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Abstract. We report the first search for line emission from onthe sky. The searches were, however, unsuccessful: Combes et
of the simplest amino acids, glycine, from a solar type protostat, (1996) eventually argued that the upper limit which they ob-
IRAS16293-2422. Previous searches for glycine have been daimed (N(Glycine)~ 5x 102 cm~2) cannot be further lowered,
ried out on bright massive star formation regions, so far withoas in their search they had reached the line confusion limit.
success. Recent observations show that although less luminousAlthough high mass protostars were the first regions in the
solar type protostars also harbor complex molecules and n@glaxy in which complex molecules were detected, it is now
even be more favorable than massive protostars for the forrokear that low mass protostars are also intense factories of com-
tion and survival of complex molecules. plex molecules, and that their neighborhood may provide an
We did not detect any emission associated with glycine froeven more favorable environment for the formation and survival
IRAS16293-2422. Based on these observations, we claim tb&tomplex molecular species (van Dishoeck & Blake 1998). For
the glycine column density is less thans x 10'2cm~2. Using example, the doubly deuterated formaldehyde&D is about
information we have on the structure of the envelope surrourf2D times more abundant in the solar type protostar IRAS16293-
ing IRAS16293-2422, we derive an upper limit to the glycin2422 (hereinafter IRAS16293) than in Orion (Ceccarelli et al.
abundance of~ 1 x 1079 in the cold outer envelope and1998; Loinard etal. 2000). A search of two dozen protostars con-
~ 7 x 1077 in the hot core, respectively. These observatiofismed that low luminosity protostars have similar high abun-
challenge recent theoretical estimates of glycine abundancel@mces of RCO with respect to HCO (~ 0.1), whereas high
solar type protostars. luminosity protostars have much lower abundancesd(01)
(Loinard et al. in preparation).
Key words: stars: formation — ISM: abundances — ISM: indi- We have recently argued that solar type protostars, like their
vidual objects: IRAS 16293-2224 — ISM: molecules — infrareanore massive counterparts, also possessores where dust
ISM: lines and bands and gas temperatures exceed 100K (Ceccarelli et al. 2000a,b).
Our claimis based on the simultaneous modelinggdHD, SiO
and H,CO line emissions from IRAS16293 by means of an ac-
curate model of the structure of the protostellar envelopes (Cec-
carelli et al. 1996). Additional evidence suggesting the pres-
Since the discovery of the first molecules in space in the 194@1ce of such hot cores inside low mass protostars is provided by
(e.g. Adams 1941), the number of molecules detected and idBR observations of the £#0 and CO absorption lines in EI 29
tified has increased to more than one hundred. With the increfi8eogert et al. 2000), a relatively evolved solar type protostar.
in detections came an increase in the complexity of the detectacsuch hot cores the grain mantles evaporate, injecting plenty
molecules (e.g. Guelin etal. 1998). Itis now clear that moleculaicomplex molecules in the gas phase, as is the case for massive
clouds, and in particular clouds harboring newly formed stafst cores. In these cases, the so called “high temperature-driven
are extremely efficient factories of rather complex moleculeschemistry” produces even more complex molecules (Charnley
The identification of more complex molecules fueled thet al. 1997). A recent search suggests that formaldehyde has
search for amino acids - the pre-biotic molecules - in spa@ abundance- 10~? in the hot cores of massive protostars
Glycine (NH,CH,COOH) is one of the simplest amino acidgvan der Tak, van Dishoeck & Caselli 2000). We have found
and therefore a privileged object of several detection attempt€0 times more KICO in the hot core of the solar type protostar
The first attempts were carried out on high mass star formitfgAS16293 (Ceccarelli et al. 2000b). Whether hot cores in low
regions like SgrB2, Orion and W30OH (Brown et al. 1979; Holmass protostars are chemically richer than in massive protostars
lis et al. 1980; Snyder et al. 1983; Guelin & Cernicharo 198% not clear, butitis likely that they have different chemical com-
for the reason that they are the most luminous FIR sourcesp@sitions. In our opinion, solar-type protostars with signs of hot

1. Introduction
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cores may have a better chance of having detectable amountibfe 1.List of glycine a-type transitions in the two observed frequency
glycine than do massive protostars. ranges. The last two columns report the frequencies and low level

The conditions that may make low mass protostars mateergy of each transition.
favorable for searching for glycine than massive protostars are:

a) their longer evolutionary timescale, which allow more timgonformer

Transiton v (GHz) E (cm™)

for the accretion and/or synthesis of molecules in the mantld 162,15-152,14  101.2214 27.1
b) the less harsh environment to which molecules are exposed in 145,11-135,00 ~ 101.2437 23.6
the gas phase, which increases the probability of their surviv‘ﬁ;tl. 161,15-151,14  101.3390 27.1

. . . 146,8-136,7 101.1927 29.6
Finally, the only place in the Universe where the presencepf 145.10-135.6 101.4249 273

amino acids has definitively been shown is our planetary systerm,
i.e. around a solar type star. Even though this does not implyI at

326,27-316,26 216.3297 122.4
3110,21-3010,20 216.3614 129.9

all that amino acids are formed_in the protostellar phase it ig a 335 20-325.05  216.5415 1255
further reason to search for glycine around solar type protostars. 33420-32105  216.5880 125.5

In this article we describe the first search for glycine carrigd 344,31-334,30  216.8046 128.0
out on a solar type protostar. After presenting the results of qur 34331-33330  216.8063 128.0
observations (Se¢fl 2), we discuss in Sect. 3 the upper limitito 30724-29725  216.4200 115.8
the glycine column density and abundance that we derive frdim 3013,18-2913,17  216.4270 140.9
these observations and compare them with model predictiorb. 3013,17-291316  216.4270 140.9

2. Observations and results ) _ o _
We searched for glycine line emission from two posi-

We searched for glycine line emission from IRAS16293, a wglbns: the center of IRAS16293, a(1950) =16229™2059 and
studied solar type protostar in theOphiuchus complex (dis- 5(1950) = 24°22/13”, and a position 20 south, where there
tance 120 pc: Knude & Hog 1998). The observations were pgf-3 peak in the deuteration of formaldehyde (see below). The
formed on Mar 18, 2000 with the IRAM 30m telescope neghservations were performed in position switching mode with
Pico Veleta (Spain). the OFF position located &t= -180’ anda = 0 from the cen-

The two conformations of glycine with the lowest energiegy of IRAS16293. The total usable ON+OFF integration times
are called conformer | and Il respectively, where conformer g each position were 50 minutes at 1.3mm and 115 minutes
is ~ 700cm~* higher in energy than conformer | (Lovas et algt 3mm, yielding rms’s of about 10 mK per MHz channel at
1995). Both conformers have numerous rotational transitio mm and 4 mK at 3mm. The beam sizes aré &id 11 at
(~ 25000) in the radio to millimeter wavelength range (Picket§ mm and 1.3 mm respectively.
etal. 1998). Although higherinenergy, conformer Ilhasadipole Fig. 1 shows the observed spectratowards the center dnd 20
moment~ 5 times larger than that of conformer | in a-typeouth of IRAS16293 at 1.3 mm and 3 mm respectively. No lines
transitions (Brown et al. 1978 and Suenram & Lovas 197&e seen where glycine transitions are expected, implying a 1
Finally, a-type transitions of conformer | have a slightly highqgpper limit to their signal of J,,Av< 0.014 Kkms~! in the
dipole moment than b-type transitions. 1.3mm band anet 0.012 Kkms~! in the 3mm band respec-

In our search for line emission from glycine we selectegiely, assuming that the line is unresolved down to the resolu-
two observable frequency ranges: 216.305-216.815 GHziigh of the background spectrometer (1.4 kmh and 3.0kms'!
1.3mm and 101.150-101.665 GHz at 3mm. These bands 441 .3 mm and 3 mm respectivély)
clude glycine lines expected to be among the strongest and ¢ js worth noting the richness of the spectra in the central
whose upper level energies are relatively low 200cm™), position (Fig. 1), which disappears in the”2fosition. In the
i.e. a-type transitions of conformer |. Besides, lines in the safigyre, we report tentative identifications of the detected lines,
band have similar level energies and line strengths, which makgged on the coincidence of a transition with the line frequency.
it possible to lower the upper limit of the line intensity, averagingpyiously, mere coincidence does not constitute a definitive
them together (see Discussion). Finally, in the selected bangdgntification for the large molecules in the figure, as these mo-
a few conformer Il a-type lines are also present. The list of thecules have multiple transitions in the millimeter range: more
glycine a-type transitions in the observed frequency ranges s in other frequency bands are necessary to definitively iden-
reported in Tablell. In total, we have 9 a-type transitions froffy them. Nevertheless, the many lines detected from the central
conformer I and 5 transitions from conformer I1. position almost certainly reflect the presence of large molecules.

Two dual 1.3mm/3mm receivers were used simultaneoustyose molecules are not seer 2@uth, in the cold and dense
to observe the two frequency ranges. Each receiver was cgRyelope surrounding IRAS16293 (Ceccarelli et al. 2000a,b).
nected to a filterbank of 256 channels, each 1 MHz wide. Th§e 20/ south position in particular was chosen because the

receivers were tuned in single side band and the image side bgpgbly deuterated formaldehyde, shown tobel0% of the
rejection was always higher than 10 dB. The system tempera-

ture throughout the observations was 120K at 3mm and 240 K Several previous observations show that the linewidths of low en-
at1.3mm. ergy transitions are- 2kms™! (e.g. van Dishoeck et al. 1995).
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Fig. 1la—d.The spectra of the glycine line emission from IRAS16293 in the 3 mm (left panels) and 1.3 mm (right panels) bands. Upper panels
refer to the central position while lower panels to th€ 20uth position (see text). Line frequencies of the glycine are marked by arrows. The
identification of the other lines is based only on the line coincidence with a transition of the marked species, not necessarily implying a real
detection of the species (see text).

formaldehyde of this source (Ceccarelli et al. 1998; Loinard ehere 7 is the partition functionS,; is the line strengthy is

al. 2000), has a peak emission in this position (Ceccarelli et #le dipole momentE,, is the upper level energy, T is the gas

in preparation). The absence of line emission from large motemperature and,] is the background temperature.

cules in the envelope may suggest that the large molecules areThe three lines of conformer | in the 3 mm band all have sim-
indeed formed in the interior of the envelope, probably in thiar upper level energies{ 27 cm~!) and line strengths< 15).

~2" hot core probed by thed4®D, SiO and HCO line emission We therefore averaged the three lines together to increase the
(Ceccarelli et al. 2000a,b). In principle, it may be due to difietection sensitivity. No line appears at a level of 7 mK krh.s
ferent excitation conditions rather than to a different chemicdéle performed the same analysis for the six lines in the 1.3 mm
composition: however, in LTE conditions, a change of tempedsand (level energies- 125cm™1, line strengths~ 30) and
ature from 20 K to 100 K would imply a gain of a factor 3 onlyderived an upper limit of 6 mK knvs'. Using the molecule pa-

in the population of levels at 30 cm~!, a factor smaller than rameter values quoted by Combes et al. (1996), we obtained the
the dilution factor given by the-2" hot core size (the dilution curve of the upper limit of the glycine column density as a func-
factor is~ 30 in the 1.3 mm band and higher in the 3 mm bandjion of the gas temperature, shown in Fig. 2. Depending on the
gas temperature, or in other words on where the glycine is sup-
posed to originate, the upper limit of the glycine column density
(averaged on the beam) varies from 0.7 to 1 %'3 cm~2 for
Assuming that the glycine lines are optically thin and LTE popiemperature varying from 20K to 100 K. Using the density and
lated, the T, upper limit is directly proportional to the columntemperature structure of the envelope surrounding IRAS16293

density of glycine through the relation (Combes et al. 1996):(Ceccarelli et al. 2000a), we can convert the upper limit of the
glycine column density into an upper limit of the glycine abun-

3. Discussion

) 3Z TupAv k dance. In the cold envelope, the glycine abundance is therefore
N(gl = — - E,/kT ' e ’ ! :
(glycine) 83 2SSy exp[Eu/kT] X < 1x 10719, The limit of the abundance in the hot core is much
explhv/kT] — 1 -1 higher, because of the dilution facter §0 using the 216 GHz

_ 1 1 . —9
oxp[hv /R Tag] — 1 (1) lines):< 7 x 1077,
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20 ray irradiation of the grain dirty mantles. An experiment where

ice composed of water with small amounts of formaldehyde
and methanol (similar to that found around protostars) was illu-
minated by UV radiation resulted in the synthesis of quinones
(Bernstein et al. 1999). Whatever the actual route of formation,
if formed on grain mantles glycine would be released into the gas
phase near the center, when the dust temperature exceeds 100 K
(the ice sublimation temperature) in the hot core region. Of
course, the survival of glycine in the harsh environment around
protostars, where X-rays and UV photons are copiously emit-
ted, may be difficult (Ehrenfreund, Bernstein, Dworkin, Sand-
ford, Allamandola, in preparation). Our observations show that
ool ~ glycine is7 x 10~? less abundant than molecular hydrogen in
o 100 150" the hot core region. Further searches at higher spatial resolutions

as temperature (K) e ;

could help to set a lower limit on the glycine abundance.

Fig. 2. The upper limit of the glycine column density as function of the
gas temperature. The solid line refers to the conformer | a-type lines in
the 101 GHz band; the dashed line refers to the 216 GHz band Iineé.‘
We have reported the first search for glycine in a solar type
protostar. Our search was unsuccessful and provides an upper

As already mentioned, glycine is among the simplest amif{glit for the glycine column density of 5 x 10'*cm™ in
acids. A few theoretical studies have recently been performiég cold envelope and consequently to the glycine abundance
to assess the possibility of glycine formation in space. There &g 1 x 107'7. In the hot core, our upper limit on the glycine
two classes of such models for large molecule formation: the fifundance is worse because of the beam dilutiofi:x 10~°.
describes the formation of large molecules via reactions occtife discussed briefly that these observations already challenge a
ring in the gas phase (e.g. Millar et al.1997), while a second cld§§ently published model of glycine formation in the gas phase
considers molecule formation on the grain surfaces (e.g. Tieldh&akrabarti & Chakrabarti 2000). Deeper searches directed
1983). Glycine formation in the gas phase was recently studi@yvards solar type-protostars may, however, still detect traces
by Chakrabarti & Chakrabarti (2000). In this model, the authof$ 9lycine, as we have not yet reached the confusion limit, like
computed the glycine abundance in the envelopes surroundf'e case of massive protostars (Combes et al. 1996).
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surprising: in their chemical model, Chakrabarti & Chakrabarti

(2000) used the UMIST database (Millar et al. 1997) where th?@éferences

have added several new species and reactions. In particular, the

have assumed that glycine is formed from successive neutfflams W.S., 1941, ApJ 93, 11 _

neutral reactions with rate constants taken ta@e'° cng s—1 Bakes E., Wr?\Ich_S., Bauschlicher C., 1999, In: Bioastronomy 99: A
(temperature independent). Such rapid reactions are unusua!aforj\'ew Era in Bioastronomy

. . . .Bernstein M.P., Sandford S.A., Allamandola L.J., 1999, Scien. Ame.
neutral species and always involve radicals (open-shell species 281, 26

Inthe case of glycine, since only stable (closed-shell) species gfg,, R’.D. Godfrey P.D., Storey J.\W.V., Bassez M.-P., 1978, J. Chem.
involved in its formation, the rate constants used by Chakrabarti comm. 547 ’ ' T

& Chakrabarti (2000) are probably largely overestimated.  Brown R.D., Godfrey P.D., Storey J.W.V., et al., 1979, MNRAS 186,
As previously stated, it is possible that glycine (as well as 5p

other large molecules) forms on grain surfaces due to multifdeogert A.C.A., Tielens A.G.G.M., Ceccarelli, etal., 2000, A&A 360,

reactions on the grains which act as catalysts. Recently Bakes683

et al. (1999) reported a study of glycine formation on grafaeccarelliC., Hollenbach D.J., Tielens A.G.G.M., 1996, ApJ 471, 400

surfaces although exact estimates of abundances are not efCHT96) _ _

available. Charnley (1999) and Ehrenfreund & Charnley (2006yfccare”'c" Castets A., Loinard L., Caux E., Tielens A.G.G.M., 1998,

. ! . . A&A 338, L43
suggested that amino acids can form by combination of gEE,se'ccarelli C., Castets A., Caux E., et al., 2000a, A&A 355, 1129

grain chemistry involving evaporation of alcohols, amino alc@gccarelii C., Loinard L., Castets A., Tielens A.G.G.M., Caux E.,
hols and formic acid and exothermic reactions which lead to the 2000b, AgA 357, L9

synthesis of glycine and other amino acids in hot cores. Anotlt@akrabarti S., Chakrabarti S.K., 2000, A&A 354, L6

possibility is the synthesis of glycine as a result of UV or XEharnley S.B., Tielens A.G.G.M., Rodgers S.D., 1997, ApJ 482, L203

\

Cec b e e e

\

1.5

\

216GHz

1.0

101GHz

0.5

Glycine Column Density (10%3cm?)

(=}

Conclusions



1126 C. Ceccarelli et al.: Search for glycine in the solar type protostar IRAS 16293-2422

Charnley S.B., 1999, In: The Bridge between the Big Bang and Biolo§illar T.J., Farquhar P.R.A., Willacy K., 1997, A&AS 121, 139
Combes F., Nguyen-Q-Rieu, Wlodarczak G., 1996, A&A 308, 618 Pickett H.M., Poynter R.L., Cohen E.A., et al., 1998, J. Quant. Spec-

Ehrenfreund P., Charnley S.B., 2000, ARA&A in press trosc. & Rad. Transfer 60, 883

Guelin M., Cernicharo J., 1989, In: Winnewisser G. (ed.) Physics aBayder L.E., Hollis J.M., Suenram R.D., et al., 1983, ApJ 268, 123
Chemistry of Interstellar Molecules Suenram R.D., Lovas F.J, 1978, J. Mol. Spec. 72, 372

Guelin M., Neininger N., Cernicharo J., 1998, A&A 335, L1 Tielens A.G.G.M., 1983, A&A 119, 177

Hollis J.M., Snyder L.E., Suenram R.D., Lovas F.J, 1980, ApJ 24idan der Tak F.S., van Dishoeck E.F., Caselli P., 2000, A&A in press
1001 van Dishoeck E.F., Blake G.A., Jansen D.J., Groesbeck T.D., 1995,

Knude J., Hog E., 1998, A&A 338, 897 ApJ 447, 760

Loinard L., Castets A., Ceccarelli C., et al., 2000, A&A 359, 1169 van Dishoeck E.F., Blake G.A., 1998, ARA&A 36, 317



	Introduction
	Observations and results
	Discussion
	Conclusions

