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BACKGROUND: MASSIVE STARK FORMATION

How do High Mass (OB > 8M, ) stars form?

— Quasi-static vs dynamic scenario
— powerful gas (competitive) accretion vs coalescence

— Scaled up low mass star formation?

What are the initial conditions (density, temperature,
kinematics) for high-mass star formation?

— HIl regions -> UC HII -> HII

— High mass protostars: evolving from envelope-dominated to star-dominated.
(e.g. Molinari et al. 1998, Bontemps et al. 2010)
Associated with hot cores, masers, powerful outflows, no radio cm

ldentified within: IR-quiet protostellar dense cores (e.g. Hill et al., 2005, Motte et
al. 2007), IR-bright protostellar dense cores or HMPOs or Hot Molecular Cores (e.g

Beuther et al. 2002, Cesaroni et al. 2005)
— Massive prestellar cores (?) in IRDCs (e.g. Peretto & Fuller 2009)

Evolution




HOBYS OBJECTIVES

lclen’thcg & characterise the precursors of OB stars

— High-mass analogues of prestellar cores — do they exist?

— Massive IR-quiet protostellar dense cores
— Massive IR-bright protostellar dense cores

Measure core/ envelol:)e mass &

bolometric luminositg

— Build an evolutionary diagram
— Estimate lifetime of each evolutionary stage

Make the |inl< between cloucl structure ancl

star formation

— Differentiate low & high-mass star-forming filaments.

Assess the importance of triggering
— By comparing well-behaved Hll regions to

more common HMSF regions MAMBO 1.25 mm

Spitzer 24 um




SAMPLE & OBSEKVATIONS

| Near IR extlnctlon map of the Galaxy

3 5ol

¢ lmage a” molecular ClOUCl COTT]PICXCS gormmg Ob- tﬂPC
stars < §Pc 10 reglons
— Expect ~250 high-mass protostars
— Statistical importance
— Study precursors of stars up to 20Mg,

— Wide-field PACS/SPIRE images (70, 160,250, 350,
500wm)
— HPBW =6"-36.9" @ 0.7-3 kpc => down to 0.05-0.3 pc cloud structures

- Complementaritg

— Progenitors of low mass stars — Survey (André et al)

— Precursors of OB stellar clusters — Survey (Molinari et al)




THE FIRST HERSCHEL IMAGES REVEAL:

o Extensive networks of ﬁlamentsj among which
“riclgesv (clominating super critical flaments) are

Forming high mass stars.
— TheVela CRidge — Hill et al., 2012
* Giannini et al., in press. Minier et al., in prep.
— The IRDC G35.39-00.33 in W48 —Nguyen Luong et al., 2011
— DR21-Hennemann et al., in prep
Feedback of OB star clusters on molecular cloud
structure, such as heating Pi”ars and triggerecl star

formation.
— Reid et al., NGC 7538, Hill et al., M16; Schneider et al., Rosette

Clusters of Protostars
— Among which a few good candidates are high-mass class 0
protostars and starless cores.




\VELA C 70um, 250um

* May 18,2010, 700pc, Parallel scan-mode, 3 degz

e Sources extracted with getsources (multi~wave|ength) multi-
resolution) sources extraction algorithm.

* Conservative S5:N, gives 15 high~mass sources — 4-70Mg

c ~0.04 PS these sources corresl:)oncl to Protoste”ar or
Ereste”ar cores, I.e., the direct Progenitors of individual

igh~mass stars.



See also
Minier et al., in prep




IDENTIFYING FILAMENTS & RIDGES

e Dust tempera’ture and column c:lensity from gregbodg fits
37" )

e Census of filaments: DisPerSE (Sousbie 2011)

Above Av > 50 mag all flaments identified have supercri’tical
masses per unit Iength and are thus likc—:l9 Forming stars

Av ~ 25 mag (Hill, Motte, Didelon et al. 2011)

Column density




CLOUD STRUCTURE IN SUB-REGIONS

. Disorganised network of filaments vs single clominating riclge.

. High~mass stars form reFerentia”g in ridges, high~co|umn
ensi;tyy (Av > 100 magg), wide (>0.% Pc) filaments Present n

SP@C! c regons. (Hill, Motte, Didelon et al. 2011)

South-Nes Centre-Ridge
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GRAVITY VS TURBULENCE

B e AtAVTT mag, Vela C
Centre-Nest Centre-Rid\ge Segregates iﬂtO 5 SU!D"
' regions of similar mass

R has a high CD talil
— May suggest gravity

rather than turbulence
is shaping the cloud.

Column density map

South-Ridge

South-Nest
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Centre—Nest
South-Ridge _

onstructive ]argc~sca|e flows in
some numerical simulations

(Federrath et al., 2010)
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IRDC G035.39-00.33, A NIDGE IN W43
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HIGH-MASS STARK FORMATION IN

G0.35.39-00.33

From the Herschel column
densitg map, IRDC mass =

4+000Mg
Gregboclg ﬁtting
— A cluster of 9 MDC,
(O.1~O.2Pc, 30-1000Mg)
harbouring class O objects

(Nguyen-Luong et al. 20

Contours} SiO erm Jim

-Serra et|al. 2010
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Part of the SIO may be
tracing low velocitg shocks
assoc. with convergingﬂows.
A burst of star formation
(SFE ~15%) after the fast
cloud formation?




DR2I, ARIDGE IN CYGNUSX

u Z0 .m,
Spitzer (comgtesy J. Hora) and u 160 4 m,
Herschel —

; DR2 1 ?(,

a (Hennemann et al. in prep)

The Cygnus X molecular compiex

(1.4 kpc, 5 x 106 Mg) See also its dynamics in Schneider et al. (2010)




THE DR21 KIDGE AND ITS SUB-FILAMENTS

~ (Hennemann et al. in prep)

704 m
DR21, a prototypical ridge at 1.4 kpc
N,, > 10?3 cm, 4 pc, 15 000 Mg, <n>~ 10 cm™3
Dominating its surrounding and forming many high-mass stars

Complex substructure, suggestive of a junction/merging of filaments




THe DR21 RIDGE, FORMED BY MERCGING
OF SUPEK-CKITICAL FILAMENTS?

- dominates its environment (and Cygnus X North),
linked to supercritical, massive sub-filaments

Poster

-Burst of Star Formation?

- 7 MDCs containing 1-3 high-mass protostars

- = 14 high-mass protostars

- +a Kroupa IMF — A burst with SFE ~ 7%
-Assuming 10° yr protostellar lifetime:

= Present SFR ~ 1000 Mg/Myr on ~9 pc?

=3 SFR ~ 100 Mg/yr /kpc? (mini-starburst)

Mass accumulation and fate of the DR2 riclge:

- Junction/merging of filaments, collapse of a
filamentary network?

- Incoming flows through sub-filaments built up
massive DR21 / DR21 (OH) clumps and cores

(Hennemann et al. in prep)




THE INFLUENCE OF OB CLUSTERS ON
STAR. FORMMTION

ht‘cp: V. / aPc.)cl.nasa .gov/ aPocl T apl20203. html




N16 UNDER THE INFLUENCE OF
L0 N C C6 6 ”

Picture Credit: J. Hester & P. Scowen
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Creation
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FILAMENTARY STRUCTURE

e Two main filaments

identified.

15pc

Hill, Motte, Didelon et al. 2012

Projected distance from the OB cluster [pc]

The NGC6611 cluster (several O
stars) is heating the cloud up to 10 pc
in >1022 cm2 filaments which are
Ir*orming stars




Feedback of OB clusters on surrounclings
1S 5trongl

Hill,

U

Motte, Didelon et al. 2012

160 u m,

The M16 molecular complex (2 kpc)

Decreasi ng tem Perature with
increasing distance from cluster

Heating from cluster able to

Penetrate to ”IOPC.

(High~mass) star—-xcorming sites
are subject to variations of
heating (10 K to 20 K) in HOBYS

CIOUCIS. -

> using T4, values and M__ vs
Lol &iagrams to give an
aPProximate e\/olutionarg status
for massive dense cores can be
biased in high~mass s’car~1corming

regions.




ROSETTE CLUSTERS AND ITS
FILAMENTARY STRUCTURE

Curvelet image of Rosette column density

Dec(2000)

chneider, Csengeri,étal. 2012 “Probability” to find a cluster/dense
core at a junction of filaments

Clusters are Pre{:erentiang Forming at thejunction of sul:)ercritical
ﬁlaments, n agreement with the Preclictions of Dale & Bonnell (2om




A STAK FORMATION THRESHOLD?

LN(N,doust/<N,dust>)
1

Schneider, Csengeri, et al.




THE HERSCHEL IMAGES OF HOBYS REVEAL

~ Networks of filaments among which “riclges” which are Forming high~

mass stars

Ridge = well-ordered, sub-structured, high~NHz dominating filament, that may

host mini-starbursts

Turbulence could have formed most ﬁlaments, more clgnamic scenario

(converging flows? filaments merging?) are Proposecl to form ridges.

~ F@CCH)BC‘( CH:CCtS OF Ob star ClUStCFS on molecular ClOUClS SUCIW as

heating, Pi”ars and triggerecl star formation

- The temperature of higl%mass star Forming sites Is subject to

variations due to the Proximitg of OB clusters

- Can alfect the Parameters derived from SED ﬁtting




HOBYNS POSTERS
w Tige, Russeil, Schneider et al., NGC 6334

* Didelon, André, Motte, et al.,
* Russell, Tige, Schneider et al., NGC 6934

ﬁHennemann, Motte, Schneider et al., DR21

Others from our GrouP
ﬁ Il ouvet, Motte, Ngugen Luong , W45






