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Abstract. The observational results of Thilis neutron
monitor 5-min data and 4-minute data the measurements of
the interpl anetary magneticfield (IMF) areused for analysis
of cosmic ray (CR) fluctuations. It is shown that the CR
spectral fundions are conneded with helicity of IMF.The
spectral indices of CR fluctuations have been linked to
spectral indices of magnetic helidty. This linkage opens
essentially from concrete model of the magnetic field
turbulence. We use Bartlet filter for handles of the
obsavational data. The obtained results are consistent with
CR fluctuations theay founded on thekinetic equation.

1. Introducti on

Various problems of CR fluctuations in stochastic
magneticfieldshavebeen intensvdy gudied for along time
(Toptydn, 1985; Chuvilgin et a., 1989; Katz et al., 1990).
This interest is stimulated by the investigation of CR
modulation and by examination of interplanetary magnetic
field (IMF) modes. In its smplest version, correlation
characteristics of the IMF are directly oonnected to
parameersof CR distribution. If the random magnetic field
is statistically isotropic, a spectral tensor of the magnetic
field has the form (Moffat, 1978).
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is an symmetric part of the spectral tensor , §, 1 isa
Kronekker symbol and
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isan antisymmetric part of the spectral tensor
By (k] £4, isanabsolutdy antisymmetric tensor.

B[k) isaspectral function of the random magnetic field

and &[k) isspectral function of the magnetic helicity

(Mdffa, 1978; Matthaeus 1982, Matthaeusand Gdgsten,
1982).

For isotropic turbulence, the spectral functions B{ k) and
+[k) are conneded to corresponding frequency sectral
functions Blar) and +(a) asfollows (Mdfat, 1978) :
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where & isavelacity of magneticpulsations, and m istheir
frequency.

For joint characteristic of CR distribution and random
magneticfield, itisconvenient to use a CR corr elati on vector
(Jokipii and Owens, 1974; Katz et al., 1990)
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where 75 (#, ¢} isCRdistri bution funtion and (7, ¢} is

arandom magneticfield.

The angle brackets denote averaging over the random
magnetic fidd. Werely on thetheory of CR fluduations
(Toptygin, 1985; Katzet al., 1990) associat ed with the drift
kinetic equation that describes CR transport in the random
magnetic field. This approach allow totakeinto accaunt the
influence o the regular magnetic field on themotion of the
charged particles and to obtain relations that connect
components of the CR carelation vector with a spedral

function of themagnetic field B(m) and aspectral function
of themagnetic helicity &{a ] .

2. Observational Data

Observaiond estimates of the CR power spectra were
analyzed based on the five-minute count rate of neutron
monitors (NM) of Thilisi, Oulu, and Apatity stations. This
enablesto investigate atemporal interval from 10 minutes

toll:l2 minutes. Thisinterval correspondsto the
frequency range( 10=% —1p7? ] Hz, which

is characterized by arelatively poor level of noise,
(Fig.- 1)
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Fig. 1. Power spectrum of 5-minute Thilisi NM daa

An egimateof IMF fluctuations is based on the
measurements of the WIND Spacecraft,
(Fig. 2, 3).
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Fig. 2. Power spectrum of IMF (WIND Spacecr aft)
diagonal components.
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Fig. 3. Power spectrum of IMF (WIND Spacecr aft)
non-diagonal compaents.



A covariance matrix for the WIND Spacecraft data of IMF

171 026 —081
By =026 663 -1l @
—081 -114 308

with the fol lowing vaues of the standard deviation:

Fldev =< sz SHE 1.3 Ti,

2

stdey =< B2 V2 26nT1,

stdev =< 2,2 > V2 2 180T,

Corresponding values of the tatal magnetic field
and the sandard deviation are respectivdy:
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The mean value of the total field exceeds themean
value of the random field by approxi mately one order of
magni tude. Cross-correlation matrices for Thilisi, Oulu,
and Apaity NM assodatedwith matrix (7) have the
following forms:

1 008 -035 012
0.08 1 —025 0354
035 -025 1 o024 .
012 054 024 1
1 008 —035 0065
005 1 —025 o021 9
— 035 —025 1 Qo3
0.0E 021 003 1
1 ooE  —035 00
0.08 1 - 025 0.30 (10)
— 035 —025 1 014
0.01 0.30 014 1
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Each fourth row and column correspond to the CR

intengty on Thilisi, Oulu, and Apatity NMs,
regpectivdy. The matrix (7) displays that magnetic field
components are corelated. There is an essential
correlation of CR intensity with Hy -component of
magnetic field (0.54 for Thilis NM). An andyss of

obseavational data for the Wind Spacecraft displays that
spectral powersof the diagonal componentsof the covari ance

matrix B, 3 aresatisfactaily described by thepower lav & ¥

with spectral indices » = 1.3 for the By -component,
¥ = 1.6 forthe By, -component, and » = 1.1 for Bz, -
component. These components determine the spedral
function of therandom magneticfield Bl[.:u:l .Non-diagmal

componentsof the covariancematrix crregpondto the power
law aswdl. Their spectral indices areas follows:

y=14 for Bx}, -component,

¥ =11 for By -component,
and

¥=15 for B}E -component.

Upon examining components of CR correlati on vector for
Wind Spacecraft data and Thilisi NM five-minute data
displays that frequency dependenceof CR correlation
vector components is satisfactorily described by the power

lawv @ ~ ¥ aswdl.
In this case, thevaluesof ectral indi cesfor CR correlati on
vectar components are as follows: g =05 for Fy-

component, p = 1.6 for Py-component and p =11 for

Pz -compment.

3. Conclusions

These data do not contradict to thetheary of CRfluduatians
based uponthe drift kinetic equation (Toptygin, 1985; Katz,
et a. 1990).

If theIMFissatisfactorily described by the model ofisotropic
non-mirror turbulence, then the spectral function of the
random magnetic field (Katz et a., 1990) is as follows:
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where 57 = &/, ¥] and v)| are the components of
the particlevelocity ecross and along regular
magnetic field &, #=Hy /! Hy,

@:ii, p is particlemomentum,
cp Fu
4 =rcosd ¥ is

particle pitch-angle, £2 is Larmor frequency, F;,‘. (F . r]l is

CR mean distribution function. These relations reaults in
coinciding spectral indices of the random magnetic fieldand
theY -camponent of the CR correl ation vector. A coincidence
of spectral indices takes place far bath the magnetic field
spectral fundion and the magnetic helicity spectral function.
The obsaved CR fluctuations are due to exigence of the
pitch-angle anisotropy in the paticles distribution. This
result doesnot contradict to the observed high vdue o the
Py -companent of theCR carrelation vector.
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