
Chapter 6 

IRAS sources in the dark clouds 
in the Gum Nebula 



6.1 Introduction 

In this cllaptcr we tliscrlss t l lc .  >.orlng stars c ~ ~ ~ i l ) ( ~ l ( l ( ~ d  in (lark clorlds i ~ i  tlle Gun1 
Nel~ula as revealed by tlie Infra-Red Astronomy Satellite(I1tAS) survey data. The  
aim is to  study the locations of Yor~ng Stellar Ol>jects(YSOs) inside the  dark clouds 
with rcsl)cct, to thc cc~ltcr of tllc clistril)utio~~ of t l l c .  C ' C k  iri tllc Gun1 Nel>r~la. If tlie 
s tar  for~i iat io~i  in the dark clouds ill the C;u~ii Ncl~ula has I>ec~l triggered I,y exterizal  
evei t t s ,  the locations of the 1'SOs should reveal this as a tendency for the YSOs 
to lic towartls ( 1 )  tlle periphery of tlic c l o ~ ~ d s ,  a ~ i d  (2 )  toirrards tlie side facirig tlie 
center. 'l'llere Ila\.v. been t ~ v o  sucli studies of IIItIS sources in dark clouds i r l  tlie 
past, between theni, coveri~lg tlie whole of the skj. (Enierson 1955; Parker 19%). 
They looked for enl~a~icenie~i t  in the densitj. of IIIAS sources t,owards edges of the 
clouds. 111 such whole-sky strltlies, si~lce tlierc is no ol>vio~ls center for the processes 
possibly triggering star for~iiat ion. the seconcl effect 111c1it io~letl callnot I>e stutlied. 
Both these studies co~iclutle that there is no ei-itlence for externally triggered star 
formation iri dark cloutls. 'I'lle first of tl~csc. stu(1ic.s tlo~~c. I>y 1Sri1crso1i(l9Sri) for the 
sout her11 sky uses the Southern Dark C'loutl(SDC') catalog conil>iled by Hartley et .  
a1.(19SG) fro111 the ESOISERC' J Survq- plates. This catalog gives in addition to 
tllc co-ortli~~iltc~s tile 111ajor a11(1 1ili11or ascls of I l l ( >  cxllil)sc' i\rllicl~ 1)cst apj)soxir~lates 
tlie cloud. U~ifortu~iately i t  clocs 11ot list the orie~ltation of the ellipse making the 
interpretation of the IRAS source locations difficult. 111 otlier words, based on tliis 
infornnation it is not possil~le to say relial>l>. i f  all II<AS sor~rce lies towards the 
peripllery of a clor~cl or I I O ~ .  'l'llis is a 11iajor tlraivl~ack for any study wliicli seeks to  
draw coriclusions l~asctl 011 the clista~lces of tlic IIIIIS sources from tllcir respective 
cloud-centers as in E n i e r s o ~ ~ ' ~  stucly. Tlic secor~tl strltly clo~le l>y Parker(l9SS) for 
the northern sky is basetl 011 the accurate s11al)es of I,y~ltls dark cloutls and so can 
give reliable inforrllatio~i about external triggeri~ig of star for~iiation. Tlie results 
of these studies indicate o~i ly  that external triggering of star formation is not wide 
spread. 

In tlie case of tlie tlark cloutls i l l  t l i v  C ; U I I ~  NeI)rlla, tllcre is alrcatly su l~s t~a~l t ia l  evi- 
cle~ice for external processes affc.cti11g the111 alltl also a11 al)l)arc-111 cc .~ i Ic~- -of - i i~ . f l l~ence .  
We tau take aclvalltagc. of t Ilc.sc. c i rcu~~is ta l~ces  alld ~iloclify tllc 11iet210d of analysis of 
the location of the IliAS sources. If the processes originating i r i  tlie celitral regiorl 
are important for triggering star forniation. tlie~i apart fro111 exl>ecting tlie IHAS 
sources to  lic to~vartls t11c edges of tllc clou(ls. olic also expects that they l>e on the 
sides of the clouds facirig tile cellter as nic~ltio~ictl l~efore. We use this second prop- 
erty of tlic exepectetl clistril)ution of II1:IS sources. The atlva~itage of tliis nietliod 
is tliat i t  is not aKcctctl 1)). t llc csact slla~)c' of t llc c.lorltl arltl its ol.ient.i~tio~l. 



111 tllc. ~ i c ~ x t  stxct,io~i we i t r i l l  t l t~scril~c tIic critcrio~i we Iiavc usecl for sclectirig YSOs. 
In the thirtl arid fourth sectioris we describe tlie search anti a~ialysis procedures. 
Then the statistical 11it:ttiod usctl to ol~tain tlie corlfidcncc level is clescribed. The  
last sectiori discusses tlie results. 

Selection Criteria of the YSOs 

T h e  criteria used for selectirig a J'S0 are the same as the ones used by Parker, along 
with those proposed by E~ner so~ i  ?'hese are listed below: 

2. [25-121 > 0, i f  also tlctcctctl at 12/1 

4. Detection at G O p  ant1 100p on11 iv i t l i  [ l o o - G O ]  > O.G 

Here [25-121 means the 2.5 to 1-3 rnici-on color. G ~ O ~ [ S ~ ~ / S ~ ~ ] ,  S25 being the 
I ] <  AS ca t,;~log f l r~x  tlc~isi ty i t 1  .J ;IIIS~J. at 2511 \va\.(~lcrlgf 11. r I ' I i ~ >  fifth cri tcrio~i,  ~lsc:tl 
by Parker is si~iiple a~icl picks up sources ~ 1 1 o s c  teriil)eratures are less tliari .- 70 
I<, thus rejecting the Inore e\-ol\.ecl stars. 7'1ic first four criteria from Emerson 
are Inore clctailetl atlcl were arrivctl at l)asc(l o ~ i  t hc rcgio~is occupied by k ~ i o w ~ i  
classes of objects i r i  the IIIAS colo1.-color. plots. l'arkcr lias slio\vn that objects 
meeting criterion 5 fall i l l  ~egioris i r i  the color-color diagram recognisecl by E~nerson 

r ,  , I  to  bc ~)o~)ulatct l  1)y I - Ia r~r i  stars, criil)c~tltlctl colc3s a~l ( l  galaxicls. I f  any onc of tllcse 
conditions is satisfietl, the source is corisitlerctl a carididate. IZ'e take a n  IllAS 
source to  be an  er~bedded IS0 if 1 f  mcefs  one of the nbove criteria aitd falls withirt 
a specified distance fi.orit the center. of n dn1.k cloud. Emerson has shown that the 
number of I I tAS sources so selectctl falls off as olie gocs towarcis the cdgc of t l ~ e  
clouds i~~lplyirig that they are pli~.sically associated with tlie clouds. 111 other words, 
it is unlikely that there are many gcllnrres in  the selectecl sample. Also, galaxies will 
be far outriuml>ered by galactic objects at tlie lo\\. latitudes of the dark clouds. The  
association with dark cloutls ~iiakes it urilikely that tile sources are galaxies. 



6.3 The Search 

The dark clor~cls are fro111 the S I X  catalog of IIartley c t .  n1.(19SG) We have cliosen 
the distance limit from the center of the cloud to be the mean of the minor and 
major axes of the cloud. Since the analysis does not depend on the distance of the 
source from the celitcr of tlic clouti, this larger area of search than what was used 
by both E~nerson alid I'arker is ~ i o t  a h~irlical,. 011 tlie other halid it takes care of 
errors in the co-ordiliates of the cloud centers a11tl tlie IRAS sources. The search was 
carried out over the R A  range i h r  to Y.:i 1ir alitl tlec range -53' to -30'. The total 
~ i u ~ n i ~ e r  of cloutls i~ivolveti is 1.500. A total of 29-4 IItAS sources ]net a t  least one of 
th; above criteria. hIost of the sources (2.37) ~iiet the fifth criterion. A database of 
the search results was created witti the follo\vil~g i~iforniatiol~: 

1. IRAS source co-ortlinates 

2. associatetl dark cloutl co-ortlinatcs 

3. major and minor axes of the cloud. 

5. the four flux clualities 

This data base is 11sctl for carr!.ilig out the statistical a~ialysis described in tlie 
next section. 

6.4 Analysis 

For eacli M A S  source 111eeti1ig o11c of tlic criteria tve calculate usi~ig plane geo~netry 
the angle 0 sliotv~i in figure 6.1 fro111 

( 2 2 cos 0 = n - 6 - c ) /26c (6-1)  

where 

n2 = [ ( ~ l n  - a,) cos (6112 + 6,)/212 + (6112 - 6,)' 
2 

(6.2) 
6 = [(a, - a,)  cos (6, + 6,)/212 + (& - 60)2 c l ~ , r l  (6 .3)  

c2 = [ (a ,  - ~ , I z )  cos (6, + 61n)/2l2 + ( A r  - 6 1 n ) ~  (6 .4)  
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Figure 6.1: A schematic diagram showing the scheme for IR.AS sources search. The  
search area is circular with radius equal to the mean of the major and minor ases 
of the cloud. 



r , 1 lie a~igle  O s i~ i i~ ) ly  rc3prcsc~~its t tic locat io~i  of t lie so~~rcc. i l l  t I I ( >  clotlcl wit11 rcsl~cct 
to  the center of tlie clistribution of tlic ('Cis regartiless of tlic location of the cloud 
itself. If  t,lic YSOs arc locatctl rantlonily tlir011gIio11t fllc dark clotids (with or with- 
out systcriiatic radial tlcI)cticlc~icc), one c . s l ) c ~ t  s n o  del)c~ntlclicc of their distril)ution 
on tlie polar angle in the cloud co-ortlinatc systeni wit11 rcsl~ect to  any reference 
direction. 011 the other liand i f  t l i t l  central processes arc i~iiportant,  one expects 
a clc~)e~itlclicc~ 011 t,lic anglo 0. \\'c siliil)l~. study t l i ( x  tlistril)utio~i of tlic YSOs as a 
function of the al~solute value of 0 witti a coarse binning of 4.5". We have plotted in 
figure 6.2 histogranis of this clistril~utioiis for cloucls of clifferelit sizes taking in each 
cils(' SOII~( . (-S fii l l i~~g wit I I ~ I I  tlifr(ar(~~~t f1i1t.t iolial ar('ils i l l  t I I V  (.IoII(!s. Wr I I ~ I V ( >  s(xstrict,(;d 
this analysis upto a cloucl size of 20'. \\.e sec that il l  all tliese ranges the clistribution 
peaks towards the side facing the center of the distribution of tlie CGs. In other 
words there seeliis to be a real tc~iclcncj- for the I'SOs to fall on the side facing the 
center. To get a quarit itative estimate for the co~ifidence level of this conclusion we 
adopt a s i~nple  stastical nietliocl as cs~>la i~ icd  in tlic follo\i.ing section. 

6.5 Confidence Level 

We first divide each cloutl into two sc~iii-circles, 011s facing tlie center and the other 
facing away from it. These ~>art i t io~is  corresponcl to tlie ranges O0-90" and 9O0-180" 
in the absolute value of 0 defined previously. \\'e will call t,liese ranges the Sront 
arzd tile back sides. In the case ~ v l i ~ r e  tlic locatio~is of tlic J'SOs are unaifected by 
the central processes, on an average we espect equal nulnber of YSOs in these two 
ranges. The distribution is binomial n-it11 11 = q = 0.5 ant1 17 = total number of 
YSOs. IIerc p alitl q are tlie prohalilitics that all IItAS 1 7 S 0  falls 011 t11c frolit or 
the back side. As nientionetl in section 6.4 t lit. Iiistogra~iis in figure G.2 peak on tlie 
front side (0" - 90°), i.e., there is an asyninictry in tlic distril>ution of YSOs. We 
now ask i f  tlie asy~iinietry seen is sufficient to indicate a (lcviation from p = q = 0.5 
and llerice a central origin. I f  -5: is the riunil)er of I'SOs in tlie first range (0"-90") 
then tlie conficlence level for the hyl~otliesis that the distril>ution is biased towards 
front sicle is eclual to the P(.Y > . r ) ,  tlic area under the distribution curve upto 
x = .Y, wliere .r is the hirio~iiially tlistributecl randoni variable. To get this area 
we approximate tlie bino~nial clistril~ution I)! a norri~nl distribution. This is a good 
appsoxiniation ~vlieli p = O..5 as in our case wit11 I ,  arouncl a few tens (theorem of 

, 7 1)s hloivre anti 1,al)lac.c: I i rcsc ig  1970). 1 1 1 ~  ~ i i v a ~ i  ancl varianci> of tlie ~iornial 
distribution are p = 7111 = 7112 ant1 a2 = ilpq = ?I/-4. l'licn tlie conficle~lce level is 
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Figure 6.2: Histograms of distribution of IRXS sources in 6, the angle with re- 
spect to the  center (see figure 6.1). Horizontally, the plots are for the effetctive area 
ranges 0-1,O.l-1,0.2-1 and 0.3-1. Vertically the plots are for the mean cloud ranges 
0-5,O-10,O-15 and 0-20 arcminutes. 



Table 6.1 ('or~litlc~~c.rb I,c~vc~ls 

where <P is the asea tlritlcr the riornial distri1)iltiori cirrvc. \I'c liave listed the confi- 
dence values i l l  Table 1 for tile tliffercnt ranges of sizc:s and fractiorial area tncntioned 
earlier. 

size 
arcrliin. 

0- 5 
0-10 
0-15 
0-20 

6.6 Conclusion 

From the above a~ialjsis it appears that there is a real tendency for the YSOs 
to fall on the f ro~l t  side ratlier than the back sitle. The confidence level for this 
conclusion is highest for clouds of sizes 0'-10'. Tliis may be because i11 larger clouds 
the clfccts of exterlial ~ii<:cliariis~iis get stiado\rcd l,y ~iorl~ial  star for~natioli. Even 
among the smaller cloutls it seems that external triggering is ~ i o t  the only metllod of 
star formation. It is to be renlarketl that. [lot all the IRAS sources identified as YSOs 
are necessarily YSOs. Because of the larger searcli area the inclusion of sources not 
physically associatecl with the clouds at all is ~)ossible. But for this confusion the 
confidence level would have bee11 even higher. 

fractional area 
0.0-1.0 

9.1 
94 
S 6 
i 9 

0.1-1.0 
82 
97 
87 
7 9 

0.2-1.0 

s 7 
S -5 
8.1 

0.3-1.0 

94 
69 
6.5 
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