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| What is a prestellar core?

“

% Typical Ilf‘ '“"- "

NI q'“ o 25 ;: \
v Very low central gas and dgﬁ’tempemture (‘< 10 K)

& High density (=108 cm-3)

v¢ Enhanced molecular deuteration
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Gas phase
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R Mpdlflcatloq of the.deute.rlum chemlstryL

Longtime search for H2 ?lllllps et al. (1985) Pagam et aI
0 (1992), van Dlshoeck 1992), Boretko: & Betz (4993). s .
T D.etecteQ/ Sta,rk et al. ( 1‘99@ a@Caselll et al. (2003) o

» Search fc>r-D2H+ starting in 2002 s Whae i B 4

4
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New models
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Roberts et al. 2003
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First detection of D,H*

v¢ Dense (>10° cm-3), cold (<15 K)
prestellar core: 16293E

para-D,H* /ortho-H,D*~ 0.75 + 0.37

X(H,D*) ~ x(D,H*)=[10-10-10-11]

10K 15K
Ortho/pam H,D* and D, H+? Vastel et al. 2004
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CS+O beam
HpD™ (140-144)

Aé [arcsec]

IRAM beam
NH* (1-0)

IRAM beam

Aa [arcsec

astel et al. in preparation

Detection of the H,D* (1,o-14,) line (Caselli et al. 2003)
Analysis of the line shape profile (van der Tak et al. 2005)
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Hy* + N, — NoH* + H,

N(CO)

Similar CO and N, binding energies
NLH* + CO — HCO* + N,

CO and N, freeze out

0 20 40 60 80 100

2

ot
8t
6k
4t
2k
0

20 40 60 80 100 0 20 40 60 80 100
N(N,H*) N(N,D*)

(10" cm®)
o = N w -h ($)]

20 | 40 60 80 100 0 l 20 40 60 80 100 N2H+ Observed to survive
Norho-H,D' PN longer in the gas phase at
L ' n~10% cm-3 compared to CO
(10° cm3)

(10" em?)
O A =2 DML
o011 O 010 10O

0 20 40 50 80 100 0 I20 ;0 60 80 100 Vastel et al- in preparation
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N(CO)

AH% 1 ~ 1 - H,y* + CO — HCO* + H,
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Correlations

{ . HyD* dominates the
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Chemical parameters space exploration

Ceccarelli & Dominik (2005):
v Cosmic ionization rate
e v Age of the cloud

1.1 10° years; 0.1 um; 3 107'%, 3 107", 3 1078 s~ : :
o-® v Grain radius

I—> cf C. Ceccarelli’s lecture

D Comparison between the
B A observed o-H,D*, p-D,H* and
=l the modelled values for the
total (o+p) abundances.

4 6 8 10
depletion factor depletion factor

Vastel et al. in preparation
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H,D* ortho/para ratio

parameters ﬁ H,D* £D.HF Com parlson
cosmic io(nizl'c;tion rate ( age ) gra,i(n ra.)dius between the
S years pHm
observed o-H,D",
3101 1.1 10° 0.05 1.07
31017 1.1 10° 0.1 zo 15 p-D,H" and the
3 10-17 1.1 10° 0.2 < 0.55 modelled values for
310+ 1.110° 0.1 < 0.29 h I +
310~ 1.1 10° 0.1 < 0.29 t € tOta (O p)
310-17 1.1 10* 0.1 < 0.29 abundances.
3ap1 1.1 10° 0.1 < 0.29
31017 1.1 30° 0.3 < 063
310" 0 00 1) 0.4 No solution
3102 1.110° 0.4 < 11.81
310 1.1 104 0.4 < 11.81

o/p H,D* =2 0.3 | |
(Flower et al. 2004) Grain radius = 0.3 um

Grain coaqulation ?
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Vastel et al. (in preparation)
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H,D* and D,H* large scale survey

Collaborators: C. Caselli, C. Ceccarelli, A. Crapsi,
F. van der Tak...

Sample of pre-stellar cores and protostars

Detection in 75 % of the pre-stellar cores with
05=<T,,=1K

Deuterated forms of Hy™ are unique tracers of the core nucleus, the future stellar cradle.

Unverling the initial conditions of the star formation processes
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Platform

Pegspectives

Available

H,D*

D,H*

T10-144
(372.4 GHz)

101000
(1.37 THz)

1107101
(692.7 GHz)

144-0g0
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N

Y

Airborne
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&
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