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Cosmic ray anisotropy depending on the current sheet in solar wind
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Abstract. Effects caused by the influence of the current sity and anisotropy of the particle flux with the Hall's cycle
sheet in solar wind are studied by using the Yakutsk under{Krymsky et al., 2001).

ground muon telescope complex data. The anisotropy shows However, the deformation effect of the current sheet in the
a dependence on the distance between the current sheet asdsmic ray anisotropy has been insufficiently studied.

the Earth. The anisotropy caused by symmetric heliolatitude

density gradient of cosmic rays has also been revealed. Ob-

served effects are interpreted in the framework of the diffu-2 Data Analysis

sion - drift modulation mechanism.

This paper consists of two parts. The first part is devoted to
the study of the anisotropy depending on a distance of the
Earth to a current sheet, the second part is to establish the
reason of seasonal changes of the anisotropy. For the first
: : : . part we have used data on the current sheet location dur-
A he hel h fiel . .
ccording to current concepts the heliospheric magnetic fie df:}g each Carrington's rotation of the Sun f#82 — 1998

Is separated into hemispheres, with magnetic fields of theEhttp://quake.stanford.edu/Wso/coronal.html). In order to find

opposite polarity. Between them there is the current shee . .
PP P Y he distance up to the current sheet at the orbit of the Earth for

which is deformed depending on the solar activity level. In ) ) L
the solar activity minimum the deformation of the current every day the solgr wind speed and the Earth's heliolatitude
have been taken into account.

sheet decreases. We h dth fical d and und d
As the activity increases, the tilt angle of the current Sheeteleseco a(\a/e d:fae i \Z Zﬁtrsll((:a:atgtrr?;rc]ie atr;] S?L:J;]O eggrr%ucv emuon
gradually increases and in maximum the deformation reache% b P ! o

its maximum value at the same time the inversion of the gen-Or 1982 — 1984, 1987 — 1988, 1992 — 1994, and1997 —

eral magnetic field of the Sun takes place. That is repeated i A QS%at-; Oo?)r(r?h:)dnetgl]: (T;etgoglc?:]ertrﬁers,o\?g ngetn?;.z.srﬁg
every 11 years (Potgieter, 1995). u SCopes during S Ity mini

. . L . when the deformation of the current sheet is insignificant and
The galactic cosmic ray modulation is caused by their con-. : : 2 i

. . : in the periods of the general magnetic solar field inversion
vection from the side of the Sun, due to a supersonic so-

. T . when the deformation of the current sheet is more #igrin
lar wind, by a diffusion directed towards the Sun along the heliolatitude in1985 — 1986, 1989 — 1991, and1995 — 1996.

spiral interplanetary magnetic field and by adiabatic losses The data h b ivzed using the h : |

(Krymsky, 1964). However, for the last 10-15 years also the . fe ata g\ve tﬁenhanayz.e Esmgb € harmonic aga(ljy-

influence of the drift mechanism is being studied intensivelySIS or every day, e, armonics have been re-grouped de-
pending on the Earth’s distance up to the current sheet with

(Kota and Jokipii, 1983). According to this mechanism, the o N
galactic protons drift from the polar region towards the he-2 step of10°. In the end we have used the distribution of

lioequator and they are removed along the wavy current Sheeqnisotropy vectors in the range of the current sheet deforma-
when the magnetic moment of the Sun is of the positive sign.tlon from _60. to +60°. The angular distance, yvhen the
After the change of the sign of the magnetic moment the par_current sheet is northward of the Earth, we consider as pos-

ticle drift velocity is directed towards the Sun. Such a mech-itive' The anisotro_py vectors are corrected for the influence
anism qualitatively describes the temporal change of the den(-)f the geomagnetic field and from each vector the average
vector has been subtracted. Then, each vector is expanded

Correspondence tdS. K. Gerasimova into two componentsAg — 6" and A, — 12", Ag and A,
(s_k_gerasimova@ikfia.ysn.ru) are found in two variants depending on the phase of solar
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e 1982 —1998. At 0, 7 and20 m w.e. we have used of the tele-
‘ . scopes directed &0° to the north and south relative to the
’ % zenith. As at the depth @0 m w.e. the temperature effect is
0,04 I %,’ \i% Li T small, the data of the vertical telescope are used. It consid-
0,001 AL T omwe. i isti i inati
D N I I‘ = erably increases the statistical accuracy in determination of
0,04 T %— %’% i T the anisotropy. The hourly values are preliminary smoothed
0,08} /I b by a daily moving-average method. To exclude temperature
! ‘ contribution, we have used the differences of the southern

and northern telescopes. We have also found the daily varia-
tions for days when the force lines of interplanetary magnetic
field are directed to the Sun (-) and from the (+). Then these
Fig. 1. Dependence ofis-component on the angular distance of 5t3 are distributed by the southern (S) (January - April)and
the Earth to a current sheet. northern (S) (July - October) zones relative to the helioequa-
tor. The drift anisotropy of cosmic rays is defined as

magnetic cycle.
It is seen from FiglL that near the current sheet thk; P
component has the maximum value, and it decreases as it = + 2 — D
moves away from the current sheet to one or another side i.e.
the resulting anisotropy is minimum. Such a regularity ia ob-
served at all underground levels. The amplitude of the The vectorsr,, corrected for the influence of the geo-
anisotropy decreases insignificantly with the depth of regis-magnetic field and then averaged by all registration levels
tration that testifies about its hard energy spectrum. Itis sigare presented in Fig.3 for the positive and negative po-
nificant that the change ofs with a distance to the current |arities of the magnetic moment of the Sun. Note that the
sheet occurs independing on the phase of the magnetic solafeak dependence on the magnetic moment polarity is ob-
cycle. The componem, doesn’t depend on the location of served. Thereby, ry, | for the negative polarity is smaller
the Earth relative to the current sheet (Ely. than for the positive one. The clear dependence pfon
The second part of the analysis is devoted to the study othe Earth’s location relative to the helioequator is observed.
the dependence of cosmic ray anisotropy on the interplanSo, for the N-zone the diurnal variation is of the amplitude of
etary magnetic field sign in the periods when the Earth is0, 02840, 003% andt,,,.. = 5, 5+0, 2" and for the S-zone it
projected into the north and south heliolatitudes. In this casés of amplitude o0, 056 40, 003% andt,q. = 15,540, 1"
we have used cosmic ray diurnal variation data at the deptli.e. the vector,, changes along a ling+ 15" that testified
of 0, 20 and60 m w.e. for1981 — 1998 and7 m w.e. for  about its drift origin.
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approach by the solar wind speed (Krymsky et al., 1981), i.e.
% : : : to represent the distribution functioh as a sum of undis-
turbedf, ~ p~(*=2) and variedf, parts. In this case in the
transfer equation of cosmic rays the terms with the solar wind
L © - qa<0 (1981-1988) speed doesn't contaify. With regard to the above remarks,
@ - gA>{0 (1991-1998) the equation is of a form:

N _ 10, , Of 19 of)

| 10 9 g O
% 2 or ) e op P g
0,00 _u>%_ﬁ%:§ @)
" or r 00 7

0 | uo fo T
_ Hereb = 2 2)——, = )
(v +2) 3 L Oro sin @

-0,04 9 18" 6 Up = Ugr0(0 — T/2), ug = udr%/j—@).

The drift velocityu,. is obtained a?énthe result of differenti-
ation of the antisymmetrical part of diffusion tensor (Krym-

L . : ' — sky et al., 1981). The values, andug, are considered as
S04 0,00 0,04 s independent parameters.

If we assume that the heliosphere boundary (heliopause) is
sufficiently distant and we neglect by its influence, then we
can find the- - independent solution of equation. In this case
the equation is simplified:

0,04

ro = const,

Fig. 3. The drift vector of cosmic ray anisotropy.

3 Discussion Ko 02 f1 af:
o 0wt Ty ]

The difference of the anisotropy observed in the fields of dif- 0

ferent sign testifies that there is a heliolatitudinal gradient ofwherey = 7/2 — 6 is heliolatitude.

cosmic rays. Thereby, the gradient is directed to the oppo- The solution is obtained by means of twice integration:

site sides of the solar equator plane. The direction of the bro . il

difference vector which is changed to the opposite one when/1 = m(% sin | ¢ | +e -

the Earth passes from one to another heliospheric hemisphere

testifies about it. If we suppose the solar wind spEgd=:

400 km/s then the angle of Archimedes spiral (the devia- The integration constant is chosen in such a way so that

tion of the interplanetary magnetic field of the radial direc- fi =0at| ¥ |= 7/2. Parametek = UdrTo

tion) will be 45°. In this case the difference anisotropy vector

. . 2k .
which should be perpendicular to the cosmic ray gradient and . If we conS|der that the part_|cles d|ff.use because of |sotr9-
also to the magnetic field vector will give the diurnal varia- PIC Scatterings which occur with them in the regular magnetic

tion With #,,0, — 3" and 15" LT in different hemisphere. field, then the transport coefficientg andug,. are found to

The observed vector approximately corresponds to the abovR€ related with each other (Krymsky et al., 1981). In this
picture. The sign of vector shows that the minimum of cos- case, the introduced above constai a ratio of the particle

mic ray intensity is observed near the heliospheric equatogyrofrequency to the §qatter|ng frequency. )
The transport coefficients are expressed through this con-

=bcos, (3

—cos 1)) + const. 4)

plane. _

To estimate the value of the gradient and the difference®ant @S follows:
anisotropy vector, consider the simplified model of cosmic Ko = _pc k )
ray modulation by the solar wind. Let's make the following eHy 3(k2+1)

simplification. Suppose, firstly, that the magnetic field in the 92
region, where it is radial, doesn’t depend on the heliolatitudey, ;. = v pe -
and in the equatorial plane it changes the sign and that the eHoro 3(k* +1)

solar wind speed,, is constant and everywhere is similar. Herep, 1 - the momentum and velocity of particle, respec-
Secondly, the transport coefficients (the transverse and anttjyely, ¢ is the electronic charge, is the azimuth compo-

symmetrical diffusion coefficient) are inversely proportional nent of magnetic field in the solar equator plane at a distance
to the magnetic field intensity and they don’t depend on coor-;. of the Sun.

dinates evidently. At last, we shall consider the modulationin o the heliolatitudinal gradient we have the expression:
the far region where the field is practically azimuth. Namely
this region makes the main contribution into modulation. f =b 2k
Because the total modulation depth is small for the higha K 4k? +1
energy particles, we can use with a high accuracy the linear +2k cosp — le—%lwl). ©)

(6)

(sin | | +
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The constant We take the speed of slow wing, = 350 km/s, and of
k2 4+ 1 ug eHyro fast windus = 600 km/s. The difference in values of the
b= +2)—5—7 e (8)  anisotropy in the fast and slow wind dependingkois given
in Table2.

The gradient disappears@at= 0 and increases symmetri-
cally to both sides of the equator plane. Table 2. The expected amplitude of the anisotropy un-
The anisotropy vectoh in the regular fieltH depending ~ der deformation of the interplanetary magnetic field current
on the field sign, with the availability of the gradievitf / f, sheet.

is determined by the expression (Krymsky et al., 1981): 2 04 06 08 10
H 2 AA% 0.020 0.038 0.053 0.063
A= | YL R, ©) :
fo  H| k2+1

From Fig.1 and Table it is seen that observed differences
wherep = pc/eH is the particle gyroradius. Substituting the are of the same order of magnitudekat 0.6 + 0.8.
expression of the heliolatitudinal gradient in®) ve have:

Qk Ug H . .
A=(y+2) pTER Vﬁ(sm || + 4 Conclusion
+2k cosp — 2ke*2k|¢‘). (20) Observations of the anisotropy provide a possibility to es-

timate the relative contribution of the turbulent and regular
magnetic fields in the heliosphere. For cosmic ray particles
registered with the muon telescopes in Yakutsk the charac-
teristic spatial scales of the turbulent field, influencing on the
anisotropy, is(0.1 = 0.5)r, wherer is the distance of the
Sun. From the above analysis it follows that in the periods
of high solar activity the turbulent field becomes dominant -
the scattering mean free path of particles doesn’t exceed their
gyroradius in the regular field.

Herer = ry, H,/H is a ratio of the azimuth component to
the total vector of the field, which is defined by the solar wind
speeduy. Besides of.g, the anisotropy depends only on the
parametek: characterizing "laminarity” of the interplanetary
magnetic field. It is necessary to underlinekifloesn’t de-
pend orp, then the anisotropy has "flat” energy spectrum, its
value is constant in some range of momenta. foe 7°,

v = 2.5, up = 400km/s, H,/H ~ 1/v/2 we haveA(k)
presented in Tablg.
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As to the dependence of the anisotropy of the Earth’s dis-
tance up to the current sheet, its reason is probably the sheet
of low-speed solar wind is flanking on the neutral surface of
magnetic field. In this sheet the anisotropy must be lower
than in the surrounding wind.

If we denote the velocity of the Sun’s rotation projected
on the Earth’s orbit as. = 400 km/s, then according to
(Krymsky et al., 1981) the anisotropy will be:

k,Q
—_—a
k2 4+14(—=)2

+14(20)

A= Amaa; (l 1)



