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Abstract. We present in this paper a detailed study of the kinag interstellar medium due to the large number of Giant H
matical properties of the ionized gas around the young massRegions (GHIIRs) that they host. For example, more than 40
star clusters in the nucleus of NGC 4214. The analysis is bas@HHRs have been studied and catalogued along the central bar
on bidimensional spectroscopical data, allowing to derive toé NGC 4449 (Mioz-Twhon et al. 1998). Magellanic irregu-
spatial variation of different properties (intensity, velocity anthrs are also particularly rich in gas (Hunter & Gallagher 1990)
width/line splitting) of the emission linesddand [O111] A5007 and usually present an extended emission of Diffuse lonized
along the nuclear region. We have found that the Giantrek  Gas (DIG), most probably ionized by photons escaping from
gion around the two most massive clusters in NGC 4214 ¢Ae GHIIRs (Muioz-Tuion et al. 1998). Also, superimposed on
and B) is resolved into two clearly separated regions. We hate DIG, kiloparsec-scale filaments, bubbles, and shells can be
not detected superbubbles with the properties we would expfrind (termed as “froth” by Hunter& Gallagher (1990)) and are
according to the evolutionary state of the stellar clusters, bubst probably remnants of past star formation episodes. Fur-
just a partial ring feature around the most massive one and tther evidence supporting the idea of one or more past star for-
expanding shells around cluster B. The first expanding shelhtion episodes rests on the presence of Faint Extended Broad
seems to have experienced blowout, whereas the second Bméssion Lines (FEBELS) detected on some of these irregular
is still complete. A possible explanation to this phenomen@alaxies. The presence of FEBELs is probably linked to the low
is that the most massive stars in a starburst spend a large fraetallicity of these objects (Tenorio-Tagle et al. 1997).
tion of their lives buried inside their original molecular clouds. In this paper we deal with NGC 4214. This galaxy has been
Champagne flows might have formed at the borders of the otassified as SBmlll by Sandage & Bedke (1985), but is fre-
gions, especially on the SE complex, explaining the existengeently considered a typical Magellanic irregular. It shows im-
of the diffuse ionized gas around the galaxy. As a consequepoetant star formation activity along a bar-like structure across
of these results we postulate that NGC 4214 is indeed a dwigsfnucleus. In a previous article (MaApellaniz et al. 1998,
spiral galaxy, with a thin-{ 200 pc) disk that inhibits the forma- hereafter Paper I) we used bidimensional spectroscopy to study
tion of large scale structures in the ISM. The mechanical inpilie excitation and density of the gas as well as its distribu-
deposited by the star formation complexes, in a variety of phytgn relative to the stars and dust. In Paper | we described the
ical processes that include the free expanding bubbles liberagaistence of two star-forming regions: the larged 3,000 OB
after blowout and photoevaporation of the parent clouds, hastars), slightly older (3.0-3.5 Myr) NW complex and the smaller
succeeded in generating the structures now detected far frepd,000 OB stars), slightly younger SE complex. The NW com-
the disk, giving place to the large-scale structure which ngulex is often named in the literature NGC 4214-I, and the SE
enriches the optical appearance of the galaxy. complex, NGC 4214-1l. The age of each complex was deter-
mined comparing four different paramete¥g (H3), W(WR),
Key words: galaxies: individual: NGC 4214 — galaxies: ISM - (WRbump)/I(H3), andT.) with the predictions of syn-
galaxies: irregular — galaxies: kinematics and dynamics — galdixesis models (Cerfib & Mas-Hesse 1994). The consistency
ies: starbust of our age determination using different methods indicates that
the number of ionizing photons destroyed by dust or escaping
from the star forming region might be large but less than half
1. Introduction of the total & 30%). The slightly younger age and smaller size

o ] ] of the SE complex is consistent with its morphology: three con-
Magellanic irregular galaxies are excellent laboratories for the,um knots with coincident b emission maxima surrounded

study of massive star formation and its impact on the surroung; qusty clouds. On the other hand, the NW complex displays a
Send offprint requests 1d. Maz-Apellaniz (jma@laeff.esa.es) more complicated structure. It shows two main continuum knots
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surrounded by severaldknots and an extended halo with dusVisible multiple components were quite scarce infd A5007
detected only at its borders. Also visible at the NW compleand this dearth allowed us to extract theif@ A5007 kine-
are two Hy minima located close to each of the two continuummatical information by fitting a single Gaussian profile for each
knots. point. This was done using the automditiiinespackage devel-

In this paper we continue our study of NGC 4214 analyzingped by Jos Acosta at the Instituto de Astiisfca de Canarias.
the kinematical properties of the ionized gas using bidime®n the other hand, the existence of multiple componentsin H
sional spectroscopy. The spatial variations in intensity, velocitgquired a manual fitting for each point with one to three Gaus-
and velocity dispersiors{) and the presence of anomalous kinesians using theplot package. Both for [@1] A5007 and
matical components in the gas emission, in combination wigh3 pixel smoothing in the spatial direction was performed be-
the results of Paper I, allow us to produce an overall pictufere the (single or multiple) Gaussian fitting in order to obtain
of the starbursts in NGC 4214. In Sect. 2 we present our aobetter signal-to-noise ratio.
servations and explain the reduction procedure. The results areThis combined strategy produced values for the flp,
presented in Sect. 3 and discussed in Sect. 4. (observed width) and center for each of the measured Gaus-
sian components (one for @] A5007, one to three for &) at
each point. From those values, bidimensional tables of intensity
(flux per unit solid angle)s (width due to random motions, see
Optical long-slit spectra of NGC 4214 were obtained on ApAYluiioz-Tuion 1994) and central velocitywere obtained. The
19-20/1992 with the ISIS spectrograph of the William Herscheglation between the observer () and the adopted line width
Telescope, as described in Paper |. The spectra were obtaindglgiven by:
at twelve parallel positions, all of them at a P.A. of 15@&hich o2 = o2 2 _ 2 (1)
almost coincides with the galaxy minor axis as well as with the obs inst the
orientation of the present day star-forming regions along thereo,, is the thermal width. Following Kobulnicky & Skill-
bar-like structure. The effective width for each slit wésahd man (1996), the temperature was taken ta®&00 + 500 K in
the spacing between the centers of consecutive positions wi®bserved regions.
set equal to 2 (see Fig. 1 in Paper ). Estimated errors were computed ferand v. The error

Two spectra were taken simultaneously at each position, aiirces considered ferwere: Direct measurement error (pro-
in the range between 6390 and 68MQred arm) and the other vided by thefitlines package), uncertainty in the instrumental
one in the range between 4665 and 5@6¢l'nlue arm), both of width and uncertainty in the temperature. The error sources con-
them with a dispersion of approximately OMpixel, with the sidered forv were: Direct measurement error (provided by the
intention of studying K and [Or111] A5007 simultaneously. The fitlines package) and calibration error. For most cases, the di-
spatial resolution along the slit wa8®4/pixel and 036/pixel rect measurement error was not important. However, there are
for the red and blue spectra, respectively. The seeing varigsine positions where the strong blending of the lines increased
between 07 and 10. This observational setup produces a thrégsignificantly.
dimensional (2D spatial + 1D frequency) data set that can be
arranged as a series o_f high dlsper5|or_1 spectra assouate_d Gpﬁwe gas dynamics of NGC 4214
regular array of points in a map. Theaxis runs along the slit
from NW to SE and the axis increases with slit number, fromFig.[1 shows the H map of NGC 4214, which was already de-
NE to SW. The origin is fixed in such a way that the first poirdcribed in Paper I. Here we use it as a reference for the presenta-
in each slitis centered at= 1/3" and the first slit is centered tion and discussion of our spectroscopic results and to indicate
aty = 2" (thus, the last slit is centered at= 24"). the main features of NGC 4214. Big asterisks indicate the lo-

The data reduction was done using standard IRAF packagesion of the optical continuum maxima or the location of the
and our own procedures at the LAEFF SUN-Unix environmenanizing clusters (A,B,C following the nomenclature from Pa-
Both atmospheric emission lines and reference neon and copgmar|). The two large Hi regions lying along the optical bar —
lamps were used to calibrate our spectra in wavelength. Tlkich coincides with the galaxy’s minor axis as defined in the
combined data lead to an estimation of the absolute errorsHm map (Mclintyre, 1998) — are clearly seen. The largest one,
the wavelength calibration of 0.Gkand 0.08A for the red and NGC 4214-| (or NW complex), located around the optical-UV
blue spectra, respectively. nucleus (Fanelli et al. 1997) is at horizontal coordinates60’

The instrumental width of the linesr,, was 11.6 &= to z = 100’ while the second one, NGC 4214-Il (or SE com-
0.8kms~! and20.9 + 0.8 kms~! for the red and blue spectra,plex), extends fronx = 100’ to z = 120’ (see FiglL). Note that
respectively. The lower instrumental width combined with théme right hand side of the map was drawn with a lower intensity
longer wavelength for a similar dispersion leads to a better resiloreshold to unveil the much lower intensity emission features
lution in velocity for the red spectra when compared to the bldieund at large distances from the galaxy nucleus. Threshold
spectra. As a consequence of this, many points in the red speealaes are indicated in the figure caption.
which in Ha showed non-single-Gaussian profiles (i.e. which On the map we have marked several zones which have been
showed multiple velocity components) appeared blended intaalysed in detail. The first one, zone 1, covers an area’of 13
single Gaussian, or almost Gaussian, profile inifpA5007. x 12’ (equivalent to 260 p& 240 pc) and includes the optical-

2. Observations and data analysis

— O
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Fig. 1.Ha synthetic map of NGC 4214 obtained from long-slit spectra. The left side corresponds to the sites of most intense star formation and has
a minimum contour value of 3000~ '" erg s™! cm™2 arcsec? and a maximum of 7500 in these units, with the other six levels logarithmically
spaced. The right side, wherex¢mission is much weaker, has minimum and maximum values of 20 and 300 (note that the minimum contour
on the left is the maximum contour on the right), with the other six levels also logarithmically spaced. The axes are labelled in arcseconds with
respect to the first pixel of the first slit’(= 20 pc), withz in the horizontal direction anglin the vertical direction (see text). This coordinate

system will be used throughout this work. The regions of interest have been marked as 1, 2, 3, 4, k11 (altogether known as the NW complex
or NGC 4214-I), SE (the SE complex or NGC-4214-1l) and k16. The asterisks indicate the location of the continuum knots, the size being a
measurement of their intensity. The continuum knots referenced in the text are labelled as A, B, C, D, E and K (see Paper I).

UV nucleus of the galaxy and the brightest ldmitting area of 3.1. NGC 4214-| (the NW complex)
NGC 4214-1 which includes the brightdiknots 3, 7, 8, 9 and
10 (according to the nomenclature used in Paper I).

Zone 2 covers an area of 16 8’ (equivalent to 320 px
160 pc) towards the southeastern border of zone 1 and span
lower intensity area at the optical SW edge of the bar, where
Hunter & Gallagher (1990) detected the filamentary low emi8-1.1. Zone 1

sion structures or “froth” features, emanating from the centr,.g{g-[2 shows the resuilts indicorresponding to the six slits (7

regions of the galaxy._ . . . %12) that traverse zone 1. At several spatial positions, up to
Zone 3 covers a similar size area and contains most of N . L . o .
fee line emission components have been identified, and their

4214-I not included in zone 1; the brightakknots 5 and 6 — . s L . X .
. intensities and velocities are also represented in the figures. Di-
see Paper | — agell as continuum knot B. Zone 4 traces the

background k emission at the northern border of NGC 4214_’amond symbols have been used to indicate marginal detections.
Aﬁan example, Fi@.l3 shows four spectra extracted from slit 9.

Knot C was not included in any zone because itis an apparen]t e spectrum in Fig]3a shows a clear and well resolved two

older cluster which has almost no gas in its surroundings. The s : . .
o o2 X component splitting. Fig]3b is a clear case with three resolved

only remaining part of the original ionized cloud is located someg ; .
. components and Fids. 3c and d are examples of marginal detec-

70 pc towards the south of the cluster. This cloud does not shpw_ .
ons: a blue secondary componeritin 3c and ared one iitase 3d.

any important kinematical difference with its surroundings anél,0 attempt has been made to assigmalue to the secondary

therefore, will not be studied in this section. : T
components. However, largevalues of the main emission line

We have also analyzed the spectra of the three maikrtdts . .
: ay result from confusion with nearby unresolved red or blue
of NGC 4214-11 (zone SE) and that of two small but intense an ) . X .
condary components, leading to possible fluctuations in

peculiar emitting knots. One of these is on the border of NGZZross the slit
4214-1(k11) and the second one (k16) is a low intensity emitting In zone 1 (see Fi§l2) an extended, low emission, central

region 50/ (1 kp_c) away from NGC 4214-11. . .valley is surrounded by a broad rim which extends from71”
The Hx emission line for each of the spectra included i i ; . . .
. . 0z =79 between slits 7 to 12. The full dimension of the ring-
the marked areas has been analyzed by fitting either one, twao . . .
i . . . Ike structure is 200 p& 200 pc and the H intensity is a factor
or three Gaussian profiles and from these we derived intensit

velocity ands values (see the previous section). The arametgrs100 lower in the center or valley region.
Y P . P The low intensity Hy valley is almost coincident with the

have been plotted as a function of position along each of t,we . ) .
. = .location of the young stellar cluster derived from the continuum
slits that traverses the marked zones. All velocity dispersion

. map (Knot A) and is indicated in the figure with large asterisks.
(o) values have been corrected for instrumental and ther . o .
) . € main emission line component is present over the whole
broadening. The velocity reference has been taken from the . e
area and does not show large velocity variations over zone 1,

map (Mcintyre, 1998). From this map, the heliocentric velocity . 7
at the nucleus is 300 knT$. This value has been substracted t\())o'th a mean value about & 10 km s, with respect to the

all measured velocity centroids presented in this paper systemic one.
y P Paper. Blue and red secondary components have been detected over

an area of about 140 pc¢ 120 pc, extending over the ring-like

The largest star-forming complex, NGC 4214-1, is covered by
zones 1, 2, 3 and 4 (see Hig. 1) all of them presenting different
o3 dynamical properties.



J. Maz-Apellaniz et al.: Kinematical analysis of the ionized gasin the nuclear region of NGC 4214 67

ZONE 1
INTENSITY VELOCITY o
68 69 70 71 72 73 74 75 76 77 78 79 80 68 69 70 71 72 73 74 75 76 77 78 79 80 68 69 70 71 72 73 74 75 76 77 78 79 80
rrrrr-rrrrrrrr-rrrTr T orTrT E\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘: 303\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘{30
_ 50 | 150 i ]
g 10° L 110° ! ] 25:;E *:25
% _/_’_/-_\ 0 ?IImIm:mIIImImII‘ : 0 20 }EE EEE 320
o 10° L 4 10? E ] 15;— Hﬁﬁﬂﬁﬁf EHI —;15
= -50 | 150 15 i % i
i 1 10 F ¥ 10
-100 [ J-100 T f EE
10" Bt 100 B ] }‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘\11‘:
[ ] 30j j30
50 [ 150 : ]
FOE T 4 10° ; ] B 1 1%
(I\Ij ’?Inm Y ;}E E E ]
> 0r it N 10 20 - }E{ Ei E 4 20
= [ ] [ ¥ i3 ]
;‘ 10° | 410° 50 [ J-50 15 F EE EE HEHHEE 415
’ : j z e it
Sk kR A HFK -100 7 7 -100 10 E 1 10
10" o 100 B e e
F ] 30 F J 30

. ~/\/\ e s =
L ; 0 1?’“@&‘11 II“’!: 0 20 { EEHEE * 20
9 — man ¥ T g™ 1 R ¥ 71
I e R o S S Rl it s
-~ blue P b Hﬂﬁﬁ — ~100 *° 7 7 °
:}:}:}:}:}:}:“}:}:}:}:}:}:; 301:}:}:}:}:}:}:}:}:}:}:M}ESO
i HEHIImeﬂI‘% 7 50
~ : 1 25 r ] 25
T o a0 207 il 120
; 7 EEE,: II‘Ittunnxt" ] IEEEE EEE EE
2 - S s 150 g h RUCE L
: Enl!u . ] : EE I EE 1
- H i E 11001 ¢ HHI E 10
{EE 307}\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\%30
_ - IIHII:IIIB 150 ?ﬁﬁﬂi 7 -
'Hé ™ eamesed 0 20 ) (23 120
s T E ! Hﬁﬁi}}ﬂé’
= s 1-50 151 EEHEEE 315
| o e
:111111*1*1*1*1*1*1*115 30;1*1*1WWEWWWWWWW*M{SO
- 450 aps: IS ]
5 : R 1% 1%
¥ e e 200 g 1%
% o L 10 _50; E_SO 15 , EEHEHEEEHE; 15
[ ] 10 F -1 10
sk -100 | 1100 | 1
o 6‘8‘6‘9‘7‘0‘7‘1‘7‘2‘7‘3‘7‘4‘7‘5‘7‘6‘7‘7‘7‘8‘7‘9‘8‘0‘ ' 6‘8‘6‘9‘7‘0‘7‘1‘7‘2‘7‘3‘7‘4‘7‘5‘7‘6‘7‘7‘7‘8‘7‘9‘8‘()‘ 6‘8‘6‘9‘7‘0‘7‘1‘7‘2‘7‘3‘7‘4‘7‘5‘7‘6‘7‘7‘7‘8‘75‘8‘0‘
X position () x position (") x position (")

Fig. 2. Intensity (irst columr), velocity (second columnando (third column) values fitted to the H emission corresponding to the spectra of

zone 1. In the intensity plots, the thicker line represents the main component. When the red or blue components are detected they are drawn with
a thin continuous line (red) or with a thin dashed line (blue). Large asterisks mark continuum knot A while the small ones trace the surrounding
extended young population (see Paper I). Diamonds indicate marginal detections as exemplifidd in Fig. 3. Different symbols are used in the
velocity plots to represent the main, blue and red components. The sigma is shown for the main component only. The separation between
consecutive slits is'2(40 pc), and the horizontal scale is in arcseconds<(20 pc). The units are0 =7 erg s™* cm™2 arcsec ? for the intensity

and kms™* for the velocity and.
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1100

3.1.2. Zone 2
1% Fig[4 shows the results from the detailed analysis of slits 9-12
that traverse zone 2. Zone 2 extends from the SE border of
] zone 1. The main line intensity (thick line on Hig). 4) decreases
1. as one moves towards the SE border of NGC 4214-I. The line
] intensity falls by almost one order of magnitude from position
120 81”10 95 onslits 9 to 11, over a distance of up to 280 pc, while
the peak velocity of this main emission component remains
almost constant, at about 0 km's the same value measured on
zone 1.

Looking at Figl# in further detail one can see that the inten-
sity fall is more pronounced along the first 5 positions (100 pc)
on slits 10 and 11. At these coordinates a red secondary com-
ponent is detected. Since its S/N ratio is not sufficient for a
secure fit to be carried out, movalues are given. The red com-

1 ponent velocity however is clearly shifted in a range between
1100 60-100 km s from the bulk of the K emission. As in Fid.]2

17 ] variations ino might reflect line contamination by non-resolved

1 F 1o components affecting the measured line width. It seems that, af-

6565 6570 6575 6565 6570 6575 ter reaching the edge of NGC 4214-1, which could be defined
Fig. 3a—d.Examples of full and marginal detections. Four spectrataké@hz = 86", the ISM is disrupted, most probably by a superpo-
at different locations along slit 9 are shown. The spectra show well &tion of two effects: the photoevaporation of the SE edge and
solved two and three componengsandb) as well as marginal detec- the interaction between the two star-forming knots A and B.
tions candd). The units ard and10~ " ergs ' A~ cm~2 arcsec?
for thex andy axes, respectively.
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3.1.3. Zone 3

o ) ) Zone 3istraversed by 6 slits (hnumbers 3 to 8), and includes con-
structure albeit being more evident on the tiepression and at i, ,um knot B (see Figl5). Theddine parameters are shown in
the position of the young stellar cluster. The blue and the red sggs 18 coincident with the location of this continuum knot (slit
ondary line components are displaced by about 70khfmm 5,2 = 85), an expanding shell with a velocity of about 25 km s

the galaxy bulk emission, presenting small velocity variation$,, pe seen. The signature of this shell can be tracked both in the

H 1
along the slits €10kms™). , L intensity and velocity plots and is one of the few places where
The velocity width of the main emission line componeny, main component cannot be defined, i.e., two components of
ranges from about 10 kn$ to 28 kms™!. The weighted mean gjnijar intensity are present at the same time. A spectrum is
sigma value for t he whole zone is supersonic and abQig,wn on FigBa. The shell has a radius of’2%0 pc) and is
17kms'. This value is only slightly larger than the integrateg}, st hrobably broken as it presents a red dominant component

one (15.8-0.6 kms ) over the whole NGC 4214-I (zones 1-4} ;o ds its northwestern end and a blue one in the southeastern
measured by Roy et al. (1986) and Arsenault & Roy (1988). yirection.

Onthe otherhand, the NW border of zone 1 traces the edge of o5 gne moves to the right inside zone 3 the Hitensity
the parent cloud, where the line intensity rapidly drops by MOfRops by more than an order of magnitude, in a similar way

than one order of magnitude (as one goes figny2" towards 15 \yhat happens in zone 2. A large-scale champagne flow has
= 68", across §I|ts 8_,11)’ and at thg same time, thalue developed. One can also see the signature of a large expanding
increases steadily to highly supersonic values (20-30K)'S g clearly reflected on the intensity and velocity plots (see
Whl|e' the veIQC|ty line cepter remamsiwell behaved.'An'abrupﬁg‘b) of slit 6. This shell is very elongated and spans almost
density drop is necessarily accompanied by a sharp line intensify: (200 pc) along the density gradient, but its width is smaller
decrease and if this coincides with the region where the Iin@%n 40 pe, as it only occurs in one slit. Moving along the slit,
become broader, then both observables seem to be tracingedintensities of the red and the blue components add up to
champagne flow (Tenorio-Tagle 1979) playing a major role ghilar intensity values displayed by the main component along
the boundary of the |9n|zed .clou'd. _ either slits 5 or 7 at similar locations along the density gradient.
Although not msllcated in Figl2, a low-level, very widerpe e|acity separation implies an expansion of some 25K s

(0 ~ 600-700kms™") Ha component was also detected at thfsee Fig ). The trend along the slit can also be understood
location of the young stellar cluster. This very wide componegg resulting from an expanding bubble. Each component, when
was Qi§covered by Sargent & Fillipenko (1991), who attribuV;esolved, has the same line width as that of the gas nearby and
its origin to the WR stars known to be present there. Our daffihe extreme ends of the slit. The enhancements right at the

corroborates this broad component is centered at the positiogf,ngaries of the splitted line region can be understood as the
the cluster and is not present anywhere else.
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Fig. 4. Intensity, velocity andr values fitted to the H emission corresponding to the spectra from zone 2. Symbols, lines, slit separation,
horizontal scale and units are as in Fig. 2.

integrated intensity along the line of sight of a thick shell which  Both emission lines show similar properties. The physically
defines the boundary of the bubble. The width of the two bumgmall but intense emitting knot displays a maximum and al-
in the o plot could be taken as a coarse measure of the shalbst constant velocity of about 25 km'sin the case of k.
thickness (around5or 100 pc). and 35kms! in the case of [Qi] A\5007 with respect to
The second bubble, extended along the density gradight systemic one. These velocities imply a redshift of some
seems to be spatially connected to the smaller one (sitting 2ir-30 km s=* compared to its surroundings. On both sides of
cluster B). Its most likely formation mechanism is a blowouhe intensity and velocity maxima the lines become broader by
of the first superbubble, produced when evolving into the lowetore than 10 kms! with respect to the nearby ISM.
density medium (see Conier 1997), as we will discuss later.

3.1.5. Zone 4

Zone 4 represents the NE border (see [Big. 1) of NGC 4214-
To the NE border of zone 3, though clearly separated, there isand encloses a large area where the emission lines outside
small (about 4 or 80 pc) emission knot (knot 11 on paper | anthe important star-forming regions (clusters A and B) can be
in Fig[). This knot has been analyzed through a slit crossingalyzed. The zone contains the background ionized medium
the peak intensity maximum (slit 2). On each position of thepresentative of the intercloud ISM of the galaxy.
slit, both Hv and [Or11] A5007 lines are well fitted by a single  As in the other three zones, a plot showing the intensity,
Gaussian and the results are shown on[Fig. 7. velocity ando fits to the Hy emission lines has been built and is

3.1.4. Knot 11
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Fig. 5. Intensity, velocity andr values fitted to the H emission corresponding to the spectra from zone 3. Symbols, lines, slit separation,
horizontal scale and units are as in Fig. 2. Asterisks correspond to continuum knot B. When two components are present and it is not possible
to decide which one is the main one, both are represented with a thick line. In these cases, where passitbeyn for both components.

presented in Fid.]8. The area s covered by 6 slits (slits 1 to 6) gmésence can still be traced. As one moves to the southern corner
spans fromx =59’ tox =81". Although zone 4 has been chosenf zone 4 the line intensity progresively increases approaching
to be far from the most intensentknots in zones 1 and 3, theirthat meassured on zones 1 and 3. Therefore, there is not a sharp



(&

. Mdz-Apellaniz et al.: Kinematical analysis of the ionized gasin the nuclear region of NGC 4214 71

600 [ T T ] T — 777100

Inzones 1,2, 3and 4, if one takes into account the differences
1o Inresolution among the blue and red arms of the spectrograph,
] the [Om1] A5007 emission behaves in a very similar way as H

1s0  However, the poorer spectral resolution of the spectrograph blue
] range has inhibited the measurement of the secondary compo-
1 nents.
720

3.2. NGC 4214-1l (the SE complex)

0

0

S T T S . . .
6565 6570 6575 6565 6570 6575 The ionized gas emission of the star formlng complex to the

Fig. 6a and b.Spectra obtained at the two shells detected on zone%'.E has been analyze_:d Fhrough _4 slits starting W'_th slit 9 Wh'ch
The spectrum on the left corresponds to the shell on slit 5 and th&r0SSes the peak emission maxima. At each position on the slit,
one on the righb to the one on slit 6. Units are the same as in Fig. 32missionlines are reasonably well described by one single Gaus-

sian and results of the fit ofddand [O111] A5007 are shown on
KNOT 11 Figs[9 an@ 0. We start the description with slit 9, which will be

s goHu 5 o [C;'g A5°9°27 o also taken as the reference for the SE region. The whole com-
‘ ‘ ‘ ‘ ‘ : : plex seems to be blueshifted about 10-20 krhwith respect to

30 - T III% Eié 30 NGC 4214-1. Within the slit, the velocity spreads on a range of

) T 1 1 : ; i
0 P EPSCIN 3 about 15kms-, implying small relative displacements of the
% et IIIIIIII féiﬁﬁ L2 HEH ﬂ 20 ionized gas. The velocity dispersion is around 10 krhand,
© 10f Foet ¥ it J10 therefore, sub-sonic almost all over the cloud, except for the left
1 E E ] part of the region (fromx =98’ to 101’). Theo value grows at
oF T b both borders of the complex, specially at the NW one. On both
. T T extremes on the region, the S/N is still good enough for a good
A S fit to be done and artificial broadening of the line due to this
oF T mﬂ 740 reason can be discarded. This possibility of photoevaporation
Z %0r i T E 1 130 taking place on the borders of the parent cloud implies also a
§ 20 b f Eﬁ% + # E J20 density bounded ki region and thus the three intensity peaks
o ]
>

ﬁ 110 could be local density enhancements close to the massive star
Bﬂﬁﬁ clusters and presently being disrupted by them. As we move to-
] wards the SW edge throughout slits 10, 11 and 12, the intensity
decreases and the identity of the individual knots is smeared
out. The velocity increases reaching a maximum at position
=98’ on slit 12. Line widths also show a tendency to grow and
some features showing local maxima both in velocity and in
can be identified (see e.g., positions from16&@ 110’ on slit
12). These again may be features showing gas outflows from
the density bounded regions.

N %ﬁiﬁﬁ : Hﬁﬁ

INTENSITY

U B M .
86 88 90 92 94 86 88 90 92 94

x position () x position () 3.3. The edge of the optical bar and the velocity curve

Fig. 7. Intensity, velocity and values fitted to the H emission and o, the right-hand side of Figl 1 we display other low intensity
[O 111} A5007 along the slit crossing knot 11 (slit number 2). Symbolg, ., -e5 present along the optical bar of the galaxy. Among
lines, slit separation, horizontal scale and units are as in Fig. 2. - . - . .
these, the most evident is the giant ring-like feature between
x =145’ andx = 168’, with a strong emitting knot (knot 16, in
the nomenclature of Paper I). Line widths of both red and blue

boundary at NGC 4214-1 as one moves towards the NE on gnponents increase when reaching the intensity maximum at
galaxy, but instead a continuous extended medium all of it wigRot 16. This giant ring could, at first glance, be interpreted as
the enhanced values of characteristic of the photoevaporathe result of a large energy injection. However, there is no trace
tion. The velocity of the main component presents values clddeUV continuum associated (Fanelli et al. 1997) and thus no
to the systemic velocity of NGC 4214, as expected, consideriigce of a stellar generation capable of blasting the ISM and
the proximity of the area to the main star-forming knots of th@ausing the 400 pc diameter ring.

galaxy. A few secondary components are detected, including a Knot 16 has been analyzed by fitting the emission lines along
wide one in slit 6 whose widthy(~ 60 kms!) could be mea- slit 8, which traverses the peak intensity maximum. Results of
sured. However, these components do not seem to posses§'@ht fitare shown in Fid. 1. The emission line splits into two
organized large scale structure, as suggested by Martin (19¢gjnponents across the knot, and presents a main component an
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Fig. 8. Intensity, velocity and values fitted to the H emission corresponding to the spectra of zone 4. Symbols, lines, slit separation, horizontal
scale and units are as in Fig. 2. Note that in this case we have been able to assidueato a secondary component (compare with, e.g.[Fig. 2),
the wide component on slit 6.

order of magnitude brighter than the background. The velocithe blue line shows a higher relative velocity reaching up to
of the most intense line reaches a maximum of 75kl som- —175kmst.
pared with the systemic velocity measured in the nearby ISM.
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Fig. 9. Intensity, velocity and values fit to the & emission corresponding to spectra from zone SE. Symbols, lines, slit separation, horizontal
scale and units are as in Fig. 2. The positions of continuum knots E, D and K are nearly coincident with the three intensity maxima on slit 9.

Fig[I12 shows the rotation curve along thexis (i.e. par- that the ionizing stellar clusters can cause peculiar motions in
allel to the slits) derived from our data on the central regiotise ionized gas that make them depart from the mean rotation
of NGC 4214. This was obtained from all the pixels whereurve determined across the bar.
the main Hv component had a value above a threshold of The velocity curve along the direction coincides (within
201077 ergs ' cm~2 arcsec?. The threshold was used in or-5 km s7!) along the central 1.8 kpc with theiiotation curve of
der to avoid values with low S/N ratio. Since twelve slits werkicintyre (1998). Although with much lower spatial resolution
used, that is the maximum number of points that can appear (8@"), the Hi data extends over a much larger area. Mclintyre
a given value of:. also detected a much larger gradient alongjttigection, which

The central 90 (1.8 kpc) can be reasonably well adjustet expected since it corresponds approximately to the minor axis
by a solid body rotation with a projected velocity gradient aff the galaxy. That effectis not observed in our data. We attribute
18.2kms! kpc! (assuming a distance of 4.1 Mpc). Howit to the shorty range in our data and to Mcintyre lower spatial
ever, some pixels deviate from the mean rotation curve by tgsolution.
to 30km s L. Three regions show strong deviations towards the Outside the central 1.8 kpc, the rotation curve flattens to
blue (around:r = 77, 85’, and 101) and another one towardsthe NW and remains approximately constant to the SE. These
the red (around: = 90”). These regions correspond to continresults are also coherent with those of Mclntyre (1998), leading
uumknots A and B, and knot E (the NW part of the SE complexs to conclude that the rotation curves detected in both hydrogen
for the blueshifted cases and to knot 11 for the redshifted ophases are quite similar. The small detected departures can be
In all cases, they correspond to continuum maxima, indicatisgmply ascribed to random motions induced by the young stellar
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Fig. 10.Intensity, velocity and values fit to the [Q11] A5007 emission corresponding to spectra from zone SE. Symbols, lines, slit separation,
horizontal scale and units are as in Fig. 2. The positions of continuum knots E, D and K are nearly coincident with the three intensity maxima
onslit 9.

clusters. A similar conclusion was reached by Hartmann et micluded the two main ionizing clusters of the NW complex (A
(1986). and B) and the corresponding three clusters of the SE complex
(E, D and K). As mentioned in Paper |, these three clusters are
_ ) studied together, due to the impossibility of separating them
4. Discussion with the available data. We have also included for comparison

The ISM around the nucleus of NGC 4214 is very complex a§#ister C. The number of Lyman continuum photaNg () has
we do not pretend to offer a complete explanation of its presditen derived from the luminosity of theHine. The effective
morphology. There are, however, several features, in particd@mperatureXs ) of each cluster has been obtained from the
the largest structures and detected flows, which offer the podiie ratios given by Kobulnicky & Skillman (1996) following
bility of assessing the importance of both photoionization ake calibration of Cervio & Mas-Hesse (1994), as explained in

mechanical energy deposition by strong stellar winds and SRaper |, except for knot C for which the prediction of the syn-
on structuring the ISM. thesis models has been indicated. The observed radi)sqd

expansion velocity(,,,) for the superbubble(s) around each
. cluster are also shown in Table 1. In the case of knot B, the first
4.1. The ionizing clusters of NGC 4214 set of observed values refers to the superbubble centered on the

We listin Table 1 the observed and derived properties of the m&gntinuum knot while the second set refers to the superbubble
sive young ionizing clusters around the nucleus of NGC 421rated towards the SE of the continuum knot. We also indicate
and their surrounding shells and bubbles. In our sample we h¥¥ether a blowout is observed and the measured kinetic energy
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KNOT 16 — Different parametersi{ (Hg), effective temperature, WR
stars presence,...) are used to constrain the @Q@fthe
ionizing clusters.

S e e — Comparing the total continuum luminosity of each cluster

i 1 1 } E J ] at H@ with the predictions of the models for the assumed
80 | 180 . )
I ] age, we derive the total mass of gas transformed into stars
60 [ 160 (M,.) during the starburst episode. The model predictions are
° : { ] normalized to 1M, of stars for an instantaneous burst with
40 . « main 1 40 a Salpeter Initial Mass Function between 2 and 120,
ro= v blue ] We have extrapolated the derived mass of the clusters given
or, beo- 1% in Table 2 to the range 0.1 to 120 ,.
o F o E *E* E‘ E N f 50 — The model predi_ctions for the mechanical energy input rate
: E f f ] (due to stellar winds and supernovae) and the total release
or . E 10 of mechanical energy during the history of the cluster (

E 50 P f == =7 50 andFE, respectively) are de-normalized by the total mass of

S E ] the cluster at the given age.

g -100 ¢ 1 ~100 — Following Bodenheimer et al. (1979) we have finally com-
~150 [ 1 -150 puted the kinetic energy given to the gas upon photoioniza-
200 7 N £ E Ii E f o 7 200 tion during the champagne phase as

, ‘ ‘ ‘ ‘ ‘ Ephoto = fkTeffNLyc (2)
0 where f represents a correction factor that accounts for the

- fraction of the photon energy that remains as heat and the

2 energy radiated away and for the fact that when the starburst

UEJ 0t L is younger a higher number of ionizing photons are emitted.

= [—— main | ] From the data given in Table 1 and assumjhg- 0.1 (a

—— blue ] somewhat arbitrary value), we derived thgy,.:, values
T given in Table 2.
163 164 165 166 167
x position ()

4.2. The giant Hi regions in NGC 4214
Fig. 11.Intensity, velocity and values fitted to the H emission along

the slit crossing knot 16. Symbols, lines, slit separation, horizontal scdig€ main characteristic of giantirregions is their supersonic
and units are as in Fig. 2. line width (15kms! < ¢ <40kms!), believed to be related
to the ionizing cluster formation stage (see Tenorio-Tagle et al.
_ _ 1993). The action of stellar winds and supernova explosions
Table 1. Observed_ and derlvgd properties of the stellar clusters & uld also contribute to broaden the emission lines but, since
NGC 4214 and their surrounding bubbles. the o values correlate with the size of the emitting regions, as
shown by Terlevich & Melnick (1981), the main driver seems

Knot 15\5]%”_1 f(;%f {< R kvgmﬁl blowout 105’3 to be related to the original properties of the protocluster. Per-
S pe ms e haps the best criterium to select the size of a giantidgion
A 4.5 37.0 100 70 YES 1.0 is through a determination of the “kinematic core” (fe-
B 1.8 37.0 50 25 NO 0.9  Tufbn et al., 1995). This is the size of the area of the ion-
200 x40 25 YES 0.6 jzed nebula across which a single Gaussian supersonic line can
c 042 340  70? YES be found. Good examples of this are the giant kegions of
E+D+K 4.4 385 <10 NO

M101 (Muhoz-Tuidn 1994) and those catalogued in NGC 4449
(Fuentes-Masip 1997).

NGC 4214-| presents supersonic emission line widths and
has previously been classified as a single giantregion. Ar-
senault & Roy (1988), for example, list it as a region 560 pc in
(E?) contained in the observed superbubble assuming that thi@meter with an e-folding velocity width of 21.1 km’s Our
emitting gas has a density of 100 ¢t studies, however, (see Sect. 2 and Paper I) have clearly shown

The properties listed in Table 2 have been obtained by cothat two well separated and massive young clusters contribute
bining the observational measurements and derived parameteithe ionization of NGC 4214-| (cluster A in zone 1 and B in
discussed above and in Paper | with the predictions of evolutiaone 3). The presence of two stellar clusters implies that NGC
ary synthesis starburst models by Céo/& Mas-Hesse (1994) 4214-1 may not be a single giantiiHregion but rather the re-
and Cerviio (1998), according to the following procedure:  sult of two neighbouring ones. Under such assumption one can
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chanically unperturbed regions, or area exterior to the central
shell. When doing so we obtain values Bf= 100 pc ando
= 20kms!. Although it is clear that the uncertainties in the
parameters associated to the twa Fegions are very large, the
important result is to resolve the complex NGC 4214-| into two
separate GHIIRs. This new classification makes both of them
fall on the Terlevich & Melnick (1981R vs.o and L(H3) vs.o
correlations. On the other hand, if we consider both as a single
entity, the resulting region does not fall on the correlation.

The large H1 region NGC 4214-II does not present a uni-
form supersonic line width and, therefore, does not belong to
the giant Hi1 region class.

34.5—

34.0—

log,, L, (ergs/s/Me)

33.5—

4.3. Shells, bubbles, superbubbles

‘ We have presented kinematical evidence of the existence ofthree
NI TR R NI BN RRNAN N AT R A AR shells in NGC 4214-1, one of them associated to the most mas-
0 ! oo 4 sive starburst (cluster A in zone 1) and two more some 400 pc
to the south (associated to cluster B in zone 3). There is also a

Fig. 13.Mechanical energy input raté.() and integrated valuétt,)  proken large-scale ring-like low intensity feature (see [Big: 1,
per unitmass as a function of time for an instantaneous bursvith  _ 4 1/ ¢ 170") located 1.8 kpc away from the nucleus

0.008 (which is close to the metallicity of NGC 4214, see Kobulnicky Given the mechanical energy expected from the ionizing

& Skillman (1996)) and a Salpeter IMF between 2 and 129.Nly . | d thei deri h
is the sum of the contribution from winds from non-Wolf-Rayet Starg,]asswe Clusters and their age, one can attempt to derive the

winds from Wolf-Rayet stars and supernovae. The contributiaito Properties of the superbubbles (radRisexpansion speed.;,

from Wolf-Rayet winds and supernovae has also been representedinetic energyEy;) that they should have produced, assuming a
uniform mass density, for the background medium. This was

done by Weaver et al. (1977) assuming a constant mechanical
infer dimensions and velocity dispersion values for the two Henergy input ratd.;,. However, that hypothesis is not valid for a
regions from our high resolution data. ThaiHegion around starburst. During the first 3 Myr after the formation of the clus-
cluster A has a radius comparable to the distance betweentée the mechanical energy input is dominated by winds from
cluster and the western edge of the dense region, which preseaisy type O stars. These stars present an increasing wind lumi-
the largest intensity and a supersomivalue ¢ = 17kms™'). nosity with time. This effect can be clearly seenin Fig. 13, where
This radius is equal to 100 pc. Note that this also coincides witle mechanical energy input rate and integrated value (obtained
the cluster radius derived from HST data by Leitherer et d&om the models of Cerfio & Mas-Hesse (1994) and Ceifa
(1996). The region around cluster B seems to be more distorted9g)) as a function of time have been plotted. Although the
by the mechanical energy deposited by the massive stars. Thisdel of Weaver et al. (1977) is therefore not directly applica-
H 11 region shows a central superbubble and a secondary largier, an analytical solution can still be found, as shown in the
bubble extending along the edge of the cloud. However, a radjispendix, yielding:
and ac value can be obtained from the values of the still me-

33.0—
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wn
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1\® 2 and the (now unobscured by the disk) red component. The latter
R(kpc) = 0.88 o t7 (3)  will extend even further than the blue one when lines of sight
begin to pick up the part of the shell that is bursting out of the
Loa\?® _2 disk on our side but whose furthest away side is expanding away
—1 41 -
Vegp(kms™) = 52 <n0) t. (4)  from us.

The superbubble expected around the star cluster B also
whereL,; is the present |umin03ity in units o6*! erg g! (not seems to have burst out of the parent cloud but this time into the
constant any more)y, is the background gas density in cfy  intercloud medium causing an elongated and larger secondary
and¢y is the evolution time in units of07 yr. This model has, shell, both of them well detected in our spectra (see Fig. 5). The
of course, its limitations: As it can be seen in Eig. 13, a pow€kpanding shells are still detected; the first one has experienced
law cannot provide a good fit over periods of time longer thdHowout whereas the second one is still complete and, therefore,
3—4 Myr. However, it can a|Ways serve as a Comparison to tHQeS not seem to have experienced blowout yet. Itis interesting
constant input rate model of Weaver et al. (1977) in order t@ note that the expansion velocity expected is roughly consis-
provide an estimate of the dependenceRoénd v, on the tent with the observational value, despite the irregular geometry
variability of the mechanical energy input rate. induced by the blowout of the main shell.

Applying Eqs[3 and4 to the derived data of the differ- The above discussion is in agreement with recent observa-
ent regions we have obtained the size and expansion velocitiegs reported by Martin (1998) who finds evidences of shells
of the expected superbubbles. The results appear in Tabléd loops structures out of the main optical body of NGC 4214.
where a background density of 100cihas been assumedShe finds no peculiar kinematical patterns associated to them.
(see Paper I). These superbubble parameter predictions haveis, together with the known fact that blowout has already
be taken with caution when compared with the observatiori@gken place on present day starbursts, points towards the pres-
values. They would correspond to the properties that the bgice of secondary shells generated by sweeping an extended
bles and shells should have assuming spherical symmetry &agnponent of the Hhalo material.
an homogeneous interstellar medium. For the three clusters in the SE complex (the youngest star-

Around cluster A one can see the main emission from tf@ming region in NGC 4214), we find no peculiar kinematical
galaxy across the low intensity valley but not a complete shégatures —except for the champagne flows at the borders—, while
of 116 pc across expanding with a velocity of 21 km @s ex- fromtheir evolutionary state and associated energetics we would
pected from the theory (see Table 2). The lack of a large kirxpect to find an? ~ 70 pc superbubble at low expansion ve-
matically detected shell around cluster A thus implies a limitirlgCity (=~ 14 kms™!, see Table 2). This disagreement cannot be
mechanism or a threshold value in the galaxy that inhibits tfelved by assuming the existence of three smaller unresolved
build up of structures larger than about 100 pc in radius, implubbles around clusters E, D and K, since the expected radius
ing the blowout of the superbubble. On the other hand, thdfethat case would be around 60 pc for each one of them and
is a ring-like feature associated to the starburst located at ff@uld appear resolved in our data.

UV nucleus (see Sect. 3.1.1), which presents a red and a blueOne possible explanationto this apparent lack of a superbub-
Component in K at various positions across it. Both Compob'E is the existence of a strong density gradient. Sucha gradient
nents are shifted some 70 kmisfrom the main most intense would have led to a blowout as described by Comne(1997),

line p|aced at a Ve|ocity\, Vgalaxy- The presence of this mainSim”ar to the one in the NW CompIeX. However, such a blowout
component implies that the stellar activity, even in the nuclegould have produced effects which are not observed in the SE
of the galaxy, has not been efficient enough to sweep all templex: the maximum of the gas emission is not shifted with
surrounding ISM into a shell. The shell-like structure is realligspect to the continuum (as it is in the NW complex) and the
a depression found in the intensity of the various lines but it i profile does not deviate from a gaussian profile within the
not a cavity as that predicted by theoretical models of stel@gcuracy of our data. Cont@r (1997) predicts thatasymmetries
winds and SN remnants. Furthermore, in a velocity vs. positidhthe Hx profile should appear at a level &f0.03-0.05 times
diagram the feature does not present the characteristics typibglmaximum intensity and we do not find them even at a level
of an expanding shell (SUCh as the |argest Sp”tting when dH) times lower. Therefore, the most Ilkely explanation for the
served towards the center and a single emission line neareritg-detection of a superbubble in this region is its real absence.
edge) and the observegxp is much larger than the expecte(ﬁ similar resultis obtained for a small cluster in NGC 604 which
value. The feature, apart from the strongest emission centerei§ &pparently younger than the rest of the recently formed stars
the velocity of the galaxy, presents an extended red componé@re (Maz-Apellaniz et al. 1999).

spatially shifted from the less extended blue counterpart. The What other possibilities can explain the non-existence of
only geometry in agreement with all these features is that oftis superbubble in the SE complex? We postulate that the ori-
young filled superbubble bursting out on both sides of an aim@# is the existence of an inhibiting mechanism for the creation
face-on and thin galaxy disk and undergoing a sort of jet-lil¥ superbubbles by winds during the first 2-3 Myr after the for-
process (Comén 1997). Lines of sight across the bubble willation of the starburst. If we delay the onset of the formation of
display first the blue component (from the bursting counterpaie superbubble for such a period of time, both the non-detection
approaching us) and then a region of overlap between the bRie superbubble in the SE complex and the small size of the



78 J. Maz-Apellaniz et al.: Kinematical analysis of the ionized gasin the nuclear region of NGC 4214

Table 2. Some properties of the clusters and superbubbles in NGC 4214 obtained from the synthesis models, as explained in the text. The
assumed background density is 100¢mM, is normalized to the rangi1-120 M assuming a Salpeter IMF (note that this normalization is
different from the one applied in F[@113R" andv!,, have been calculated from Efk. 3 &hd 4. However, since C is older than around 3.5 Myr,

we have included not only the predictions of Hds. 3[And 4 but also those fron Elys. A7 and A.8.

Knot M, Ty Rt szp Ly, Ej, Ephoto
105 Mg Myr pc kms! 10%ergs! 10°erg 10°erg
A 3.5 3.0-35 116 21 11.6 155 236
B 1.0 3.0-3.5 91 17 35 46 94
C 0.7 3545 87-110 13-16 1.5 74 27
E+D+K 1.6 2.8-3.3 70 14 1.2 44 213

ones detected inthe NW complex could be explained. This delay This scenario would also be consistent with the overestima-
with respect to the theoretical predictions could be associateditm by evolutionary synthesis models of the total mechanical
the results of Bernasconi & Maeder (1996). Their calculatioemergy released, as itis clear from Tables 1 and 2 when compar-
show that very massivex( 60 M) stars take 2 to 2.5 Myr to ing the predicted and the measured values. First of all, the delay
accrete their mass and that during that period of time they areialthe apparition of the most massive stars would significantly
ready burning hydrogen while hidden inside their high densitgduce the total release of mechanical energy compared with the
molecular gas cocoons. Therefore, the release of mechanmaldiction of synthesis models. Furthermore, the disruption of
energy by the most massive stars during the first 2 Myr aftire structures discussed above inhibits the measurement of the
the onset of a burst would be much smaller than expected, &iktic energy of the gas in the optical regime. And, finally, an
so the formation of bubbles and shells would not really stamportant fraction of the mechanical energy should have con-
until the most massive stars have completed their accretion piributed to heat the interstellar gas, which would cool by the
cesses, at a burst age of around 2 Myr. We note here that duditfuse X-ray emission detected in these galaxies, as discussed
this effect thél// (H3) values predicted by present evolutionarin Cervifio (1998).
synthesis models, which assume all stars at ZAMS at the sameThe only large-scale ring structure detected is the one at
time, would be significantly overestimated. This could explaih.8 kpc from the nucleus. As already discussed on Sect. 3 it is
the lack of detection of starbursts withf (Hg3) values above unlikely that the structure had been generated by present day
300A, while synthesis models predict values for young bursstar formation. It is most surely produced by the general UV
well above 500A. background of the galaxy. The feature is also identified in the
Based on these results, we propose that NGC 4214 i$1a maps of Mcintyre (1998), where it presents also a ring-
dwarf spiral galaxy, with a disk much thinner than that of othdike shape around a central depression. It therefore seems very
irregulars with similar optical appearance like, for examplékely that the feature results from the partial ionization of the H
NGC 4449 or NGC 2363. In this way all the structures praing bordering the disrupted and yet undetected giant molecular
duced by the stellar mechanical energy input must become dikud being eroded by the background UV flux. The giant cloud
rupted after blowout, as soon as their remnants exceed the swallild sit at the end of the bar where matter accumulation is
thickness of the galactic disk-00 pc). Once this happens angbrobably leading to the build up of clouds. In such a scenario,
given the orientation of the galaxy, there should remain no clghe giant cloud is thus predicted to fill the central depression
kinematical information to be detected in the optical regime. Been in the H distribution.
such a case, itis only the morphological detection of elongated
rings, loops and holes that can provide us with some idga_abg_%_ Photoionization champagne flows and froth features
the power of the stellar energy input. On the other hand, inirreg-
ular galaxies such as in NGC 4449, NGC 2366 or Ho II, witNGC 4214-] might be density bounded, according to Leitherer
an ISM distributed into a much thicker disk, shell structureat al. (1996) and Sargent and Fillipenko (1991). We found in
can be larger, more massive, and longer lived. In such a c&sper | that most of the Lyman continuum photons produced
remnants of the stellar activity are more easily recognizable riytthe young stellar clusters were ionizing the dense gas clouds
only through their morphology but also kinematically by meariecated to the south of them. The inhomogeneous distribution
of well detected line splitting. According to this scenario, thef gas suggests that some fraction of these photons might be
lack of well defined structures would not be surprising whdeaking from the star-forming regions. This might also be the
comparing NGC 4214 with, for example, NGC 4449 (Fuenteesase for all the Hi regions in the SE complex. Along the borders
Masip et al. 1995) or with NGC 1569 (Tomita et al. 1994) foof all of them, sharp line intensity drops of more than an order
which similar studies of the central 2 kpc with comparable, @f magnitude are accompanied by a sudden increase in the gas
even poorer, resolution have yielded a large number of kinemeglocity dispersion up to supersonic speeds.
ical features and thus to what at first glance may seem a richer Both of these flow features agree with the predictions from
structure of the ISM. the champagne phase (Tenorio-Tagle 1979). UV photons leak-
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ing out of a dense cloud into the surrounding medium generate regions, each one of them associated to one of the clusters.
upon photoionization a large pressure difference causing the Both Hir regions taken separately fall on the Terlevich &
champagne flow and with it the dispersal of the dense cloud. Melnick (1981)R vs. o and L(H3) vs. o correlations. On
Therefore, density boundediHregions here and in any other  the other hand, if they are taken as a single region they do
galaxy must display larger values @facross their borders, be-  not fall on the correlations.
ing thiso value provided by the matter expelled at supersonie- There are several other young star clusters (C, D, E and K
speeds from the ionized cloud into the background during this among them) which are not massive enough to produce a
champagne phase. Following Bodenheimer et al. (1979) one canGiant Hi1 region around them. Instead, the resultis aregular
calculate the kinetic energy given to the gas upon photoioniza- H 11 region.
tion during the champagne phase by Eqg. 2. As explained above,We have not detected superbubbles with the properties that
we have assumefl ~ 0.1, but this value could be smaller if  would be expected according to the evolutionary state of
some of the UV photons are not absorbed across the champagnéhe stellar clusters. Around cluster A, only a ring-like fea-
flows and escape the main disk of the galaxy. In any case, the ture with three kinematical components at various positions
values ofE ., listed in Table 2 would be sufficient to justify ~ has been identified. Around cluster B, two expanding shells
the larges values observed at the edges of all ionized clouds. have been identified; the first one seems to have experi-
The implication of such energetics has a great impact on the enced blowout, whereas the second one is still complete.
parent clouds which might become disrupted in a time scale No kinematical features indicating the presence of shells

of the order of a few times the crossing timg,( ~ cloud and bubbles have been found around the clusters of the SE
sizehcy 11, Wherecey 11 is the speed of sound for aniHregion complex. These results are in agreement with the Bernasconi
anda is a small number in the range 3 to 5). & Maeder (1996) model, in which massive stars spend their

In NGC 4214-I11 the outflow can be traced some 200 pc away first 2—3 Myr inside their cocoons.

from the sharp intensity (density) discontinuity and covers the- We postulate that NGC 4214 is a dwarf spiral galaxy, with a
region where Hunter & Gallagher (1990) detected some “froth” thin (~ 200 pc) disk that inhibits the formation of large scale
features. The outflow away from NGC 4214-1 presents much structures in the ISM, which should have been disrupted
larger velocities and thus it is very likely that a large fraction of after blowout, as soon as their remmants exceed the galactic
the energy of the nuclear starburst is presently being vented into disk.
the halo of the galaxy. All of these features in the SE and NW- Champagne flows might have formed at the borders of the
complexes, together with the size of the main superbubble point regions, especially on the SE complex, explaining the exis-
at a very narrow galaxy disk of at most 200 pc across. The disk tence of the diffuse ionized gas around the galaxy.
IS prgsently. being extended or lifted through Champagne ﬂOVA/cs,knowledgementsThe authors would like to thank the referee, C.
causing a diffuse broad (200 pc) layer on top of the main gaIaF

u |
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disk. The interaction of neighbouring champagne flows wo e to acknowledge the hospitality of the Instituto de Asisafa de

likely lead to sharp, and more intense regions at the planesfarias and the Royal Greenwich Observatory, where part of this
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could then be recognized as froth. with the William Herschel Telescope at El Roque de los Muchachos
We thus conclude that the mechanical input deposited Byservatory located on the island of La Palma. The observations were
the star formation complexes, in a variety of physical process#gained within the GEFEGrupo de Estudios de Formdgi Estela)
that include the free expanding bubbles liberated after blowdi@ilaboration, an international group whose main objective is the un-
and photoevaporation of the parent clouds, have succeedefsistanding of the parameters that_control massive star formation in
generating structures now detected far from the disk. The lag&grbursts. This work has been partially supported by DGICYT grant
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partly ionized and seen as the DIG of the galaxy. The impact _
of starbursts gives place to the large-scale structure which no@Pendix

enriches the optical appearance of the galaxy. In this appendix we discuss an analytical solution for the expan-
_ sion of an adiabatic wind-driven bubble in a uniform background
5. Conclusions medium with mass density,. Weaver et al. (1977) developed

We have analyzed the kinematical properties of the ionized gad10del for the case where the bubble was powered by a single
tar with constant mechanical energy input fateln that case,

around the massive star clusters in the nucleus of NGC 42714

which were studied in Paper I. The main results we have dBE is the internal e”efgﬁ is the radiu§ of the '?“bb'e ands .
tained can be summarized as follows: the pressure, the equations to be applied (the ideal gas equation

of state and the momentum and energy balance equations) can
— Emission lines splitted into several components, as well B§ expressed as:
significant variations of the line widths, have been detected 3
in several places. B =2mR"p (A1)
— The Giant Hi region around the two most massive clusterg ( 5 dR

_ 2
inNGC 4214 (Aand B) is resolved into two clearly separategy Po dt) =3Rp (A-2)
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dE — L — 47TR2pd—R. (A.3) can be r_e_asonably well adjusted by a power law during the first
dt dt three million years after the formation of the starburst. The best
The above equations have an analytical solution which clinyields a = 1.25. In that case, the constant in EQ.A.10 is
be expressed as: lower by a factor of 0.79 than the one in Eg.]A.5. Therefore, for
the casex = 1.25 we have:

5
R(kpc) = 0.88 . 2] (A.12)
‘0
1
250 \5 1 _1 3
R= (308ﬁ) Lipg oth (A.5) L\ s
Vexp(kms™1) = 52 () tr o (A.13)
7 s s, no
p=——3Lipt " (A.6)
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