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ABSTRACT

We previously reported the spectral detection of the first interstellar sugar, which is known as glycolaldehyde
(CH,OHCHO), by observing six separate millimeter-wave rotational transitions with the NRAO 12 m telescope
while pointed toward the Sagittarius B2 North hot core source known as the Large Molecule Heimat (LMH)
source. In the present BIMA array work, we have spatially mapped Sgr B2 using,4h&,8ransition of
glycolaldehyde at 82.4 GHz. We find that glycolaldehyde has a spatial scal@Odfunlike its isomers methyl
formate and acetic acid, which are concentrated in the LMH source that has a spatial s%{leVi#é estimate
that the relative abundance ratios of (acetic acid) : (glycolaldehyde) : (methyl formatejl a@5 : 26 within
the LMH source. It is likely that the conditions of the LMH source favor the chemically reactive nature of
glycolaldehyde over its isomers and other large molecules such as dimethyl ether. The ensuing chemistry leads
to glycolaldehyde destruction in the LMH source and glycolaldehyde survival outside of the LMH source in
extended cloud extremities. This scenario is supported by comparison of line widths, which shows that glycol-
aldehyde possesses a factor of 2—3 greater line width than those of other complex molecules that are confined
largely to the LMH source.

Subject headings: ISM: abundances — ISM: clouds — ISM: individual (Sagittarius B2) — ISM: molecules —
radio lines: ISM

1. INTRODUCTION 2. OBSERVATIONS AND RESULTS

The recent identification of interstellar glycolaldehyde, the  Observations of glycolaldehyde were conducted with the
simplest possible aldehyde sugar, was accomplished by obBIMA array in the C (2000 July 11, 20, 22 and October 29,
serving six spectral transitions toward Sagittarius B2(N-LMH) 31), D (2000 October 21), and B (2001 January 19, 21) con-
with the NRAO 12 m telescope (Hollis, Lovas, & Jewell 2000). figurations with baselines ranging between 7 and 240 m, which
The telescope half-power beamwidths employed weB&’, correspond to~A\1900 and~A66000, respectively. The J2000
~84', ~T7', ~68', and~61" at the 71, 75, 82, 93, and 103 GHz phase center positions used were the nominal position of Sgr
observing frequencies, respectively. Since the detection of in-B2(N-LMH) at o« = 17"47"19.8ands = —28°22'17 during
terstellar glycolaldehyde was a classic spectral identification the summer of 2000 and a position located between the north
with a single antenna of considerable beamwidth, no detailedand main continuum positions at = 17"4719.8 ard=
spatial information was obtained. Hence, we subsequently pro-—28°22' 39’ for the remaining dates. The primary beam size
posed to determine the spatial extent of thg-8, transition was 22 at the 82.4 GHz observing frequency, and system
of glycolaldehyde at 82.4 GHz with the Berkeley-lllinois- temperatures near source transit ranged fr&w0 to~900 K.
Maryland Association (BIMA) array because this particular Data were calibrated, mapped, CLEANed, and self-calibrated
transition is, at present, the strongest glycolaldehyde emissionusing the MIRIAD package. The correlator was divided into
line detected and apparently free of contamination from other four frequency windows, each with a bandwidth of 50 MHz
molecular species, and this transition can easily be comparedcand 128 channels, resulting in a spectral resolution of
to a strong blend of ethyl cyanide and three dimethyl ether 0.39 MHz (~1.42 km s*) per channel. Spectra at the Sgr B2(N-
lines that are in spectral proximity. We expected the glycolal- LMH) and Sgr B2(M) positions for the four correlator windows
dehyde transition to spatially map like other large interstellar shown in Figure 1 were extracted from the resulting CLEAN
molecules found in the Large Molecule Heimat (LMH) source, images assuming an LSR source velocity of 64 krh(see
and, in particular, like the very abundant and ubiquitous in- Mehringer et al. 1997). Spatial images of the Figure 1 spectral
terstellar molecule methyl formate, which is an isomer of gly- features (i.e., blend of ethyl cyanide—dimethyl ether, glycol-
colaldehyde and acetic acid. Hence, we proposed to simulta-2ldehyde, and methyl formate) and underlying continuum emis-
neously observe both thg87,, transition of glycolaldehyde  sion are shown in Figure 2 for a uniformly weighted synthe-
and the ethyl cyanide-dimethyl ether complex in one BIMA Sized beamf16 x 1161 P.A.= 0° ) and a naturally weighted
array correlator bandpass and a number of a-type and b-typeSynthesized beamiZ'3 x 519 RA. = 4° ).

methyl formate transitions in the other three bandpasses (see We expected that the BIMA array would produce an easy
Table 1). detection of the §-7,, transition of glycolaldehyde since the

NRAO 12 m telescope vyields a flux df5+ 0.2 Jy for this
" Earth and Space Data Computing Division, Code 930, NASA Goddard transition (Hollis et al. 2000). However, as Figures 1 and 2

Space Flight Center, Greenbelt, MD 20771. show, the flux recorded for glycolaldehyde by the BIMA array
? Department of Astronomy, University of Maryland, College Park, MD falls far short of those expectations. Figure 3 is a comparison
2037402' ment of Ast University of tlinois &t Urbana.Ch __ of glycolaldehyde spectra taken with the NRAO 12 m (FWHM
epartment of Astronomy, niversity of Tlinois at Urbana-thampaign. - heam of ~77') and the BIMA array (synthesized beam
1002 West Green Street, Urbana, IL 61801. " ” .
“National Radio Astronomy Observatory, P.O. Box 2, Green Bank, Wy ~12" x 6"), suggesting that most of the flux for a blend of
24944-0002. ethyl cyanide and dimethyl ether lines nearby is recovered but
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TABLE 1
PARAMETERS® OF MOLECULAR LINES OBSERVED TOWARD SGR B2(N-LMH)

2

Frequency E

Molecule Transition ~ Symmetry State (MHz) (cm™) (D? Figure 1 Flag
(1) (2 3) 4 (5) (6) (7)
(CH),0 ...ve. 11,613 o, AE + EA 82456.986(3) 437 9.6 A
N EE 82458.660(3) B
11, ;513 o, AA 82460.334(4) . . c
CH,CHCN ....... 958, 82458.62(01) 145 1317 D
CH,OHCHO........ 877 82470.670(4) 13.1 34.2 E
HCOOCH, ........ 7606 E 82242.942(12) 11.0 2.4 F
17606 A 82244.488(14)  11.0 24 G
7.6, E 86021.008(12)  23.0 9.2 H
53052 E 86027.674(10) 23.0 9.2 |
7.6, A 86029.445(12)  23.0 9.2 J
<—651 A 86030.212(12) 23.0 9.2 K
A A 86250.576(12)  18.9 12.7 L
Tas—6ss A 86265.826(12)  15.6 15.4 M
7.6, E 86268.659(10)  15.7 15.7 N
U-Lines ........... U86247.6(4)

U86254.8(4)

@ Parameter references: dimethyl ether (Groner et al. 1998); ethyl cyanide (Lovas 1982); glycolaldehyde (Butler
et al. 2001); methyl formate (Oesterling 1999).

® Values in parentheses are the statistical uncertainties quoted in the references in footnote a; U-line uncertainties
are estimated equivalent to the spectral resolution (see § 2).

that glycolaldehyde, which must be spatially extended with consistent with the observed preference fer@—C backbone
respect to the ethyl cyanide—dimethyl ether blend, is being structures in other hot core studies (e.g., Millar et al. 1988;
resolved out by the higher resolution BIMA array. Mehringer et al. 1997). Note, however, that our BIMA array
Previously, Hollis et al. (2000) obtained Sgr B2(N-LMH) data are not sensitive enough in spatial scale to explicitly de-
relative abundances of (acetic acid): (glycolaldehyde): termine the abundance ratio of methyl formate to glycolalde-
(methyl formatg~ 1 : 4 : 26 under the assumption that all were hyde outside of the LMH source.
largely confined to the same small LMH source. However, as In order to estimate the spatial scale of glycolaldehyde emis-
Figure 3 shows, the weak spectral feature at the glycolaldehydesion, a Gaussian source of FWHM Was artificially located
frequency in the BIMA array data has a flux-€9.2 Jy (scaled)  at the position of the LMH and was assumed to have the total
or, equivalently~0.15 Jy (unscaled). Using the unscaled flux, flux and Gaussian line width of glycolaldehyde given by the
we estimate that (acetic acid): (glycolaldehyde) : (methyl NRAO 12 m observations. The interferometric visibilities for
formatg ~ 1 : 0.5: 26 within the LMH source, a result that is the actual BIMA array-v tracks corresponding to such a model
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Fic. 1.—Spectratpp) of dimethyl ether, ethyl cyanide, glycolaldehyde, and methyl formate lines detected in Sgr B2(N-LMH) and line-free Sgr B2(M) comparison
spectra lottom) for all four correlator windows. All spectra were extracted from naturally weighted data cubes. In the presence of strong continuum, it is usually
best to subtract the continuum in thier domain to produce a final spectrum, and this was done for Sgr B2(M). However, in Sgr B2(N-LMH) there is a forest
of lines creating a pseudocontinuum. Thus, for each LMH correlator window, we selected frequency ranges that were relatively line-free agimdtettef es

continuum. From an average of these frequency ranges, we constructed an LMH continuum image, which was then subtracted from all spectral lrdtannels in t

correlator window. Parameters of molecular lines detected are shown in Table 1, with col. (7) giving the identification of fiducial flags. Not nerkigghimost

panel are two unidentified lines, U86247.6 and U86254.8, that flank the methyl formate L fiducial. The three rightmost correlator panels are sdsi®what no
because these frequencies were not observed during the summer observations. Note that the spectra toward Sgr B2(M) are flatter, even thaeghaltizger sys
errors would be expected in this direction because the continuum is twice as large; this effect is due to gain errors (i.e., errors in the amplgedaidrkion,
including the bandpass calibration) which are multiplicative and are therefore proportional to the signal strength. Therefore, spectra towsamvLivibte
structure due to the large number of lines.
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Fic. 2.—Sgr B2 contour images of 82 GHz continuum emission, the blend of ethyl cyanide—dimethyl ether emission shown in Fig. 1, the blefidBf 7
andA and 7,6, A transitions of methyl formate shown in Fig. 1, and thg-8,, transition of glycolaldehyde shown in Fig. 1. The top and bottom panels show
images made with uniform and natural weighting, respectively, and all images have been corrected for primary beam attenuation. The beam sike (see § 2)
shown in the upper right of each panel. The continuum images show Sgr B4 south of Sgr B2(N), which contains the LMH position; the images are
contoured in factor of2 intervals, beginning at 0.2 and 0.1 Jy bédor the naturally and uniformly weighted images, respectively. The naturally weighted
image has a peak of 7.8 Jy bedmand the uniformly weighted image has a peak of 3.6 Jy béafhe images labeled “Blend EtCN DME” are integrated
over the frequency range 82453.9-82463.2 MHz. The ethyl cyanide—dimethyl ether naturally weighted image is contoured at inteP#als48b, 6%, 8%,

10%, 50%, and 90% of the peak of 29.5 Jy MHz bearithe ethyl cyanide—dimethyl ether uniformly weighted image is contoured at intervaid 0%, + 20%,

30%, 40%, 50%, and 90% of the peak of 10.4 Jy MHz béarthe images labeled “Methyl Formate” are integrated over the frequency range 86025.9—
86031 MHz. The methyl formate naturally weighted image is contoured at intervatsl6f6, +20%, 30%, 50%, and 90% of the peak of 5.15 Jy MHz beam

The methyl formate uniformly weighted image is contoured at intervats 8% and 90% of the peak of 3.26 Jy MHz bednThe images labeled “Glycolaldehyde”

are integrated over the frequency range 82466.3-82474.1 MHz. The glycolaldehyde naturally weighted image is contoured at inte288ts ©#/50%, and

90% of the peak of 0.94 Jy MHz beafmand shows evidence of weak emission. The glycolaldehyde uniformly weighted image is contouréd’at +1.17,

and 2.3 Jy MHz beant and shows that the weak emission is resolved out with such a narrow beam.

were added to the actual BIMA array visibility data, and a ecules detected in interstellar clouds (Lovas & Snyder 2001),
naturally weighted image was made. The model spectrum ex-and 22 of these species are associated with eight isomeric pairs
tracted from this image in Figure 40f panel) shows what (e.g., dimethyl ether and ethanol) or two isomeric triplets (e.g.,
would be observed by the BIMA array. For thissburce size,  acetic acid, methyl formate, and glycolaldehyde). Clearly, one
the BIMA array should observe emission similar to that ob- important characteristic of the interstellar molecule formation
served by the NRAO 12 m telescope (i.e., see Fig. 3). Fig- process must favor isomerism. If isomers are formed in a pro-
ure 4 (niddle panel) shows what the BIMA array would ob-  cess containing common precursors like formaldehyde molec-
serve for a 30FWHM source size. Both the BIMA array data  ular building blocks (e.g., the formose reaction as per Larralde,
and modeH BIMA array data were tapered to produce a beam Robertson, & Miller 1995) or functional molecular group build-
size matching the assumed source size. The spectra becomgq plocks self-assembling on grains and subsequently being
noisier, but the BIMA array still recovers most of the emission. released in to the gas phase (Hollis & Churchwell 2001), then
Figure 4 pottom panel) shows the results for a 68ource size.  jt is reasonable to expect that such isomers would have similar
At this scale size, the BIMA array resolves out about half the spatial distributions.

model flux. The recovered flux would drop rapidly for sizes "\\e now consider the spatial distributions of methyl formate
larger than 60 suggesting that glycolaldehyde is greatly ex- 54 gycolaldehyde toward Sgr B2(N-LMH) in this and pre-
tended in comparison to the ethyl cyanlde—(_jlmethyl ether bler]dvious work. Figure 2 shows that both methyl formate and gly-
and methyl formate, Wh'.Ch are Iargel'y confined to the compact colaldehyde have concentrations toward the LMH source, and
LMH source as shown in Figure 2 images. It is well Known o inoer et al. (1997) have shown that methyl formate is
that interferometers have difficulty mapping structures larger confined largely to the LMH source. From NRAO 12 m data
than 6§ ~ N\/D, whereD is the minimum baseline. For these . . ' ,

o ; . . X Hollis et al. 2000), we find that the abundance ratio of methyl
obs_ervatlonsD =7 m |mp_ly|r_1@ = 105" . However, the sim- 1Sormate to glycola)lldehyde is4.5, which is a good measure-y
ulations show that the sensitivity is reduced even forstructuresment of the average line-of S'ig’ht abundance ratio, assuming

h ller than 1 o '
somewhat smaller than 105 that the sources of emission for these two molecules are smaller
than the telescope beam. We should expect a similar ratio for
BIMA array determined abundances if both molecules are

A complete model of interstellar chemistry must account for largely concentrated in the LMH source. However, in the pre-
the high degree of isomerism seen in interstellar clouds. Forsent BIMA array work we find that the abundance ratio of
example, at present there are approximately 92 polyatomic mol-methyl formate to glycolaldehyde is50 for the LMH source

3. DISCUSSION
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Fic. 3.—Spectral comparison of thg,87,, transition of glycolaldehyde and

the blend of ethyl cyanide—dimethyl ether emission toward Sgr B2(N-LMH)
observed with the 77beam of the NRAO 12 m telescope compared with that
observed with thel2’ x 6" naturally weighted BIMA Array beam. The

+ 1 g error estimates are displayed at the glycolaldehyde rest frequency, show- ™
ing =200 mJy for the NRAO 12 m data anl 70 mJy for the BIMA array

data. See Table 1 for rest frequencies and transitions pertaining to the emissior
features. The BIMA array spectrum is scaled up by a factor of 1.33 to ap-
proximately match the NRAO 12 m scale. This scaling is done to correct for
possible flux calibration errors and emission extended over a region larger
than the BIMA array beam. The glycolaldehyde emission is being resolved ‘,
out by the BIMA array. ST ha

(Jy beom
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emission; such a large abundance ratio indicates that glycol-
aldehyde is deficient relative to methyl formate in the LMH
source.

Gonsidering the highly reactiv nature of sugars n general, 2 L CoTparee ol ovsees St b sy s,
the def!CIenCy of glycolaldehyde toward the LMH and the CON- e filtered by the BIMA array. See text for modeling details.
centration of methyl formate toward the LMH source is con-
sistent with enhanced gas-phase chemistry modifications in a
hot molecular core. Indirect support for this spatial distribution are confined largely to the LMH source. For example, in this
scenario comes from the study of meteorites, which are un-work, an uncontaminated transition of methyl formate confined
doubtedly formed in a process much hotter in comparison to to the LMH source (designated H in Fig. 1) has a line width
temperatures realized in an interstellar molecular cloud core.of ~8.2 + 1.4 km s*, while the 847,, transition of glycol-
Many biologically important compounds found in interstellar aldehyde, which we have shown is not confined to the LMH
cloud hot cores are also found in meteorites (e.g., carboxylic source, has a line width &#4.3+ 2.8 km s (Hollis et al.
acids, amides, etc.), but sugars are conspicuously absent i2000).
meteorite samples (e.g., Cooper 1998). Hence, the bulk of gly- In summary, we have determined that the spatial scale of
colaldehyde detected must be coming from the less dense cloudjlycolaldehyde must be60’ toward Sgr B2(N-LMH), while
extremities in the vicinity of the LMH where fewer collisions its isomers acetic acid and methyl formate are concentrated
translate to little or no gas-phase chemistry modifications.  toward the LMH source that has a spatial scale<éf (see

Mehringer et al. (1997) mapped the isomers acetic acid andFig. 2 of Liu & Snyder 1999). We estimate that the relative
methyl formate in the Sgr B2(N-LMH) and found that both abundance ratios of (acetic acid) : (glycolaldehyde) : (methyl
molecules were largely confined te-&” diameter LMH source  formate) are~1: 0.5 : 26 within the LMH source. We suggest
but their spatial distribution peaks were separated by as muchthat enhanced gas-phase chemistry modifications may account
as~3". These authors interpreted such a spatial separation befor the differences in spatial scale among the three isomers.
tween acetic acid and methyl formate as suggesting that sig-For example, it is likely that the conditions of the LMH favor
nificant differences in chemical processes were occurring inthe chemically reactive nature of glycolaldehyde over its iso-
this hot core source. If that is the case, then the spatial distri-mers and other large molecules such as dimethyl ether. The
bution of either acetic acid or methyl formate as compared to ensuing chemistry leads to glycolaldehyde destruction in the
the remaining interstellar isomer glycolaldehyde suggests anLMH source and glycolaldehyde survival outside of the LMH
even more drastic chemistry process at work, which leavesin extended cloud extremities. This work demonstrates the vir-
acetic acid and methyl formate concentrated in the LMH source tue of a multi-instrument approach and the complementarity of
and glycolaldehyde primarily in less dense cloud extremities. single-antenna and interferometric observations for comparing
This scenario is supported by a comparison of line widths, the spatial distributions of complex molecules in order to pro-
which show that glycolaldehyde possesses a factor of 2—3vide clues regarding potential interstellar chemistries occurring
greater line width than those of other complex molecules thatin a given source.
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