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Observations 

• Analysis of ARTEMIS observations of current 

sheets/discontinuities in the solar wind at 

about 1 AU  found (Artemyev et al., 2018, 

2019a, 2019b):

• Kinetic length scale (∼ a few ion skin depths)

• Current sheet B-field and plasma-" consistent 

with approximately force-free configuration

• Systematic, anti-correlated, asymmetric 

variations of particle density and temperature 

across the current sheet     

Can one find theoretical kinetic models for current 

sheets with these properties?                          



Kinetic equilibria with similar properties?

• First attempt: Start with force-free 
kinetic current sheet equilibria based 
on DF by Harrison & TN, 2009 (see 
below)

• Leads to a Harris-sheet like force-free 
field (with a non-constant guide 
field) with features similar to the 
observed features

• Constant plasma-!

• Problem: particle density and 
temperature are also constant

(Hs, pxs, pys = constants of motion)



(Asymmetric) Gradients in n and T? 
• Want to add gradients in n and T
• But want to keep current sheet force-free
• Density n and pressure Pzz are functions of Ax, Ay (and !)
• Moments of

• Can we add additional terms to the DF to get the desired form for n 
and T?

fs(z,v) = Fs(Hs, pxs, pys)

pxs = msvx + qsAx(z)
pys = msvy + qsAy(z)



• Need asymmetric/odd 
density profile in z

• Ay even à need dependence
on Ax that is odd as well

• Additional DF terms need to
be odd functions of px

• However, no contribution to
jx wanted!



Additional term in DFs

Fs,total = Fs,ff +�Fs
<latexit sha1_base64="z97cwKLxaS8/O2Fkk3vb431b268=">AAACDHicbVDLSgMxFM3UV62vqks3wSIISpla8bEQioq4rGAf0A4lk2ba0MyD5I5QhvkAN/6KGxeKuPUD3Pk3ZqaDqPVA4OScc0nusQPBFZjmp5GbmZ2bX8gvFpaWV1bXiusbTeWHkrIG9YUv2zZRTHCPNYCDYO1AMuLagrXs0UXit+6YVNz3bmEcMMslA487nBLQUq9YuupFah98ICLGZzi9OU6M93D3kgkgWlE6ZZbNFHiaVDJSQhnqveJHt+/T0GUeUEGU6lTMAKyISOBUsLjQDRULCB2RAeto6hGXKStKl4nxjlb62PGlPh7gVP05ERFXqbFr66RLYKj+eon4n9cJwTmxIu4FITCPTh5yQoHBx0kzuM8loyDGmhAquf4rpkMiCQXdXyEt4TTB0ffK06R5UK5Uy9Wbw1LtPKsjj7bQNtpFFXSMauga1VEDUXSPHtEzejEejCfj1XibRHNGNrOJfsF4/wJhtJoO</latexit>

Fs,ff : any force-free distribution function
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Conditions:

Z
Ks(px,s)Gs(Hs)d

3
v 6= 0,

Z
vxKs(px,s)Gs(Hs)d

3
v

<latexit sha1_base64="kdr9ekhnT9XmvACzyTcOKn1XDlA="></latexit>

There is actually a method of finding appropriate combinations systematically.

�Fs: the additional term, e.g. �Fs / Ks(px,s)Gs(Hs)
<latexit sha1_base64="ge50hR+GbF4ZqsxDkcTjr1AOmJk="></latexit>

Example: Ks(px,s) / px,s,

Gs(Hs) / exp(�Hs/kBTs,1)� as exp(�Hs/kBTs,2)
<latexit sha1_base64="YxIie6XgINTG74E1bx48QJq6Kvg="></latexit>



Example

• For parameters relevant for  
observations 



Concluding remarks

• Ad hoc method seems to work well for parameter values needed

• One has to check individually that the total DF > 0 !

• The problem becomes more complicated if one cannot arrange for 
! = 0 (under investigation)


