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Laser-assisted stopping power of a hot plasma for a system of correlated ions
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The laser-assisted stopping power of a fully ionized plasma for the system of two correlated test charges is
investigated. The general expressions for the stopping power are applied to a low-density and a low-
temperature plasma in a low-energy beam-plasma experifdedacobyet al., Phys. Rev. Lett74, 1550
(1999]. The effect of the interaction between the beam test charges, described by a correlation term, is to
increase the stopping power of the laser-assisted plasma compared to the case where the charges are infinitely
separated. However, the laser field affects the correlation between the test charges and contributes to decrease
the plasma stopping power, as compared to the laser-free diclustef 84663-651X99)02912-§

PACS numbegps): 52.58.Hm, 52.58.Ei, 52.40.Mj

[. INTRODUCTION bring out the effects of their correlated motion on the laser-
assisted plasma stopping power.
After the pioneering works of Bohjrl], Bethe[2], and The paper is organized as follows. In Sec. I, by means of

Bloch [3], the related subjects of energy loss and stoppind:OUfi?f analysis gnd linearization of the _VIasov—Poisson

power have been treated by many authors in different medi€duations, we derive the general expression of the laser-
such as metals and astrophysical and thermonuclear plasm&$Sisted stopping power for a beam composel oharges.

It is worth mentioning the pioneering work of Fermi, which N Sec. lll, the general dicluster expression of the stopping

included the density effect of the medium on the stopping®®Wer 1S analyzed in detail for se\_/e_ral partlcul_ar relevant

power[4]. Currently, this subject has become a classic topicaSes. In Sec. IV we introduce the vicinage function concept,
in physics[5—8]. The interested reader can also consult thé’Vh'C_h describes the intensity of correlation effects on the

review reporf9]. slowing down process. In Sec. V, the general expressions for

The energy-loss rate for different physical conditions hadhe dicluster are used to make a parametric analysis of the

already been investigated in many publications. In particular?o"elation effect combined with the laser field assistance

theoretical models that include the contribution of boundUPOn the plasma stopping power. The concluding remarks

electrons in inertial confinement targé1)] and the effect of &€ Presented in Sec. V.
interparticle correlations in dense, high-temperature plasmasiI VLASOV-POISSON MODEL AND STOPPING POWER
[11,12], have been developed. '

Recently, some authors have revived the interest for these Let us consider the slowing-down process of a beam com-
basic processes due to the possibility of using fast and heayyosed ofN test charges moving in a Maxwellian electron
ion beams as drivers in inertial confinement fusion experiplasma, with a neutralizing background of immobile ions.
ments[13-17. In this context, some authors have also stud-The system is described by the self-consistent set of Vlasov-
ied the stopping of a high-enerdycluster in dense classical Poisson equations. The electron plasma, which is assumed to
plasma[18] and in dense jellium targefd9]. be initially in equilibrium, is permeated by a long-

When an intense electromagnetic field is present, as iwavelength electromagnetic fieldaser field taken in the
laser-produced plasmas, the interaction potential betweeginole approximationsE, sin(w,t), whereE, is the ampli-
charged particles in the plasma becomes dynamically,ge andw, is the laser frequency. Each particle in the clus-

screened, particularly at the frequency of the field and it has an effective charge®’e (e is the modulus of the
harmonicg20]. This dynamic screening can also change the '

; . . electron chargeand a massM . They move through the
effective collision frequency for the absorption of electro- | ith lativisti locii
magnetic wave$21], the energy levels of embedded impu- plasma .W't nhonre at'v.'St'C average ye'ocux. S
fity ions [22], and the stopping power of degeneraféd] In a first appioxmatlon, small deviations of the individual
and nondegenerated plasniad]. Nevertheless, the effect of Velocities fromv, are neglected and the charge density,
the dynamic laser screening on the energy-loss rate of corr&f the cluster, can be written as

lated motion of fast test ions in fully ionized plasmas has not N
yet been considered o(F t)= z Ziefeé(r"_ Fi _\70,[)’ 1)
Some years ago, one of us has calculated the effect of an i=1

intense electromagnetic field on the energy-loss rate of an .

ion moving in a fully ionized nondegenerate plasfgd]. In ~ wherer; are the positions of the test charges at time.
this paper we extend these calculations in order to investigate The electron distribution functiori(r,v,t) satisfies the
the more general case of the motion of two test ions and/lasov equation,
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of _ of e (9¢>(F,t) . of tion in the abovg equation, and fchen taking the real part, the
—+V:-—=+ = — —Eysin(wyt) |- —==0, (2 general expression for the stopping power can be put into the
at ar m or ov form
and the electrostatic potentiaﬁ(F,t), is a solution of the de ¢€? | 2% | 9
Poisson equation, X 2.2 ot 2 Inf 9
& h
V?¢(F,t)=4we{ nof fdv—n,— >, z$f5(F—Fi—\70t)], where
=1 N
dk k-v N -
© IH=IFV—°J§(k~a)Im T‘|
wheren,e is the equilibrium charge density of plasma elec- ° e(k,@kn)
trons which is equal to the background ion charge density. N N .
Closely following the procedure already outlined in Ref. x| > (z8h2+ D) 2878 cogk- T )|, (10)
[24] , Egs.(2) and(3) can be solved using a canonical trans- =1 #m
formation to the electron oscillating frame. Resorting to lin- -

earization about the equilibrium state and using the standar@d"mi="m~ i iS the relative position vector between the
methods of Fourier analysis, the electrostatic field around thehargesm andi. In the above expression, the termsm,

beam test charges is readily found. The slow time variatiofVhich give the stopping power of totally independent
of the electric field in physical space timeE(r.t) charges, have been separated from the tdrms, which

PN , ; , represent interference effects on the laser-assisted stopping
= —Vrg(r,1), is found using the inverse Fourier ransform poer due to the simultaneous perturbation of the medium
and then taking the time average over the laser period:  py the charges in correlated motion. Also, in deriving Eq.

(9), we have used the parity relations of the plasma dielectric

N oc . ; :
E(F.0)=— 1 E 7€l 2 dRZJkejg.(;_;i_\;ot) funcﬂgn and of the Bessel functions to gquate the sum over
2m2itT W K2 negative values of to the sum over positive values.
oo = 1 I1l. DICLUSTER PLASMA STOPPING POWER
XJp(k-a) ——, (4)
e(k, i n) The integrand of the expression given by EL) consists
of a sum of similar terms. The simplest case corresponds to
where two chargesz®e and ZS'e (“dicluster”), in laser-assisted
- - correlated motion with velocitw, and interionic vector
ok n=K-Vo—Nw, (5 - o . . .
’ r,,=1. In this case the mentioned expression reads
is the laser harmonic Doppler shifted frequendy(x) are i
Bessel ’s functions of the first kindg=eE,/mw, is the =] = 'VO\]ﬁ(E.éﬂm _
electron oscillation amplitude in the laser field, and k* Vo e(k,wg )
N N ef\2 efy2 ef-ef e
) W2 [ _K-af a0 X[(Z7)“+(Z5)°+2Z7Z5 cogk- I)]. (11
e(k,w)=1+— du———=— (6) . .
k2 w—k-u From now on, unless otherwise mentioned, we employ
dimensionless variables. These variables are defined through
is the well known plasma dielectric functidb]. the following natural parameters of the system: electron ther-
The force acting on thenth particle of the beam is given mal velocityv,=+/T/m (whereT is the electron plasma tem-
by perature in units of energyDebye length\ p = \T/4mn e’
) o (or kp=1/\p), and the electron plasma frequenay,
Fm=Z%eE(rm+Vot,t). (7) = \/4mn,e’/m. The normalized variables are then defined as
Now, as explained in Ref25], the forces described by the r=ri\p,
energy-loss function, Ifn- 1/e(|2,w|gyn)], are dissipative o
forces and add up to give the plasma stopping power. k=k/kp ,
The stopping power$= —de/dx, or the energy loss per
unit path length, can be calculated as the force component Vo=Vo/Vy,
along the direction of the test charges motion: (12)
_ 0o=w,lwp,
de 1 de B Vo 2 g
dx  vedt  Hwv, ™ ®) t=tw,,

Replacing the expression for the electric field, &, in the €
equation for the forcé?), inserting the result of this opera- T
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To obtain specific results, we use a reference system with de Np
the x axis in the direction of the test particles velocity, i.e., =

V,=Vo6. The oscillation amplitude is taken in thexy
plane making an angle with the x axis. Then, using spheri-

2 NpZ? (km 1

cal coordinates K, d,¢) for the k variable and cylindrical = 2f dk kj du ulm
. L - - (2m)<Jo -1

coordinates I,l, ,¢') to the interionic vector,|=I,e,

+Iiép, the dicluster equation®) and(11) can be written as In the same way, the particular case of a dicluster in the
absence of a laser field, recently analyzed by D’Avaeizal.

N T
e(lZ,IZ-\?O) .

_de Np - [15,14 and by Bringa and Arist§17], can also be found.
Spp="— dx (277)3[ K°+2nzl Kn] ' (13 TakingZ,=2Z,=2, it is seen that
with _de_ No
- [0}
dx (2m7)3
ka 1 27 b o = -
" Jo -1 0 " e(K, o ) =2 f dkkf dp pIm| ——=——
2
L 27 Jo -1 e(k,k-vy)
X[Z22425+22,Z,codk-1)], (14)

X[14cogkl,u)Io(kl, V1I—u?)]. (19

where NDzno)\% is the Debye numberZizsz/ND is the ) .
Finally the case of one test charge moving through a

reduced effective chargeu= cosé, k-a=kacosdcosa laser-assisted plasma, analyzed by Arigtaal. [24], is

tkasinasinfcose,  k-1=kl,cosf+kl, sindcosle—¢),  readily found takingZ, =0 (or Z,=0) in the general expres-
andkp, is the cutoff parameter to eliminate the classical Cou-sjon (14). Using Eq.(13),

lomb divergence. This divergence comes from the Vlasov

model approximation, which neglects the close collisions be- de  NpZ? *
tween the test ions and the plasma electrons. Usika|lis T 3 K0+22 Kn(s (20
taken as the inverse of the classical distance of closest ap- (27) n=1
proach calculated with the average quadratic speeﬁj ( where
+1)¥2, which gives
1 4 J‘km 1 27 P -1
™ K,= dkkfd fd\]k-alme—.
Km=p :7(1+V(2>)- (15 " Jo et P k) e(k, g )
min (21)
Initially, we observe that if the laser polarization is paral-
lel to the test charges velocity, , which meansy=0, it is IV. VICINAGE FUNCTION. COLLECTIVE AND
possible to integrate the general expressibd) in the ¢ INDIVIDUAL CONTRIBUTIONS
variable. In that case the Bessel function argumerk-& From Egs.(13) and(14), we identify two contributions to
=kaw and k-I=klu+kl, V1—ucos@p—¢’). Using the the plasma stopping power. The first one, which has been
identity treated in Ref[24], comes from the uncorrelated particle
motion and corresponds to those terms proportionazito
27 2 ; ; ; ;
deelPcose=¢) =23 (b), 16 and Z5. The second, which will be systematlcglly treatgd in
Jo ¢ ™o(b) (16 this work, comes from the correlated laser-assisted motion of
the two ions.
we get the particular simplified result It is useful to introduce the parametgr known as the
vicinage function16], which describes the intensity of cor-
Km 1 ) -1 relation effects with respect to the completely uncorrelated
Kp=2m 0 dkk 71d1““ mdn(kau)Im (K g ) laser-assisted motion. To define this function, let us first re-
’ n

write the dicluster expressiori$¢3) and(14) in the compact
X[Z1+2Z,+22Z,Z, coglu)Jo(kl, V1—u?)]. form

17 Sop=24S,+25S,+22,Z,S, . (22)

Now, several particular cases for the plasma stoppingerefore, defining the vicinage function as
power can be obtained from the general dicluster rgdid)t

and (14). The simplest case corresponds to one test charge Se

moving through the plasma without laser assistance. In this XT g (23
case, settingi=0 implies J,(k-a)= 8, , and, as a conse- P

quence,K,=0 for n=1,2,3.... Also, settingZ,=0 (or EQq.(22) gives

Z,=0) and integrating over the variable we recover the s o

expression studied by several authfsl4: Sop=SplZ1+25+2Z,1Z,x]. (24)
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To get explicitly the vicinage function, we compare this N N,
expression with the general expressidi8) and (14) to stol= Z 5 Xot Xop+22 (Nwo+1)Xo
identify the functionsS, andS,; then 167°v; n=1
N_
Np -
_ -2 Nwe—1)Xp1 1, 31
T 3, (o1 @
where where
27 1 dk v
k 1 2@ -1 _ 2 Q
m Y Xo=1] d f —Jg| — ——cos
o= [ k[ apn [ Tapazk-aim (k—wk)] o= J, e ], S o
’ n
(26) v sin(kl
+ —2 k%2 —1 sina cose n( ), (32
and VoW kl
Np - JZw J'l dk 2{ Vo
= Xpo= d —J Nw,+1)cos
Se (277)3{Lo+2nzl Ln], (27) n2 o ¢ g+ 1hvg kK °n Vowo( wyt1) @
% sin(kl
where + -9 VK23 — (nwy+1)? sina cose n( ),
’ ) , Voo kl
L= fo "dk kf_ldﬂ Mfo deJ?(K-a) (33)
and
X Im| — cogk-1). (28 or 1 dk T v
e(k,wg n) Xp1= fo d¢J’n . ?Jﬁ[v z (Nw,—1)cosa
wg—1/lv, o®o
From the above equations, it is seen that=f0, then
L,=1,, x=1, andSszSp(Zl-i-Zz)z. This last expression Vo 5 5 . sin(kl)
means that the two test charges degenerate in one with ef- + vowo\/k Vo~ (Nwo—1)"sina cosg|— —.
fective charge equal td,+ Z,. The other limit,| —o0, im- (34)

plies L,—0. Consequentlyy—0 and S,,=S,(Z%+23),

which corresponds to the plasma stopping power for two freq;\l+ =(Vo—1)/w, andN_ = (vo+1)/w, are the integer parts

charges. , o , of the real numbers on the right sides angl is the quiver
It is an experimental fact that the interionic vector is ra”'velocitva=woa. In Ref.[24] it was shown that the collec-

domly_distributed.- This can be included in the equati_ons iNtive contribution to the stopping power of one test charge
troducmg a_sph(_arlqal average over t_he anglés(), which . vanishes whew,<1. Here the correlated collective contri-
define the interionic vector orientation. As a result of thisy i given by Eq(31) also vanishes.

average, the function cds() in the expression28) is re- The individual contribution, corresponding to the domain
placed by the function sikl)/kl. Therefore, orientational ef- k>1, it is given by
fects are neglected in this work.

To go further, we have to explicitly determine the contri- _ Np *
butions from the plasma collective modes in the long- Shd= 3[Y0+22 Yn} . (35
wavelength domaink<<1, and that from thermal motion of 2(2m) n=1
individual electrons in the short-wavelength domains 1
[5,24]. In the first domain, the major contribution to the
imaginary part of the inverse of the plasma dielectric func-

where

) L k 1 k3
tion comes from the plasma resonances such that Y. =27 JZ d f "‘d kf d
" o "N -1 M(k2+1)2'u
- ar
m — =5[0(0=1)=(w+1)], (29 Nw 1 Nw,\ 2
L(k,w) 2 X ,uvo—TO exp - 5 /LVO—TO

whereas in the second domain we have v v sin(kl)
Q Q .
x J2 w—ok,u cosa+ w—ok\/l—,u2 sina cose | —

— 1 _ \/E kw *w2/2k2 -
E(E,w)] V2 ezt (30 (36)

with w=kv,u—nw,. After some tedious but straightfor- AS a result of the splitting in collective and individual
ward algebra, we obtain from Eq&7), (28), and(29) the ~ modes, the functionS; and y are also split in the following
collective contribution to the correlated part of the stoppingway: Sc= S+ S, x = x*'+ ™", wherey®'=S/S, and
power, which is given by X'”dzs'C”dISp. As has been discussed above, wHenO

Im
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theny=1. In this case, Eq23) shows thatS;=S,. There- 050 F
fore, to find the collective and individual contributions to the ’
function y, it is necessary to calculate the functiGp at | 0.25 [3 . =00
=0. ’
0.20 +  o=n/4
V. RESULTS AND DISCUSSIONS . 015 L °  o=m/2
Here we use the general expressions, Eg%—(36), to Sx 0.10 i no laser
make a parametric analysis of the correlation effect com- L
bined with the laser-field assistance on the plasma stopping 0.05
power. The relevant integrals are numerically calculated us- :
ing the Gauss-Legendre quadrature. 0.00
Making the simplifying assumption that the two test par- [ty
ticles have the same chargé, Z,=7), the expression for '0'050 1 23 456 7 8 9 1011 12 13 14 15
the laser-assisted dicluster stopping power, @24), can be |
rewritten as 0.9
08}
SZPIZZZSp(VO7w0!ain)[1+X(VO1w01a!VQII)]'(37) o7 L q . o=0
06 L +  o=m/4
The second term on the second member of the above expre! 05 - o  o=n/2
sion gives the correlation effects on the laser-assisted plasm .~ | no laser
stopping power. The first term, which corresponds to the & ’
particular casq=0 (I—), gives the laser-assisted plasma 03 F
stopping power for two uncorrelated charges. The function 0.2
directly measures the intensity of correlation effects on the o1}
plasma stopping power. 0.0
In experimental situations where the beam and the plasm: 04 T T T
parameters are known, the laser parameters must be calci 00 0.5 1.0 15 2.0 2.5 3.0
lated in order to match the restrictions of the model. We give 1

below some useful relations which can be readily used to
calculate the parameters needed in the general expressions ofgi. 1. Collective and individual components of the vicinage

the plasma stopping power: function as a function of the interionic distanicéer several values
o 312 of @ and for the following fixed parametere,=31, vo=3.7, and
Wp [rad/g=5.64x10"(n, [em™"])™%, v,=2.87. All quantities are expressed in normalized variables. See
Eq. (12).
12
T[eV]

Ap [cmM]=7.34X 107

n, [cm 3] To give a practical illustration of the theory developed
here, let us use the experimental data reported in[R6f. In
3 (T [eV])*? that experiment, the authors have used a completely ionized
Np=(7.433x10f ————————, .
(n, [cm™3])12 hydrogen plasma, whose temperature and density can take
values up to 3 eV and 7:010'® cm 3, respectively. They
v, [cm/g|=4.19x 107(T [eV])*?, (38)  also have used a beam of Kr ions with 3.8 MeV of energy
and effective charges estimat&§'=3.1, 4.5, 6.4, and 7.8,
1071 for ionization degrees 90%, 99%, 99.9%, and 100%, re-
ne [em 3= ———, spectively. With the help of Eq$38), it follows that a CQ
(No Lpm]) laser of frequencyw,=1.78<10" rad/s and wavelength
2 12 No=10.6 um is appropriate to use in this application. The
Ve=6.02¢ 10—7(' [wienPIn, [um] ’ plasma critical density is;=8.9x10"® cm 3. The values
Q T [eV] chosen for the plasma density and temperature are, respec-
tively, n,=10 cm 3 andT=3.0 eV ; the fixed parameters
_[E[eV] m[g]|"? chosen for the krypton ions aM =83.8 g andz®'=4.5. The
Vool T [eVI M [g] ion beam energy can be experimentally varied and its initial

value was choseB=3.8 MeV, which implies a test charge
In the above expressions, the quantities without units ar@elocity v,=2.87.
dimensionless. The laser intensity is denoted by, is the We use Eq(37) to calculate the correlation term of the
plasma critical density, anl is the energy of the test ions or stopping power, expressed by the functipnand which is
beam ions. The criteriurh)\gz 10Y (W/en?) um? is taken  not discussed in Ref24]. We also calculate the laser effects
from Kruer [27] to define a very high laser intensity; thus, on the plasma stopping power for a dicluster system which
fixing the plasma temperature, the quiver velocity can beare notincluded in Ref$16] and[17]. The results are shown
used as a direct measure of the laser intensity. in Figs. 1-5. In all these figures the following dimensionless
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0.15 0.05 |-
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013 | 0.00 _
0-120.0 0?2 0f4 OTG OTB 1f0 172 174 1.6 -0'050 * ;
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FIG. 2. Collective vicinage function component as a function of 1.0
the polarization angle: for two different values of the test particle
velocity. The fixed parameters aig,=31, vo=3.7, andl=2.0. 0s kL
parameters are kept fixedi,=31, Np=7, andZ=Z°/Np 06 |
=0.63. ) .
Figure 1 shows the collective and individual components & 0.4 |
of x as a function of the interionic distanteWe have used L
a laser intensityl = 10> W/cn? (I1A2=10" W um?/cnr) 02}
or vo=3.7, three values of the laser polarization angle
a (0, w/4, and=7/2), and a beam test charge velocity 0.0
=2.87.
Let us initially note some trends of our results that are 00

evident in Fig. 1a) The asymptotic behavior of is verified;
x— 0 whenl—o andy=1 for|=0. (b) The laser field does

not affect at all the individual componegt™. (c) The indi-

1.0 15

20 25 30 35 40

FIG. 4. Collective and individual component of the vicinage

vidual contributionx"‘d can be neglected for interionic dis- function as a function of the interionic distaniceor three different
tanced =1.0, as long the test charge velocity is greater tharyalues of the polarization angte. The test charge velocity is higher

the thermal velocityy,>1. The functiony, as in the laser-

free case, is a monotonically decreasing functiorn iof the S _
range G<1=<6.0 but its value is modified by the laser inten- Now, for the interionic distance range=6.0, the functiony

than in Fig. 1,v,=5.0. Fixed parameters,=31 andvqy=3.7.

sity and the polarization angle, as shown by the curves lashows no significant difference from the laser-free case. Fur-
beled =0.0, = m/4, anda= /2. All these curves coa- thermore,y practically has reached its asymptotic valye (
lesce to the full line labeled “no laser,” as the laser intensity =0) and, consequently, the laser-assisted stopping power is
goes to zero, and describe the strength of the stopping powéprrectly described by Ref24]. If the laser intensity is in-

correlation term relative to its asymptotic vaIueZZZSp.
1.4

13}
1.0 - Ll
09| o 0=0.0 1.1
S 10
sl & o=n/4 S
@ Al 09
& o7} . °  o=r/2 %] [
ao. 3 = o8
7] 5 o |
< 06 o ~a 0.7
> | - IS 5
A o‘mo». % 0.6
afost o
[75) | (o] R, 05
0al - R 04|
© BT [
03 1 1 " 1 " 1 " 1 2 1 1 1 " 1 " 1 " 1
03 . . . | . . . | . 0 4 § 12 16 20 24 28 32 36 40
0 4 8 12 16 20 24 28 32 36 40 v
Q
Yo

FIG. 5. Relative laser-assisted plasma stopping power as a func-
FIG. 3. Relative laser-assisted plasma stopping power as a fundion of the quiver velocityq (or laser intensityfor three different
tion of the quiver velocityw g (or laser intensityfor three different  values of the polarization anglke. The velocity is higher than in
values of the polarization angle. The fixed parameters ar@, Fig. 3,v,=5.0, simulating a higher beam energy of about 12 MeV.
=31, v,=2.87, and =2.0. Fixed parameters ar@,=31 andl =2.0.
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creased, the curves of as a function ofl keep the same cally decreasing function of the quiver velocity. On the other
qualitative profile of the ones shown in Fig. 1 but tie hand, fora< 77/4,_ it has an oscillatory behavior for small
values increase monotonically with the laser intensity. values of the quiver velocity but decreases asymptotically
The variation of the vicinage function with polarization With vq as for larger values of the polarization angle.
angle is better seen in Fig. 2. We have used an interionic We conclude from Figs. 3 and 5 that, at a sufficiently high
distancel =2.0. For values of the test charge velocity ~ @ser intensity, the plasma stopping power decreases very
smaller than the quiver velocityo, x varies mildly with the slowly._ In practice, th|_s_ means that th_ere is no need to use
polarization angle, showing a shallow minimum arowad V€Y high laser intensities to substantially c_har_19e the stop-
—45°. This is indicated by the curve correspondingvtp ~ PINg power. We also o_bserve that the polanzatlc_)n angle de-
—2.87. For test charge velocities above the quiver velocityP&ndence of the stopping power becomes less important for
y starts to increase monotonically wit and presents a high '|ntensmes. Therefore, for a given beam energy, it is
broad maximum arounde= /2. This is indicated by the _possble to combine the laser polarlzatlpn angle and the laser
curve corresponding to,=5.0. |nter_15|ty to decrea_se the plasma_ stopplng power. These_con-
Figure 3 shows explicitly the effect of the laser field on €luSions may be important for inertial confinement fusion
the plasma stopping power for a dicluster system. The ratigXPeriments that use high-energy ion beams as drivers, once
of the stopping power values in the laser-assisted case to iLEe beam must deposit its energy as deep as possible inside
values in the laser-free case is plotted as a function of thE'€ target. .
quiver velocity (or laser intensity for the fixed valuesw, Observing our general expressions, E(&)—(36), we

—31 v.=2.87. and interionic distande=2.0. The curves S€€ that the plasma is less effective in stopping the ions for
Iabel'ed(c)zzd 7_;/4 andw/2 describe three diétinct laser po- higher velocities. In spite of that, the effects of the laser field

larization angles. Clearly, for any polarization angle, as the!POn the plasma properties clearly show up, changing the

laser-field intensity increases, the plasma stopping power dé)_lasma stopping power in a significant way. This is clearly

creases. As an example, for a quiver velogity=8.0, cor- demonstrated by the results of Fig. 5.
responding to a laser intensity=4.7x 10> W/cn?, the
plasma stopping power decreases about 55% as compared to
the laser-free dicluster case. For values of the laser intensity, |n this work, using the Vlasov-Poisson model, we dis-
vo=3.0, the stopping power is lower when the laser field iscussed the interaction of a beam of charged particles inter-
polarized along the test charge velocity, ie=0. acting with a completely ionized plasma in a laser field.
Let us now investigate the dependence of the stoppingtarting with the general expressions for two correlated
power with beam energy. Figure 4 shows the collective an@harges, the laser-assisted plasma stopping power is system-
individual components of the vicinage functignas a func-  atically discussed and applied for the low-energy beam
tion of the interionic distance for three values of the laser plasma experiment reported in RE26].
polarization anglea=0, a= w/4, anda= w/2. The diclus- In numerical calculations, care must be taken in the con-
ter velocity isv,= 5.0, which is greater than the value in Fig. vergence of the integrals over the laser harmonics and on the
1, to simulate a beam energy of about 12 MeV. We note thahigh oscillating character of the Bessel and of the trigono-
x has reached its asymptotic valug=0) aroundl=11, so  metric functions. Typically, for the parameters used in the
that the range where the correlation is important is broadegollective mode, the integrals converge within a relative er-
than in the lower-energy cagkig. 1). Since the beam den- ror of 1%, for 30 laser harmonics.
sity n scales with the interionic distandeas n«|~3, the With the results presented in this work, it is possible to
correlation term of the stopping power is important even aispeculate whether a laser field can act as a beam energy
low beam densities. In contrast with the case of Fig. 1, theegulator in experiments of inertial confinement fusion. For
laser effect on the correlation function is smaller forae  the range of parameters used here, that possibility is clearly
=0, in agreement with Fig. 2. feasible. Although in a real inertial confinement fusion ex-
Figure 5 shows the relative laser-assisted plasma stoppingeriment the parameters describing the beam plasma interac-
power as a function of the quiver velocity as in Fig. 3, but fortion impose more restrictive constraints on the model, the
a higher test charge velocity,=5.0. For polarization angles same type of calculations carried out in this paper is appli-
greater thanr/4, the relative stopping power is a monotoni- cable.

VI. CONCLUDING REMARKS
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