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We consider the nonlinear theory of explosive instabilities of the diffuse neutral sheet produced as a result
of resonant interaction with electrons or ions. It is shown that in sufficiently thin sheets there can occur
metastable states relative to the buildup of ion instability. The results can be used to explain theoretically

the explosive phase of magnetospheric substorms.

PACS numbers: 52.35.En, 91.87.11, 91.87.Gp

The release of the energy stored in plasma configura-
tions with self-consistent magnetic fields having diffuse
neutral sheets (for example, in the tail of the earth’s
magnetosphere) are attributed to the development of
an explosive mode of plasma instability. '’

As shown int?!, quasilinear effects have a weak in-
fluence on the development of the instability, so that
the perturbations grow to amplitudes at which nonlinear
effects must be taken into account, The most important
nonlinear effect is the qualitative change of the particle
trajectories in the magnetic field of a perturbation of
finite amplitude in a narrow zone near the neutral sheet,
where the plasma is not magnetized and the particles
can exchange energy effectively with the perturbation.
When a large number of modes with different propaga-
tion directions are superimposed in the plane of the
neutral sheet, the nonlinear influence of the magnetic
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field of the perturbations on the particle trajectory can
be replaced by the effect of the presence of a constant
magnetic-field component verticaltothe layer. The solu-
tion of the problem of the stability of a neutral sheet
with a small vertical component is also of importance
when it comes to determining the instant when a neutral
line is formed in the strongly compressed tail of the
earth’s magnetosphere.

If the ratio of the normal magnetic-field component
B, to the unperturbed field B, is a quantity of higher
order of smallness than the employed expansion param-
eter p;/L (p; is the Larmor radius of the ion and L is
the characteristic dimension of the sheet), then we can
take the equilibrium state to be the well known Harris
configuration®®!
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which corresponds to particle-velocity distribution
functions having a constant shift along the ¥y component
of the velocity in the entire neutral sheet.

In this case the problem of plasma stability to per-
turbations with a vector potential

Ay(l',z,t) = A(zje~twt viks (2)

reduces to the solution of the problem of the frequency
eigenvalues for an equation of the Schrédinger type:
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J! is the derivative of the Bessel function with respect
to the argument. We see that the effective potential
energy takes the form of a shallow well with a high and
narrow potential barrier in its center (Fig. 1), due to
the contribution of the particles from the narrow re-
gion near the neutral sheet. In the limit of a planar
neutral sheet (B,=0), the summation over “»” in Eq.
(3) is easily carried out, and we get
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We see that the minimum height of the barrier!’
vedL<1, (5)

at which the shallow potential well V,(z) still contains
an “energy” level — k%~ ~ L%, determines the maximum
increment of the electronic branch of the instability

y,~ kv (p,/L¥'2. When the magnetic-field component
normal to the layer is increased under the condition

2, -v,, Cerenkov interaction of the electrons with the
perturbation becomes impossible. At the same time,

V(z)

FIG. 1. Form of the effective potential V,(z).
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FIG. 2. Dependence of the height of the potential barrier on
the normal field component.

the condition (5) for the presence of a negative energy
level “— k%’ is violated in a wide interval of the values
of the normal field component (Fig. 2)
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(2/2<1+£)=b“< b = & < b“=(l“(1+~') . (6)
T B Te

e

Quite analogously, in the interval b;;< b < b,; the level
becomes crowded out because of the partial inpenetra-
bility of the potential barrier V,. If the parameters
are such that by;> b,,, then a finite perturbation exists
in the “gap” by, < b < by; and interacts effectively with
the ions; this leads to an instability with a growth rate
yi~(y/L¥/2v./L (Fig. 2).

The complete diagram of the plasma stability in the
plane of the parameters (b, €;) is shown in Fig. 3. The
metastable states at b< b,, are unstable to finite-am-
plitude perturbations that take the parameter b out into
the unstable “gap.” The presence of such states ap-
pears to play a decisive role in processes of rapid
spontaneous restructuring of the topology of the earth’s
magnetosphere tail, which take place during the time
of substorms. According to satellite measurements, !
a decrease of the magnetic-field component normal to
the sheet takes place during the stage preparatory to
the substorm, and the plasma sheet becomes thinner,
so that the system goes over to the metastable state B
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FIG. 3. Stability diagram (the stability region is shown shaded).

A. A. Galeev and L. M. Zeleny\i' 171



ULGE L LUE Bap, AU WILCH LU LS capdavle Ul golng over
spontaneously to the state C (Fig. 3). This mechanism
of rapid spontaneous restructuring of the magnetosphere
tail greatly facilitates the construction of a theory of
the explosive phase of substorms on the basis of the
explosive instability of the neutral sheet, '35
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Dwe note that levels with 2% — 0 vanish only if the barrier is
entirely inpenetrable, i.e. Ve~d;2. However, perturbations

OI such iarge wavelength cannot aevelopin a neutral sheet ot
finite length L,
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