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ABSTRACT

Detailed observations of the nearest star-forming regiorike Milky Way (MW) provide
the ultimate benchmark for studying star formation. Theekto which the results of these
Galaxy-based studies can be extrapolated to extragaktems depends on the overlap
of the environmental conditions probed. In this paper, wegare the properties of clouds
and star-forming regions in the MW with those in nearby ggsvand in the high-redshift
Universe. We find that in terms of their baryonic compositikinematics, and densities, the
clouds in the solar neighbourhood are similar to those irrbnegalaxies. The clouds and
regions in the Central Molecular Zone (CMZ, i.e. the inne® 28) of the MW are indistin-
guishable from high-redshift clouds and galaxies. presentlylow star formation rate in the
CMZ therefore implies that either (1) its gas representsrii@l conditions for high-redshift
starbursts or (2) some yet unidentified process consigtenfipresses star formation over
2 108 yr time-scales. We conclude that the MW contains large regsreb gas with prop-
erties directly comparable to most of the known range offstanation environments and is
therefore an excellent template for studying star fornmsioross cosmological time-scales.

Key words: Galaxy: centre — galaxies: ISM — galaxies: starburst — gakostar formation
— stars: formation

1 INTRODUCTION should therefore produce the same stellar populatiorespactive
of whether they existed in the early Universe or at the predan

Likewise, it does not matter which physical processes lethéo
gas having these properties (e.g. bar inflows, mergersitgtianal

(in)stability). Therefore, identifying gas clouds in thal@xy with

properties similar to those in external systems potegt@ibvides
a direct link to study SF throughout the Universe.

In this paper, we directly compare the properties of différe
molecular gas reservoirs in the MW with those in nearby galax
ies and the high-redshift (high} Universe. Our aim is to quantify
to what extent we can use our own Galaxy as a template for de-
veloping an end-to-end understanding of SF across cosiicalog
- time-scales. We pay particular attention to the Centralddolar
astrophy3|c§ tod_ay. L . Zone of the MW (the CMZ, i.e. the extreme environment within

Effor_ts n th!s d_|r_ect|on must be led by observations that ca 250 pc of the supermassive black hole at the centre of ourxgala
resolyg sites of individual SF across th.e full range of muﬁr see e.d. Morris & Serabyn 1996), and show that the gas piepert
densities, detect the gas mass distribution down to thegpitays there are similar to those in dense, star-forming galaxitigh =.

0; the Iowlest-rrassl starls, an él_so determlne_the globadeprlelpof This makes the CMZ an ideal template to study the initial ¢ond

.t eir natal molecular ¢ ouds. |ven.current |nstrgment.m. im- tions of SF in the early Universe.

itations, the only targets in the Universe for which this tsg-

ble are SF regions in the Milky Way (MW). For the foreseeable

future, Galactic observational studies must thereforevigeothe

benchmark for SF theories. However, the scope of these model

. . . ; - 2 SAMPLE

is not limited to understanding SF in our own Galaxy. Physica

laws are invariant over space and time. Barring differercesx- Our goal is to compare, as directly as possible, the pragsedti the
ternal influences, two gas clouds with identical physicalperties gas in SF regions from the MW to the far reaches of the Universe

Star formation (SF) is a fundamental baryonic process in the
Universe, underpinning our understanding of cosmic eimiut
from the epoch of re-ionization (e.d. Madau, Haardt & Rees
1999; | Hopkins & Beacom 2006), through to the visible struc-
ture and chemical enrichment of galaxies (Kennicutt 1998a;
Evans| 1999), and down to the formation of planetary systems
(Haisch, Lada & Lada 2001). However, despite the conversion
gas into stars being a cornerstone of astrophysics and togyno
we lack a clear understanding of the physics governing tioisgss
(Kennicutt & Evans 2012). Developing an end-to-end mod&©f
across cosmological time-scales is therefore one of thgtals in

arXiv:1309.0505v1 [astro-ph.CQO]
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Table 1. Properties of the clouds, regions and galaxies that arademesl in this work.

Sample group Sub-sample Gas tracer Characteristic viekicit Stellar masses  Referenées
(1) (2 (3) 4 (5) (6)
CMz CMZ regiong' NH3(1,1) o (objects),Veirc (disc) y 1,2,3
CMZ clouds® HCN (88.632 GHz) o n 4
Solar neighbourhood  Perseus clouds and édtes 3CO(1,0) o y 4
Galactic cloud$? 13CO(1,0) o y 5
Galactic cloud centrés?¢ 13CO(1,0) o y 5
Nearby galaxies galactic cloulls 12Cco(1,0) o n 6
Antennae clouds 12C0O(2,1) o n 7
spiral galaxie$ 12co(2, 1), 12C0(1,0) yiat y 8
High redshift(-like) Arp 220 regiorfs 12CO(1,0) ymodel y 9
high-z clouds 12Co(6, 5) o n 10
high-z galaxie$ 12C0(3,2), Ha max(v/30int, Veire) y 11,12,13,14

“Due to extreme opacities and line-of-sight confusion, itds possible to use available CO data for deriving the necgsgiantities.

bGas surface densities are dynamical, because no other gasestimates are available.

“Stellar masses are estimated using the local stellar masgtydi the solar neighbourhood, which is taken toseg, = 0.1 M pc—2 (e.g.
Kuijken & Gilmore|1989| Holmberg & Flyrih 2000).

dGas masses may be underestimated by a factor of 2—3 due tssilv@jation of LTE, and are multiplied by a factor of 2.5 to asudfor this.
€Using the area within the half-intensity isophote of.H

fOnly including clouds for which the radius, velocity dispien, and gas mass are all available. Our dynamical massatst are higher by a
factor of 1.12 (galactic clouds) dr.7 (Antennae clouds) than in the original sources due to usiagiéfinition from Bertoldi & McKee (1992).
90nly including the twelve galaxies for which radial mass signprofiles of H, and stars are available. For consistency with the high-
galaxies, H and stellar masses are obtained from these profiles by atiegrto 1.68 exponential scale lengths of théspr profiles, which
corresponds to the half-light radius. The characteristiogities are taken to be the circular velocities of the fatpof the rotation curves.
"Nuclear components of Arp 220 (west, east, 480-pc disc).chiaeacteristic velocities are obtained from a dynamicaflehéit to the velocity
field (Downes & Solomah 1998), and the stellar masses areressto be given by the difference between the dynamical asdngsses.
‘Combined sample of BzK galaxies, sub-millimeter galaxés, In 42 out of 80 galaxies (those from ref. 12), the gas esabad to be derived
using Hx emission assuming the Schmidt-Kennicutt relation (Kemmit998b) instead of CO. Stellar masses are obtained byrapfitting.
JThe characteristic velocity’ is taken to be the circular velocity,;.. if a region is rotation-dominated (e.g. galaxy discs), asitects the
velocity dispersionr in dispersion-dominated systems (e.g. clouds, some ofigiezhgalaxies).

kReferences: (1) Longmore et al. (2012),[(2) Longmore efal1 8), (3) Kruijssen et al. (2013), (4) Shetty et al. (2018)Hever et al.|(2009),
(6)Bolatto et al.|(2008), (1) Wei, Keto & Ho (2012), (8) Lereyal. (2008), (9) Downes & Solomon (1998), (10) Swinbankls(2011), (11)
Tacconi et al.[(2008), (12) Forster Schreiber et al. (20(R)| Tacconi et all (2010), (14) Genzel et al. (2010).

Table 2. Properties of the CMZ regions sub-sample. physical properties. The sample choice is aimed to be reptas
tive, but not exhaustive, of the known variety of environtser\

Region R Vv Ygas Setar Sdyn wide range of cosmic environments necessarily implies seeofia

1) 2 @) (4) (5) (6) heterogeneous data set, in which different tracers aretasistive

the same physical quantities. In the footnotes of Téble 1 ee d
scribe our efforts to remove systematic differences in gsimp-
tions and derivations used to calculate the physical ptigsein
different papers, so we can directly compare the obsersdide

230-pcdisc 230 190 1.2x10%2 1.2x10* 1.1 x 10%
1.3cloud 60 25 2.0x10%2 1.6x10% 3.9x10°%
80-pcdisc 80 140 7.5x 102 1.9x10* 1.8 x 10*
80-pcring 10 38 3.0x 10> 2.8x10% 3.4x103

TheBrick 2.8 16 53x10° 6.9x102 1.6 x 10* tween sub-samples.

SgrB2 15 40 85x107  25x10°  52x10° We make a division into four sample groups, being the
R is the radius in units opc (for the 80-pc ring the listed value is CMZ, the solar neighbourhood, nearby galaxies, and high-
the scale height)y is the characteristic velocity (see Table 1) in units galaxies. The latter group includes both ‘normal’ disc gala

of km s™!, Bgas is the gas surface densitistar is the stellar mass ies and starburst systems, as well as three nuclear regions
surface density, anily,,, is the dynamical mass surface density (see  of the nearby ULIRG Arp 220, which is often considered to
text). Surface densities are listed in units of Mc ™. be the local analogue of a high-galaxy (e.g. Tacconi etal.

2008;| Murray, Quataert & Thompson 2010). The merging Anten-
The ideal data set to address this goal would be homogenous ob nae galaxies may seem a bit out of place in the nearby galaxy
servations probing gas at all distances to similar spat&les and sample, which is dominated by isolated spiral galaxies. él@y
mass sensitivities, using the same observational traddte @as the figures ing3] show that the Antennae are more reminiscent of
properties. In practice, the extent to which this is possiblimited nearby spirals than of high-redshift galaxies. The tatde héts the
by the observations of the most distant sources in the samiple various sub-samples that constitute each group (colunth@pas
our case the high-galaxies. For these sources, measurements of tracer that was used to infer the gas properties (columr&)ob-
gas masses, velocities, sizes and associated stellarsmeagse servable setting the characteristic velocity that is usettiis work
In Table[1, we compile a broad range of observations of gas (column 4), whether or not stellar masses are availableifwols),
clouds and galaxies that include derived measurements atibve and the literature references (column 6). Throughout thisep



5RV?/G for clouds
RV? /@ for galaxies

dynamical masses are defined &&yn
(Bertoldi & McKee|1992), and ad/4yn
(or their central regions).

We mainly focus on normalized quantities such as gas, stella
and dynamical surface densities, to avoid any biases intextiby
the wide range of spatial scales covered in our sample. Tiha-
sis on the properties of the objects themselves (e.g. theyobic
composition) allows us to obtain a picture of the initial iron-
ment in which SF proceeds. Other quantities (the star foomat
rate [SFR], radiation field, etc.) are discussedh

The properties of the objects in the CMZ regions sub-sample
are summarized in Tadlé 2, and most of them are obtained faom e
lier work (Longmore et dl. 2012, 2013; Kruijssen et al. 20113)e
230-pc and 80-pc discs indicate the central region of the MW a
eraged over these radii, whereas the properties of the mhEms
are calculated locally. The stellar surface densities atienated
using the mass profile of Launhardt, Zylka & Mezger (2002). Fo
the {1.3” cloud, 80-pc ring, Brick, Sgr BRthis was done at galac-
tocentric radii of R, = {190, 80, 60,100} pc, while the scale
heights from_Kruijssen et all. (2013) were used for estingatire
stellar mass in the 230-pc and 80-pc discs. We account falitime
gated shape of the Brick (G0.253+0.016) by adopting thalviri
mass estimate from_Longmore et al. (2012) rather than usieg t
definition from Bertoldi & McKee|(1992).

We note that for the Antennae clouds sub-sample, there is a
similar data set based dACO(3, 2) measurements available from
Ueda et al.|(2012), which has velocity dispersions of a fact@
higher than those obtained by Wei, Keto &/Ho (2012). The cencl
sions below are unaffected by which data set is used.

3 SCALING RELATIONSOF CLOUDS AND GALAXIES

In this section, we systematically compare all of the oyspiag
properties of the objects in Tadlé 1. Figlide 1 shows theibistr
tion of the data listed in Tablg 1 in the radius-velocity gawhich
are the most directly observable quantities available fiosample.
Broadly speaking, the objects follow two relations, whiiiely in-
dicate opposite extremes of a continuum of relations as @tres
of virial equilibrium (see below). The first roughly matchté®e
classical size-linewidth relation of Galactic clouds (s@m| 1981;
Solomon et al. 1987), which is traced by the solar neighbmaoth
clouds and nearby galaxy clouds (solid line in Fiddre 1). Aeen
bylHevyer et al.[(2009), a substantial fraction of clouds a@vfrom
the classical relation, because it did not include a deparelen
the surface density. A second relation is traced by the C\ddd,
and is both offset from and slightly steeper than the Larsba-r
tion. The CMZ regions and the high¢louds and galaxies with a
short gas depletion time-scale follow this ‘CMZ relationbt Al-
though it is steeper than the classical relation (with a poae
index of 0.7 as opposed to 0.5), shifting the CMZ relatiorotwedr
velocity dispersions by a factor of five makes it roughly ¢stent
with the clouds in the solar neighbourhood and nearby sgataix-
ies. Interestingly, nearby spiral galaxies and highalaxies with a
long depletion time-scale lie in between both relationsweleer,
the classical relation is extrapolated well beyond theditesnge of
size-scales — no kpc-size clouds exist in the local Univérseause
the Toomre length is typically only a few 100 pc. In summaiig-F
ureld suggests that the CMZ clouds and regions as well asghe hi
z clouds and galaxies are offset to higliérat the sameR with
respect to clouds in the solar neighbourhood and nearbyigala
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Figure 1. Size-velocity relation of the sample of clouds, regionsl galax-
ies listed in§2. The quantityl” indicates the characteristic velocity of the
system (seg]2). The highz galaxy sample is divided into two groups of
slowly star-forming galaxies (defined &g 1 = Mgas/SFR > 100 Myr)
and rapidly star-forming galaxies (definedtas,; < 100 Myr). The error
bar indicates a factor-of-two uncertainty, which is ch&astic for most
of the observations compiled here. The solid line indicdles classical
size—linewidth relation of clouds in the solar neighbowrthdSolomon et al.
1987), the dashed line denotes the power law fit to the CMZdslday
Shetty et al.|(2012), and the dotted line shows the samdarlahifted
down by a factor of 5.

If the objects are in virial equilibrium, then this offsetashd be
correlated with the surface density (Heyer et al. 2009).

To avoid the clear scale dependence of the quantities shrown i
Figure[1, we now turn to a discussion of normalized obseegbl
Figure2 shows the scaling coefficient of the solid line inFajl as
a function of the gas surface density. The cumulative distions
above and to the right of the main panel show how the objects in
the different sample groups from Table 1 are distributedhéenga-
rameter space. To make sure that each sub-sample is clesbigv
(i.e. irrespective of the number of objects it containsg, tkmbers
are rescaled such that each sub-sample contributes anfiegptiain
to the cumulative distribution of the sample group it belotm For
instance, the six CMZ regions from Table 2 and the more nuuasero
CMZ clouds both contribute 50% of the increase of the bluelsum
lative distribution from zero to unity. The rescaling isibig in the
cumulative distributions as discrete steps for smakub-samples,
and a more gradual increase for laryesub-samples.

The gas surface density is the fundamental quantity in many
galactic SF relations._Heyer et al. (2009) combined the -size
linewidth and gravitational equilibrium relationsof Lars(1981)
to show that the normalisation of the size-linewidth reatshould
depend on the surface densiy(or pressure® « ¥°) as

V = (nG/A)' /SR, 1)

where theA is the numerical factor in the definition of the dynam-
ical mass, i.eA = 5 for clouds andA = 1 for galaxies (se€?).

This relation is shown in Figufd 2 as the dashed line, assythit

the gas mass dominates the dynamical mass. A large part of our
sample indeed follows the relation of equatiéh (1), anddattis

that there exists a continuum of size-linewidth relationEigure 1

for different surface densities. The scaling coeffici&itr’° is
proportional to the square-root of the dynamical mass sarfn-
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Figure 2. Variation of the scaling coefficierit/ R-> of Figure[d with the
gas surface densif}gas. Symbols and colours are the same as in Fiflire 1,
and the dashed line indicates the relation implied by comgitwo of the
Larson [(1981) scaling relations (see text and equation 1devkr et al.
2009). The CMZ clouds and the Perseus clouds and cores fifiovelation
by definition, because no gas mass estimates are availaidetop and
left-hand panels show the cumulative distributionsSf,s and V/R%-5,
respectively, for each of the four sample groups from TRbl€He dotted
lines in the top panel exclude the CMZ clouds and Perseusisland cores,
because these sub-samples lack independent gas masseneassr

sity, and hence objects situated above the relation arerestiper-
virial, or have a gravitational potential that is not gaswiloated.
The main sub-samples that deviate from the relation aregheoy
spiral galaxies, the CMZ regions, and the higlgalaxies. For the
spiral galaxies, this is easily understood because themmhjcs are
dominated by stars and dark matter, while the gas surfacgtgen
is low because it is averaged over the entire galaxy. For & C
regions and highsgalaxies (including Arp 220), the offset is due to
the difference in definition of the dynamical mass betweeuds$
and galaxies, as well as due to the presence of stars. GaisHar-
mass ratios in the rangRgas:star = 0.01-1 are needed to move
the points onto the relation. Talllé 2 supports this ideaesonly
the Brick and Sgr B2 (the two rightmost blue diamonds in Fé{@ir
are gas-dominated. By contrast, the two top-left blue dizaisaep-
resent the CMZ discs, which have higher stellar masses than g
masses. We return to this point below.

The cumulative distributions show that the gas surface den-

sities reached in the CMZ approach those reached in high-
vironments and Arp 220, and the dynamical surface dengifies
both sample groups are also similar. This is in stark contréth
the properties of nearby clouds and galaxies. However, earcl
separation exists, because both regimes do overlap ovar@awna
(< 1 dex) range of surface densiti€Ss = 10°-10° Mg pc™?)
and scaling coefficientd{/ R°-® = 14 km s ™! pc™°9).

Figure[2 contains several outliers for which most likely the
stellar potential is important. In order to address thetgestellar
mass ratios throughout the sample, Fiddre 3 shows thersselta
face density as a function of the gas surface density. Thissie
sarily limits the data to those sub-samples for which steflass
estimates are available (see the fifth column of Table 2).dbited
lines in the main panel of Figufd 3 indicate constant gastétiar
mass ratiosRgas:star. Objects near the middle dotted line have
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Figure 3. Variation of the stellar surface densityst., with the gas sur-
face densityXgas. Symbols and colours are the same as in Figlire 1, and
from top to bottom the dotted lines indicate gas-to-steftass ratios of
Regas:star = Lgas/Sstar = {0.1,1,10}. The top and left-hand panels
show the cumulative distributions 8fg.s andXssar, respectively, for each
of the four sample groups from Taljlé 1 — only including olgewith stel-
lar mass estimates. The dotted line in the top panel excltueferseus
clouds and cores, because for this sub-sample no indepegdsmass
measurements are available, whereas the dotted red lime iright-hand
panel excludes the Arp 220 regions, because the stellar estistates are
not independent (see the footnote in Tdlle 1).

comparable gas and stellar masses, while those above (belew
dominated by stars (gas). The solar neighbourhood clowsatr
urally gas-dominated, whereas the nearby spiral galaxdes bas
fractions of 10% or lower. By contrast, the CMZ and higlyalax-
ies have comparable gas and stellar massesMith.scar = 0.1—
4. The CMZ points lie around the highpoints with larger scat-
ter — the two top-left blue diamonds represent the CMZ diansd,
the bottom-right diamond indicates the Brick. Figlite 3 coné
the impression from Figurel 2 that the gravitational potdstif
the CMZ regions and high-galaxies have a non-negligible contri-
bution from stars. A similar picture is sketched by the cuatiué
distributions, which again show that the CMZ regions occthmy
same part of parameter space as the higjalaxies. In terms of
the stellar surface densities, there is no real overlapdsstvthe lo-
cal Universe objects and the hightanalogue) objects. While this
may be due to the limitations of the sample, a reasonablsidivi
between both regimes would B&;a, ~ 2 x 10> Mg pc™2.
Figure[4 closes the circle of gas, stellar, and dynamicakmas
densities. It shows the stellar surface density as a fumdfithe dy-
namical mass surface density, which is proportional to thuaee of
the ordinate of Figurgl2. Analogously to Figlde 3, dotteésditn-
dicate constant stellar-to-dynamical mass raiQg.r.ayn. Objects
near the middle dotted line have comparable stellar andrdina
cal masses, while those above are stellar-dominated, asd tie-
low either have kinematics dominated by non-stellar massy®
supervirial. Because their gravitational potential is-daminated,
the solar neighbourhood clouds and cores have low stellar-t
dynamical mass ratios. The nearby galaxies also have ldiarste
to-dynamical mass ratios Rstar:ayn < 0.1, but for a differ-
ent reason — they are dark-matter dominated, because F&ure
already indicated that the gas-to-stellar mass ratio is ateund
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Figure 4. Variation of the stellar surface densilyst,, with the dynami-
cal surface densityq,,,, Wwhich assumes virial equilibrium. Symbols and
colours are the same as in Figlite 1, and from top to bottongdtied lines
indicate stellar-to-dynamical mass ratios®far:dyn = Zstar/Zdyn =
{10, 1,0.1}. The top and left-hand panels show the cumulative distribu-
tions of £4,, andXstar, respectively, for each of the four sample groups
from Table[d — only including objects with stellar mass esties. The dot-
ted red line in the right-hand panel excludes the Arp 220oregibecause
the stellar mass estimates are not independent (see[Jable 1)

Rgas:star < 0.1. As shown in the discussion of Figure 2, the dy-
namics of the Brick and Sgr B2 are gas-dominated, and indesd t
are represented by the two blue diamonds with high dynamical
to-stellar mass ratios in Figufd 4. The other CMZ region data
points have low gas-to-stellar mass ratios and their alagrtravith
Rstar:dyn = 1 therefore indicates virial equilibrium. The same
holds for the highz galaxies, which also have comparable stellar
and dynamical masses. Combining Figure 4 with Figlire 2, we se
that the dynamical mass density of all objects in the sangpée
counted for by the total baryonic mass (i.e. they are closérial
equilibrium), except for the nearby spiral galaxies, whach dark-
matter dominated. Again, the cumulative distributionsmstimat the
CMZ data occupy the same part of parameter space as the:high-
galaxies. More specifically, there is a low-dynamical scefaen-
sity tail of high= galaxies, which is not covered by the CMZ re-
gions sub-sample. The CMZ regions stand clear of the davb-
jects, with a separation at arouditdy,, = 3 x 10*> Mg pc™2, and
coincide with the extremely high-density, higlgalaxies.

4 DISCUSSION

The sample of clouds, regions and galaxies used in this paper
necessarily heterogeneous, and hence there are a numbseafs
that require further discussion. Firstly, the tracers efgas (kine-
matics) vary between the different sub-samples — we usg(NH)

and HCN for the CMZ, whereas various CO transitions are used t
probe the kinematics in all other samples. This may undenagt
the velocity dispersion with respect to CO, because; ldhid HCN
trace higher densities (and hence smaller spatial sc@lesject-
ing for this would only exacerbate the difference with clsud
nearby galaxies, which are found to have smaller velocispeti-
sions than objects in the CMZ. Secondly, the gas masses & som

Molecular gas across cosmic time-scaless

of the highz galaxies were estimated from thexHlux using the
Schmidt-Kennicutt relation. This may overestimate thergass in
galaxies with short depletion time-scales, which are fagrstars
at a rate higher than appropriate for the Schmidt-Kennieldtion
(Daddi et all 2010). If true, this would move some of the high-
sample closer to the CMZ regions (see the top panels of RK{flire
and3). We conclude that the similarity between the CMZ agt-hi
z galaxies is real, irrespective of the heterogeneity.

The CMZ and highz galaxies also have other properties in
common, which we have not compared in detail here. For in-
stance, the high Mach number of the gas in the CM4Z (~ 70,

e.g. Kruijssen et al. 2013) is characteristic of starbunsk laigh=
galaxies (M ~ 100, e.g..Swinbank et al. 2011). Due to the simi-
larly high densities# ~ 10* cm~2) and temperatures (= 50—
100 K), the turbulent and thermal gas pressures in the CMZ and
high-z galaxies are comparable, which implies similar surface den
sities of marginally gravitating clouds in both environrteiisee
Figured2 anfll3). The CO spectral energy distributions shalso
peak at similar transitions (elg. Danielson et al. 2011ye&# dif-
ferences between the CMZ and higlgalaxies exist as well. The
metallicity in the CMZ exceeds that of highgalaxies by a factor
of a few (e.gl.Erb et al. 2005; Longmore elial. 2013, and refere
therein), whereas the high SFR densities in higialaxies imply
vastly greater radiation and cosmic ray pressures thareiCMZ.

The most notable difference between the CMZ and the vigor-
ously star-forming (i.e. sub-mm) galaxies is that the farrméorm-
ing stars at a rate 1-2 orders of magnitude below the predtf
galactic scaling relations (Longmore etlal. 2013). Thisriikely
to be caused by the aforementioned differences. A highealmet
licity should imply more efficient cooling and more efficieBF,
contrary to the low SFR that is observed in the CMZ. The etaVat
radiation and cosmic ray pressures in highalaxies are caused by
SFitself, and it would therefore be a circular argument tidkatte a
dearth of SF to a low feedback pressure. A more likely exglana
is that the CMZ is currently in a pre-starburst phase andpseted
to form stars at a comparable SFR density to higialaxies within
the next (few) 10 Myr|(Kruijssen et al. 2013). In this scenathe
CMZ provides the initial conditions of high-starbursts. Alterna-
tively, some yet unidentified process consistently sugaesSF in
the CMZ, opening up a new window to understanding galactic SF

In conclusion, we find that in terms of their baryonic com-
position, kinematics, and densities, the clouds and regadrthe
CMZ appear indistinguishable from highelouds, as well as high-

z galaxies as a whole when scaled to a similar size. Hence Nl C
provides insight into the initial conditions of SF at highwe show

that the properties of the high-density clouds in the CMZ\aney
similar to the highz clouds (also see Swinbank etlal. 2011), even
more so than the regions of the classical highralogue Arp 220.
The CMZ clouds may therefore be used as templates to make pre-
dictions for the evolution (and possibly the life cycle) ag-z
clouds. We propose that the CMZ replaces Arp 220 as the rteares
high-z galaxy analogue. In combination with the more quiescent
environments of the solar neighbourhood and the Galactic, di
this implies that a remarkably broad range of environmeatshe
probed within our Galaxy alone, making it an exquisite teatepl

for obtaining an end-to-end understanding of the SF process
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