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ABSTRACT

Context. High energy resolution spectroscopy of the 1.8 MeV radigadecay line of°Al with the SPI instrument on board the
INTEGRAL satellite has recently revealed thaffdse?®Al has large velocities in comparison to other componenth@finterstellar
medium in the Milky Way.?5Al shows Galactic rotation in the same sense as the stars thed gas tracers, but reaches excess
velocities up to 300 km3.

Aims. We investigate if this result can be understood in the cdrgéxuperbubbles, taking into account the statistics ofngostar
clusters and HI supershells, as well as the associationwfg/etar clusters with spiral arms.

Methods. We derive energy output ar®Al mass of star clusters as a function of the cluster massopalation synthesis from stellar
evolutionary tracks of massive stars. Using the limitingesaof weakly-dissipative and strongly-dissipative sbipleble expansion,
we link this to the size distribution of H1 supershells andess the properties of likefjAl-carrying superbubbles.

Results. 2°Al is produced by star clusters of all masses abe\200 M, roughly equally contributed over a logarithmic star cdust
mass scale, and strongly linked to the injection of feedlsaedgy. The observed superbubble size distribution camoglated to
the star cluster mass function in a straight forward marinesrder to avoid that the added volume of all superbubbleseds the
volume of the Milky Way, individual superbubbles have to geefrequently. If any two superbubbles merge, of®#l is injected
off-centre in a bigger HI supershell we expect the 3i#d-carrying gas to obtain velocities of the order of the tglisound speed
in superbubblesy 300 km s'before decay. For star formation coordinated by the spimal jattern which, inside corotation, is
overtaken by the faster moving stars and gas, outflows froralgym star clusters would flow preferentially into the ities inflated
by previous star formation associated with this arm. Sueftiea would preferentially be located towards the leadidge of a given
arm.

Conclusions. This scenario might explain ti€Al kinematics. The massive-star ejecta are expected taveusv1(® yr before being
recycled into next-generation stars.

Key words. Gamma rays: ISM — ISM: kinematics and dynamics — ISM: bubble3M: structure — Galaxy: structure

— 1. Introduction position of the line with an accuracy of tens of knt,ssufficient
to clearly observe the Doppler shift due to large-scaletiara

. The possibilities to obtain kinematic information for theth along the ridge of the Galaxy within longitudiis< 35 deg.
phase of the interstellar medium (ISM) are generally vary i

ited. While multimillion-degree gas is common, and meta¢§

are observed (e.d., Henley & Shelton 2012), the spectralues ~ Towards the Galactic centré € 0), the apparert®Al ve-

tion typically does not allow one to meaningfully constriddws locity is zero with a hint for a small blue-shift. For greapers-

of hot gas in galaxy clusters (fiet al. 2013), and more so foritive (negative) longitudes, the projected velocity risesond

the smaller velocities in the ISM. 200 (-200) km s. The direction of the line shift corresponds to
The gamma-ray spectrometer abodldTEGRAL (SPI, Galactic rotation, but its magnitude is significantly largiean

Vedrenne et al. 2003; Winkler etlal. 2003), has a spectralues what is expected from CO and Hi . Pager | also showed that an

tion of ~ 3 keV at 1.8 MeV, wheré®Al can be observed throughad hoc model assuming forward blowout at 200 Kihfsom the

its characteristic gamma-ray decay line. With increasixgoe spiral arms of the inner Galaxy can well explain the data. The

sure times|[(Diehl et al. 2006; Kretschmer et al. 2013, Paper Iphysical interpretation would be th##Al is ejected into the hot

the following), it has become possible to measure the ciehtr¢phase of the ISM in superbubbles at the leading edges of the
gaseous spiral arms. Hydrodynamic interaction with thallgc

* E-mail: krause@mpe.mpg.de anisotropic ISM would then lead to a preferential expansibn
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the superbubbles into the direction of Galactic rotationa@di- For spiral galaxies like the Milky Way, the initial clus-
tion to out-of-plane-blowout). ter mass function (ICMF) is given by (e.d., Larsen 2009;
The sources of diuse, interstellaP®Al are massive star [Bastian et al. 2012)
winds and supernovag (Prantzos & Diehl 1996). These are en-
ergetic events, which lead to the formation of bubbles (0@
massive star) and, because massive stars often occur ¢éogegim
with other massive stars in associations and bound clysters
(e.g., Zinnecker & Yorke 2007; Kroupa et al. 2013; Krumholwherea is the normalisation, the cufomassM; = 2 x 10° Mo,
2014), superbubbles. Superbubbles are observed in méay di and we take the power-law indexto be—2; compare also the re-
ent wavelengths (e.d., Krause etlal. 2014). Statisticalrind- views byl Lada & Ladal (2003); Kroupa et &l. (2013); Krumholz
tion is, however, mainly restricted to sizes and kinemaifdhe (2014). Following Lada & Lade (2003), we adopt a lower limit
cavities seen in H|._ Bagetakos et al. (2011) analysed 2(wgeafor star cluster masses of 50JMEmbedded star clusters have not
spiral galaxies, whose properties are thought to be simdarbeen shown to possess the exponential f€utle have, there-
those of the Milky Way, and found more than 1000 "HI holesfore, checked that the presence of the high-massficotdy
We use their data as reference below. Oey & Clarke (1997) hawarginally influences our results.
connected the statistics of HI holes to the star cluster rfiusms Since only massive stars produt?\l, we have to relate
tion, finding that the sizes and velocities of HI holes may kibe occurrence of massive stars to the masses of star clus-
explained by massive star activity in star clusters (comer- ters. We carry out the entire analysis for both, optimal sam-
low, however). Because this association is established wew pling (Kroupa et all 2013), where the masses of massive stars
will in the following use the term "HI supershells”" insteafl oare fixed for given star cluster mass, and random sampligg (e.
"HI holes", for clarity. Krumholz/2014). For random sampling, we fix the stellar mass
The 26Al measurement constitutes another piece of statiséibove 6 M, to the corresponding fraction of the IMF from
cal information for bubbles and superbubbl&l decays on (Kroupa et all 2013). While the extreme assumption of opgtima
a timescale of 1 Myr, much less than typical superbubble lifeampling has been challenged recently (Andrews|et al.| 2014)
times (e.g.l Oey & Garcia-Seglra 2004; Bagetakos et al.|;20fE use it here to demonstrate that even such a strong trancati
Heesen et al. 2015). Hence, we may expect it to reflect interoéthe IMFs would not fiect the conclusions.
dynamics. For such groups of massive stars, we use the population syn-
Here, we connect the observ&al kinematics to the statis- thesis results from Voss etldl. (2009) (stellar evolutigrieacks
tics of star clusters (Sedil 2) and superbubbles (HI suplssh of rotating stars of Meynet & Maeder (2005) and wind velasti
Sect[B), in order to better understand the large-scale gas fl from|Lamers et al. (1995) and Niedzielski & Skorzynski (2p02
traced by?®Al. In particular, we are interested to constrain sifor the Wolf-Rayet phase) to obtain tH8Al mass as well as
perbubble merging, because superbubble merging may leadh® energy injected into the ISM by massive stars as a func-
asymmetric motions relative to the parent star clustergrwgas tion of time and stellar mass. The release of mass, energy and
from a high pressure superbubble streams into a low-presst¥l is largely completed after about 48 Myr, the lifetime of
cavity. We find that star clusters of all masses contributééo stars of about 8 M, also broadly consistent with the age esti-
26Al signal.[Oey & Clarke|(1997) investigate superbubble mergnates for HI supershells given by Bagetakos et al. (2011). No
ing in the Milky Way with inconclusive results. With updatedill the stars in a cluster might form at the same time. However
models and star-formation rate we find frequent merging ddentypical age spreads within clusters are of order 1 Myr orwelo
we expect thé®Al-traced hot outflows to be injected into pre<e.g., Niederhofer et 8. 2015), which is much shorter then t
existing superbubbles. We then argue in Séct. 4 that théabpaimescales of interest. We therefore use the star clustaulpo
co-ordination of star formation in the Milky Way by the spiration up to 48 Myr for our model. Following Chomiuk & Povich
arms may lead to the observ&@\ kinematics. (2011), we take 1.9 Myr~ for the star formation rate of the
Milky Way. This sets the constantin efj] (1)de= 3x10™4 M.
Uncertainties in this parameter are substantial (compk® a
Kennicutt & Evans 2012).
Star formation generally takes place in clusters and aasons, With these assumptions, we calculate the time-averaged
the majority of which disperse after some time (Lada & Lad®Al mass for a given star cluster. For each star cluster, we firs
2003; | Kruijssen_2012). For the case of bound star clustelgtermine the masses of its stars above 8 B the optimal
it is debated if the dispersal is due to gas expulsion (e.ggmpling method, the amount of releagédl from Moss et al.
Gieles & Bastian 2008). Recent observations did not find xae €2009), taking into account radioactive decay, and finallgra
pansion velocities expected if gas expulsion was impofeagt, age over time (48 Myr). The result is shown in Hig. 1. Apart
Hénault-Brunet et al. 2012). Hence, the dispersal is prigab from small features towards lower masses, 4 yield is al-
lated to tidal &ects (e.g., Kruiissen etfal, 2012a), which couldthost linear even for optimal sampling. For star clusterswel
take as long as 200 Myr (Kruijssen etlal. 2012b). It is therefoabout 1000 M, the sampling method matters. For both, random
reasonable to assume that for the timescales of interest hand optimal sampling, th&Al mass per cluster drops below the
the great majority of massive stars are grouped (compace dlgear relation, because the IMF can no longer be fully saahpl
Zinnecker & Yorke 2007). The mass function of embedded st@.g. a 120 M star may not live in a 50 Mstar cluster). We note
clusters (mostly unbound), which is where most star foromati that using the IMF directly, without dividing the mass of ymu
takes place locally (Lada & Lada 2003) has a very similarsloptars into star clusters, to predict the Gala¢t&l mass yields a
than the one of star clusters in external galaxies (compare bigher value by about 20 per cent.
low). Therefore, we assume just one mass function for star-fo The ICMF has roughly equal mass in each decade of star
ing regions in the following, and generally use the termr'staluster mass (within the cufiis). This remains true with the
cluster" without qualifying adjective to subsume bound ane 2°Al mass folded in, because the latter is roughly proportiona
bound star forming regions. to the star cluster mass: star clusters of each decade in mass

= a(M/Mc)* exp(-M/Mc) , (1)

2. Which star clusters produce how much 2Al?
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Here, we investigate if merging of superbubbles is common in 0 500 1000 1500 2000
the Milky Way. We follow the overall procedure described in Bubble diameter / pe

Oey & Clarke (1997), but update the expansion models from

our own 3D hydrodynamics simulation studies (compare belowrig. 2. Superbubble diameter distributions for the weakly (tops) tre strongly
While towards the low mass end, the ICMF includes many ofipottom) dissipative model for threeffirent choices of the background density
jects with 0n|y one massive star, which will produce a SiF@lH (bg-den. in the legends). The size of the bins is 200 pc. Tihiek are for random

u " : < sampling, thinner ones for optimal sampling, and the ttshromes in the top
bubble, we use the term "superbubble”, below for simplitaty panel are for optimal sampling where the background pressud superbubble

all bubbles produced by the star clusters. destruction by ISM turbulence are taken into account. Thermim near 400 pc
Mac Low & McCray (1988) present a self-similar model fofor the solid curves is due to the strong acceleration dfiefitst supernova in a

superbubble expansion, where the Superbubble eXpandﬂ)SteéUperb“bble- It ?s below the data range for_the other cuhagie superbubbles
with radiusr proportional to a power law in timee About 35 per 2" better explained by the weakly dissipative model.
cent of the injected energky(t), is dissipated radiatively in this
model. This model should be increasingly adequate for targe . .
superbubbles, with more frequent explosions, and at leterst %q' ) fort con?tant ambient densify, evaluates tor® =

In[Krause et a1 (2013) and Krause & Diehl (2014), we hakd/ (2rpo) [, dt’ [ dt”E(t").
developed a more strongly dissipative model from 3D hydrody We calculate models for both, random sampling and optimal
namics simulations. The reason for the stronger dissipasio sampling. For the weakly dissipative models, we also addaisod
the more realistic, non-steady energy input and the emeegewhere we take a constant ISM pressurePgf= 380GkgKcm=
of a highly radiative mixing layer due to 3D instabilitiesu© (Jenkins & Tripp 2011) into account which limits the expamsi
results are well approximated by 90 per cent dissipatiomén tThe momentum equation may then be written as (Krause 2005):
steady energy input phase before the first supernova and adf¥{(r)/ot?> = E(t) — 2xr3Po, with Y(r) = 2rpor®/15, which
cline of the current energf(t), after each supernova with timme we solve numerically. For this model, we also regard a super-
ast~%4 (momentum-conserving snowplough). Both are an uppeubble as dissolved when the expansion velocity has drojoped
limit on the energy dissipation, as in the pre-supernovaehea 10 km st and perturbations with this velocity had time to grow
still observed a slight dependence on numerical resol{#®8 to the size of the superbubble, similar to the "stalled amdigu
per cent dissipation at the highest resolution) and, asupers ing" mode in (Oey & Clarke 1997). We do not investigate this
bubble expands, the density around star clusters will dedgap option for the strong dissipation models, because the gssum
the 10 cm® we assumed in the simulations. The strongly digion of momentum conservation after each supernova expiosi
sipative model should be more adequate for superbubblés viftplies a total pressure force of zero.
few supernovae, and indeed explains, e.g., the X-ray-lasity— For the following analysis, we neglect the shear gradi-
kinematics relation well (Krause & Diehl 2014). ent from galactic rotation. It is typically 10-50 knt'skpc

We use the evolution of the superbubble enei§ft) (Bagetakos etal. 2011), and therefore has a snfiEteon ac-
from both models and predict the radius in the thitive superbubbles, in agreement with the moderate asymme-
shell approximation following Krause & Diehl (2014). Theirtries found by Bagetakos etial. (2011), but will eventualés d
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stroy old ones. The finite exponential scaleheigthtof the Table 1. Galaxy integrated superbubble volumes in units of the Milky

ISM introduces a cutd in the superbubble radii in the Galac-Vay volume, assuming a maximum superbubble diameter of Hkpc

tic plane due to blow-out related pressure loss~at3H to blowout. For each entry, the first (second) number is fodoan sam-

: . . pling (truncated IMFs). For weak-dissipation models, wsoajive the
(Baumgartner & Breitschwerdt 2013). We set this ¢lusuper- numbers for the models that take into account the ISM backgtpres-

bubble radius to 1 kpc for the whole sample, and 0.5 Kpc f@fire and turbulence as the third number.
the Milky Way modelling below due to the lower HI scaleheight

(Narayan & Jog 2002; Langer et al. 2014). Dissipation po=0.1cnt3 po=1cm3 po = 10 cnmd
We first calculate the fractional distributions of superbub\yeak 11311533 4038722 1711/6.1
ble diameters for three fierent assumptions for the back- gstrong 4749 1213 3.13.3

ground density for the sample of star-forming galaxies from
Bagetakos et all (2011), i.el = 1/3 kpc, and compare this to
the observations in Fif] 2. Generally, models with lowerkbac
ground density provide a better match to the observationgexA
pected, the weakly dissipative model more closely repitesba
large superbubbles. The model is not quite satisfactonalme
the density required to reach the larger diameters, 0.13cm £
is on the low side of values suggested by observations, 0.1 :
0.7 cnT3(Bagetakos et al. 2011). One might be able to inter- -1 0 1 2 3
pret this finding by shearfiects, adopting a higher density, i.e. log (Energy / Bethe)
choosing a curve between the dotted blue and solid black lingg 3. cumulative?Al mass over current superbubble energy for weakly (dot-
In Flg.lz. ted) and strongly (solid) dissipative models for a startelupopulation repre-
The strongly dissipative models may produce a significagentative of the Milky Way. 1 Bethe 10°* erg.
population at around 1 kpc diameter, but, on the other hand,
cannot account for large HI supershells. ISM pressure besom _ _ _ _
most important for intermediate-size HI supershells amdde 5106 bubbles in the Milky Way (many of which are single star
ISM density & 1 kpc forpg = 0.1 cnm3). At high ISM densities, bubbles), showed signs of merging (Simpson et al. 2012). Of-
ISM pressure is negligible, but in these models many slower af€n, secondary bubbles are found on the edge of larger kmibble
smaller superbubbles are destroyed when considering 1$M hlerova & Palousi (2013) calculate the porosity for the Milk
bulence, which increases the fraction of |arger Supermmhe Way as a function of radius from 333 identified HI supershells
IMF sampling method has a minoffect on the results (compareThey find porosities above unity inside of the solar circled a
Fig.[2). thus strong overlap of superbubbles. The closest massive st
We can now predict the superbubble distribution for th@oup, Scorpius-Centaurus OB2, is an excellent example for
Milky Way from the star formation rate using the procedurgUperbubble merging (Poppel etlal. 2010; Preibisch & Maknaje
outlined above, now wittH = 1/6 kpc. The fractional distri- 2008): the diferent subgroups of the OB association appear to
butions are identical to Figl] 2, but cut at 1 kpc due to the rBave been triggered by expanding shells from the older pavts
duced scaleheight. The observed fractional H1 supersketid the shell around Upper Scorpius is half merged into an older s
eter distribution for the Milky Wayl (Ehlerova & Palou$ 2018) pershell. The whole structure is expected to merge withieva f
consistent with the one of external star-forming galaxiesnf Myr with the Local Bubble|(Breitschwerdt & de Avillsz 2006).
(Bagetakos et dl. 2011), which we used here. Evidence for superbubble merging from extragalactic stsit,
Because for the Milky Way, the total number of superbubbl&@wever, scarce, probably because of the low resolutigui-(ty
is constrained by the star-formation rate, we may now check £ally around 200 pc). b bubbles are however found at the rims
superbubble merging by calculating the total volume predic of HI supershells (Egorov et al. 2014).
by our model to be occupied by superbubbles and comparing it Superbubble merging may produce significant net velocities
to the volume of the Milky Way ISM. The total occupied volumén ejecta flows with respect to the driving massive-star grou
for the given star formation rate exceeds the one of the Millgecause thé&Al content is correlated with the energy content of
Way ISM (cylinder: 10 kpc radius, 1 kpc thickness) for all as& superbubble (Figl3), we expect overpressdfétirich mate-
sumptions (TablEl1). rial to often stream into lower pressured superbubblesg dne
This indicates that the superbubbles merge frequenthen interface is eroded. The situation is similar, if tFfél produc-
case of merging superbubbles, the total volume is not simpign site is located towards one end of an already mergeédarg
the sum of the individual volumes, but much smaller. The osuperbubble.
served volume fractions of HI supershells (3D porosity)tape
ically below 10 per cent and may reach 20 per cent in later Hub-
ble types |(Bagetakos et ;;I. 2011). A superbubble volume frgg A model for the 26Al kinematics
tion around 20 per cent is expected from the hot gas fraction
in the ISM simulations of de Avillez & Breitschwerdt (2005).In the preceding sections, we have demonstrated that stiecs
Combined with our analysis, this strengthens the point abou of all masses are equally important?84l producers, and that,
perbubble merging. A consistent interpretation would lag the on Galactic scales, star clusters cannot be assigned tadoell
smaller superbubbles in the diameter distribution (Eign&yge superbubbles due to frequent superbubble merging. Our Imode
to obtain more HI supershells at large diameters. This woultko shows that®Al injection from star clusters is strongly cor-
also alleviate the requirement for low ambient density (pare related to energy injection (Fig.3). It follows tiéal is likely to
above). be observed in motion, and in particular it is likely thatré@des
There is a lot of direct evidence for superbubble merging gas involved in superbubble merging. Based on these findings
the Milky Way: 29 per cent of the bubbles identified in "Thave suggest the following model (Fig.4) to explain #al kine-
Milky Way Project", a citizen science project that identifie matics.
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When spiral arms sweep through the Galactic disc, they trig-
ger the formation of young star clusters that produce langeis T UUTTTRUR P S e
bubbles, traced as HI supershells. During the observeiiés e
of HI supershellsg 100 Myr (Bagetakos et al. 2011), a spiral : '
arm may lag behind stars and gas by as much as a few kpc, due

to the pattern speed of the arm which is lower within corotati
than the rotational speed of the stars and gas. The currangyo

star clusters in a spiral arm therefore fe€dl-carrying ejecta O

into the HI supershells left behind by the receding spirah ar old, shear-streched HI hole
Despite uncertainties regarding wind clumping (e.g., =

Bestenlehner et al. 2014) and dust production and cluming ( spur

Indebetouw et all_2014; Williars 2014), the bulk Al is *

likely mixed into the dffuse gaseous ejecta, expelled into the
hot immediate surroundings of the stars. The ejecta do reg ke
their initial velocity (= 1000 km s?) for long: for supernovae,
they are shocked on timescales off A0 (Tenorio-Tagle et al. '

1990). For Wolf-Rayet winds inside superbubbles, the free &ig. 4. Sketch of the proposed model to explain #%al kinematics. In the
pans|0n phase can be up t041ﬁ, or~ 10 pc (Krause et al. co-rotating frame chosen here, a spiral arm (solid line) escanti-clockwise.

7 : : At its previous location (dashed line), it created largeesbpbbles (ellipses),
201‘;)' The ejecta then travel at a reasonable fraction afdbed blowing out of the disc. The young star clusters (blue starshie current spiral

speed in superbubbles, = I.62KT/m, = 279T2Z km s.  arm location feed®Al (colour gradient in ellipses) into the old superbubbles.
Here, k is Boltzmann’s constantn, the proton massT (Tos)

the temperature (in units of 0.5 keV), and the numerical fac- NGC628
tor is calculated for a fully ionised plasma of 90 per cent hy- '
drogen and 10 per cent helium by volume. Measurements of
superbubble temperatures range from 0.1 keV to about 1 keV 5%
(e.g.,.Dunne et al. 2001; Jaskot etlal. 2011; Sasaki et all;201 I
Kavanagh et al._2012; Warth et al. 2014), in good agreement.
with expectations, if instabilities and mixing are taketoi@c-
count (Krause et al. 2014).

In simulations of merging bubbles (Krause et al. 2013), we
find such kinematics for gas flooding the cavities at lowespre
sure shortly after merging. The ejecta travel about 300 pindu
one decay timer( = 1 Myr), which corresponds to the size of
the smaller HI supershells (Figl. 2), i.e. the decay is exqubtd
happen during the first crossing of the HI supershell.

Hence, we expect a one-sid&al outflow at the superbub-
ble sound speed; 300 km s?, in excellent agreement with the
observations and their analysis presented in Paper I.

This model predicts a change in relative outflow direction
near the corotation radius. But, corotation in the Galaxyris Fig. 5. The grand-design spiral galaxy NGC 628. The background éniag
fortunately too far out (8.4-12 kpc, e.Q., Martinez-Bardesal. chOeOSl ;mdmzlalp frodehetHlH II\Iearby ia:?xyfl Sur\éey (IHkg\Engbl\{Vaégml-

F H H H . Red ellipses denote supersnells Tlom_bagetakat 1). Blue
2015’) to check for dlr.eCtl.On reversals .m. the data $Gt. of Phpe’plus’)-signs den%te the 650 H I regigns identified by H6nicﬁ§icl %2015;. Their
At such galactocentric .d'Stances’ |nd|V|d_&éAI-em|SS|o_n '€~ spiral arm designations, 'A' and 'B', are also indicated.eTlarge green circle
gions are only a few, faint, and not associated with spinaisar indicates the median corotation radius d 4 1.2 kpc from a number of studies
Thus, we do not expect Iarg@AI velocity asymmetries, in as compiled by Scarano & Lépine (2013). For the first halfitarm *A’ has no

good agreement with the measurements in Cygdnus (Martiri etll—wsupershell on its trailing edge, but four are close to @reuverlapping the

¢ . : If ry eading edge in the way envisaged by our model. Arm 'B’ begiiss inside of
2009) and Scorpius-Centaurus (Diehl €Lal. 2010). corotation and has three prominent HI supershells at ithigaedge, with only a

We might, hOV\_/evera expect to find HI SUperShef”S_ aSSOGkinor one towards the trailing edge. From about the comtatadius outwards,
ated with the leading-edge of spiral-arm star-formatiagiaes HI supershells are no longer at the edges of the H1l arm, bpgtapall over it.

in nearby face-on spiral galaxies, inside their corotatiadii.
We have investigated this for a few objects by combining te4l r
gions from Honig & Reid[(2015) to HI images with HI superH| supershell locations relative to the HIl regions changi-s
shells using corotation radii from_Tamburro et al. (2008) aringly near the corotation radius: Inside, three prominehttt
Scarano & Lépinel (2013). For NGC 3184 and NGC 5194 waershells lie towards the leading edge of the HIl arm, extend
find evidence for HI supershells close to HIl regions in thie spover about a quarter of a turn. Only one small supershell-is lo
ral arms. There is no clear trend where the HI supershells gaged at the trailing edge. From about the corotation raalitrs
located with respect to the HIl regions in NGC 5194, where&@rds, the HI supershells are spread over the widening kil ar
more supershells appear on the trailing edge for NGC 3184. None is clearly associated with the leading or trailing exde

In the case of NGC 628 (Fifl] 5), Honig & Reid (2015) majs beyond the scope of this article to explain thifetences be-
HIl regions for two arms, 'A" and 'B’, and inside corotation,tween these galaxies. The fact that tffeet we postulate is con-
HI supershells are indeed found close to and overlapping witistent with the data in NGC 628 is, however, encouraging.
the HIl regions, preferentially at their leading edges.desally The ?Al decay time is comparable to the crossing time
forarm 'B’, which is located in an H1 rich part of the galaxiigt through the HI supershell, and thus we expect to observe

young star cluster(s)

- co-rotating frame -

Q.

Declination (J2000
JY/B*M/S

450

., TR .
1P37™00° 36™50° 36™40°
Right Ascension (J2000)
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it while it crosses the HI supershells. A few Myr laterkruijssen, J. M. D. 2012, MNRAS, 426, 3008
26Al should isotropise, advect "vertically" into the halogg. Kruissen, J. M. D., Maschberger, T., Moeckel, N., et al. 28IMNRAS, 419,

: : ; ; g 841
) >
de AV|II_ez & Breitschwerdlt 260C 5), or mix due to interactioithv Kruiissen, J. M. D., Pelupessy, F. |., Lamers, H. J. G. L. Male2012b, MN-
the cavity walls. Most of thé®Al has then decayed, and the con- RAS 421 1927
tribution to the observeg-ray signal is small. Krumholz, M. R. 2014, Physics Reports, 539, 49
Lada, C. J. & Lada, E. A. 2003, ARA&A, 41, 57
Lamers, H. J. G. L. M., Snow, T. P, & Lindholm, D. M. 1995, A@55, 269
5. Conclusions Langer, W. D., Pineda, J. L., & Velusamy, T. 2014, A&A, 564,41
Larsen, S. S. 2009, A&A, 494, 539
We interpret the observefAl kinematics in the Galaxy as aMac Low, M.-M. & McCray, R. 1988, ApJ, 324, 776
consequence of superbubble formation propagating witepie Martin, P, Knodiseder, J., Diehl, R., & Meynet, G. 2009, A&206, 703

ral arms and merging of young superbubbles into older H1 stffiez-Barbosa, C. A Brown, A. G. A, & Portegies ZWai2015, MNRAS,

pershells, with outflows from currently star-forming regsanto  peynet, G. & Maeder, A. 2005, A&A, 429, 581
the pre-shaped cavities from preceding star-formatioratd® Narayan, C. A. & Jog, C. J. 2002, A&A, 394, 89
the |eading edges of spiraj arms. Niederhofer, F., Hilker, M., Bastian, N., & Silva-Villa, 2015, ArXiv e-prints

; Niedzielski, A. & Skorzynski, W. 2002, Acta Astron., 52, 81
The model does not rely on independeffiisets between y. M. S. & Clarke, C. J. 1997, MNRAS, 289, 570

young stars and gaseous spiral arms, which might be cregte "M. S. & Garcia-Segura, G. 2004, ApJ, 613, 302

other — not feedback related — processes and which are armadé@pel, W. G. L., Bajaja, E., Arnal, E. M., & Morras, R. 201%A, 512, A83
of ongoing research (compare, e.g., the review by Dobbs &Balrantzos, N. & Diehl, R. 1996, Phys. Rep., 267, 1

2014). Preibisch, T. & Mamajek, E. 2008, The Nearest OB Associatf®oorpius-

. . - . Centaurus (Sco OB2), ed. B. Reipurth, 235
We conclude tha’Al mamly decays durlng the first CrossmgSasaki, M., Breitschwerdt, D., Baumgartner, V., & Haberl2G11, A&A, 528,

of superbubbles while in the hot phase. The bulkali is there- A136+
fore not mixing with cold gas on its decay timesca®Al has Scarano, S. & Lépine, J. R. D. 2013, MNRAS, 428, 625
however been found in meteorites indicating its presence Simpson, R. J., Povich, M. S., Kendrew, S., et al. 2012, MNR#Z3, 2442

‘ mburro, D., Rix, H.-W., Walter, F., et al. 2008, AJ, 136728
the gas that formed the Sun (e.g.. Gounelle & Meynet 20122horio—Tagle, G., Bodenheimer, P., Franco, J., & Rozyckka 990, MNRAS,

The corresponding fraction 6PAI required to mix into a star- =~ 544 563
forming cloud during the decay timescale is, however, smaMsileiadis, A., Nordlund, A., & Bizzarro, M. 2013, ApJ, 768%8
(Vasileiadis et al. 2013), and would hardlffect our model. Vedrenne, G., Roques, J.-P., Schonfelder, V., et al. 2083, 411, L63

] \Voss, R., Diehl, R., Hartmann, D. H., et al. 2009, A&A, 504153
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