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Solar Wind Observations

Alexandrova et al. 2012: Sahraoui et al. 2013:

∙ Exponential decay
∙ Universal dissipation range

∙ Power law
∙ Varying spectral index
(-5.5 to -3.5)

∙ High correlation between dissipation length and ρe 1



Dissipation Model

∙ Can damping of KAW explain observations quantitatively?
∙ Exponential or power law dissipation range for KAW
damping?

∙ Why does the dissipation length seem to be independent of
turbulent energy flux?

→ Derivation of simple, ’quasi’-analytical dissipation model for
electron scales under assumption of:
∙ Critically balanced turbulence,
∙ KAW damping from linear Vlasov theory
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Dissipation Model
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Dissipation Model

k⊥

P (k⊥)

Cascade

vk

ε0 = P0vk0 = const. ε(k⊥) 6= ε0

Damping

D(k⊥) ∝ γ(k⊥)

KAW frequency:
ω = ωr + iγ

3



Dissipation Model

Magnetic energy spectrum:
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Application to the Solar Wind
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Blue dots: Alexandrova et al. (2009)

Observations:
B = 15.5 nT
n = 20 cm−3

Ti/Te = 2.34
βi = 2.04

Model:
CK = 1.4
κ = 2.5
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Ak−α
⊥ exp(−k⊥ld)

0 1 2 3

ρe [km]

0

1

2

3

4

5

6

l d
[k
m
]

βs < 1: Cor = 0.97 ld =-0.00264+1.81ρe

βs > 1: Cor = 0.98 ld =0.0664+1.41ρe

Cor = 0.98 ld =0.173+1.4ρe

0 1 2 3

λe [km]

0

1

2

3

4

5

6

l d
[k
m
]

βs < 1: Cor = 0.71 ld =0.0504+0.939λe

βs > 1: Cor = 0.55 ld =1.03+1.42λe

Cor = 0.46 ld =0.586+1.06λe

5



Implications for Solar Wind Dissipation
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Implications for Solar Wind Dissipation
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Implications for Solar Wind Dissipation
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Conclusions

Under the assumption of critically balanced turbulence and
KAW damping:

∙ Good agreement of model and observations at electron
scales,

∙ KAW damping leads to ’quasi’ exponentially shaped
dissipation range,

∙ Dissipation length is related to the electron gyroradius,
∙ Dissipation length is independent of the energy cascade
rate.
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Dissipation Model

∙ Kolmogorov energy cascade rate:
ε0 ∼ P0vk0 = P(k⊥)vk(k⊥) = const. in inertial range

∙ Eddy decay velocity:
vk(k⊥) = vk0

(
k⊥
k0

)κ
& vk(k⊥) =

k2
⊥
α v(k⊥)

∙ Ratio of velocity to magnetic fluctuations α:
v(k⊥) = α

√
P(k⊥)k⊥

ρ with α = ωr/k∥vA

∙ Dissipation: P(k⊥)vk(k⊥) = P(k′⊥)vk(k′⊥) + D(k⊥)

∙ Heating rate: D(k⊥) = 2P(k⊥)γ(k⊥)dk⊥

∙ Damping rate: ω = ωr + iγ & ωr = k∥vAωr & γ = k∥vAγ

∙ Critical Balance: v⊥k⊥ = k∥vAωr 9


