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ABSTRACT

We present a comparison of the Milky Way’s star formation rate (SFR) surface density (Zgpr) obtained with two independent state-of-
the-art observational methods. The first method infers Xsgr from observations of the dust thermal emission from interstellar dust grains
in far-infrared wavelengths registered in the Herschel infrared Galactic Plane Survey (Hi-GAL). The second method determines Xggr
by modeling the current population of O-, B-, and A-type stars in a 6 kpc X 6 kpc area around the Sun. We find an agreement between
the two methods within a factor of two for the mean SFRs and the SFR surface density profiles. Given the broad differences between
the observational techniques and the independent assumptions in the methods for computing the SFRs, this agreement constitutes a
significant advance in our understanding of the star formation of our Galaxy and implies that the local SFR has been roughly constant

over the past 10 Myr.
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1. Introduction

The formation of stars marks the onset of the conversion of
nuclear binding energy into radiative and mechanical energy that
is then released into the interstellar medium (McKee & Ostriker
2007; Kennicutt & Evans 2012; Girichidis et al. 2020). High-
mass stars regulate the composition, structure, and evolution
of the interstellar medium by injecting energy and momen-
tum through supernovae, ionizing photons, and winds (see, for
example, Weaver et al. 1977; Krumholz et al. 2014). Thus, under-
standing the rate and distribution of star formation is crucial for
understanding the workings of the Milky Way and other galax-
ies (see, Klessen & Glover 2016; Ballesteros-Paredes et al. 2020;
Tacconi et al. 2020, for recent reviews).

The Milky Way’s star formation rate (SFR) has been esti-
mated using various techniques. Radio free-free emission and
[N11] 205 um emission have been employed to reconstruct the
Lyman continuum photon production rate from O stars in the
Galactic disk (Smith et al. 1978). Assuming an initial mass func-
tion (IMF) of a newly formed generation of stars (Salpeter 1955;
Bastian et al. 2010; Lee et al. 2020), these observations lead
to SFR estimates of between 2.0 and 2.4 M, yr~' (Guesten &
Mezger 1982; Bennett et al. 1994; McKee & Williams 1997,
Murray & Rahman 2010). Robitaille & Whitney (2010) used
the census of young stellar objects (YSOs) in the Galactic
Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE)
survey (Benjamin et al. 2003) to construct a population

synthesis model of the Galaxy, which yields an SFR of between
0.68 and 1.45 Mg yr~!'. Chomiuk & Povich (2011) normalized
various estimates for the Galactic SFR to the same IMF and
population synthesis models, which results in a global SFR of
around 1.9+0.4 M, yr~!. Licquia & Newman (2015) revisited
this result and, using a hierarchical Bayesian statistical method,
obtained 1.65+0.19 M, yr~'. More recently, estimates of the
SFR distribution across the Milky Way’s disk have become more
precise thanks to the advent of high-resolution Galactic plane
surveys in radio and far-infrared (FIR) frequencies as well as
the unprecedented astrometric observations from the Gaia space
observatory of the European Space Agency (ESA).

Elia et al. (2022, hereafter E22) derived the Milky Way’s
SFR distribution based on the physical properties of clumps
identified in the Herschel' infrared Galactic Plane Survey (Hi-
GAL; Molinari et al. 2016). Hi-GAL covered a two-degree-wide
strip centered on the midplane of the Galactic disk and regis-
tered the emission in 70, 160, 250, 350, and 500 um wavelengths,
which are dominated by the thermal emission from interstellar
dust grains. Elia et al. (2017, 2021) identified compact sources
in the Hi-GAL multifrequency maps, which were generically
denominated as “clumps.”

1 Herschel is an ESA space observatory with science instruments
provided by European-led Principal Investigator consortia and with
important participation from NASA.
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The Hi-GAL catalog comprises 94 604 clumps, 35186 of
which are considered protostellar, that is, at the earliest stage
of star formation activity as indicated by their emission at
70 pm wavelength (Elia et al. 2021). Mege et al. (2021) assigned
heliocentric kinematic distances to the clumps by using their
morphological matching with the radial velocity channels in
carbon monoxide (CO) emission surveys and additional infor-
mation from three-dimensional dust density reconstructions and
neutral atomic hydrogen (HI) emission. Using these distance
estimates and the emission registered across the Herschel wave-
length bands, Elia et al. (2021) computed the clumps’ sizes,
masses, bolometric luminosities, and other physical properties.

E22 estimated the SFR for each protostellar clump from an
empirical relation between the SFR and the clump mass derived
using the method introduced in Veneziani et al. (2013, 2017). The
initial hypothesis is that the YSO population is related to the SFR
in a clump, an assumption that is justified in nearby clouds by the
relatively similar ages inferred from the low spread of YSOs in
the Hertzsprung—Russell diagram (Lada et al. 2010). The SFR is
determined by combining the number of YSOs, their expected
final mass, and their time to reach the main sequence. Models
of stellar evolution indicate that a typical timescale estimated for
the transition between the YSO phase and the start of the main
sequence is roughly between 10° and 10° yr (see, for example,
Molinari et al. 2008).

Due to the limited angular resolution, direct YSO counts are
limited to the closest sources; thus, the SFR in distant clumps is
estimated by applying a phenomenological relation between the
YSO counts and the bolometric luminosity obtained in nearby
clumps (Veneziani et al. 2013). E22 obtained the relation

SFRclump = (56 +1 4) X 10_7(M01ump /MO)0.74iO,03 M® yr_l (1)

to compute the SFR for 29704 protostellar clumps with reli-
able distance estimates. The clump SFRs were distributed and
summed in a Cartesian grid with 0.5 kpc x 0.5 kpc spaxels to
calculate the SFR surface density (Xgpr) distribution and radial
profile within galactocentric radius Rq, = 16 kpc.

Wells et al. (2022) present a similar derivation of the Milky
Way’s SFR using dense clumps. Their analysis is based on
modeling the embedded stellar clusters to obtain bolometric
luminosities from their parental dust clumps in mid-infrared
and FIR frequencies. The result is a semi-empirical relation
between the star formation efficiency and the clump mass, which
was applied to obtain the star formation efficiency and SFR
from the clumps identified in the 850 um Atacama Pathfinder
Experiment (APEX) telescope Large Area Survey of the Galaxy
(ATLASGAL; Schuller et al. 2009; Urquhart et al. 2022). The
general SFR trends in Wells et al. (2022) are not dissimilar
to those obtained in E22, that is, the decrease in Xgpr for
Rga1 > 5 kpc. However, the Galactic longitude range is limited to
|/| < 60°, which restricts their reconstruction of the SFR profile
to the inner Galaxy, and their clump selection corresponds to a
high-density subset of the Hi-GAL sample. Thus, we focus our
comparison on the results from E22.

Zari et al. (2023, hereafter Z23) present a map of the stellar
age distribution across a 6 kpc X 6 kpc area of the Galactic disk
centered on the Sun that was used to reconstruct the Galaxy’s
recent (<1 Gyr) star formation history. The sample used in
723 consists of ~500000 candidate O-, B-, and A-type stars
selected in Zari et al. (2021) by combining Gaia Early Data
Release 3 photometry and astrometry (Gaia Collaboration 2021)
with photometric information from the Two Micron All Sky Sur-
vey (2MASS; Skrutskie et al. 2006). This sample is restricted
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to sources with Gaia G-band magnitudes <16 and absolute
magnitudes in the 2MASS K, band of less than zero, which
roughly corresponds to a late B-type main-sequence star. Several
color cuts were applied to clean the sample of bright red giant-
branch and asymptotic giant-branch stars, as well as objects with
unnaturally blue colors.

723 modeled the distribution of absolute magnitudes, My,
that is, n(Mg, |x, ), taken as a function of position x in Cartesian
heliocentric coordinates with the x-axis oriented in the direction
[=0°. They assumed that at each x there is an underlying age or
birthrate distribution, b(7 | x, @), whose temporal dependence is
described by a set of parameters, a,

b(r|x,@) = ) ai(x) xi(?), @)

where the index i runs over five approximately logarithmic age
bins:5 to 10 Myr, 10 to 30 Myr, 30 to 100 Myr, 100 to 300 My,
and 300 Myr to 1 Gyr. The indicator function y = 1 if 7 is within
the limits of the age bin, and y = 0 otherwise. For each position,
x, Z23 compared the observed and predicted M, distribution
and derived the best-fit birthrate parameters, @pes, by optimizing
the likelihood of the data.

723 hence derived number- or mass-density maps of mono-
age stellar populations in five age bins across the 6 kpc x 6 kpc
area of the Galactic disk surrounding the Sun. To derive a spa-
tially resolved SFR, E23 divided the volume into 256 spaxels
of different sizes, each containing roughly 1000 stars. They
obtained an estimate of the SFR in that portion of the Galactic
disk by summing over the entire area considered and multiplying
b(T |pest) (units of yr‘l) by the mean stellar mass derived from
their assumed IMF, (M) = 0.22 M,

In this paper we compare the independent state-of-the-art
methods described above to study the recent star formation his-
tory of the Milky Way. In Sect. 2, we present the distribution and
radial profiles of the SFR surface density (Xspg) and the compar-
ison between the results of E22 and Z23. In Sect. 3, we discuss
the main differences and similarities between the two estimates.
Details on the construction of Xgggr maps and radial profiles are
given in Appendix A.

2. Comparison between Xgrr estimates

We compared the two methods by distributing the E22 protostel-
lar clumps into the spatial grid introduced in Z23, adding their
contributions to the SFR to obtain an SFR for each spaxel. We
accounted for the difference in the assumed galactocentric solar
orbit radius (Ry) in E22 (R = 8.35kpc) and Z35 (Rs =8.0kpc)
by displacing the center of the Z23 SFR reconstruction in the
local 6 kpc X 6kpc to the Sun position in E22. The total SFR
from E22 and 723 in this region is 0.13+0.06 Mg yr~! and
0.28 +0.05 M, yr~!, respectively.

We also compared the Xgpr distributions in two ways. First,
we used the Hi-GAL clumps to compute the Xgpg radial pro-
files over the whole Galactic plane and for the region considered
in Z23. Second, we computed Xgpr in each spaxel of the grid
introduced in Z23, dividing the SFR by the spaxel area.

2.1. Xgrg radial profiles

We computed the Hi-GAL Zgpr distribution across the Galactic
plane in a polar grid across 1.35 < Rgy <16.35 kpc, including the
radial bins used by Z23, as shown in Fig. 1). We calculated Xgpr
by adding the SFRs from the Hi-GAL clumps in each spaxel
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Fig. 1. SFR surface density (Xsgr) derived from the Hi-GAL clumps.
The yellow rectangle indicates the position of the 6 kpc X 6kpc area
around the Sun studied in Z23.

and dividing by the area of the spaxel. We employed the clump
positions in Galactic coordinates and the heliocentric distances
reported in E22’s catalog to compute the galactocentric radius
(Rga1) using the astronomical coordinate transformation tools in
astropy (Astropy Collaboration 2022). Further details on the
population of the grid are provided in Appendix A.

The Xgpgr distribution, presented in Fig. 1, illustrates the sig-
nificant decrease in Zgpr With increasing R, already identified
in E22. It also shows a decrease in Xggg of at least one order
of magnitude from the lowest to the largest Rgy within the area
considered in Z23. The largest Zspr values within that area con-
sidered in Z23 are concentrated toward the lower-right corner of
the region within the yellow rectangle in Fig. 1, which corre-
sponds to the fourth Galactic quadrant for an observer located at
the Sun’s position.

We calculated the Galactic Xgpr radial profiles by binning
and adding the SFRs from the Hi-GAL clumps in the radial grid
used to construct Fig. 1 and dividing by the area of each annu-
lus. For the local 6 kpc x 6 kpc considered in Z23 (yellow box
in Fig. 1), we added the SFRs from the Hi-GAL clumps within
the intersection between each annulus and the square patch and
divided by the resulting area. The top panel of Fig. 2 shows the
radial profiles obtained from the Hi-GAL clumps and the results
of Z23 for the age interval 5 <7 < 10Myr. We chose this age
range since it is the closest to the timescales sampled by the FIR
emission. Furthermore, the profiles obtained in other age bins
are relatively flat (see Z23).

The global profile derived from the Hi-GAL clumps is
around a factor of two below that obtained in Z23, but it shows
a similar dependence on Rg,. This profile is particularly dom-
inated by the significantly large Xspr shown by both methods
for Ry <8kpc. The radial profiles corresponding to the local
6 kpc x 6kpe region show similar features at different galacto-
centric radii, as highlighted in the normalized SFR profile shown
in the bottom panel of Fig. 2. For Rg, 2 7kpc, both tracers
show significantly lower Xgrr than at smaller Rg,, a bump in
Zsrr around Rgy = 7.8 kpc, and a second bump at R,y 2 7.8 kpc.
For Ry, < 7kpe, both profiles show an increase in Xspr and a
decrease close to R,y = Skpc. We further explored the structure
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Fig. 2. Profiles of the star formation surface density (Xsgg; top) and
normalized star formation (SFR/SFRiy., where SFRm EZ::?:SFR;
bottom) obtained from modeling of the populations of high-mass stars
in the age interval 5 <7 < 10 Myr (orange; Zari et al. 2023) and the FIR
emission from the Hi-GAL clumps (blue and cyan; Elia et al. 2022).
The orange and cyan curves, labeled “local,” correspond to the profiles
derived from an area of 6 kpcx 6kpc around the Sun. The blue lines
correspond to the profile from the full azimuthal range. The vertical
segmented line indicates the assumed position of the Sun. The shaded
areas indicate the 16th and 84th percentiles in the Zari et al. (2023)
estimates and the upper and lower limits given by Eq. (1) in the E22
estimates.

in the Xggr profiles by considering the distribution within the
area studied in Z23.

2.2. Local £srr distribution

We also computed the Xgpgr distribution from the Hi-GAL
clumps using the same spatial grid as in Z23. As in the polar grid,
we added the SFRs for the clumps in each spaxel and divided
them by the spaxel area to obtain Xgrr. We present the results of
the two Xgpr estimates in Fig. 3.

Figure 3 shows variations of more than an order of magnitude
in Xgpr as a function of position in the Galaxy. Such variations
are also observed in nearby spiral galaxies (Kreckel et al. 2018;
Sun et al. 2023). They imply that the instantaneous SFR varies
dramatically throughout the Galactic disk.
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Fig. 3. SFR surface density (Xspr) obtained from the Hi-GAL clumps (left) and modeling of the high-mass stellar population (right) in a

6 kpc X 6 kpc area centered on the Sun (indicated with the yellow star).

The labels give the positions of the sources in the “Handbook of Star-

Forming Regions” (Reipurth 2008a,b) with the distances estimated in Zucker et al. (2020). The dashed lines correspond to galactocentric circles

with the indicated radii.

The main similarities between the Xspr distributions are
found toward well-known high-mass star-forming regions (coun-
terclockwise and starting from the top of Fig. 3): Cygnus
(Reipurth & Schneider 2008), the W3/W4/W5 region (Megeath
et al. 2008), RCW38 (Wolk et al. 2008), and the Carina
Nebula (Smith & Brooks 2008). The agreement is also good
in the relatively high Zgpr toward the M16, M17, M20, and
Gem OBI1 regions. The latter agreement is particularly notable
since the uncertainty in the kinematic distances is particularly
acute toward the Galactic center and anticenter.

Figure 4 shows the ratio of the two star formation surface
density estimates 522 /S22 across the local patch presented in
Fig. 3. The =52 /522 distribution indicates that the Zgpg esti-
mates from Z23 are larger in most of the spaxels. There are,
however, some regions where the Xgpr from E22 are the largest,
for example, toward the lower-left quadrant of the local patch
(fourth Galactic quadrant).

The values of £7% /X5 shown in Fig. 4 appear to be con-
sistently lower toward higher Rg,. Yet, there is no global trend in
the distribution of the ratio, and regions at roughly the same Rg,
show either EEIEZR / 2?%% > 1 or < 1, particularly for Ry, < 8kpc. In
the following section we discuss whether physical or systematic
effects cause these differences.

3. Discussion

We have presented Xgpr as derived from the Hi-GAL clumps and
the distribution of the high-mass stars, focusing on the end prod-
uct of the two observational methods. In this section, we discuss
whether the differences between the two estimates are explained
by a systematic effect introduced by the underlying assumptions
in either method or whether they reveal further physical insights
into the dynamics of star formation in the Galactic plane.

3.1. Why the Xsrg distributions are similar

The agreement between the Xgpg profiles reported in Fig. 2
is noteworthy, given the differences in the observed quantities
and the underlying assumptions involved in the two methods.
However, this similarity is not entirely unexpected.
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Fig. 4. Ratio between the Zsgg estimates derived in E22 and Z23.

The molecular gas mass surface density (Xp,) traced by CO
shows a sharp increase toward the inner Galaxy, reaching a peak
value around 4 < Ry, <5 kpc (see, for example, Heyer & Dame
2015; Miville-Deschénes et al. 2017; Riener et al. 2020). The star
formation surface density is also expected to increase toward the
inner Galaxy, directly following the strong correlation between
Ysrr and Xy, observed toward nearby disk galaxies (see, for
example, Kennicutt 1989; Schruba et al. 2011; Leroy et al. 2013).
Hence, it is expected that Zspr increases at small Rg,;.

723 concluded that the Milky Way’s SFR increased during
the past 10 Myr. Thus, it is foreseeable that the more recent SFR
traced by the Hi-GAL clumps follows a similar distribution. If
we assume that the difference between the two Zgpr profiles in
Fig. 2 has a physical origin, it would mean that the Milky Way
SFR peaked between 5 and 10 Myr ago and has since slightly
decreased. Yet, there are many systematic effects that may rec-
oncile the two estimates without implying a change in the star
formation history, as we discuss below.
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3.2. Why the Xser values are different

The underlying assumptions in the estimation of Xgpg are likely
explanations for the factor of around two separating the total SFR
and the Zgpgr profiles in Fig. 2. On the Hi-GAL clump SFR esti-
mate, these assumptions include the use of kinematic distances,
the selection of the dust properties to reconstruct masses from
FIR emission, and the phenomenological model used to map
masses into SFR. On the high-mass stellar population model-
ing, these assumptions include the adopted completeness of the
sample and the choice of IMF.

The kinematic distances of the Hi-GAL clumps are derived
by matching their emission to a particular component of CO
emission (Mege et al. 2021). If the clump is on a circular orbit
following a Galactic rotation model, the velocity with respect to
the local standard of rest (v sg) uniquely identifies the clump’s
Rga (see, for example, Wenger et al. 2018). This means that
clumps close to the Galactic center or anticenter, where the radial
component of the rotational motion is minimum, will have large
uncertainties in their kinematic distances. Moreover, non-radial
motions, such as those arising from supernova explosions or
spiral arm shocks, will affect the location of clumps based on
kinematic distances (see, for example, Burton 1971; Peek et al.
2022; Hunter et al., in prep.). The Zgpr estimates from Z23 do
not depend on kinematic distances but from Gaia parallaxes.
Thus, because the two profiles in Fig. 2 are offset in Xgpg rather
than displaced in Rg,, it is likely that the kinematic distances are
not critical for the global reconstruction of the SFR.

The SFR from the Hi-GAL clumps depends on the mass
estimates, which were obtained using the source size, assumed
distance, emission optical depth (1), and dust opacity («) (Eq. (3)
in Elia et al. 2017). The value of 7 is usually parametrized as a
power law with spectral index S. Following the Herschel obser-
vations in nearby clouds regions (Sadavoy et al. 2013; Konyves
et al. 2015), E22 adopted the reference value 8=2. However,
variations of B between 1.8 and 2.6 have been inferred from
Herschel observations toward the Galactic plane (Paradis et al.
2010). An increase in the assumed values of 8 would push toward
higher masses and higher SFRs, consequently closing the gap
between the results of E22 and Z23. Yet, the selection of a sin-
gle high g for all the clumps is not justified by the observational
evidence (see, for example, Planck Collaboration XI 2014).

E22 set « to a reference value at 300 um, k309 =0.1 cm? g~!,
which includes the underlying assumption of a dust-to-gas ratio
v =100 (Beckwith et al. 1990). Dust models indicate « val-
ues that span from k309 = 0.13 cm? g~! in Ossenkopf & Henning
(1994) to one of magnitude lower in Draine & Li (2007).
Assuming a lower value of x within the current observational
limits is enough to reconcile the offset in Fig. 2. Fluctua-
tions in « are expected from the variety of physical conditions
among the clumps, but it is unlikely that they conspire to make
k systematically lower than the reference value used in E22 and
solely explain the offset in the Xgpg profiles.

The phenomenological relation in Eq. (1) was obtained
using plausible but coarse assumptions about the evolution
between the protostellar phase and the start of the main sequence
(Molinari et al. 2008). Assuming longer (shorter) timescales
leads to an underestimation (overestimation) of the SFR. A
shorter timescale would reconcile the Zggr profiles, although
there is no observational evidence that would justify this choice.

Figure 3 shows that the Xgpr as derived from the Hi-GAL
clumps is lower than Xgpg as derived from high-mass stars. The
difference is more pronounced outside of the known star-forming

regions. The spaxels showing good agreement most likely cor-
respond to regions where the massive stars and YSOs coexist,
while the spaxels with the largest differences correspond to
regions with less dust and more stars.

The minimum mass recovered with the Hi-GAL survey is
limited by the sensitivity of the Herschel instruments. This
means that in regions of the sky with low FIR emission, the
masses and SFRs derived from the Hi-GAL observations are
underestimated. This may be the case toward the highest R,
regions and the lower-left quadrant in Fig. 3 and the area between
the W3/W4/W5 complex and Cygnus X. Additionally, the cat-
alog used in E22 includes only “cold” clumps, that is, objects
with reliable spectral energy density between 160 and 500 pm,
from which their mass is derived. Multiple 70 um-, 70 and
160 um-, and 70, 160, and 250 um-only sources are excluded
from the SFR tally. Furthermore, the 70 um emission employed
to determine whether or not a clump is protostellar, and thus its
inclusion in the SFR calculation, is an “on-off switch”; clumps
with 70 um emission close or below the detection limit are also
excluded. Finally, clumps without reliable heliocentric distances
are also not included. These omitted sources could account for
an additional 20% to the global Galactic SFR, as estimated using
random distance realizations (see Sect. 2.2.1 in Elia et al. 2022).

The discrepancy between the two Zggr estimates can also be
caused by the fact that some O-, B-, and A-type stars might have
moved from their birthplaces and populated the regions where
the Hi-GAL emission is low, a hypothesis that is supported by the
current observational evidence. The velocity dispersion of YSOs
in the Orion high-mass star formation region is around 5 kms™!,
which corresponds to an average displacement of roughly 50 pc
in 10 Myr (GroBschedl et al. 2021). Furthermore, stars in the
Galactic disk deviate from their birth orbits and experience radial
migration and vertical heating.

Although based on older stars, the model of the secular evo-
lution of the Milky Way disk presented in Frankel et al. (2020)
indicates that the expected radial migration close to the solar
circle in 10 Myr is around 100pc. This is further supported
by recent hydrodynamical simulations presented in Fujimoto
(2023), where the numerical experiment set up to investigate
the effect of gravitational interactions between giant molecular
clouds (GMCs) and young stars in a Galactic disk analog indi-
cates that GMCs efficiently scatter newborn stars in the first
several hundred Myr after the stellar birth (see their Fig. 7).
Moreover, observations of nearby spiral galaxies suggest that
GMCs exist for less than roughly 5 Myr after the onset of mas-
sive star formation (see, for example, Kim et al. 2022). Together,
these pieces of evidence suggest that the 5-10 Myr old OB stars
should be located in different places than the ongoing star forma-
tion and thus partly explain why there is not a tighter agreement
between the Xgpr distribution presented in Fig. 3.

Finally, the choice of the IMF employed to model the stel-
lar birth rate in Z23 can globally reconcile the profiles in
Fig. 2. Since their sample is predominantly composed of mas-
sive stars, of which most are in unresolved binaries, Z23 used a
four-component broken power law that accounts for unresolved
binaries from Kroupa (2002). However, a two-component bro-
ken power law with I'=1.3 for masses between 0.1 and 0.5 M,
and I'=2.3 for masses between 0.5 and 100 My (Kroupa &
Weidner 2003), leads to much better agreement with the E22
Yspr profile, as we show in Appendix B. This agreement does not
justify the selection of a two-component IMF, but illustrates the
quantitative agreement between the Xgpr profiles within the
range of assumptions of both observational methods.
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4. Conclusions

We have presented a comparison of the Milky Way’s Xgpr spa-
tial distribution and radial profile inferred from two independent
observational methods: the modeling of high-mass stellar pop-
ulations and the FIR dust thermal emission from the clumps of
the Hi-GAL survey. The two estimates show good agreement in
the radial Xgpr profile, within a factor of two, and considerable
agreement in the SFR distribution within the 6 kpc X 6 kpc area
around the Sun. The factor of two separating the SFR estimates
can be easily accounted for by the assumptions underlying the
two methods. Together, these results indicate that the timescales
of star formation sampled by each method are similar and sug-
gest that the local SFR in the past 10 Myr has been approximately
constant.

The agreement between the two independent SFR estimates
presented here supports the robustness of both SFR reconstruc-
tions. The Hi-GAL results suggest that the conclusions drawn
from the local populations of high-mass stars can be extended to
the rest of the Galaxy. The outcome of the high-mass stellar pop-
ulation modeling indicates that the analysis of the dust thermal
emission is not critically affected by the assumption of kinematic
distances and dust properties. Given the difficulties derived from
our position within the Galaxy, the agreement between these two
estimates is comparable to characters in the parable of blind peo-
ple encountering an elephant® and agreeing with each other on
their observations. In this case, the observations constitute a cru-
cial hint about the workings of the Milky Way and a significant
point of comparison with other nearby spiral galaxies.
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Appendix A: Construction of radial profiles

In this appendix we present some of the quantities involved in
the calculation of the Xgpr radial profiles and maps presented in
the main body of this paper. Figure A.1 shows the number of E22
clumps distributed in the polar grid presented in Fig. 1 and the
maps in Fig. 3. We computed Xgpr by adding the contributions
derived from Eq. 1 for the clumps in each spaxel. For compari-
son, we present in Fig. A.2 the sum of the clump masses in each
spaxel for the Galactic polar and Z23 grids.
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Fig. A.1. Number of Hi-GAL clumps in the polar and Cartesian grids
presented in Figs. 1 and 3.

Appendix B: Effect on the IMF selection

We considered the results of an alternative IMF selection in
the modeling of the high-mass stellar population by employ-
ing a two-component broken power law with I'= 1.3 for masses
between 0.1 and 0.5 M and I" = 2.3 for masses between 0.5 and
100 My (Kroupa & Weidner 2003). The results, presented in
Fig. B.1, are much closer to the E22 Xgpr profile. However, this
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Fig. A.2. Total mass in Hi-GAL clumps in the polar and Cartesian grids
presented in Figs. 1 and 3.

selection of IMF does not account for unresolved binaries, which
comprise a large portion of the objects in the Z23 source catalog.
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== Hi-GAL clumps
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=== QOBA stars (Local)

0.020

0.015

Zsrr [Moyr~tkpc2]

0.010

0.005

6 7 8 9 10 11
Rgal [kpC]

Fig. B.1. Same as Fig. 2, but for a two-component broken-power-law
IMF.
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