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A nonlinear theory of the excitation of monochromatic electromagnetic waves of arbitrary polarization in a
magnetoactive plasma by a monoenergetic relativistic beam of low density is presented. It is shown that
the beam-plasma interaction is most effective when the component of the phase velocity of the excited
waves along the external magnetic field is close to the velocity of light (in vacuo). In this case the
maintenance of Cerenkov or cyclotron resonance of the beam particles is enhanced. An energy comparable
to the incident kinetic energy of the beam may be transferred to the plasma oscillations.

PACS numbers: 52.35.Mw, 52.40.Mj, 52.35.Hr, 52.60.+h

1. INTRODUCTION

The interest in the problem of interaction of relativ-
istic particle beams with the electromagnetic waves in
a plasma is due to its potential use for the creation of
powerful generators and amplifiers in the microwave
range. The beam-plasma instability can also be used
for heating plasmas to high temperatures (cf. Refs. 1-8).

It is known that interaction of monoenergetic relativ-
istic beams with a plasma situated in an external mag-
netic field excites fast electromagnetic waves (with a
phase velocity of the order of ¢) under conditions of
Cerenkov and cyclotron resonance.!® 19 In the present
paper we investigate the nonlinear stage of the inter-
action of a relativistic beam of low density with the
electromagnetic waves in a magnetoactive plasma. It
is assumed that the concepts of single-mode amplifica-
tion regime are valid. The limitation of the exponen-
tial growth of the wave amplitude is due to capture of
beam particles in the field of the amplified wave. It
is proved that the condition of maintenance of synchron-
ism between the amplified wave and the beam particles
is improved if the component of the phase velocity of
the wave along the external magnetic field is close to
the velocity of light ¢. For Cerenkov resonance this is
due in the relativistic case to a decrease of the com-
ponent of the beam velocity along the magnetic field.
Under cyclotron-resonance conditions the wave frequen-
cy in a reference frame moving with the beam is close
to a harmonic of the gyroscope frequency of the beam
particles. If the phase velocity of the wave is close to
the velocity of light, the changes in frequency in a
reference frame moving with the beam and the harmon-
ics of the gyroscope frequency agree with each other,
which leads to an improvement of the synchronism.
The energy transfered by the beam to plasma oscilla-
tions becomes comparable to the incident kinetic ener-
gy of the relativistic beam. !

2. THE BASIC EQUATIONS

We take the distribution function of the beam elec-
trons in momentum space at the initial time /=0 in the
form

n,
fo(r,p, t"‘o)--E;tio—ﬁ(l’:—l'w)ﬁp.‘.‘Pu)v (2.1)
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where #, is the beam particle density, p, and p, are the
perpendicular and parallel components of the beam
particle momentum, relative to the external magnetic
field B,. The space charge and the electron current
in the beam are assumed neutralized in the absence of
oscillations. The space charge compensation may be
achieved by an ion background and the compensation
of the current of the primary beam may be due to a
reverse current appearing when the beam is injected
into the plasma. As showninRef. 11apulsedinjection
of a relativistic electron beam is accompanied by
neutralization of the space charge.

We shall assume that at the initial time the amplitude
of the wave attains its maximal value near a value k,
=(k,, 0, k,) of the propagation vector. Then the fre-
quency of the excited wave is close to w,
=k, v, + nwg(0) (n is an integer and wy(0) is the cyclo-
tron frequency of the beam electrons, wgy=eB,/mcT,
calculated for p, , =p,, 9, m, is the electron mass and,
I=[1+ (p2+ p}]!"?is the relativistic factor. The amp-
litude and the phase of the wave change slowly with
time over a characteristic scale y;', where v, is the
growth increment of the wave obtained in the linear
theory.

In the derivation of the equations which describe the
slow changes of the amplitude &, and phase a, of the
wave with time we have used the averaging method
(cf. Refs. 12,13). The Maxwell equations imply

fook?(x2) 8. (1) explica (1) ]~ 5 (") 7 (Boexplioe])
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Here \°(%) is the eigenvalue of the operatort!4]

ck® kik
(-kz_’_ 6-‘1‘) +E(j(7.)

ij = 3

and the letter x denotes the set of quantities (w,k). The
electric field of the wave is determined by the follow-
ing relation:
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CE(r,t)= Rez expli(kor—o.t) ] [ £° (%) +i%%] &.(t)explia.(t)].
’ (2.3)

In the case of a “cold” homogeneous plasma the polar-
ization vector f°(x) can be represented in the form
(without loss of generality):

() = (e (%), ie,(x), e.°(x)),

where the quantities e,, e,, ¢, are real. For W3(x) we
obtain

W.*(x) -e,"(x)iJ_%J.. (a)—e,"(0) 5.1 (@) Fe*(x) pln(a),  (2.4)

where J,(a) is the Bessel function and a=£,7,/w.

The integration in the right-hand side of the express-
ion (2.2) is over the initial values of resonance phase-
&, =k t+kyZ -n0- wyt, where ¢ is the X-coordinate
of the Larmor center of the particle, and ¢ is the angle
in momentum space. The superior bar denotes an
average over the rapid oscillations which occur when
the particle moves in the wave field in a constant mag-
netic field. In the sequel we assume that the frequency
of the amplified wave is close to the eigenfrequency
w(k) of plasma oscillations for a polarization
B(A8(x,) ~0). In this case the amplitudes of the oscilla-
tions corresponding to the two other polarizations are
y1/w, times smaller than #,. We note that the non-
linear character of the motion of the beam particles
leads to the appearance of harmonics with propagation
vectors Ik, and frequencies lw, (I an integer). The
amplitudes of these harmonics are also y,/w, times
smaller than the amplitude &, of the main amplified
wave.

In order to obtain a complete set of equations it is
necessary to add to (2. 2) equations which describe the
motion of the particle in the constant magnetic field
and the field of the amplified electromagnetic wave.
Making use of the field equations (2.3) we obtain the
equations of motion of the beam particles for resonance
condition w, - kv, ~nwy (n=0, 1, .) in the aver-
aged variables p,,P,, ®,, similar to the way this was
done in Ref. 13. The equations in which we are in-
terested have the form:

g& "2 SR (u)cos (Onbas) ai R (x)sin(@.+as)
eg. dao a R,"‘ (%0) cos (Ontas) Ts, T¥5,,

-——-eZ BB, (xa)cos (Otar) —e o T 2_R3? (x)sin(Outar)

_,g,f_“-_ s B3 (x2) 008 (Qua)+ s, 10,
0

ao,

T=A.(u,)—e&’, RS’(uo)sm(O +ap), (2.5)
where
RIS () = e W) =) 22 1, @),
B0 =(1=250) Wt >”‘ 228 s @, (2.6)
Re* (= (1= 22 ) L L W ber 222 09,

An(®)=n&+k7.—0, @m=eB/mqc.
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The components ¢,, and ¢,, describe the next approx-
imation, quadratic in the field amplitude &;:

t o, a (R}, ()
P = — 5-e*8p*sin2 (P, + a lR"" _ (""—L
P, L 5 €Cp (Pn + ap) r+§.=1|“ 7, (%) 5. \ " Br (%)
r,sm=n

' o Ry () . 8 B
+Ra’f("o)ﬁ(_—2; ’(Lu") )+—1%-H;J:J_( a)aﬂE (“‘.A)—(’;:)Re (xo)}
2.7)
where
Ri* () =[ e2e) (1~ :")+e'<u)&]1 (@)
kx_x 4
=00 (1-22) S 1@+ 00 222 1 (0), (2.8)

R () =gy 220)

J.(a).

The terms @, and 3, take into account the contribu-
tion to the equations of motion of the beam particles
coming from the alternating fields of the harmonics
with propagation vectors Ik, and frequencies lw,:

Vs, ume ), FoByr (o) cos (10, +a, ), 2.9)

0,i>1
where the quantities R”""(lno) are defined by Egs. (2.6),
in which one must set % =(lwg, k). The amplitudes
&, and the phases a,,; of the harmonics satisfy the
equation

ot )., () xplias (0] = 2 fem | = 40, L) ocp(—i.1.

(2. 10)

Let us explain when it is necessary to take into account
the terms Poe, s in the equations of motion (cf. Ref. 15).
We obtain the followmg order-of-magnitude estimates
for the increments §p, , of the momenta and 6¢, of the
phase during the time interval ¢:

8P, 1/Pry~e@ot+elwot, (2.11)
A, BA..
60~ ( “6p. + Py GpJ_ ) ttew dt~ (N.2—1) e (0.t) *+e* (wot)*? +e(~),t
(2.12)

where Ny=k c/w,, €=e&zk,/w,B, is the dimensionless
electric field amplitude of the wave of fundamental
polarization in the nonlinear stage. In the.case of a
low-density beam, at the saturation stage €¢<<1. The
term in (2.12) which contains the factor N2-1 is due
to the first terms in the right-hand sides of (2.11).

(In Egs. (2.5) the corresponding expressions are
e#sRp® (%g)cos(®,+ag).) A saturation of beam in-
stablhiy occurs at 56&~1. If |[N2-1|<1 the saturation
occurs at t~¢"1/2, In this case one may neglect the
second terms in (2.11) and the second and third terms
in (2.12). If however N?—1, it follows from (2.12)
that the saturation of the instability occurs at ¢~¢g-!.

In this case one must retain in the equations of motion
the corrections quadratic in the field amplitude %, as
well as the terms related to the change of the amplitude
%, and phase a, with time, and take into account the
fields of harmonics with frequencies which are multi-
ples of w,.

Making use of the system (2.5) we obtain the equa-
tion for the change of the “detuning” A (%):

A. B. Kitsenko and I. M. Pankratov 244



9 .
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TA(X)=%%e,“(x)e,’(x)k::’ [722(@) ~J 11 (a) Juss (@) Dsin 2(®oFaus),
(2.14)
ln g Wlnu in Wlu.
e R L v

(2.15)
The equation (2.13) allows one to draw conclusions on

the conditions under which a resonance is maintained
between the beam and the amplified wave.

We note that the quantities W;(%) which enter in (2.2)
and (2.5) characterize the change of the kinetic energy
of the resonant particles under the action of the field
of the wave, since

im.cl‘z-—zg, 2% (%) cos (Ontas). (2.16)

dt

Before giving the results of the nonlinear theory of
interaction of the beam with the plasma oscillations,
we discuss the results of the linear theory.

3. THE RESULTS OF THE LINEAR THEORY

During the linear stage of development of the oscilla-
tions the solution of the equations (2.12) and (2.5) can
be assumed to have the form

Bs(t) =Fpe™,  ap(t) =astot.

From (2.2) and (2.5) it is not difficult to obtain the
dielectric tensor for the beam. t%3

(3.1)

The dispersion relation for the plasma oscillations

in the presence of a beam of oscillators has the form
e Y

amul nmmto(k )

+[2(s -l‘ﬂ)%w:(no) O%Wmo)

WP (%) )' ')
mcl’ (iy — o)?

(00— (ko) +iy—0) = (N.1~1) (

«©

L Wa(x) 0 LAY
+2N. mycl’  ap, o e () = (N, -H)( m,cl )
W, (z) oW, '’
+2(N,’—1) m'zczr; 0'00)0 ]O)n(i‘{—ﬂ) ’ (3-2)

where w}=4ne’n,/m, T'. The quantities W8(x,), T and
v, in Eq. (3.2) are computed at p,=p, and p,=p,,.

If Ni is not close to unity, the oscillations grow
with the linear increment (wo=~ w(k,)):

}‘3‘ W'

2 ) W"ﬁ(uu) 2q '
= [ s W0 (o )]u_,l.“, (3.3)
¥/ 0o | N =1 @o'a*/ ky*c? (3.3a)

If however N1, the linear increment has the follow-
ing form (w,~w(k,)):

[(2- ‘"”‘)W () 3y ()

2
'{,=m,l| @ 0N/,

W, P f)p*
WA (%) 0 _ (W (xo) \*) (3.4)
mocl’ aP; PP “( 0) ( mocl’ ) l;,"‘_ =P. 10
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1/ 0o | N, —1]| 0o'a/ keic’. (3.4a)
We note that the inequalities (3.3a) and (3.4) which
determine the condition of applicability of the apro-
priate expressions for the increments of the growth of
oscillations have been obtained for a =1,k Rk,

kggVe <wj, wy~nwp. An instability arises if the follow-
ing inequality holds

W (x.) 9

- (W—m%‘l) ] R <0. (3.5)

In the case |N2-1|wla?/kic?~vy/wy and |wy= wlke) | ~ o
the magnitude of the linear increment is determined by
the estimate y~ y,.

The fundamental equations (2.2) and (2.5) have been
obtained under the assumption that the resonance con-
dition w, - kv, 2 nwy is satisfied only for a single val-
ue of n, i.e., that there is no overlap of neighboring
resonance regions. For this one has to require satis-
faction of the inequality

@812+ (3.6)
In the case |N?-1|w}=a’/kic?> y,/w, we obtain from
(3.6) and (3.3) the following estimate:

o !m_f ' N:—1 (Wn”(xo) )zllh ‘L-,‘“,

o’ r 0 OA/ B, \  mocT @.7

®o

and for the case |N?- 1|w}a®/kic? <y,/w, we have from
(3.6) and (3.4)
L

PO IS TOE P | @, p. 9py )
Wlix) 0 W (%) \* '
PR W) (=) ier 88)

4. THE NONLINEAR THEORY OF BEAM INSTABILITY

We now construct a nonlinear theory of beams in-
stability. The system of equations (2.2) and (2.5)
describes the capture of beam particles by the field
of the amplified wave, which leads to a stabilization of
the instability.

If |N2-1|w}a?/kic? > y;/w, the equations of motion
(2.5) imply that the oscillation frequency of the parti-

cles captured by the wave near the centers P, , =p,, .,
in the phase plane (p,, ¢, or (p,, ®,) equals
0 “]ﬂB 0
Quim |2 )2 ) : (4.1)
mqcT Fz1™P: e

and the sizes of the capture region Ap, and Ap, have the
order of magnitude for the Cerenkov resonance (n=0)

e&ym
3~ | S22 [er @
20
kB ty T2\
_ev‘(y-o) ——‘OL-L Ja’ (a) ]1‘ l (1 —L—z‘) (4-2)
Wy (4
&
Ap~Zte ()1 ()
Wo
and for the cyclotron resonances (z # 0)
Ap, N Qg
ﬁ: A’:zbl k:nvw ’
Ap. N2 ko' n Qu 4.3)
. N2 ko @ ©s5
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One can obtain an estimate for the amplitude of the
electric field of the oscillations during the nonlinear
stage if one takes into account that saturation of the
oscillations occurs when the frequency of oscillations
of the captured beam particles becomes equal in order
of magnitude to the linear growth increment. Compar-
ing the expressions (3.3) and (4.1) we obtain

% 4 ]
&y~ (nmicm)* (22) (N.'—i)-"*(w' (’")) " (4.4)

mocl’
As can be seen from the expressions (4.2) and (4. 3),
in the case |N2-1|wid?/kic? > y,/w, the quantities P,
and P, vary little under the action of the oscillations
Apg, s KP,,,- This circumstance allows one to neglect
the changes of P, and P, in the right-hand side of (2.2)
as well as in the expressions (2.6). Then one can
drop from the equations of motion (2.5) the small terms
proportional to d#,/dt and da,/dt, as well as the terms
cp,‘“, andz/;,'. .- In the equation which describes the
change of the phase ¢, one may neglect the last term,
which is proportional to the field amplitude.

The system of equations (2.2) and (2.5) reduce to the
universal equationt®J;

¢ ey | dscos 2nt+),

dy
Y

¢ (6_%) =x }' dt, sin (21t +a), 4.5)

dv a, v
B +q) BV
& Tecs(atta), Go=ot

where we have introduced the dimensionless variables:

0-\
t=—, V-Tc-‘(nan*mo""knix). T=Y,t,

2
om0 00 W) '
my’ ¢ mocl |5, o,
3 21 (4.6
qo= |2 al:l;.a (N.2—1) (W.’(Ko) ) I { ' )
@ mycl Fr1=Ps 10
x=sgn(N,'~1), 6= L‘;‘lﬁ'f'_) a=ay.
0

The energy of the beam is transferred to the plasma
oscillations more effectively if the condition N2~1 is
satisfied. The change of the momenta p, and P, under
the action of the field of the wave is increased in this
case (cf. Eqs. (4.2) and (4.3)) and for |N2-1|
xwia®/kfc? S v,/w, and Ap, ,~P, ,. For the oscillation
frequency in the phase plane of the captured particles
we obtain from (2.5):

@ W.* (%)

Q= | 8y (V1) e

kn 1 ku 6
+ 2 2 s | ____W L
'8y Mo@30 { m,T’ ( 0 0p, ()

+ 1 Wn’(“o))_{_ L ALCH) koD, 'aT

¢ ml Py @, 0P
(AN kb\ 1 0
) a (=) T e

]
X C) () (@ hassla) -1 @)] | @)
me T Pri™Psic
Koy

For the amplitude of the electric field of the ampli-
fied wave in the saturation stage we obtain from the
condition y, ~ 82,9, Withy, and Q,,, defined respectively
by (3.4) and (4.7), the following estimate:

+(1—

+e8 i Kk e
’ @o?

246 Sov. Phys. JETP 48(2), Aug. 1978

35“’ (@nbmoczr) ', (4.8)
The field amplitude &, determined by Eq. (4.8) can
substantially surpass the value (4.4).

As NZ-1 the initial system of equations (2.2), (2.5)
becomes rather complicated. A significant simplifica-
tion can be achieved if one uses Eq. (2.13) and intro-
duces in place of A,(%,) a new independent variable A.
One then obtains a closed set of equations for the
quantities p,, P,, ®,, A, &, and ag:

a :
§0A" (%0) & (£) €99 — —— (@A®) —z (& 4e™s)
Jw, dt

PV""_(M) e—i®nt
r m, dt

x —n
dp, ko
dt ’ oM, f

n®gp

€
dat @iy

; 4en, d j' OW,P e
" 9w, T '

W2 (%) cos (Ontas),

W,"(#,) cos (Dntas),

(4.9)

% =e&uRa" (2.)cos (Dntas)

dag 9
dt 9w,

di 0 _na
- e——gl——RA o) sin (O, Fap) +Ta (%),
dt dw,

®p 0
DOy, 222 0 W 5 () sin(Dutap).

at WP 0P,

R2*® () cos (®,+as)

The appearance of the parameter N2- 1 in (2.13), in
the terms related to the field harmonics with frequency
lwy(l>1), and in the terms corresponding to nonreson-
ant polarizations, makes possible the transition to the
system of equations (4.9) which contains the amplitude
and phase of only the fundamental amplified wave with
polarization 8.

5. CONCLUSION

The enhancement of the effectiveness of the interac-
tion between the beam and plasma as N2—~1 is due to
the fact that as N2 —~1 the conditions for maintaining
resonance between the excited wave and the beam part-
icles is improved (cf. Eq. (2.13)).

In the case of the Cerenkov resonance (z=0) this is
due to the fact that as N2—1 the variation of the quan-
tity 7, is reduced (cf. Ref. 4). This is possible only
for ultrarelativistic beams with I'>1.

For the cyclotron resonances (n+#0) as NE-— 1 there
occurs a more coordinated change of the quantity
k4D, and nwy. The improvement of the conditions of
maintenance of cyclotron resonances as N2—1 leads to
the fact that even for moderately relativistic beams
('~ 1) an energy of the order of the initial kinetic ener-
gy of the beam is transferred to the plasma oscilla-
tions. This is in agreement with the known fact that for
fast waves (w~ kc) the relativistic effects turn out to be
essential even for nonrelativistic particles.

In spite of the fact that as N2 —1 the linear increment
decreases, the energy transferred to the beam by the
plasma oscillations increases, owing to the improved
conditions for resonance maintenance. When one con-
siders the spatial amplification of the wave there will
also appear an enhancement of the effectiveness of the
beam-plasma interaction as N2—1.
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In the case of a resonance on the first harmonic this
phenomenon was noted in Ref. 2 for waves which prop-
agate along an external magnetic field.

We note that the coordinated change of the quantities
kv, and w, has made it possible earlier to consider the
problem of autoresonant particle acceleration in a
vacuum (N,=1) in the field of a circularly polarized
wave, [16:113

It follows from Ref. 12 that a nonrelativistic beam
interacts most effectively with potential oscillations of
a plasma in the case of transverse propagation
(Beg <Ryy). The results of Ref. 12 can be obtained from
Egs. (4.9) in the limit &,y <k, w, <<E¢c (cf. the in-
equality (3. 4a)).

In conclusion the authors express their gratitude to
K. N. Stepanov for discussions of the results of this
paper.

DThe main results of this paper were presented at the 3rd
International Conference on Plasma Theory, Trieste, Italy,
5-9 April 1977. .

1A, V. Gaponov, M, I. Petelin, and V. K. Yulpatov, Izv. Vuzov,
Radiofizika 19, 1414 (1967).

M, I. Petelin, Izv. Vuzov, Radiofizika 17, 902 (1974).

3M. S. Rabinovich and A. A. Rukhadze, Fizika Plazmy 2, 715
(1976) [Sov. J. of Plasma Physics 2, 397 (1976)].

4Ya, B. Fainberg, V. D. Shapiro, and V. I. Shevchenko, Zh.
Eksp. Teor. Fiz, 57, 966 (1969) [Sov, Phys. JETP 30, 528

(1970)1.

R. I. Kovtun and A. A. Rukhadze, Zh, Eksp, Teor, Fiz, 58,
1709 (1970) [Sov. Phys. JETP 31, 915 (1970)].

N. G. Matsiborko, I. N. Onishchenko, V. D. Shapiro and V. I.
Shevchenko, Plasma Phys. 14, 591 (1972).

0. V. Dolzhenko, Ts. D. Loladze, A, A. Rukhadze, and M. E.
Chogovadze, Fizika Plazmy 1, 293 (1975) [Sov. J. Plasma
Phys. 1, 156 (1975)1.

8A. A, Vedenov and D, D. Ryutov, in the volume Voprosy teorii
plazmy (Problems of plasma theory), vol. 6, Moscow,
Atomizdat, 1972, p. 3.

%K. E. Zayed and A. B. Kitsenko, Plasma Phys. 10, 147 (1968).
10A. I. Akhiezer, I. A. Akhiezer, R. V. Polovin, A.G. Sitenko,
and K. N, Stepanov, Elektrodinamika plazmy (Plasma elec-

trodynamics) Nauka, Moscow, 1974.

11y, I. Krementsov, P. S. Strelkov, and A. G. Shkarunets, Fiz-
ika plazmy 2, 936 (1976) [Sov. J, Plasma Phys, 2, 519
(1976)].

125, B. Kitsenko, I. M. Pankratov, and K. N. Stepanov, Zh.
Eksp. Teor. Fiz, 66, 166 (1974) [Sov. Phys, JETP 89, 77
(1974)]1.

134, B. Kitsenko, I. M. Pankratov, and K. N. Stepanov, Zh.
Tekh, Fiz. 45, 912 (1975) [Sov. Phys. Tekh, Phys. 20, 575
(1975)].

14A, B, Kitsenko, and V. I, Panchenko, Izv, Vuzov, Radiofiz-
ika, 15, 1325 (1972).

15yu, A. Mitropol’skii, Metod usredneniya v nelineinoi me-
khanike (The averaging method in nonlinear mechanics),
Naukova Dumka Kiev, 1971, p. 136,

18y, Ya. Davydovskil, Zh, Eksp. Teor. Fiz, 43, 886 (1962) [Sov.
Phys. JETP 16, 629 (1962)]. ’

17A, A. Kolomenskif and A, N. Lebedev, Zh, Eksp. Teor, Fiz.
44, 261 (1963) [Sov. Phys, JETP 17, 179 (1964)].

Translated by M. E. Mayer

Influence of a plasma on the interaction of laser radiation
with a metal

B. M. Zhiryakov, N. I. Popov, and A. A. Samokhin

P. N. Lebedev Physics Institute, Academy of Sciences of the USSR, Moscow
(Submitted 11 January 1978)
Zh. Eksp. Teor. Fiz. 75, 494-503 (August 1978)

An investigation was made of the behavior of a plasma jet and recoil pressure during the action of
quasicontinuous millisecond pulses from a neodymium laser on the surface of lead in air. Instability of the
laser-beam maintenance of a plasma in the stream of the evaporated target materails was observed near
the radiation intensity /=2 MW/cm’ The plasma appearance threshold was less than the intensity
needed to maintain it continuously. The plasma jet instability was manifested by periodic detachment of
the jet from the target surface and accompanied by oscillations of the recoil pressure p(t). Characteristics

of the behavior of p(¢) indicated that the effective optical thickness of the jet was o = 1.

PACS numbers: 79.20.Ds, 52.50.Jm, 52.35.Py

1. Experimental and theoretical investigations of
high-temperature characteristics of metals are diffi-
cult to carry out. Estimates indicatet!'?! that, for the
majority of metals, the critical parameters T, and p_
lie in the range of temperatures and pressures which
are practically inaccessible under static experimental
conditions. The use of laser radiation is one of the
promising methods of maintaining and investigating
high-temperature states of metals but the basic poten-
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tialities of this method have not yet been put into prac-
tice. However, before this is done, it is necessary to
know the relative importance of the various physical
properties which occur in the region of interaction of
strong radiation with a metal.

Intense evaporation of a metal under the action of
laser radiation in air is usually accompanied by the

appearance of a plasma jet above the target surface.
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