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Cluste r/FAST conjunctions provide  a pow e rful tool to inve stigate  auroral ph e nom e na, in particular th e  auroral 
acce le ration re gion (AAR). W e  pre s e nt re sults of a syste m atic s e arch  th rough  alm ost 6 ye ars  of data, acq uire d by th e  
tw o space craft s ince  January 2001, w h e n Cluste r be cam e  ope rational. W e  starte d by look ing for tim e  inte rvals w h e n 
Cluste r is  close  to pe rige e  (at ~ 20,000 k m ) and FAST close  to apoge e  (at ~ 4,000 k m ), w ith  both  sate llite s  above  th e  
w inte r, nigh ts ide  auroral oval. Such  a s e tup offe rs  tw o m e asuring platform s th at e ncom pass  th e  AAR – w ith  Cluste r 
close ly above  it and FAST occas ionally s k im m ing its  bottom  s ide  – an optim al configuration for furth e r inve stigations . 
Afte r th e  s e le ction stage  bas e d just on orbit inform ation, w e  w e re  le ft w ith  sligh tly above  100 conjunctions , out of 
m ore  th an 1500. Th e  m anual e xam ination of th e  data re sulte d in anoth e r re duction, dow n to a fe w  e ve nts , including 
th re e  conjunctions w h e n FAST cross e s  th e  AAR – as prove d by th e  de te ction of ion be am s . For th e s e  final e ve nts w e  
de rive  th e  fie ldaligne d pote ntial drop by us ing FAST e le ctron data, w h e n th e  sate llite  is  be low  th e  AAR, to w h ich  w e  
add ion data w ith in th e  AAR, and com pare  it w ith  th e  value  infe rre d from  Cluste r ion data. Th e  re sults are  discus s e d 
w ith  re spe ct to th e  ge oph ys ical conditions , th e  proxim ity of th e  conjunctions , and th e  oxyge n conte nt of th e  upflow ing 
ions . Give n th e ir scarcity and th e  q uality of th e  data, th e  e ve nts to be  pre s e nte d are  rath e r uniq ue . Th e y are  now  
subje ct to a th orough  analys is  and offe r good prospe cts for com parison w ith  s im ulations . 

Cluste r/FAST conjunctions - Abstract
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A sch e m atic s k e tch  of th e  auroral curre nt circuit 
(adapte d  afte r H am rin e t al., 2006). Above  auroral 
arcs , at about 1-2 RE altitude , th e  e le ctrons are  
acce le rate d to k e V e ne rgie s  by th e  paralle l e le ctric fie ld 
ins ide  th e  auroral acce le ration re gion (AAR). 
Conjugate d data from  th e  Cluste r and FAST space craft 
m ay be  us e d to cross -ch e ck  s im ulation re sults and 
probe  th e  proce s s e s  th at le ad to aurora.

• H e re  w e  look  for conjunctions be tw e e n Cluste r and FAST, w ith  
Cluste r ne ar th e  pe rige e  (and ne ar th e  top boundary of th e  AAR) 
and FAST close  to apoge e  (and to th e  bottom  of th e  AAR). 

• W e  focus on th e  e ve ning-m idnigh t s e ctor of th e  auroral oval, 
w h e re  th e  arc ge ne ration m e ch anism  h as  a good ch ance  to 
fulfill th e  as sum ptions in th e  s im ulation code  [Ve din and 
Rönnm ark , 2006].

• Th is  condition e m ph as ize s  th e  w inte r tim e  as  m ain s e arch  
inte rval, rough ly Nove m be r to March , w h e n th e  Cluste r pe rige e  
is  prope rly locate d.

• W e  ch e ck  ion data on Cluste r to ide ntify ion be am s w h ich  
m atch  th e  fie ld aligne d pote ntial drop s e e n by FAST and also th e  
trave l tim e  re q uire d for th at pote ntial. 

Cluste r/FAST conjunctions - Introduction
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In orde r to find th e  tim e  inte rvals w h e n Cluste r and FAST are  in th e  appropriate  
configuration w e  pe rform e d a th orough  e xam ination of all FAST orbits , by plotting th e  
altitude  as  a function of latitude  and local tim e  for e ve ry s e t of 1000 orbits  (about 3 
m onth s).
Righ t plots: FAST altitude  (color) as function of  latitude  and local tim e . Th e  orbit 
rotation in local tim e  is  indicate d by printing th e  date  for a fe w  orbits . Th e  m otion 
along th e  orbit is  from  th e  upw ard triangle  to th e  dow nw ard triangle .

Th e  obtaine d plots provide  a conve nie nt s e le ction tool. Th e  m ost prom is ing tim e  
inte rvals for double  conjunctions , unde r th e  conditions de scribe d above , are :  

north e rn h e m isph e re : Jan – Fe b 2003, Jan – Fe b 2004, Fe b – Mar 2005, Fe b – Mar 2006 
south e rn h e m isph e re : Jan – Fe b 2001 

O ut of th e  105 conjunctions e xplore d during th e s e  inte rvals, w e  w e re  able  to s e le ct 
only 6 prom is ing e ve nts , w h ich  are  sum m arize d be low. Th e  e ve nts cove r diffe re nt ge o-
m agne tic conditions , from  q uie t to q uite  active  inte rvals, as  s e e n in th e  AE and DST 
indice s .

Follow ing th e  sum m ary of th e  e ve nts w e  pre s e nt a de taile d analys is  for th re e  of 
th e m , m ainly by com paring th e  ion data on th e  tw o space craft.

Cluste r/FAST conjunctions - Eve nts ide ntification
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Cluste r/FAST conjunctions - Eve nts sum m ary
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Cluste r/FAST conjunctions - Eve nts sum m ary
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Cluste r/FAST conjunction - Eve nts sum m ary
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Around th e  conjunction tim e  w e  obs e rve  e ne rge tic e le ctron pre cipitation and an outflow ing ion be am  in th e  FAST data. Th e  
m ass  com pos ition, TEAMS data, s h ow  th at th e  be am  cons ists  of protons and som e  oxyge n. O n Cluste r 3 w e  s e e  tw o popula-
tions , one  at h igh  e ne ry com ing from  th e  plasm a s h e e t and one  at low e r e ne rgy, probably com ing from  th e  bottom  of th e  
AAR.  Th e s e  tw o distinct populations are  be tte r s e e n in th e  distribution functions .
As s h ow n ne xt slide , in th is  cas e  w e  find a re sonably good agre e m e nt be tw e e n th e  data on th e  tw o space craft, w h ich  is  a bit 
surpris ing give n th e  s e paration of ~ 10 de gre e  in longitude  be tw e e n Cluste r and FAST. 

Cluste r/FAST conjunction - Case  study 1
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Le ft: FAST e le ctron and ion data. 
Righ t: Cluste r/H IA data. In both  plots 
th e  re d line  indicate s  th e  conjunc-
tion tim e .



Le ft: CLuste r/H IA distributions s h ow ing an ion be am  
com ing from  th e  bottom  of th e  AAR. Righ t: FAST dis -
tributions w h ich  s h ow  poss ibly th e  sam e  ion be am . 
Th e  m atch ing be tw e e n th e  tw o ion be am s is  illus -
trate d in th e  plots ne arby.

Le ft: FAST ion distribution (top) and e le ctron e ne rgy spe c-
trum  (botom ) from  05:07:03, w h e n th e  space craft starts to 
de te ct th e  ion be am . Th e  total pote ntial drop is  ~ 2.2 k e V, 
out of w h ich  ~ 1.7 k e V above  th e  sate llite  and ~ 0.5 k e V be -
low.
Righ t: Cluste r/H IA distribution m e asure d ~ 40s late r, w h ich  
corre sponds to th e  trave l tim e  ne e de d by th e  be am  ions to 
re ach  Cluste r3 altitude  (as sum ing protons). O ne  can s e e  
tw o pe ak s , at ~ 1.3 k e V and ~ 2.2 k e V. Th e  h igh e r e ne rgy 
pe ak  m atch e s  q uite  w e ll th e  total pote ntial drop infe rre d 
from  FAST data.

Cluste r/FAST conjunctions - Case  study 1
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FAST and Cluste r footprints at ionosph e ric le ve l. Th e  be st conjunction is  
re alize d w ith  C3 around 01:15:00. C1 and C4 h ave  th e  footprints close  to 
th e  conjunction point 15 m in e arlie r, around 01:00:00.  For th is  e ve nt C1 
and C4 h e lp to ch e ck  th e  be am  variation in space  and tim e .

During FAST cross ing, be tw e e n 01:14:32 and 01:15:00, th e  pote ntial drop 
above  th e  sate llite , as  de rive d from  e le ctron data, h as  large  variations 
from  0.7 k e V to 9 k e V. Th e  variations are  as sociate d w ith  narrow  inve rte d-V 
structure s , ce nte re d at 01:14.43, 01:14:48, and 01:14:56. 

Th e  O +  conte nt on FAST is  q uite  substantial, in good agre e m e nt w ith  th e  
active  ge om agne tic conte xt.

Cluste r/FAST conjunctions - Case  study 2
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Le ft: COD IF and H IA data on C3. Righ t: 
H IA data on C1 and COD IF data on C4.

Cluste r/FAST conjunctions - Case  study 2

10

Th e  conjunction be tw e e n FAST and C3, at 01:15:00, is  indicate d by th e  re d line . Th e  tim e  w h e n C1 and C4 h ave  th e  footprint 
around th e  conjunction point, 01:00:00,  is  s h ow n by th e  blue  line . In th e  e ne rgy spe ctrogram s w e  s e e  th at at th e  conjunc-
tion s ite  both  C3 and C1/C4 e ncounte r a h igh e r e ne rgy population, w h ile  th e  (be am ) ions m e asure d by C1/C4 at th e  conjunc-
tion tim e  h ave  low e r e ne rgy. Th is  is  be tte r vis ible  in th e  distribution functions pre s e nte d th e  ne xt tw o slide s .



FAST e le ctron spe ctra around 01:15:00, w h ich  s h ow  th e  variation 
of th e  pote ntial drop from  above  3 k e V to be low  2 k e V.  Th e  trave l 
tim e  ne e de d for an H +  ion to re ach  C3 altitude  is  about 30 s .

Th e  H IA distribution m e asure d be tw e e n 01:15:23 and 01:15:35 
(le ft) s h ow s a re lative ly good agre e m e nt w ith  th e  FAST data, 
s ince  w e  s e e  a be am  population e longate d along Vpara, w h ich  
pe ak s  around 3 k e V.

Th e  s e cond distribution (righ t), ave rage d ove r a bit longe r tim e , 
is  also e longate d along Vpara, from  be low  2 k e V to above  3 k e V, 
w h ich  is  cons iste nt w ith  FAST data.

Cluste r/FAST conjunctions - Case  study 2
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C3/H IA distributions w h ich  s h ow  th at th e  be am  is  q uite  stady for 
about 2 m in, during th e  C3 cross ing above  th e  conjunction s ite .



Le ft: C1 H IA distributions m e asure d around th e  conjunction 
tim e  of C3 w ith  FAST, w h e n C1 is  a fe w  latitude  de gre e s  
aw ay from  th e  conjunction s ite . Th e  distributions s h ow  a 
~ 1 k e V ion be am .
Righ t: C1 H IA distributions m e asure d from  01:02 to 01:05. 
In th e  first  tw o distributions one  can s e e  a ~ 3 k e V ion 
be am .

Cluste r/FAST conjunctions - Case  study 2
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Cluste r/FAST conjunctions - Case  study 3
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Around th e  conjunction tim e  th e  FAST data s h ow  ~ 1 k e V e le ctron pre cipitation and an ion be am . TEAMS data indicate  a 
be am  com pos e d m ainly by protons , w ith  trace s  of oxyge n. O n Cluste r 3 w e  s e e  tw o populations , one  at h igh  e ne ry of plasm a 
s h e e t origin, and one  at low e r e ne rgy poss ibly com ing from  th e  ionosph e re . Th e s e  tw o populations are  be tte r vis ible  in th e  
distribution functions . 

Le ft: FAST e le ctron and ion data. Righ t: 
Cluste r H IA data. In both  plots th e  re d 
line  indicate s  th e  conjunction tim e .



Cluste r/FAST conjunctions - Case  study 3
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Line  1: FAST ion distribution (le ft) and e le ctron/ion spe ctra 
(righ t). Th e  data indicate  a pote ntial drop above  th e  sate llite  
of about 1 k e V, and be low  th e  sate llite  of about 0.4 k e V, 
providing a total of ~ 1.4 k e V.

Line  2: H IA distributions m e asure d ~ 50 s  late r (to include  th e  
ion trave l tim e  be tw e e n FAST and C3). A low  e ne rgy isotropic 
population is  vis ible  around 1.4 k e V. 

Line  3: 10 m in late r, w h e n C3 is  still ve ry close  to th e  conjunc-
tion s ite ,  H IA obs e rve s  a w e ll s h ape d ion be am , ste ady for ~ 2 
m in, at an e ne rgy slow ly incre as ing from  2.2 k e V to 2.5 k e V.



Cluste r/FAST conjunctions - Sum m ary and Prospe cts
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Cluste r/FAST conjunctions w ith  inte re sting data s e ts  s e e m  to be  e xtre m ly rare , alth ough  th e  five  ye ars  databas e  is  
q uite  substantial.

W e  h ave  ide ntifie d a fe w  conjunction e ve nts w ith  prom is ing data on both  space craft.

Th e  Cluste r and FAST data w e re  found to be  in pre tty good agre e m e nt for tw o of th e s e  e ve nts .

More  w ork  is  ne e de d to clarify th e  le s s  good or lack  of agre e m e nt for th e  oth e r four e ve nts , one  of w h ich  h as  also be e n 
pre s e nte d h e re .

Th e  first e ve nt, w h e re  both  Cluste r and FASTde te ct an ion be am , allow s th e  ch e ck  of th e  Liouville  th e ore m . Th is  can 
provide  additional e vide nce  on th e  conjugacy of th e  low  and h igh  altitude  obs e rvations .

Th e  first and s e cond e ve nt, w h e re  particle  inform ation support th e  conjugacy of th e  data, m ay offe r optim um  condi-
tions to cross -ch e ck  s im ulation re sults on th e  auroral acce le ration.
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