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Electron firehose instability 

- Temperature anisotropy driven instability (                      ) 

- constrains the anisotropy of the electron distribution functions 

- responsible for particle-scattering and energy conversion 
between fields and particles 
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[Zhang et al., GRL, 2018]

[Štverák et al., JGR, 2008]
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Electron populations are observed to be bounded by the 
thresholds of kinetic instabilities (whistler and electron 
firehose) in the parameter space                 —         

This instability is indeed affecting electron dynamics



Electron firehose instability: propagating and non-propagating mode 

Linear dispersion theory (single bi-Maxwellian eDF) predicts the 
threshold condition of the instability [Gary and Nishimura, 
Phys. Plasmas, 2003] 

Two branches are predicted: a propagating mode (            ) 
and a non-propagating mode (            ). 
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[Camporeale and Burgess, JGR, 2008] [Li and Habbal, JGR, 2000] 

[Gary and Nishimura, Phys. Plasmas, 2003]
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Non-propagating mode properties: 
- oblique propagation to the background  

- Resonant with electrons  
B0

|ζ±
e | =

|ω ± Ωce |

2vth||ek
≲ 1

The non-propagating mode has a lower threshold and a 
larger growth rate compared to the propagating mode.



Magnetic reconnection presents regions of strong temperature anisotropy 
where the electron firehose instability can develop

[Le et al., Phys. Plasmas, 2019]

Fe = µ0(pe,|| � pe,?)/B
2
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The goal is to use MMS observations to:  
- identify the regions in which the threshold for the instability is reached 
- provide direct observations of the electron firehose fluctuations, notably the non-propagating mode  
  
We use MMS observations during electron diffusion region (EDR) crossings in the Earth’s magnetotail



Electron firehose instability analysis: EDR crossing 2017-07-11

MMS3
MMS1

[Egedal et al., PRL, 2019]

[Torbert et al., Science, 2018]
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The electron firehose instability threshold is reached at the EDR
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[Gary and Nishimura, Phys. Plasmas, 2003]



Analysis of waves observed in the outflow region
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We analyse the waves in the frequency ranges  
[1.0 — 2.5] Hz and [2.5 — 6.0] Hz 

We obtain the dispersion relation using multi-spacecraft 
interferometry: 

f(Pmax(δB⊥,1)) ∼ 1.7 Hz

|k |ρe ∼ 1

k̂ = [0.52, − 0.84, 0.11]GSM

22:34:08 — 22:34:12

  22:34:08  
— 22:34:12



Analysis of waves observed in the outflow region: subinterval 1 (22:34:08 — 22:34:12)

- k direction is close to perpendicular to B 

f(Pmax(δB⊥,1)) ∼ 1.7 Hz

|k |ρe ∼ 1

k̂ = [0.52, − 0.84, 0.11]GSM

- The Doppler shifted frequency  is lowf = fobs − k ⋅ ve/2π

-  as expected for the non-propagating firehose mode |ζ±
e | ≲ 1

We suggest that such fluctuations are consistent 
with non-propagating electron firehose fluctuations



The electron firehose fluctuations are observed where the threshold is not reached

Te,?
Te,||

= 1� S0
e

�↵0e
e,||

<latexit sha1_base64="ofRUjeCSLiObEgIc7EzdMeqAe40="></latexit>

[Gary and Nishimura, Phys. Plasmas, 2003]

Electron firehose threshold 
reached at the EDR 

Electron firehose fluctuations 
in the outflow



The electron firehose fluctuations are observed where the threshold is not reached

MMS3
MMS1

[Egedal et al., PRL, 2019]

Electron firehose threshold 
reached at the EDR 

Electron firehose fluctuations 
in the outflow

X-line velocity |VL,X−line | ∼ 100 km/s



The electron firehose fluctuations are observed where the threshold is not reached

MMS3
MMS1

[Egedal et al., PRL, 2019]

Electron firehose threshold 
reached at the EDR 

Electron firehose fluctuations 
in the outflow

X-line velocity |VL,X−line | ∼ 100 km/s

Electron firehose fluctuations observed 
between 0.4 — 1.0 d_i from X-line 



Similar fluctuations are observed in another EDR crossing: 2017-08-10 event

[Cozzani et al., under review]
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Similar fluctuations are observed in another EDR crossing: 2017-08-10 event

[Cozzani et al., under review]

The electron firehose instability threshold is reached at 
the EDR 

Fluctuations consistent with the non-propagating 
electron firehose mode are observed in the outflow 
region, 1—1.8 d_i from the X-line 

A

<latexit sha1_base64="Ju59mQie5SK96lm3GxEKaGsYCgg=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GmbasVN3VTcuK9gHtEPJpJk2NpMMSUYoQ//BjQtF3Po/7vwb04egogcuHM65l3vvCRNGlXacDyu3srq2vpHfLGxt7+zuFfcPWkqkEpMmFkzITogUYZSTpqaakU4iCYpDRtrh+Grmt++JVFTwWz1JSBCjIacRxUgbqdWTcXYx7RdLjl3xa1W3Ch3b98qVmm+I51TL/hl0bWeOElii0S++9wYCpzHhGjOkVNd1Eh1kSGqKGZkWeqkiCcJjNCRdQzmKiQqy+bVTeGKUAYyENMU1nKvfJzIUKzWJQ9MZIz1Sv72Z+JfXTXVUCzLKk1QTjheLopRBLeDsdTigkmDNJoYgLKm5FeIRkghrE1DBhPD1KfyftMq269nnN16pfrmMIw+OwDE4BS7wQR1cgwZoAgzuwAN4As+WsB6tF+t10ZqzljOH4Aest08nlY+M</latexit>

F

<latexit sha1_base64="0Cuv8sMgJ2neF+7mwUtZ3QjK1tk=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GiZ92HFXFMRlBfuAdiiZNG1jk8mQZIQy9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMOZMG8/7cDIrq2vrG9nN3Nb2zu5efv+gqWWiCG0QyaVqh1hTziLaMMxw2o4VxSLktBWOL2d+654qzWR0ayYxDQQeRmzACDZWanaVSK+mvXzBc72i71cq0HMR8qtnJUuKZYQqJYhcb44CWKLey793+5IkgkaGcKx1B3mxCVKsDCOcTnPdRNMYkzEe0o6lERZUB+n82ik8sUofDqSyFRk4V79PpFhoPRGh7RTYjPRvbyb+5XUSM/CDlEVxYmhEFosGCYdGwtnrsM8UJYZPLMFEMXsrJCOsMDE2oJwN4etT+D9pFl1Uds9vyoXaxTKOLDgCx+AUIFAFNXAN6qABCLgDD+AJPDvSeXRenNdFa8ZZzhyCH3DePgEYIY+B</latexit>



Conclusions
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Electron firehose threshold 
reached at the EDR 

Electron firehose fluctuations 
in the outflow

— The electron firehose instability threshold is reached 
at the EDR 

Thank you for your attention!

— Fluctuations consistent with the non-propagating 
electron firehose mode are observed in the outflow 
region, 1 d_i away from the X-line

— We suggest that such fluctuations are originated at 
the EDR and then advected by the reconnection jet in 
the outflow region

—  Similar observations are found in two different EDR 
crossing in the magnetotail 

— This is a work in progress!  
How are these waves not damped? Which kind of 
distribution functions are related to the anisotropy close 
to the EDR? 

giuliac@irfu.se



Analysis of waves observed in the outflow region
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We analyse the waves in the frequency ranges  
[2.5 — 5.0] Hz

We obtain the dispersion relation using multi-spacecraft 
interferometry: 

f(Pmax(δB⊥,1)) ∼ 3.3 Hz

|k |ρe ∼ 0.4



Analysis of waves observed in the outflow region: EDR 2017-08-10 

- k direction is close to perpendicular to B 

f(Pmax(δB⊥,1)) ∼ 3.3 Hz

|k |ρe ∼ 0.4

k̂ = [−0.60 − 0.79 0.14]

- The Doppler shifted frequency  f = fobs − k ⋅ ve/2π ∼ 0

-                 (  is expected for the non-propagating 
firehose mode) 

|ζ±
e | ≲ 1

We suggest that such fluctuations are consistent 
with non-propagating electron firehose fluctuations

|ζ±
e | ∼ 2


