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We have developed a wavelet based technique that can measure the scale dependent anisotropy in turbulent fluctuations relative to the magnetic field in a plasma. We show that in
the solar wind at MHD scales the magnetic field and velocity are both anisotropic but scale differently, and that anisotropy and imbalance of Elsasser modes may be linked.

We also show that close to the ion gyroscale there is power injection in parallel modes which resembles the effect of the firehose instability. Below the ion gyroscale multi-spacecraft
structure functions can be used to measure the anisotropy at kinetic scales, we show that multi-spacecraft structure functions, single spacecraft wavelets and Fourier transforms can
be normalised and plotted on a single scale and that they agree with each other.

Using longer time series of magnetic field data from the ULYSSES polar passes of the
We measure local magnetic field direction (8;) and power over a range of scales Sun we have measured anisotropy of the magnetic field over a wide range of
using Morlet wavelets [1-4]. frequencies [4]. We compensate these by multiplying the parallel power by f2 and the
perpendicular component by 23, the values expected from critically balanced Alfvénic

turbulence [5].
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w, sets the internal frequency of the Morlet wavelet at scale s, which Is related to the *s s 211 AU §
Fourier frequency, f, through equation (2). Power is then calculated as the convolution L, bl
of this wavelet with the magnetic field time series using equation (1) [3]. o O U O R T L
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We can apply the wavelet technique to many kinds of solar wind time series. The result different distances from the Sun [4]. The parallel 17
is P(f, 8g), the mean power, P, of fluctuations at frequencies, f, from times when the power (tlop li'gh_t)lhas allog_ak Close 1{0 thehlonS Pt
local mean magnetic field direction is 85. We choose the angle range 0 < 6, <10° to be gyroscale (kp; = 1) at all distances from the Sun. ol
y . o y . ) This peak is at a scale similar to that in -
parallel” and the range 80 < 05 < 90° to be “perpendicular’. Note we are not :

_ _ simulations by L. Matteini (bottom right) [6]. JE—
measuring the power of the perpendicular or parallel component but the average trace “

power from times when the magnetic field was pointing in the parallel or perpendicular

. This shows that there is a very often a source of power in the fast polar solar wind at
direction to the flow.

the Ion gyroscale. The scale of injection Is consistent with firehose instability

Here we show results from a 7 day period of fast wind (|V| > 600 km/s) observed by the simulations [6] and recent results [7, 8] that show the firehose threshold as a boundary
WIND spacecraft in January 2008. The magnetometer and particle instruments provide for the phase space of temperature and plasma beta anisotropy in the solar wind and a
3s resolution B, V and p observations and therefore allow the calculation of Elsasser source of magnetic fluctuations.

variables (3) and their power spectra, which are denoted by lower case letters (4):
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spacecraft to access anisotropy at smaller scales than is possible with a single
with e* and e- being the power spectra of Z+ and Z- respectively. spacecraft alone [9]. Here we show that this technique and the wavelet technique

produce similar results. To do this the structure functions (S(t)) are normalised to have
the same power and scale dependence as a Fourier transform (b(w)) (5).

The top panel plots the power spectra and

anisotropic power of Elsasser variables Z* I p+1 10
(away from the Sun) and Z- (towards the o (277 )
Sun) and the bottom panel shows P 10"
normalised cross helicity. Cross helicity is E ), _
constant where Z* Is isotropic and &
decreases where Z* is anistropic. Z- cf 107
behaves very differently from Z+ with The green Fourier power spectrum and purple < |
anisotropy at all scales and shallower _ wavelet power spectra are calculated from ACE 107"}
gradient at high frequencies. ;2-’ | magnetic field data from the same solar wind stream :
< o6l _ as the blue Fourier spectrum and red structure 1 0'2;:§Iruoiure EU”C?D”S Ear-
2o _ functions calculated from the Cluster spacecratft. e evelote P
0ok 1 The difference in parallel and perpendicular power _33 ——Wavelets Perp.
¢ o calculated using the different techniques are similar, o Y=
10 10 10 o
Frequency (Hz) Pi

1] Horbury, T. S., M. A. Forman, and S. Oughton, (2008), Phys. Rev. Lett., 103, A2 2085-2097.

1
N Wavelet analysis of solar wind time series allows the investigation of anisotropy relative
2] Podesta, J. J., (2009), ApJ, 698 986-999.

to the local magnetic field from single spacecraft data. Using long periods of Ulysses
3] Torrence, C., and G. P. Compo, (1998) , Bulletin of the American Meteorological Soc., Vol. 79, No. data we have shown that there is increased power in the parallel direction close to the
1,61-78. jon gyroscale consistent with the parallel firehose instability.

[4] Wicks, R. T., T. S. Horbury, C. H. K. Chen and A. A. Schekochihin, (2010), Mon. Not. R. Astron.
Soc., doi:10.1111/}.1745-3933.2010.00898.x

We have also analysed WIND data and shown that imbalanced Elsasser variables do
not have similar anisotropy and that anisotropy Is associated with a decrease In cross

5] Goldreich, P., and S. Sridhar, (1995), ApJ, 438, 763-775. helicity.

6] Matteini, L., L. Simone, P. Hellinger, and M. Velli, (2006), J. Geophys. Res., 111, A10101. . . .

B ) ( ) Py Finally we have shown that multi-spacecraft structure function results, capable of

7] Bale, S., J. C. Kasper, G. G. Howes, et al., (2009), Phys. Rev. Lett,, 103,211101 accessing much smaller scales than single spacecraft time series analysis, are

8] Matteini, L., S. Landi, P. Hellinger, et.al., (2007), Geophys. Res. Lett., L20105. consistent with results produced by wavelets..

9] Chen, C. H. K., T. S. Horbury, A. A. Schekochihin ,et al., (2010), Phys. Rev. Lett., 104, 255002. This work is funded by the STFC and the Leverhulme Trust Network for Magnetized

Plasma Turbulence.



