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	  	  	  In	  previous	  works	  we	  studied	  the	  star	  forma<on	  scenario	  in	  the	  molecular	  cloud	  Canis	  Major	  R1	  (CMa	  R1),	  derived	  from	  the	  existence	  of	  young	  stellar	  popula<on	  groups	  near	  the	  Be	  stars	  Z	  CMa	  and	  GU	  
CMa,	  using	  data	  from	  the	  ROSAT	  X-‐ray	  satellite.	  In	  order	  to	  inves<gate	  the	  nature	  of	  these	  objects	  and	  to	  test	  a	  possible	  scenario	  of	  sequen<al	  star	  forma<on	  in	  this	  region,	  four	  fields	  (each	  30	  arcmin	  
diameter,	  with	  some	  overlap	  –	  Fig.	  1)	  have	  been	  observed	  with	  the	  XMM-‐Newton	  satellite,	  with	  a	  sensi<vity	  about	  10	  <mes	  be_er	  than	  ROSAT.	  
	   	   	  The	  XMM-‐Newton	  data	  are	  currently	  under	  analysis.	  Preliminary	  results	  indicate	  the	  presence	  of	  about	  324	  sources,	  most	  of	  them	  apparently	  having	  one	  or	  more	  near-‐infrared	  counterparts	  showing	  
typical	  colors	  of	  young	  stars.	  The	  youth	  of	  the	  X-‐ray	  sources	  was	  also	  confirmed	  by	  X-‐ray	  hardness	  ra<o	  diagrams	  (XHRD),	  in	  different	  energy	  bands,	  giving	  an	  es<mate	  of	  their	  LX/Lbol	  ra<os.	  
	   	   	   In	  addi<on	  to	  these	  results,	  we	  present	  a	  detailed	  study	  of	  the	  XMM	  field	  covering	  the	  cluster	  near	  Z	  CMa.	  Several	  of	  these	  sources	  were	  classified	  as	  T	  Tauri	  and	  Herbig	  Ae/Be	  stars,	  using	  op<cal	  
spectroscopy	  obtained	  with	  Gemini	  telescopes,	  in	  order	  to	  validate	  the	  use	  of	  XHRD	  applied	  to	  the	  en<re	  sample.	  This	  classifica<on	  is	  also	  used	  to	  confirm	  the	  rela<on	  between	  the	  luminosi<es	  in	  the	  
near-‐infrared	  and	  X-‐ray	  bands	  expected	  for	  the	  T	  Tauri	  stars	  in	  CMa	  R1.	  In	  the	  present	  work	  we	  show	  the	  results	  of	  the	  study	  based	  on	  the	  spectra	  of	  about	  90	  sources	  found	  nearby	  Z	  CMa.	  We	  checked	  
that	  the	  X-‐ray	  spectra	  (0.3	  to	  10	  keV)	  of	  young	  objects	  is	  different	  from	  that	  observed	  in	  field	  stars	  and	  extragalac<c	  objects.	  Some	  of	  the	  candidates	  also	  have	  light	  curve	  showing	  flares	  that	  are	  typical	  of	  
T	  Tauri	  stars,	  which	  confirms	  the	  young	  nature	  of	  these	  X-‐ray	  sources.	  

Fig.1.	   Observed	   fields	   with	   XMM-‐Newton.	   CMa	   R1	   Op<cal	   image	   (DSS-‐R)	   superimposed	   by	   12CO	  
contours	   showing	   the	   observed	   XMM-‐Newton	   fields	   (black	   circles	   -‐	   15’	   radius).	   Red	   circle	   are	   X-‐ray	  
sources.	  Gemini	  fields	  that	  have	  been	  observed	  in	  this	  year	  (yellow	  squares	  6’	  ×	  6’).	  

Fig.2.	  Hardness	  ra<o	  diagrams	  based	  on	  three	  different	  range	  sets:	   (lel	  )	  the	  dashed	  line	  delimits	  the	  region	  (smaller	  
squares)	   where	   most	   of	   young	   objects	   of	   B2011,	   class	   II	   (filled	   circles),	   class	   III	   (crosses)	   and	   other	   young	   objects	  
(diamond)	   are	   located:	   	   (center)	   the	   dashed	   line	   	   represents	   the	   locus	   of	   90%	   of	   type	   1	   of	   XMM-‐Newton	   bright	  
serendipitous	  survey	  sample	  (Della	  Ceca	  et	  al.	  2004)	  with	  LS2008	  sample,	  the	  YSOs	  and	  YSO	  candidates	  are	  represented	  
by	  full	  and	  open	  stars,	  whereas	  the	  galaxy	  by	  circles.	  (right)	  grid	  of	  power	  law	  models	  presented	  in	  H2001.	  The	  objects	  
detected	   in	   our	   4	   fields	   are	   represented	   by	   squares	   into	   the	   all	   diagrams.	   The	   different	   colours	   follow	   the	   limits	  
proposed	  by	  Della	  Ceca	  et	  al.	  (2004),	  black	  symbols	  have	  hardness	  ra<o	  (M-‐S)/(M-‐S)	  <	  -‐0.75,	  	  red	  symbols	  are	  in	  the	  type	  
1	  AGN’s	  regions	  and	  blue	  symbols	  are	  (M-‐S)/(M-‐S)	  >	  -‐0.35.	  	  

Fig.3.	  Lel:	  colour–colour	  diagram.	  The	  main	  sequence	  and	  the	  ZAMS	  are	  indicated	  by	  full	  lines,	  while	  the	  locus	  of	  giant	  
stars	   is	  represented	  by	  a	  do_ed	   line.	  Reddening	  vectors	  from	  Rieke	  &	  Lebofsky	  (1985)	  are	  shown	  by	  dashed	  and	  dot-‐
dashed	  lines.	  Right:	  colour–magnitude	  diagram	  showing	  the	  isochrones	  and	  evolu<onary	  pre-‐MS	  tracks	  from	  Siess	  et	  al.	  
(2000).	  The	  full	  and	  open	  squares	  represent	  the	  YSO	  and	  YSO	  candidate,	  crosses	  and	  dots	  are	  field	  candidate	  and	  field	  
objects	  respec<vely,	  and	  the	  galaxy	  and	  the	  Herbig	  Ae/Be	  iden<fied	  in	  our	  sample	  are	  respec<vely	  represented	  by	  open	  
triangle	  and	  star.	  
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² We	   detected	   327	   sources	   in	   three	   different	   energy	   set	  
ranges.	   Most	   of	   theses	   sources	   have	   hardness	   ra<o	  
compa<ble	  with	  young	  objects,	  mainly	  in	  the	  east	  field;	  

²  The	  CMD	  reveals	  an	  age	  of	  about	  5Myrs;	  
²  45	  spectra	  of	  X-‐ray	  sources	  could	  be	  evaluated,	  and	  for	  most	  

of	  the	  field	  or	  field	  candidates	  a	  thermal	  plasma	  models	  could	  
not	  be	  fi_ed.	  

²  The	  YSO	  and	  YSO	  candidates	  of	  this	  sample	  follow	  the	  same	  
rela<on	   between	   X-‐ray	   and	   NIR	   luminosi<es	   found	   by	  
GH2009.	  

²  48	  sources	  could	  be	  classified:	  16	  YSOs,	  21	  YSO	  candidates,	  3	  
field	  candidates	  and	  8	  field	  objects.	  

² The	  nest	  step	  is	  to	  apply	  the	  same	  procedure	  of	  analysis	  
to	   the	   327	   sources	   in	   order	   to	   completely	   characterize	  
our	  whole	  sample.	  

² Four	   fields	   observed	   with	   PN,	   MOS1	   and	   MOS2	   EPIC	   camera	  
from	  XMM-‐Newton	  satellite	  (Fig1.):	  

² 327	   sources	   detected	   into	   all	   three	   different	   energy	   ranges	  
based	  on	  	  Barrado	  et	  al	  2011	  (B2011),	  Lopez-‐San<ago	  et	  al.	  2008	  
(LS208)	  and	  Hasinger	  et	  al.	  2001	  (H2001);	  

Tab.	  1:	  Characteris<c	  	  of	  	  detec<on	  sets	  based	  on	  different	  authors10	  (B2011),	  (LS208)	  and	  (H2001):	  detec<on	  interval	  (IDet),	  
used	  bands	  B1,	  B2,	  B3	  and	  B4,	  and	  number	  of	  sources	  detected	  in	  each	  field	  -‐	  central	  (C)	  07	  02	  58.40	  -‐11	  27	  24.00	  ,	  east	  (E)	  
07	  04	  18.34	  -‐11	  34	  44.70,	  west	  (W)	  07	  01	  23.00	  -‐11	  19	  56.60,	  south	  (S)	  	  07	  02	  29.51	  -‐11	  47	  12.40,	  and	  total.	  
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	   	   Fernandes	   et	   al.	   2013	   (in	   prepara<on,)	   used	   GEMINI	   data	   to	  
classify	  about	  84	  object	  present	   in	  our	  east	  field,	   	  based	  on	  this	  
classifica<on	  we	  could	  iden<fy	  24	  X-‐ray	  sources:	  
	  
	  
	  
	  	  Only	  two	  objects	  in	  our	  sample	  do	  not	  have	  2MASS	  counterpart.	  	  	  	  	  

	  
² 6	  →	  weak	  T	  Tauri;	  
² 9	  →	  post	  T	  Tauri;	  	  
² 1	  →	  classical	  T	  Tauri;	  

² 1	  →	  Herbig	  Ae/Be;.	  
² 1	  →	  YSO	  with	  emission	  line;	  
² 6	  →	  field	  objects.	  

	  Using	  ROSAT	  data	  Gregorio-‐Hetem	  et	  al.	  (2009)	  found	  the	  rela<onship	  	  
between	  NIR	  and	  X-‐ray	  luminosi<es	  for	  T	  Tauri	  stars	  in	  CMaR1	  :	  
	  

² 	  log	  (LX	  )=	  31	  –	  0,33MJ	  .	  

Fig.6.:	   X-‐ray	   luminosity	   (LX)	   v.s.	   absolute	  magnitude	   in	   2MASS	   J	   band	   (MJ):	   the	   red	   line	   represents	   the	   rela<on	  	  	  	  	  	  	  	  
log(LX)=	   31	  –	   0,33MJ	   found	  by	  Gregorio-‐Hetem	  et	   al.	   (2009)	   through	  ROSAT	  data.	  Do_ed	  and	  dashed	  black	   lines	  
represent	  the	  uncertain<es	   in	  1σ	  an	  3σ	  and	  the	  dashed	  red	  line	   is	  2σ	   (σ	  =	  0,4	  ergs/s).	  The	  full	  and	  open	  squares	  
represent	  the	  YSO	  and	  YSO	  candidate,	  crosses	  and	  dots	  are	  field	  candidate	  and	  field	  objects	  respec<vely,	  and	  the	  
galaxy	  and	  Herbig	  Ae/Be	   iden<fied	   in	  our	  sample	  are	  represented	  by	  open	  triangle	  and	  star.	  The	  open	  diamonds	  
represent	  the	  Chameleon	  sample	  (GH2009).	  	  	  
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	   	   	   In	  order	  to	  establish	  the	  analysis	  method	  of	  our	  whole	  sample	  we	  
studied	   in	   more	   detail	   the	   op<cal,	   near	   infrared	   (NIR)	   and	   X-‐ray	  
characteris<cs	  of	  about	  50	  of	  the	  brightest	  sources	  in	  the	  east	  field.	  

	   	   	  Hardness	  ra<o	  diagrams,	   in	   three	  different	  set	  energy	   for	  our	  
sample	  compared	  with	  other	  works.	  	  

Fig.4.	  Hardness	  ra<o	  diagrams	  similar	  to	  Fig.2.	  for	  a	  small	  sample	  in	  east	  field	  based	  on	  three	  different	  works.	  The	  full	  and	  
open	  squares	  represent	  the	  YSO	  and	  YSO	  candidate,	  crosses	  and	  dots	  are	  field	  candidate	  and	  field	  objects	  respec<vely,	  and	  
the	  galaxy	  and	  the	  Herbig	  Ae/Be	  iden<fied	  in	  our	  sample	  are	  respec<vely	  represented	  by	  open	  triangle	  and	  star.	  
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	  	  	  Different	  spectra	  present	  in	  our	  sample.	  
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Fig.5.	  X-‐ray	  spectra	  example	   	   found	   in	  our	  sample.	  Top:	  Two	  of	   the	  brightest	  sources	   (01_201	  and	  02_201)	   in	  east	  
field,	   both	   present	   a	   very	   strong	   flare.	   Bo_om:	   (lel)	   an	   example	   of	   a	   thermal	   plasma	   with	   one	   temperature	  
component	  model	   fi_ed	   in	   a	   YSO	   source	   -‐	   14_201,	   (right)	   	   a	   power	   law	  model	   example	   fi_ed	   in	   a	   field	   object	   -‐	  
17_201.	  In	  the	  right	  top	  of	  all	  spectra	  is	  the	  source	  light	  curve.	  

The	  producTon	  of	  X-‐ray	  in	  star	  forming	  regions	  is	  associated	  
with:	  
² Magne<c	   ac<vity	   from	   lower	   mass	   pre-‐main	   sequence	  

stars:	  
²  Thermaliza<on	   by	   high	   velocity	   winds	   from	   massive	   OB	  

stars:	  
²  	  close	  to	  the	  star;	  
²  edges	  of	  a	  wind	  termina<on	  shock.	  

²  Supernova	   remnants	   from	   past	   genera<on	   of	   OB	   stars.	  
(Montmerle,	  et	  al.	  2002)	  

	  	  

	  	  	  	  	  Canis	  Majors	  Star	  Forming	  Region	  (CMaR1)	  
² Using	  data	  from	  the	  ROSAT	  X-‐ray	  satellite,	  having	  a	  field-‐of-‐

view	   of	   ~	   1°	   in	   diameter,	   Gregorio-‐Hetem	   et	   al.	   (2009)	  
discovered	   in	   this	   region	   young	   stellar	   objects	   mainly	  
grouped	  in	  two	  clusters	  of	  different	  ages:	  

²  an	   older	   cluster	   (>	   107yr)	   in	   the	   neighborhood	   of	  GU	  
CMa	  (~	  30’	  West	  of	  ionized	  nebula);	  

²  a	  younger	  cluster	  (<	  5x	  106	  yr)	  nearby	  Z	  CMa.	  	  

	   	   In	   between	   these	   clusters	   it	   is	   found	   an	   intermediate	  
popula<on	   (~	   5	   106	   yr)	   of	   low	   mass	   stars.	   Our	   goal	   is	   to	  
confirm,	  in	  the	  inter-‐cluster	  region	  (fields	  C	  and	  S),	  the	  mixture	  
of	  both	  clusters	  members	  and	  the	  evidences	  of	  different	  star	  
forma<on	  episodes.	  
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