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  to	
  substorms	
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Magnetospheric	
  substorms	
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Magnetospheric	
  substorms	
  

Angelopoulos	
  et	
  al,	
  Science,	
  2008	
  :	
  	
  
	
  
Substorms	
   are	
   global	
   reconfigura5ons	
   of	
  
the	
   magnetosphere	
   involving	
   storage	
   of	
  
solar	
   wind	
   energy	
   in	
   Earth’s	
   magnetotail	
  
and	
   its	
   abrupt	
   conversion	
   to	
   par5cle	
  
hea5ng	
  and	
  kine5c	
  energy.	
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Some	
  substorm	
  signatures	
  :	
  
	
  
•  Aurora	
  
•  Electrojets	
  

•  Field	
  alined	
  currents	
  
•  Substorm	
  current	
  wedge	
  
•  Current	
  reduc5on	
  

•  Dipolariza5on	
  
•  Par5cle	
  injec5on	
  

•  Magne5c	
  reconnec5on	
  
•  Plasmoïds	
  
	
  



Current	
  Disrup3on	
  (CD)	
   Near	
  Earth	
  Neutral	
  Line	
  (NENL)	
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Substorms	
  models	
  



Key	
  signature	
  in	
  substorms	
  :	
  
Substorm	
  Current	
  Wedge	
  

Magnetosphere-­‐Ionosphere	
  coupling	
  



Key	
  signature	
  in	
  substorms	
  :	
  
dipolariza3on	
  

Bz	
  increases	
  !	
  

Ø  Global	
  reconfigura5on	
  of	
  
the	
  magne5c	
  field	
  in	
  the	
  
tail	
  

	
  
	
  
Ø  	
  also	
  observable	
  at	
  

geosynchronous	
  orbit	
  



Dipolariza5on	
  VS	
  Dipolariza5on	
  fronts	
  
(Lui	
  et	
  al,	
  2013)	
  

Dipolariza3on	
   Dipolariza3on	
  Fronts	
  
Bz	
  increase	
  ?	
   Rapid	
  and	
  large	
  	
  

(many	
  minutes)	
  
Transient	
  	
  
(1-­‐2min)	
  

	
  

Magne5c	
  flucta5ons	
  ?	
  	
   Large	
   -­‐	
  

Propaga5on	
  ?	
   Tailward	
   Earthward	
  

What	
  are	
  they	
  ?	
   Temporal	
  manifesta5ons	
  of	
  local	
  dynamic	
  
process	
  

(global	
  reconfigura5on	
  of	
  the	
  magnetosphere)	
  

Plasma	
  discon5nui5es	
  	
  
	
  

(ahead	
  of	
  plasma	
  flow)	
  

Origin	
  ?	
   Current	
  disrup5on	
   Magne5c	
  reconnec5on	
  

When	
  ?	
   Just	
  prior	
  to	
  substorm	
  onset	
   Aper	
  substorm	
  onset	
  
(always)	
  



Dipolariza5on	
  fronts	
  &	
  plasma	
  flow	
  

(Ohtani	
  et	
  al,	
  2004)	
  

In	
  the	
  central	
  plasma	
  sheet	
  



Bursty	
  Bulk	
  Flows	
  

Schödel	
  et	
  al,	
  2001	
  

BBF	
   are	
   strong,	
   transient	
   and	
  
localized	
   increases	
   of	
   plasma	
  
transport	
   observed	
   in	
   the	
   plasma	
  
sheet.	
  
	
  
	
  
Two	
  criteria	
  to	
  iden5fy	
  them	
  :	
  
	
  
•  Bulk	
  flow	
  	
  

Vx	
  >	
  400km/s	
  	
  
(Angelopoulos	
  et	
  al,	
  1992)	
  

•  Flux	
  transport	
  along	
  the	
  tail	
  	
  
~VxBz	
  >	
  2mV/m	
  
(Schödel	
  et	
  al,	
  2001)	
  



BBF	
  bounce	
  

(Panov	
  et	
  al,	
  2010)	
  

•  Average	
  bulk	
  velocity	
  not	
  independant	
  of	
  
radial	
  distance	
  in	
  the	
  CPS	
  

•  Whereas,	
  the	
  average	
  transport	
  rate	
  of	
  
magne5c	
  flux	
  is	
  nearly	
  constant	
  

•  In	
  the	
  near	
  Earth,	
  cross-­‐tail	
  flows	
  have	
  to	
  be	
  
taken	
  into	
  account	
  :	
  	
  

⇒ EH	
  =	
  [	
  (VXBZ)2	
  +	
  (VYBZ)2	
  ]1/2	
  

⇒ EH	
  >	
  2mV/m	
  

⇒ Rapid	
  Flux	
  Transport	
  event	
  (RFT)	
  
	
  



Themis	
  observa5ons	
  in	
  the	
  near	
  
tail	
  (~10-­‐15Re)	
  

Several	
  successive	
  plasma	
  sheet	
  
ac5va5ons	
  composed	
  of	
  DF	
  and	
  BBF	
  



GEOTAIL	
  and	
  ACE	
  :	
  solar	
  wind	
  
THEMIS	
  and	
  GOES	
  :	
  tail	
  

Posi5on	
  of	
  probes	
  in	
  the	
  XY	
  plane	
   Good	
  coverage	
  for	
  8	
  hours	
  

XZ	
  Plane	
  



Overview	
  



Auroral	
  Electrojet	
  Index	
  
Al	
  

H	
  
D	
  

Z	
  

•  H	
  toward	
  magne5c	
  north	
  pole	
  
•  Z	
  ver5cal	
  on	
  site	
  
•  D	
  to	
  complete	
  the	
  system	
  

H	
  

Al	
  (nT)	
  

Induced	
  ground	
  magne5c	
  field	
  



Timing	
  :	
  THEMIS	
  D	
  

Bz	
  

<Bz>	
  
Centered	
  moving	
  average	
  

on	
  100sec	
  of	
  Bz	
  

δBz	
  =	
  Bz	
  -­‐	
  <Bz>	
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Plasma	
  flows	
  in	
  the	
  tail	
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  flow	
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Events	
  1	
  &	
  4	
  

BZ	
  

THEMIS	
  B	
  

BX	
  Bx	
  

By	
  

Bz	
  

Bx	
  

By	
  

Bz	
  

Event	
  1	
  

Lobe	
  magne5c	
  field	
  
varia5ons	
  are	
  similar	
  

to	
  NFTEs	
  
(Nightside	
  Flux	
  
Transfer	
  Events)	
  

	
  

THEMIS	
  B	
  C	
  A	
  D	
  E	
  



Ground	
  based	
  coverage	
  



High	
  la5tude	
  data	
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BBF-­‐RFT	
  number	
  

⇒ EH	
  =	
  [	
  (VXBZ)2	
  +	
  (VYBZ)2	
  ]1/2	
  

⇒ EH	
  >	
  2mV/m	
  

⇒ Rapid	
  Flux	
  Transport	
  event	
  (RFT)	
  



High	
  
la5tude	
  
data	
  



D	
  

Wedgelet	
  observed	
  at	
  midla5tude	
  



0100-­‐0900	
  UT	
  



Bz	
  

AL	
  index	
  

Courtesy	
  of	
  
V.	
  Sergeev	
  

New	
  parameter	
  introduced	
  by	
  V.	
  Sergeev	
  	
  
eTN	
  

ICS-­‐14	
  



Role	
  of	
  small	
  DF	
  

•  Very	
  small	
  events	
  like	
  1-­‐3,	
  are	
  unlikely	
  to	
  be	
  
detected	
  by	
  automated	
  rou5nes	
  based	
  on	
  
threshold	
  varia5on	
  

•  Nevertheless,	
  they	
  show	
  the	
  same	
  ground	
  
based	
  signatures	
  as	
  substorms.	
  

•  They	
  seem	
  to	
  differ	
  only	
  by	
  the	
  number	
  of	
  
involved	
  RFT.	
  



Summary	
  and	
  conclusions	
  
•  8	
  succesive	
  PS	
  ac5va5ons	
  with	
  good	
  spacecrap	
  and	
  ground	
  based	
  

coverage.	
  

•  At	
  least	
  one	
  RTF	
  by	
  PS	
  ac5va5on	
  which	
  seem	
  to	
  be	
  responsible	
  for	
  
wedgelets	
  crea5on.	
  

•  Small	
  DF,	
  also	
  associated	
  with	
  wedgelets.	
  

•  There	
  seem	
  to	
  be	
  no	
  threshold	
  and	
  no	
  physical	
  difference	
  other	
  
than	
  magnitude,	
  so	
  we	
  may	
  have	
  observed	
  the	
  smallest	
  form	
  of	
  
substorm.	
  



What	
  is	
  next	
  ?	
  

•  This	
  events	
  observed	
  from	
  the	
  lobes	
  are	
  called	
  NFTE.	
  

•  In	
  the	
  present	
  study,	
  we	
  observed	
  NFTE	
  in	
  quiet	
  5me.	
  
–  They	
  create	
  small	
  SCW	
  

•  We	
  found	
  NFTE	
  happening	
  aper	
  a	
  real	
  substorm	
  onset.	
  
–  They	
  modulate	
  the	
  SCW	
  

	
  
Cluster	
  study	
  :	
  no	
  data	
  in	
  plasma	
  sheet	
  but	
  same	
  lobes	
  
signatures.	
  


