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How	  typical	  is	  solar	  space	  weather?	  

•  Coronal	  mass	  
ejec9ons	  vary	  in	  
number	  and	  
la;tude	  through	  
solar	  cycle	  

•  These	  varia9on	  
track	  the	  change	  
in	  the	  large-‐scale	  
field	  topology	  



Varia9ons	  with	  the	  solar	  cycle	  
Changes	  in	  morphology	  of	  large-‐
scale	  corona	  and	  wind	  

Images	  courtesy	  of	  UCAR's	  High	  Al9tude	  
Observatory	  and	  Rhodes	  College.	  



Dona;	  et	  al	  2008,	  	  
Morin	  et	  al	  2008,2009	  

Field	  strength	  and	  geometry	  varies	  with	  mass	  and	  rota9on	  period	  



Strong	  toroidal	  fields	  are	  characteris;c	  of	  stars	  with	  tachoclines	  

Tachocline	  develops	  
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See+15	  



Indica;ons	  of	  two	  dynamos?	  

See+15	  
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Strong	  toroidal	  fields	  are	  preferen;ally	  axisymmetric	  
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Magne9c	  energy	  components	  

See+15	  
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The	  toroidal	  field	  is	  
predominantly	  supported	  by	  
azimuthal	  bands	  

These	  extend	  to	  higher	  
la9tudes	  in	  rapid	  
rotators	  
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Marsden	  et	  al	  2005,2006;	  
	  Jeffers	  et	  al	  2011	  

What	  are	  the	  surface	  drivers	  of	  this	  field?	  

Differen9al	  
rota9on	  
increases	  with	  
mass	  (Barnes
+05,Reiners+06).	  
	  
-‐>	  The	  surfaces	  
of	  ho]er	  stars	  
are	  sheared	  
more	  rapidly	  
than	  cooler	  stars	  	  



Higher	  surface	  shear	  -‐>	  more	  dynamic	  coronae	  

Pilot	  study	  (Gibb+14):	  	  

•  Emerge	  a	  simple	  bipole	  
through	  stellar	  surface	  

	  
•  Evolve	  coronal	  magne9c	  

field	  with	  magnetofric9onal	  
approach	  (Yang	  86)	  

•  Track	  forma9on	  and	  
evolu9on	  of	  flux	  ropes	  
(blue)	  that	  are	  precursors	  to	  
coronal	  mass	  ejec9ons.	  

How	  does	  the	  corona	  respond	  as	  surface	  shear	  increases?	  



HoXer	  stars	  have	  more	  dynamic	  coronae	  

dΩ	  =	  3.03[Teff/5130	  K]8.6	  deg/day	  	  (Collier	  Cameron	  07)	  

Gibb+14	  



Full-‐star,	  long	  term	  evolu;on	  

•  (1-‐5)	  x	  solar	  flux	  emergence	  rate	  
•  (1-‐5)	  x	  solar	  differen9al	  rota9on	  

Resolu'on:	  
	  
•  Spa9al:	  1o	  at	  equator,	  less	  at	  poles	  
•  Temporal:	  1	  day	  

Boundary	  condi'ons:	  
	  
•  open	  at	  2.5R*,	  Br	  at	  surface	  

25	  models,	  each	  evolved	  for	  1	  year:	  

Gibb+16	  



Full-‐star,	  long	  term	  evolu;on	  also	  shows	  that	  hoXer	  
stars	  have	  more	  dynamic	  coronae.	  

dΩ	  =	  3.03[Teff/5130	  K]8.6	  deg/day	  	  (Collier	  Cameron	  07)	  

Gibb+14	  

Overlying	  coronal	  field	  
confines	  flux	  ropes	  and	  slows	  
forma;on	  and	  ejec;on	  
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*	  Histogram	  of	  emergence	  la9tudes	  



Increasing	  shear	  leads	  to	  a	  more	  open	  
corona	  

5x	  solar	  differen;al	  rota;on	  



<Bsurface>	  	  increases	  with	  flux	  emergence	  rate	  …	  
….but	  decreases	  with	  increased	  shear	  

Flux	  emergence	  rela9ve	  to	  solar	  
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Flux	  emergence	  rela9ve	  to	  solar	  
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5800K	  

Prot	   26	  days	  3	  days	  
Assuming	  <B>	  ~	  Prot	  -‐1.32	  
	  (VidoXo+14)	  

<Bsurface>	  	  increases	  with	  flux	  emergence	  rate	  …	  
….but	  decreases	  with	  increased	  shear	  



Area	  with	  B	  >10G	  saturates	  for	  high	  ac;vity…	  

……but	  decreases	  with	  high	  shear…	  
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Flux	  emergence	  rate	  (rela9ve	  to	  solar)	  



5x	  solar	  flux	  emergence	  rate	  (<B>	  ~	  30G)	  

At	  high	  emergence	  rates:	  	  
	  
•  Area	  of	  ac9ve	  regions	  saturates	  	  

§  flux	  emerges	  into	  exis9ng	  ac9ve	  regions	  
•  <B>	  does	  not	  saturate	  
•  Emission	  proxy	  increases	  
	  



Highly	  sheared	  fields	  contain	  more	  free	  energy	  
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5x	  solar	  emergence	  rate	  plus	  5x	  solar	  differen;al	  rota;on	  
	  

At	  high	  shear	  rates	  corona	  has	  more:	  
	  	  
•  open	  flux	  
•  free	  energy	  
•  a	  greater	  erup9on	  rate	  
	  



What	  determines	  coronal	  evolu;on	  ;mescales?	  

Flux	  emergence	  rate	  governs	  
total	  coronal	  energy	  

•  X-‐ray	  emission,	  wind	  power	  

	  

Differen;al	  rota;on	  (shear)	  
governs	  the	  coronal	  topology	  

•  Frac;on	  of	  free	  energy,	  
open	  flux	  

•  Timescales	  for	  flux	  rope	  
forma;on	  and	  ejec;on	  


