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(1) Do the turbulent fluctuations at kinetic
scales form a universal spectrum?

[Alexandrova et al. 2009, 
2012]

[Sahraoui et al., 2009, 
2013]

[Lacombe et al. 2014]

It seems that the answer is ‘No’, 
the spectra can be very different…
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(1) Do the turbulent fluctuations at kinetic
scales form a universal spectrum?

[Lacombe et al. 2014
Kajdic et al. 2016].

Whistlers with k∥B0 and f ≃ fraction of fce
[Lacombe et al. 2014,Roberts et al. 2017]

Background turbulence 
with k⊥B0 and f≃0 
[Lacombe et al. 2017].

In the plasma frame, turbulence (with k⊥B0 and f≃0) is well separated from whistlers. 
Let us focus now on the background turbulence without whistlers. 
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Kinetic spectrum of background turbulence at 1 AU 

§ Spectra normalized (𝑓 → 𝑘! = 2𝜋𝑓/𝑉) and collapsed in amplitude ⇒
general shape at 1 AU (while no signatures of parallel whistlers).  

§ Closer to the Sun?  

[Alexandrova et al. 2012, APJ]
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Helios/SCM @ 0.3, 0.6 & 0.9 AU
(a,c,d) Kinetic spectra at 0.3, 0.6, 
0.9 AU and fitting with the 
3-parameter model (A,a,fd):

Af�↵ exp (�f/fd)
<latexit sha1_base64="1dDqG6LViq/A514YOXgcFAlxrH4=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQF61JFXRZdeOygn1AE8NkMmmHTpJhZiKWEHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jMUqENM1vrbCwuLS8Ulwtra1vbG7p2zttEScc4RaKacy7HhSYkgi3JJEUdxnHMPQo7njDq7HfucdckDi6lSOGnRD2IxIQBKWSXH3vIrhLqzakbAAzGz+wtFINjgPXP8pcvWzWzAmMeWLlpAxyNF39y/ZjlIQ4kohCIXqWyaSTQi4Jojgr2YnADKIh7OOeohEMsXDSyQ+ZcagU3whiriqSxkT9PZHCUIhR6KnOEMqBmPXG4n9eL5HBuZOSiCUSR2i6KEioIWNjHIjhE46RpCNFIOJE3WqgAeQQSRVbSYVgzb48T9r1mnVSq9+clhuXeRxFsA8OQAVY4Aw0wDVoghZA4BE8g1fwpj1pL9q79jFtLWj5zC74A+3zBwNPlxw=</latexit>

There is a correlation between 
the dissipation scale ℓd and the 

electron Larmor radius re.

Af�8/3 exp (�1.8f/f⇢e), f⇢e = V/(2⇡⇢e)
<latexit sha1_base64="M/wnmnDoynhJDMURwmoed7NJxWY="></latexit>

§ We end-up with one-free-parameter (A) model. 
§ How well does it describe all available spectra at 0.3 AU ?

Af�8/3 exp (�f/fd)

`d = V/(2⇡fd)
<latexit sha1_base64="8Bb+TeT0c4cJqAkG9bqKP5Eguqo=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiIcluIpiLEPXiMYJJhGxcZmd745DZBzOzYljyGV78FS8eFPGam3/j5HHQxIKGoqqb7i435kwq0/w2lpZXVtfWMxvZza3tnd3c3n5LRomg0KQRj8SdSyRwFkJTMcXhLhZAApdD2+1fjf32IwjJovBWDWLoBqQXMp9RorTk5MoX/n1arJWrQxue4rRQ9Mu+450MbTtrA+eOh89xq1yo2DHDY8PJ5c2SOQFeJNaM5NEMDSc3sr2IJgGEinIiZccyY9VNiVCMchhm7URCTGif9KCjaUgCkN108tgQH2vFw34kdIUKT9TfEykJpBwEru4MiHqQ895Y/M/rJMqvdVMWxomCkE4X+QnHKsLjlLDHBFDFB5oQKpi+FdMHIghVOsusDsGaf3mRtColq1qq3Jzm65ezODLoEB2hArLQGaqja9RATUTRM3pF7+jDeDHejE/ja9q6ZMxmDtAfGKMfExudRw==</latexit>

(b) Fitting of the most intense 
spectra at 0.3 AU with the 
2-parameter model (A, fd):
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Helios/SCM @ 0.3 AU

§ Spectra cleaned from the noise, 
normalised (f/fre) and collapsed in 
amplitude. 

§ General spectrum similar to the one 
@1AU. One-parameter model passes 
through the data without any particular 
adjustment.
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Interpretation of the solar wind kinetic spectrum? 

Compressible NL KAW 
fluctuations have -8/3 spectrum 
between ion and electron scales 
[Boldyrev and Perez 2012]:

[Howes et al. 2011]

[Boldyrev, Perez 2012]

In gyrokinetic simulations, 
dissipation via linear Landau 
damping gives ~exp spectrum at 
electron scales [Howes et al. 2011]
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Interpretation of the solar wind kinetic spectrum? 

Theoretical model of strong KAW 
turbulence + Landau Damping –
explains nicely the observations 

[Schreiner & Saur, 2017]

[Schreiner & Saur, 2017]
[Parashar et al. 2018, APJL]

Parashar 2018, 2D PIC simulations: the magnetic PSDs decrease faster for 
larger electron beta/gyroradius in a qualitative agreement with ld~re.
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<latexit sha1_base64="o6sVgvc/1KBUdaPj+a/ul7l6MuI="></latexit>



(2) What is ‘behind the spectrum’ ?
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Signatures of coupled phases in WT-Scalogram
& in Local Intermittency Measure (LIM)

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(UT) 

Observed signal: non-homogeneous energy distribution in time-scale plane, 
energy enhancements ~vertical lines: coupled phases across all scales.

scalogram

LIM

LIM of random 
phase signal

(b) Observed (black) & 
random phase (blue) 
signals.

(f) Cuts of LIM’s at t=1s.

I(t, ⌧) =
|W (t, ⌧)|2

h|W (t, ⌧)|2it

<latexit sha1_base64="e42iHv57RzDeDax3pSQU3z97ZoI="></latexit>

LIM [Fange, 1990]:
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• Magnetic vortex at scales starting at ion scales 
and covering sub-ion scales.

• Jovanovic et al. 2020, APJ: vortex model in 
large-b plasma (fluid and ion scales).  

Vertical lines in LIM: coherent structures 
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Magnetic vortices at electron scales

§ Cluster GI 2015 data: C3-C4 at 7 km 
distance; STAFF in burst mode => electron 
scales are resolved in time and in space. 
§ Vortices at ~5 km scale (several re), see 
the model of Jovanovic et al. [2015]. 
§ Strong turbulence signatures.
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Conclusions

§ The same general spectrum is observed at 0.3, 0.6, 0.9 and 1 AU. 
§ Kinetic turbulence is strong in nature: presence of coherent structures all over the 
kinetic range in the form of magnetic vortices (current sheets are parts of the vortices?). 

to be verified with Parker Solar Probe and Solar Orbiter (work in progress)

[Alexandrova et al., 2020, arXiv:2004.01102]
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