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Stimulated Brillouin scattering generates a magnetic moment, due to the bending of the direction of
motion of the plasma constituents, by the involved wave fields. A part of this moment is nonoscillating
and grows exponentially in time, at twice the rate of growth of the local field. This important transfer of
pump energy to the growing moment field, via the energy of the parametrically growing signal waves,
has been evaluated in this paper. This field should ultimately control the growth character of the para-
metric instability, the synchrotron, and bremsstrahlung radiation losses, and the anisotropy of filamenta-
tion of the plasma. The field exists in both lateral and axial directions. The lateral field explains the

anomalous diffusion of plasma.

PACS number(s): 52.35.Nx

I. INTRODUCTION

Motion of plasma constituents in the presence of ap-
plied wave fields [and, equivalently, the wave induced dis-
placement of electrically conducting fluids of magnetohy-
drodynamics (MHD)] generates a nonoscillating zero
harmonic magnetic moment per unit volume. Formula-
tion of several problems of wave induced moment field
generation is possible for theoretical investigation. The
most important of these problems are those in which this
zero harmonic magnetization is found to grow exponen-
tially in time, at twice the rate of the local fields. The
nonlinearly excited parametric three-wave instability
problems belong to this category.

This field was discovered in the interaction of strong
waves of circular polarization, with crystals [1,2] in the
1970s, and subsequently with plasmas [3-7]. It was then
called the inverse Faraday effect (IFE) field, because for
circular polarization, it is essentially the inverse of the
Faraday rotation effect. (N.B. Faraday rotation is the ro-
tation of the plane of polarization of a plane polarized
wave by an ambient magnetic field existing along its
direction of propagation.) This nonoscillating, but tem-
porally exponentially growing, IFE magnetization is gen-
erated instantaneously in stimulated Brillouin scattering
(SBS) in plasmas. Since the loss through SBS is impor-
tant in laser produced plasmas, this field must ultimately
control the character of growth of the instability because
its growth rate is highest (twice the growth rate of the ex-
cited wave fields). So, its prediction is an important
achievement.

Reduction of laser light absorption due to the SBS
effects is a concern for laser fusion applications. Any am-
bient magnetic field is not strong enough to affect greatly
the propagation of a high frequency light wave, so the
plasma may then be considered as unmagnetized. For
the pump electromagnetic mode (photon), the possible
decay modes are another electromagnetic (em) wave
(photon), and either an electron acoustic wave (plasmon)
of SBS, or an ion sound wave (phonons) of the SBS in

50

plasma.

Phonons, created in the SBS process, can overcome
their loss by decay and stimulate the light emission pro-
cess, which excites the temporally growing magnetiza-
tion. Since the em wave can propagate at any frequency
above the plasma frequency, this resonant decay of an in-
cident photon into a scattered photon plus an ion-
acoustic phonon is possible throughout the region where
the density is below the critical density. It gives rise to
instability in the underdense region of an expanding plas-
ma. Energy of the incoming mode is thus transferred
into an excited em wave which may be backwards (or
sideways) propagating light and thus scattered from the
target instead of absorption. For an effective absorption
of the incident laser light, the SBS should not be allowed
to grow to a high level. And, since energy of the scat-
tered photon and or the ion-acoustic phonon is propor-
tional to the related wave frequency, most of the energy
in SBS goes into the scattered photon because it is at a
much higher frequency than the phonon. This highly
amplified scattered light wave is the cause of the para-
metric instability. The temporally exponentially growing
nonoscillating magnetization exists in both axial and la-
teral directions, determines the features of destabiliza-
tion, and is responsible for strong synchrotron radiation
and bremsstrahlung radiation from the region of the SBS.
It augments the field of instability from other sources, in-
cluding those of some nongrowing IFE fields [1,2,3,7].

The physical basis of SBS and its effect on inertial
confinement fusion has been discussed in Sec. II. The
basic field equations and assumptions are considered in
Sec. III. Section IV contains the equations for the
parametrically excited fields, and their solutions in the
linearized approximation. These reduce to a set of
Klein-Gordon wave equations, which have been dis-
cussed in Sec. V. Section VI is concerned with the evalu-
ation of the magnetic moment field of the SBS in plasma.
Numerically, this magnetization is estimated in Sec. VII
in some cases. Some conclusions are drawn on the basis
of our investigations in Sec. VIII.
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II. PHYSICAL BASIS OF SBS
IN LASER PRODUCED PLASMA

In laser produced plasma stimulated scattering effects
reduce laser light absorption which greatly affects the tar-
get implosion in inertial confinement fusion (ICF) experi-
ments. This scattering process involves the decay of an
incident (pump) em wave into a scattered em wave and an
acoustic wave (plasmon) which is electron acoustic for
stimulated Raman scattering (SRS) and an ion-acoustic
wave (phonon) for stimulated Brillouin scattering (SBS)
processes.

In the SBS process the pump em wave couples with the
scattered em wave and the ion-acoustic wave following
some frequency and wave number matching conditions,
so that the total energy and momentum of the system
remain conserved. This coupling effectively transfers en-
ergy from the pump wave to the two daughter waves
which in turn parametrically amplifies the daughter
waves, leading ultimately to an instability which destabi-
lizes the plasma very quickly. This is a drawback of ICF
experiments.

Since an em wave can propagate at any frequency
above the plasma frequency, and the frequency of ion-
acoustic waves has no cutoff value, the stimulated Bril-
louin scattering is possible throughout the underdense re-
gion of a long scale length plasma, produced by a solid
target irradiated by a high intensity long pulse laser.

As the generation of SRS and SBS instability depends
on the scale length of the plasma intensity and pulse
length of the laser beam, by controlling these parameters
these two processes can be avoided. The SBS is not only
injurious, it also has some good impact on inertial
confinement fusion [8,9]. The noncollisional damping of
electron plasma waves in the SRS process generates fast
electrons, which corresponds to nonuniform target im-
plosion. When SRS and SBS coexist in plasma, the SBS
can suppress this fast electron generation of the SRS
mechanism. For understanding the different linear and
nonlinear aspects of SBS, including this suppression
mechanism, the role of the nonlinearly parametrically
amplified IFE type magnetization has not yet been inves-
tigated. In Sec. VI we have opened a discussion in this
regard.

II. BASIC FIELD EQUATIONS
AND ASSUMPTIONS

Since ambient magnetic field is not strong enough to
affect greatly the propagation of high frequency light
waves, its effect is neglected here. Moreover, the plasma
is highly collisional; since this collision is randomized, its
average effect is neglected. So, we consider the following
system of equations:

du,
mn, | — +(u,-Vu, |=—kpT,Vn,—en,E
en,
- (u,XH) , (3.1
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ou;
Mn, ?+(ui-V)ui =—kgT;Vn;+en,E
en;
+T(ll,- XH), (3.2)
on,
T‘Fle(neue )=0 ’ (3.3)
on, .
—— +div(n;u;)=0, (3.4)
at
vxp=—L19 (3.5)
c ot
VxH=l_a£+_47re(Niui—Neue) S (3.6)
c ot c
V-E=4me(n;—n,) , 3.7
V-H=0, (3.8)

where V=(0,0,0/3z); n,,v, are the wave induced num-
ber density and velocity of electrons, n; and v; are those
of ions, and E and H are the net electric and magnetic
fields of the system; OZ is the common direction of prop-
agation of all three waves. The compressibility of the
plasma generates the ion-acoustic wave in SBS processes.
Here we consider only the Brillouin backscattering or
forward scattering; the case of sideband scattering is
currently excluded to avoid mathematical complexity.
The subscripts 1 and 2 stand for the incident and scat-
tered light waves, and the subscript 3 represents the ion-
acoustic wave. So, this plasma is a mixture of fully ion-
ized, collision free, unmagnetized, and compressible fluids
of negative and positive charges. Initially, this plasma is
quasistatic and quasineutral with unperturbed density n,,
for both electrons and ions. In the three-wave SBS pro-
gram, the electric field, the magnetic field, and the densi-
ty and velocity of the electron and ion components, in the
first order perturbation [4], are

n,=ny+n;,
n;=nyg+N;,
o, =o1to,tviZ,
v,=V,+V,+V,Z,
E=E,+E,+E,Z,
H=H,+H, .

(3.9)

Here & and V are the first order perturbations in the ve-
locities of electrons and ions and n and N are the first or-
der perturbations in the corresponding number densities.
Velocities of the electrons and ions, induced by the third
wave, have only longitudinal components. The electric
fields of the three waves, therefore, are

E,=(a, cosf,,b, sin6;,0) ,
E,=(a, cosf,,b, sinb,,0)
E;=(0,0,a; cosb;) ,

(3.10)
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where 6,=k;z—w;t, i =1,2,3, and k; and w; are the
wave number and frequency of the respective waves. The
resonance conditions and the dispersion relations for the
three waves, approximately, are [10]

a)1=w2+w3 , k1:k2+k3 ’ (311)

2, kicl=od, kil=o?, (3.12)

kicl=ow?,
where ¢ _is the velocity of light in vacuum, c
(=V'kyT,/M) is the phase velocity of the sound wave in
plasma, kp is the Boltzmann constant, and the electron
temperature T, is generally large compared to the ion
temperature T;. For perfect matching of the frequencies,
the wave number mismatch is negligibly small, so both
the conditions of (3.11) are valid, and for the phases give
the phase matching condition

0,=6,+0;. (3.13)

IV. PARAMETRIC EQUATIONS
AND THEIR LINEARIZED FIELD SOLUTIONS

Using (3.9) in (3.1)-(3.8), we obtain the following para-
metric equations for the incident light wave and the two
decay waves, describing their evolution in the presence of
the pump wave:

d

§+1E1~—0 : @.1)

ov

a—tl—ﬁE, 0, 4.2)

avz e ab"l A

at 'nT = v3 az —(U3ZXH1) N (4.3)

v, o _ av, e N

= B Vi, t s (ViRXHY 4.4)

w; . c? on, e

3t +m 3+7l:—*"az = 'r—n:[(o]XHz)+(u2XHl)] ,
4.5)

av, e ¢ AN, e

o M, e e V)TV XHDL,
(4.6)

an3 av:;

ot +noa— 0, 4.7)

aN, oV,

—a't— n0-¥=0, (4.8)

— =47e(N;—n,) . 4.9)

a9z

The homogeneous equations (4.1) and (4.2) describe the
incident pump light wave. The inhomogeneous equations
for the scattered light wave are (4.3) and (4.4). Their right
hand sides are the sources of its excitation; since the
sources are exclusively from the parametric coupling be-
tween the incident light wave and the ion-acoustic wave,
when subjected to the phase matching condition (3.13),
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only the relevant terms are retained. Similarly, for the
parametrically excited ion-acoustic wave, the right hand
sides of the inhomogeneous equations (4.5)-(4.9) contain
only the terms of parametric coupling between the in-
cident and scattered light waves. At the initial stage of
the Brillouin instability, the decay waves are weak
enough and do not have an appreciable influence on the
pump wave. So, the coupling terms on the right hand
sides of Eq. (4.1) and (4.2) are neglected.

Using (3.10) in the linearized approximation of
(4.1)-(4.8), we obtain the following linearized field solu-
tions:

o= (a,sin6, —b, co0s6,,0) , (4.10)
maw,
V,=— Mew] (a,sind,, —b, cosb,,0) , 4.11)
oy ‘; 2(azsin92,—b2 c0s6,,0) , 4.12)
V,=— Tl?w_z(az sin6,, — b, co0s6,,0) , (4.13)
ew
V3= —Z—ZL—2a3 sinf; , (4.14)
k3m(Ce —Cy )
ew;
Vy=——————a;sinb;, (4.15)
SURM(cE—c?) 2T}
en .
n,=———————a,sinf; , (4.16)
} kym(c2—c2) >
Ny=—————--a;siné; . 4.17)
3 kaM(c2—cd) 0
The linearized Maxwell equations give
kic
H1=—w1——( —b, sinf,,a, cos6,,0) , (4.18)
1
k,c
H,= wi( —b, 5ind,,a, c0s6,,0) . 4.19)
2

V. THE KLEIN-GORDON WAVE EQUATIONS
FOR PARAMETRICALLY EVOLVED FIELDS

The SBS of an Alfven wave (which is of frequency less
than the ion gyration frequencies), and a sound wave, by
a pump Alfven wave, in a perfect MHD fluid, have been
much studied [11]. In laser produced plasmas, the SBS
can occur throughout the underdense region where densi-
ty variation affects the plasma dielectric constant. Conse-
quently, the incident electrical energy is transferred to
the scattered electric and acoustic fields; the maximum
amount of energy is drawn by scattered light wave, be-
cause it is of very high frequency, and frequency of the
ion-acoustic wave is small.

Equations (4.1)-(4.8), for parametric evolution of
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fields, yield the following Klein-Gordon (KG) wave equa-
tions:

LE,=0, LH,=0, (5.1)
aVI 801
LE,=4men, Vg_a_z" —4men, V35,
w%i (of,e
—_(V3’Z\XH1)_—_(U3)Z\XH1)
-—41re (N3V1)+41re 9 (n301) , (5.2)
. avl 601
LH2=—CVX 47T'en0 V3"aT 47Teno v3 a
o} ol
——(V.ZX ——(v;Z2XH
p (V3ZXH,) p (v52 1)
_417'8 (N3v1)+477'e a (n301)] (5.3)
oE,
?+41ren0(V3-—v3)=0 , (5.4
L2y=——-L. 3 [(s,XH,)+(s,xH
3= .at[("l 2)+ (e XHy),
£ 2 %[(lenzmvzxn,)]" : (5.5)
e a
——':—cw, 5, (o1 XHy) (o, XH)y (5.6)
5 eng 9
Lln3=—L,'5;[(01XH2)+(02XH1)]"
200 2 81y X H,)+(V,XH,) 5.7
Mec P 3z ( 2) 2 b )
2 eno a
L1N3=_ELea[(VIXHZ)”‘_(VZXHI)]"
eno
for the three waves, where
_ 0 3?
_5;3—c2?+a)12, +o, , Li=LLi—w), o) ,
(5.9)
_ & 2a2+;,_ _ & 23
9O _.29
*T o a2 Tt a2

The KG equations of (5.1), for the pump wave, are homo-
geneous, because its parametric or any other nonlinear
type of evolution is not important in the effect of this
study. However, for the important parametric evolution
of the other two fields, the relevant inhomogeneities of
the KG equations (5.2)-(5.8) are the sources of paramet-
ric evolution of the idler fields. Now, substituting the
linearized solutions (4.10)-(4.19) in the right hand sides
of (5.2)-(5.8), and using the phase matching condition

(3.13), we obtain the relations
2

d
—d4ren, v3—(,—;3— (5.10)
2
avl wpi A
4men, V3¥ —-c—(V3zXH1)=0 (5.11)

and the more explicit inhomogeneous wave equations,

2 2
(0]
e Dp, Pe

2k30)1 M(ciz—cs

LE,=
2 m(c 2—c2)

><gat-(a3al cosf,,a3b, sinb,,0) , (5.12)

2 2
@ ®
ce P; _ P,

2K;30, | M(c}—c})

LH,=
2 m(c2—c?)

X%(%bl sin6,, —a;a, cos6,,0) , (5.13)

2
(4]
Li P,

m?  M?

ezk3

2(01602

Ly, =
d .
X—az[(alaz+blb2)sm92] , (5.14)

2
(o)
Li Pe

m? M?

elngk,

L%n3=—

2(()1&)2

X%[(a1a2+b1b2)sin92] , (5.15)

L . ]
+__
M? m?

ek,

2(01(02

L%V3=

X%[(alaz-f—blbz)sinez] , (5.16)

2
[n)
L, P;

M? m?

LIN.= elngk,
V3=

2(01602

X%[(alaﬁ-blbz)sinoz] . (5.17)
For parametric amplification of the scattered light wave
and ion-acoustic wave, we assume that the amplitudes of
these decay waves are slowly varying functions of time
only. Their first order time derivatives will be retained.
The linearized dispersion relations are used on the left
hand sides of these equations and the phase matching
condition (3.13) on their right hand sides. Then, equating
the coefficients of sine and cosine functions of (KZ —wt)
from both sides, we obtain

2 2
o2 o
a,= e zp, 5 i 5 |asay (5.18)
k0, | M(c; —cs) m(ct—c?)
w? ?
. e pP; P,
b,= - asb, , (5.19)
2 4kyop | M(c?—c) m(cf—csz)J 3
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ekyoym*i(ct—c?)

4o,0,McX(kic} +a] )

a;=

wﬁe k%cf—m%*f-w,z,i

M +_-'—'—rn_‘—_ (0102 +b|b2)
for parametric evolution of the idler fields in time. These
give

X (5.20)

i bk e’m?clw,
a,a,T01b,=—
16wiw,McX(kic?+a?)
1
2 2
©p; “p,

M(c?—c?) mlc2—c?)

w2 k%c,-z—wg-i-wf,_
1

P.
x M? m?
X(aa,+bb,)Na?+b%).  (5.21)

Since, for parametric evolution problems, a, and b, are
slowly varying functions of time only, we assume
a,=a)e rt and b2 = bzoe yt, and obtain

2,22

y 1 e‘mc,w;
16Mc ooy (kic} +a] )

2 2

wpi wpe

M(c}—c?) m(c2—c?)
w;e ki3c? —w}+ ﬂ’ﬁ,- s )
Xl—z —‘-‘Tn‘z“—— (a7 +b7).
If we neglect the effect of ion temperature (T; <<T,),
then ¢? <<c?, which implies

X (5.22)

2 2
o), @,

<< .
M(c}—c?) m(c2—c?)

(5.23)

And since, for the ion-acoustic wave, w; << w,, We obtain

co,z,! kict—ol+ colz,x_ kict+ wﬁi
7\4‘{ 2 = ? , (5.24)
2.2
e’w) w3 c?
Yi=—7 5o (ai+bh). (5.25)
16wiw,mM ci(c;—c})

,= —e—-“P—(ZL(azo(wz cos@,+v sind,), — b,y (Y cosf, —w, sinb,),0) ,

mwz(‘yz-f-w%)

R,=— ﬂp—(-‘&(azo(mz cosf,+v sinb,), — b,y (Y cosf, —w, sinb,),0) ,

Mo,(y?+o3)
ewyexp(ytlas,
kim(c2—c)(y?+w?)

=-— (w3 cos60;+7 sinb;)Z ,

_ ewyexp(ytlasg
kIM(c2—cH)(y*+wd)

R, (e0; cos0;+7 sind;)Z .

And because c2>c?2, a parametric instability develops for
real values of 7, if w, and @5 are of the same sign. In oth-
er words, parametric instability occurs if the scattered
light wave and the ion-acoustic wave propagate in the
same direction. If they propagate in the forward direc-
tion, parametric instability may enhance the filamenta-
tion instability, otherwise there will be interference of
light of incident and scattering fields.

VI. MAGNETIC MOMENT FIELD
FROM SBS IN PLASMA

In a laser produced electron plasma, the moment field
(the IFE magnetization) was shown to be about 10° G by
Steiger and Woods [3], the effect of ion motion in it was
included by Chain [4].

In the SBS process, energy is effectively transferred
from the pump light wave to two daughter waves (one
light wave and an ion-acoustic wave), highly amplifying
these, keeping the momentum and energy conserved.
This amplification of waves distorts the motion of the
charged particles, generating, thereby, the magnetic mo-
ment field which has a nonoscillating, but temporally
growing in time, part.

The magnetic dipole moment from bending of motion
of electrons and ions by the scattered light wave, and
ion-acoustic wave, can be written as

u=p,tu,, (6.1a)
where
1 . . .
ﬂe:E;[(l'zX12)+(T2XJ3)+(1'3X.12)] ;
(6.1b)

,,i=—21?[(112xJz)+(R2XJs)+(R3X12” ’

where r, and R, are the displacements of electrons and
ions, and j,,J, are the corresponding currents induced by

the scattered light wave , so that
j,=—ee, and J,=eV,. 6.2)

Similarly r;,Rj, j3,J; are the displacements and currents
of electrons and ions, induced by the ion-acoustic wave.
Integrating the linearized solutions of &,,V, and v3,V;,
from (4.12)-(4.15) with respect to time, we obtain the dis-
placements

(6.3)

(6.4)
(6.5)

(6.6)
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Hence, with respect to the common direction of wave
propagation, the (r,X j,) and (R, XJ,) terms in p, and p;
are longitudinal whereas (r,Xj;), (r;Xj,) and (R, X17J;),
(R;X7J,) are transverse. Thus the magnetic moment field
generated from SBS in laser produced plasma has both
longitudinal and transverse components. Since each
component of a displacement, obtained from (6.3)-(6.6),
is directly proportional to exp(yt), the velocity com-
ponents have the same exponential dependence with time.
The relevant part of the magnetic moment of (6.1a) and
(6.1b) is proportional to exp(2yt). The axial and lateral
components of this part have been evaluated. These are

e 3cs2w:¢ exp(2yt)

H, =
b 32meatw0ly (v tod)
2 2
i i al,  (67)
- a , .
m(ct—cl) Ml(ct—c?) 301
o= e’c}exp(2yt) @,
|=—
16cy w003V 72+ 0t | m(cZ—c))
w;i
M(c2—c?)
2(y*+w,04)
X 1—-_2"2—'—27}_ agoal . (6.8)
Y o)

The axial field in (6.7) is generated by the self-interaction
of the parametrically evolved scattered light wave
whereas the field (6.8) in the lateral direction is generated
by the mutual interaction of the parametrically evolved
scattered light wave and ion-acoustic wave. The zero
harmonic part of the lateral field exists only for circularly
polarized signal em waves. The growth rate of both the
moment fields H, and H, is twice the growth rate of
parametric instability. Hence, effectively, it controls the
growth character of the parametric instability during the
SBS process in laser plasma experiments. Consequences
are bunching of plasma and energy evaporation by strong
synchrotron radiation and bremsstrahlung radiation, ac-
celeration of protons and electrons along the direction of
wave propagation, and an anisotropy for the fast particle
distributions for generation of other Alfven waves by ac-
celerating particles [12]. Thus, in laser plasma experi-
ments, the fast electrons generated from noncollisional
damping of acoustic waves in stimulated scattering effects
will be trapped quickly on the lines of forces of the fast
generating IFE field, reducing the nonuniformity of tar-
get implosion in inertial confinement fusion.

VII. NUMERICAL ESTIMATION

Consider an underdense plasma (n ~10% cm™3), pro-
duced by a pump laser field (A=1.06 um) at intensity
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I~5X10" W/cm?, electron temperature kz T, ~1 KeV,
and pump frequency o,;~1.78 X 10" s7!; then the elec-
tron and ion plasma frequencies are 5.64X 10" s~! and
1.32X 10" s71, respectively. Let the frequency of the
ion-acoustic wave be w;~5X10° s~ Since w,=w,—ws,
the frequency of the scattered light wave may be 10'° s~ .
Let the sound speed be c,=3.2X10’ cm/sec. The
thermal velocity of electrons is ¢, =1.34X10° cm/sec.
The formula for P, the power flux of the em wave
being P, =(c/4mw)a?+b?), setting a?+b?=2.1x10"
ergs/cm’, the growth rate y is found to be 10° s~!. Then
the time of growth of this instability is 1 ns. Now, as-
sume that an ion-acoustic wave of amplitude 1.5 V/m
propagates (which has been obtained by neglecting the
electron inertia of the linearized equation of motion
satisfied by the electrons in a compressible plasma in the
presence of electrostatic fields), and the density perturba-
tion is 107 cm 3. Then the fields 300 G and 800 G are
obtained at ¢ =0 in axial and lateral direction, respective-
ly. These fields that exponentially increase with time de-
stabilize the plasma.

VIII. CONCLUSIONS
AND CONCLUDING REMARKS

Any change of direction of motion of charges, in the
presence of some waves in a plasma, including waves sub-
jected to a specified type of frequency matching (as in
nonlinear parametric processes), gives rise to a field of
magnetic moment per unit volume. It has a static part,
which is exponentially temporally growing, but nonoscil-
lating at the same time, in problems of temporal evolu-
tion of fields in nonlinear, parametric-wave—plasma in-
teractions. This extension of the scope of the IFE field
has thus enabled us to find the moment field of SBS in
plasma. The decay waves and the incident light wave are
coupled with each other in the underdense region, which
causes the transfer of energy from the incident wave to
the two decay waves. Then parametric amplification of
the decay waves causes a parametric instability which
enhances the filamentation instability for forward scatter-
ing and interference of light waves for backward scatter-
ing. This parametric instability also generates a tem-
porally exponentially growing IFE type of magnetization
in both axial and lateral directions. These, being the
fastest growing fields, determine the character of this de-
stabilization mechanism. In a collisionally damped plas-
ma, the instability may occur when the pump power
exceeds some threshold value. The bremsstrahlung radia-
tion, though generally insignificant in the low density re-
gion, becomes pronounced due to the local plasma
bunching caused by the increasing magnetic pressure of
the growing field in low density plasmas. The increasing
magnetic pressure also gives rise to strong synchrotron
radiation for a short duration.
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