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Nubl e condensazioni molecolari
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Nubl qmescentl e..

T.~10K
n.(H,) ~10°cm-3
R; ~ 5000 AU

(Andre’ et al. 2000;Tafalla,
Myers, Caselli et al. 2002)

T,.~7K
n.(H,) ~ 10°cm-3
R; ~ 2500 AU

(Ward-Thompson et al. 1999;
Pagani et al. 2003)
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Ricerca del tracciante del nucleo

3000 AU

N, & piti volatile di CO O N,H* e N,D*

sono migliori traccianti del nucleo

C170(1-0)

CO scompare
dalla fase gas
a R<7000AU

.01}




La cinematica nel nucleo pre-stellare (r < 5000 AU) e consistente con
modelli di difftusione ambipolare (Caselli et al. 2002b):

Asse minore

~rosservazioni:  modello

normalized intensity

)
.
/

CiolekéBasu2000

velocity ( km E ]




Alti gradi di deuterazione nel nuclei pre-stellart:

[N,D*]/[N,H*] = 0.24+0.02

H;,*+ HD U H,D*+ H, + AE (Watson 1976)
H,D*+ N, 0 N,D* + H,

H,D*/ H;* aumenta con la diminuzione di specie
neutre dalla fase gassosa (Dalgarno & Lepp 1984)




Forte riga di ortho-H,D* a 372 GHz:
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Sommario

N,,N,H*

2500AU

/000AU

Le nubi pre-stellari hanno “buchi molecolari” con
raggl ~ 2500 AU, dove le particelle di polvere sono
ricoperte da spessi mantelli di ghiaccio e dove
I'unica specie osservabile e H,D".




Progetti futuri

* Osservazioni ad alta risoluzione angolare di H,D* (D,H*, H;O%)

e Studio dettagliato delle proprieta fisiche e chimiche di un
campione statisticamente significativo di nubi pre-stellari (+ H,D*).

e Utilizzoe sviluppo di modelli chimico-dinamici e trasporto
radiativo per vincolare le teorie vigenti di formazione stellare.

e Studio di ioni molecolari in laboratorio per determinare con alta
precisione le frequenze, per studi cinematici e missioni future.

|

...aspettando APEX, SOFIA, Herschel, ALMA




PC 'ssummary2: physicalproperties

* Internalstructure (r < 50MAU) consistentwithambipolar
diffusionmodels (CiolekdMouschovias1995).BUT: extended
infallvelocitiestooarge (Tafallaetal.1998,2003).

e Outerenvelope (50M < r < 15@DAU)kinematics:  MHD
turbulence (McKeedZweibel1995)andbressure -drivenmotions

due toturbulence dissipation(MyersdLazarianl998) ? BUT:
Av increaseswithincreasingdensity(Casellietal.2002b).

* Non-magnetiacmodelsofturbulentfragmentationofmolecular
cloudnaterial (Ballesteros -Paredesetal.2003;Klesseretal.
2003)predictimlarge velocitygradientsincloudcores.




Jastafterprotostellarbirth: ClasOphase
(Andre etal.1993,2000)

e TRAM4191( Bellocheetal. 2002 ). envelope ofr~14(DAU,
extendednfall differentialrotation,molecularfreezeout.In
part(r~38DAU)isintheprocesofdecouplingfronthe
ambientcloud Q ~12km/s/pc).(Partial)agreementwith
ambipolardif fusionmodels(e.g.CiolekdMouschovias1994).

* B35

e TRAS6293 -2 Cazauxefal 2003 ). "Hot-
centrall50AU.  Richchemistry(HCOOH,CH 3cMI—T 3o HO,
CH;OCH;,CH ;COOH,CH ;CN,C ,H:CN,CH CCH).




5)Complexkinematicsincore envelope(r>5000AV):
L1521F

1.22 km/({=g*pe) E

Declination Offset |arcsec

Right Ascension Offset [arcsec]

(Crapsietal.,inprep.)




H,*+ HD 0 H,D* + H, + AE/K (Watson 1976)
H,D*+ CO 0 DCO* + H,

H,D*/ H;* aumenta con la diminuzione di CO
(Dalgarno & Lepp 1984)




2)selectivemoleculardepletion(Casellietal.2002c¢)

[DCO*]/[HCO*] =0.04
[N,D*1/[N,H*]=0.24
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* Hydrodynamicturbulence BUTvelocitygradientstalarge:
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Conclusions

* Densityprofilesareprobablytheresultofambipolardif fusion
environmentswithreducedelectronfractions(CS,HCO+)

» Evolved pre-stellarcoresaresupercriticalobjectsundergoing
infall andwithaguiescentcentralnucleus(R < 3000AV).

« CandCSfreeze outontodustgrainsatdensities >10° cm3,
orwithinaboutb000AUN_1544.

« N2D+/N2H+: goodtracerofcoreaolution. N2D+andN2H+of fer
aguide forthedynamicalbehaviourn(r > 230DAV).

e Within2BDAU0.01pc),allelementsheavierthanheliumare
totallydepleted,|leavingH2D+{andD2H+)asthemainion.

 The phase of "evolved” pre-stellarcoresprobablylastsabout57
ofthe core lifetime. IN_1544 aprotostarwillformn ~2000yr.
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magnetic nonh-magnetic
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Chemistryinatotallydepletedcore
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Thepre -stellarcorel1544
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Low-masscloudcores

* indarkanddffuse cloudswithinafewl@pcfromtheSun.

* about 1/2 associatedwithiow -luminosity( < 1AL , )IRASsources
Beichmaretal.(1986)

e consideredasinitialconditionsformodelsoflow -masstar
formation(e.g.Shu,AdamsélLizanol987,ARA&A)

PROPERTIES BASED ON NH3(1,1) AND NoH+{1-0)

_ores with stars Starless cores

Farameter viean tanoarc viean tandgardg
_ deviation deviation
Aw{km s~ 1) 0.26 0.09
Tl K) 2 10 1
BensondMyers1989
n{10% cm—3) 2 2

R 0.07 0.03 .
(pc) Caselli,Benson,Myers

M{Mg) 8 14 : &Tafalla2002

Aspect ratio ; 0.7




2)Extendednfal(Tafalloetal.1998; Lee etal.2001),not
consistentwith'inside -out“collapse model(Shul977):




