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ABSTRACT

Throughout the Milky Way, molecular clouds typically appear lamentary, and mounting evidence indicates that this morphology
plays an important role in star formation. What is not known is to what extent the dense laments most closely associated with star
formation are connected to the surrounding di use clouds up to arbitrarily large scales. How are these cradles of star formation linked
to the Milky Way's spiral structure? Using archival Galactic plane survey data, we have used multiple datasets in search of large-scale,
velocity-coherent laments in the Galactic plane. In this paper, we present our methods employed to identify coherent lamentary
structures rstin extinction and con rmed using Galactic Ring Survey data. We present a sample of seven Giant Molecular Filaments
(GMFs) that have lengths of ordeir00 pc, total masses of 10- 10° M , and exhibit velocity coherence over their full length. The

GMFs we study appear to be inter-arm clouds and may be the Milky Way analogues to spurs observed in nearby spiral galaxies. We
nd that between 2 and 12% of the total mass (abd@?° cm? ) is “dense” (above 138 cm? ), where laments near spiral arms in

the Galactic midplane tend to have higher dense gas mass fractions than those further from the arms.
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1. Introduction ingredients, such as magnetic elds and/or turbulence dissipa-

. : . .,_tion (Hennebelle 2013), are needed to preserve laments with
Star-forming clouds in the Milky Way — both nearby and distanfe properties observed in the ISM and in turbulent simulations.
= —hexh_|b|t elr(])ngatedhstlructures (see Myers 2ﬁ09, agd rﬁferenﬁ/ﬁﬁe massive laments, such as those modeled by Fischera &
(7)) therein). The morphology appears most enhanced when vigys i (2012) and Heitsch (2013a,b), are self-gravitating, thus
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phase, lamentary morphology seems to be imprinted on all Sub- "5 tndamental quantity in the understanding of the origin
O\l sequent stages of star format|_0n. However, the physical Or'g'nd?fGalactic laments is the maximum length over which they
— laments is still debated. A variety of models can produce densgy occur. This is challenging to observe for several reasons.
lamentary structures, though unambiguous observational digérs; “yntil recently, few unbiased surveys of the Galactic plane
Lo nostics are still lacking to_determlne the dominant mechanism{g): -ould potentially identify such structures existed. Second,
< leading to lament formation. _ _ the star formation occurring within laments, especially mas-
= Filamentary structures have been observed in a variety §fe ones, is very disruptive and impacts the clouds and clear
(ry tracers, ranging from extinction maps at optical ?”d infrareghnatures of the parent structure. As such, the quiescent stage
) wave!engths (e.g. Schne@er & Elmegreen 1979; Apal et 8F laments, appearing as infrared-dark clouds (IRDCs), should
<t 2005; Jackson et al. 2010; Schmalzl et al. 2010; Beuther etigdyer preserve the initial formation signatures compared to ac-
— 2011; Kainulainen et al. 2013) to CO maps (Ungerechts & Thaglze clouds.
- - deus 1987; Goldsmith et al. 2008; Hacar et al. 2013) to far- j5cks0n et al. (2010) identi ed a long infrared-dark 80 pc
2 mfrared/sub,—mllhmeter dust emllssmn maps (e.g. Henning et fi‘.lng “Nessie” lament. Goodman et al. (20E3)revisited
2010; Andreé et al. 2010; Men'shchikov et al. 2010; MolinariNessie” nding that it coincides with the Scutum-Centaurus
s etal. 2010; Schneider et al. 2010; Hill et al. 2011; Hennemaghy, "and it may even be at least twice as long. Further searches
(O etal. 2012; Peretto et al. 2012). The recent resultd@schel a6 found similarly enticing individual structures in the Galac-
have again highlighted the ubiquity of laments in the mtersteEC plane (e.g. Beuther et al. 2011; Battersby & Bally 2012; Tack-
lar medium (ISM) and thus_rejuvenated interest in the role Iaénberg et al. 2013; Li et al. 2013), but to date, no comprehen-
mentary morphology plays in star formation. sive compilation of long, coherent structures in the Galaxy ex-
In numerical models, Iamentayy structure is a natural colsts In this paper, we present a new sample of Giant Molecu-
sequence of a number of dynamic processes in the ISM syghFjlaments (GMFs) in the rst quadrant of the Milky Way.
as converging ows (e.g. Elmegreen 1993; Vazquez-Semadg@i: describe our methods for identifying laments in projec-
et al. 2006; Heitsch & Hartmann 2008; Clark et al. 2012), thgyn using unbiased Galactic plane surveys and our follow-up
collision of shocked sheets (Padoan et al. 2001), instabilitiesj{xthod for con rming a lament's coherence in velocity space.
self-gravitating sheets (e.g. Nagai et al. 1998), or other anglyr search has produced seven new laments with lengths on the

ogous processes that compresses gas to an over-dense iggkr of 100 pc, more than doubling the number of similar struc-
face. Such processes commonly occur in a global spiral poten-
tial (Dobbs et al. 2008). In non-self-gravitating cases, addition&lhttp:/authorea.com/249
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“: 2. Filament identi cation

+00.90° e Herschelobservations have recently highlighted the importance

Y. -| of laments, as it tends to be the dominant morphology observed
. - S in star-forming clouds. These laments are comprised of cold
+00.80° gas and dust, the various signatures of which we will discuss be-

low. De ning a true lament, however, is not a trivial task and
requires several steps to be con rmed. Below we take the exam-
ple of the eld near the F26.7-25.4 lament discovered in this
work as an illustration.

Wide- eld mid-infrared (MIR) images have proven to be a
powerful tool in nding candidate structures like Nessie, which
was identi ed in the &mSpitzer/GLIMPSE image. This phe-
nomenon is illustrated in the top panel of Figlte 1, which shows
the GLIMPSE &m image of one of the regions ndar 26 that
we studied. The contours are drawn in decreasing steps, high-
lighting the type of absorption structure that would be in catalogs
using this method (see Simon et/[al. 2006; Butler &|fan 2009;
Peretto & Fullef 2009; Ragan etfal. 2009). While this method has
been successful in isolating the quiescent clouds in the Galac-
. tic plane, it alone may miss objects that could potentially have
g ' the same physical properties but lack then8background to be
B ) identi ed.

26.60° 20 Jactic Longitude 26.00° Alternatively, extinction of starlight at near-infrared (NIR)

wavelengths can be used to trace cold, intervening dust struc-

Fig. 1. Zoom in to the eastern end of the F26.7-25.4 lament. Aures (e.g| Lombardi & Alves 2001; Lombardi 2009; Kainu-
Grayscale GLIMPSE 8m image (top) is plotted with contours at -7.5ainen et all 201/1). In short, the amount by which starlight is
-10,-12.5... MJy st (negative to highlight absorption feature), and thgimmed is proportional to the column density of material along
HIGAL 250.m image (bottom) is plotted with contours drawn at 5, g |ine of sight. This method is most reliable in the presence of
7... Jy bean. many background stars, thus it also loses e ectiveness with in-
creasing Galactic latitude.

At longer wavelengths, the structures that were absorbing
in the near and mid-infrared transition to optically thin emis-
sion. TheHerscheHIGAL survey (Molinari et al, 2010) 250m
map of the same region is shown for comparison on the bottom
120 panel of Figuré L. While the same structure indeed does appear
in emission here, so does a strong contribution from the warm
105 dust associated with the active star formation region. In fact, be-
cause of the way dust emission depends on dust temperature,
the emission from the warm dust tends to dominate the map,
75 overwhelming the cold, compact emission that we aim to char-
acterise. Therefore, in the following, we create our initial catalog
60 of candidates using the NIR and MIR absorption methods.

Regardless of the candidate's initial identi cation, the true
extent of a lament can only be judged after it is con rmed to be
30 coherentin velocity space as well. We selected the Galactic Ring
Survey (GRS Jackson et|al. 2006) which immediately limits the
15 Galactic longitude range to 17.41 55 . We also utilised the
Wienen et al.[(2012) catalog of NHbbservations of ATLAS-

0 GAL (Schuller et all 2009) clumps and the Shirley et|al. (2013)
26:00 Gazlséé(t)ic |ongitude2(g'§8) 26.00 survey of Bolocam Galactic Plane Survey (BGPS, Rosolojvsky

et al| 2010; Aguirre et al. 2011; Ginsburg ef al. 2013) clumps for

Fig. 2. Position-velocity (PV) diagram (integrated over all Iatitudesz secondary con .rmat'on of \_/eIOCIty_CO_herence in higher-density
of the region shown in Figurg] 1 based on the Galactic Ring Survé§S Iracers. As itis not possibledgriori say to what degree the
13CO(1-0) data. The approximate positions of the spiral arm featuresc@ntroid velocity would change over the length of a genuine |-
this longitude range from the Vallée (2008) model are labeled in whi@ment, instead of setting a maximum range, we require only that
and the lament that we identify, GMF26.7-25.4, is labeled inred. ~ any velocity gradient be continuous to be considered “coherent.”
Both the identi cation and veri cation steps outlined above
are necessarily subjective, thus we can claim no statistical ro-
bustness or completeness. The criteria we imposed were de-
tures known from the literature. This catalog will aid in studyingigned to identify 100 pc scale quiescent structures. In the fol-
the connection between large scale lamentary structure and dtaving sections, we outline our method which was carried out
formation in the Galaxy. by all co-authors by way of “by-eye” inspection of images.
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2.1. Creating the candidate catalog similarly small overall gradients. In Se_ctiEh 3we Wi_II discuss the
Vet g g oot ap SR 0 1o e e el
tiguous coverage in the Galactic plane. T8pitzerGalactic o5 9519 F23.8-22.8, and F20.3-19.9 because they were not
%?ri];e?\lii:‘;?gé (;hg\l/lolgEt:o(ltgheenllgnrgwne}oarling)rﬁér:fstnﬁédl\legls;?%und to have a common velocity over the full length, but instead

= . ; ere superpositions of multiple velocity components. The re-
(‘Jack%(l)n':et gl. |20.L0).t\tNebused thg GL(;MPSE/MIgietALt'hmagﬁaining eight candidates, two of which (F38.1-35.3 and F35.0-
wewg forta ament to gecdoim etrendas a:jctan ! da e,d g .4) ended up as one velocity-coherent object, are henceforth
%orpt_lor:j Sa l{[rle Wﬁhreqwre 0 eX eb eTN o”en grfl € termed “Giant Molecular Filaments” (GMFs) and are described
identi ed by at least three group members. We allowed 10 9ags e detail in the next section. Parts of these veri ed GMFs
in extinction, usually at sites of star formation, if the eXt'nCt'o'aorrespond to catalog clouds (e.g. Roman-Duval &t al. |2009)

structure continued further. . X L ’
As an alternative and supplement to the GLIMPSE data, \Zgrgs C?L?;gwﬂﬁ:ﬁ rr(;i]i?rte\g%rléiIng)n;daeS;)Iz;(r:]ﬁ longest caherent

use the UKIDSS Galactic Plane Survey (Cﬁ’:ﬁ)ye et al| 2006; As a secondary veri cation, although we did not require it

Warren et gl 2007), which provide large NIR image MOSAIES, GMF status, we also consult additional catalogs of dense-

Withrllarg_e GhaIaCtiE:I'I!]atitUdn?ﬂ;angte (Ltlpﬂ% th2.5 ) inthe northé) gas tracer observations, namely the Wienen éf al. (2012, here-
ern hemispnere. The same extent and three group Membehqq - \y/12) NH, survey of dense ATLASGAL clumps, Red MSX
con rmation was required for lament candidates to be 'dent'éurvey (RMS Lumsden et 4l. 2013), or {he Shirley €t/al. (2013
ed in this fashion. hereafter S13) pH* and HCO follow-up survey of clumps in

T ﬁs vgas th? Flasggi):r;the s%relndlpnct)us 'f‘me”t ?][schover); t?Pf Bolocam Galactic Plane Survey. Though these are catalogs
ackenberg et alf (2013), each lament contains a high-con r?)??pointed observations rather than unbiased maps, these tracers

extinction region, often previously studied as a relatively COMre closely probe the densest structures, thus enabling us to

pact IRDC (e.g. Seutner et . 2402, in th_|s case), but upon Uslidate the association of these emission peaks with the large
spection of a wide- eld mosaic, it was discovered to be pag., o coherent velocity structure seen in the GRS data.
of a larger lamentary structure. The goal of this step was fo

explore the longest possible extent of the large-scale structure,

which then requires con rmation as coherent velocity structure&3. Biases in our lament identi cation

In total, our two methods yielded twelve candidates within thg L . .

longitude range of the GRS. They are listed in T4Ble 1. The§@th extinction methods work bestin the midplane of the Galaxy
candidates are certainly included in the catalogs compiléd by &€ the mid-infrared background and the density of back-
mon et al.[(2006) and Peretto & Fullér (2009). This paper is ounq stars are both high. Dense laments that l'? out of the
attempt to identify long contiguous entities comprised of marfgdiactic midplane tend to lack the contrast to be identi ed in
smaller elements, such as was doné by Tackenberg et al] (2034J"" €xtinction and may also lack a su cient number of back-
In the following section, we outline the method by which we te%lr und sources to be appreciable in NIR extinction. Though we

whether the candidates are single entities rather than multiflld Not restrict the latitudes any narrower than the extent of the
structures superposed along the sightline arious surveys, the con rmed laments have latitudes within

a degree of Q Another consequence of using the extinction
method is that we are unlikely to detect structures any further
2.2. Filament coherence in velocity than 6 to 8 kpc (s€e Kainulainen et[al. 2011).

Our candidate identi cation method also biases us in favour

The second step of the process is to validate the velocity COhg'identil‘ying quiescent structures. Energetic star formation

ence using the GRS survey. The publicly-available GRS a ents can disrupt a cloud su ciently such that it will no longer

?;VFLan I)o C\'}\yerarg?i:égigés tgsﬁ?olﬁuﬁesgg[:i-ts t(cl)z)i./?S dlf? rams2PPear as an extinction structure. For example, the G32.02+0.06
over the full.availableveloci Pan ewithintheylon itudegt])oun lament described in Battersby & Bally (2012), while in the lon-
ty rang 9 itude range of our search, was not identi ed as a candidate

aries, integrating along thiedirection, an example of which is because it shows strong star formation activity, which disrupts

shown in Figur¢ P. In some cases (e.g. GMF 41.0-41.3) we cQp" - - . ; - ;
structed the PV diagram by integrating along the longitude dirgg-reuiiﬁlrg(;“on signature that we sought in our hunt for quiescent

tion. As is clear in Figurg|2, several possible features could corfe- The GRS con rmation step also has its limitations. Many
spond to the extinction structure. In ord_er to (_jetermine which F t lines in the Galactic plane exhibit multiple velocit&/ com-
the best match, we created integrated intensity maps for eac § ents in3CO, and with the inherent distance ambiguity prob-
the velocity ranges, which we then plotted together with the m (e.g| Roma'n—DuvaI et al. 2009), distance determination is far

tinction image. Again, requiring veri cation from 3 group MeMrom straightforward. As mentioned above, we have adopted the

bers, we selected the velocity features which corresponded hest, jisiance for the velocity component most closely matching
to the morphology of the feature seen in extinction or absorptlo[He morphology of the absorbing structure

Figure 2 shows that features in a PV diagram can span di er-
ent ranges in velocity, from a few to tens of knmh swe placed
no restriction on the maximum width. We list the full velocity3 Results
ranges in Tablg|2, which can be as small as 5 Riros as large
as 13km ¢ . Figures A.1 through Al6 show the centroid velocitys. 1. A sample of 7 velocity coherent laments
maps. As with Nessie, in which the HNZ= 1!0 centroid ve-

locities vary by less than 7 kmisover its 81 pe length, we nd We nd seven velocity coherent laments in the longitude range

of the GRS, the basic properties of which are listed in Thble 2.

2 |http://www.alienearths.org/glimpse In the Appendix, Figurels Al1 through A.6 show the GLIMPSE

3 http://surveys.roe.ac.uk:8080/wsa/gps_mosaic.jsp 8um image in greyscale. We label sources associated with star

4 Ihttp:/lwww.bu.edu/galacticring/ formation, such as Westerhout objects (Westerhout|1958), bright
| g
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Table 2. GMFs with coherent velocities

Initial name Lowed Upperl Lowerb Upperb Angularlength Velo.range Distance length <5v >
[ ] [ ] [ ] [ ] [ ] [kms*'] [kpc] [pc]  [kms* kpc']

GMF18.0-16.8 16.4 18.3 0.0 +1.2 25 21-25 21-2.4 88 45
GMF20.0-17.9 17.6 20.2 -0.7 +0.3 1.8 37-50 3.3-3.7 170 76
GMF26.7-25.4 25.2 26.7 +0.5 +2.21 2.0 41-51 29-33 123 82
GMF38.1-32.4a 334 37.1 -0.4 +0.6 3.8 50 - 60 3.3-3.7 234 43
GMF38.1-32.4b 34.6 35.6 -1.0  +0.2 15 43 - 46 2.8-3.0 79 38
GMF41.0-41.3 40.8 41.4 -0.5 +0.4 1.3 34-42 2.4-3.0 51 -
GMF54.0-52.0 52.3 54.1 -0.3  +0.3 2.2 20-26 19-22 68 74
Nessié 337.7 339.1 -0.6 -0.4 15 35-41 (3.1) 81 74
G32.02+0.08 313 32.2 -0.1 0.3 1.0 92-100 55-5.6 80 100

Column 1: GMF name; Column 2-5: upper and lower Galactic longitude and latitude; Column 6: Angular length of the lament from end to end
in degrees; Column 7: Centroid velocity range spanned by lament in kmQolumn 8: Kinematic “near” distance computed using|the Reid

et al| (2009) model assuming standard Galactic parameters; Column 9: Projected length of lament; Column 10: Average velocity gradient alor
lament. Comments: (1) This lament may extend to higher latitudes not probed by the current data. (2) From Jackson et|al. (2010). (3) Fron
Battersby & Bally |[(201R2).

tion of the Galactic centré (Blaauw etlal. 1960). Consequently, at

Initial name ~ Lowed  Upperl ~ Lowerb  Upperb the typical distances of the structures in this sample, the physical
[] [ ] [ ] [ ] midplane is closer tb  0.5. In most cases, the laments we
F18.0-17.5 17.4 183 +00 +0.7 identify lie above the real midplane. We note the average pro-
F20.3-19.9 19.5 20.4 -1.3 402 jected height o of the plane in parsecs in Taljle 3.
F20.0-17.9 17.6 20.2 -0.7 +0.3
' ' ' ' : ' Finally, we note the association in longitude and velocity
F23.8-22.8 22.1 23.8 +0.8 +2.0 - e - -
space to the predicted positions of the spiral arms of the Milky
F25.9-21.9 21.7 26.2 -1.0 +0.5 W iled by Vallée (2008). | t d litt]
£26.7-25.4 o5 9 270 405 12 ay as compiled by Vallee ( ). In most cases, we nd little
' ' ' ' ' ' or no association between the laments and spiral arm structures,
F29.2-27.6 27.2 29.4 -0.5 +0.5 - ith th di fGood 21 (2013
F35 0-32.4 323 36.0 03 408 in contrast with the recent ndings 6f Goodman et al. (2013) re-
F35.3—34.3 33'7 35.6 _2'0 +0'4 garding the Nessie lament. In the following, we describe each
F38'l-35.3 34'6 38.9 _0'9 +0.6 GMF individually, noting their association (or lack thereof) with
' ' ' ' : ' other well-known regions of star formation and the predicted po-
F41.0-41.3 40.8 41.4 -0.8 +0.5 sitions of spiral arms
F54.0-52.0 480 544 05 +0.7 P :

Column 1: Name given to laments based on initial identi cation;
Column 2-5: Galactic coordinates of the boundaries of the 3.1.1. GMF 18.0-16.8
extinction-identi ed laments.
This lamentis at the edge of the longitude coverage of the GRS,

. . but the supplemental velocity information provided by the W12
(S12,m > 100.Jy) IRAS sources, and Hegions detected in the talog con rms that it extends to 16.8 . Figure) shows

CORNISH survey|(Purcell et &l. 2013). We show contours df: : ; )
13CO integrated intensity (white) and ATLAGAL 876n emis- ﬁf}s lament in a narrow velocity range (21-25 ki 3. To the

. ; X . th of this lament lies M16, also known as the Eagle Nebula
sion (blue) to give an impression of the envelope and dense ' — '
areas, respectively. §§ imated to be roughly 2kpc from the Sun (Hill el/al. 2012),

In the colour panels, the rst moment (centroid velocit )mawhich is in agreement with the distance derived to the rest of
P ' y the structure we nd. We nd 16 BGPS clumps from the S13

of 13CO s displayed. We plot the positions of all clumps from th ;
Bolocam Galactic Plane Survey. Using the Shirley et al. (20 fg'c?ﬁeind 6 clumps from the W12 catalog that have consistent

follow-up measurements of both the HC@nd NH* tracers, ) . , .
b \; This structure lies well above the location of the Galactic

the BGPS clumps are marked with circles if their adopigd . . - .
lies within the velocity range of the GMF, and they are markéﬂ'dp_lane' According to the Vallgé (2008) model, the velocity
this lament appears to agree with the predicted value of the

with an if the velocity is outside of that range. We mark Witkﬁ) il h his lonaitude the P b
diamonds the positions of W12 NHlumps with velocities in | €'S€Us spiral arm, however at this longitude the Perseus arm be-

the range. This secondary check against the catalogs of degi8g from the *far” side of the Galaxy at 12 kpc distance. Due to
gas tracers helps us to validate that the dense gas is at the Shnfe0Se association with M16 and strong extinction features, we
distance as th&CO cloud from the GRS. maintain our adoption of the “near” kinematic distance, which
In FiguresTA.T through A.12, we show the position velod'€ans itis unrelated to the Perseus arm.
ity diagrams for each GMF for the full velocity range that we
inspected with the GR$’CO data. We highlight the velocity 3 1 2. GMF 20.0-17.9
range that is associated with the GMF morphology.
To place the laments in a Galactic context, we display latsMF 20.0-17.9, shown in Figufe A.2, was already identi ed in
itude of the physical Galactic midplane when possible. Becaysat by| Tackenberg et al. (2013) and exhibits an arc-like pro-
the Sun lies25 pc above the Galactic midplane, the Galactigection between two “bubble” structures. There are 39 BGPS
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clumps within the velocity range, and 16 ATLASGAL clumps3.1.5. GMF 41.0-41.3
exhibiting consistent velocities in NHW12). This eld also
contains 100 BGPS clumps with large velocity o sets from th
given range. In fact, each MIR-bright region has associated ; X o
regions with velocities around 65 knt s(Urquhart et al. 2011), PGPS é%lécﬁlss"l_‘l”t':‘ consster: veLomUe_s, gne Wiz N*?]mp’
and thus appear to be unrelated to the lament we nd at 3HtNO iregions. As shown in Figufe A.S, the pro-

to 50kmst . W39. on the other hand. has a consistent veloc\?gded Galactic midplane just barely intersects with the southern-

(Purcell et | 2013). We note that there is an indication of a V&St tip of the lament. _ y
locity jump for a sector of this GMF nedr 0.2 ,19.2<1 < The central IR-bright region corresponds to the position of

19.9. If one instead assumes that this region is not associafpernova remnant 3C397 and the BGPS clumps in that region

with the rest of the GMF, the total ATLASGAL emission drop&'€ at velocity of60 km s ! , well outside of the selected veloc-

by 20%, and the total*CO emission decreases by 12%, thud "ange forthe lament. This lament corresponds to molecular
their ratio degreases by 10 ' “gas that is thought to be in the foreground of the remnant, which

. ) ) . also serves to con ne the remnant (Jiang €t al. 2010). Otherwise,
The Galactic midplane appears to intersect with this lanis |ament appears rather quiescent.

ment, and its velocity agrees fairly well with that of the Scutum-

Centaurus (SC) spiral artn (Vallge 2008). It is possible, like in Li

et all [2013), that a massive star formation event, in this casé.6. GMF 54.0-52.0
probably associated with W39, may have carved the arc-li
structure seen in this lament.

ghis lament extends mainly perpendicular to the Galactic
|ane, unlike most of the rest of the sample. There are three

|5%rt of this lament has been identi ed recently by Kim et| al.
(2013), who nd itis in an early phase of cluster formation rel-
ative to standard local molecular clouds. GMF54.0-52.0 shares
1.3. GMF 26.7-25.4 a common prOJectgd area vy|th the_ 500 pc gas wisp |_dent| ed in
3.13.G 6.725 Li et al] (2013), which coincides with the Perseus spiral arm on

While GMF 26.7-25.4, shown in Figufe A.3 appears parallel € far side of the Galaxy (Dame et|al. 2001). Here, we study
the Galactic plane, it liesl.3 , or 68 pc, above the physical 9as in a di erent velocity range (20 to 26 knt$ displayed in
midplane. Also as a consequence of its high latitude, it is poofjgUre{A.8. _
covered by the BGPS spectroscopic survey, and the W12 Cata_VV.It.hln this structure, there are 18 BGPS clgmps which have
log only nds one source with a consistent velocity. This als¥elocities between 20 to 26 ks Three Huregions were de-
appears to be one of the most quiescent laments in that thé@éted in this range in the CORNISH survey, but none appear to
are no prominent IR sources, except IRAS 18348-0526, and have consistent velocities. W52 is prOJectgd in th(_a vicinity, .but
only two Hu regions cataloged in the CORNISH survey appeg?ere is not independent measurement of its velocity in the liter-

to be at di erent velocities according to the corresponding W13ture. The IR-bright region to the west resides at a di erent ve-
measurements. locity (2-6 km s' ) and thus appears to be a unassociated region

of (high-mass) star formation (Urquhart et/al. 2011). Therefore,
although the IR image would lead one to conclude that this la-
3.1.4. GMF 38.1-32.4: two overlapping structures ment is vigorously forming stars, it appears largely devoid of the
signposts explored here.
Perhaps unsurprisingly, at longitudes near the meeting place of
the bar and spiral arm of the Galaxy, this region has multi
objects of interest. Between longitudes &2d 38, three candi-
dates were identi ed in extinction (see Taple 1). Upon examingtext we derive the basic physical properties of each GMF. By
tion in the GRS data, we found that F38.1-35.3 and F35.0-32:4t deriving the kinematic distance, we can then calculate the
were connected in velocity space (between 50 and 60%Kn s size, mass and density of each GMF. We provide the values
and F35.3-34.3, which overlaps with the previous two, had di®r the analogous structures Nessie (Jackson et al.| 2010) and
tinct velocities o set to lower values (43 to 46 kmt3. While G32.02+0.06 (Battersby & Bally 2012) for comparison.
the latter structure (GMF 38.1-32.4b) is not especially elongated
along the Galactic plane, it still has leng80 pc. The former . o ) .
(GMF 38.1-32.44a), which is very much extended along the mig-2.1. Kinematic distance, length, and mean velocity gradient

plane, is the longest and most massive object in our sample. ¥{g sample of laments exhibits large-scale velocity coherence
show both velocity components in Figire A.4. in that they have relatively smooth velocity gradients in a con-

The di erent velocity ranges indicate that these laments liinuous elongated structure. We use the velocities to derive a
at di erent distances. The larger lament (GMF 38.1-32.4a) iginematic distance range according to the BeSSeL results|(Reid
also further away and has 85 BGPS (S13) clumps and 12 W&2al|[2009) assuming the standard Galactic parameters. The ve-
clumps within its velocity range. W44 is a massive dense cluneity ranges and the corresponding kinematic distance ranges
at 3.7 kpc[(Solomon et @l. 1987), consistent with the distanceast listed in Tablg]2.

GMF 38.1-32.4a. The smaller lament (GMF 38.1-32.14b) coin- We measure the angular length from end to end of the sig-
cides with 9 BGPS clumps in its velocity range. Since it is nearercant **CO emission (above 1 K kmts) in the selected veloc-
than the rst, the projection of the Galactic midplane (dashéty range and convert these to physical length using the mean
line) is at slightly lower latitude with which it intersects. Ther&kinematic “near” distance. We have not attempted to correct for
are another 149 BGPS clumps whose velocities coincide wijitpjection e ects, thus the lengths reported in Tdhle 2 are lower-
neither of the laments identi ed here, and there are 18 tdu limits. The maximum projected length is 232 pc for GMF 38.1-
gions detected by CORNISH, but given the confusion in this r82.4a, which interestingly is one of the laments that agrees
gion, it is di cult to determine which are associated with themost closely to the location of the Galactic midplane. Deter-
laments. mining the width of the GMFs, which is substantially di erent

ine.Z. Physical properties
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between the dense gas structure and the large scales trace
13CO, is not a trivial task and beyond the scope of this paper.
comprehensive study of the widths, their relationship with ea
other and to their galactic environment, will be addressed ir
future paper.

Most laments exhibit a velocity gradient along their length
Examining Figure§ A]7 through A.12, we nd that GMF 18.0-
16.8 and 38.1-32.4a show decreasing velocities with incre
ing longitude, while GMF 20.0-17.9, 26.7-25.4, 38.1-32.4b, ar
54.0-52.0 show increasing velocities with increasing longitud
GMF 41.0-41.3 shows no trend either way. We compute the ¢
erage velocity gradient over the entire length of the lamen
which are reported in Tab[g 2. We nd values between 40 ai
80kms! kpc?, and longer laments tend to exhibit larger meat
velocity gradients. No correlation exists between velocity grac
ent and longitude or distance. We list the values in Table 2.
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3.2.2. Mass Fig. 3. The mean height of the GMF above the physical midplane ver-
sus its mean Galactocentric distance. The area of the marker is propor-

We calculate the lament mass in two ways: rst using dusional to the DGMF, where the mean value (5.4%) is shown in the upper

emission, which is a useful probe the densest gas, and secagid corner. The points circled in red are the GMFs that intersect with

using the'3CO emission to probe the total mass in the clouthe midplane (shown in parentheses in T@ble 3).

To restrict our measurements to equivalent areas, we rst create

masks using the signi cartfCO emission (3L K km s ) in the

indicated velocity ranges (see Taple 2), which is the area shown

in colour in the centroid velocity panels in Figufes A.T T0]A.6.

In order to determine the total amountdénsegas, we use
dust emission from the ATLASGAL 87@m dust emission sur-
vey (Schuller et all 2009). Due to lItering out of large-scalé number of recent studies of star formation in Milky Way
emission, the ATLASGAL data are sensitive primarily to theolecular clouds have arrived at the consensus that one key
densest gas. After thECO masking, we uniformly impose anquantity governing the e ciency with which a cloud forms stars
additional emission threshold of 250 mJysfband compute the is the fraction of the “dense” gas in a molecular cloud (Gold-
column density assuming a temperature of 20 K, gas-to-dust[$asith et al. 2008, Heiderman etjal. 20[10; Lada ¢t al. 2010,/2012),
tio of 100, and a dust opacity at 8t of 1.42gcn? , inter- often referred to as the dense gas mass fraction (DGMF). We cal-
polated froni Ossenkopf & Henning (1994). With these assunfpilate the DGMF by taking the ratio of dense gas to total cloud
tions, our column density sensitivity is of the orde”4@m?. mass over the same areas. We nd DGMF values between 2.9
Assuming the mean distance to each lament, we calculate taed 18.5%, with a mean of 5.4%. These values are generally con-
total dense gas ma@sl.ve nd dense gas mass values that ranggistent with the DGMF found in local star-forming clouds (Kain-
between 8 and 500 10°M . They are listed in Tab@ 3. ulainen et al[ 2009; Lada et |al. 2010), high-mass star-forming

To calculate the mass of the cloud, we use*@0 emission clumps (Johnston et al. 2009; Battisti & Heyer 2014), and other

above 1K km ¢ within the selected velocity rang&CO(1-0) large molecular laments (Kainulainen et|al. 2011; Battershy &

is considerably more widespread than the dust emission becdz@ly(2012).

it is excited in low density (< 10°cm?®) gas. To rst nd the . . .
column density of3CO, we follow Rohifs & Wilsoh|(2004) for- While the DGMF tends to go down with increasing Galacto-

; : : = centric radius, we also nd that GMFs centred (in latitude) closer
(nglf(t,l)onv'w\ﬁéehu;gshhgg%;?llggso?e:m-f—eef(llé}:%c))mf%? tl?}:vg(l):erteial.to the Galactic midplane tend to have higher DGMF values than

se signi cantly out of the plane. These trends are visualised

sponding clouds in the GRS catalog that match the ositionam ! : . .
vglocity granges of the GMFs. We e?dopt the3C ratri)o as it |n8F|gure[}, in which we show the height above the plane as a
function of Galactocentric radius. The size of the circle corre-

vanes with .Galgctocentrlc radlus@ given in Table B) from sponds to the DGMF compared to the mean (shown in the up-

equation 3 in Milam et 3|, (ZQ(E)Wh'.Ch g;ves values betweenper right). The most extreme example of a lament out of the

464and .59' We assume a uniform rationgf?CO)/n(t) =11 lane, the perpendicular lament GMF 41.0-41.3, has the small-

10° (Pineda et &). 2010). Together, these assumptions resulgg? DGMF (1.6%) while GMF 20.0-17.9, the lament closely as-

an k, column density sensitivity ofl0 *“cm®, then we Com- &, 104 with the midplane (and also the SC spiral arm, more on

pute the total (i) cloud masses using the GMF's m%an KiNGhis in Sectior} 4R) has a DGMF of 12.0%. Nessie — a lament

;natf&j,ﬁtagig'lg?: dni]r?'srgf)lsg]\ghwh range between 46 and found exactly within the SC arm in the fourth quadrant — exhibits

' ' a DGMF of 50% |(Goodman et al. 2013), though because HCN

emission was used to compute the total cloud mass (instead of
13 e oo ) X ,

® Note that in the case of F38.1-32.4, since there are two overlapping© emlssr;on ?\S 'Bth:\jpripef) this Vizlue r’rf:a)? be in ated.dStlll,.

laments at di erent velocity ranges, the computed dense gas mass tbpPpears that the DGMF is connected to the location and envi-

3.2.3. Dense gas mass fraction (DGMF)

each structure includes a contribution from the unrelated cloud. ronment of the lament. We acknowledge that these trends are
6 The observed gradient with Galactocentric radius was t with he foweak and statistically robust with the present data, thus we re-
lowing linear relationt?C/A3C = 5.41Rgy + 19.03. frain from any further quantitative analysis.
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Table 3. Physical properties of GMFs

Name Cloud Densegas DGMF Rya B <z> Assoc.

mass mass

M ] M ] [%] | [kpc] [degrees] [pc]
GMF18.0-16.8 1.5e+5  3.9e+3 27| 6.3 4.6 55  M16, W37
GMF20.0-17.9 4.0et5 4.8e+4 12.0 5.0 7.7 (12) W39, SC-arm
GMF26.7-25.4  2.0et5 1.3e+4 6.5| 5.7 9.4 68

GMF38.1-32.4a 7.0e+5 3.7e¥4 53 | 59 12.8 (24) w44
GMF38.1-32.4b 7.7e+4 50e+3 65 | 6.2 115 (5)
GMF41.0-41.3 4.9e+4  7.7e+2 1.6| 6.5 125 19

GMF54.0-52.0 6.8e+4 2.4e+3 35| 7.3 11.2 25 W52
Nessie - 3.9e+5 - 5.6 -7.8 - SC-arm
G32.02+0.06 2.0e+5 3.0e+4 15.0 4.7 19.7 48

Column 1: GMF name; Column 2: Total cloud derived from the integr&t€® emission from the GR&own to 1 Kkms® ; Column 3: Dense

gas mass derived from dust continuum with ATLASGAL & data; Column 4: Dense gas mass fraction; Column 5: Galactocentric radius;
Column 6: Angle measured from the Galactic centre-Sun line to the lament's position in the disk; Column 7: Mean height above the Galactic
midplane. Values in parentheses are for laments which intersect with the projected plane. Column 8: Association with star formation region c
spiral arm.
Comments: (1) The dense gas mass from the two laments within GMF 38.1-32.4 partly overlap. While the envelope mass estimated from spe
troscopict*CO data accounts for the di erent velocity components, in the overlap regions, the ATLASGAL continuum data sums contributions
from both components.

of the galaxy. We nd that the GMFs do not correlate well with
the spiral arm loci (see also Figure 2). One exception, GMF 20.0-
120! Colors: Vallee+2008 Spiral Arm Model | 17.9, appears to intersect with t_he locus of Fhe_: SC arm at low-I
Black markers: Filament sample end. If one does the same exercise for Nessie in the fourth quad-
rant of the Galaxy, the lament corresponds precisely to the SC
100 1 arm prediction, as asserted/by Goodman éf al. (2013).

The schematic shown in Figuré 4 shows where the arm has
80p ; | its peak density, but the actual arm width and its projection into
s Visr are not well-de ned. It is thus worth exploring the margin
60 1 by which the GMFs seem to deviate from the arms. Estimates of
N spiral arm width in the literature range from 0.1 to 0.4 Kpc (Val-
‘ S \ 7 | lé€ 2008} Reid et dl. 2009). Typical uncertainties in the kinematic
distance method are of order 0.5kpc, so up to a 1 kpc range un-
. certainty must be allowed for in this discussion. GMF 18.0-16.8,
Sagfrza%m 1 GMF 20.0-17.9 and GMF 26.7-25.4 are in the longitude range
@ intersecting with the SC arm, and at those longitudes, the SC
50 40 30 20 10 arm should roughly lie 3.5, 3.7 and 4.3kpc from the Sun. The
Galactic longitude (deg) median distances to those GMFs are 2.3, 3.5 and 3.1 kpc, so only
GMF 20.0-17.9 falls within the uncertainty range. Similarly the
Fig. 4. lllustration of the predicted LSR velocities of the Norma (rednearer Sagittarius arm lies at 1 kpclal8 , gradually increas-
Scutum-CQntaurus (blue), Saglttarlus-Cal’lna (gl’_een),_and (far) Perﬁﬁ@to 2 kpC at|:41 , yet the GMFS are a” more dlstant than
(yellow) spiral arms as a function of Galactic longitude |r_1the rstquadhis arm by more than 1kpc ( except GMF 41.0-41.3 which is
rant taken from Vallég (_20()8). Ea;h set of two black circles represegbo pc from the Sagittarius arm locus). Even with these con-
the lament sample, taking approximate valuesvgffrom the ends of _. . . : .
siderations, the GMFs appear to be largely inter-arm in nature:

LSR velocity (km/s)

40¢

20r ~

70 60

the laments. . o !
more distant the nearby Sagittarius spiral arm and foreground to
the prominent SC arm.

4. Discussion We nd that most laments are centred near or above the

physical Galactic midplane. The approximate position of the
physical midplane is shown in Figurgs A2, A.4, gnd]A.5; in
We investigate how the GMFs t into the Milky Way structurethe other cases, the midplane is too far south to be shown in
In Figure[4 we plot thes range for each lament as a func-the panel. In Tablg]3, we compute the average height above the
tion of the Galactic longitude. For reference, we show the Vallégidplane in parsecs. There are three cases — GMF 20.0-17.9 and
(2008) predicted velocity-longitude loci associated with each GMF 38.1-32.4 (a and b) —where the lament intersects with the
the four spiral arm structures that pass through the rst quaglstimated position of the midplane of the Milky Way. GMF 20.0-
rant. We attempt to represent the orientation of the GMFs thy.9 and GMF38.1-32.4a are also the two most massive and two
estimating the mean velocity on both ends of the lament, bldngest laments in the sample. Otherwise, the laments do not
the velocity maps are clumpy and quite irregular, so we stremgree well with the Galactic midplane and, as in the case of
that this aspect is very approximate. Note that in this quadra@iViF 41.0-41.3, can be oriented more perpendicular to the plane.
the Perseus arm (yellow) indicates the component on the far diiene performs the same exercise with Nessie, it exactly coin-

4.1. Filaments in the Galactic context
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cides with the latitude range of the Galactic midplane (Goodmangular resolution to probe individual molecular cloud scales
et al|2013). (e.g. the PAWS survey, Schinnerer el al. 2013).

That we have identi ed most of the GMFs are above the Both observations and simulations of spiral galaxies indi-
physical midplane is perhaps not surprising given the parametédée that spurs and strong inter-arm features are most prominent
of most Galactic plane surveys. It is unlikely that GMFs prefefn the trailing side of spiral arms in the outer regions of disk
entially reside above the plane. Due to the fact that most Galag@laxies. The situation for inter-arm clouds appears to get sig-
Plane Surveys to date have a narrow latitude coverage centre@iggntly more complex in the inner regions of galaxies, where
b = 0 while the true midplane is in fact at negative latitudes duiral arms are more tightly wound. For an illustrative example,

to the Sun's height above the plane, analogous structures be@¢ need not look further than the two-arm Whirlpool galaxy,
the midplane would reside at latitudes 0.5 . M51, whose structure shows high complexity in the inner few

Though our statistics are limited, the masses and DGMFs ]lgtpparsecs (Aalto et al. 1999; Schinnerer et al_. 2013). Since the
X &plral arms are closer to one another and the kinematics are more
ﬁgﬁnplex in the inner regions, assigning inter-arm clouds to one

here, with a high DGMF and largeset from the plane). What particular arm is much more di cult. Further investigations are

seems to play an even stronger role (though our statistics are qm_eded into the projected kinematic signatures of spur or feather

ited) is the association with spiral arms. For instance, GMF 20. rmation in the Milky Way's plane in order to connect inter-arm

; : : : ds to clouds within the arms.
17.9 is the single lament we nd that is near a spiral arm, botf'OY . )
in longitude-velocity space and latitude. It also has the highest GMF 20-0-17.9 presents the most compelling case of a “true
DGMF of the sample. Nessie, another bona- de spiral arm |gzPur 1n our sample, as it is the only GMF that (still) may have

p! hysical connection to a spiral arm. It exhibits a velocity range
ment (Goodman et &l. 20[L3) has a DGMF of roughly 50%. T X ;
tendency of spiral arm clouds to have higher DGMFs would g/~ 50 km $) thatis close to that of the SC arm (see FigUre 4)
consistent with what is found in M51 by Hughes et al. (2013 .nd is also near the midplane of the the Galaxy. However, the

They found that molecular clouds within the spiral arms have>gnSe Of the velocity gradient goes against the trend expected if
higher fraction of gas at high densities than inter-arm clouds.! GMF were a component of the arm itself (like Nessie). Fig-

this trend for GMFs to have higher DGMF within spiral armsni%re[?r shows that the  18.0 end aligns with the SC arm’s pre-

those out of the plane (GMF 26.7-25.4 seems to be the excep

. . g P . dicted position, but rather than continuing to higher values with
validated with a larger sample, it would indicate that the positi e arm, the velocities in GMF 20.0-17.9 decrease with increas-

of a ( lamentary) cloud structure with respect to the spiral ar ! " X
plays a central role in determining its DGMF and hence its stad Iongnuglg. In addmon,_the arm-end of this GMF corr.espo.nds
formation. to the position of a massive GRS cIoud'Glf_i.04_-0.36 identi ed
in[Roman-Duval et dl| (2009, 20110), which lies in the SC arm.
This is an enticing clue that may helpful in studying di erent
4.2. GMFs: Milky Way inter-arm clouds or spurs? spur-formation scenarios, particularly mechanisms which shear
out gas streams from massive molecular clouds within the arms
One of the fundamental questions in studies of spiral galgi&hetty & Ostrikel 2006), but we need much better statistics to
ies is what role (if any) do the spiral arms play in the produtest these scenarios.
tion of stars in galaxies? While molecular gas is observed to The arguments provided above that have led us to conclude
be more concentrated in the spiral arms, whether the armtitat GMFs are inter-arm in nature at the same time lead us to also
self plays a direct role in inducing star formation is not cleaconclude that Nessie is a spiral arm lament. Nessie has the cor-
The inter-arm nature of the GMFs we have identi ed make therect distance, latitude, and velocity gradient (in agreement with
important population with which to investigate the role of spsense of the arm) to be a part of the SC spiral arm, in agree-
ral arms in the Milky Way, as they are probably more appronent with the ndings of Goodman et a[. (2013). Because we
priate clouds to compare with those studied in external galax@sly know of one long lament in the fourth quadrant and a sim-
than nearby molecular clouds. For example, the PAWS surveyilaf study as presented here has not yet been performed on the
M51 (Schinnerer et al. 20113) represents the current state-of-tfeasrth quadrant, we can only speculate as to why we found no
art in extragalactic studies, reaching 40 pc resolution and a mhlgssie-like clouds in the rst quadrant despite the similarity in
sensitivity of 1.2 10°M (Colombo et al. 2014). If the GMFs discovery methods. Are we just not as sensitive to spiral arm la-
resided in M51, most would be resolved and detectable. ments in the rst quadrant compared to the fourth? It is possible

Inter-arm cloud populations have been scrutinised obser¥at the frequency and orientation of spiral arm laments and
tionally in external galaxie$ (Elmegréien 1980; Aalto et al. 1999purs is dierent in the two quadrants. In the rst quadrant, the
Scoville et all 2001; Shetty et al. 2007; Foyle ef al. 2010; Hugh®& arm is wound tighter and thus closer to the Galactic centre. It
et al|[2013] Colombo et al. 2014), in the Milky W&y (Romancould be that inter-arm clouds are more frequent or prominent in
Duval et al. 2010; Moore et gl. 2012; Eden et/ al. 2013) and tfis part of the Galaxy such that they are the laments that one is
numerical simulations (e.g. Kim & Ostriker 2002; Chakrabartnore likely to nd in absorption. Our orientation with respect to
et al|[2008[ Dobbs et &l. 2006; Shetty & Ostriker 2006, Smithe SC arm changes in the fourth quadrant, which may e ect our
et all 2014) The history of inter-arm clouds is related to ﬁ?l'lty to nd mter_—arm GMFs, so it will be Interesting to extend
called “spurs” or “feathers” emanating from the spiral arm#his method to this sector of the Galaxy.
which have been credited to either the growth of gravitational
or magneto-Jeans instabilities preferentially perpendicular to @eConcIusion
arm (Balbus 1988) or alternatively, to the rotational shearing of
over-densities in the spiral arm itself (Dobbs ef al. 2006; Shefjlamentary clouds appear to be intimately tied to star formation,
& Ostriker [2006). While the exact properties and lifetimes dfut to date we have not had an observational consensus of how
spurs and inter-arm features are subject to ongoing theoretioalg and massive the laments in the Milky Way can be. Are
work, only recently have observations been able to systemdliey simply larger versions of the smaller lamentary molecu-
cally study inter-arm clouds in external galaxies at high enouddr clouds in local star-forming regions, or does their role as the
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building blocks of the Galaxy shape their properties and deteeitershy, C. & Bally, J. 2012, ArXiv e-prints

mine their fate? In order to understand the part they play in sgattisti, A. J. & Heyer, M. H. 2014, ApJ, 780, 173
enjamin, R. A., Churchwell, E., Babler, B. L., et al. 2003, PASP, 115, 953

formation in the Milky Way, many such objects must be Stu%euthen H., Kainulainen, J., Henning, T., Plume, R., & Heitsch, F. 2011, A&A,

ied in detail. This paper presents the rst catalog of laments 533 17

identi ed as extinction signatures using tispitzer/GLIMPSE Beuther, H., Schilke, P., Menten, K. M., et al. 2002, ApJ, 566, 945
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the ATLASGAL survey to trace the total cloud and the dendgmegreen, D. M. 1980, ApJ, 242, 528

; ; ischera, J. & Martin, P. G. 2012, A&A, 542, A77
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; : ; ; < linaHeitsch, F. & Hartmann, L. 2008, ApJ, 689, 290
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the Milky Way to other galaxies and provide a tool for studyingim, H.-J., koo, B.-C., & Davis, C. 2013, in Protostars and Planets VI, Heidel-
the small scale e ects of feedback and dynamics in the inter-armberg, July 15-20, 2013. Poster #15015, 15
regions. This sample of seven GMFs is a starting point in thdfim, W.-T. & Ostriker, E. C. 2002, ApJ, 570, 132

oughly mining the Galactic plane in all quadrants, which wihggg' 8 j Eg:ﬁg;?di‘]i\h'-oggﬁlfs" gﬂ'i:&z'g'i’gs'Ag'JFéglgéépJ* 745,190

allow for a statistically robust study of the link between GMF§ g x_, wyrowski, F., Menten, K., & Belloche, A. 2013, ArXiv e-prints
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Fig. A.1. Top: Grayscale of the 8m GLIMPSE image of GMF 18.0-16.8. The white contour shows @0 integrated intensity of 2 and
7Kkms? . IRAS sources and W37 are marked with blue stars, andegions found in the CORNISH survey are shown in blue circles. M16 is
a prominent emission source in this region, north of the lament but at a consistent characteristic vBlatbityn: Colourscale of the centroid
velocity eld from the GRS!CO data where the integrated intensity is above 1K knirsthe indicated velocity rmgges,mﬁém hp_y an
km st . The blue contour is ATLASGAL 870um emission of 250 mJy béarin magenta circles, we show aji, measurements o

that have velocities within th€CO velocity range and with thosev, values outside of th&CO velocity range. The magenta dlamonds are
positions in thé Wienen et hl. (2012) catalog with a matching velocity. The black contours &t€@hategrated intensity at 2 and 7 Kkrh s
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Fig. A.2. Top: Grayscale of the 8m GLIMPSE image of GMF 20.0-17.9. The white contour shows'#@0 integrated intensity of 3.5 K kim's

IRAS 18248-1229 and W39 are both labeled with blue stars, andegions from the CORNISH survey are marked with blue circles. The black
line is the location of the Galactic plane at the distance of this lamBottom: Colourscale of the centroid velocity eld from the GR&O
AdtRIWharRHEE jge" Pgensity is above 1 K KRmis the indicated velocity range, shown in the colour bar in kin $he blue contour is
ATLASGAL 870um emis of 250 mJy beam. In magenta circles, we show &}, measurements of BGPS clumps that have velocities within
the 13CO velocity range and with thosevis; values outside of th&CO velocity range. The diamonds are positions in the Wienen|et al. (2012)
catalog with a matching velocity. The black contour is tF@0 integrated intensity at 3.5 K knits
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Fig. A.5. Left: Grayscale of the 8m GLIMPSE image of GMF 41.0-41.3. The white contour shows the 13CO integrated intensity of 1K kms
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velocity eld from the GRS'CO data where the integrated intensity is above 1K knirsthe indicated velocity rapg@eSRMBeR hgy an

km st . The blue contour is ATLASGAL 870um emission of 250 mJy béarin magenta circles, we show aji, measurements o

that have velocities within th€CO velocity range and with thosevis, values outside of th€CO velocity range. The dlamonds are posmons in
the/Wienen et dl| (2012) catalog with a matching velocity. The black contours aléBentegrated intensity of 2 and 7 Kkm s



A&A proofs: manuscript no. laments_saga

[e)
+00.20° W52 % o
Q
©
o
= o
8 +00.00°
e
e}
©
T
O .00.20°
-00.40° S
- {25.€
+00.20° L {24.¢
Q
3 L {24.C
s X
S +00.00° L {23.2
L ¢
o 22.4
6 . @
O .00.20° & 21.€
20.€
54.00° 53.50° 53.00° 52.50° 20.C

Galactic Longitude

Fig. A.6. Top: Grayscale of the Bm GLIMPSE image of GMF 54.0-52.0. The white contour shows the 13CO integrated intensity of 2K kms
The blue star shows the location of W52, and the blue circles show CORNISH detectionsredibins.Bottom: Colourscale of the centroid
velocity eld from the GRS'®CO data where the integrated intensity is above 1 K knirsthe indicated velocity range, shown in the colour bar
RS umber! S Fis ATLASGAL 870um emission of 250 mJy béann symbols, we show alls, measurements of BGPS clumps,
indicating in circles those'ttumps that have velocities withint#@0 velocity range and with thosev;s; values outside of thECO velocity range.
The diamonds are positions in the Wienen et al. (2012) catalog with a matching velocity. The black contourS$’@@ theegrated intensity at 2
and 7 Kkm? .



Ragan et al.: GMFs in the Milky Way

120F b

105 b

Velocity (km/s)

301 1

18‘.00 17‘.50 17‘.00 16‘.50
Galactic longitude (deg)

Fig. A.7. Position velocity diagram for the longitude range of
GMF 18.0-16.8. The selected velocity range (21 - 25 Knhis outlined
in the yellow dashed lines.
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Fig. A.8. Position velocity diagram for the longitude range of
GMF 20.0-17.9. The selected velocity range (37 - 50 Knhis outlined
in the yellow dashed lines.
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Fig. A.9. Position velocity diagram for the longitude range of
GMF 26.7-25.4. The selected velocity range (41 - 51 Rnhis outlined
in the yellow dashed lines.
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Fig. A.10. Position velocity diagram for the longitude range of
GMF 38.1-32.4. The selected velocity range is outlined in the white (50
-60kms') and yellow (43 - 46 km §) dashed lines.
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Fig. A.12. Position velocity diagram for the longitude range of
GMF 54.0-52.0. The selected velocity range (20 - 26 knhis outlined
in the yellow dashed lines.
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