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E4 in a nutshell

8 sec sampling period 
2 (3) components 
8 channels  

4.7-10, 10-22,  22-47,  47-100,  100-220,  220-470,  470-1000,  
1000-2200 Hz 

2 data products, mostly available simultaneously:  
maximum value within 8 sec  
mean value within 8 sec
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HELIOS 1 E2 summary plot
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HELIOS 1 & 2 E4 summary plot
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Raw data
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Extracting the data…

E4 binary files available at NSSDC (128 MB) 
9 tape dumps for Helios 1 (1974-1975) 
9 tape dumps for Helios 2 (1976) 

not all files could be properly read (trial and error) 
18 ascii files for Helios 1 
18 ascii files for Helios 2
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What the ascii data look like

7

1975-07-19T16:34:36,663Z 89.67 108.29 100.54 0.905917 -3.0643 164.50 950.40 0.9961 0 Y 0.0201 0.0223  
1975-07-19T16:34:44,663Z 89.67 108.29 100.54 0.905917 -3.0643 164.50 950.40 0.9961 0 Y 0.0202 0.0220  
1975-07-19T16:34:52,663Z 89.67 108.29 100.54 0.905917 -3.0643 164.50 950.40 0.9961 0 Y 0.0200 0.0223  
1975-07-19T16:35:00,663Z 89.67 108.29 100.54 0.905917 -3.0643 164.50 950.40 0.9961 0 Y 0.0199 0.0223  
1975-07-19T16:35:08,663Z 89.67 108.29 100.54 0.905917 -3.0643 164.50 950.40 0.9961 0 Y 0.0201 0.0219  
1975-07-19T16:34:36,663Z 89.67 108.29 100.54 0.905917 -3.0643 164.50 950.40 0.9961 0 Y 0.0201 0.0223 

+ 14 other columns with B
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What is finally available

Helios 1 - average 
Bx	 24838 samples	 2.3 days 
By 	1’001’230 samples	 93 days 
Bz	1’026’068 samples	 95 days  

Helios 1 - peak 
Bx	 27 samples	 	 < 1 min 
By	 712’160 samples	 	 66 days 
Bz	 712’187 samples	 	 66 days 

Helios 2 - average 
Bx	1’039’622 samples	 96 days 
By	 1364 samples	 0.12 days 
Bz	1’040’986 samples	 96 days  

Helios 2 - peak 
Bx	 947’144 samples	 88 days 
By	 722 samples	 0.07 days 
Bz	 947’866 samples	 88 days

8

Did we miss anything ? 
Why this asymmetry between Bx and By ?
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What the data look like 
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Example
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Example
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Example

12
time [sample #]

×105

0 1 2 3 4 5 6 7

a
m

p
lit

u
d

e
 [

n
T

/s
q

rt
(H

z)
]

10-2

10-1

100

101

[4.7-10 Hz] average mode
[4.7-10 Hz] max mode

all bands occasionally exhibit 
saturation, especially in max mode



HELIOS	workshop	-	July	2016	-	Köln

Example
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Example
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Example
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PDF
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Noise floor
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Noise floor : temperature dependence ?
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Noise floor : temperature dependence ?
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Noise level

Channels > 100 Hz seem 
to be dominated by noise
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3210 NEUBAUER ET AL.: FAST MAGNETIC FLUCTUATIONS IN SOLAR WIND 
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resolved by the flux gate with four vectors per second, the 
thickness must be very close to 0.25 s, i.e., 1 proton gyroradius. 
It is also consistent with this interpretation that the steep 
increases in average and peak values for channel 1Y coincide 
with the magnetic field transition observed by the flux gate, 
whereas it occurs somewhat later for channels 2Y-5Y. 

Finally, Figure 11 shows three spectra of the Y component 
in the precursor region (curve 1), the shock transition (curve 
2), and the shock wake region (curve 3). Also shown is the 
background noise level. In addition, the electron cyclotron 
frequencies fce,• and fce,•. as well as the lower hybrid frequen- 
cies f•h,• and f•h,•. are indicated. The change of the spectrum 
from the precursor region to the wake region is apparent. 
From about 15 to 70 Hz the slope of the transition region 
spectrum is about identical to the wake spectrum. It is clearly 
distinct from the precursor region spectrum, which starts very 
steeply but then decreases with much less slope. The spectrum 
in the wake region can be described by P(f) = 1 ('•'/Hz) f-a.04 
with f >• 5 Hz in hertz. From the point of view of plasma 
physics it would be more useful to know the spectra in the 
shock frame. However, a transformation into the shock frame 
is not possible, since the wave vector spectrum is not known. 

CONCLUSIONS 

We have presented observations of magnetic field variations 
in the solar wind from dc to 2.2 kHz. They have been obtained 
by the flux-gate magnetometer (0-4 Hz) and search coil mag- 
netometer (4-2200 Hz) of the Technical University of 
Braunschweig on Helios 1. 

We can distinguish a slowly varying component of the fluc- 
tuation spectrum having a time scale of about 10 min or 
longer. Fast variations in spectral density superimposed on the 
slowly varying component are called events. In this paper we 
have considered events which also show a clear signature in the 
dc field. The presentation of other extremely interesting events 
that do not show up clearly in the dc magnetic field is post- 
poned to a later study. We next describe the four types of 
events which have been illustrated by one observed example 
each. 

1. Directional discontinuities may reflect part of an in- 
cident whistler wave spectrum, thereby causing a jump in wave 
intensity, i.e., the discontinuity may act as a wave guide 
boundary. This is due to the fact that wave normal surfaces 
change across the discontinuity. 

2. A purely directional discontinuity is caused by field- 
aligned currents which may cause instabilities possibly en- 
hanced by the exact non-Maxwellian shape of the particle 
distribution functions. This behavior is also observed in a large 
number of cases as a peak in the wave spectra. In the special 
case discussed in this paper the maximum relative speed be- 
tween electrons and protons amounted to 0.8 of the Alfv6n 
speed. The observed magnetic fluctuations may be related to 
the waves treated theoretically by Gary et al. [1976b]. If a 
magnetic discontinuity also reveals magnitude changes, the 
currents are not field aligned any more, and the stability prob- 
lem is more complex. 
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Fig. ] 1. IV[agnctic fluctuation spectra at times indicated in Figure 
10. Curve 1 is a precursor spectrum, curve :2 a spectrum taken during 
the shock transition, and curve 3 a wake spectrum. 
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Signal or noise ?

time-scales increase with solar distance, fluctuation levels of Bz 
and dBz/dt should scale differently
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Absolute calibration
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Comparison with original plots

factor of 1000 needed to match the original plots by F. Neubauer 
et al.

23
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Fig. 3. Example of two interplanetary discontinuities (vertical 
lines) acting as a wave guide. For further explanation and discussion 
see text. 

aligned. If such a current instability occurs, the waves pro- 
duced may behave very differently depending on the geometry 
of the discontinuity and the propagation characteristics out- 
side the source region, i.e., the discontinuity. In most cases we 
shall expect a maximum in the wave fields observed in the 
source region. 

Both types of behavior have been observed in connection 
with directional discontinuities in the solar wind. Figure 3 
shows ducting in a wave guide produced by a pair of discontin- 
uities in magnetic field direction at 1128 and 1133 UT. The 
lower panels of the figure show the magnetic field vectors 
averaged over 8 s represented by the magnitude and the usual 
solar ecliptic angles. For the magnitude F two different aver- 
ages are drawn, the magnitude resulting from the averaged 
individual components and the average of the individual mag- 
nitudes. The spectral data for 8-s averaging intervals are 
shown in the upper panels in the same format as in Figure 2. 
The discontinuities are identified as tangential ones, since the 
magnetic field magnitude changes appreciably across each of 
them. Note that in channels 2-4, increases in wave intensity by 
an order of magnitude in spectral density occur which are very 
accurately limited by the vertical bars denoting the discontin- 
uities. The increase extends at least to channel 6, i.e., to the 
range 220-470 Hz. The electron cyclotron frequency is about 
500 Hz between the discontinuities. If we assume that the 

waves propagate roughly parallel to the magnetic field, there 
will be only a small Doppler shift at fee/2 because of the 
maximum in phase velocity. Hence the wave spectrum extends 
at least to fee/2 with a spectral index -y = 1.2 in [p(f)]l/2 
Note also that outside the wave guide above channel 3 the 
background noise is measured. The ducting property of direc- 
tional discontinuities is not a rare phenomenon but occurs for 
a large fraction of directional discontinuities. The only way to 
avoid the interpretation in terms of ducting is to assume an 
extremely narrow cone of propagation wave vectors around 
the magnetic field vectors such that no spreading of the wave 
field across the boundaries of the discontinuities occurs. The 
wave fields must have their source between the discontinuities 
in such a case. 

A directional discontinuity is also observed very often as a 
source of waves. An example is shown in Figure 4. The flux- 
gate vector data for the directional discontinuity are presented 
in a coordinate system spanned by the eigenvectors from a 
variance matrix analysis of the Sonnerup [ 1971 ] type applied to 
the transition layer from 0719:51 to 0720:01 indicated by the 
two vertical lines. The normal direction is given by n = 
(-0.232, 0.807, 0.543) in solar ecliptic coordinates. 

B(3) is the component in the normal direction. The figure 
shows the magnetic field components as a function of time 
with four vectors per second. Figure 5 shows the hodograph in 
the discontinuity plane. During the transition the magnetic 
field decreases from 4.8 to 3.9 'y. The small component B(3) 
together with the relatively large decrease in magnitude sug- 
gests that the directional discontinuity is a tangential one. 
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Fig. 4. Interplanetary tangential discontinuity in a coordinate sys- 
tem of minimum variance eigenvectors. B(3) is the component in the 
direction of minimum variance. The variance analysis interval is 
shown by vertical lines. Mj•l is the AlfvSn Mach number of the relative 
speed between electrons and protons, i.e., relative speed divided by 
AlfvSn speed computed according to (5). 

Sanity check: comparison with 
original plots by F. Neubauer

(color) my data, reduced 1000x
(black) Neubauer et al. (1977)
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aligned. If such a current instability occurs, the waves pro- 
duced may behave very differently depending on the geometry 
of the discontinuity and the propagation characteristics out- 
side the source region, i.e., the discontinuity. In most cases we 
shall expect a maximum in the wave fields observed in the 
source region. 

Both types of behavior have been observed in connection 
with directional discontinuities in the solar wind. Figure 3 
shows ducting in a wave guide produced by a pair of discontin- 
uities in magnetic field direction at 1128 and 1133 UT. The 
lower panels of the figure show the magnetic field vectors 
averaged over 8 s represented by the magnitude and the usual 
solar ecliptic angles. For the magnitude F two different aver- 
ages are drawn, the magnitude resulting from the averaged 
individual components and the average of the individual mag- 
nitudes. The spectral data for 8-s averaging intervals are 
shown in the upper panels in the same format as in Figure 2. 
The discontinuities are identified as tangential ones, since the 
magnetic field magnitude changes appreciably across each of 
them. Note that in channels 2-4, increases in wave intensity by 
an order of magnitude in spectral density occur which are very 
accurately limited by the vertical bars denoting the discontin- 
uities. The increase extends at least to channel 6, i.e., to the 
range 220-470 Hz. The electron cyclotron frequency is about 
500 Hz between the discontinuities. If we assume that the 

waves propagate roughly parallel to the magnetic field, there 
will be only a small Doppler shift at fee/2 because of the 
maximum in phase velocity. Hence the wave spectrum extends 
at least to fee/2 with a spectral index -y = 1.2 in [p(f)]l/2 
Note also that outside the wave guide above channel 3 the 
background noise is measured. The ducting property of direc- 
tional discontinuities is not a rare phenomenon but occurs for 
a large fraction of directional discontinuities. The only way to 
avoid the interpretation in terms of ducting is to assume an 
extremely narrow cone of propagation wave vectors around 
the magnetic field vectors such that no spreading of the wave 
field across the boundaries of the discontinuities occurs. The 
wave fields must have their source between the discontinuities 
in such a case. 

A directional discontinuity is also observed very often as a 
source of waves. An example is shown in Figure 4. The flux- 
gate vector data for the directional discontinuity are presented 
in a coordinate system spanned by the eigenvectors from a 
variance matrix analysis of the Sonnerup [ 1971 ] type applied to 
the transition layer from 0719:51 to 0720:01 indicated by the 
two vertical lines. The normal direction is given by n = 
(-0.232, 0.807, 0.543) in solar ecliptic coordinates. 

B(3) is the component in the normal direction. The figure 
shows the magnetic field components as a function of time 
with four vectors per second. Figure 5 shows the hodograph in 
the discontinuity plane. During the transition the magnetic 
field decreases from 4.8 to 3.9 'y. The small component B(3) 
together with the relatively large decrease in magnitude sug- 
gests that the directional discontinuity is a tangential one. 
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square root of the power spectral density P(f) measured in 
nT2/Hz (with f -- center frequency of each spectral channel). 
Figure 1 shows histograms constructed from 8-s averages. The 
histogram bins are spaced logarithmically with steps of 0.1. 
Note that the ordinate scales are different for the various his- 
tograms. The lower set of histograms is computed over one 
heliographic rotation of Helios 1. At this time the spacecraft 
was on its way to the sun at a distance around 0.9 AU. The 
upper set covers one solar rotation in a distance interval from 
0.5 to 0.3 AU, including the perihelion passage of Helios 1. 
Shocks and sector boundarys are very rare and do not change 
the histograms of spectral densities within one solar rotation. 
Comparing the upper and the lower set we can derive the 

radial dependence with a m'mimum of influence owing to lon- 
gitude variations in a frame rotating with the sun. With the 
well-known noise levels of each frequency channel we have 
sampled only measurements with amplitudes higher than two 
times of these levels. 

Near 0.9 AU wave fields above the instrument noise with 
frequencies up to 22 Hz exist in more than 75% of all mea- 
sured spectra. The occurrence of wave fields above the noise 
decreases rapidly with increasing frequency channel. The fre- 
quency channel 100-220 Hz shows intensities above the noise 
in only 1% of all cases. No wave activity with frequencies 
greater than 220 Hz could be detected. During this time inter- 
val the electron gyrofrequency varies roughly from 60 Hz in 
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But plots do not always match

24ratio =1000
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Do E2 and E4 match ?
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Do E2 and E4 match ?
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A low-dimensional model 
to identify wave activity
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Low-dimensional mode

Most channels evolve very coherently : similar fluctuations 
observed at all scales 
 
 
 
 
 
 
 
 
 
 
 

coarse approximation
28
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Bz(t, f) ⇡ f(t) · g(f)
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Low-dimensional model

Look for separable model 

For pure Kolmogorov turbulence, one would have 

Assume that the fk(t) are independent (evolve differently in time): 
use Independent Component Analysis 

With N=4 terms, all the salient features of the wavefield can be 
described

29

Bz(t, f) =
NX

i=1

fi(t) · gi(f)

g(f) = f� 5
3/2
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Low-dimensional model
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first mode describes a typical 
turbulent wavelfield
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Low-dimensional model
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2nd mode describes whistler 
activity nearby the Sun
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Low-dimensional model
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Low-dimensional model
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4th mode is completely different: shock-like transients near Sun
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Conclusions

Do we have access to all the existing data ? probably not 

The data look reasonably sound 
but bands > 47 Hz are most dominated by noise 
saturation is frequent : hard to analyse bursts 
no attempt yet to use Bx & Bz together 

Absolute amplitude still has a 10x ambiguity 

Spectra consist of a mix of 4 features, including whistler wave 
bursts

34
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Noise level in Helios 1 E2 Bx
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