


















































































































































































































































































each sam p le  will go on  to  fo rm  s ta rs  (ie are p reste lla r), an d  n o t be d is tu rb e d  by ex te rn a l fac to rs , like 

supernovae  or shocking.

6.5 S p ectroscop ic  O bservations

In  c h a p te r  4, I p resen ted  an observa tiona l s tu d y  of cloud cores w ith o u t s ta rs , w hich h ad  p rev iously  been 

s tu d ied  an d  d e tec ted  in th e  su b m illim etre  con tinuum . I observed the  cores in  a  n u m b er of m illim e tre  an d  

su b m illim e tre  sp e c tra l lines (m ain ly  co n cen tra tin g  on C 180 )  and  the  resu lts  were p resen ted . I discussed 

th e  m e th o d s  used to  reduce th e  observations, and  the errors associa ted  w ith  th e  p o in ted  ob se rv a tio n s and  

m aps. I in v es tig a ted  in d e ta il w h a t fea tu res in th e  m aps should  be in te rp re ted  as real, an d  p resen ted  a 

m e th o d  for se ttin g  co n to u r levels w hich ensures th a t  ran d o m  fea tu res p ro d u ced  by noise are n o t d isp layed . 

I also  found  (u n su rp ris ing ly ) th a t  the re  is a trad e  off betw een velocity  reso lu tio n  an d  signal to  noise in 

the  m aps.

S everal o f th e  cores were d e tec ted  in  C 180 ( J = 3 —>-2) and  m a p p ed  in  C 180 ( J = 2 —>1). O nly  one core, 

L1689B , was found  to  be p a rticu la rly  b rig h t in the  C 180  tra n s itio n s  (p e rh ap s because it is s itu a te d  in 

the  re la tiv e ly  w arm  O phiuchus cloud) an d  was m ap p ed  w ith  enough  signal to  noise to  allow  a d e ta iled  

study . L1689B show s evidence o f velocity s tru c tu re  b u t, p e rh ap s su rp rising ly , th e re  is no in d ic a tio n  of 

ro ta t io n  - if  a n y th in g  th e  velocity  s tru c tu re  is ind icative of slow co n trac tio n .

6.6 M od ellin g  L 1689B

In c h a p te r  5, I p resen ted  a m odel of L1689B and investiga ted  w h a t c o n s tra in ts  the  m o lecu lar observa­

tions an d  p rev iously  pub lished  co n tin u u m  d a ta  (A ndre et al 1996) p u t on th e  s tru c tu re  of L1689B. T h e  

m illim e tre  c o n tin u u m  ap p e a ran c e  of the m odel was derived, and  by com p ariso n  w ith  the  ac tu a l 1 .3m m  

ap p e a ran c e  o f L1689B I found  th a t  one could � �� ��&� �� � �%� � �C th e  sim ple s in g u la r iso th erm al sphere  m odel o f 

L1689B. T h e  c o n tin u u m  observa tions seem  to  p red ic t th a t  L1689B has to o  fla t a  d ens ity  profile in its 

inner reg ions to  be consis ten t w ith  the  sim ple singu lar iso th erm al sphere. T h e  C 180  a p p e a ran c e  o f the 

m odel w as also in v estig a ted  w ith  the  help of a rad ia tiv e  tran sfe r code. C o m p ariso n  o f th e  m o d e l’s p re­

d ic tio n s w ith  th e  C 180  observa tions also confirm ed th a t  a sim ple s in g u la r iso th erm al sphere  m odel for 

L1689B is in a p p ro p ria te . In o rder to  p red ic t the m olecu lar ap p earan ce  of L1689B, th e  m odel h ad  to  

have a f la tten e d  inner d ensity  profile , � � �#� � e ith er a te m p e ra tu re  fall, a  C 180  ab u n d a n ce  fall to w ard s the  

cen tre , o r possib ly  som e co m b in a tio n  of th e  two.
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I found  th a t  in  o rd er to  exp la in  b o th  the  con tin u u m  an d  m o lecu lar ap p e a ran c e  o f L1689B s im u lta ­

neously  a te m p e ra tu re  d rop  alone was inadequa te ; it was necessary to  invoke a d ro p  in  C 180  tow ards 

the  cen tre  of L1689B. H owever, because of u n ce rta in ties  in the  d e ta ils  o f g a s /d u s t  in te rac tio n s  an d  the  

effect th a t  freezing o u t o f C O  w ould have on the opac ity  of the  d u s t, i t  was n o t possib le to  find a  un ique 

so lu tio n  describ ing  L1689B. A nu m b er of m odels were found  to  be consis ten t w ith  the  d a ta .

T w o scenarios were the re fo re  presen ted . O ne was a m odel in w hich th e  te m p e ra tu re  in th e  cen tre  

o f th e  cores falls, an d  som e C 180  freezes o u t o f th e  gas phase on to  th e  d u s t g ra ins. T h e  o th e r  m odel 

p resen ted  is iso th erm al b u t has  an even steeper d rop  in  C 180  ab u n d an ce . B o th  m odels w ere found  to  

p red ic t th e  C 180  ap p e a ran c e  of L1689B. However it is difficult to  decide w hich is m ore  co n s is ten t w ith  

the  co n tin u u m  d a ta .

B o th  these  m odels were found  to  have a Jean s m ass below the  ac tu a l m ass observed  for L1689B and  

i t ’s su rro u n d in g s. I found  th a t  for the  m odel w ith  a falling  te m p e ra tu re  in L1689B the  cen tre  is u n s ta b le  

because of a  lack of p ressu re g rad ien ts  to  su p p o rt it ag a in st its  own self grav ity . B ecause of a  sh o rt 

free fall tim escale , i t  is un likely  th a t  th is core w ould be observed unless it was su p p o rte d  by m ag n e tic  

fields. T h e  envelope o f L1689B, an d  the cen tra l region (if L1689B is iso th e rm a l), were found  to  becom e 

suscep tib le  to  co llapse if th e  envelope is less th a n  a b o u t 13K.

T herefo re  I p red ic t two possib le m echanism s by which L1689B can  be fo rm ing  a s ta r .  O ne is th e  

loss o f th e rm a l su p p o r t in  th e  cen tre, due to  a  fall in cen tra l te m p e ra tu re . T h e  o th e r  is an overall loss 

o f th e rm a l su p p o r t due to  th e  w hole core cooling below 13 K. U n fo rtu n a te ly  th e  o bserva tions p resen ted  

were n o t cap ab le  of p rov ing  beyond  d o u b t w hether e ith er s itu a tio n  is occurring .

6.7  Fixture W ork

T h re e  of th e  basic a ssu m p tio n s  com m only  m ade in m odels of o f s ta r  fo rm a tio n  are w o rth  in v e stig a tin g  

in th e  ligh t o f th is  thesis. Specifically they  are the  assu m p tio n s th a t  cloud cores fo rm ing  s ta rs  are 1) 

iso th erm al, 2) ionized p red o m in an tly  by cosm ic rays, and  3) o f hom ogeneous d ensity  s tru c tu re  (ie n o t 

c lu m p ed  on sm all scales). A ssu m p tio n  3 is p a rticu la rly  im p o r ta n t because it is im p lic it in m an y  of the  

conclusions reached  in th e  second ha lf of th is  work.

T h ese  a ssu m p tio n s  can  be te sted  in two ways. F irs tly  th ro u g h  new ob se rv a tio n a l s tu d ies  of cloud 

cores, designed  specifically  to  check the  assum ptions, and  secondly by im prov ing  the  m ethodo log ies used 

to  ana ly se  th e  observa tions.
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A m olecu lar s tu d y  of a  se lected  sam ple  of cloud cores, in p a r tic u la r  C 180 ,  an  o p tica lly  th in  tra c e r  o f 

co lum n  density , observed  in various m illim etre  and  su b m illim etre  tra n s itio n s , w ith  te lescopes like IR A M  

an d  the  JC M T , cou ld  be com bined  w ith  m illim etre  observa tion  of CS, a  know n vo lum e d en sity  tracer. 

T h e  degeneracy  w hich ex ists betw een m olecu lar freezing o u t an d  falling  te m p e ra tu re  could  th e n  be lifted  

by com p ariso n  w ith  d u s t m a p s  of the  cores using the  Sub M illim etre  B o lom eter A rray  (SC U B A ) on the  

JC M T , an d  d e ta iled  m ode lling  of th e  re la tionsh ip  betw een CO  ab u n d an ces on d u s t m an tle s  an d  th e  d u st 

opacity .

T h e  code used in  th is  w ork assum ed  hom ogeneous density  d is tr ib u tio n s . Im p ro v in g  th e  code, allow ing 

m ode lling  of cores w ith  c lu m p in g , would help to  check th e  effects o f th is  a ssu m p tio n  an d  is p e rh ap s 

ach ievable by in tro d u c in g  m ore th a n  one p o p u la tio n  of gas w ith in  each vo lum e elem en t in th e  m odel or 

( th o u g h  num erica lly  m ore d em an d in g ) by using M onte C arlo  m eth o d s.

T h e  p res te lla r  life tim es derived  in ch ap te r 3 were effectively based  on th e  a ssu m p tio n  th a t  all cloud 

cores experience a  sing le b u rs t o f s ta r  fo rm ation , which form s s ta rs  from  the  sam e IM F , an d  th a t  the 

re su lta n t Y SO s evolve in th e  sam e way - ie have sim ila r lifetim es, accretion  ra tes , an d  lum inosities. 

T h e  on ly  way th a t  th is  a ssu m p tio n  can  be tested  is by m ak in g  a d e ta iled  s tu d y  of th e  Y SO  co n ten t of 

m ore  th a n  one se t o f cores. A s tu d y  of two of th e  sets o f cores p resen ted , b o th  in the  in fra red  an d  the 

su b m illim e tre  could  in v es tig a te  the  p o p u la tio n  of YSOs in each sam p le , by allow ing a d eriv a tio n  o f the  

sp e c tra l indices, th e  lu m in o sity  function  of the sets o f Y SO s and  th e ir  sp e c tra l classifications (A ndre  et 

al 1993). Such a s tu d y  shou ld  allow  a  com parison  of the  typ ica l m asses an d  ages of Y SO s in  each se t o f 

cores, an d  will verify or cast d o u b t on the  assum ptions m ade th a t  d ifferent se ts o f cores w ith  d ifferent 

ty p ica l d ensities an d  physical cond itions, lead to  the fo rm a tio n  of s ta rs  from  a com m on  IM F.

T w o specific com parisons betw een the co res’ YSO p o p u la tio n s are possib le. S u b m illim etre  co n tin u u m  

observa tions p referen tia lly  d e tec t young Class-0 ob jects; In frared , th e  la te r  C lass Is an d  IIs. A ny difference 

in th e  fra c tio n  of early  to  la te  ty p e  Y SO s betw een the two sam ples w ould be in d ica tiv e  o f d iffe ren t s ta r  

fo rm a tio n  h isto ries in th e  tw o se ts  of cores.

In  ad d itio n  th e  ty p ica l lum inosities of th e  Y SO s could be com pared . H igher lum in o sities  are expected  

e ith e r because o f h igher m ass Y SO s or h igher accretion  ra tes  (B eichm an et al 1986), hence a m ark ed  

difference in lu m in o sity  betw een  th e  two sets o f ob jects , will be a  clear in d ic a tio n  o f e ith e r  a d ifferent 

IM F  for th e  two sam ples, o r a d ifferent YSO lifetim e. T h is  com parison  is p a r tic u la rly  d ep e n d en t on an 

ac cu ra te  know ledge o f th e  d is tan ce  to  the cores.

A su b sam p le  of th e  two ca ta logues produced  by W ood et al (1992) an d  M yers e t al (1983) w ould
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a lm o st ce rta in ly  be th e  best. N o t only do they  they differ in typ ica l densities by a fac to r  o f 4, an d  differ 

in the  fra c tio n  of cores w ith  young ste lla r o b jects , and  hence the inferred  p re s te lla r  tim esca le  by a  fac to r 

of 2, b u t they  are also associa ted  w ith  large m olecu lar clouds w hich m eans th e  d is tan ces to  th e  cores are 

likely to  be b e t te r  know n th a n  for Bok globules, or m ed ium  opacity , iso la ted  clouds. If  no difference is 

found  in  th e  two p o p u la tio n s  th is  will confirm  the conclusions reached  in ch a p te r  3, if  n o t it will reveal 

a difference in th e  ty p e  of s ta rs  form ed betw een th e  two sets of cloud cores.

In  th e  la s t 100 years we have com e to  u n d e rs ta n d  th e  n a tu re  of s ta rs . How they  fo rm  is how ever a 

m ore  co m p lica ted  an d  d iverse p rob lem  w hich has proved m uch m ore end u rin g . T h is  thesis has ex am in ed  

som e sm a ll aspec ts  o f th is  p rob lem , b u t m uch work rem ains to  be done.
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