennicutt (1993) and Izotov & Thuan (1998Yhat reported by Izotov & Thuan (1999), mainly due to the dif-
have estimated that this stage contribute less than 4 percerfetences in the electronic temperatures adopted.
the total oxygen abundance. In term of a possible abundanceOur results (Fid.13.c) show unambiguously that there is no
gradient in 1Zw 18, neglectin@ ™+ will not change the gen- significant abundance gradient nor discontinuity in the NW-
eral trend of the abundance profile and would, at worst, slightil region of IZw 18 at scales smaller than 600 pc (using
underestimate, by a few percent, the oxygen abundance inthe= 75 km.s~*.Mpc~'). [Martin (1996) suggested a possi-
region around WR stars. So the contributiongé‘ii was not ble, but weak, gradient in an orthogonal direction. The spatial
included. The contribution of the ionization sta@s and Ot+  resolution of our observations is 50 pc, and smaller scale in-
was computed using a program based on the 3-level atom forri@mogeneities cannot be excluded. Moreover, the spatial pro-
lae from{ McCall (1984) with atomic data frgm Mendoza (1983)le of the oxygen lines does not indicate any abrupt change
using the [OIlI] 3727 and [Olll] 4959 lines. We compared th metallicity at larger distances. Combined with the results of
abundances delivered by our program with abundances &@n Zee et al. (1998), who found for the HI halo an abundance
culated by IRAF using the 5-level atom approximation froriomparable with that of the HII gas, our results strongly favour
Shaw & Dufour (1995) and found no significant difference& homogeneous metallicity distribution over the whole galaxy.
The spatial profile of the oxygen abundance is given in[Fig. 3:8his is fully consistent with related studies which have found
We also used the large and small aperture spec#@ly homogeneous spatial abundance distributions in several
to derive the mean oxygen abundant® + 10g(%) — other giant Hll regions (Diaz et al. 1987, Gonzalez-Delgado et
7.18 4+ 0.03 in both cases, in excellent agreement wital. 1994, Skillman 1985), as in 30 Doradus (Rosa & Mathis
Skillman & Kennicutt (1993). This value appears different frord987), LMC-SMC (Dufour & Harlow 1977, Pagel et al. 1978,
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Russell & Dopita 1990), or dwarf and irregular galaxies (Danents in emission line galaxies (Terlevich 1982, Terlevich et
vost et al. 1997, Kobulnicky & Skillman 1997, 1996, Roy et akl. 1991, Masegosa et al. 1994, Izotov et al. 1994, Terlevich
1996, Pagel et al. 1980, Masegosa et al. 1991), again with #tal. 1996). Because of the correlation between size, luminos-
exception of NGC 5253 already refered to in the Introductiority and metallicity in dwarf galaxies (Skillman et al. 1989),
Masegosa et al. (1994) proposed that galaxies with very low
5. Toward a new star formation history for 1Zw 18 metallicity are too faint to be “caught” in their sample. This
raises the possibility that extremely metal deficient objects may
be very faint. IZw 18 and other starburst galaxies (Roennback

The oxygen abundance distribution in IZw 18 appears extreméhBergvall 1995) lie quite far away from the correlation es-
homogeneous throughout the galaxy, indicating a thorougt@plished by Skillman et al. (1989) for dwarf irregular galaxies.
mixed interstellar medium. If the measured abundances restis may reflect the fact that they are presently undergoing a
from the metals ejected by the massive stars involved in the c80ng star formation event which increases their luminosity.
rent burst, as suggested|by Kunth & Sargent (1986), this wolii@wever, the galaxies used py Skillman et al. (1989) were se-
imply efficient mixing of the ejecta on scales of at least 6dgcted from the i catalog of Kennicutt et al. (1989), thus the
pc within a timescale comparable to the age of the preséf'#“p'e allows for current star formation! The origin of the cor-
bursti.e., a few Myr (Hunter & Thronson 1995). However,elation remains unclear (see also Skillman 1999).
dispersal of the heavy elements ejected by the massive stardt i easy to show that the present star formation rate in
can hardly be accomplished in less thed¥ yr on scales be- 1Zw 18 or in other starbursts cannot be sustained for a Hubble
tween 100 and 1000 pc (Roy & Kunth 1995); the timescaléne without producing excessive chemical enrichment and a
required for complete mixing is even longer (Tenorio-TaglRUMerous stellar population. It is generally admitted that blue
1996). Thus the observed metals cannot arise from the ma&@mpact galaxies experience violent star formation events sep-
rial ejected by the stars formed in the current burst. It followaated by long quiescent phases (Searle & Sargent 1972) during
thatthe presently observed metals should have been formedVitich they would appear as Low Surface Brightness Galaxies
a previous star formation episod@he metals ejected in the(LSBG) or quiescent dwarfs. However this population does not
current burst of star formation remain most probably hidden §@ntain any objects more metal poor than 1Zw 18 (McGaugh
a hot phase as suggested|by Pantelaki & Clayton (1987) #fothun 1993, McGaugh 1994, Roennback & Bergvall 1995,
more recently by Tenorio-Tagle (1996), Devost et al. (109Nan Zee et al. 1997a,Hpoes the metallicity of IZw 18 represent
Kobulnicky & Skillman (1997) and Pilyugin (1999). Bomang? lower limit for the abundance in the gas of local galaxidfs?
(1999) has shown on a deep pointing with the ROSAT HRP, Why?
instrument that there is extended X-ray emission to the SW and
maybe to the NE from the central bubble of IZw 18. This €% 3. The lack of HI clouds without optical counterpart
tended emission seems to trace the expandintpops, leading
the author to conclude that it supports the picture of hot, met&lifferent observing programs have been carried out to search
enriched gas streaming out of IZw 18. This gas would have bder isolated intergalactic HI cloud, but without success so far
ejected into the halo where it would take long excursions whil8riggs 1997). Most local so-called primeval HI clouds candi-
cooling and returning to the central galactic region to becorfi@tes turned out to be associated with stars (see for example
available for future processing into stars (Tenorio-Tagle 199&jiorgovski 1990; Impey et al. 1990; McMahon et al. 1990;
X-ray observations of the BCD VIIZw 403 (Papaderos et alzer etal. 1991; Chengalur et al. 1995, for HI1225+Dbes
1994) are also interpreted as hot material ejected by the predBift mean that such entities do not exi#t8o, this would im-
starburst. The availability of powerful X-ray observatories iRy thatall gas clouds (with a mass comparable to that of a
the near future will allow the metallicity of this hot gas to béwarf galaxy) have formed starslowever, the detection lim-
derived, allowing this scenario to be confirmed. its for HI surveys remain quite high\Gz; ~ 10'® cm~?), and

If the observed metals in 1IZw 18 were formed in a previihe existence of very small primeval HI clouds cannot be ruled
ous star formation episode, this would imply that the objeBHt- Nevertheless, if isolated dwarf galaxy progenitor HI clouds
is not a “young” galaxy undergoing its first star formation aBXisted, they would have sizes and masses comparable to small
suggested by Searle & Sargent (1972). Such a view is also Sg@laxies, and they would present sufficient column densities
ported by other studies, which independently lead to anotiigrbe detected by radio techniques. So far, non-detection indi-
scenario (Dufour et al. 1988, Dufour & Hester 1990, Hunter gates that if such clouds exist, they are very rare. This idea is

Thronson 1995, Kunth et al. 1995, Garnett et al. 1996, Aloisi &inforced by the presence of absorption line systems of high
al. 1999). column densities in the spectra of quasars which seems to arise

mainly from halos of bright galaxies and not from small HI
clouds (Lanzetta et al. 1995, Tripp et al. 1997), indicating again
that the latter are sparse. Furthermore, it has been shown that

The metal abundances measured in IZw 18 are the lowest kndi¥ diffuse cosmic UV background can ionize the extreme outer
in the interstellar matter (but not in stars) of the local unH! disks of spiral galaxies (Van Gorkom 1991, Corbelli et al.
verse; this remains so despite extensive metallicity measut889, Maloney 1990, Corbelli & Salpeter 1993a,b), producing

5.1. A previous star formation event

5.2. The dearth of low metallicity galaxies
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' Prochaska & Wolfe (99) | 5.5. A new star formation regime
s Lu et al (96) ] It is generally accepted that the metal enrichment of the ISM
1 builds up mainly in bursts. Different studies have been carried
out to model these bursts to reproduce the global properties of
galaxies. In the case of IZw 18, Kunth et al. (1995) have shown
1 Lo : that only one burst, with an intensity comparable to the present
L. e 1 one, is enough to produce the observed abundances. As we have
1 shown, this single burst cannot be the present one. Previous
. . . ] massive star formation has occurred. We cannot eliminate the
ey, . 1 possibility that this previous star formation event was a starburst.
2 . . b However, starburst episodes must be separated by quiescent
Lo 1 phases, during which these systems appear as quiescent dwarfs
: 1 or Low Surface Brightness Galaxies (LSBG). Studies of the lat-
. . 1 ter objects (Van Zee et al. 1997c¢) have revealed that, despite their
1 low gas density, star formation occurs (with a weak efficiency),
g e probably as a local process instead of a global evémt. SFR

2 3 4 = - - -
Redshift z between bursts is very low, but not zero, so the metallicity would

Fig. 4. DLA [Fe/H] abundance as a function of redshift. Data fron (CTEASE SI,OWIy during these quiescent phagigzause these

LU et al. (1996) and Prochaska & Wolfe (1999) star formation rates are very weak, they are generally neglected
in studies of star formation history of galaxies. However, in
dealing with very low metallicity galaxies, they are capable of
raising the metallicity levels up to values comparable to that of

an abrupt fall in their HI column density. This effect could conZW 18 in less than a Hubble time.

tribute to hide some primeval HI gas from the current surveys. For example the galaxy UGC 9128, studied
by [VanZeeetal (1997p) presents a SFR of about

_ o 1.7107% Mgyr—! for a HI mass of3.55107 M. If
5.4. The temporal evolution of the metallicity such a low SFR lasts 10 Gyr, it will forh7 10% M, in stars,

Absorption lines in Damped Lyman Alpha (DLA) systems aradnd no more than 5% of the initial mass of gas will have been
used to study the temporal evolution of the metallicity of thgansformed into stars. At this low continuous star formation
interstellar gas. Although the nature of the absorbing systefaée, sustained during even a Hubble time, the fraction of gas
is still controversial (Tripp et al. 1997), it is generally admittedtill available at present epoch remains high (about 95%). Thus
that the metallic lines are associated in some way with galaxiée existence of a continuous low star formation rate in dwarf
The temporal evolution of the metallicity in the DLA systems regalaxies is consistent with the large HI reservoirs generally
ported by Lu et al. (1995) and more recently by Lu et al. (Ip9@pserved in these objects.
and Prochaska & Wolfe (1999) is reproduced in Fig. 4. The current metallicity of the gas, . assuming the simple
One notices that the mean metallicity of the interstellar g&¥sed box model Pagel (1998) can be expressed by (Searle &
increases as one gets closer to local time. This is generally firgent 1972)
terpreted as the effect of cumulative enrichment by strong star
formation events. However, a more intriguing feature is that thges ~ —¥ Ln(G) (3)

metallicity of the most underabundant systems seems also tovUﬁ'ereG is the fraction of gas presently available apdhe
crease with time! No extremely underabundant system has b

tound at | dshift. If th ich i lelv th it (??er?d in heavy elements. The uncertainties on this last param-
ound at fow redshift € ennchment Is solely the resu ter are large, buj is likely to be in the range 0.01 to 0.036

starburst events, we should find, locally, objects which have r‘l\?[aeder (1992). Using a mean valye~ 0.02, and for the ex-

undergone any burst (c.>r.very few of them); these.objects WOLﬂfhple above witly = 0.95, we estimate the metallicity of the
have a very low metallicity (comparable to what is observed i resulting from this low SFR enrichment to be closEto’
high redshift). Does the apparent increase in metallicity of th atis 1/20th solar! '

most underabundant systems indicate the existence of a Mk 5nsequently, a low continuous star formation rate can-

mal %nd C(fJntmtuous egnchmgntﬁf the w:jteg%gllarm?ldll\fzmné’ ot be neglected, especially when dealing with low metallic-
:1(ur|n( 165902 Séf ecrjnf Ot S?r\f;gsa F?V\;tre_ ; |'3 'S smigé7 eé/erli%/ galaxies; this may be the dominant star forming and metal
or , Steldel et a. » metini owen , ae IPrichment process in dwarf galaxies.

Varga & Reimers 1997, Boisse et al. 1998, Shull et al. 1998); We propose that in the most extreme objects, like 1Zw 18,

some unevolved systems exist, they must be very few. The M8ontinuous low star formation regime can account for the ob-

difCt'S]n Oi sucThsys.tem.s tCOUId Afise from a selection eﬁ%@rved abundances. We surmise that the present starburst is the
rather than from Iheirinexistence. first major one in the history of IZw 18, and that a mild star for-
mation rate has been going on for several Gyr. Preliminary cal-

[Fe/H]
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culations strengthen this hypothesis (Legrand & Kunth 1998) D&vost D., Roy J.R., Drissen L., 1997, ApJ 482, 765

such a low regime is universal, we expect that all small syste®isz A.l., Terlevich E., Pagel B.E.J., Vilchez J.M., Edmunds M.G.,
have been forming stars and that their metallicity has increased 1987, MNRAS 226, 19

slowly but steadily with time. This scenario explains the lack étjorgovski S., 1990, AJ 99, 31

local objects more underabundant than IZw 18, the absencé¥four R.J., Esteban C., Castaneda H.O., 1996, ApJ 471, L87

HI clouds without an optical counterpart and the evolution as¥four R.J., Gamett D.R., Shields G.A., 1988, ApJ 332, 752

function of redshift of the most metal poor quasars absorptigfour R.J., Harlow W.V., 1977, ApJ 216, 706
ufour R.J., Hester J.J., 1990, ApJ 350, 149

issy;t‘ig]:ﬁtzgtiillfggr?a%%egr(])%g; this low star formation reglmgarnett D.R., Skillman E.D., Dufour R.J., et al., 1995, ApJ 443, 64
! Garnett D.R., Skillman E.D., Dufour R.J., Shields G.A., 1996, Amer-
ican Astronomical Society Meeting 189, 8407
6. Conclusion Garnett D.R., Skillman E.D., Dufour R.J., Shields G.A., 1997, ApJ
481, 174
We have acquired deep long slit spectroscopy of the metal peRjnzalez-Delgado R.M., Perez E., Tenorio-Tagle G., et al., 1994, ApJ
dwarf star forming galaxy |Zw 18. We confirm the very low 437, 239

metal content of the galaxy, and show that no significant abufunter D.A., Thronson H.A.J., 1995, ApJ 452, 238
dance gradient nor inhomogeneities larger th&n05 dex are Impey C., Bothun G., Malin D., Staveley-Smith L., 1990, ApJ 351,
presentinlZw 18 on scales of 50 pc to 600pc. Thisisin apparent L33
contradiction with the hypothesis of instantaneous local polllzotov Y.I., Thuan T., 1999, ApJ 511, 639
tion proposed by Kunth & Sargent (1986). Instead, this suppol&gtov Y.l Foltz C.B., Green R.F., Guseva N.G., Thuan T.X., 1997,
a picture where metals ejected in the current burst of star for- APJ 487, L37
mation escape into a hot halo hidden phase in the halo, follof£gtev Y- Thuan T.X., 1998, ApJ 497, 227
long excursion while cooling and come back much later into t r:chwYcﬁtlt ,RTgu;:\n gaz'ér"gjo}(veﬁgé';ﬁ ’Vtggltsgpiéizgwml
central galactic region (or escape into the'”terga'acuc.med'”'ﬁgbumicky C., Skillman E., Roy J.R., Rosa M., Walsh J.R., 1996,
This also implies that star formation has been occurring previ- Ameri ; . _

. . merican Astronomical Society Meeting 188, 1008
ous to the current burst. Basgd on different observational fa%gbulnicky H.A., Skillman E.D., 1996, ApJ 471, 211
we propose that the _metals in IZw 18 are the_ result _of a m'llg)bulnicky H.A., Skillman E.D., 1997, ApJ 489, 636
continuousstar formation rate. The generalization of this mOd‘f‘dobulnicky H.A., Skillman E.D., 1998, ApJ 497, 601
to all gas clouds can account for the scarcity of local galaxiggpulnicky H.A., Skillman E.D., Roy J.R., Walsh J.R., Rosa M.R.,
with a metallicity lower than IZw 18, for the increase with time 1997, ApJ 477, 679
of the metallicity of the most underabundant DLA systems, am@inth D., Lequeux J., Sargent W.L.W., Viallefond F., 1994, A&A 282,
for the apparent absence of HI clouds without optical counter- 709
parts. If starbursts appear as important episodes in the historitafith D., Matteucci F., Marconi G., 1995, A&A 297, 634
galaxies, the low continuous star formation regime, dominafinth D., Sargent W.L.W., 1986, ApJ 300, 496

during the quiescent inter-burst periods, cannot be neglectedanzetta K.M., Bowen D.B., Tytler D., Webb J.K., 1995, ApJ 442, 538
Legrand F., 2000, A&A Accepted
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