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O
o ABSTRACT
(@)

Q\l Aims. Finding tracers of the innermost regions of prestellar e@eémportant for understanding their chemical and dynahgeolution before
the onset of gravitational collapse. While classical molactracers, such as CO and CS, have been shown to be stideyted in cold,
< dense gas by condensation on grain mantles, it has beeneztsabjliscussion to what extent nitrogen-bearing spesigsh as ammonia, are
> affected by this process. As deuterium fractionationfisient in cold, dense gas, deuterated species are exceerts of prestellar cores. A
™ comparison of the spatial distribution of neutral and iedizieuterated species with the dust continuum emissiorhegnprovide important
[N~ insights into the physical and chemical structure of sugiores.
1 Methods. We study the spatial distribution of the ground-state 3%5 line of ND,H in LDN1689N, using APEX, and compare it with the
distribution of the DCO(3-2) line, as well as the 350m dust continuum emission observed with the SHARC Il bol@neamera at CSO.
— Results. While the distribution of the NBH emission in LDN1689N is generally similar to that of the 3&M dust continuum emis-
C sion, the peak of the NfM emission is €iset by~10" to the East from the dust continuum and DC@mission peak. NEH and ND;
share the same spatial distribution. The observégeb between the NfH and DCO emission is consistent with the hypothesis that
*= the deuterium peak in LDN1689N is an interaction region leetvthe outflow shock from IRAS16293-2422 and the dense ainbie
ans. We detect thd = 4 — 3 line of H3CO" at 346.998 GHz in the image side band serendipitously. Thesdhows the same spatial
@) distribution as DCO(3-2), and peaks close to the 340 emission maximum which provides further support for thecktinteraction scenario.
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QO 1. Introduction by the submillimeter dust continuum emission. Whereas maps
N~ ofdsingly deuterated species have been published in maeg cor
anbine relatively large line intensities of e.g. DCON,D™* al-

8w easy mapping with state of the art detectors — mapping

O Deuteration of nitrogen compounds, such as ammonia
O NyH*, is spectacular in a number of environments includi

C.D ggg%c:gggé estu;h ;()Solé)ls;iv'\\ll g:sz ::a?lfofr?]?r?g;; Efggnzl'anmultiply deuterated species has proven to be a challengen gi
’ ) ! ) . e relatively low line intensities. Ceccarelli et al. Mhave
prestellar cores such as LDN1689N and Barnard 1 (Loinard_ef y 9

i . . ) Shown that the BCO emission is extended around the class
O al. 2001; Gerin et al. 2001; Lis et al. 2002a). The discussfon , protostar IRAS16293-2422. Rafiet al. (2005) present a

O the respective contributions of grain and gas-phase PEESES; 1 itad map of the NB ground-state transition at 309 GHz
in the deuteration is active, but no definite solution is yetila with the CSO in LDN1689N, which unfortunatelyfers from
able. The lack of detection of deuterated water in ices tdwa}’ather poor pointing accuraéy. Because the ground statgND
low-mass young stellar objects (YSOs) by Dartois etal. 001 o jines, at 335.5 for the ortho species and 335.4 GHz for
and Parise et al. (2003) suggests that “another mechan&am e pafa speéies (See Coudert and RO(2906) for NH; and

pure solid state chemistry may be active to produce very hiﬂ isotopologues line frequencies), are relatively grem6 K

deuterium enrichment in the gas phase.” in LDN1689N; Lis et al. 2006) and the atmospheric transmis-

Further constraints on the deuterium fractionation mec‘br . : : .
. N ) e on is good at this frequency, we have carried out the firgt ma
anisms are provided by the spatial distribution of deuéstat g g y i

. . LT of a doubly deuterated species in a dense core.
species, as compared with the molecular gas distributamett
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2. Observations appear at a blueshifted velocity compared to the cloud en-

. _ _ 1 — _
The observations have been carried out using the APEXE{Ope : Msp = 3.4 — 3.6 kms" versus Vs = 3.8 — 4.0
e

. . " Kkins™? for C'®0 and G’O (Stark et al. 2004). This velocity
2a 350 GHz receiver of the Atacama Pathfinder Experim . ; .
(APEX ). We combined data obtained during two perioddr} erence was first recognized by Lis et al. (2002b) who sug

: lested that it results from the shock interaction of the pewe
gggB“St.tiot?f ";‘\I”dHoftObe_r 2t(r)105|. The receer \was “t‘)”eﬁf blue lobe of the IRAS16293-2422 outflow with the dense
Wi e NDH lines in the lower sideband. The bac core. The blue lobe of the molecular outflow is interacting an

end was the facility MPIfR .Fast Fourier Spectrometer. We O@bmpressing LDN1689N, creating dense and cold post-shock
ig\slg(_jzg ;(;13.; of _10 zp;-;g%r;@tgw?;ds L!Z)tl\.11689&qzo(l)’? =k (gas, blueshifted relative to the cloud envelope. The datedr
S YAVASS 2000=—24:28:52.60). The pointing was checke pecies preferably sample this cold and dense materialuas de

_ i
regularly and foun_d accurac_t(_a t02 . 8". The obser_vatlons terium fractionation is moreficient at low temperatures and
have been taken in the position-switched mode with a ref('a]ri-gh gas densities. The large-scale CO and continuum maps
ence position located 24CEast of the source for the Augus

2005 data. The October 2005 data have been taken with atPrF sented by Lis et al. (2002b) and Stark et al. (2004) ptesen

erence position fiset by 10 in azimuth. Line and continuum c%nvmcmg e_wdence for this scenario. .
maps shown in Lis et al. (2002b) and Stark et al. (2004) show The spatial &set between DCOand NIxH provides ad-
that the source emission rapidly drops towards the East. ~ ditional support for the C-shock hypothesis. The DCion

The data have been corrected for the sideband gain dhcietected ahead of the neutral species;MDcloser to
the APEX main beamfliciency of 0.7 at 335 GHz. The tem-IRAS16293-2422. The spatial separation; 10r ~0.01 pc, is
perature scale used in this paper is the main beam brightn%%gs'sfe:gm with C-shock models with a pre-shock density of
temperature scale. Overall, the data calibration agrelewitél cm™ and a magnetic field of 360G (Lesdire et al. 2004),

the CSO spectrum presented by Lis et al. (2006). The FWHhich predict a total shock size of 0.04 pc. The deuterium
beam size of APEX is 78at 335.5 GHz. chemistry in shocks has been previously studied by Pineswu de

Foréts et al. (1989) and Bergin et al. (1999) iffelient con-
texts. Because of the sensitivity of deuterium fracticoratio
3. Results both the gas temperature and the molecular depletion, ¥-is e

Fig. ﬂ shows the average spectrum integrated over the m‘n%ff:r:ed thit ?]C(?(W'" bev\;ﬁiflo rr[r;ec%rsn;)rren:agldly tha2 [\w}lth
while contour maps are shown in F. 2. The ortho- and palja- te pos -St oc dgas. ) (?[N o f 0 ?. as soo ats) the
ND2H(111—0gp) lines are clearly detected with a mean intensi as temperature dropsfieient NDH formation requires bo

ratio of 2:1, reproducing the ortho-to-para statisticaighéra- old temperatures and significant C.O depletions, whichxare e
tio (Lis et al. 2006). We have also detected thEED" (4—3) pected to occur downstream (Bergin et al. 1999). A spaffal o

. . . . o could therefore exist between abundance peaks of'tDCO
Itl)g?oa\;\s 346.998 GHz n the image side band, which is d|scuss;é?]1td ND:H, as we have detected. More detailed shock models,

would be able to further test the validity of this scenario.

3.1. NDyH spatial distribution
_ _ o 3.2. ND2H abundance
Fig. E shows contours of the main NB emission at 335.5

GHz (in white) overlayed over a 350m continuum image. We have fitted the NEH spectra using the hyperfine fitting
The ND;H emission is clearly extended and shows an elonemmand in CLASS. Although the signal-to-noise ratio is not
gated shape generally similar to the dust continuum enmissibigh enough for securely deriving the line opacity at allipos
The limited ND; map shown by Rouget al. (2005) shows the tions, it is clear that the maximum opacity coincides witk th
same elongated pattern. Over the limited extend of thgHND maximum signal. The opacity derived for the average of all
map, the line and continuum emissions are positively cateel positions excluding (200”) is 0.2+ 0.48, and the correspond-
with a correlation coficient of 0.29. This rather weak correlaing excitation temperature is83 K, in good agreement with
tion is due to the dference in peak positions of the MB line Lis et al. (2006). The spectra show some indication of higher
emission with respect to the continuum peak, the;NBmis- line opacity, and lower excitation temperature{ 3.11 + 1.5;
sion beeing fiset by~10" to the East of the dust contimuumTe = 5 + 1 towards the two positions with highest intensities
emission maximum. Thisftset far exceeds the pointing uncerf0,-10") and (0,-20).

tainties ¢2 - 37). The ND,H column densities have been derived assuming
The right panel in Fig]2 shows an overlay of the MDcon- optically thin emission, LTE and using a uniform excitation

tours on a DCO(3-2) map (Lis et al. 2002b). The NB peak temperature of 5 K. They are listed, together with theckl-

is clearly dfset from the DCO peak too. RCO (Ceccarelli ymn density derived from dust continuum measurements in

et al. 2000), N (Roudf et al. 2005), NRH (Loinard et Taple[]. We use the 350m dust continuum map obtained

al. 2001, Rouf et al. 2005), DCO (Lis et al; 2002b), all with SHARC Il at the CSO (Fig[]2), and a a dust opacity of

! This publication is based on data acquired with the Atacarfaso = 0.07 cnfg corresponding taseo = 0.005 cnfg™
Pathfinder Experiment (APEX). APEX is a collaboration betwe (Ossenkopfé& Henning 1994) for a dust emissivity ingex 2,
the Max-Planck-Institut fir Radioastronomie, the Euamp&outhern and a dust temperature of 16 K (Stark et al. 2004). Thei@b0
Observatory and the Onsala Space Observatory. continuum fluxes are in fair agreement with the values regbrt
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Fig. 1. Left : Full spectrum averaged over the map. p4MQL;; — Ogo) at 335.446 GHz, 0-NBH(111 — Ogg) at 335.514 GHz and
H3CO" (4-3) at 346.998 GHz (in the image side band) are detectgtit REnlargement showing a fit of the hyperfine structure
of the 0-ND:H line. The temperature scaleTg,, (K) and the velocity scale is relative to the LSR.
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Fig. 2. Left: Color image of the 350m dust continuum emission obtained with SHARC |l at the CSiyvolved to 20 angular
resolution. The intensity scale is given ifdgam. White contours show the integrated intensity of th&eH line at 335.5 GHz,
with contour levels from 0.25 to 0.45 Kkmiswith 0.05 Kkms* spacing. Black contours show the integrated intensity ef th
H3CO*(4-3) line at 346.998 GHz, with contour levels from 0.25 t870Kkms* with 0.125 Kkms? spacing. The map center
IS a2000 = 16:32:29.4709,000 = -24:28:52.60. Right: The same contours plotted on a D@&2) map (Lis et al. 2002b).

by Stark et al. (2004), but on the lower side: we detect a mawerk (Lis et al. 2006). NDH appears to be remarkably abun-
imum intensity of 16 Jy in a 20" beam, to be compared wittiant in this dense core. For the three positions where teliab
194 + 2.3 Jy in Stark et al. (2004). This dicrepancy may bBD3; data exist (Roug et al. 2005), the [NB]/[ND2H] abun-
an indication that some low-level entended emission igéitte danceratiois 0.01—0.02, and seems to increase with inogeas
out in the SHARC Il image, which has been obtained in tiéD,H column density.

“AC-biased mode”, without the secondary chopper. The tesul

ing H, column densities reported in Talﬂe 1 could therefore be 13

affected by this 35% uncertainty. 3.3. H*CO*

The H column density ranges from.Bx 107 cm? to A relatively strong line is detected at the lower end of the ve
7.2x10%? cm? across the map. The correspondingiiabun- locity range in Fig|:|1. Careful tests have been performeagusi
dances varies from®x 1072 to 26 x 107 relative to B, with  the CSO and APEX telescopes for identifying this line. Intir
a mean value of .8 x 107°, in good agreement with previousout that the line can be assigned to the= 4 — 3 transi-
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Table 1.
Position v oV N(ND,H):  N(ND3)2  N(H.)?
(arcsec) kmg kms? 108 cm? 102 cm? 102 cm?
-10,10 363+£0.02 033+0.03 98+ 2 41+ 5
10,0 353+0.02 020+0.07 36+1 31+ .5
0,0 356+002 040+0.05 127+ 2 1.5 51+ 5
-10,0 362+ 0.02 039+0.05 100+ 2 59+ 5
-20,0 375+ 01 08+0.3 89+2 54+ .5
0,-10 360+ 0.02 030+0.05 158+ 2 58+ .5
-10,-10 370£0.05 055+0.1 117+2 1.8 71+ .5
-20,-10 355+0.02 026+0.05 46+ 1 57+.5
0,-20 369+ 0.02 045+0.06 127+ 2 2.6 52+ .5
-10,-20 372+ 0.03 058+0.08 89+2 65+ .5

1 Derived assuming LTE antl, = 5 K. 2 Rouef et al. (2005) Derived assuming s = 16 K andkssg = 0.07 cn?g.

tion of H3CO* at 346.998 GHz seen in the image side banBartois, E., Thi, W.-F., Geballe, T. R., Deffie, D., d’'Hendecourt, L.,
At APEX, when the system is tuned to NB, the H3CO" line van Dishoeck, E., 2003, A&A 399, 1009

falls 16MHz outside the 1GHz wide IF band, but is aliased ba&érin, M., Pearson, J. C., RdiieE., Falgarone, E., Phillips, T. G.,
into the signal band. The band edge IF filter attenuatestige li 2001, ApJ551,1193 . X

intensity, therefore the correct intensity scale has betabe Lesjl;rs I;.A,r?Chleze J.P., Cabrit S., Pineau des Foréts G., 2084, A
lished by comparing the original data with addlltlonal measu Lis, D. C.. Roudt, E., Gerin, M., Phillips, T. G., Coudert, L. H., van
ments taken with APEX on May 22nd, 2006 with th&*80* d )

. . . er Tak, F. F. S., Schilke, P, 2002a, ApJ 571, L55

I!ng centered in the signal band. The 2005 data have been np_%: D. C., Gerin, M., Phillips, T. G., Motte, F., 2002b, Ap8% 322.
tiplied by 2.5 to match the properly tuned 2006 data. We hayg p.c. Gerin, M., & Rouf, E. 2006, ApJ 636, 916

checked that the spatial distributions df80* (4-3) agree rea- | ginard, L., Castets, A., Ceccarelli, C., Caux, E., TielehsG. G. M.,
sonably well between both dataset$3€0 (4-3) has a more 2001, ApJ 552 L163

sharply peaked spatial distribution than MD(Fig. E), which Parise, B., Simon T., Caux, E., Dartois, E., CeccarelliRayner, J.,
is very similar to the DC®(3-2) map obtained at the CSO (see Tielens, A. G. G. M., 2003, A&A 410, 897

right panel of FigDZ). Ossenkopf V., Henning T., 1994, A&A 291, 943
Pineau des Foréts G., Rdli€., Flower D.R., 1989, MNRAS 240,
167.
4. Conclusions Roudf, E., Ting, S., Coudert, L. H., Pineau des Foréts, G., Faltg

. . . E., Gerin, M., A&A 354, L63
1. We show that the NfH emission is extended in theRoudf, E., Lis, D. C., van der Tak, F. F. S., Gerin, M., Goldsmith, P.

LDN1689N dense core. The abundance relative 1pde- E 2005 A&A 438. 585
rived from LTE, is~ 1.8 x 10, which makes NBH  giarc R sandell, G., Beck, S. C., et al., 2004, ApJ 608, 341

a remarkably abundant molecule in this dense core. Th@e, S., Rouf, E., Falgarone, E., Gerin, M., Pineau des Foréts, G.,
[ND3]/[ND2H] abundance ratio is 0.01 — 0.02. 2000, A&A 356, 1039

2. The NBH emission is spatiallyfiset from the dust contin-
uum DCO (3-2) and H3CO*(4-3) emission by 0.01 pc,
and appears to be blueshifted relative to the cloud envelob
Both findings are qualitatively consistent with the scemari @'o_nglage 4
of the formation of the LDN1689N dense core by the intefRAS16293—2422’ on page 4
action of the blue lobe of the IRAS16293-2422 molecular

outflow with the ambient material. Detailed models could
further test this scenario.
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