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Abstract. Based on magnetic data, spatial distribution of the files from L=2 to L=9 at noon and at midnight for quiet con-
westward ring current flowing d|<3 Rg has been found ditions. De Michelis et al. (1999), using AMPTE CCE data,
under five levels oDy, five levels of the interplanetary mag- have built energetic plasma profiles in four LT sectors for two
netic field (IMF) z component, and five levels of the so- AEranges. The profiles appeared to be independent either of
lar wind dynamic pressur®,,,. The maximum of the cur- LT or AE. The ring current calculated from the formula
rent is located near midnight at distances 5 tBg7 The B
magnitude of the nightside and dayside parts of the westfj x Bl=V,.p, + (p; — p1) <§V> 3
ward current at distances from 4 toR@ can be approx-
imated as/night=1.75-0.041Dy;, Inoor=0.22—0.013Dy;, appeared to be several times stronger at midnight than at
where the current is in MA. The relation of the night- noon.
side current to the solar wind parameters can be expressed Greenspan and Hamilton (2000) utilized the particle mea-
as Inight=1.45-0.20 B, IMF+-0.32 P;,,, where B;IMF is the surements during 80 storms for checking the Dessler-Parker-
IMF southward component. The dayside ring current poorly Sckopke (DPS) formula, which relates the total energy con-
correlates with the solar wind parameters. tent of the trapped particles to geomagnetic storm time de-
pressionDy,;. In the nightside the energy content at dis-
tances Z L <7 appeared to agree well with the DPS formula,
whereas in the daytime sector no essential correlation was re-
vealed between thB,, variation and energy content.

Turner et al. (2001), in verifying the DPS formula by Polar
1 Introduction satellite data, found that under weak storm activity trapped

particles contribute~75% to D,,. UnderD,,=—100nT the

The ring electric current flows in the stable trapping region atcontribution of particles in the dayside drops down to 40%.
distances of less than K); (R is the Earth’s radius). The  |n this paper we study the ring current from magnetic data.
ring current is carried predominantly by protons with energy Both symmetrical and azimuthally asymmetric ring current
of 10-100 keV. During Strong magnetic storms the ions Ofcomponents will be examined as functionslajt and so-
O™ also contribute to the ring current (Daglis et al., 1999). |ar wind parameters. Our results will be compared with the

Strong azimuthal asymmetry of the ring current was foundpredictions of the models T96 (Tsyganenko, 1996) and T02
by lijima et al. (1990) from magnetic measurements on board(Tsyganenko, 2002a, b).

AMPTE CCE for a prolonged disturbed period<X , <6,
—20> Dy,;>—70). The current at distance from 4 to &3
in the nightside appeared to be 2—3 times greater than in thé ~Data processing technique
dayside. L )

There are a lot of case studies of energetic particles in thél’he database of Fairfield et al. (19_94) contains about 70000
fing current region (Frank, 1967; Smith and Hoffman, 1973;three—component ext.ernal ma}gneuc field measurements per-
Lui et al., 1987; Hamilton et al., 1988; Spence et al., 1989'formecj by 11 satellites at distances from 3 to g0 for

Korth and Friedel, 1997; Kalegaev et al., 1998; Dremukhinazg yeafr;).o/Fozc %" data POimBr:‘f values ﬁre ?vailallble. Ffor
et al.,, 1999). Statistical studies are not so numerous. Lu out o of data points there are hourly values of so-

and Hamilton (1992) obtained plasma pressure radial pro.@" Wind parameters. We divided the whole data set into
five ranges: first relative td,, values, then relative to

Correspondence toY. P. Maltsev B, IMF values, finally relative to solar wind dynamic pres-
(maltsev@pgi.kolasc.net.ru) sure Py,,=mn V2, wherem, n, andV are the proton mass,

Key words. Magnetospheric physics (current systems; solar
wind-magnetosphere interactions; storms and substorms)
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Table 1. Dy; and solar wind parameters inside each subset studied.

Range Dy, NT  Pyw,nPa B IMF,nT V,km/s n,cm3 Number of data

Dy >0 7 2.5 1.0 365 11.4 3199

—15< D5 <0 -8 2.0 0.6 402 7.8 4842
—30< Dy < —15 —-23 21 -0.2 436 7.0 2782
—50< Dgs < —30 -39 2.3 -15 468 6.5 1916
Dg; <50 —74 3.6 —-2.2 500 8.8 1173

B;IMF>3nT —-13.5 3.1 54 421 10.5 1810
1<B;IMF <3nT -115 2.1 1.8 409 7.9 2048
—1<B;IMF <1nT -12.9 2.0 -0.1 408 7.7 2879
—3<B;IMF<—-1nT -18.4 2.2 -1.9 424 8.0 1938
B;IMF <-3nT -33.1 3.0 —-5.4 424 10.0 1731
Py <1.2 -16 0.9 0.1 395 3.7 2031

12< Py <2 -15 1.6 0.0 409 6.3 3580
2<Psy <3 —-17 2.4 -0.2 418 9.3 2514

3< Poy <4 —18 3.4 0.1 429 12.8 1036

Psy >4 —24 6.7 0.6 467 20.5 1219

number density, and velocity, respectively. The parameters oﬁvherengSandB,’]“’d are the observed and model fields in the
the subsets, as well as the number of magnetic data in eacfth observation pointy is the total number of observations.
subset, are given in Table 1 for the body of data confined inThe fitting errorRESin different subsets shown in Table 1
the disk ofp<10Rg, |z|<4 R, where the coordinates are in varies from~20 to ~40%. The totaRESfor the five Dy,
the SM systemp=(x? + y?)¥/2 is the cylindrical distance. ~ subsets is 24% in the disks pk10Rg, 2<|z|<4 Rg, when
The surface electric current density inside the near-estimated byB, and B, magnetic components solely used

equatorial layer was calculated for each subset as for calculating the azimuthal current. The TO2 model yields
o RES-28% under the same conditions.
. 1 Previously we processed the data with a more straightfor-
Jo= / Jidz= o f [B > dl]. @) ward technique, with the external magnetic field being run-
—20 ning averaged in bins with horizontal sizes aR3 and ver-

Hical sizes of 2Rg (Ostapenko and Maltsev, 2003). That ap-

The integration contour was adopted to be a rectangle wit . N . .
proach yielded similar results but with larger scattering.

the vertical side of-zg<z<zo, wherezo=3 Rg and horizon-
tal side of 1Rg. We used the horizontal magnetic compo-
nentsB, andB,, in the layers Z|z| <4 R and vertical com-

ponentB. in the layer—3<z<3 Ry Each of the three com- 3 Distribution of azimuthal currents in the magneto-

ponents was sought in the following form sphere

B=fo=f+ ficosey + fosing, (2)  Distribution of the azimuthal current for five ranges of;
values, five ranges d,IMF, and five ranges of;,, is shown

whereg is the longitude. The coefficientf, f1, and f> in Fig. 1. The currents ai>10 R are also shown; they are

were fitted by the least-squares technique inside the radiahot very reliable though, because the SM coordinate system
bins Ap=1Rg. The relative residual errdRESwas calcu- is hardly appropriate for these distances. One can see that

lated from the formula the currents grow with enhancement of storm time activity,
N southward IMF, and solar wind dynamic pressure. Strong
> (ngs— B,{"Od)2 day-night asymmetry is evident, the nightside current density
RES = "=1 ’ being several times greater than the dayside one. The dawn-
IZV: (Bobs)z dusk asymmetry is rather weak and does not increase with
e growing activity.
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Fig. 1. Surface density (in KA/RE) of the azimuthal (eastward) component of the electric current in the sh8et ok 3Rg
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Fig. 2. Radial distribution of the westward electric current in different LT sectors under variousiftgpymiddle) B;IMF, and (bottom)
Pyy. The thick solid lines correspond to higher activity, the dashed lines correspond to lower one.

Figure 2 shows the radial distribution of the azimuthal Ipon = 0.63+ 0.083B;IMF , (6)
current surface density for four local times. The westward
currgnt dominates almost .everywhere. Its radial profile haslnight — 1.60+ 0.37P,, . @
maximum atL~—7. There is no pronounced dependence of
maximum location either on LT or geomagnetic activity. An
eastward current is seen only in the dayside=® under low  /noon= 0.68—0.05P;y €

activity.

Figure 3 shows the total westward current flowing betweenwhere Ingn; is expressed in MAP,,, in nPa, andD;, and

radial distances of 4 and® at four local times. One cansee B IMF in nT. Here B;IMF is the IMF southward component
the growth of the nightside ring curredfignt with the Ds;,  (B,=0 for B,>0 andB;=B, for B,<0). The residual error
southward IMF, and’y,,. A weaker relation of the dayside of the fitting is 2% for Eqgs. (4)—(7) and 35% for Eq. (8).
current on these parameters takes place, the dependence ongjnce there is a correlation betweBalMF modulus and
B;IMF and P;,, turned out to be inverse. The distributions in P, €ach of expressions (5)—(8) contains a dependence not
Fig. 3 are consistent with the following approximations on a single parameter but on baBhIMF and Py,,. In order

to avoid the effect of this correlation, we found the distri-
bution of the azimuthal current in fivB,IMF ranges under
Py, varying in the narrow range ofdP;,, <2 nPa, and, op-
positely in five P, ranges undeB,>0. The latter condition
implies that the northward IMF is not geoefficient. For these

Inight = 1.75— 0.041D,, , ©)
Inoon - 022_ 0013DSt 5 (4)

Inight =204— 027B5|MF y (5)
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Fig. 4. . Total current flowing at radial distances from 4 t® 9 vs. (left) B;IMF in a narrow range ofs,,, and (right) Ps,, under positive
B;IMF in four LT sectors.

cases the total current in four LT sectors is shown in Fig. 4. One can see from expressions (3) and (13) that the rel-
The following approximations are appropriate ative role of the solar wind pressure and storm intensity in
the nightside ring current is comparable. The standard devi-

Inight(1 < Psw < 2) = 1.88— 0.24B,IMF . ©  ations of Py, BsIMF, and Dy, shown in Table 1 are equal

Inoor(1 < Py < 2) = 0.64+ 0.034B,IMF , (10) t02.1nPa, 1.4nT, and 17nT, respectively. A change of one
of these parameters by a value of its standard deviation gives

Inight(B; > 0) = 1.53+ 0.31P;,, , (11) rise to the variation iflnignt, which is~0.7 MA for both Py,
and D, and~0.3 MA for B;IMF.

Inoon(B; > 0) = 0.62 — 0.015P;,, . (12) St s

The ten subsets utilized in obtaining expressions (9)~(12) can In the dayside the ring current is several times weaker and

be considered as nearly independent, which yields a pOSSib"r'eveals rather a small dependencel@n, B,IMF, and P,
oy Al Z 1 Sw-

ity to ob'Fain t_he following bivariate approximation function Under disturbed conditions and high,,, the dayside mag-

for the nightside current netopause moves closer to the Earth. Our statistical analy-
Inight = 1.45— 0.20B,IMF + 0.32P,,, . (13) sis can include magnetic field measurements in the magne-

tosheath. This may account for part of the poor correlation
The relative residual error of the fitting is 3%. We do not between the noon current and the parameRgs D, and

give the corresponding approximation for the dayside currentB;. Nevertheless, as seen from Fig. 2, the current density at
because the error of fitting appeared to be very large, moreall geocentric distances in the dayside is several times lower
than 60%. than that in the nightside.
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rical ring current

101 10/\/\
o ; ~0g ‘300\\ DRsrc= —4.6+4+ 0.27Dy; . (14)
g o of 0/ Thus, the contribution of the symmetrical ring current to
> Dy, is 27%. This value is intermediate between the estimates
-5 -5 / of Greenspan and Hamilton (2000) and Turner et al. (2001).
300 q?° Subtracting Eq. (4) from Eq. (3) we can obtain the sum of
-0 '1°’V the partial ring current (PRC) and near-Earth cross-tail cur-
45 40 -5 0 5 45 40 -5 0 5 rent (NCT)
X, Re x, Re
Iprc+ IncT = 1.53—0.028Dq; . (15)
T96 T02

Suppose this current flows in the nightside sector from
Fig. 5. Surface density of the azimuthal electric current in two mod- 18:00 to 06:00 LT at a distance ofi;. Each MA of the cur-
els by Tsyganenko. rent produces the disturbance-e8 nT in the Earth’s center
or —8x1.3=10.4 nT on the ground surface at low latitudes.
The corresponding dependence of the disturbande,phas
4 Discussion the form

Our results are consistent with those of ljima et al. (1990) P Pre+ DRner = —16+029D;: (16)

and De Michelis etal. (1999), who obtained the dayside ring  Hence, the whole contribution of the partial ring and near-
current several times smaller than the nightside one. Accordgarth cross-tail currents tB,, is about 29%.

ing to our Fig. 3, the noon current weakly dependsian Strong dependence of the nightside current on the solar
and does not reyeal any pr_onounced correlation with e'the(/vind dynamic pressur@,,, is consistent with observations
B;IMF or solar wind dynamic pressufg, . of Terasawa et al. (1997), who found that the plasma pressure
Earlier, Greenspan and Hamilton (2000) found no essenin the plasma sheet is related 8&,. One can expect the
tial correlation betweerDy; and the total plasma energy growth of the cross-tail current with pressure increasing. In
content in the dayside sector. On the other hand, Turnespite of the growth of the nightside currents, their ground
et al. (2001) obtained that the dayside particles contributeeffect is cancelled by increasing magnetopause currents, so
~75% to Dy; underD,=0 and~40% underD,;;=—100nT. that D;, does not change practically.
However, the orbit of the Polar satellite, whose data they pro- The decrease of the dayside current with growiRg,
cessed, was placed a90° to the equatorial plane, so that seems rather uncommon (we shall see further that the T02
the satellite detected a minor fraction of trapped particlesmodel predicts the same relation gfon 0n Ps,,). However,
namely, those whose pitch-angles were sufficiently small athis peculiar result can be reasonably explained as follows.
the equator. The electric current density in the equatorial plane in plasma

We conclude that the ring current near the noon can bevith isotropic pressurg has the form
considered as a symmetrical ring current (SRC). The night- 13
side current at distances from 4 taR@ consists of three  j, = ——p.
parts: 1) the SRC closed in the near-equatorial inner magne- B 9p
tosphere, 2) partial ring current (PRC) closed to the Region 2rhe magnetic fields in the dayside magnetosphere grows
field-aligned currents revealed by lijima and Potemra (1976),ith the solar wind dynamic pressufg,, increasing. If the
and 3) cross-tail current (CTC) closed to the currents on theyerivativedp/dp grows at a smaller rate, then the current den-
magnetopause. Figure 3 shows that the SRC is smaller thagity drops. In the nightside at<—4 R the magnetic field in
the sum of the PRC and CTC. Our study does not allow forine equatorial plane decreases wiigp grows (Ostapenko
distinguishing between the PRC and CTC. and Maltsev, 1998), thus leading to the current enhancement.
Let us estimate the contribution of these current®tp. Tsyganenko (1996) when developing the magnetic field
A symmetrical ring current of 1 MA magnitude flowing at model T96 used the same database as we did. However,
a distance of & produces the disturban@“(0)~—16nT  the day-night asymmetry in that model is insignificant. It
in the Earth’s center. The corresponding ground magnetic efis so because of some unrealistic assumptions that the T96
fectisDR=k B[“(0)~—21nT, wherek~1.3 is due to induc- is based on. In particular, only weak day-night asymmetry
tion currents in the Earth (Langel and Estes, 1988kkinen  of the ring current was postulated. The latest model T02
et al.,, 2002). Note that the noon current presents a purelypy Tsyganenko (2002a, b) is more accurate in this respect.
symmetrical part of the ring current, without contribution of We have calculated the electric currents flowing in the near-
the partial ring and cross-tail currents. Multiplying Eq. (4) equatorial £3 Rg<z<3 Rg) layer for these models. The re-
by —21 we obtain the ground magnetic effect of the symmet-sult is shown in Fig. 5 for moderate activityd;,=—16 nT,
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Ps,,=3nPa,B;IMF=0. Figure 6 shows the total electric cur- (—65>Djy,,,>318nT). It is difficult to say whether this re-
rent at distances from 4 to® for four local times follow-  sult follows directly from the measurements or the model in-
ing from the model TO2. The curves have been calculateders the duskside location of the partial ring current a priori.
under geophysical conditions listed in Table 1. Comparison

with Fig. 3 shows that the model is quite adequate to obser- .

vations, manifesting strong day-night asymmetry. Instead o ~Conclusions

Egs. (3)—(8), we obtained the following approximations for

the ring current: Magnetic data processing in the near-equatorial

(=3 Rp<z<3Rg) layer shows that the longitudinal
distribution of the westward electric current flowing in the
inner magnetosphere (at radial distances from 4 Ry 9

Inight = 1.66 — 0.047Dy , is quite asymmetric in the day-night direction, with the

Inoon= 0.57—0.020Dy; , nightside current intensity being several times larger than the
Inight = 2.25— 0.31 By, dayside one. It is the so_lar vv_ind c_iynamic pre_ssure_Blgyd
Inoon= 0.81— 0.09B, . that mostly control the nightside ring current intensity. The

dawn-dusk asymmetry is rather weak. The radial distribution
Inight = 1.75+ 0.33 P . is not very sensitive to either geomagnetic activity or solar
Inoon=1.12—0.05 Py, . wind parameters, with the current maximum located at

5—-7Rg. The dayside current can be considered as the

A comparison of these relations with Egs. (3)—(8) showssymmetrical ring current. Its contribution 1y, is estimated

their strong resemblance. The major difference is that theas 27%. The contribution of the partial ring current, together
T02 model yields a contribution facter1.5 greater of the with the nearest part of the cross-tail current flowing at
symmetrical ring current td,,, as compared to expres- distances<9 R, is ~29%.

sion (3). Thus, according to the TO2 model, the contribution _ )
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