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Conceptual	  View:	  Cosmic	  Abundance	  Evolu.on	  

•  	  	  
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Contribu.ons	  of	  Stars	  to	  Abundance	  Enrichments	  

•  	  	  
courtesy	  Nikos	  Prantzos	  
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  Associa.ng	  different	  “processes”	  with	  nuclide	  groups	  –	  that’s	  what	  we	  teach…	  
	  	   	   	   	   	   	   	   	   	  …	  and	  know	  is	  superficial	  (or	  even	  wrong)	  

  cmp.	  Burbidge,	  
Burbidge,	  Fowler,	  and	  
Hoyle,	  RMP	  1959	  	  

Cosmic	  origins	  of	  the	  variety	  of	  nuclides	  
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Time	  Domains	  of	  Star-‐Forma.on	  in	  our	  Galaxy	  	  

–  We	  see…	  
•  Stars 	   	  Ages	   	  0…13	  Gy	  
•  SNR,Pulsars 	  Ages	   	  0.03…30	  ky	  
•  HII	  Regions 	  Ages 	  0…5	  My	  
•  Parental	  Clouds 	  Ages 	  0.01…0.1	  Gy	  

–  …a	  highly	  fragmented	  and	  biased	  	  
set	  of	  nucleosynthesis	  tracers	  
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Star	  Forming	  History	  
in	  Solar	  Vicinity	  
Chiappini	  et	  al.	  2001	  
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Chemical	  Evolu.on:	  Complex,	  Unsolved	  
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Composi.onal	  Evolu.on	  –	  a	  Challenge	  
•  From	  Lecture	  Series	  	  

at	  Universe	  Cluster	  	  
by	  Nikos	  Prantzos,	  Nov’14	  
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Abundance	  Measurements	  
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•  SDSS/APOGEE	  
•  ~70000	  stellar	  spectra	  	  
à	  metal	  abundance	  distribu.ons	  

– stellar	  metal	  yields	  &	  migra.ons	  

Hayden	  et	  al.	  2015	  



Abundance	  Measurements	  
•  Issues:	  
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Anders	  et	  al.	  2016:	  



Chemodynamical	  Modeling:	  Radial	  Migra.on	  
•  	  	  
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Help	  from	  Asteroseismology:	  Distances!	  
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Help	  from	  Asteroseismology:	  Distances!	  
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Other	  issues…	  

•  How	  long	  does	  it	  take	  to	  get	  maler	  recycled?	  
•  Efficiency??	  Lock	  up	  in	  stars,	  dust.	  Loss	  towards	  IGM	  

•  How	  do	  stars	  change	  the	  condi.ons	  for	  star	  forma.on?	  
•  “feedback”	  

•  How	  well	  do	  we	  understand	  the	  cycle	  of	  maler?	  
•  Budget:	  missing	  baryons.	  Ouolows,	  infall?	  Cosmic	  SFH?	  

•  Are	  specific	  sources	  domina.ng	  some	  parts?	  
•  r	  process:	  one	  source?	  

•  …	  
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Supernova	  Ejecta	  from	  a	  Nearby	  Event	  

•  	  60Fe	  Clearly	  Seen	  in	  
Oceanfloor	  Samples	  

à	  	  SN	  ~2-‐3	  My	  ago	  
Knie et al. 2004 

Knie	  et	  al.	  2004;	  Fitousi	  et	  al.	  2008;	  Feige	  2014;	  Fimiani	  et	  al.	  2015	  

Feige+	  2014	  
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Stellar	  &	  Supernova	  Feedback	  
•  Winds	  and	  supernovae	  drive	  gas	  away	  from	  SFRs	  

•  Galac.c	  chimneys,	  fountains	  
•  Special	  “laboratories”:	  Globular	  clusters,	  dwarf	  galaxies	  
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Globular	  Clusters	  
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Massive-‐Star	  Cluster	  Birth	  &	  Evolu.on	  
Issues:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (…OC’s,	  YMC’s,	  GC’s…)	  
–  Forma.on	  monolithic	  or	  hierarchical?	  
–  Role	  of	  ini.al	  gas	  mass?	  
–  Role	  of	  gas	  expulsion?	  

	  

– How	  does	  
gas	  expulsion	  
happen???	  

•  see	  also	  Banerjee	  &	  Kroupa	  2015,	  
Gentry+	  2016,	  Krause+2016,	  	  
Li+2016,	  Pfalzner+2016,	  	  
Yadev+2016,	  …:	  an	  ac.ve	  field!	  

Roland	  Diehl	  

Pfalzner+2014	  
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New	  laboratories:	  dwarf	  satellite	  galaxies	  
•  Few	  stars	  à	  simple	  enrichment	  history	  
–  Ret	  II:	  
high	  and	  homogeneous	  
r	  enrichment:	  
case	  for	  NS	  merger?	  

»  Ji,	  Frebel	  2016	  

Roland	  Diehl	   Nuclear	  Astrophysics	  in	  D,	  Nov	  2016	  



The	  Cycle	  of	  Gas	  in	  a	  Galaxy	  

•  How	  the	  Galaxy’s	  Disk	  and	  Halo	  “communicate”	  

– Chimneys	  around	  massive-‐star	  groups	  
eject	  gas	  into	  halo	  

– Constancy	  of	  Star	  Forma.on	  Rate	  over	  
Galaxy-‐Evolu.on	  Times	  (Deple.on	  would	  be	  Fast)	  

Marasco, Fraternai, & Binney 2011; Fraternali et al. 2013 

Renaud et al. 2014 
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Atomic	  gas:	  HI	  21	  cm	  line	  
•  GASS	  &	  EBHIS	  survey	  “HI4PI”	  (Ben	  BekhW	  et	  al.	  2016)	  
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Interstellar	  gas	  of	  our	  Galaxy	  
•  Fermi	  gamma-‐rays:	  Cosmic	  rays	  illumina.ng	  ISM	  
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Selig et al. 2014 FERMI-LAT 



Hot	  gas	  of	  our	  Galaxy	  
•  X-‐rays:	  thermal	  emission	  from	  hot	  gas	  

–  Absorbed	  within	  the	  Galac.c	  Disk	  
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Snowden et al. 1995, 2015 ROSAT 0.25 keV 



Hot	  gas	  of	  our	  Galaxy	  
•  X-‐rays:	  thermal	  emission	  from	  hot	  gas	  

–  Local	  bubble,	  Loop	  I,	  Cygnus	  SB,	  Vela	  SNR,	  …	  
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Snowden et al. 1995, 2015 ROSAT 0.75 keV 



HI	  observa.ons:	  Infalling	  clouds	  
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Röhser,	  Kerp,	  Lenz,	  &	  Winkel,	  2016	  

•  Northern	  hemisphere,	  EBHIS	  &	  GASS	  	  



HI	  observa.ons:	  Infalling	  clouds	  
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Röhser,	  Kerp,	  Lenz,	  &	  Winkel,	  2016	  
•  Veloci.es	  à	  Origin	  in	  Galac.c	  fountains	  	  

northern	  

southern	  

Heliocentric	  
distance	  



From	  chimneys	  to	  galac.c	  winds	  
•  How	  does	  gas	  leave	  a	  galaxy?	  

•  Fermi	  bubbles	  

Roland	  Diehl	   Nuclear	  Astrophysics	  in	  D,	  Nov	  2016	  



Star	  forma.on:	  cosmic	  history	  
•  We	  cannot	  easily	  

probe	  the	  
distant/early	  
universe	  	  
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model	  predic.ons	  
and	  observa.onal	  es.mates	  

starforming	  
galaxies	  	  

(data	  from	  GRBs)	  
Ly	  break	  
galaxies	  

MacLow	  2013	  



Cosmic	  Maler	  Budget:	  Missing	  Baryons	  
•  Adding	  up	  observa.ons	  of	  different	  maler	  components	  

»  Shull+2012	  
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•  Ly	  α	  observa.ons	  
CMB	  (Planck)	  	  
à	  



Describing	  composi.onal	  evolu.on	  
•  Numerical	  schemes	  (SPH)	  allow	  to	  handle	  

–  Complex	  mixture	  of	  source	  processes	  
–  Inhomogenei.es	  of	  maler	  and	  evolu.on	  
– Mixing	  on	  different	  spa.al	  and	  temporal	  scales	  

•  How	  do	  we	  ensure	  “understanding”	  
–  Analy.cal	  prescrip.ons	  	  
–  Limi.ng	  cases	  and	  situa.ons	  
–  Link	  to	  observa.ons,	  addressing	  /	  avoiding	  degeneracies	  
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Chemical	  Evolu.on	  Descrip.ons	  
•  Include	  all	  relevant	  sources	  and	  sinks	  

•  Stars,	  supernovae;	  rare	  but	  par.ally	  very	  efficient	  sources	  
•  Compact	  stars,	  dust;	  intergalac.c	  medium	  

•  Understand	  source	  proper.es,	  as	  evolving	  
•  Star	  forma.on	  history,	  environmental	  influences	  
•  Metallicity	  dependent	  frequencies	  and	  yields	  

•  Understand	  gas	  and	  maler	  flows	  
•  Hot,	  cold	  gas;	  compact	  stars;	  galaxy-‐halo	  interface	  

•  Establish	  observa.onal	  tests	  of	  sub-‐areas	  
•  Observa.on	  analyses	  towards	  ChemEv	  ingredients	  
•  ChemEv	  modeling	  of	  observables	  

•  Establish	  standards	  for	  interfaces,	  tools	  
•  See	  JINA-‐CEE,	  MESA,	  NUGRID,	  …	  	  
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Chemical	  Evolu.on	  in	  Germany	  
•  Simula.ng	  the	  interstellar	  medium	  

•  Groups	  in	  Heidelberg,	  Berlin,	  Garching,	  Köln	  

•  Analysing	  stellar	  abundances	  in	  ChemEv	  context	  
•  Groups	  in	  Potsdam,	  Heidelberg	  

•  Here	  is	  a	  specific	  need	  for	  enhancing	  links	  to	  other	  
nuclear-‐astrophysics	  efforts	  

•  Observa.ons’	  diversity	  
•  Source	  models	  
•  Gas	  dynamics	  
•  Numerical	  schemes	  and	  tools	  
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