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Outline

* The pre-stellar core (PSC) chemical structure

* Dust grains: freeze-out and deuteration

* Environmental effects and protostellar feedback
* Isolated vs. clustered low-mass pre-stellar cores
 Low-mass vs. high-mass




The PSC chemical structure

Molecular freeze-out and deuterium fractionation (Bergin & Tafalla 2007)
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see also Di Francesco et al. 2007
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Nitrogen chemistry
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Fvidence of freeze-out:
the “missing” CO

C170(1-0) emission
(Caselli et al. 1999)

Dust grain
Molecules

freeze out «—ice coating
onto dust
gralns In the T~ graphite and
center of silicates
pre-stellar
cores =

Dust emission in a pre-stellar core

(Ward-Thompson et al. 1999)




Fvidence of freeze-out:
deuterium fractionation

Dust emission in the pre-stellar core D-fractionation increases

L1544 (Ward-Thompson et al. 1999) towards the core center
(~0.2; Caselli et al. 2002;

See also Bacmann et al. 2002; 2003 Crapsi et al. 2004, 2005)




Deutevium Fractionation at T < 20 K

H," + HD = + H, + 230 K Watson 1974
Millar et al. 1989

N, = N,D" + H,

2"\ co - DCO* + H,
H,D*/ Hjs* increases if the abundance of gas phase neutral
species decreases (Dalgarno & Lepp 1984; Roberts & Millar 2000)
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D-fractionation: o-H,D+*

ortho-H,D* and N,D* trace the same region (size ~ 5000 AU) =

Only models including

all multiply deuterated o Vastel et al. 2006

forms of H3* can (see also Parise et al. 2010)
reproduce these data

(Roberts et al. 2003;
Walmsley et al. 2004;
Aikawa et al. 2005;
Pagani et al. 2009)

Caselli et al. 2003+2008
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Environmental effects
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Protostellar feedback

B‘
Rosolowsky et al. (2008) |

Protostellar
feedback affects
the physical
conditions of the
surrounding cloud
(especially in

cluster forming apasey

Rosolowsky et al. (2008) |

regions).
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NH,, NH,D and the physical structure

* On size scale of ~800 AU:

* The
in the central 1000 AU

* The
in the central 3000 AU

* Loss of specific angular
momentum towards the small scales

N(NH,) @ VLA

8 (1400,AU

N(NH,D) @ PdBI '




Velocity gradients and the specific

angular momentum

Crapsi et al. 2007

L(NH,) ~ 5x102' cm2s'  L(NH,D) ~ 3x102° cm?2 s~

The loss of L towards the small scales is consistent with
observations in more evolved sources (Belloche et al. 2002).




Kinematics
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D-fractionation and ion fraction

LN

Wootten et al. 1979
Guelin et al. 1982
Bergin et al. 1998
Caselli et al. 1998

Dalgarno 2006

Uncertainties:
PAHs, PAH's

*neutrals (O)

~ortho:para H,
(Flower et al. 2006)




Radiative transfer
Analysis

« Contracting Bonnor-Ebert
sphere

« Simple CO chemistry (freeze-
out + photodissociation)

- Radiative energy balance
(+photoelectric heating)

* Radiative transfer

Line Brightness (K)

500 AU

’#
0 mN \:‘f.‘fwﬂw‘;{t‘.,\.}.;&lﬂf ' k ,
Keto & Caselli 2008, 2010 ’ Velocity (kms1)




N6: starless core in the nearest
cluster-forming region

1.3 mm

IRAM 30-m

1000 AU
SMA + 30-mH—

—

1000 AU
SMA —

BOURKE et al., submitted

— densest gas condensation in
Ophiuchus, the nearest cluster-
forming region (125 pc)

— half a dozen local maxima of

emission (dust and line; 10"

resolution; N,H* 1-0 Di Francesco et
al 2004; 1.3 mm Motte et al. 1998)

— starless dense core N6 is an
N,H* peak but not a dust
continuum peak (10 mdJy; 1000
AU and mass 0.01 M)

—warm at 20 K (NH,
observations with the GBT; Pon
et al. 2009)




N6: starless core in the nearest
cluster-forming region

+
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SMA + JCMT

Flux [Jy/beam]

N2H+ 3—2 Spectrum at integrated peak (box)

BOURKE et al., in prep.

T N6 Lisas

Size (AU)
N,H*(3-2)
N(N,D*)/
N(N,H")

Av (km/s) |0.25

N,H*(3-2)
M (M) 0.2 0.05
Within N,H*(3-2)

N,H*(3-2)




Deuterium fractionation in

star forming regions
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N,D*/N,H* can be used to trace
core evolution even after star
formation.
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low mass prestellar cores +

(Crapsi et al. 2005)
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Class 0 protostellar cores

— massive prestellar cores
— (Fontani et al. 2006)
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IRJZlSO5345+31 57 a young

:in N D+(3 2)
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TRAS05345+3157: a younyg
massive star forming region

SMA + NRAO

map of the
CO(2-1) outflow
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Deuteration in massive star
’ 1ONs
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Fontani, Palau, Caselli, Butler, Tan + 2011




PSCs in quiescent high-mass IR-dark clouds

('l 1
«Zhang et al. (2909)

(see also Peretto & Fuller 2009, 2010; Ragan et al. 2009, 2011; Henning et al. 2010;
Peretto et al. 2010; Rathborne et al. 2010; Stamatellos et al. 2010)




IRDC: extended CO freeze-out

(Hernandez, Tan, Caselli + 2011)
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JTRDC: mu[t[t:p&a filaments and evidence of filament merging
(Henshaw et al., in prep.)

Filament 2 Filament 3

Filament 1

—,
&)
Q
o
= 0
o
il
)
=]

0 -50 50 0 —50

Ax (arcsec) Ao (arcsec) Ax (arcsec)




—
o
o
o
[A))
=3

S

=
E
]
o
c
:
[
¥
(o]

JRDC: extended SiO emission

Jimenez-Serra, Caselli, Tan et al. (2010)
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Summary

« Astrochemistry(+ observations!) needed to
study the initial conditions of star formation.

* Inter-core environment, protostellar
feedback, and gas-dust interactions affect
chemical/physical evolution (ages?).

: (i) isolated: quiescent, T .~6K,
f(CO) > 10, Dy, > 0.2 ; (ii) in cluster-forming
regions: more compact, warmer. Dy,
decreases with YSO evolution.

—highly deuterated (cold) cores nearby
HMPOs are affected by outflows.
—-IRDCs are the best candidates where to
find pre-star-cluster clumps (CO freeze-
out + D-fractionation similar to low-mass)




