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Figure 1. ARO 12m spectra taken in 2002 February—June.

Obser vations

We have obserned EC2 usingthe ARO 12m, the MPIfR 100m,andthe
JCMT 15mtelescopes.The obsenationsrangein frequeny from 4.83
GHz (H,CO 15.1-13.5) to 492 GHz (Ci 3P1—Py). We presentresultsfor
POSItionA at a1950 = 02M'44M52 &, dy950 = 58 16°00° which shows the
strongestine spectrum. Figuresl, 2 & 3 show the lines detectedand
Tablel summarisesur obsenationaldata.
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Figure 3: NH3 (J,K) = (1,1) and (2,2) spectra (left) and HoCO 217 212 and
110 141 (right) observed with the MPIfR Effelsberg 100m radio telescope.

Analysis

We have detecteda total of 12 hyper ne lines of NH3. Deriving a ro-
tationaltemperaturef T = 20 3 K, the total NH3 columndensity be-
comesN(NH3) =5:72 10%2cm 2 20%,averagedover our 40°%eam.
We usedthis rotationaltemperaturdo estimatethe densitythroughtwo
approachesThe rst wasto useH,CO for which the peakline intensity
ratiois of theorderof 5. Assumingthatthecloudis optically thinin both
lines and extended,we derive a spatialdensityof about5 10* cm 2
(Henkel etal. 1980).In addition,we madesomelarge Velocity Gradient
(LVG) modelsandfoundthatn(H,) =5 10° cm 3 gavethebestt to
both the absorptiomndemissionlines. The secondapproachwvasto t
the 13CO andC*80 spectrao anLVG modelusingcollisional ratesfrom
Flower (2001)andanadoptedrtho-paraatio of 3 for H,. Sincethe2-1
transitionsarestrongerthanthe 1-0and3-2transitionswe nd thatthe
densityis 5 10°cm 3. Ourbestt givesafractionalabundanceof
10 8 for 13CO, substantiallybelow thevalueof 2 10 © typically found
in local metal-richmolecularclouds.

In orderto derive accuratemolecularalbundance®ne needsmultiple
transitionsof a variety of isotopomergo accountfor optical depthand
excitation effects. Furthermorethe useof optically thin transitionsis
alsofraughtwith dif culty sincethe underlyingisotopicratios may be
differentat the edgeof the Galaxythanin morelocal molecularclouds.
For speciesotherthanCO, H,CO andNH3;, we have assumed.TE and
anexcitationtemperaturef 20 K. Sincemostof thedervedabundances
arenotverysensitve to temperatureywe presentesultsfor thelattercase
only. Tablel liststhedervedcolumndensities.

To aid comparisonwith local molecular clouds, we have derived
molecularabundanceselative to that of HCO", assuminghat the 1-0
transitionis optically thin. Our upperlimit to H3CO" gives a lower
limit to HCO" /H*3CO" of around9, muchlessthanthe lower limit of
201 15 derwvedfrom CO 1-0 by Wouterloot& Brand (1996)towards
WB 89-437at a galactocentriaistanceof 16.4kpc. Table2 shavs the
resultandalsothe equivalentabundanceatio for the nearbydark clouds
L134NandTMC-1 (Dickensetal. 2000;Pratapetal. 1997).

Discussion

Currentmodelsincludetime andspatialvariationsin the infall andstar
formationratewherebythe Galactichalo, bulge, andthick disk formed
rst separatelyrom thethin diskin two infall episodesChemicalakun-
dance®f theinterstellamediumandtheirradialvariationacrosgalactic
disks provide a fundamentaket of constraintdor theoriesof disk for-
mation and evolution. The most acceptedmechanismto explain the
existenceof alundanceyradientsn disk galaxiesis thesocalled biased-
infall' (Chiappini & Matteucci1999), whereinfall of gas occursat a
fasteratein theinnermostegionsthanin theoutermosbnes.Lubowich
etal. (2000)demonstratethatcontinuougnfall of low-metallicity gasis

continuouslyoccurringin the GalacticCenter

Of particularrelevanceto testingthesemodelsarethe albundancesn
the very outergalacticdisks. Chemicalevolution modelsfor abundance
gradientsand the formation of the Milky Way (Chiappini et al. 2001)
shav that the steepnessf the outer gradientsare particularly sensitve
to thresholdsn starformation,to the halo-thickdisk enrichmentistory,
andto theradialvariationof the disk formationtimescalesThefactthat
N is almostconstantvith galactocentridistanceupto 18 kpc (Chiappini
etal. 2003)re ects the high N productionin AGB stars.Galacticchem-
ical evolution alsopredictthatthe abundance®f C, N, O, 13C, and >N
will bethelower atthe edgethanin arny otherinterstellarcloud (Maciel

extent of the optical disk of the Milky Way,

depletion for C, N, O

Observations of CO emission at large Galactocentric distances have detected a number of molecular
clouds (Digel et al. 1994), including Edge Cloud 2 (EC2) at a kinematic galactocentric distance of
28 kpc, some 6 kpc further away than the next most distant molecular cloud, and much further than the
19 kpc, and almost as far as the most distant H | detected,
at 30 kpc. EC2 has an effective radius of 20 pc, and is situated some 360 pc below the distant
warped Galactic plane (Digel et al. 1996a). The CO maps of EC2 show that it has sub-structure and
that the CO luminosity of EC2 is at least a factor of 2 larger than those ofthe other 10 clouds detected
In the survey by Digel et al., and comparable to that of the Taurus Giant Molecular Cloud.

EC2 was found to have an associated H 1l region excited by an early B star MR1 (de Geus et al. 1993).
Kobayashi & Tokunaga (2000) used NIR observations to argue that MR1 has triggered the formation of
young stellar objects in EC2, and Snell et al. (2002) argue that it is the most distant star-forming cloud
in the Milky Way, with evidence for massive star formation. Rolleston et al. (2000) have calculated metal
5, and EC2 is the only edge cloud detected in the high-density tracer CS (Digel
et al. 1996b). Studies of metallicity as a function of galactocentric distance have shown that there is a
galactic gradient and that spectra of MR1 by Smartt et al. (1996) indicate signi cant metal depletion,
with elemental abundances reduced on average by some 0.5 dex.
Because EC2 may represent a local example of low-metallicity gas, with properties similar to those
of irregular dwarf galaxies, we have searched for emission from a number of molecules in order to
constrain physical conditions and chemical composition.

& Quirezal999). The compositionof thesecloudsshouldbe similar to

thatof the early Galacticdisk modi ed by infall from the halo. Thusthe
metallicity is expectedto be lower andsimilar to dwarf irregular galax-
les,giving usanuniqueopportunityto studygasfrom the early stageof

the formation of the Galacticdisk (Kobayashi& Tokunag 2000). Our
resultswill determinesarly Galacticabundancesiestmodelsof Galactic
chemicalevolution,andprovideimportantinformationthatwill constrain
nucleosynthesighemicalevolution,andastrochemistrynodels.If there
Is any gradientin the N abundancebeyond 18 kpc, thentherewould be
evidencethatthis cloudhasnot hadsigni cant AGB or massve starfor-

mation. ThusEC2 hasnot hadsigni cant stellarprocessingluring the
pastl0 Gyr andis aremnantof the gasthatformedthe Galacticdisk.

Molecule Transition Freq.

(GH2)

115.271 5.90
109.782 0.057

TR DV rms N
(kms 1) (K) (cm ?)

2.77 0.075 1.87 0.1610°
2.05 0.014 1.48 0.4410“
110.201 0.718 2.23 0.065 1.81 0.2110%
110.201 1.110 2.03 0.049 2.55 0.2210%
112.359 — — 0.007 <3.2110°3

219.560 0.142 1.48 0.031 1.1310"

220.399 1.608 1.87 0.069 1.6110%

230.538 5.843 2.76 0.024 8.1610

329.330 — — 0.020 <3.651013

13Cco 330.588 0.649 1.69 0.025 5.7610%

CO 345.796 3.467 2.56 0.019 4.5810%

Ci 492.161 2.358 2.23 0.398 7.1710

CS 97.981 0.125 2.18 0.013 1.55 0.201012
CS 146.969 0.043 1.46 0.008 2.27 0.551041
C34S 144.617 — — 0.010 <1.2110'

CN 113.488 0.016 1.71 0.004 1.15 0.4110%
CN 113.491 0.021 2.22 0.004
SO 30.002 0.073 1.50 0.018
SO 99.300 0.057 1.93 0.007
DCO* 72.039 0.005
HisCco* 86.754 0.009
HCO" 89.189 0.014
HCO' 267.558 0.012
H13CN 86.340 0.006
HCN 88.632 0.013
HCN 88.634 0.013
HNC 90.664 0.007
C,H 87.317 0.073 0.007
C,H 87.329 0.031 0.007
N,H* 03.174 — 0.007
H,CO 4.830 -0.028 0.006
H,CO 14.488 -0.011 0.006
H,CO 140.840 0.051 0.013
H,CO 150.498 0.034 0.005
NH; 23.694 0.040 2.0 0.006
NH3 23.723 0.015 2.6 0.005
HC3N 81.881 — —  0.007
CsH, 85.338 0.035 1.92 0.016
CHsOH 2 ;#1,E 96.739 0.025 0.97 0.005
CHsOH  2,x1,A* 96.741 0.019 1.37 0.005

aDatatakenwith the ARO 12m2005February

co?
Ccl80
13CO
13coa
Ccl’O
Ccl80
13CO
CO
cl®0

1+0
1+0
1+0
1+0
1+0
2+1
2+1
2+1
3+2

= e
I\)IOOI\‘._)I?O

1.21102
8.52 1.2910%12
<5.2010°
<6.1110%0
5.42 0.8010%
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0.036 1.40 0.59101
0.051
0.032 1.06 0.3810

1.87 0.25101

<5.29100
2.46 0.6610%%

1+0
11.0%11:1
211125
21:0%11
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1+1
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5.72 1.1510'?

< 1.4010%

Table 1. Summary of observations toward EC2 position A. Column densities
are estimated for an excitation temperature of 20K.

Thedatain Table2 indicatesomeinterestingdifferencedetweerEC2
and local molecularclouds. In particular: sulphurbearingmolecules,
(CS,S0),appeatto be very over-abundant;the nitrogen-bearingpecies
HCN andHNC appeato bemaginally underabundant;andtheradicals
CN andC,H arevery muchoverahbundant.Thelatterresultis typical of
photon-dominatedegionsin which photoprocessesnsurethatradicals
existin highalundanceAt rst glancet wouldappeathatthemolecular
cloudsat the edgeof the Galaxywould belesslikely to shawv the effects
of PDR chemistry;certainlythe ux of UV photonsmustbe muchless
at 28 kpc thanin thelocal ISM. However, the critical parametefor de-
terminingwhetheror not photonsdominatechemistryis theratio of UV
ux to grainsurfacearea.At large galactocentrigadii, the metalalun-
danceselative to hydrogenareexpectedo bemuchreducedasdiscussed
above. In addition,althoughthe region of EC2 doescontainyoungstars
(de Geuset al. 1993),thereis no evidenceof the late-typestarswhich
producedustgrains. The large abundance®f NHz andSO alsoindicate
thatthe chemicalevolutionis fairly highly evolved,thatis, moreindica-
tive of steady-stateatherthan early-timechemistry To investicatethe
propertiesof the cloudandto seewhetherit is typical of materialwhich
hasbeenlessprocessedwe have madea chemicalkinetic modelusing
our obsenationally dervedtemperatureanddensitiesyarying elemen-
tal abundancesphoton ux esandgas-to-dustratiosin an attemptto t
ourobseredresults.
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Figure 2: JCMT spectra taken in 2004
June—May. The ordinate is Tg (K).

X/HCO"

CO1-0"
13C01-0
13co1-0
Cc®01-0
Ccl’01-0
13co2-1
cl802-1
CO2-1
13C03-2

Tx=20K

34500
3339
4698 172 1222
273 22.00 15.60
<59.3 b b
2970 172 1222
209 22.00 15.60
27887 11000 780C
1063 172 1222
Cl80 3-2 <67.3 22.00 15.60
C0O3-2 8450 1100 780C
Cl 1.2910° b D)
CS2-1 2.86 0.124 0.320
CS3-2 0.42 0.124 0.320
C3483-2 < 0.22 D) D)
DCO" 1-0 <0.10 b D)
C
C

L134N

1100Q
172

TMC-1

7800
122

L134Nrange EC2/H2 TRANS/H2

1.9-7
1.8-8
2.6-8
1.4-9
<3.2-10
1.6-8
1.2-9
8.2-8
5.8-9
1.2-9
4.6-8
7-7
1.6-11
2.3-12
<1l.2-12
< 5.2-13
<6-13
<7-13
<0.045-0.069 1.2-11
0.555-0.968 1.4-12
1.324-3.963 1.0-12
0.171-0.333 1.9-10
0.031-0.077 <5.3-13
0.030-0.073 <1.4-12
4.284-9.127 5.7-11
2.5-11

111-188
111-188
14.2-24

0.069-0.138

H33CO" 1-0 <0.11 ¢
H13CN 1-0 <0.13 c
CNd 2.12 0.061
HCN 1-0 0.26 0.925
HNC 1-0 0.20 3.251
CoH 1-0¢ 34.9 0.288
N,H* 1-0 <0.10 0.077
HC3N <0.26 0.054
NH; 10.6 7.635
H,CO 4.54

0.070
0.490
1.680
0.300
0.013
0.150
2.770

3.6-8
2.5-9
6.6-8
1-9
5-10
2.1-8
6.3-9
1.8-8
3.2-8

0.641 0.099 0.311-0.641
22.3 0.719 0.130 0.264-0.738 1.2-10

15.7 0.719 0.130 0.264-0.738 8.5-11

3 13CO/C*0 ratio of 7.81assumed® *2CO/C!80 ratio of 500 assumed? *2C/*3C ratio
of 64 assumeddFrom the sumof the two componentsissuminga relative intensity of
0.456.°Fromthe87.317GHz componentssumingarelative intensityof 0.4167."From
the30 GHz line. 9Fromthe 99.3GHz line. "Datatakenwith the ARO 12m2005Feh

Table 2: Molecular abundances ratios relative to HCO™ in both EC2, L134N
(center position) and TMC-1 (average) (Dickens et al. 2000). Using numbers
derived at the JCMT; optically thin emission assumed for all; no isotopic ratio
corrections. N(HCO*') = 5.42 10 cm 2 for Ty = 20 K. N(Hy) = 10%3 cm 2
assumed in calculation of the EC2 fractional abundances, so that X(HCO™") =
5.4 10 2. TRANS/H2 from translucent cloud observations by Turner (2000)

Chemical Modelling

The basicmodelassumedi, = 20K, n(H,) =5 10% cm 2, basedon
our NH3, H,CO, andCO obsenations,andfor metalsC, N, O, S, initial
elementalabundanceseducedby a factorof ve from thosetypically
usedfor local clouds. We have alsoinvesticatedvarying the cosmicray
lonisation(CRI) rate andthe visual extinction (Ay) in orderto try and
nd thebestt totheobsenrations. To testthe agreemenbetweeneach
modelandthe obsenationswe looked at the ratio of the obsenedalun-
danceto the model predictionand applieda weighting factor for each
molecule/transition.

We investicatedthe agreementactor at steadystate(t > 10° yr) for
valuesof Ay betweer?2 and10 mag,anda CRI ratebetweer0.5and20
timesthe standardnterstellarrateof 1.3 10 !’ s ! Although mary of
the modelsgive very similar results,the agreementactoris highestfor
aCRlrate20 thelSM valueandanAy of 3 mag. Model 1 uses stan-
dard' ISM valuesfor the Ay andCRI rate,Model 2 is the "bestt' model
(CRI=2.6 10 '*s ! A, =3 mag),while Model 3 usesCRI=1.3 10 ©
s 1 and Ay = 2 mag. We have assumedhat the isotopic ratios (e.g.
13C/*2C) have their local interstellarvalues.

We have alsolookedattheeffectof varyingthephoton eld in themod-
els. At steady-stat€Ois primarily destryedby photongif theUV eld
is strongenoughor the Ay low enough)or by He* andHZ , whoseatun-
dancesdncreasewith increasingCRI rate. The predictedDCO" /HCO*
ratiois 0.1-0.2in thesemodels similarto theobsenedupperlimit. Cos-
mic ray ionisationof H, andHe produceelectronswvhich candestry H3
beforeit canreactwith HD, theinitial stepto deuteratingnostmolecu-
lar ions. The C,H/HCO' andCN/HCO' ratiosbothdecreasasthe Ay
increaseswhich meanghatthe Ay = 2 magmodelis goodfor C,H, but
thatthe Ay = 3 and5 magmodelsarebetterfor CN. Finally, we notethat
thereis amuchbetter t to theammoniaalbundancean all threeof these
low-UV modelswhile HNC is alsocloserto its obsenedvalue.
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