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A!problem!with!giving!a!review!on!
YMCs…!

•  Want!to!give!broad!coverage!of!literature!like!Thushara.!

•  YMCs!very!rare!!!only!a!handful!in!the!galaxy!

•  Talks/posters!this!week!on!detailed!observa5ons!of!most!of!
these!!
–  W51:!Ginsburg,!Goddi!
–  W43:!Louvet!
–  “Brick”:!Rathborne!
–  “Bricklets”:!Walker!
–  Sgr!B2:!Mar5ncPintado!!



So!instead!I’ll!chat!with!Jim!and!
Thushara!about!Maxwell’s!

Equa5ons…!



Young!Massive!Clusters!

•  What!are!they?!
!!

•  Why!are!they!important!for!HMSF?!

•  Current!understanding!of!their!forma5on!!

•  Implica5ons!for!HMSF!

•  Exci5ng!5mes!ahead!!





Arches!
Quintuplet!
Westerlund!1!&!2!
…!

Are!YMC’s!the!“missing!
link”!between!open!
clusters!and!globular!
clusters?!

Are!YMC’s!!
localcuniversecanalogs!
of!extragalac5c!super!star!!
clusters?!
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Young!Massive!Clusters!

•  What!are!they?!
!!

•  Why!are!they!important!for!HMSF?!

•  Current!understanding!of!their!forma5on!!

•  Implica5ons!for!HMSF!

•  Exci5ng!5mes!ahead!!
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Radius!~!pc!
Age!<!2Myr!
Δt!<~!1Myr!



Young!Massive!Clusters!

•  What!are!they?!
!!

•  Why!are!they!important!for!HMSF?!

•  Current!understanding!of!their!forma5on!!

•  Implica5ons!for!HMSF!

•  Exci5ng!5mes!ahead!!



YMCs:!Laboratories!for!understanding!HMSF!

•  How!does!the!life!of!a!star!in!a!YMC!
compare!to!that!of!an!isolated!star?!

•  Extreme!!
–  Stellar!density!
–  Number/proximity!of!highcmass!stars!
–  Dynamic!!interac5ons!
–  (protoc)stellar!feedback!

•  Forma5on!of!SSCs!ul5mate!test!for:!
–  SF!theories!
–  CMF!"!IMF!rela5onship!
!
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YMCs:!Laboratories!for!understanding!HMSF!

•  Ideal!probes!of!HMSF!in!extreme!environment!
– Maximal!effect!of!(proto)stellar!feedback,!dynamical!
interac5ons!etc!

•  Ideal!probes!of!physics!shaping!IMF!
–  Large!Nstar,!same!age,!remain!bound!for!long!5me!

•  Ideal!place!to!find!progenitors!of!most!massive!stars!

•  Bridge!between!open!clusters!and!globular!clusters!
!



Young!Massive!Clusters!

•  What!are!they?!
!!

•  Why!are!they!important!for!HMSF?!

•  Current!understanding!of!their!forma5on!!

•  Implica5ons!for!HMSF!

•  Exci5ng!5mes!ahead!!

Laboratories!for!understanding!extreme!star!forma5on!
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Theory!

•  Many!processes!
– Gas!!!Stars!
–  Stars!!!Gas!(Feedback)!
–  Starcstar!interac5ons!

•  Mass!segrega5on!
•  Core!collapse!
•  Stellar!collisions!
•  Dynamical!evapora5on!

–  External!factors!
•  Interac5on!with!GMCs!
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SPH,!MHD!

Nbody!

Several!Myr!(Gyr?)!evolu5on!

Dynamic!range!in!terms!of!mass,!size!and!5me!is!
much!larger!than!can!currently!be!simulated!

Total!mass!>105Msun!
!Hcburning!limit!=!0.08Msun!

!

Ionisa5on,!SNe,!stellar!winds,!
radia5ve!feedback!!

ΔVouxlows!~1000km/s!
ΔVcold!gas!~!1c10km/s!

Scales!~100pc!(Galac5c)!to!
0.01pc!(ambipolar!diffusion)!
!
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Young!Massive!Clusters!

•  What!are!they?!
!!

•  Why!are!they!important!for!HMSF?!

•  Current!understanding!of!their!forma5on!!

•  Implica5ons!for!HMSF!

•  Exci5ng!5mes!ahead!!

1.  Ini5al!condi5ons!are!crucial!to!
understand!

2.  Observa5ons!should!focus!on!
understanding!ini5al!
condi5ons!!



Searching!for!progenitor!clouds!

•  What!do!we!expect!to!see?!
–  Physical!proper5es!
– Observa5onal!diagnos5cs!
–  Current!facili5es!

•  No!complete!samples!
– MW!gezng!close!

•  BGPS!
•  ATLASGAL!
•  HiGAL!

–  Extragal,!work!needed!



What!must!clouds!cloud!progenitors!of!YMCs!look!like?!
Start!with!the!obvious.!
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But!can!we!quan5fy!exactly!how$dense?!
Can!image!several!poten5al!scenarios…!
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Searching!for!extreme!YMC!progenitor!
clouds!

Status!as!of!midc2013!
!

•  Preliminary!results!
– Fourth!quadrant!and!outer!Galaxy!

•  Complete!searches!
–  Inner!200pc!of!Galaxy!
– First!quadrant!
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Urquhart!et!al.,!2013,!MRAS,!431,!1752!
ATLASGAL!+!MMB!
Contreras!et!al!2013,A&A,!549,!45!
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Green!et!al!2010,!MNRAS,!409,!913!
Caswell!et!al.!2010,!MNRAS,!404,!1029!
Caswell!et!al,!2011,!MNRAS,!417,!1964!!!
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Talks!by!Urquhart!&!Contreras!will!
give!us!update!!
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Comparison:!200pc!vs!1st!Quadrant!
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ALMA!Cycle!0!column!density!map!of!
“The!Brick”!!

Rathborne!et!al.,!2014b,!ApJ,!!

SPH!column!density!map!of!clear!near!
orbital!posi5on!of!“The!Brick”!!
Kruijssen,!Dale,!et!al.,!in!prep.!



Conveyor!belt!for!YMC!forma5on!in!
the!Galac5c!centre?!

















Literally!a!Conveyor!Belt!!

•  YMCs!in!both!Disk!and!Galac5c!Centre!form!in!
“conveyor!belt”!mode!

•  But!why!are!the!clouds!not!forming!stars!in!the!
YMC!progenitor!clouds?!

•  Turbulent!star!forma5on!theories:!
–  P/k(disk)!=!104!K/cmc3!!!!!ρcrit(disk)!=!104cmc3!

–  P/k(CMZ)!=!108!K/cmc3!!!!ρcrit(CMZ)!=!108cmc3!

!!



Young!Massive!Clusters!

•  What!are!they?!
!!

•  Why!are!they!important!for!HMSF?!

•  Current!understanding!of!their!forma5on!!

•  Implica5ons!for!HMSF!

•  Exci5ng!5mes!ahead!!

YMCs!form!in!“conveyor!
belt”!mode,!but!with!
environmentallyc

dependent!threshold!for!
star!forma5on!



Young!Massive!Clusters!

•  What!are!they?!
!!

•  Why!are!they!important!for!HMSF?!

•  Current!understanding!of!their!forma5on!!

•  Implica5ons!for!HMSF!

•  Exci5ng!5mes!ahead!!



Poten5al!to!answer!key!open!ques5ons!



Poten5al!to!answer!key!open!ques5ons!

Where!does!the!mass!that!eventually!end!up!on!
high!mass!stars!come!from?!

!
What!halts!star!forma5on?!

!
What!physics!controls!fragmenta5on?!

!
What!role!do!disks!play!in!gezng!gas!onto!a!highc

mass!star?!
!

What!role!do!cows!play!in!HMSF?!!!
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iv) Fragmentation is not self-similar. Here we show the emerging IMF that could 
arise if the cores in the CMF fragment based on the number of initial Jeans masses 
they contain.  
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i) Not all cores are ‘prestellar’. Here we show the emerging IMF that could arise 
if the low-mass cores in the CMF are transient ‘fluff ’.  
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ii) Core growth is not self-similar. Here we show the emerging IMF that could 
arise if, say, only the low-mass cores in the CMF are still accreting.  
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iii) Varying star formation efficiency (SFE). Here we show the emerging IMF that 
could arise if the high-mass cores in the CMF have a lower SFE than their low-mass 
siblings.
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v) Varying embedded phase timescale. Here we show the emerging IMF that 
could arise if the low-mass cores in the CMF finish before the high-mass cores.
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Exci5ng!5mes!ahead!
•  SMA!

–  Kauffmann+!2014,!Johnstone+2014,!
Kendrew+2014,!!

–  GC!survey!
•  BaJersby!&!Keto!
•  Walker!

!!

•  ALMA!observa5ons!
–  Rathborne+!2014,!2015!
–  Pillai!(farcside!clouds)!
–  Ginsburg!(Sgr!B2)!
–  Foster!
–  Garay!

•  Large!area!surveys!
–  APEX:!Ginsburg+!
–  Mopra:!Jones,!Burton+!
–  ATCA:!OJ+!



Pillai!et!al!2015!
!

Strong!B!fields.!
Dynamically!important.!!



Ashley!Barnes!et!al.!
!

First!direct!test!of!
turbulent!star!forma5on!

theories!!



Conclusions!

•  YMCs!form!in!“conveyor!belt”!mode!with!
environmentallycdependent!threshold!for!star!
forma5on!

•  Detailed!studies!of!clouds!on!Galac5c!centre!
conveyor!belt!has!poten5al!to!solve!key!
unsolved!ques5ons!in!next!few!years!!!
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Evidence!for!converging!flows!and!gravita5onal!collapse!in!
massive!cluster!forming!regions!in!the!disk!

Evidence!for!largecscale!gravita5onal!collapse!!
•  W49:!GalvancMadrid!et!al.!2013,!ApJ,779,!121!!
•  W43:!Nguyen!Luong!et!al,!2014,!A&A,!571,!32!

YMCs!forming!through!cloud!collisions!
•  NGC3603:!Fukui!et!al!2014,ApJ,!!780,!56!
•  Westerlund!2,!RCW49:!!!

–  Furukawa!et!al!2009,!ApJ,!696,!115!
–  Ohama!et!al!2010,!ApJ,!709,975!!!!

Extragalac5c!studies:!NGC!253,!Antennae,!M83!
Keto,!Ho!&!Lo,!2005,!ApJ!635,!1082;!Wei,!Keto!&Ho,!2012,!ApJ,!750,!136!

SDC335:!PereJo!et!al!2013,!A&A!!
DR21:Schneider!et!al!2010,!A&A,!520,!49!
RoseJe:!Schneider!et!al!2012,!A&A,!540,!11!
G035:!Henshaw!et!al.,!2013,!2014!
[Serpens!South:!Kirk!et!al,!2012,!ApJ,!766,!115;!2013,!ApJ,!766,!115]!




