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Magnetic reconnection at Earth

Flux Transfer Events (FTEs) are a signature of reconnection at 
Earth’s magnetopause
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Flux Transfer Events (FTEs)

3

BL

BM

BN

|B|

Russell+Elphic 78

Russell+Elphic 78

Scholer 88 
Southwood+ 88: 
Single X-line

Lee+Fu 85: 
Multiple X-lines



Crater FTEs

• LaBelle+ 87 observed crater FTEs 

• They noted that no crater FTEs had 
been seen in magnetosheath events 

• Rijnbeek+87 looked at crater FTEs, 
splitting them into three regions: 

• R1: Draping of field lines and plasma 
flow around the flux tube 

• R3: The open field line region within 
the FTE, opened in the past 

• R2: A region of more recently opened 
field lines; region of the transition 
from core to draping region
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Theory of Crater FTEs

• Owen+ 08 concluded that layers passed 
over the spacecraft during a crater FTE: 

• Separatrix with accelerated electrons 
(thick red line) 

• Region of electrons within wedge of 
reconnected field lines 

• Ions behind Alfvén wavefront 
(horizontal line) 

• Interpreted in the context of the 
Russell+Elphic 78 picture
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• Farrugia+ 11 examined a crater FTE with 
Cluster in the magnetosphere 

• They observed electric field 
fluctuations on the R2/R3 boundary 

• They interpreted these as evidence for 
a current flowing away from the x-line 
(interpreted in Lee+Fu 85 picture) 

• Manapat+ 06 observed streaming 
electrons using Wind data in the tail, 
consistent with a Hall electric field 

• Separatrix encounters should see two 
oppositely directed parallel currents

Theory of Crater FTEs
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the fact that C4 and C2 enter the structure (i.e., region R2) at
practically the same time. This gives a rough lower limit of
the extent of the structure in the M direction of ∼1300 km.
Consider the motion of the bulge from C4 to C1. The
velocity of the structure, V, may be approximated by the
arrival of the R2/R3 interface at C4 and, ∼10 s later, at C1.
With an interspacecraft separation along L of ≈1100 km
(Figure 4), we have V ≈ 110 km s−1. A lower limit to the
scale size of the bulge in the L direction is obtained by
assuming C4 is exactly at the magnetopause. Using a
duration from R1/R2 to R2′/R1’s interface passage at C4 of
70 s, this gives L ≈ 7000 km. During the observations, the
Cluster spacecraft stayed on the same side (north) of the X
line and on the same side (the magnetosphere side) of the
current sheet (magnetopause).

5. Discussion and Conclusions

[41] We have been discussing data on a crater FTEs,
paying particular attention to the layer (R2) around the
bulge region containing plasma jetting transverse to the
reconnected field lines. Previous work, referenced in
the Introduction, had shown indications of particle energi-
zation there. Using a complement of five instruments and
applying the highest time resolution we find that, indeed,
there is evidence of energization but it is restricted to an ion‐
scale layer we identify with a separatrix. The evidence for
this consists of (1) short‐duration (fraction of a sec) bursts of
intense electric field activity (up to ∼30 mV/m) and (2)
electron beams moving along the field toward the X line at
times corresponding roughly to when the bursts of enhanced
electric fields are observed. In agreement with previous
theoretical and observational work [Drake et al., 2003; André

et al., 2004; Vaivads et al., 2004b, 2006; Khotyaintsev et al.,
2006; Asano et al., 2008; Chen et al., 2009] we thus identify
this few electron scale layer as a separatrix.
[42] This thin layer was shown to be spatially extended

and not just a localized feature. Thus, for example, it was
seen by all spacecraft in the same region (R2) but at dif-
ferent times. Given the spacecraft configuration and inter-
spacecraft separations in Figure 16, we infer the separatrix
to be long, in agreement with conclusions reached in other
theoretical and observational work [Rogers et al., 2000;

Figure 16. A sketch of the magnetic field configuration at
the time when Cluster 3 is observing one of the discrete
burst of large‐amplitude electric field fluctuations. For fur-
ther details, see text.

Figure 15. Electron densities from WHISPER (red) and ion densities from CIS/HIA or CIS/CODIF (the
latter for C4). The profiles are shown in order of increasing spacecraft distance from the magnetopause.
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Event observed by Trenchi+ (in prep)

27 October 2015
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Event observed by Trenchi+ (in prep)

Bipolar deflection in 
BN (thick blue line)

27 October 2015
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Event observed by Trenchi+ (in prep)

Similar to filamentary 
currents observed by 

Phan+16: 
jp = ne(Vi-Ve)

27 October 2015

R2: Positive/negative 
signatures in VE, 
fluctuations in E

E fluctuations similar to 
Farrugia+11 observations
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Event observed by Trenchi+ (in prep)

R3: Fairly steady plasma, 
fluctuations in E 

(not seen by Farrugia+11)

27 October 2015



Filamentary currents in FTEs

• When do filamentary currents occur in FTEs? 

• Solely in crater FTEs? 

• In a wider range? 

• What dictates whether an FTE will have filamentary current 

signatures/what causes these signatures? 

• Are all filamentary signatures indications of Hall current, with 

electrons streaming along the field as a link to the separatrix?

11



Where’s MMS?
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Five FTEs observed while MMS1 was in the magnetosheath 
on 3 October 2015, according to FPI fast mode distributions
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• No crater signature in |B| 

• Thin, bipolar signal in J∥ is observed on the 
leading edge of the FTE 

• The transition region between core and 
draping is picked out in grey (by eye from N) 

• Currents and negative deflection of ion 
velocity just after 13:27:30: unfrozen ions?

FTE #1
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Verifying FPI currents
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Verifying FPI currents
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MMS4

Currents across the tetrahedron



Tetrahedron configuration
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FTE #2 and #3
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• No crater signature in either FTE 

• Two bipolar signatures in J∥ observed in #2 
within transition region from draping to core 

• #3 has unusual signature in |B| coincident 
with bipolar J∥ and spike in J⟂ (orange arrows) 

• #3 has a period of parallel J∥ seen on leading 
edge/in centre of the FTE (red arrow)



FTE #4
• Definite crater signature, with dips in |B| 

before and after the peak (shaded) 

• Bipolar J∥ seen in the region described by the 
two dips, especially at the R1/R2 boundary 

• R3 characterised by large parallel J∥ throughout 

• Single large spike in J⟂, in centre of R3. 
Unfrozen ions? Something else?
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FTE #5

• Definite crater signature, with dips in |B| 
before and after the peak (shaded) 

• No bipolar J∥ observed, in contrast to FTEs 
#1/2/4 and despite crater signature 

• Similar to FTE #4, high parallel J∥ observed 
through R3
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Conclusions (and more questions)

• Parallel currents attributed to Region 2 of a crater FTE (e.g. Farrugia+ 11, 

Trenchi, in prep) appear to also be present in non-crater FTEs, but still in the 

transition region between draping and core 

• In the final crater FTE, no current signatures consistent with encounters with 

the separatrix are observed 

• Does this imply that these current signatures are not related to the separatrix? 

Does it imply that crater FTE signatures are not related to the separatrix? 

• Are crater-like signatures observed in magnetosheath FTEs indicative of the 

same mechanism as magnetospheric FTEs?
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R1 R2

Other avenues for collaboration
AMPERE 

Birkeland current 
in the coupled 
magnetosphere-
ionosphere system 
and hemispheric 
asymmetries

Magnetotail lobe energy 

Energy stored in the magnetotail 
lobes over a substorm cycleC
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