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New topics



The Milky Way!

From local to global star formation

Dobbs: MW GMCs are “Universal”, Extragalactic are not.
Molinari: HiGal - spiral arms as collectors, not triggers
Falgarone: Planck maps (foregrounds + Polarization)
Henning: Large mol. filaments, perpendicular to the plane,
not in spiral arms, 1e5Msun, 60-230pc (Orion-like?)

Motte: Herschel HOBYS, super-critical filaments, DR21
(Orion OMC2-OMC37?),MonR2

Csengeri: ATLASGAL is open! short SF time, quiescent SiO
Zahorecz: Planck cold cores



! S. Bihr’, H. Beuther?, k. Johnston?, J. Ott?, S. Glover?, f
P. Carlhoff?, A. Brunthalers, p, Goldsmith®, P. Schilke?, F. Motte’
r )

T. Henning® and the THOR team
! Max Planck Institute for Astronomy (MPIA), NRAO Socorro, *Institute for Theoretical Astrophysics
Heidelberg, “University of Cologne, *Max Planck Institute for Radioastronomy Bonn, %let Propulsion
Laboratory, ’Laboratoire AIM, CEA/IRFU - CNRS/INSU - University of Paris
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Fig.1: Brightness Temperature of 21cm continuum of part of the THOR survey

Abstract:

'‘CO-dark molecular hydrogen' is a well-known problem in molecular cloud observations. On the other hand, neutral
atomic hydrogen is directly observable via the well-known 21cm line. Usually, the 21cm line is assumed to be
optically thin. Column densities and masses are calculated with this assumption. However, a significant fraction of HI

can be hidden by optical depth effects, such as self absorption (HISA - HI self absorption) or contamination of diffuse
continuum emission in the background.

Continuum and optical depth correction of HI data: Radial ditribution of HI 200
As W43 has a strong continuum source in the center, we are able to column density: 130
measure the HI optical depth. This information can be used to Fig. 4 shows the radial distribution H*HH
correct for the optical depth as well as for the continuum emission. of the HI column density from the % ot fff
Fig.4 shows the column density assmuing opically thin emission and center at I=30.5deg and b=0deg. oo f
a clear correlation between the continuum emission and the column The squares represent the 2 2 f%
density is noticeable. But this is only an observational and not a corrected column density and the §
physical effect. Fig.5 shows the corrected column density and the dots represent the optically thin guie
correlation vanished. This result is used for the further analysis. assumption. Both methods show S ol _eve, s
a clear increase in the column = oL
Fig.4: HI column density of W43 assuming optically thin emission. density towards the center. Close 2 °e
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Ionized, atomic and molecular carbon in IRDCs

H. Beuther', S. Ragan', H. Linz, Th. Henning', M. Nielbock', O. Krause!, V. Ossenkopf®, J. Stutzki®. P. Schilke?, S. Glover”, and R. Giisten®
'MPIA Heidelberg/Germany; >Uni. Cologne, Germany: *ITA Heidelberg/Germany: *MPIfR Bonn/Germany, email: beuther@'mpia.de
Abstract: How do molecular clouds form out of the atomic phase? And what are the fractions
of carbon in the ionized, atomic and molecular phase, respectively? Using Herschel, Sofia. APEX and
the IRAM 30m telescope, we mapped the ionized, atomic and molecular carbon ([CIIJ@1901 GHz, [C1]@492GHz and
C1%0(2-1)@220 GHz) at high spatial resolution (12" — 25" ) in four young massive infrared dark clouds (IRDCs).

o Molecular C180 closely follows the dense gas. The atomic [CI] traces the dense gas as well, but extends also to lower
column densities. The ionized [CII] exhibits diverse components from diffuse to more compact emission structures

® In at least two (G48.66, IRDC 18223 and maybe IRDC 18454) of the four regions. we find kinematic signatures

indicating that the dense gas filaments have formed out of a dynamically active and turbulent atomic/molecular cloud,
potentially from converging gas flows.

® The atomic-to-molecular carbon ratio is low (7-12%) with the lowest values towa

' nost quiescent region (Table 1).
The ionized carbon emission depends partly on the radiation field, but [CII] is a' . in a region without significant
external sources (G48.66) — other processes like energetic gas flows can also cont

(o the [CII] excitation.
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. 1: Herschel 70 zm images of the four IRDCs selected for our study. The white boxes outline the regions mapped in the different carbon lines.
G11.11, contours alwaoys ATLASAL 870um . ) RDC18223: colour carbon, black cc
2 4 6 5 10 15 2 4 6 8 5

S
g ‘1 ;‘
= o ‘
N (o)) :
2 :
5 I ]
: &
o —

o

Q i )

B e . = '

Sl . h, ~AMAnS 5 s h, .m.,.3 P

bt m s s s £ 1 10 18"10™20

o 18"10M20° 15 10° 18"10M20° 15

1

R.A. (J2000.0)

Fi 2: Integrated molecular, atomic and ionized carbon (Herschel)

. : (RS A > .

g : - G11.11. The white contours show the ATLASGAL 870 pum . A : SAN A e

pisonii s | [CII] remains undetected Fig. 4: Integrated molecular, atomic and ionized carbon (Sofia) emission

A P 5 r roo] 7| e "CIId h e

emission. This is the only region where for IRDC18223. The black contours show the MAMBO 1.2 mm emission,

: 38 The white an cyan contours present different velocity regimes also observable
T ko) i ( ( s : Pt ‘ in the [CI] line (see also Fig. 6).

BlC'®0(2-1)

Fig. 3: Integrated molecular, atomic and ionized carbon (Herschel)
emission for G48.66. The black contours show the ATLASGAL 870 yum

i The two [CII] panels represent the different velocity regimes
le in the spectra in Fig. 6. The fifth right panel presents the
L moment map (intensity-weighted velocity) with the clear velocity
s the filament. This may be a signature of converging gas flows.

Fig. 5: Integrated molecular, atomic a
»»»»» on phases for the 4 regions

nd ionized carbon (Herschel) for
VU BT s (7 | n g ] e R P gt Lo o i b % RN

gt
[ERemE ¢

Herjik Beuther



Herschel view of " Cspire
massive star formation in NGC 6357

Tigé ]. (LAM), Schneider N. (CEA), Men'shchikov A. (CEA), Zavagno A. (LAM), Motte F. (CEA), Bontemps S.
(LAB), Russeil D. (LAM), Molinari S. (INAF), White G. (RAL), Anderson L. (West Virginia University) et al.

Context: The Herschel imaging survey of OB Young Stellar Objects (HOBYS) is the first systematic survey of a
complete sample of nearby (within 3 kpc) high-mass star-forming regions (Motte et al. 2010).

The HOBYS program targets 10 molecular complexes forming OB-type stars at five wavelengths from 70 to 500
pm, one of which is NGC 6357, a giant molecular cloud located at 1.75 kpc which arbours many OB stars mainly
located in the stellar cluster Pismis-24 (Persi and Tapia 2008).

Method: We use the source extraction algorithm 'getsources' (Men'shchikov et al., 2012) to extract cores and
measure their fluxes at all Herschel wavelengths. We also use MIPSGAL, ATLASGAL and SIMBA 1.2mm maps.
We apply criteria on S/N ratio, size and ellipticity to select only the cores that represent circular-shaped "'dense"
cores with size around 0.1-0.2 pc. The spectral energy distribution is then fitted to determine physical parameters
for the dense cores (temperature, envelope mass, luminosity).

Goal - Massive Dense Cores (MDCs): We want to make a census of the MDCs in NGC 6357, the cores
that are potentially dense and massive enough to form one/several massive stars, and analyse their properties and
locations regarding the current HII regions and stellar clusters of NGC 6357.

Bt wilhtis Theatlin f ded 5 p ?

For this we cross-correlated our dense cores catalog with known radio compact sources (<0.1pc) and 6.7-GHz
methanol masers catalogs

l) | ,\|1|\,-\ sigm

Left : Column density map with stellar clusters (grey diamond), ClassII
methanol masers (red circles) and compact radio sources (black circles)
Right : Multi-wavelength view of the three white sub-zones

Table: SED fitting results

% Jeremy Tigé
Inside the region, dense cores with 6.7Ghz maser activity are found more massive (140.9 Mo) e re y I g e

than dense cores with compact radio sources (6.1-20.9 Mo)

This results suggest to use the 6.7GHz masers
associated mass as the minimum amount of gas

for dense cores to be considered 'massive’ and
able to potentially form massive stars

S s, |
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emlc‘é! variations in IRDCs: from
riess cores to hot core candidates

1, H. Linz2‘, D. Semenovz, U. Hincelins, E. Herbsts, K. Furuya¢, Y. Aikawas, H. Beutherz,
' B. Commercons, K. Oberg?, F. Wyrowski', K. Menten'

'MPIfR, Germany, zMPlA: GermanthVa. USA, sLeiden observatory, the Netherlands, sKOBE U, Japan, <CRAL/ENS, France, 7CfA, USA

-
Utilizing tHe high sensitiv

stages. Here, we préSent ob
URDCOZ&34+0.06, the hot

"’V‘! )

) . Ry'and broad frequency coverage of the IRAM 30-m telescope, we targeted several
high-mass star-forming regions from quiescent (IRDC

Mgss Protostellar Objects (HMPOs). We detected more than 20 species of different chemical families. This

unique dataset enalﬁs us to perform a detailed analysis and chemical modeling at different evolutionary
al data and our first modeling results for two regions within

( iate IRDC028.34-6 and the starless core candidate IRDC028-C1S.

-Q) and active (IRDC-A) Infrared Dark Clouds to High-

J

| IRDC28-C1S

% ALMA 1.3mm 2"
-| Mass 62 M,

Tan etal. 2014

Zhang et al. 2009
IRDC028.34-6
SMA 1.3mm 1.2"

ﬂequency: 99-107 GHz (6 mK); 218-225 GHz (14 mih

middle) 8micron Spitzer image overlayed with APEX 870 micron contour
for IRDC028.34+0.06; (upper right) ALMA 1.3mm image from Tan et al.
(2014). (Bottom left) IRAM spectra for hot core candidate IRDC028-6;

(bottom right) IRAM spectra for starless core candidate IRDC028-C1S.
/Modéi'l for Hot core candidate IRDC028.34-6\
Chemical code ,Nautilus® (Hersant et al. 2009)

0-D model, T(t), n(t), and Av(t) not constant

..........

hot core candidate IRDCO

value +/- error margir

Fig. 2. An example of abundance profiles for
6. On all panels the grey area corresponds to observed

Modeling results:

To reproduce 31 detected molecules, a warm-up model
is required. The molecules can be Subdivided in several
groups according to the temperature that reproduces
their abundances: low (15K), medium (30K) and high
(120K). They might trace different regions within the

cloud
N

High sensitivity IRAM data

Objects: 7 IRDC-Q, 2 IRDC-A, 6 HMPO
Detected species:

Sulphur Carbon chain Complex organics Others

SO, HC3N, HC5N , CH30CHO,

0Cs, CH3CCH CH30H, CH30CH3, ¢-C3H2, HNCO
c2s DC3N NH3CHO, t-C2H50H
Observational results:
® detected in quiescent IRDCs for the first time.

® In each evolutionary stage the lines of the following
species are particularly bright:

Carbon chain molecules in quiescent IRDC;
Complex organic molecules in active IRDCs;

High-energy. transitions of methanol in HMPOs.
® CH3CCH and CH3CN analysis reveals warm 30-50?)

and hot 100-200K temperature components in active
DCs and HMPOs.

ﬁodel for Starless core candidate IRDC028-C1S
Chemical code ,ALCHEMIC” (Semenov et al. 2010)
1-D model, T(t), n(t), and Av(t)=constant

Fig. 3. An exam! of abundance profiles at 60000yr for the starless core candidate
IRDC028-C1S. On all panels the grey area corresponds to observed value +
margin. Bottom right panel presents temperature and density profiles
Parameters of the best fit model:

Out of 21 species, 2 are not reproduced: CCS,H2CS
Agreement: 83% Age 60,000 yr r_in = 12,680 AU,
Modeling results:

® With 21 molecules, a 0-D model is not sufficient anymore
even for the quiescent IRDC.

Pl

Tatiana Vasyunina

beginning of star formation, corroborated by the
previous detection of SiO and an H20 maser (Wang et al

® Elevated temperature at the inner radius might indicate I
J

2008, Linz et al. in_prep.). Hence, IRDC028;C1S might be
\Q more evolved phase than a starless core ;







- SFR reflects cosmic flow rate

- Disk gas mass = SFR x depletion timescale (SFE) <-- FB
- Feedback tells us about the gas mass in a galaxy
- Connects all scales. All is one.
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turbuent molecular clouds
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initial conditions
hyd rodyna m | C This Is a fairly ‘vanilla’ turbulent setup

We simulated an initially uniform density

no grav”:y Isothermal, periodic box using ATHENA
tu rb l on a 10243 grid. Random forcing for 1<|k|
U ent L/2n<3; small scales develop from cascade.

M ac h 8 The turbulent forcing Is solenoidal, and we

drive until the Mach number saturates at
Mach 8.

further evolution
hyd rodyna m|c We scale the box to a length of 10pc and

. mean density 100 cm'* at 10K, For the
grav |ty self-gravitating non-driven evolution we

use Ramses, using adaptive mesh

R refinement up to an effectiv I
n_O d r|V| ng ?f 16k3l, Reflrl;\emenl is such“ne\;fiﬁoul‘écégl
eans length is resolved by 32 cell
SI nk pa I’thleS particles are 755au avnd lh{;s doc‘?\osl —
represent individual stars, but rather
sites of collapse

-

10 pc In Tau rus Hacar et al. (2013) observed
the L1495/B8213 complex in
Taurus, including optically

C]SO thin moderate and high
density tracers. Among their

N2H + results: in PPV space, the
-10pc filament breaks

down into separate and
P PV CU beS [ ETY superdsomc .

subfilaments

10 pc in a computer

In order to compare to these observations, we

“C]so” construct (very) approximate C'*O and NzH*
observations, (assuming optical thinness) using
& N H +29 the mass-weighted velocity of different density
2 ranges. Each point in the simulation contributes a

P PV bes Gaussian line with a thermal (10K) width to the
Cu spectrum, which is binned at 0.05 km s*! resolution

Our main question: do velocity structures s
to those in the observations of Hacar et al. show
up in simulations? With the simulated data cubes
we look at two times, roughly 1.25 and 2 M after
the self-gravity is turned on and the rbi

driving is turned off. We identified (k
features in the C'*O maps that an obs
deem to be a filamentary structure

This figure shows x’:\:”lo’s]vl l\i!gﬂ;'tjv‘\_;‘r:\:’g(;sif.?::gil‘:al‘1’37 .I Identlfy flla menta ry featu res

M ted into t
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along the L direction
Paochgptmr The top panels show the density- ("(]’1?(’(]

line-of-sight velocity for each filament, summed along
the native short axis W. (This is effectively col\unsm'u .
the PPV cube to a PV plane). Note that we plot (h{,-r ull
summed spectra rather than detected line centroids as

Hacar et al. do
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The Formation of Braided Filaments by Reconnection in Magnetized Sheets
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Eric Keto (CfA)

radius (pc)
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Folding: How might such a magnetic field geometry come
about? Suppose the filaments are formed by compressive
flows in the turbulent ISM. A 1-dimensional structure such as a

filament may be formed by compression within a larger two 2-
dimensional sheet (left) or formed by folding a sheet (right). If
the magnetic field is not too strong, for example in equipartion
with the turbulent kinetic energy, it will impart some stiffness
to the gas, but not fully resist the compression resultingin a
folding of the magnetic field lines. In general, many types of
compression and shear will result in folding. The examples in

the 2 drawings are symmetric for simplicity.

In this geometry, the electric field vectors run paralle! to the
sheet in the direction perpendicular to the plane of the image
(into and out of the page of this paper).

Reconnection: The folding creates a toroidal component to the magnetic field that did not exist before. With continued compression
the magnetic field may fold back on itself. Reconnection across the field lines may create isolated flux tubes with a toroidal component
stronger than in the surrounding gas. The figure to the left (adapted from Hawley & Balbus 1992) shows this evolution in the 3 po T
from the top to the bottom. In the middle panel, the reconnection zones are highlighted in red. € 3 panels
This reconnection geometry is inspired by the mag - ional i bility (MRI) which in a centrifugally supported
(Keplerian) disk. In the MR, the tension of the magnetic field lines slows down gas parcels that find themselves displaced inward and
speeds up those displaced outward. The increasing shear is relieved by reconnection. In the figure to the left, the h: d an
correspond to radius and the vertical axis to height in the disk. y orizontal axis would

In the case of braided filaments in the ISM. the folding is simply the result of larger <cale flowe Thore ie mm f oot e+

Eric Keto






3D from 2D
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New facilities




The conflicting
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The conflicting

Padoan: Who is the meat, who is the salt and pepper?
Compressible supersonic turbulence? SN or disk instabilities?
Klein: Weak B inconsistent with observ., not good for flows
Peretto, Smith, Basu, Tafalla: Super-Jeans cores? Are there
even cores in High-Mass SFR?

Smith: O0.7pc is fit by only a few point in the filament center
(r<0.04pc), hydro filaments also have p~2

Steinacker, Hacar: turbulence “has” to be there

Friesen: ALMA blobs not Jeans fragmentation

Maury: PdBI disks are 50 AU, not 200 AU

Dunham: You cannot just count blobs (proto-binaries)
Robitaille: The CMF-IMF thing
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Turbulence-induced Collision Velocity of Dust Particles

Liubin Pan', Paolo Padaon? & J
) : , ohn Scalo3
'Harvard —Smithsonian Center for Astrophysics;

3Department of Astronomy, The University of Texas

lotivation

e.dynamlcs of particles of finite inertia suspended in turbulent flows is of
Ttlcu\ar interest fqr understanding dust particle collisions in protoplanetary
ks anq starrformmg molecular clouds. The evolution of the size distribution of
1;.=,t panlcles is coptrolled by their collisions. Small particles tend to stick when
:Ildmg, and the Size grows by coagulation. With increasing size, the particles
2come less sticky and, depending on the collision velocity and the particle
Ferpal structure, collisions may result in bouncing or fragmentation. The
lckm_g. pouncing and fragmentation processes may lead to a quasi-equilibrium
ze Q|str1but|on. Due to the dependence of the collision outcome on the collision
2locity, an accurate evaluation of the turbulence-induced relative velocity is
portant for modeling the dust size distribution

urbulence-induced collision velocity is stochastic, and, assuming a Gaussian
istribution, recent studies have shown that accounting for the probability
listribution of the collision velocity leads to significant changes in the predicted
article size evolution. Using both numerical simulations and analytical models,
ve show that turbulence-induced collision velocity is highly non-Gaussian.

Simulation

Our simulation was conducted in a periodic 512° box using the Pencil code. We
simulated a statistically isotropic and weakly compressible flow with a Mach
number of ~0.1. In the simulated flow, we evolved 14 species of inertial particles
of different sizes. Each species contains 33.6 million particles. The friction
timescale of the particles spans about four decades from 0.1 Kolmogorov time to
40 large-eddy turnover time, covering the entire scale range of the flow. Using
4096 cores on the NASA/Ames Pleiades supercomputer, the simulation lasted 14
days, costing a total of 1.4 million CPU hours. We searched the simulation box
for all particle pairs at given small distances, and analyzed the statistics of their
relative velocity.

Theoretical model

The analytical model of Pan and Padoan (2010) shows that the root-mean-
square (rms) of the particle relative velocity induced by turbulent motions
consists of two contributions named the generalized shear term and generalized
acceleration term, respectively As illustrated in Figure 1, the generalized shear
term physically represents the particles' memory of the spatial flow velocity
difference the two particles saw on their trajectories within a friction timescale or
so in the past, while the generahzed acceleration term is associated with the
temporal flow velocity difference along individual particle trajectories. We
modeled the rms relative velocity using the spatial and temporal flow velocity
statistics and assumed separation behavior of particle pairs backward in time
For equal-size particles the acceleration term vanishes, and only the shear term
contributes

N )
Particle 1 Particle 2 Particle | Particle 2
Tume

=Tp2

'
TR

7 /T2

d(o)

Fig 1. Schematic figures illustrating the physical pictures of the
panel) and
T res

jeneralized shear (left

with friction times of ]

cceleration (nght panel) term: for two particles

3Clively. The generalized shear term depend n the spatial separat 1
the two particles backward in time

2ICREA & ICC, University of Barcelona

Results

In Figure 2, we show simulation results (data points) for the rms relative velocil
asa function of the Stokes number pairs (St;, St,). Our model prediction (lines
in good agreement with data. In the left panel, St, is fixed, and the dips in the li
at St,~St, indicate tighter velocity correlations between similar particles. The rig
panel fixes the Stokes number ratio and plots the rms vs. the larger Stokes
number, St,. In a turbulent flow with a high Reynolds number, our model predicf
St,'2 scaling for particles in the inertial range at any Stokes ratio. The generaliz
shear term dominates for particles of similar sizes. The acceleration contributio
increases with the Stokes number differences, and starts to dominate if the Sto
numbers differ by more than a factor of 4.

i
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4 F particle-flow -y
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- 1
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Fig. 2. The rms relative velocity of dust particles

Figure 3 shows the probability distribution function (PDF) of the relative velocity of %
equal-size particles. Left and right panels correspond to particles with St<1 and St> %
respectively. The PDF is highly non-Gaussian, exhibiting very fat tails. The non- )
Gaussianity peaks at St~1. We identified two sources of non-Gaussianity: the imprir
of intermittency of spatial turbulent structures and an intrinsic contribution from the § [
particle dynamics. The PDF for particles of different sizes is also non-Gaussian Thd

contribution of the acceleration term samples the temporal flow velocity structures

along individual particle trajectories. The acceleration term is less fat than the shear

term, and, as the acceleration contribution increases with increasing Stokes number

difference, the PDF for different particles becomes less non-Gaussian

; !
s :
i F 4
§

Liubin Pan

Fig. 3. The probability distribution function of the relative velocity of equal-size parti les

Discussion and Conclusion

We studied turbulence-induced collision velocily of dust particles using both v-l;lf”h':'u\ al
simulation and theoretical modeling We found that the commonly-used mode u‘ «‘u :
;ms relative velocity overestimates simulation results by a factor of 2 while our 711
is in good agreement with the data. The probability distribution of the collis! 80

is found to be highly non-Gaus

sian. Applying the non-Gaussian distribution I
X kina to bouncing and f
W o transitions from sticking 10
particle collisions, we found that the b
ng barrier, an ]

n-Gat

ity ré
| In particular, t
eco » more gradual. In partic
f nentation become mo
ragme . narticle size exceeds the boun
significant after the par : . nc bay
prediction with a Gaussian d stribution. accounting
Jleviates the bouncing barrier for dust particle growth



Inferring the Evolutionary Stages of NGC7538

NGC 7538 IRS1 from Chemistry

Siyi Feng', Henrik Beuther', Dmitry Semenov’,

Thomas Henning‘, Hendrik Linz' & Elisabeth A.C. Mills”

'Max-Planck-Institut fiir Astronomie, - National Radio Astronomy Obsery atory

S dﬂd

it B W it

i

s P

.

A\t a spatial resolution of ~ 0.4" (linear
- 800 AU), our interferometric
study on the high-mass «f on
NGC7538 (~ 2.65 kpe) with the Plateau de
Bure Interferometer (PdBI) has revealed spa-
tial complexity (Fig.1 & Fig.0) chemical
differentiations (Fig.3), rangingy irom prop-
erties known for starless cores to real hot
molecular cores (ig.5). Given these sub-
sources are embedded within the same large
scale gas clump, their ages should be very
similar.  Although not coeval, it is indica-
tive that the evolutionary time-scales among
these different stages can be very short, and
short heat-up phases may be sufficient to ex-
plain such chemical differences''
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Fragmentation at the Earliest Phase of
+ES* Massive Star Formation

Ke Wang (ESO Fellow)

kwang@eso.org www.eso.0rg/~kwang
(PDF poster and references are available on my homepage.)

,,,,, i SEVIOW Observations

»How a parsec-scale dense clump would collapse and fragment to give rise to a
cluster that contains high-mass stars, when the thermal Jeans mass of the patient
clump is 10 times lower than the stellar mass?

»We carried out a mini survey of massive (~10° M . ), low-luminosity (<10°L.)
infrared-dark cloud (IRDC) clumps using SMA and VLA.

»Observations designed to resolve initial fragmentation (using SMA dust continuum)
and at the same time to measure gas temperature and turbulence (using VLA NH,). IRDC G28.34+0,06 (the “Dra
This coordinated effort allows us to infer the nature of the fragmentation and to
constrain theoretical models.

#Our observations show that turbulence and/or magnetic fields play an important

role during the early fragmentation in supporting super Jeans mass cores needed to
form massive stars.

gon”)

IRDC G11.11-0.12 (the “Snake”) wanget al. 2014 —

»G11 sketches over 30 pc over at a distance of 3.6 kpc. The Spitzer mid-IR absorption
and Herschel far-IR emission indicate that the dust is cold (~15 K). T

»We zoom-in the two most massive clumps P1 and P6.

»Temperature map is highly structured at scales <1 pc.

»SMA dust continuum emission revealed
structures sized ~0.1 and ~0.01 pc; probed
much deeper than Herschel.

»[ortho/para] NH, abundance ratios:
1.1(A), 2.0(B), 3.0 (C) = increase along
outflow! Ortho-NH, is preferentially
desorbed compared to para-NH;.

IRDC G28.34+0.06 (the “Dragon”) wWangetal. 2011,2012

SMA 0.88mm on Spitzer 24um |

Spitzer 8/24/70um CSO 350um

»Zoom-in the southern “quiescent” 1-pc filament P1 in G28.

»SMA dust emission revealed five group of compact cores
along the filament, with size ~0.1 and ~0.01 pc.

7 Collimated CO(3-2) outflows from all of the five groups,
orientation across the filament

7 Sensitive VLA NH, revealed a faint filament joining the main
filament, orientation coincident with global B-field lines =

dynamically important B-fields

» Again, highly structured Teas M3P due to outflow heating.

IRDC G30.88+0.03 (the “Rabbit”) zhang & Wang 2011

“

F ol ' »Simulated observation using the same (u,v) sampling as in
e real observations: Jeans mass cores can be reliably detected
should they exist. No detection in real observations
Jansky VLA NH, moment maps for C1 and C2 -> no 0.1 pc cores of 28M ., at this early stage!

3

T i el | »Two clumps along line-of-sight, with different velocities.
‘ ™
‘ﬂ : B M >C1@97km/s, d=6.5kpc, T=20K, Mass = 1.8x10° M.,
- v Ko ~ I £ A b l associated with core SMMS -> pre-cluster?
- -4 »C2 @ 107 km/s, d = 7.3 kpc, T = 19-45 K, Mass = 1.2x10*
e : ' { M .., associated with all other dust cores = proto-sluster? = =

..J
|

L

Summary and more Questions

Hierachical Structures of IRDC Clumps »Observed fragment mass is almost always >10 times

* larger than thermal Jeans mass PR %
» Turbulence appear to be sufficient in supporting these <
10 L ] 8 o super Jean mass cores. B-fields may be as important as
| 7 turbulence

»We suggest a general picture for the early phase (prior

to hot core): multi-scale fragmentation results

2 o hierarchical structures down to ~0.01 pc. Star formation ?
;’ 10 is launched at the smallest scale; feedback up to the 1
H pc clump scale; SF may be fed continuously through
A 10° filamentary structures.
10
10’ w0’ 10 10* 10*

Nearest Separstion (pc]
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— Tracing the Formation of Molecular Clouds, Supercritical Cores, and Super-Jeans Cores e
Di Li!, Pei Zuo', Zhiyuan Ren!, Joshua E. G Peek?, Nicholas Chapman® ﬂ’#-’“'?#;, & Galactc centre doud
'National Astronomical Observatories, Chinese Academy of Sciences £ f—r) —
*Columbia University Department of Astronomy; = :v.l.;: S
3Northwestern University ediof7beaaces oot nstaints
formation and feedback
ABSTRACT lassive Quiescent Cores in Orion

f the molecular and atomic gas

We present three projects aiming to trace key stages of dense core formation and evolution. First, we combine the HI Narrow Self Absorption|iom simulations t observatons
(HINSA: Li & Goldsmith 2003) technique with Herschel imaging and 2MASS extinctions to discover on-going molecular cloud formation in|n turbulent moecular clouds

isolated dark clouds. Second, high resolution combined VLA+GBT ammonia maps of Orion molecular ~louds ar I rogether with dust! ===——===reret
continuum to reveal likely super-critical core candidates. Third, CARMA N;H*, HCO*, and 3mm contin» - xtremely den-€ fation in an isothermal flament
[gores (n~10” cm3) which are in super-Jeans state and likely accreting mass. | P

9 on on scales of cores to clouds

p.

3 buds
ihi e Ty —— - Jcture of molecular clouds with
Isolated dark clouds exhibit the transition from HI to B227] 1
e | Jstars with the Herschel Orion
| “Zuo ctal. 2014, in prcp.J ,\f"\/\ oo
HI Na Absorption (HINSA) /’ “"C':m Mass of Flamertary
T/K HINSA 2 cold atomic hydrogen which - P pleral Magnetic Field_____——
‘ 25.0 SORIA theou ions Wk molc’cuhr h\'dn-;r (c j bark Clouds: from starless cores to ho
| can be used ! asuring the r'.u"mm"zq st e <6 of Massive Star Formation
i ¥ clouds in terms of 1 formation (1 © & Goldsmit! > —— ? o of the Star Formation Rate by
b Goldsmih & Li 2005). The measu indan 7o
| [HI1}/[H2] can be modeled in terms of the H; forma:
1 5 ] timescale based on
: 19.0 1
£ : - |
s R, "2' r€a My (Vm)o,"'p o 5 4]
£ 16.0 and 2 s
N(HINSA) AV T, B %
T.|_95x|o"r,,"m.1_, o £ o /,‘
13.0 ~
We selected three isolated dark clouds based on the e ~
intriguing morphology of displacement between CO, 18.0 8 "—r_' —
10.0 2MASS extinction, and cold atomic gas. We obtained dust -y
92.6 922 91.8 91.492.6 922 91.8 91.4 temperatures and column density based on SED fitting :
RA(degree) RA(degree) of Herschel data normalized by 2MASS extinction, HI
bund based on HINSA, CO column density based 926 922 91.4
1 deegr
(s) The RGB image of Herschel comprised of three SPIRE band at 250 pm (bluc), :"R:_C? B REA(deg &
350 pn (grecn), and 500 pun (red). 5P 120 \_CB45
() Temperanure distribution (10 to 25 K) of the three dark clouds overlaid with dust  Three isolated dark clouds B227, L1574, and CBAS ace at e
cmission at 350 micron (bluc: 0.03 Jy, green: 0.15 Jy, red: 027 Jy). () The HI different stages of cvolution. 0
ption correlated with *CO emission for three clouds. The circled regions of  +B227: Swrong HINSA, no CO emission, weak dust g
dust imagy ponded with the sp of the clouds resp Iy indicating carly core fi ion stage with ongoing Ha oA
s formation. 20, A
SProjects *CB45: The dust cmission is stronger, the strongest "CO o A
Herschel OT1 Program — Isolated Dark Clouds with Signs of On Going emission indicating middle stage with abundant CO. M0 00 » %
H, Formation (PI: Di Li) *L1574: The strongest dust emission, the weaker PCl Velocity (km/s)
*Arecibo Project — Reveal the Transition from Atomic to Molecular ISM anistion,andlowuHINSAabundmoemggsdng s 3
(PI: Di Li Student PI: Pei Zuo) further evolution with possibly the onset of CO 2.,3;‘.,, T b . ovlail with
L *FCRAO Project — CO Emission of Dark Clouds depletion. three typical positions which is amplificd for 10 J

(Extxemely Dense and Likely Super-Jeans Cores - CARMA Maps
|- Ren, Li, & Chapman 2014, Ap) in Press, astro-ph:14047413 |

ez sy,

§ omns

wseans)

ezl
MM s2enm 1w
-

0 =)
RA offsct (arcsec)

Source Selection:

gy ° %0 Bhi0 Ori8aw_2: the largest Re among the sample of Li et al.
RS Velocity (km/s) (2007, 2013)
CARMA Observation:

32 mm continuum, N;H' and HCO* (1-0) ar 15"
resolution.

We the quiescent regions in the
Orion Molecular Cloud (OMC) in VLA NHj Results:
) 22 Plausible fragmentation in NoH* clumps (Fig 3b,c)
= Tunand AV The core is ly lly c d (Fig 3d, ¢
3 ‘hfgﬂdﬂ'lsi(y reaches n(H;)=1.6x10" cm™*
* 30 cores identificd in OMC-2, 3 Outflow shaping the gas structure (Fig. 3c).
M=11 Mactar, (=0.039 pc, (Tid=17 K, Implication:
(R =Mgu/Mui=3.9 (virial parameter) plausible fragmentation halted the high-mass star
(R=1.5 (critical mass ratio) formation:

* 14 cores have Rc>1. Some cores supercritical

(I'=30 K, n=10" cm?, B=1 mG) = Aan=5"
for Fy/Fa encrgy ratios, with uncertaintics
considered.

__comparable to the N2H+ clump size.
() CSO/SHARC 11 3% pom commmnn moage ot 12 Dl fragmentation:

o V R Conclusion: ORlferw 2 (L et al 207), [1] The B-field should be stronger (>5 mG) and closely
) ez 2 * Thermal and non-thermal gas motions alone 2.:::'-‘ NH" and HOO" umages whach coupled with the gas to resist the self-gravity, or
i cannot prevent collapse. Strong B-ficld of s e dusbison ol he 30pm  [2] The temperature increases so that the thermal
3 gbe B>0.5 mG needed to render them subcritical (if © The mﬁu of the NH® aod = rhl:mmb«'mmim;mnmr.
W= x coherence €O cutflow y
oppon exists 8 The hocrton 32 mem comeun oy wihin central dense core property:

"+ Onion densc cores are much morc tightly bound I e [1] Absence of IR sources = likely pre-stellar stame
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e) Integrated intensity map (contours
) of the optimized synthetic image cube

Fig.
Absi
'‘CO~(
atom
optic

can b
contin

ODOTN ¥ rIvy Q i, S s 9
S LTE Spectral Line RT Modele ™ 3D LT
- AL VpPeliil'dl LiIine i1 viodels We have corsill

Qgenerate s'ymhghc i \

The model consists o {

~ . . . '. 'nl!‘\ accretion disk 0
2 have constructed 3D LTE spectral line radiative transfer (RT) mod« i s iy

. s ; ; ol main OPtiMIze the model Sk p Contin
rate synthe’u.c Image cubes for comparison with the observed data ¢ i s i 1!3 measur
model consists of a rotating infall envelope (Ulrich 1976) and a fl =+ il

o Sar c«

etion disk (Pringle 1981) with additional heating from stellar irradi
yon & Hartmann 1987). The Levenberg-Marquardt method was use
mize the model parameters by minimizing the chi-square value.

imized model gives a central stellar mass of ~12 M @, which agrees with
ss derived by Johnston et al. (2011) through fits of the Spectral Ene
tribution (SED). The mass and size of the disk are about 2 M @ and 850 A
lilar to those found in pervious studies (Keto & Zhang 2010; Cesaroni et

K=3 mode! m) Km n) K=7 mode p) K=9 m
0)} 3 | (m) K=6 model (n) U (p) odel
J.

Vivien Chen
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=40 -5 O 5 —15 =10 ';5(”“0._‘) velocity (km B e o) S O e Gonre=h o e ) Velocity (km s~")
Vetocity (km 87") Veloc ; g
i Position-velocity diagram Of the k=2 9 components of the CH3CN (19-18) transition along
osi 3 NS R=2,..., .
il diept:2 C|ea,.|y detected in all the K components and gets progressively steeper

_,9° locity gra o 0
P.A.\:67 ‘e-g::\;eESP ({_ower) F’og‘""'on'\'elocit)' diagrams of the optimized synthetic image cube.
with incr >

ine and continuluM opservations with high angular resolution have

Our \]:L"y resolved the accretion disk around the massive protostar IR_AS
success 04. The phySical parameters derived from the optimized spectral line
20126+4104. gest a hot digk with Toomre Q parameter mostly larger than unity,
RT model sug suggested by Keto & Zhang (2010) and Johnston et al. (201 1).
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The intriguing

Arce: 30% efficiency is not yet confirmed observationally
Steinacker: Coreshine needs micron size grains, CONSTANT
adust size distribution across a core.

Falgarone: velocity shears up to 700 km/s/pc

Testi: no grain grow over time? lots of optimism.

Bacmann: COM around low-mass SFR, no model works.
Planck: A ot of polarization, no clear insight yet.

Padoan: how to reconcile the few micro-gauss galactic field
with the higher field in molecular clouds?

Clark: C| gives better coverage than CO both solar+low”/
Crutcher: line pol easier than dust continum pol, CN mapping
Jorgensen: What if Chemistry doesn’t matter?

Nordlund: MRI not needed to solve the ang. momentum
problem, turbulence is key
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Abstract Neighbourin
peak fluxes.

fragmentation.
wider environm

g SCUBA-2 450
This suggests that

It also suggests tha

ent (e.g. through fi

Wil W

show similarity in their
ment through filament

from each other or from the
mass asymmetries that are not observed.

1. Infroduction

Pairs and small groups of neighbouring sources are interesting
e they test for dynamic interactions between protostars. If
sources compete for mass, either with each other or with ’10--0_7pc@250pc
ironment, then one of the pair will gain mass at the expense §
npanion, leading to mass imbalances. On the other hand, if

asses are similar, then environment rather than interactions
2rmine their masses. | have been testing this in Serpens South and

rpens Main using submillimetre continuum maps from the JCMT
-ould Belt survey.

Fig. 1b. SCUBA-2 450 pm cores
and groups in Serpens South.

-Fig. 1a. SCUBA-2 450 pm
cores and groups In
; : Main.
| Multiples O - Serpens \
S

|| 2. Protostellar candidates 0
1 ila region was mapped using st T
The Serpens/Aquila reg . f the JCMT Gould
imultaneously at 850 and 450 microns as parf o seessed by e 3 Multiples
Bl Survey (GBS). Reduced maps were proc tal2013). O P iah
a5 the Stariink mapmaker SMURF. (Capih © \orithm  Pairs and groups of near neig DOvES
202 tec;’n 4;S‘rr]~r?icrons were identified using the ;gllw:g:r; :::r eg xes  were iden
redisid k fluxes and 20" A
i rep. Gnd pea 1b) were

L "etd i 'LTO%S?Z“)N candidoiesSlescs FIgS-G]ca?Jlg‘r;dBelt )surveY
%x;ggi:d‘by cross-matching with the :tpglze;oo g
: idates (Harvey ¢ - 2 7),
cotologuc;a/so?L \;5235 (;:r?\?::jr‘on concentration C (Enoch ef al. 200 )
2008) an peak flux/area — aperture flux/area

peak flux/ area

4. Results and discussion

Multiples aré not |im|te§j to cn"o;/vgg i

itribution for sources in multlpe S
S U'f'on as a whole (Fig. 2). Bg e e
F?oﬁ:;lrcelvoluﬁon for sources in multiples :
simi

i ing sources

Fig. 3. the fluxes of qel%h,t;%l_’;:)g e
Coraiied fcorialen SeaCSt) h e on
C hly ha e

third) SOUrCes rrﬁ:tgne)ilghboun‘ng sources form ir fro
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S2 (Jy/beam)




Katharme Johnston, Hennk Beuther, Hegdmk Lmz, a Schm:edeke,

*’-SarahRngan,andThvmsHennmg -1. HiE

CONCLUSIONS

X . We detect and characterise 36 dust cores in G0.253+0.016 at -x.3mm

MOTIVATION
The massive infrared dark cloud Go.253+0.016, projected ~45 pc
from the Galactic centre, contains ~10° M,,, of dense gas whilst
being mostly devoid of observed star-formation tracers.

2. We find that the kinetic temperature of the gas traced by H,CO ratios is

>320 K on size-scales of ~0.15 pc

We have carried out a concerted SMA and IRAM 30m study of
this enigmatic cloud in dust continuum and molecular gas tracers
to scrutinise the physical properties, dynamics and structure
of this cloud with reference to its star-forming potential.

3 « Shock tracers and broad linewidths in the south of the cloud indicate
Go0.253+0.016 is colliding with another cloud at ~70 kms™'

4 « The CMZ is an clongated structure, orientated with Sgr Bz closer to the
Sun, however its actual geometry may be more complex than an elliptical ring

5 « The column density PDF of Go.253+0.016 is log-normal and is consistent
with no SF. The A-variance spectrum is also consistent with no SF.

Please see our paper on ArXiv!
http://arxivorg/abs/1404.1372

6. The absolute column density threshold modified for Galactic Centre

turbulence is not sufficient to explain the lack of massive stars, indicating that
further physical aspects may be important

Go. 2§3+o 016: a massive cluster progenitor?
Projected 45pc from the Galactic Centre

Please email any questions or comments to:

Cold dust temperature: -18-30 K johnston@mpia.de

Dense: 2 x 10*-6 x 105 cm”?

y Evidence for cloud collision
. Fig.6 3D rendering of G0.253+0.016. Black: CH30H Green: "CO (SALA)

High mass: 0.8-7x10" M|

Geometric mean radius: 2.8 pc

Peak column density: 4.4 x 10% em™ (H,)

Fig. 1 GLIMPSE Three-colour image
(3.6, 4.5, and 8 ym) of Go.253+0.016. From
Figure 1 of Longmores 2012 H .. minimal evid of ing SF!

(Lis et al. 1994; Lis & Menten 1998; Lis et al. z001;
Longmore ct al. 2012; Immer ct al. 2012, this work)

SMA and IRAM 30m observations

SMA Continuum and Line Observations m ‘ A S R— —
+ SMA compact array configuration, 6 pointing mosaic ; Shock tracers (such as CH30H, SO, SiO and HNCO),
-" large velocity gradients in the south, and Go.253+0.016

Fig. 5 SMA CH30H first moment overlapping in PPV space with another cloud at 70 kms™

map. Black contours show tymm g0 00t cloud collision (e.g. Lis+or, Higuchi +14).
continuum,

+ Two 4 GHz sidebands at 218.9 & 230.9 GHz (1.37 & 1.3mm)
= Imaged spectral resolution: 2 kms™

* Angular resolution -4” x 3" (-0.15 pc), largest scale -21”
+ rms -70 mJy/beam for lines, 2.5 mJy/bcam in continuum

The Galactic Centre environment

Fig 2. (right): SMA detected lines I
S10, CIOMH, HNCO, SO - shock tracers H

Fig. 7 HNC I-v diagram, using the Longitude - velocity diagram
MOPRA 3mm survey of the CMZ
(Joness 2012). Arm I and Arm 11 were
originally shown in Sofues 1995.
Excluding more positive longitudes than
Sgr Bz, these two arms could trace an  #
clliptical orbit in I-v space or two
distinct coherent velocity streams such
o3p = as two spirals,

CO,"CO, CO. - Diffuse gas trace

HLCO - Dense gas tracer, temperaty

IRAM 3om Line Observanons

+ Two 8 GHz sidebands placed at 217.3 and 233.0 GHz
» EMIR with FTS backend

+ OTF mapping of 3’ x 4’ arca (in RA/Dec)
+ Angular resolution -11 - 12" (-0.5 pc)
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Fig. 8 Left: Schematic of the dynamical
picture put forward by Molinarie 2011, where
-—> the “twisted ring” observed in the far TR with
Herschel is interpreted as the seable Xz orbat
of the barred Galactic potential.
Right: Interpretation which explains the
observed I-v diagram, also determined by
Sawadas 2004

Arm |

Dust emission: 36 cores detected at ~x.3mm

Fig. 3 Left: 230.9 GHz or 1.3mm
SMA dust continuum emission.
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Can turbulence explain zero
observed massive stars?
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Outrlows and clustered star formation

S
Adele Plunkett!, Héctor Arce!, Michael Dunham?
7 7
" Contact: 2 ¥ 2
adele plunkett@yale.edu Yale University?, CfA-SAO
Overview Molecular line observations —
Protostellar clusters are the complex environments that host the majority of star formation. During Here we present maps of '“CO (J=1-0) to show T ——
the star tormation process, molecular outflows are generally understood to be necessary and outflow morphology. For mass, momentum, and —
ubiquitous, but quantifying their impact on the nearby protostars and the surrounding cloud remains energy calculations, *'CO is critical to correct for| e gt
a challenge. Outtlows inject momentum and energy into the cluster, feed turbulent motions, and may optical depth of the “CO line, and the (J=3-2) o —
disperse surroundin ‘ ishing between these outcomes may constrain the timescales transition is utilized to estimate excitation i d— e
y » - 3 & I add L
relevant to the wion process, and observations will provide constraints for temperature. For details, please see Plunkett et al. e =
outflow parameter Observations of clusters over a range of evolutionary stages (2013, 2014 in prep).
| provide evidence ol < protostellar sources evolve
o " : 470 T
l Serpens South Distance N, NGC 1333
{ 0’6 . —
\ High-velocity 415 pe (2] Rt ¢ | Northernfield
P
R Age
N0 =
10° - 10°years [3,7] 1-2 x 10° years [6]
g o 3
5 & Membership
Protostellar fraction:
- “0""9&*___,__  3050% o
g Continuum sources: E]
= Six, Nine, 2 E
‘E( several are likely of which six have 2 . ol
= binaries/multiples associated outflows * £ o
S A : 3
Outflows Y. SRR T TETA
— > (7
. Complex web of 22 outflow lobes, from®
& outflows 12 driving sources *
d Mass 55650
5M,, 6M,,
in 0.4 pc? region in 0.23 pc” region *
Energy:
E,.=10% erg E,.=7x10* erg?
? 'K.\v.'.'v-’-h \ " RA W3000) > ; ; RL: L-vux/ L(.ul\= 1-5 RL =5-20 7 R.-\!J‘.";)'n'
’ M n=-2E,, /W=0.1-03 n=0.2-0.7
4 ALMA "\ (inclination §=0-57.3°)
Serpens South Figure: (above) '?C0(1-0) moment maps of distinct  * Totals for NGC 1333 NGC 1333 Figure: '°CO(1-0) moment maps, with
velocity increments, with blue and red contours representing blue- southern field blue/aqua and red/magenta contours representing
. and red-shifted gas. Contours begin and increment by 4. Upper  (blue outlined region) blue- and red-shifted gas. Contours begin at 3¢ and
panels include all blue contours and only the 4o red contour, and increment by 60. Yellow contours show 2.7mm
vice versa for lower panels. Yellow contours are 2.7mm continuum continuum sources, beginning with 40 and
emission. In right panels yellow contours begin and increment by incrementing by 120. Background is Spitzer 4pum
40, and in other panels we only show the 4o contour. Background is emission. Blue/red contours in lower (blue) box
Spitzer 8um emission. Figure to appear in Plunkett et al. (2014, in correspond to southern region presented by Plunkett e
prep). (left) First look moment maps of '2CO(2-1) as observed with et al. (2013), while aqua/magenta contours in upper | I
o) i ~ ALMA Cycle 1, with 2.7mm continuum in yellow 4c contour as (aqua, dashed) box correspond to northern region
above for reference. also observed with CARMA and currently in prep.
Observational techniques Takeaway points

dish (e.g. FCRAOQ, IRAM 30m)

+ On-the-fly mapping technique

* Scales up to map sizes of ~1 pc = cloud scales
- Lower resolution (~few x 10", or ~10,000 AU)

< We probe scales over two orders of magnitude, corresponding to sizes
ranging from cores to clouds in nearby star-forming regions.

< Itis necessary to combine interferometer mosaic (i.e. CARMA) and single
dish OTF maps (e.g. FCRAO, IRAM 30m).

i < In NGC 1333 we associate 22 outflow lobes with their driving sources.

< In Serpens South, higher resolution observations (i.e. ALMA Cycle 1,
Plunkett et al. in prep) required to untangle a complex web of outflows.

< Outflows drive energy sufficient to sustain turbulence.

ficrometry (e ( l‘l““‘.“
*+ Mosaic mapping technique
+ High resolution (~5”, or ~1000 AU) pc = core scales
- Filter out cloud-scale emission (beyond ~90", ~.1 pc)

Combined map

i < In these regions, outflows do not yet contribute enough energy to cause
total disruption.

+ Probe scales ~1000 AU to 1 pc in nearby regions

+ Necessary to accurately measure dynamics of
outflows with small- and large-scale structure

+ To be done efhiciently with ALMA

< Outflows in Serpens South likely have less impact on the cloud so far,
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Investigating Outflow and Cloud Energetics
in Ophiuchus and Other Gould Belt Clouds

Abstract
Molecular outflows are critical in understanding the early conditions of stellar formation, influencing both the final stell
We present '“CO, *CO and C'®Q J=3-2 data of the main Ophiuchus molecular cloud (L1688) from the Gould Belt Le
{ of the cloud have been examined, including the excitation temperatures and optical depths. Using calculations
4 aravitationatly bound. An individual molecular outflow analysis on 30 Class 0/1 protostars confirmed 8 sources with
were also calculated and compared to the cloud mass and energetics, indicating outflows drive I¢
r of turbulence in Ophiuchus. This comparison of the outflow energy and cloud turbulence has beer
ns Main, Perseus and Orion B), investigating the significance of outflow energy driving turbulence in star

.| Calculating the mass and energetics of Ophiuchus (C'80)
We use the C'®0 isotopologue to investigate the bulk mass and energetics (i.e.
turbulent and gravitational energies of the cloud because it is typically more accurate at
tracing denser gas in molecular clouds since it is less abundant and less optically thick
\h‘aan 2CO and *CO. The cloud mass is calculated by assuming LTE and correcting for

C'®0 optical depth: s  Pixel length \? £ Xewo\ ™!
Mg = 2.29 x 10 (m) ( TR )

Iy Temoy
x Tany dv | Mg,
2’: (mq, ( ::.lf) 1 = exp(=remoy) o

where Xc'® is the relative abundance of C'®0 to Hz, pixel length is the length of one
pixel in parsecs assuming the distance of the cloud at 120 pc, tc'® is the C'8O optical
depth (calculated from the ratio of '*CO and C'®0O; see Ladd et al. 1998), Tus is the
main-beam temperature of C'®0 and j is an index over map pixels. The excitation
temperature Tex is calculated from the 13CO peak temperature (e.g. Myers et al. 1983).

From the mass and assuming a uniform cloud density, the gravitational binding and
turbulent kinetic energies are then calculated using the following:

2 3 GM?
o = SR
3
B = 5‘\107,

] where M is the mass of the cloud, Y is typically 5/3 assuming a spherical cloud, R is the
radius of the cloud (0.50 pc at 120 pc distance) and g is the 1D velocity dispersion.

N - : >
. E. Drabek-Maunder'?, J. Hatchell?, J. V. Buckle
5 aves®, J. Richer®4, and G. Whit

34 E. Curtis3, -

Comparing the mass and znergetics ~ Sould Belt clouds

N St Ay o M
~d surrounding environment of the molecular cloud.
(3BS) using the JCMT. The physical characteristics
! energetics, the Ophiuchus cloud appears to be

ws. The mass, momentum, and energy of the L,»L,\,-,&..‘J,w,‘:n; r\kw “M. i
| 3

1 of the turbulent kinetic energy and are not a
ther nearby Gould Belt clouds (i.e. Ophiuchus

Nalues taken from Graves of al. (2010)
“Values taken from Buckle ot al (2010)

Cloud Name Mass (M.) | Turbulent kinetic energy (J)| Gra: ) energy !.1 gutgw W' _(J)
Ophiuchus (L1688) |515  |63x 10" = lasx
| Porsous (NGC 1333y 439 [17x10% - laﬁsfh‘
Perscus (IC 348y | 196 26x 107 1.2x 10
Porseus (L1448 |59 [14x107 25x 104
Perseus (L1455F |19 36x10% 55x 107
Serpens Main® 263-7_ " laaxi0® N 49x10% 5
| Orion B (NGC 2024)* |600 16x 100 ~ Jozx100 T [30x10%(*co)
Orion B (NGC 2071)* (400 04x10% “o1x 100 [112x10%("co)
*Outfiow encrgios calculated from “CO NGC 2024 and NGC 2071 outfiow onorgres cakulated from “'CO
Valyes taken from Curts ol &l (2010)

High velocity blue- and red-shifted emission ('2CO)

Abm:mmo(m!ﬂz:umduummmmmonmaowkB-\GCEFelumps, Bluo
and red contours denote blue- and red-shifted 2 integrated intensities indicative of high-velocity emission
from bipolar outflows. Contours: 3, 5, 10, 15, 30 and 45 K km 5 Protostellar sources are denoted by x. Hz

knols are labelled as .

Global outflow energetics in Ophiuchus (2CO)

Unlike the cloud properties calculated with C'®O, the outflow energetics are only
calculated from the high velocity ranges associated with the molecular outflows. The
more abundant 2CO isotopologue is used to calculate the properties of the high
velocity emission iated with molecular outflows. Assuming LTE, a constant Tex of
50 K (e.g. Curtis et al. 2010; Graves et al. 2010; Hatchell et al. 2007) and correcting for
the 2CO optical depth, the kinetic energy from the high velocity emission is calculated

1 2 \ kn?
* S s Xeo\” d Ayt / Y ) m*
Eptow = 377 x 10 (ﬁ"‘) (—'_l,m IN’) x m_‘) E, ( Tynlv - va) S (-xp(rujdv M. —

where Xco is the relative abundance of CO to Hz (Blake et al. 1987), Aguai is the pixel
area (36 arcsec?), j is an index over map pixels, T2 is the optical depth calculated from
the ratio of 12CO and '’CO (see Hatchell et al. 1999; Curtis et al. 2010; Graves et al.
2010). The kinetic energy was only calculated for high velocities from -8.0 to 0.8 and
5.8 to 15.0 km/s. A correction for outflow inclination was also applied (see Bontemps et
al. 1996), which increased the energy by a factor 3.

References
Blake et al, 1987, ApJ. 315, 621

| (a) Comparison of the outflow and gravitational energies (weighted by the cloud kinetic
energy). There does not seem to be a correlation.

(b) Comparison of the outflow and turbulent kinetic energies (weighted by the cloud i
gravitational energy). There is a possible correlation between high outflow energy and |
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|
Outflow Injection rate assuming Ti is the i
lifetime of a Class | protostar (0.5 Myr, :
Evans et al. 2009) is Lit = Eo/Ti. The |
turbulent dissipation rate (MacLow 1999)
is

I Mvpwist’
> e
bran = f Ag/viwnm
where =0.33, M is the cloud mass, Vrwrn
is the FWHM velocity and Aq is the driving
scale of supersonic turbulence.

As the outflow injection rate increases
with respect to the turbulent dissipation
rate, the cloud kinetic energy increases
with respect to the gravitational energy.
This could indicate a batweon
 outflows and cloud.
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i : flows 1 ?ntg’riving sources in NGC&2
- - ﬁﬂuu §
What Drives the Outflows in Star Forming Clusters? === oo %
L] :w:::, Aorens . (3) Ha !
i - ~= . sk - erer Array (SMA) at 1.3 m
SiO (5-4) Outflows and the 1.3 mm Continuum Driving Sources in NGC2264.c == i ~
1 : (1) (1) . .23 o (21652204, 22882328 G ations of SIO (5-4) tow
N | » Stuart Lumsden;’Claudia Cyganowski®® b i 4N
(1) University of Leeds . (2) University of St. Andrews . (3) Harvard-Smithsonian CFA * " i)
Email: pync@Ileeds.ac.uk UNIVERSITY OF LEEDS | e o emiion o i o cors o verying s L3
Observations — NGC2264-C, an active massive star forming region, was observed with the Submillimeter Array (SMA) at 1.3 mm in compact | e :
conﬁguranon (~I§ ', ~2000au). The frequency range observed (216.8-220.8, 228.8-232.8 GHz) includes a myriad of molecular emission, in A
particular the active outflow tracer SiO (5-4), allowing us to present the first interferometric observations of SiO (5-4) towards NGC2264-C.f} = ¢
NGC2264;C was selected for higher resolution follow up with the SMA for a number of reasons; - ¥
OOur previous JCMT single dish observations reveal multiple outflows in both CO (3-2) (Maud et al in prep) and SiO (8-7) (Cunningham et al in prep) : “_—'0‘"‘"‘
Oolt ha_rbours the clqsest RMS Survey [1] source (~740pc) with a Lbol > 1000Lsun (the infrared bright B2 9.5 solar mass star GL989-IRS1) = '{]
OPrevious observations also reveal a plethora of mm peaks with masses in the range of 2~40Msun [2, 3] along with several CO outflows and H2jets [4,5]. J| (T
: : . . . . - - .\—‘—s
NGC2264-C therefore provides a unique environment to explore outflow emission from a multitude of cores of varying mass and evolutionary stage. By
o L R N )
SIO (5-4) Outflows { cope : 4] i I %
= g8 9 ¢ | Nature of the Continuum Peaks el L] | i
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| represents the FWHP of the primary beam and the filled circle the synthesised beam (-3"). 3 3 i ]:& b 1] l g e 1 - 3 ) ified from !

O SiO (5-4) emission is detected along 4 potential outflow] -i &~ ©O10 1.3 mm continuum peaks are 'de.HUﬁ
axis (Fig.1). Collimated, knotty, bipolar SiO(5-4) A S o ) #3505 | DENDROGRAM [6] fits to the data using
emission is observed towards C-MM3 and C-MM1 2, along s CMms i ASTRODENDRO [7].
axis Al and A2. A & 02 o

¥ 3 5 -
% = -Fi identified

O The moment 1 map (Fig 4) shows highly red- and o i SR L0 new 1.3mm peaks (SMA- Fig.2) are i
blue-shifted SiO (5-4) emission towards C-MM3 and 0 T Fs) el along with 6 of thze grevmusly detected peaks
C-MM12 (up to 30km/s w.r.t the visr of ~8km/s)(Fig.4). W0 205 280 2185 (éx’:zo) ass m0 ms | (C-MM-Fig.2) [2, 3].

Vi
M Fig3 s ying the molecul detected in the

OAlong A3, while we do not identify a driving source, SiO | trequency range (216.6-220.8 Gtiz) towards each of the the ) (Fig 3)

(5-4) emission with velocities (>10 km/s) is detected. ;’m’” L3mm continuum pesks w’"% ?ef/l;ill)se?ms:ig E:i :gf::liniz;h:e:éngpoemalg o . .

O Towards C-MM4, along axis A4, only weak SiO (5-4) Nature of the Outflow molecularpo or towards C-MM3 and C-MM12 to | u n n I n a
emission with no high velocity component (<9 km/s) is Driving Sources . moleculaf'n:'ich/ hot core type spectra towards ( ; I I I
Obecered. : C-MM4 and SMAS.

510 (3-4) Moment 1 mom © Of the 10 1.3 mm continuum
’ ; L peaks identified in NGC2264-C, SiO
| (5-4) emission is unambiguously O C-MMS5 (GL989-IRS1), which has associ'ated
3 observed towards the three brightest CH3CN emission, is considerably brighter in the
* C-MM3, C-MM12 and C-MM4. Herschel 70micron map (Fig.2) and shows no
F4ARd i associated strong N2H+(1-0) emission.awnh:l’eas
r uf O And of these three brightest peaks, | | the darker 70 micron. sources, C-MM3
t= ! E the highly red- and blue-shifted, C-MM13, have associated N2H+(1-0).
: e ; collimated, bipolar SiO (5-4)
& s i outflow emission is found towards
} g two of the infrared darkest, © Assuming dnisc temmperkiuires of 1 ST
7 B Y estimate masses from ~0.1 -7 Msun with a limiting
1 coldest/youngest most centrally 5 sigma sensitivity of ~0.1 Msun. The three most
| B compact mm continuum sources, massive cores are C-MM3, C-MM4 and C-MM12.
e | C-MM3 and C-MM12. Vi
Figa Velocity weighted integrated SiO (5-4) map, black contour is 1.3 mm 3sigma contour. :£h




Turbulence dissipation and fragmentation in an isothermal
filament: initial conditions for star formation

Jaime E Pineda', A.A. Goodman?, H. Arce3, P. Caselli*, G. Fuller®, S. Corder®, T. Bourke’
1: ETH Zurich, 2: CfA, 3: U. Yale, 4: MPE, 4: U. of Manchester, 6: ALMA JAO/NRAO, 7: SKA

The Barnard 5 Dense Core

: : O T TR 7 T L TR B R
Barnard 5 is a dense core in the (a) (b)
Perseus clloud. (~259 pc, ~40Msun). —

The velocity dispersion from a 550" 995 1025 10.55 +

high-density tracer (NHz) shows el
subsonic turbulence within the

dense core (Pineda et al., 2010).

A= 44,300 AU

Filaments are revealed with high- 5307 | ol
l
l
|

resolution JVLA + GBT NH3 data

(Pineda et al.. 2011). PO

Dec (2000)

[Filament fragmentaticn ]

1 ST 5 000 AU [
New SMA observations shows a starless H

.condensation (~0.15Msun). Excellent 320500} EVLA beam §
laboratory to study initial conditions for A s e e o i e Y
low-mass star formation. Is angular OSUTSTERAERR 4 £330 L%

RA (2000)
momentum conserved at these scales

(e.g. Belloche et al., 2013)?
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Turbulence in the sonic regime

s The turbulence in molecular clouds has been described
L3 using different techniques (PCA, SCF, VCA, VCS, power-
= spectrum) in the supersonic regime. However, since dense
T cores are located in regions of subsonic turbulence, the
scaling relation will have a strong impact on the
fragmentation scales and angular momentum transport. In
addition, it can be used to directly test how turbulence is

Jarsg s NR gt L et el aimrilahone: i

dv(kms’)
L4

axr=c, (10 K)
anr=c, (15 K)




The lovely

Kuiper: Bloated massive object (4000K)

Haugbolle: BE + turbulent pressure gives the right IMF peak
Rosero.: jets seem to be common among high mass stars
Fendt: disk magnetization changes substantially with disk
evolution

Sakai: |dentification of centrifugal barrier

Bergin: lovely chemistry from Orion to the Solar System

Li: lovely complex talk, prediction: puffed-up disks
Tomisaka: lovely complex talk, B reduces lambda in special
cases, but mostly provides support
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Hyperion ===

3-d Monte-Carlo Radiative Transfer

Hyperion:

now unstructu Vor

molecular lies and ph

jependent, an 1

yroperties, and the positior

compute temperatures A il

star formation from local to global scales

For example, Hyper
model YSO SEDs that w [

also been used to self-consist

Milky-Way (Robitaille et al. 2012

Support for unstructured Voronoi meshes, following the aigont
by Camps et al (2013). This kind on
points to define the sites around w

can be added anywhere resolution

New features

Support for SPH simulations, with an easy way to grid the SPH particles onto
an octree grid (see figure above).

n
(1)
0
<
@
(o8

Support for computing vertical hydrostatic equilibrium in disks:

t
LoglTempersture]|

scale-height has been

Interfacing with simulation tools

Hyperion is able to compute radiative transfer on adaptive mesh refinement
(AMR) grids, octrees, and Voronoi meshes, making it suitable to do (post-
processing) radiative transfer on dynamical simulations.

) amesadway

In addition, the output from Hyperion can be easily exported to the yt package

(http://yt-project.org), which can produce high quality volume rendering
visualizations.

Log10(Density) [cgs]

The plot on the left shows a simulation of a forming star by Offner et al. (in
preparation). The density grid is taken from the simulation, the temperature
was computed from Hyperion, and the visualization was produced by yt.

http://www.hyperion-rt.org

Planned features

Ve are actively working on adding support for molecular line radiative transfer,
hotoionization. If you are interested in helping develop and/or test

us know!

dN / dlog Mass
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FuSIOn
Feedback in massive star forming regions: from

Simulations to Observations

A.F.McLeod', L. Testi', J.E.Dale?, A.Ginsburg', S.Ramsay' “MEEI

'European Southern Observatory, Karl-Schwarzschild-Str. 2, 85748 Garching b. Miinchen, Germany
2Universitats-Sternwarte Minchen, Scheinerstr. 1, 81679 Minchen, Germany

Massive stars and star clusters have great impact on their immediate surroundings: via their strong stellar winds and radiation they are able
to shape and deplete the surrounding molecular clouds they originally formed from, and ar= ‘hought to be the cause of new star formation at
the rim of these clouds. The feedback mechanisms have been modelled with powerful s particle hydrodynamic simulations, showing
that radiation from massive clusters clears bubble-shaped gas voids exposing pillar-like ires, reduces the overall star formation rate
and efficiency and affects the geometrical distribution of stars. While many of the feature: d in numerical simulations are in qualitative
agreement with the observed morphology of massive star forming complexes, a details ative comparison is lacking. We are using
the extensive library of numerical simulations of high-mass star formation with feedback ed by Dale et al. to extract time dependent

observable parameters to be compared with the observational data.

Computing stellar feedback SED fit: temperature, column density and cloud

mass

» hybrid 2-body/SPH code by Dale et al.
» types of feedback: stellar winds, photoionization

RS Y 10% M., R; = 2.5 pc, n(Hs) = 9096 cm~3 » data: Herschel Hi-GAL 70, 160, 350 and 500 ;:m
- Mi cloud = 9y Aj=e.9Ppe, n(H2) =

» initial source sample: 23 cloud clumps?, 10°M.. < M < 10°M.
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» Faundez et al., 2004: M = 24000 M.., with D = 10 kpc
» this work: M ~ 23990 M..

“from SIMBA survey of high-mass star forming regions (Faundez et al., 2004) and Bolocam
Galactic Plane Survey (Ginsburg et al., 2012)
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Extraction of observable parameters from simulations.



Molecular cloud evolution: Cloyd destruction by stellar
feedback.

Robi Banerjee? & Enrique Vazquez-Semaden;!
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NGC 2068
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NGC 1333 IRAS 4A: A textbook case

Observed magnetic fielq con

e Ward IRAS 47 (bl
pos 5 COlor image: polarized

contours 880pm dust)
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NGC6334V " |RAS 18360

SMA Legacy Project (2011A-5031):

Fllamepts, Star Formation g Magnetic Fielgs
SMA polarimetric
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: S GHIOMS, providing an angular resolution of typically 1” and

1o rms noise of 2 my beam®. Carried out in two seps: First to conduct a shallow
rces, and second to follow them up in deeper,

multi configuration observations. Simultaneous fine obsenvations of dense

molecular tracers (HY'CO+ 4.3, $i0 8-7, CO 3-2, hot core ines)

Sample: We selected a sample of filamentary molecular clumps from mm surveys
of IRDCs, the Cygnus-X region and the Galactic Plane (Rathborne et al. 2006,
Motte et al. 2007, Aguirre et al. 2011), and polarization with SCUBA (Matthews et
al. 2009). To ensure polarization detection, a continuum flux lower limit of 0.5 Jy/

| beamat 880 um. .
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EP#S 'E.af'-,?.nd‘ sllemih Lines from Herschel Cores | oA \ 514

i ~ H Linz, Hi Beuther, S, Ragan, O; Krause, Th. Henning, A. Stutz,
s | R. Launhardt; M. Nielbock (all MPIA Heidelberg), 1. Vasyunina (MPIfR Bonn)
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Our-group has conceived a Herschel key programme (whimsically termed EPoS), in order to map selected IRDCs and
- other cold higher-mass star-forming clumps as well as isolated low-mass cores in the FIR and sub-mm continuum from
- 70500 micron. As a spin-off to EPoS towards the end of the Herschel mission, we employed the two versatile Herschel
spectrographs SPIRE-FTS and PACS-Spec to scrutinise 10 very young protostars from the EPoS sample. These com-
~prise alarge range of masses and luminosities and feature low-mass Class-0 protostars as well as higher-mass cores
: ,embed_ded 1IN IRDCs. Here, we showvery first results of this programme. We recover CO emission from the rotational
e _transithns 4-3'upto13-12 with SPIRE-FTS; as well as the well-known fine structure lines of [Ci] and [N1i]. In some
L objects;the data reveal activity'and higher-temperatire gas that escaped our attention when solely relying on continuum

~ data and on lower. molecularline transitions, Withithe PACS spectroscopy for a sub-sample of objects we trace the most
.;‘important cooling lines of oxyagen, carbon, and'water.

SPIRE 250 micron continuum maps of the target regions

IRDC321,7340.05 IRDC019127+0.07 IRDC011.11-0.12
- ‘ .‘ X 3 -
O
:

’, This circle indicates the unvig-

S ! netied field-of-view of the .
SPIRE FIS observations (2)), . » %
to scale with the images to the \
left and rights .

% IRDC18223-P3 IRDC316.76-0.01 ISOSS J23053+5953
pwonasstargelssthese arc embedded protostars

(CB230) B335)and Class I-11 sources (CB26) within Bok The high-mass targets: most of them are embedded within
globules, aswellasasnub-millimeter core with inter- filamentary IRDC structures. The targets are always the
mediate luminosity without 24 jm counterpart (UYSO 1); bright compact emission sources in the center of the
All'are plotted on'the same angular scale. images. All are plotted on the same angular scale.
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The active low-mass protostar B 335: Blue lines are the data, Red The low-mass protostar within CB230: Blue lines are the data, Red
gives the fits to the *CO line series, Green denotes the fit residuals. gives the fits to the ¥CO line series. Green denotes the fit residuals,
Here, all'CO lines within the KTS range are well detected. Hence, Only the lower CO transitions are detected. This is interesting, since
warm gas seems to be present. The details of the excitation (purely also CB230 has an outflow, and has a higher T (189 K) compared to
thermal) or with additional shock and uv-excitation components) B335 (T, = 37 K, both values from Launhardt et al. 2013).

have to be studied further.

IRDC18223-1 - IRDC316.76-0.01_HMPO:

0431
camn 3

Hendrik Linz

Boghtness [W/(m”Hz st))

Brightness [W/tm? He-
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The active intermediate-muass protostar P32 within IRDCi18223: Blue The active protostar within IRDC316.76-0.01: Blue lines are thie data,
lines are the data, Red gives the fits to the “CO lince series, Green Red gives the fits to the “CO Iine scries, Green denotes the fit

denotes the fit residuals. CO is well detected. This completes the residuals. Also here, the CO is detected also in the higher lruusi?iuns,
picture of previous findings: this protostar drives a bipolar outflow Some nmrc.lim.-s are m:lrkcd: As in other IRDCs, l!xu I(‘ 1 and [N11)
and is associated with shocked gas (“green fuzzies?), as reporied by lines are ubiquitous and not just concentrated towards the

Beuther & Steimacker 2007, and Fallseheer et al. 2000, embedded protostars, CH is in ul')surpli(m and indicates its presence
in the cold foreground ISM (see Naylor et al. 2010).

A firet alimpse on PACS-S spectra towards IRDC18223-P3



I. Conclusions:

- Covered 460-1900 GHz with resolution of 1.1 MHz.

+ Identified & modeled > 400 transitions from 45 species.

+ A single, warm (40 - 60K) physical component works in most cases.

+ 2 components (cool/narrow + warm/broad) needed in some
instances.

* Warm gas is extended and possibly externally heated.

+ Orion S has chemical composition most similar to Orion KL Extended
& Compact Ridges (except for H;'?O).

* no complex organics & poor fit to Hot Core === no Hot Core
chemistry.
+ poor fit to Plateau & low SiO, SO, SO, ==~ weak shock chemistry.

* Evidence for UV chemistry?

2. Background & Goals:
+ Spectral surveys allow us to:

+ use the rich variety of chemical species & transitions to understand
the physical conditions in molecular clouds.

+ compare chemical abundances in high vs low mass star forming
regions at different stages of evolution.

* Why Orion South?

» It's a known region of massive star formation (embedded IR sources,
outflows (Zapata et al. 2005;2006).

+ but has an IR luminosity x10 lower than Orion KL.

+ Narrower and fewer spectral lines (McMullen et.al 1993) indicate it
may be a more quiescent star formation region at an earlier stage of
its chemical evolution.

* Provides an opportunity to directly compare the chemical
abundances in a more evolved (Orion KL) vs less evolved (Orion S)
star forming region.

5. Spectral Line Modeling:

- Utilized CASSIS's to adjust Neor, Tex, Vist, AVewiin, size(6) iteratively to
produce the best model that fits the data (via a chi-square fit).

Most species well fit by a single Some species required a two-

component. component fit.
—— N S——— ————————————
C*0 54 C"O HC HC © HCN 8.7
c"087 C"098 C"0 189 HCN 9-€ HCN 108 HCN 11-10
C"O 14 a0k A HCN 1312 I
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3. Observations:

» HIF) Spectral scan mode.

+ Covered 460-1900 GHz
with resolution of 1.1
MHz.

+ 36.7 hours.
* Trms =0.1 -0.7K

. | ,nL.Hllho., Imh | " m

6. Chemical Abundances:
- Emission Properties (% of emission from each species):

» Orion S - CO+'*CO+C'#*0O (70%). CH;OH (9%), HCO* (5%),
SO: (<1%), H20 (1%), SO (1%).

+ Orion KL - CO+"*CO+C'#0 (17%), CH3OH (33%), HCO* (10%)
SOz (18%), H20 (10%), SO (7%).

» Comparison of shock tracers :
» SIO/HCO* =0.1 (Orion S) = 5 (KL Plateau).
» SO2/HCO* =2.2 (Orion S) = 183 (KL Plateau).
+ SO/HCO" =15.5 (Orion S) = 187 (KL Plateau).

= No evidence for strong shock chemistry in Orion S despite the
presences of CO and SiO Outflows.

- Comparison of UV Chemistry tracers:
- CN/HCN=4.75 (Orion S) = 4 (KL Exc. Ridge).
+« GGH/HCO® = 125 (Ori'on S)= 11 (KL Hot Core) = 3 (KL Ext. Rdg).
=Some evidence for UV chemistry in Orion S.

i

HC:<>=1573 0=29

René Plume



SQal Formation in the Norma Cloud

Markus Nielbock®, Jouni Kainulainen!, Hendrik Linz*. Rolf Chini’

Max-Planck-Institut fur Astron

mie, Konigstuhl 17, 69117 Heidelberg, Germany

Astronomisches Inst: 4 Ruhr-Universitat Bochi iy .
Astronomisches Insutut der Ruhr-Universitat Bochum, Universitatsstrate 150, 44801 Bochum. German
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Facts Main goals

The Norma Cloud is a filamentary dark cloud that is compnsed of two distinct clouds
Sandqwist 187 and 188 = * 10 analyse data of a Herschel Key Programme as a follow-up to previous studies

Itis a site of low 1o medium mass star formation wath the FU Ori star V346 Nor as its
MOSt prominent representative %

)
Sa 187/188 is located at a galactic lattude of +1.9° with R A (J2000) = 16"34 "" * 1o create a census of the embedded prestellar and protosteliar population
Dec. (J2000) = -45°00" and at a distance of approximately 500 pc to 700 pc

The filament covers an area of 36" x 12’ or 7.4 pc x 2.4 pc for an assumed distance of ":ﬁ * to denve source properties by SED fiting/mode
700 pc 53 B
k3

* t0 establish the e f the core d protostars

Only a few studies are available so far, mostly done at low angular resolution

NR
;md,fh Clion
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NICEST NIR + MIR dust extinction mapping

(Lombardi et al. 2005, 2009)
(Kainulainen et al, 2013)

¥

NIR extinction | S S0 <A e "_NIR + MIR ext ction

Resolution: 45" (0.15 pc) ¢ ” b4 Resolufion: 6.5 (0.02 pc)

Herschel/PACS 70 pm v

T e T Markus Nielbock

Preliminary results

Extinction at 70 pm

Based on NIR and MIR extinction measurements, the total gas mass of the Norma
Cloud ranges between 500 and 1000 M

We observed MMS 6 with APEX by
mapping the *CO(3-2) line in order to find
out, if the bipolar structure of reduced
emission at 70 um can be explained by an
outflow cavity.

The FWHM of the filament in A is ~ 1" or (0.21 + 0.02) pc at a distance of 700 pc.

The extinction attains values of up to A, = 50 mag in the eastern filament and up to
A, = 60 mag in the western part of the Norma Cloud

The red and blue outflow lobes do not
match the bipolar structure. When
compared with the other continuum data at
hand, we conclude that lhlé gallern It:an l;e
explained by extinction at FIR wavelengths
HerschellPACS 70 im e bylme Pl

APEX CO (3-2) outflow lobes

The number of candidate protostars was increased from a handful to some 40 objects

There appears to be a wide spread in oc { Cons »
evolutionary stages ¢

Background source contamination cannot
be ruled out for now.
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"The fate of lonization triggered stars -
Is Orion too dense? oy

T

Abstract Method the computation :
: : bR scales independent of the
We present a novel implementation of ionizing radiation into the We present a fully parallel implementation of ionization in the SPH | 1stead, the number of rays depends on the 2
SPH code SEREN. By using a Monte Carlo ray-shooting technique code SEREN (Hubber et al 2013) via Monte-Carlo rays. The rays are 1 Along these rays the photons are depom;:
we are able to achieve a scaling which is independent of the number shot in random directions, the number of rays per source is selected :‘e::“’:‘bY Multiple rays, it is necessary to
of sources. As a first application, we simulate the evolution of an according to the luminosity of the source. The main advantage of e're & nm:n:zo:‘::ns. photons are
' Orion-like Hll-region. The front position and speed develop as this method is that the computation scales independent of the R e is calculated as
Z expected. However, the shock density in the simulations is lower number of sources. Instead, the number of rays depends on the size
El than anticipated. Consequently, star formation is delayed and less of the ionized domain. Along these rays the photons are deposited.
| efficient. As a particle can be intersected by multiple rays, it is necessary to

calculate two sweeps, one where the incoming photons are

Introduction deposited and one where the new ionization degree is calculated as

Hll-regions and their constituents have been at the forefront of deposited photons divided by required photons.
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astronomic research for a long time. Generally, the morphology and

idealized evolution of HIl regions are well understood (e.g. Spitzer

provide important information on their origin. However, up to now,
little attention has been given to the question of how the YSOs have
reached their current location. Among the YSOs, the so-called

proplyds (short for protoplanetary disks) are particularly interesting.

s

umerical

\ 1978). The location of young stellar objects (YSOs) in HIl regions
i
l
!
!

These are young protostellar disks, illuminated by an O-star in ) 'S

»ns with

\tion of Orig

| direct proximity. In Gritschneder & Burkert (2014), we used an with 2

|
| ym of
1 by

analytic approach to investigate the heritage of the YSOs.
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refore, sO
: o) Trajectories for triggered stars in Orion, b) simulation of the ionization of @ constont density medium Gt ulent case

¢) lonization of a turbulent cle kyr, and d) comparison of the ionization front (dashed) and|
t (sokd) in both cases with the analytical predictions (blu : analytic, black: homogeneous, green. turbulent).
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Numerical Results

estimated.

- d
and not rigger®
costbed @ e

Matthias Gritschneder

d Alcogethe’ Orilon

jonization

To investigate the formation of Orion, we perform simulations with

ity

Analytical Results | ! ¢ :
| | either a constant medium or a turbulent medium (Mach 5) with a

> be the ideal

We use an analytical prescription for the position of the ionization o
yacap P P mean number density of n=4x10% cm-3. These setups get ionized by

front and assume that stars form at a constant rate in the swept u . - .
ptup an Orion-like source with 10% UV-photons per second. Whereas

shell during 200-500 kyr after the ignition of the source. Then, we the evolution in both cases is as expected for an Hil-region (Fig. 2b-

f ” ; .
ollow the trajectories of the formed stars under the influence of d), the shocked density is quite small, as the initial high pressure

the gravity of the gas. We find that in general the stars inside HIl- Py .
& 4 & & region is very small. Therefore, star formation is less effective than

regions are likely not stars triggered within the shell of the h - ’
& 4 88! predicted and in the turbulent case dominated by in situ stars.

ionisation front, as they would have formed with too high radial

velocities to have returned yet. However, when compared to in situ Conclusions

star formation, the triggered component shows a ring-structure, is less
In the homogeneous case, star formation occurs later and is le

making it possible to distinguish the two cases (Fig. ). ; tar
efficient than previously estimated. In the turbulent case. $
3 iy 3 ion
Refe s e formation is mostly in situ and not triggered. Altogether. O
seems to be too dense to be the ideal testbed to study ionizatio

triggered star formation,
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Chat Hull

agnetic fields are (sometimes) consistent from core to envelope scales... o
“ erkeley

| N @ " Musy B-field consistency from 10,000 > 1000 AU chat@astro.berkeley.ed
} \O \\ 1 o’ O@ L —Hull et al. 20|3.Apj$.in press | ‘ 7 o
‘ S o - x 5> HH2II
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Sources with LOW polarization fraction (< 3%) have =~ © [ ) O Y P R
B-fields that are inconsistent from large to small scales ) — 1 S P e A l‘
Above/right: comparison of B-field orientations at large-scales (~10000 AU, from L o il _4 i ] e ! ]‘ : S AU’;’
SCUBAICSO) and small-scales (~1000 AU, from CARMA). Center: Bfied | | | || i [T Il [ B . ST :
consistency vs. average dust polanzation fraction :: rtnhc core. Sources v:th h|g|her - 1% 3% Polarization % 8% Sources with HIGH P olarization fraction (>3%)
polanzation fractions have more consistent B-fields from 10,000 ~ 1000 AU have consistent large- and small-scale B-fields
scales. From Hull et al. 2014, Ap)S, in press (arXiv:1310.6653)
Yet. o
LO-POL sources have outflows and B-fields HI-POL sources have outflows and
that are preferentially perpendicular Outflow vs. Bield orientations B-fields that are randomly aligned
_ S LR e Se—
L1527 { é I OMC3-MMS6 = ° \\/
F o= P U ,
s3> ‘
e )
%l s A7
- o V N
‘ U o AT ,’
i @ (Z N o |
i Ny ¢
DR | (R Iy
N\ | 9
90°

8 guetiow ~ OB 5ie1q (deg)

Center: comparison of outflow vs. small-scale B-field onentations. Left/right: selected
Class 0 protostellar cores mapped at |3 mm as part of the CARMA TADPOL
survey.  Grayscale: Stokes | thermal dust emission.  Contours: red- and blueshifted
lobes of the sources' bipolar outflows. Mapped in CO(2-1) or SIO(5-4) (Ser-emb 8.,
8(N)). Line segments: magnetic field onentations inferred from dust polarization (all
line segments are rotated by 90” to indicate the B-field). Segment lengths are
proportional to the square root of polanzed intensity, not percentage (typical peak
polarization is a few percent) From Hull et al 2014, ApJS, in press (arXiv:1310.6653)

Chat Hull

Will ALMA see toroidally wrapped B-fields at ~100 AU

Fut M) disk scales in both low- and high-polarization sources?
uture = .
Stay tuned for ALMA Cycle 2 data!
Proposal 2013.1.00726.S
- Pl: Hull, highest priority
CO“G'“SIO“S 0.3” (~150 AU) resolution dust polarization (@ Band 7)
* LO-POL: B-fields may be wrapped up by envelope rotation Outflows & dense tracers (@ Band 6)
- -This could aid in disk formation [ > S
Observations powered by the Hull et al. 2014, in prep

* HI-POL: B-fields may be remnants of the “global field” drawn in CARMA 1.3 mm full-Stokes system [ mm duak-polarization receiver modude|

itati | collapse
by gravitational co p I— 3 - l

—  Outflows are nor tightly aligned with the B-fields in the cores
out of which they formed (see Hull et al. 2013,Ap), 768, 159)




Things we should do



Be concrete

Things we call filaments:
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Jackson+ 2010:
L ~80 pc; M~ 10,000-40,000 M@

Kainulainen+ 2013: /

L ~ 30 pc ;M ~ 18,000 Mg

entire clouds

Schmalzl+ 2010: L~ [0pc;M~700Mp _—> =P
(original Barnard’s “dark lanes”)

Hacar+ 2011: L~ 05 pc;M~ 10 Mg _—

Tobin+ 2012: L ~ 10,000AU; M < | M@ —_— -

(slide from Alvaro Hacar)



entire clouds
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But what is actually a filament!?
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Caleetic Tamzods

Jackson+ 2010:
L ~ 80 pc; M~ 10,000-40,000 M@

Kainulainen+ 201 3: /

L~ 30 pc;M~ 18,000 M@

Schmalizl+
(original Ba

Hacar+

Tobin+ WEelaleI(eIEME!




Be educational




Final thoughts

e Are we making progress?
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We always have to be
porepared for new
perspectives that are
now beyond our
imagination”

-Adriaan Blaauw



The quotable EPoS 2014

- The paper should be out in a month (Molinari++)
- The clue is to understand the slides | skipped (Falgarone)

- If the rad. pressure problem was at 18 Msun, it would be
a solved problem in 1977 (Kuiper)

- | left the Chemistry slides to the end in case | would run
out of time (Arce)

- Gritschneder: If the interpretation of your simulation takes
longer than running the simulation, you’re doing something

wrong.



The quotable EPoS 2014

- It's so easy to be the arrogant male theorist (Anon.)

- B-fields are NOT complicated (Basu)

- They are still blobs, but these were the smallest blobs
| ever observed (Friesen)

- Accreting dense gas is good (Smith)

- EP0S, would this work? Would people put science politics
aside and discuss weak points? (Steinacker)



The Ringberg Muse

fibers and cores”?



The Ringberg Muse

(role of filaments in cluster formation?)



The Ringberg Muse

mass loading?



The Ringberg Muse
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(binary ejection from a puffed-up disk?)



The Ringberg Muse

(toroidal magnetic field?)



- Q.O...O..o.ooo.ooo.ooo.ooo.o.ﬂt"t.....

Oh Ringberg Muse!
You revealed so
much since 2006.

Cant you reveal me

the very last
secret?
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I mean, is it

1] Turbulence? B? or
¥ Jeans? Do I really
need all of them?
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Dont tell me its
Chemistry?




But Muse,

' we were never this

M close to the truth.

:

}
‘@ Cant I just peek?




v
-

[ n ' t'.%--;'.q.“’jm-“. “

Simulate your
observations.
Observe your
simulations. Make
o -9 MW models that predict,
/| - 7 A ; fail, and then
/ \ § s predict better.

And maybe, just
maybe, I'll reveal
a bit more at
EPoS 2016



