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Dear Patrick,

Turbulent molecular clouds

Patrick Hennebelle - Edith Falgarone |Astrophysics Reviews

This is a field that has
important
informally whether you are

"Physical

I am contacting you with my hat as co-editor of Astronomy &

not been covered in previous issues of the Review and the Board felt

to start filling this gap. This is why I would like to explore

Processes in Molecular Clouds" (preliminary title) with an emphasis on
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Abstract Stars form within molecular clouds but our understanding of this fun-
damental process remains hampered by the complexity of the physics that drives
their evolution. We review our observational and theoretical knowledge of molecu-
lar clouds trying to confront the two approaches wherever possible. After a broad
presentation of the cold interstellar medium and molecular clouds, we emphasize
the dynamical processes with special focus to turbulence and its impact on cloud
evolution. We then review our knowledge of the velocity, density and magnetic
fields. We end by openings towards new chemistry models and the links between
molecular cloud structure and star-formation rates.

Keywords Instabilities - Interstellar medium: kinematics and dynamics —
structure — clouds - Star: formation

1 Introduction: bridging theory and observations

In the Galaxy and all spiral galaxies, molecular clouds are the sites of star—
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I've now completed the reading of the whole chapter... Below, follow
some general and specific comments. I don't know whether you have
already received comments from other people and have changed the text
In the following, I refer to the version you sent me on Sept 21. In

the specific comments, I follow the text as paragraphs within sections/
subsections, mixing relevant things to typos/minor points. Finally,
note that although I offer some change in the style, I do not ask you
to follow them exactly since my english is imperfect...

522 1stpars *.. asbent Wiotisla, | This raises the sasue of the .
« Genarat 3 . - The comection between, o the sentence beginning with "Based on the fact...® is  FUKU et al... rate f the order of few S\tisess 10°-2... typical GHCs,
£ 2"l be nice to add ot the end of the Tntroduction sone generat 0 moléeste survivel: . and of the naturé of the gas component... el Pars "o\ detected in the WI 21-cn Line, therefore. .. miiw\m o ot e songe "t "Baaed on the fact.. P 5 i e produce he hasrued Lelacity aceareins to
Tefs an other recent reveiws/monograghs/books on the. subject -2, 3nd par: replace interstellar mediun with ISH since already Eymeireen 15570 ariy on, the mase within these NI natos has been Klesss otdbaun et ol eneray is.s. ot of effort has been devotes to infer the.
Datine Solar Neidhborhood: witnin & kne of introduces feste 6.2, Tz, ehe fractional change in velocity is e s o (Rake oot the-second “thet... very
pbeTine Solar Neighbortood: within 1 b5 of the Sun? nore? TR s v a0t et 45 ot deer clumps/cores s vrapomona\. T cansauentiy, the nusber of collizions... Therefare, mreiiole, & o il
at for other topics the neignbornood 15 really much mare Linited sy par ... However, the velacity field alloved. . comreaiote, B inclerr.
than inthe present context. Alsa, use the some notation >r star forming... with total hydrogen colum e o the the Cascads. 11 e sang o€ $11 Scates, ‘one gets R rtte S st ande rho iy v
Teview - Sonetines s in capital letters, sometines in snall letters. Vo ncraduce “peft (Geant tetters) % to 20 3 ... This leads (drop then) to 3’ scaling... Won [ Tite in math made - a3 v -
rovien - soestises ic in capital latters, 212 2012) ang still 3ppears ©o be a matier... WA furbulence remains e e
e et T T R R R v 2.3 i 1 02 w00 o Av-tex mognituses, a3 pover TR ote that in text S5 Hasson et b, white in th 0.2 20 e Ly with “the untfornity of
foritte 57".and Tilomsnts. (drop consa) present on corresponds S B4 30d pare ¥ being ot too distant (d=... ki) and seen nd par: Note that in text is Masson et al. while in the - 20 pas Wt o you sean exactly with he unifornicy o
Tsietiory, Siinn spsatie you retain 1o sncrosucig io,the Giffuse TS0 of the molecular clouts. . bhifa fosmalizasols 1 o Theriiorel T the W Gt ribotions o Bartleuta, they o 822 nd pars Mete vt e Toee e 'L Comsants 1 oy N
e thatnote 1 1), Toter on o Take smpte sel-gravitating... utionary scenarto 1s contirm 1, in Flgure 10 slopes of HI enission... the
e tootnote 1), ever'on yeu ke ons PR (ni!:oaungp;::;:)::n sy wisnte ot s cSualutionary scenario ga contirasa...that oics rigorousy estabtisnes antisycally, Ges, e ey e S, [ T e o i
h “revies’ throughout the te - 62.2.3, 1st par: note comment on sequence of (i) (ii)... diffuse 2 ::B:'.é'f;‘::ﬁ::ﬂf:ﬁ’"3&:"5 e er 1n The biggest simulation carried ut to date...(200] it i remarkih\y sma\ir ©5 that of Co snission in the Line wings:-s
aparite thes it esther . processes are L.+ Hould you Like to add sonething Like - sinil Tesot, o Shectrin'st the veiciity sus. Thy e 5o (not optical depth) siTecs. . with  smail Grmemic
Lpinding on the tex j20100); the ubiauitous HF... e, eneroy speciiun: Zan resolution 30 numerical simulations like 5.5 St pa dominant over external sources... the cloud life N
Chce of.-. exceeding by far that o furcher sy fron the Hilky those o Kritas ¢t " “Bor7]pover specerun of 3 (arop conso) e Fioic acdia, have. - fiimsm? oh ot
Sroviden . found o fluctuate by Large fackors (not muge since there 24 Bar: “"duite carly on, it was recognized 20 _ Sined. séaics nay aiso signal i Sensisien oe’s samte
127onty s factor o 10) Tivap comas) vus e e Taieing ihe aueition on tne patore of she £3.6.1, 15t par: ... ressons. First, these regions ona
v Tinding thea requires. . second; observations... of a mu\e(u\ar e aroung... ard sea1 scales found from the valaes
... major achievenent of CO observations. 2°83.4.2, 200 por: Whot do you mean with ... building up the massi7 - ODSErvations have provided ansuers..." (:;:mg;gg’;ﬁ;@:jmg;; 5;’;“:;!‘52";,?““' oty saciat Rowever, it Camnot b ro\es out thate:
omvirdion fhctor, I CeRuY MALS)-.-" At the end 1% wauid be nice Contributing sxth:an(\y T the fotal mazsr : SR s hone Slthors v sttemtes... o-catled sace-vize
5, cores and stors .advocated a long tine ago (...) on the basis of S5, > rest Tecent maps of the Polaris Flare (is this
T A R i s T e et 1 s T T s epecies. mger pioreadwacated o Long time ago (...} on the basis e st reonn . eckrs mresenenl S wrosence sethod has Geen applied by. sennvecst W1 hos
WLET Gor cuumps/cores) and M-xact (for stors o recent space experinents, Fer onic (ot transsonic) . o rore fien chatlenges b < the o
AR N L L PN o) . are ohaerved in-thse ragions (dfop. coma) tEat trotiing the dissipa often challenged pecause it .. nese are not filaments, bu
R S0 sither fros Tatl” or *ires-fatt 3 ghaerved in ese eglons (afap ¢ B TR TR TR R e DR R s sty s QR o v ot s e e
ot that you call CO-aviet clouss what you probably spatlat someation of the structures: oo 9 . E Then
+ specstic coments 9. SRR (Eropomme) cover i
I ¢ casit ibte to observat o Clouds ~ 1'Gon"t understand the mcaning of quiet. - T g0t Contuzes starting with che sencen §3.4, 376 par: “Figure 5 pronpts four consent. 5 pe. (1) mm (z\\s ot (nuraxnnms (RN
g L2 not casily accessible to observations; in the 315370 pars 1o dus to undsrstizates of the L. . iy o 8Lt the ay doun S0 the end of th There is “Wnen araun over. . dynanic . <ier avity 15 not incluged
Tatter, molecutar clouds are. : « y don o the end of the R € S 87, st pars C gt ol 2008). These authors have developed Lt AT Gl phyticet orioin of he myshosiae reistion ton
e e o e celfogravity as a (at least partly] Then 3 woule be overestinated and the. . subscauent underescinate of “tuy if 1t - an axie.. hethod that hat been fested against numerical:.. tend o cse , che phy g
: anty b atiributed <o curbalence. Yet, no quancitative sxplanations
Qitirent broperty of the molecolar vo gtonis gas clouds ot 1, HEVAT et 8L 1ind oner o She Seriations rather than olons
2 gont ungerstans wetl the sense of the shote L e .. creates both high and low-pressure oreas. e g provices neither for| < ur For the measured | T
£, theoretical knawledpe (HOT knoutedges) 2t smparcant i the contexds ot 15 ik g o Suasess that on oL sncampraaiibte cate, with
Shink that you should use rsize scate(s) instead of penctrate inside the GiC, illing in St the low pressure regianc. 120016) tramsition, US55, g0 g Tourus motecular clous, finding that th T panent of the-orier Laius cortainty rensires
Getailed physics it now fore conplex than formerly sssumed... case op Telacity.o" in the cdges. and opposite inthe opaaue repions.
£¢ would be better o say "... milli-pc” rather than -3, e proscries of moleculor... o ot the Ragnecic field is. frercsreril invectigoela :
v v » Jiscusted Gistinguishing 90s Sraced by 13Co(1-0) (arop comsa) from ST g GRS this st st s non-uniforn— ge, ot pors canee oabe s s suorssinty: I e part 5 uhlen :;zrt:mn you refer uhen you say "using
fhat - locotly Coorich, it . comture sany of the steps leating <o the presiure. % vould hav T, o A
inotty (insteas of I Siep hes been the study of the nan-linear...<riggered 4{); 4 proposed by @ 3 ind constitutes. - First, e, the mass spectra... inferred from
: ) Shocks propagating ... s or by terbiient 8th par: " lcan consistently be interpreted 9), ... Morcover, this spproach... o e obey the same power—tae
. S ihess Soplihocks propaseting .. or by Surbuten e vt shout Lugpects that:: ¢ i3 ot the Toateat tonseavence o etrsiition T e S et LR AR o AT
e comection between. Top "in’the manuséript” e the o in £a. (3) 15 & Vetocity infornation, but are base
¢ par etected in the HI 21-cn Line, therefore... Sion. . Sound speed. Simutations including magnetic i the "mss Stellor surfoce density"? i7in2. This, \aigea iution: 14 has been pointed out thet at
*Early on, the mass within these I halos has been e The i ymmcioaing, nognet an * proportional. This fact introduces galactic {i998) parforned 1 0 ot Tas been i e
s e, e vetosie ticts sl <8218, 50 par? M b secana i, aravicy.. et the Totation s an saditionss paraneter driving the cvotution Piemesst1£ TSR] have presentes 2 mgy..rmm o n Hosh \aineg L Hoaun. o the dense core distribution 1o compativie
Jeaidi L g pars 1 Hoverer, the o i, e Congensations to proceed furthe 53.4, 'sth par: Note that Suinbark, et al. 15 auoted 2010 in the  Tray confirn the pover-iow bene eatain an ecper then that of the X
2 e found.... £x16°7 Haun, ¢ S5 3ra par: Lost sentence €ould be changed to "...part of a Rererence 12 (oot 2011). xponent sgiad fass function <. TAKE
rise ikt e e iz Lo abatantlol effort hoc By Sty 2 Structures of \sia .01 pc fo GHCs of \sin - BA1o2, 40 pors which are the two phases you refer to ot the 1y Gt oL AT lower core/clump mag, b
L . sbmerte what these extermal satocies e sen B R i g s o S e R e s e o emwmend iaktening o rossinty's
et tarop tnowt) o0 distont (dn... kpe) and seen . Houever, the bul o ilolate comnected o structu Soace- 81,2, 200 par: 4 particles/cat-3)... Audit (2007) warn Desic around Bl 777 1. Sisilar in shape o the steilar THF, but
. iStributions. In Bertieutars they caonabty et wotocity'allor the Conatruction of maas spectra. Close Spanents: in st imtricat sonversencer - " D— e
115 used to interpret relevant observations. , ©th pars ... evalutionary scenario i confirmed...that GHCs reprodece. to e carty €O survey of. . \alphac.s3 fo K 5 houe Fevegted that oz gravity tokes over.... T8 a0 pars +1¢ i3 ot eney 1o fina, . 10 particutar, we
and on their physical significance... However, given t been o the, Ui are” ndeed sccreting.: tess than 7 knver dre the rms 43 factor of 1 U e models o far 1911 to reproduce...  survey of the auter Ga\axy e, 20 for - Tin'a high 5 2 d “' <2 profile developed by @
aiven o thase From which Statistics are inferred and then confranted 0 She e ore Indeed accrecing. .. Less thon 7 kevss Lie: et louds proposes nover: vhere spover say n Tatitide clous (o) v o Star Tormins andin s i vtV T 1 + spprosches
30" theorice: e also stress. thats while the primary focus ielocity. . Hognes et ol 2010), therefore suggesting that the | i e & o cotlopse proceed e orereas sty 1 gt
adéress closely related... i b loacs- o Splee ST rndckanty el tferen propertics erstellar turbylence. The second approach xfrn:"i:xlwisun(m:;..f Kainuiainen ot oL,
inecalticiey, spiral arns, ecc.)*? reatal.. eit recric. L 2008 or in 5 prescrives. . . .because, a5 discussed later in the review, she inteore o Kainlainen o€ ol
L st e transition of 0 ot tampeae1.3 o (o Lo S e vy from the Hiliy... P e Lo KR sl Tl B B0 ueing The'Siselon”T1on duet lor
Sin 45otamolagues 1200 and <13 C0) and the e e Satibelcs: outa Gron he Lt pars of ine Last sentonce comarable <o that in sore actively star forning Ko
that e Vine e i a1 S i e T T e 1 e e anterine ohe SiomEnon i, 2B i S T e o Tt s el 5 e mot.. o a direct proot
e enei Taole 4. concluge ehet nis i Tavor of She existénce.s. turbilence, but 8 Tack Compatible wih
2, 204 por: What do you mean with ... building up the mass™? - - 63: *...infall is taken into account) - add parenthesis - ... o Btk
2 < o tor e antributing Sianificantiy o the. fotal mass? Curbutence iz essentisl becouse, slong with megnecic fields, it ot Za.1.4, 300 p ~ doviates sianificancty from the Los-
L 30 par: =, oK 521803, 3d par: "o cold cloud material) and expected. .. Puget Re pressure... gatactic - + "lessen & ¢ (2010) argue that... by rormat o0 e appears o e renimiseont ows fron catcutating the column
glae, Tound betyeer e . most novsive GICr e LoCated e 19851, and thelr. . iransonic (nok Sronssonic) ... anie the rare aravitational potential ield and the main support: parcel of Tlut oré kT oy oF T BT BMCE SOt Noy MAE SENSE
downstrean. . Unexpectedly, this follisions arong fragments were controliing the Fissipat F <o even smavter scates... ” Sueins fathe - gh.3 i simations an obseruations. . "that the nass-size relation and th
seates (falaarans et oL Ho1, 2009) " T the Introducing maghetic Tiela Tines. connec am materiat, but with 8311, na'pars #... “ana the baok by Frisch 1935... 15y o th biously the 840 uhich, in the sse of the... descrit one."Chabrier (2008) have perforned 5 BuLti-scate.
Bty : Introducing rasnetic ¢ e Jamin Yelatt iy of Bhe S5 - FpROstnh 5 demesty oo SRR et 1o VBT Ehart has e evated tn'infer the Lognornal and_ that the.power spectrus exponent.. I <his vay, ihey

15, 15t par: "With the increased sensitivity of O observations B T i fate (here the rass b e oLt Like. . the snter-relation batween. .. w8 © ummest 1o mave o new, Fina section 7. Th roas shess (raer
and the availability of larger maps away from the brightest spots t i rzsen( sume lheurizs (ha( have been. than another subsect i on) .
abtain the relation \algho=3-n'/3, or equivalently..., o relation coinciding with star forning regions, the evidence for the filamentary self-gravity...wavellke behavior of the... threoded by such fields. .. , 15t par furbitence s an even oreater tosk because... and
quite similar to that Db“"’“’ r it is worth. structure of the CO emission became immediately clear. At about the 1st p that the turbulent energy density is of h!(ause u entails ted... interstellar turbulence; (2) rh

Catcutations, a2 enph: 1987), posaisly

Tndecd, the expression for \aioha and \beta_Can be conbined. Leading fo

& power spectrum indexe e tine “The i Rrmonppat o3 -+ - 85, y on, magnetic field has been propos

R X it seen
e i T e gl o 40 v o i The sane order of the gravicational y siamgosts of pact of the large.

cissipation. . 'is prosably positiv 3 ana par: Pseveral aspects of interstellar... First, the density
his, in turn, suggests that for. ¥ : e regions are Trens Sndiaiia b neasurarents. . but forvard in support of the- " Bar: T, unéxpected level (RGP THE CowMA) in cold e0r {0R0P THE REST) orgely controls che SFR... & better’theoretical
3 : The mass spectra of non-self-gravitating... now known as. InfroRed Dark Clouds (IRDCs) ... Nessie nebula with o nagnetically, B L W3 Vine erission has.s 1oc2 of the ground understa
obtained numerically by Henncbelle. Uinear extent of 80 pc and and o width of only 0.5 pc. The linear mass 8511, 15t par: - SMLichty, let us... by a unifors magnetic... vibrotional level) ... of o few percent of warm... IsH is not only
sinulated various types of flous S TS el et renain constant in tis ragictic tield, Lo NOTE B0’ e 1
71,8, sinilar i hresance of densa cores .. AS PROBLENS . numum\ salulations of the LU, 316 birs A possible source of heoting ... swersontc
the analytical expression \alpho=.../3. er, in the case of the Tourus LT el e et he s ence - Curbinence WiCh pervals the whole TSH... a5 tou velocity WD
the o e e haty Forn ¥ artets S you Leave tne parentneses (Larger bt pregtetis
ting, an R rare Tuopeced by supercritical) since in that cose clouds ca : ine C+ cosling at the observ
ass spectra of turbulent, self-gravitating clo R ol o Al e * Y parenthesis and leave onf 5o anne. o Tew, duration an
Tirst paragrashs need to be : th oo DEFINE € o AS THE . SOUND SPEEDL .. - roblens with magnetic support S, a Ular clouds, whether magnetic fields... is
4.3, 15t b d aroning flactustions woaid give birth to cores possibility of leakage of the magnetic... now the induction equation, K with ... W S5t Targety prasint and unsotved. Likely, <he fhree factor pisy o
ornal Fron this equation, it can be easily ,“the’gas temperature and the. cheistry in 3 nore. Zigniticant.

lengths, corresponding to the typical which

its contribution is Fil hen Cr « F o

srents is still not well understood, but 3 3 en igure captions
a simple uniforn density..., they require ng o9 weiica for LFin T T e fiels shou in the Left panel... this figure
doninated by its own gravit: t+ that produces CH2+ is a bit top snall o b el

vations with

»
his Shoin siopt a¢ G5 which becones the pivetal cation of - o 4 simly wue
try by reacting with 0 to form HCOs, the main source Fig! 5.

red.
~Ade the source of the figure

3, 15t “In Sect. ... we have described the properties of - 8613, e sane dispersion.
o Lobis 286113, Sth pars n1o- therefore samplés actively dissipating  Figl 9: what is the vertical dashed line? can you reduce the size a

core?/clunp? masses has an
of) sinilar o the Salseter. (1355) m o \m,]g o35, nite
he A a1'with a pronounced peak

ctuations that fies densi 1, furblience!"fere, e o . unich hove investigated the <itece Teptons, relaxation phases, and the ambient mediuk... introduses a
Chresnod. Hopkins preents s 3l00at nodel that includes spaciat Tesi103, 200 & Shouek (2008) ans Li & Nakorurs (2005) hove potentiat s \beta vary betueen 0.01.

presiniad b siautation corbiNIND aaonetie. soppors” (habhcci Tie Herschel/SPIRE, . Another subiet of regions of lovest. ..

s i

aearanriate o Jdeseription G113 o b Fif i el aravitating threchots,

A interesting result is that .. ToRD? T REST) 2ttt Lo’ repraduce mpmm
e ronss tove o st the laver Ls... filanent has been’derived by Schaidourak. (1967) and {ohoe THE AEST) ot e ¥ Y apuan et ol vEAR?
spectrum... some deviations appear. This is illustrated in Figure 12. is given by... When A 0, it simply reduced to ] ing
the first type of structures likely layer, while wt it tends to a set of discrete... Recently, whole subsection is too long and detailed Auge;n\\y at * References - some times you add “"et al. after the first three
Lf-gravitating layer forms first, then - 85.1.3, 3rd pal 11), although the exact. > I'd suggest to reduce it significantly without authors, sometime you list them all.
o2 predicted theorstically. Ouing fo the presence of R334t hars °A series Bf racent = stuies of supsrsonic entering, into the specifics of cach nodel. = et

ohitess. e i ravitating 3 larents converge ... nore gion, ... Balsara 2016) have emphasized the impact... that, as

Eiemphasize the iportance. . Variosy - biskons 2003 > viie
urbulence issipation. Also, the power e proposed analytic theorie: Bl . sed the vear i both refs 2004, 200
Lirhutent clunps TAKE OUT PARENTHESIS Fianlly, the synthetic spectra of Tolds, “that 15 the Ginens ionte oIS SEnTENEE 1s Too = Brunt’ nmr > check val, and page
08, see Sect. 4.4.2) and that of th The... consequence of their ~ Fal 1991 -> yaar BEFORE journ:
ower-laws with ron the magnetic field. In principle, these (3): the densest. ity POF up to S Mekee 2013 T2 should onty e in text since it 15 prive
ini starsrs. Nemnebelie 2010) 1 Thes, SHIT... The in.
input to understand star formation, as it dxff:ren:e betveen the Varigsu estinates availsble in the literature Ei 060 s a5, Lo

Ters: e The undertylng assusption is... Furthernore,
theyts! \w m. “Thus, they obtain o star formati
Stans Length 15 caunl torrs SFR chrained in this
THE 5P Lncreases with the Hacho-. NArdLund sodel, While 1t
segsrsassg, sccording 3
6.5 A nfer... mass spectrun derived by - Inaa)
Hennebeila € Chabrier (1] veidnied. . It con be. snoun hat the - h(ksun < 2010
arsiund (o} mamly because... to take into account the e
pasal.

5 in text but missing in the list
{ Cited in text but missing in the list

then the magnetic 1.

Aca, 485, La3
> 4p3, 743, 120

93, 719, Liss

Lings om0 avign the mogaeric ond veiociry Fiets. oo Taciiitates the oman 201 DR
chovias, —> Apd,

(DROP_SECOND THE) traction... pass through 3 glven point..."
o hich treat both... predictions deduced above.

399, "84

srical gensisy teass
SPR..

TAKE OUT SCARCE before NESUREHENTS.... In the

WL Tietd intensity, bt b in the interior of
dense cores and in the inner sarts of censeTitonines - possis o e e Y Toctestions, rTa
interpretations of setrene or oY s R Teads to underesting n the other hand, the choice of

8.

g St impors O G becaes top stese Sualar anus hete ety sneor e o 0 ol ropasatln oL o v 8 e el secion 7. The cosd aesd (rthe o Veladi, > intiat siss i
e core Geflaltion e By snitn el sl o dirine Tie"cores” e Hiane. i e iﬂiili? 3? ?‘?E‘ o i s - trblnence sa an even grester task pecauee . ana It seens o e that the follouing refs are not cites in the text - 80T




puff, I managed to enter all your suggestions. Thanks... given the
time I

spent to do it, I can imagine the time you took... Clearly this
improves

immensely the text. I think it is fair to acknowledge this. Am I
authorized to state it 7

Patrick,

merci pour penser a ca, mais pour moi ton message suffit! ... don't
put me in the acknowledgements.
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Motivations
Molecular clouds properties not obviously dependent on the presence of stars
What is the origin of their internal turbulence ? Can we understand their statistics ?

Molecular clouds in the LMC

An evolutionary sequence ?
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=> accretion rate onto GMC: few times 10-2M./yr ?
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Supernovae regulated ISM (from few 100 pc to 1kpc)

, Hill et al. 2012,

Joung & MacLow 2006
Gatto et al. 2014, Walch+2015,

2007,

’

2005, de Avillez & Breitschwerdt 2005

Ostriker+2011, Kim+2011,2015, H& Iffrig 2014, 2017,

(Slyz et al.

2017)

, Butler+2015,

2017

)

Ibanez-Mejia 2016
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Formation of a molecular clouds from colliding flows of Hi

Koyama & Inutsuka 02,04, Kritsuk & Norman 02, Gazol et al. 02, Audit & H 05, 07, 10,
Heitsch et al. 05, 06, 08, Vazquez-Semadeni et al. 06, 07,11, H+08, Banerjee+09,
Clark+12, Inoue & Inutsuka 12, Valdivia+16)

Flow of WNM (density 1cc), velocity 20km/s each side, initial magnetic field 5uG, resolution 2 102 pc

Colliding flows

t=0.0001 {(freefall time)

log of density (cm™)
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M (Mg)

Mass spectrum and mass size
(H et al. 2008, Heitsch et al. 2009, Inoue & Inutsuka 2012, Iffrig&H2017)

Mass spectrum of clumps  dN/dMaM-1-7

From colliding flows

From galactic box
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Mass versus size of clumps
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Universal Mass Spectrum
dN/dM o M-1'6-13 (Heithausen et al .98)
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Mass versus size of CO clumps
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Internal clump velocity dispersion

o(L) ~1kms™ (L/1pc)”

From galactic box From colliding flows
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Compatible with Larson law
=>is turbulence within GMC driven from outside ?
=>is it driven by continuous accretion of HI ?
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Velocity dispersion (Larson 1981, Kritsuk+2007, Klessen & H 2010)

Pv)x<k™;n =1—31 ord=0()xl,a=(n-3)/2

. 1/3
‘ g 2E L
Edecay = £ = l Mo = Eln] => (O =|- my
Td 2 L M
dM | dt => Einj = %vanf

Mass size relation (Fleck 1981, Kritsuk+2007)

~=0.8-1 ~02-0.5
[

M(Dx[>=px[® op=cst=px orpv>/l=cst=pxl

Mass spectrum as turbulent fluctuations (H & Chabrier 2008, Hopkins 2015)

Use the statistics of supersonic turbulence (lognormal distribution, powerspectrum of logp)

count the fluctuations above some density threshold => CO clumps

dN n-3
P(lo k" —=MT"=y=2-
(logp) Y, Y 3

n=%=>yz1.7—1.8



Proto-clusters: .

Formation and size

Feedback and SFR B "1-10pc
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Motivations: Massive star forming clumps and clusters
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Massive
star forming
clump

Clusters

Pfazlner +2015
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=>Massive star forming clump

are very different from typical

ISM clouds

=>They are likely progenitor of
clusters

How do they form ?



Forming one single cluster from gravitational collapse of a turbulent cloud
(Bate+2003,2009,2012,2015, Bonnell+2008, Girichidis+2011,Krumholz+2012, Ballesteros-Paredes
+2015,Padoan+2014,Bleuler&Teyssier2015, Lee&H2016,Vazquez-Semadeni+2016)
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From infall to virial ? A model for protocluster
(H2012, Lee&H2016b and see Li G-X 2017 for a related model)

Mechanical equilibrium Turbulent dissipation and gravity:
M .

O X, [— Ui’r.f 3/2 3/2 1-5)2
R Eir & N X ; =G m'"1 X1

Energy balance : dissipation=injection

oMM
R\ R
=> M x R?

One crossing time is needed
to dissipate incoming energy

H2012, Lee&H2016 N



log R (pc)

Gas distribution radius vs mass Sink distribution radius vs gas distribution radius

av

0.5} .. ,,“.'r‘*'.:'_' . -0
gas " » “*\ g‘ ,I$"( yy’ . .'" : : 25'
' “li\"' A X
O'Qr > EE
0.0} N i ol
_ - K s
-0.5}¢ : o 0'\.,,.:1-78 . gl.s-
A ~iv a,=0.96 “
- e (1".“=0.64 1.0}
-1.0f — =012 4
20 25 3.0 35 40 45 5.0 °3f o= 0.0
log M (M) R
0'% 0 OIS 110 115 2‘.0 2l.5 3.0
Comparison between model and observations R (gas) (pc)
0.4
0.2+
. 00
g. 0.2 o o oge o .
a -o => virial equilibrium, radius
e 0.4 .
o g o and rotation of the gas are
o -06 - . .
AT passed to the stars
-0.8 ‘ :
-10k . isotropic }
_12 I A A L L
2.0 2.5 3.0 35 4.0
log M (M)

Lee & H 2016ab



Reproducing the SFR in cluster type simulations: role of jets
(Li & Nakamura 2007, Wang+2011, Federrath&Klessen 2012, Federrath 2014)

t=0.7Myr=0.61¢,, [S6rov vs. Turbulence t=15Myr=1,31¢,
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Federrath 2014

Seems that the combination of
MHD+turbulence+jet may lead to
reasonable SFR

(keeping in mind large uncertainties with outflow/jets energy injection).

-3.0° gink / SFE=20%




Reproducing the SFE in molecular clouds/cluster type simulations:

the role of ionising radiation

(Fall+2010,Matzner2007,Dale+2011,2015, Gavagnin+2017, Geen+2017)

No feedback
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Dale et al. 2013
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Geen+2017
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Neighbourhood tyioe clouds are predicted to have SFE~0.1-0.2
Too compact clouds have very high SFE.

Complete census of the feedback processes must be performed



Filaments and Cores: -
Formation of filaments

Fragmentation of filaments into cores

Cores from zooming-in simulations

- ~0.1-1 pc




Filaments and Core Mass Function

(Motte et al. 1998, Testi & Sargent 1998, Alves et al. 2007, Johnstone et al. 2002, Enoch et al. 2008, Simpson et
al. 2008, André et al. 2010, Konyves et al. 2010, 2015)

75% of ¢ores form in filaments CMF in Aquila molecular cloud
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How to form a filament ?

v

Compression of
two of the axis:
shock or gravity

Extension of

v

one of the axis:
Shear

(the very heart of
turbulence)



Gravitational amplification of anisotropies
(seeded by turbulence ?) :
(Mestel+71) | ]

Column Density [em™?]
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Non-self-gravitating filament:
Importance of turbulence and magnetic field

Turbulent Filament Correlation between strain and

An extreme filament in . . A . i :
. ) | strain axis axis Filament axis
MHD simulations | 25 .
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An extreme filament in
hydro simulations
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Fragmentation of filaments into cores
(Inutsuka+1992,1997,Inutsuka 2001,Clarke+2016,Gritschneder+2017,Lee+2017 )
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Filaments and cores from colliding flow calculations
(Gong & Ostriker 2011, 2013, 2015)
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Getting the “core” mass function from zooming-in simulations

104 ‘ ‘ 104
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Encouraging results :
-CMF depends on the exact definition adopted for cores

-resolution issue with the peak
H2017



Conclusions

Accretion seems to be always playing a role
(galaxies ?, molecular clouds, clusters, discs, stars ?)

Molecular clouds: 2-phase, accreting paradigm ?
Seems to reproduce many observations in particular the velocity dispersion

Are clusters inheriting their properties from a virialised state induced by accretion
driven turbulence ?

Is ionising radiation setting the SFE of the MC ?

Is the core mass function strongly influenced by the filamentary geometry ?



