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Reply to referee comments

Manuscript: Isotropy restoration toward high-beta space plasmas
NPGD 1 1313-1330 2014
H. Comişel, Y. Narita, and U. Motschmann

We thank both Referees for careful reading and thoughtful comments. Their ques-
C503

tions, suggestions, and criticisms are justified, and they are well taken in the revised
manuscript. Here we give our answers to their comments and questions.

Our revised paper has improvements in the analysis of the anisotropy index determined
from simulation. From 28 July to 1 August 2014, after submission of our manuscript, we
participated at the Asia Oceania Geosciences Society AOGS 2014 meeting in Sapporo,
Japan. We had fruitful discussions with the participants there. We identified through
the discussion at the meeting that there are different algorithms in analyzing the sim-
ulation data and we extended our analysis by applying a low-pass numerical filter to
the fluctuating magnetic field. The unfiltered method used in the submitted manuscript
is suitable for analyzing the thermal fluctuations or noise while the filtering method is
more suited to study the turbulent cascade. The unfiltered method provides the scaling
power-law and the filtering method provides new results. The second method was used
to compare with observation. Accordingly, we are showing anisotropy evolution using
the two different methods and this is a major change in the revision. The novelty in the
revised manuscript is mainly section 3, “Results and discussion”, which was divided in
three subsections entitled: 3.1 “Two-dimensional spectra”, 3.2 “Anisotropy evolution”,
and 3.3 “Search for anisotropy scaling”.

The revised manuscript has been posted as a supplement, where changes in the
manuscript are marked in bold fonts.

We uploaded twice the revised manuscript on each referee report.

Referee 2

General Comments

The manuscript presents the studies on the dependence of the anisotropy on plasma
beta employing Cluster data and hybrid simulations. The anisotropy is found to de-
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crease with plasma beta as a power law. The power law dependence is a new results
and is publishable.

Specific Comments

1. In the second paragraph of the introduction, it is mentioned that plasma beta is
the primary control parameter for the anisotropy. It means that anisotropy is either
independent of or weakly dependent on other plasma parameters. The results do
show variation of anisotropy with plasma beta but it does not necessarily mean that the
plasma beta is the only parameter controlling the anisotropy.

• R2.01. Right. It is certainly possible that other variables or parameters influence
the anisotropy. We use the phrase “one of the control parameters” in the intro-
duction.
Change in the manuscript:

– Section 1, sentence 1, “one of the control parameters”

It is known that anisotropy depends on the strength of large scale magnetic field [Dast-
geer and Zank, The Astrophysical Journal, 599:715-722, 2003]. So it is expected that
it would depend on plasma beta ∝ 1/B2 as well. So is the dependence of anisotropy
on plasma beta coming from the dependence on magnetic field only or the pressure
also influences the anisotropy?

• R2.02. We have checked two possible parameters in search of possible rela-
tionship to anisotropy: the electron-to-ion temperature ratio (test 1, already men-
tioned in the reply to Referee 1, R1.04) and the magnetic field magnitude (test
2). The test 2 was made using the spacecraft data only, since the magnetic field
magnitude is used as a normalization factor in the simulations to scale the other
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quantities such as the gyrofrequency. In other words, ion beta dependence was
studied in the simulations by changing the temperature. We confirm the possi-
ble effect of magnetic field magnitude qualitatively. But quantitatively, the scaling
A ∝ B 2

0 predicted by Dastgeer and Zank (2003) gives a steeper anisotropy curve
than the measured one.
Changes in the manuscript:

– Figure 9.

– Section 3.3, paragraph 5 (last paragraph), “Fig. 9 shows the plot of the
anisotropy index as a function of the mean magnetic field magnitude derived
from the Cluster data analysis (for the test 2). There is a weak tendency
that the anisotropy is stronger with increasing magnetic field magnitude. In
electron magnetohydrodynamics it is known that anisotropy depends on the
strength of large-scale magnetic field (Dastgeer and Zank, 2003) as

A ∝ B 2
0 . (1)

In their paper, the anisotropy quantity (the symbol R was used) is related to
our definition of the anisotropy index by R = A−2. This scaling is verified
using our anisotropy measurements using Cluster spacecraft data. Com-
parison with the numerical simulation data is not possible here, since the
magnetic field is normalized to unity and the thermal pressure is varied in
the simulations. The measured slope shows the same tendency as that de-
rived by Dastgeer and Zank (2003), but it is flatter than the scaling B 2

0 . We
interpret that the dependence of anisotropy on ion beta comes partly from
the magnetic field magnitude and partly from the plasma thermal pressure.”

– Reference to Dastgeer, S., and Zank, G. P.: Anisotropic turbulence in two-
dimensional electron magnetohydrodynamics, Astrophys. J., 599, 715–722,
doi:10.1086/379225, 2003.
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2. It would be useful to clarify in some more detail how 2-D spectra in k⊥-k‖ space
was obtained from 4-D spectra in wave-vector frequency domain obtained from Cluster
observations. The 2-D spectra in the simulations is in ky-k‖ space while in the ob-

servations it is in k⊥-k‖ space, where k⊥ =
√
k2

y + k2
x . How do the two 2-D spectra

correspond to each other.

• R2.03a. The reduction was made through the integration over the frequencies ω
and then over the azimuthal angles φ around the mean magnetic field.

E(2D)(k⊥, k‖) =
∫

dφ

∫
dωE(4D)(k⊥, k‖, φ, ω). (2)

The perpendicular components of wavevectors therefore represent the magni-
tude, not in any specific direction.
Change in the manuscript:

– Section 2.1, paragraph 3, “The reduction... specific direction.”

• R2.03b. The perpendicular wavevector components in the two-dimensional spec-
tra for the simulation data are chosen in the direction within the simulation plane.
Change in the manuscript:

– Section 2.2, paragraph 6, “The perpendicular wavevector... simulation
plane.”

Further changes in the manuscript are provided below.

• Abstract
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– sentence 4, we added at the end of this sentence, “of the fluctuating mag-
netic field that is controlled by the thermal or hybrid particle in cell simulation
noise. Likewise, there is a weak evidence that the power-law scaling can be
extended to the turbulent fluctuating cascade.”

• Section 2.1

– Last paragraph, last sentence: Fig. 3 is now Fig. 6.

• Section 2.2

– last paragraph, first sentence: we added “or even at later time” and “or by
introducing new runs.”.

– last paragraph, sentence 2: The expression “This represents the longest
possible simulation run” was changed with “This represents a long simula-
tion run”.

– last paragraph: After sentence 3, a new sentence was introduced: “New
runs have been additionally carried out in order to evaluate the range of
variation of the anisotropy in respect with some simulation parameters e.g.
grid grid resolution or the number of super-particles.”

– last paragraph: The last sentence “The anisotropy-beta relation is displayed
in Fig. 3.” was replaced by “In the next section, the anisotropy-time evolution
is shown in Figs. 3, 4, and 5, while the anisotropy-beta relation is displayed
in Fig. 6 and Fig. 7.”

• Section 3
Section 3 was reorganized in three subsections: 3.1 Two-dimensional spectra,
3.2 Anisotropy evolution, and 3.3 Search for anisotropy scaling.

C508



• Section 3.1 is composed from the first two paragraphs of the former section 3,
with the following changes:

– First paragraph: The last two sentences of the former paragraph were
moved to the first paragraph of section 3.3.

– Second paragraph: The last sentence of the former paragraph was deleted.

• Section 3.2 includes the answer R1.05 for Referee 1.

– Paragraph 1: “The anisotropy index was initially determined from simulation
in the wavenumber range 0.3 < kVA

Ωp
< 6 . The obtained anisotropy is plotted

as a function of time in Fig. 3. After the sudden increase at the earliest time,
the anisotropy index reaches a saturation level in less than 15 ion gyrope-
riods without crossing the evolution curves at the other values of ion beta
throughout the simulation runs until 2000 ion gyroperiods. The exception is
the case at the smallest value of ion beta (βi = 0.05) that the anisotropy in-
dex increases and peaks at about 500 ion gyroperiods, and then decreases.
The beta dependence that the anisotropy is reduced with increasing ion beta
can been seen even in the early evolution phase around a few ion gyroperi-
ods. Furthermore, the anisotropy index at ion beta 0.05 turns back at later
times (tΩp > 1500). Could be this peculiar evolution due to the thermal fluc-
tuations, see e.g. Yoon et al.(2014), or due to the numerical noise of the
hybrid PIC simulation, see e.g. Jenkins and Lee (2007), is a question we
cannot answer in this paper. Nevertheless, there is no connection with the
initial Alfvénic excitation imposed at the start of the simulation.”

– Paragraph 2: “We found that the fast saturation of the anisotropy at the initial
time is a consequence of the contribution of high wavenumber terms of the
power spectrum. By using a low-pass filter in the fluctuating magnetic field,
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the quick saturation of the anisotropy at the initial time is removed. The
higher the ion beta value is, the lower the cutoff wavenumber (kcut) has to
be employed. The effect of filtering the fluctuating magnetic field spectrum
is demonstrated in Fig. 4 for ion beta 0.05, 0.1, 0.2, and in Fig. 5 for ion
beta 0.5, 1, and 2. The cutoff wavenumber was kcut

VA
Ωp

=3 and kcut
VA
Ωp

=1,
respectively.”

– Paragraph 3: “ The anisotropy index starts to increase abruptly and attends
a peak value around tΩp ≈ 500 at ion beta 0.05 while for ion beta 0.1 and 0.2
the growing is slow and the crests are at tΩp ≈ 1000 and tΩp ≈ 1700, respec-
tively. At larger ion beta values, the anisotropy index evolves smoothly and
extends to a saturation level after time 500 ion gyroperiods. The anisotropy
index is decreasing with the increasing of ion beta as in the previous evalu-
ation excepting ion beta 0.5.”

– Paragraph 4: “ The reduced anisotropy with increasing beta was already
pointed out from the particle-in-cell simulations Chang et al.(2013) for
whistler turbulence on electron kinetic scales. Our result confirms this ten-
dency even on the ion kinetic scales. We note however that the peaks of
the anisotropy at the low ion beta values evolve different than those from
Chang et al.(2013). In our plots (Fig. 4), the peak is achieved quicker at
lower ion beta values, while in the PIC simulation, a reversed dependence
with electron beta is observed.”

• Section 3.3

– First paragraph: New sentence 1: “The experimental anisotropy index is
plotted as a function of ion beta at once with the latter values obtained from
simulation (filtered data) in Fig. 6.”

– First paragraph: New last sentence: “The results from simulation were ob-
tained by averaging the time dependent anisotropies shown in Fig. 4 and
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Fig. 5 as 6.9 (at ion beta 0.05), 3.2 (at ion beta 0.1), 1.9 (at ion beta 0.2), 1.5
(at ion beta 0.5), 1.9 (at ion beta 1.0), and 1.7 (at ion beta 2.0).”

– The paragraph 2 is given by the sentences 2, 3, and 4 from the paragraph 3
of former section 3, and the following new sentences: “In the simulation, the
anisotropy falls down steeper at low ion beta (at 0.05, 0.1 and 0.2) and then
decreases smoothly at higher βi (1, 2). This is similarly with the tendency
observed in the solar wind if the shift in ion beta is disregarded.”

– The paragraph 3 is a new paragraph containing the power-law scaling de-
scribed in the former section 3: “The beta dependence of the anisotropy
determined from the unfiltered data is given separately in Fig. 7. It clearly
shows a monotonic descending trend that exhibits a power-law scaling in
the form A ∝ β−αi . The slope in the scaling can be determined by the fitting
procedure, and we obtain the empirical scaling

A = 2.035× β−0.295
i (3)

Eq. (4) represents with small deviations the anisotropy index controlled by
the thermal or by the hybrid particle in cell (PIC) simulation noise. Dieck-
mann et al.(2004) studied the noise spectra of electrostatic waves in an
unmagnetized electron plasma by particle in cell (PIC) simulations. The
purpose of their work was to find out the interplay between three categories
of noise: thermal, numerical and PIC simulation noise. Their results show
that at smaller wavenumbers the estimated numerical noise dominates the
simulation noise, while at large values near the Nyquest wavenumber, the
thermal noise becomes more effective. We repeated the simulations for
short times (tΩp < 200) by varying the number of super-particles, and there-
fore, by changing the numerical noise amplitude, another set of anisotropy
indices was determined. An additional anisotropy index extends our study
at higher values of ion beta (βi = 4). This numerical experiment brings
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evidence that the anisotropy power-law scaling from Eq. 4 is linked to ther-
mal rather than to numerical noise. The power-law dependence is added in
Fig. 6. The anisotropy index of the simulated turbulent cascade follows the
power-law in the limit of the error bars.”

• Section 4 Conclusions

– The second sentence of the first paragraph, “Furthermore, our two-
dimensional ...” was changed and moved in the second paragraph: “Fur-
thermore, our two-dimensional hybrid simulations show that a power-law
scaling relation between the wavevector anisotropy and βi could exist. The
power-law function was found to describe accurately the anisotropy index
driven by the thermal or hybrid PIC - simulation noise.”

– Same paragraph, we changed “theoretical studies” with “theoretical and
computational studies”.

• References
We added the following references:

– Reference to Yoon, P.H., Schlickeiser, R., and Kolberg, U.: Thermal fluc-
tuation levels of magnetic and electric fields in unmagnetized plasma:
The rigorous relativistic kinetic theory, Phys. Plasmas, 21, 032109,
doi:10.1063/1.4868232, 2014.

– Reference to Jenkins, T. G., and Lee, W. W.: Fluctuations of discrete particle
noise in gyrokinetic simulation of drift waves, Phys. Plasmas, 14, 032307,
doi:10.1063/1.2710808, 2007.

– Reference to Dieckmann, M. E., Ynnerman, A., Chapman, S. C, Rowlands,
G., and Andersson, N.: Simulating thermal noise, Physica Scripta, 69, 456–
460, doi:10.1238/Physica.Regular.069a00456, 2004.
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