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Introduction



● Young s t e llar obj ects (YSOs)  are  newborn s t ars  t ha t t ypi cally  r emain c lose ly associa ted 
wi th t he i r na t a l molecular  c louds (MCs).  Recently, i t  has  become a  new research t r end 
to  combine YSOs to  unvei l t he  t hree-dimensional (3D)  morphology and kinematics of  
MCs,  t hus  helping to  decipher t he  l ocal s t ar formation hi s tory.

● The s tudy focuse  on the  Cani s  Major (CMa) s t arforming region,  s i t ua ted a t  t he  Galac tic  
l ongi tude of  ∼225 ◦,  Galac tic l a t itude of  ∼−1.5 ◦,  and a  di s tance of  ∼1 kpc  f rom the  Sun.  
Notably, t here are  scarce ly any over lapping foreground or  background s t ar-forming 
regions t owards  t he  CMa,  making i t  a  highly des irable  t a rget for  t he  det a i led s tudies of  
3D morphology and mot ions.

● The s tudy int egrate  t he  high-precision as t rometric da t a  of  YSOs f rom Gaia  DR3 wi th 
high-quality  molecular gas  dat a  f rom the  MWISP proj ect,  i nvestigate t he i r t hree-
dimens ional s t ruc ture  and mot ion based on the  c lose spat ial and kinematic  connection 
between YSOs and molecular c louds (MCs) i n  t he  CMa region.



Data



● The s tudy ut i lize  t he  12CO, 13CO, and C18O (1–0)  dat a  f rom the  MWISP proj ec t, 
observed wi th t he  Purpl e Mounta in Observatory (PMO)  13.7 m  mi l limeter-wave 
t e l escope.

● Given tha t  an ext ens ive  search for  young s t e llar obj ects (YSOs)  i n  t he  CMa region has  
been conducted us ing advanced inf rared dat a , The s tudy compile t he  publ i shed ca t a logs 
of  YSOs and YSO candidates.  A tot al of  1 ,895 YSOs records f rom 9 references  have  
been inc luded.

● The s tudy cross-match the  YSOs sample wi th Gaia  DR3 in t he  Gaia  dat abase1 to  obt a in 
high-precision as t rometr ic measurements  for  YSOs.  The result was  a  t ot a l of  1 ,241 
cross -match ent ries.  The sample was  t hen c l eaned and se l ected, r emoving low-quality 
sources,  obj ects wi th uncl ear c l assifica tions,  and those  t ha t s i gnificantly  devia ted i n  
di s t ance,  space ( l ,  b) ,  and proper  mot ion. Ul t imately,  298 YSOs were  obt a ined.

Molecular Clouds & YSOs Sample





Results



● The above s tudies provide  compelling evidence  tha t MCs in  t he  CMa region cons ist of  
mul t iple components i n  t he  pos i t ion-position-velocity (PPV)  space , and di f ferent 
components  may fea ture di s t inct dynamical s t a tes,  and di splay varying l evels of  s t ar  
formation ac t ivity.

Division of  Subregions





3D Morphology and Motions of  the CMa Region
● Using mul tiwavelength (opt ica l, i nf rared, r adio)  images , Fernandes e t  a l .  (2019) 

proposed tha t  t he  mos t prominent arcshaped nebula i n  CMa,  Sh 2-296, i s  par t  of  a  l a rge 
shel l wi th a  di ameter of  ∼60 pc ,  des ignated the  “CMa shel l ”.

● With the  a im  of  es t ablishing i t s  3D morphology and mot ions， the  s tudy employe the  
cent er of  t he  CMa shel l proposed by Fernandes e t  a l .  (2019) as  t he  r eference point ( ( l , 
b)=(225.82 ◦, −1.83 ◦) ). 

● The di s t ance  of  t he  shel l center i s  t he  aforementioned average di s tance  (1128±15 pc) ,  
and the  µα∗ ,  µδ,  and vLSR of  t he  shel l  center are  obt a ined f rom the  average parameters 
of  t he  7 subregions,  yi e lding values of  −3.68 ± 0.01 mas  yr −1 ,  1 .11 ± 0.01 mas  yr −1 ,  
and 15.1 ± 0.5 km s −1 ,  r espectively.



● Averaging the  di s t ances r e l ative t o  t he  shel l cent er of  t he  7 subregions, t he  s tudy det ermine  the  
r adius of  t he  shel l t o  be  47±11 pc ,  which represents  a  3D shel l l a rger t han the  model of  
Fernandes  e t  a l .  (2019) .

● The s tudy 's ca l cula tions i ndi cate  t ha t t hi s molecular shel l i s  s l owly expanding a t  a  ve locity  of  1 .6  
± 0.7 km s−1,  a  va lue  comparable  t o  t he  velocity  di spersions  of  MCs.  Thi s  sugges ts t ha t t he  
global expansion of  t he  molecular shel l i s  unl ikely t o  be  dominated by c loud turbulence , but  i s  
l i ke ly t o  be  a t t r ibuted to  t he  ext ernal force .



Discussion



Gas Column Density Prof i le of  Expanding Shell



Possible Origin of  Expanding Shell
● To pinpoint t he  t ime when the  7 

subregions  are  mos t compactly 
di s t ributed, t he  s tudy t r ace  t he ir pas t  and 
future  t r a jectories  (wi thin a  t ime range 
of  ±20 Myr)  fol lowing the  method of  
Großschedl e t  a l .  (2021).  

● Concre tely speaking,  t he  s tudy assume 
cons t ant c loud velocities t o  ca l culate  t he  
sum of  di s t ances Σd( i,  j )  be tween the  
subregions  a t  0 .1  Myr  t ime bins and 
det ermine the  minimum value.  Figure  6 
i l l ustrates Σd( i,  j )  as  a  function of  t he  
evolutionary t ime, i ndi ca ting tha t t he  
expans ion of  t he  molecular shell seems 
to  have  s t ar ted ∼4.4 Myr  ago.   



Conclusions



● In teg rating th e h ig h -precision astro metric d ata o f YS Os fro m Gaia DR3  with  th e h ig h -
q u ali ty 12CO, 13CO, an d  C 18O (1 – 0) d ata fro m th e MWIS P p ro ject , th e stu d y  in v estigate fo r 
th e first  t ime th e 3 D mo rp hology an d  mo tio ns o f th e CMa reg io n . 

● T h e stu d y  p arti t ion th e CMa reg io n in to  7  su b reg ions b ased  o n  th e d iscrep ancies in  th e 
P P V d istribution, in teg rated in ten sity, an d  rad ial  v elo city o f th e mo lecu lar g as,  as well  as 
th e d ifferen ces in  d istan ce an d  mo tion o f th e YS Os.

● T h e cen tral  (l ,  b ) co o rd inates an d  rad ial  v elo cities o f th e su b reg ions are d etermined b y  th e 
T MB-weighted av erag e p arameters o f th e 13CO g as,  an d  th e d istan ces an d  p ro per mo tions 
o f th e su b reg ions are rep resen ted b y  th e av erag e p arameters o f th e YS Os.  

● T h e stu d y  fin d  th at  th e su b regions are d istrib uted aro u nd a sh ell  w ith  a rad iu s o f 4 7±11 p c.  
T h e rad ial  co mp onents (relativ e to  th e sh ell  cen ter) o f th e 3 D mo tions in d icate th at  th is 
mo lecu lar sh ell  is slo wly  ex p anding at  a v elo city o f 1 .6  ± 0 .7  k m s−1 .  

● T h ro ugh th e traceb ack  an aly sis assu ming co n stant v elo cit ies,  we o b serv e th at  th e ex p ansion 
ap p ears to  h av e started  ∼4 .4 My r ag o .  Additionally, th e mo men tum an alysis su g gests th at  
th e ex p an ding mo lecular sh ell  may  b e sh ap ed  b y  at  least  2  S Ne ev en ts.
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