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Abstract

The inelastic interaction between heavy ions and an eleglasma in the presence of an intense radiation
field (RF) is investigated. The stopping power of the testieeraged with a period of the RF has been calculated
assuming thatvo > wp, Wherewy is the frequency of the RF and, is the plasma frequency. In order to
highlight the effect of the radiation field we present a corigmm of our analytical and numerical results obtained
for nonzero RF with those for vanishing RF. It has been shdwahthe RF may strongly reduce the mean energy
loss for slow ions while increasing it at high—velocities.ofdover, it has been shown, that acceleration of the
projectile ion due to the RF is expected at high—velocitied i the high—intensity limit of the RF, when the
quiver velocity of the plasma electrons exceeds the ionciglo
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1 Introduction

The interaction of charged particles with a plasma in thesgmee of radiation field (RF) has been a subject of
great activity, starting with the work of Tavdgiridze, Aligsorbunov and other authors (Tavdgiridze & Tsintsadze,
1970; Alievet al,,[1971] Aristaet al,,11989] Akopyaret all,[1997] Nersisyan & Akopyan, 1999). A comprehensive
treatment of the quantities related to inelastic partistdid and particle—plasma interactions, like scatteratgs
and differential and total mean free paths and energy lpsaasbe formulated in terms of the dielectric response
function obtained from the electron gas model. The resalt® important applications in radiation and solid—state
physics|(Ritchieet all, |1975] Tung & Ritchie, 1977; Echenique, 1987), and moreriyan studies of energy de-
position by ion beams in plasma fusion targets (Arista & Bitari981; Mehlhorn, 1981; Maynard & Deutsch,
1982;| Arista & Piriz,| 1987; Avanzet all, 11993;| Couillauckt al,, 11994). On the other hand, the achievement
of high—intensity laser beams with frequencies rangingvbeh the infrared and vacuum-ultraviolet region has
given rise to the possibility of new studies of interactiomgesses, such as electron—atom scattering in laser
fields (Kroll & Watson, 1973; Weingartshofet all, (1977, 1983), multiphoton ionization_(Lompeeall, [1976;
Baldwin & Boreham, 1981), inverse bremsstrahlung and ptalseatingl(Seely & Harris, 1973; Kim & Rac, 1979;
Limaet all,11979), screening breakdown (Miranetaal., ' 200%), and other processes of interest for applications in
optics, solid—state, and fusion research.

In this paper we present a study of the effects of intense Rii®@interaction of nonrelativistic particles with
an electron plasma. The problem is formulated using theamrghhase approximation (RPA), and includes the
effects of the RF in a self—consistent way. The electromégfield is treated in the long—wavelength limit, and
the electrons are considered nonrelativistic. These avd gpproximations provided that (i) the wavelength of
the RF Qo = 2mc/wp) is much larger than the typical screening length & v, /w, with v, the mean velocity
of the electrons and,, the plasma frequency), and (ii) the "quiver velocity” of thkectrons in the RFuz =
eEy/mwop) is much smaller than the speed of lighfThese conditions can be alternatively written as(jjw, <
2me/vs, (i) Wi < 2noe(me?)(wo/wp)?, whereW, = cEZ /8 is the RF intensity. As an estimate in the case of
dense gaseous plasma, with electron densjty= 10'® cm~3, we getingmc® ~ 1.2 x 10> W/cm?. Thus the
limits (i) and (ii) are well above the values obtained withrremtly available high—power RF sources, and so the
approximations are well justified.

We have calculated the effects of the RF on the mean energydtspping power) of the test ion considering
two somewhat distinct cases with slow and fast projectileging in a classical and fully degenerated electron gas,
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respectively. In the latter case the degenerated elecarisdreated within a simple plasmon—pole approximation
proposed by Basbas and Ritchie (Basbas & Ritchie, |1982)adtiieen shown, that besides usual stopping in a
plasma it is possible to accelerate the charged partice® blerough RF. This effect is expected for fast projectiles
and in the high—intensity limit of the RF, when the "quivetoaty” of the plasma electrons exceeds the projectile
ion velocity.

2 RPA formulation

We consider the time—dependent Hamiltonian for the plasetrens in the presence of both a radiation field
(RF) with vector potentialA(t) = (¢/wo)Eq cos(wot), and a self-consistent scalar potengi&t, t) (Aristaet all,
1989 Nersisyan & Akopyan, 1999), i.e.,

H(t) = Z i (p — EA(ﬁ))2 cgcp — eZgo(k, t)c;;rkcp, 1)

2m
p.k

wherecy,, ¢ are annihilation and creation operators for electrons witmentunp, respectively, anc(k, t) is
the Fourier transform ap(r, t).

The potentialp(k, t) is produced by the external charge and by the induced efectdensity, viz.,

Kok, t) = dmpo(k,t) — ey Np(k,1) 2)
p

being po(k, t) the Fourier transform of the external charge dengitir, t), and N, (k,t) = (cg_kcp)t is the
electrons number operator.
The time evolution of the operatd¥, (k, ¢) is determined by the equation

ONp(k,t)

ih
Tt

In particular, for an oscillatory field\ () and within random—phase approximation (RPA) . (3) hasthation
(Aristaet all,|1989; Nersisyan & Akopyan, 1999)

t

Nolle.t) = F (fooic— ) [ el t)exp |3 (posc = 2a) (6 1) (4)

— 00

x exp [—i¢ (sin(wot) — sin(wot’))] ,

where¢ = k - a, a = eEq/muw} is the oscillation amplitude of the electrons driven by tHe(Buiver amplitude),
ep = p?/2m is the electron energy with momentupn Here f;, is the equilibrium distribution function for the
electron plasma.

Finally, using Eq.[(R) and making a further Fourier transfation we obtain a solution for the potentiain
the form

~ 47r,50(k,w)
kw)=—-"+ 5
SO( 5w) kQE(k,CU) ’ ( )
where we have introduced the frequency transfofitls w), po(k, w) of the quantities
ﬁO(k7t) > ( pO(kvt) > i¢ sin(wot)
I~ = o)) 6
(e ollt) )© ©

ande(k,w) is the RPA dielectric function (Lindhard, 1954; Lindhard &vher,1964).
In the case of a heavy particle with velocityand chargeZe we neglect the effect of the RF on the particle
andpg(r,t) = Zed(r — vt). We obtain

pok,w) =2nZe i Jn(€)6 (w—k - v+ nwp), (7)

n=—oo

whereJ,, is the Bessel function afth order. Using Eqs[{5)H(7) for the self—consistent paabnt(r, ¢) we finally
obtain

o0

Ze _ D 1 () (O)
_ i(n—m)wot k m i
(p(r, ﬁ) o2 Z € /d k2€(k, k-v— an) . (8)

m,n=—o0
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This result represents the dynamical response of the mewidhe motion of the test particle in the presence of
the RF; it takes the form of an expansion over all the harmsoiche field frequency, with coefficients (¢) that
depend on the intensify’, « a?.

From Eq. [B) it is straightforward to calculate the elecfidd E(r,t) = —V(r,t), and the time average
(with respect to the perio2lr /wy of the laser field) of the stopping fieBs.., = (E(vt,t)) acting on the particle.
Then, the averaged stopping power (SP) of the test partedernes

\% 27%e2 & k-v -1
=—Ze— Egop = —— k 2(O)Im ——————
§2 25 B = oy 3 [ RO gy ©)
with Q,,(k) = nwo + k - v.
To illustrate the effects of the RF it is convenient to take iaccount the symmetry of the integrand in Ed. (9),
with respect to the changden — —k, —n. Using also the property of Bessel functiong, (¢) = J2(¢), we
obtain

Z%e? k-v -1 - -1
S:m/dk e ng(C)Imis(kvk.v) +2;Jg(§)lm7€(k,9n(k)) : (10)

Hence, the SP depends on the particle veloejtyhe frequencyu, and the intensity?;, = cEZ /8 of the RF
(the intensity dependence is given through the quiver aog#ia). Moreover, since the vectdk in Eq. (10)
is spherically integratedy becomes also a function of the angldetween the velocity, and the direction of
polarization of RF, represented hy

By comparison, the SP in the absence of the RF is given by 80k1986; Peter & Meyer-ter-Vehn, 1991)

Z2%e? k-v -1
= k I . 11
Se 27r21)/d 2o e (k- v) (11)
In the presence of the RF the SB is modified and is given by the first term in EQ.J10) ("no phdteiv)
Z%e? k-v -1
- dk 2(0) Im ———. 12
So 212y / k2 Jo (¢) Im e(k,k-v) (12)

Next we consider the case of a weak radiation field(\,, where\; is the characteristic screening length) at
arbitrary angley betweenv andE,. In Eq. [10) we keep only the quadratic terms with respedbéoquantitya
and for the stopping powe we obtain

Z%* [ dk ) 1 1

S = SB + m/ ﬁ(kv)(ka) Im |:E(k,w0—|—k-v) — E(k,k-v) , (13)
whereSr is the field-free SP given by Eq.{[11). Note that due to thedgyt of the dielectric functioa(k, w) the
angular integrations in Eq$._(10)={13) can be easily done.

It is well known that within classical description un uppentaff parametet,,.x = 1/rmin (Whererpyin
is the effective minimum impact parameter) must be intreduin Eqgs.[(Ill) and_(13) to avoid the logarithmic
divergence at largé. This divergence corresponds to the incapability of thesital perturbation theory to
treat close encounters between the projectile particleth@gplasma electrons properly. Fap;, we use the
effective minimum impact parameter excluding hard Coulamlisions with a scattering angle larger thaf2.
The resulting cutoff parametét, .. ~ m(v? + v3))/|Z|e* is well known for energy loss calculations (see, e.g.,
Zwicknagelet all (1999); Nersisyamt al. (2007) and references therein). Hexg is the thermal velocity of the
electrons. In particular, at low projectile velocitiesstuutoff parameter reads,.. = 7/|Z|e?, whereT is the
plasma temperature given in energy units.

3 Energy lossof slowions

In this section subsequent derivations are performed fclhssical plasma and in the low—velocity limit of the
ion. In this case the RPA dielectric function is given by éeri& Conte| 1961)

1 w
E(k,w) =1+ WW (%) y (14)

where)p is the Debye screening length, ait(z) = g(z)+if(z) is the plasma dispersion function (Fried & Conte,

1961) with
g(z)=1-— zeiZz/Q/ e’ 2t flz)= \/gzezz/z. (15)
0
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Figure 1: The dimensionless quantiti€gy, a, ¥) (the lines with symbols) an8.. (-, a) (the solid line without symbols) vs
the intensity parameter of the laser field\p for ¥ = 0 (solid line),¢¥ = w/4 (dashed line)y) = /2 (dotted line) and for
wo = 1.2wp.

Consider now the SP determined by Hqg.(10) in the limit of leelecities, when) < vqy,. In this limit from

Egs. [10)-(Ib) we obtain

S(vy,a,9) = SgE(7, a,v), (16)
where
E(y,a,9) = Z1(7, a) + Ea(7, a) sin® ¥, a7)
Z,(70) = — /3Jﬁ&—/ﬁﬁﬂwf<m (18)
= (O | Jo R2+1)2 ) 7P FITSHIEH

25 [ [ )

Heres = 1,2, and f1(u) = 1%, fa(n) = $(1 — 3u?). Note that at the absence of the laser field (i.eq at 0)
Zi1(v,a) — 1, E5(v,a) — 0. In this case the SP is determined by the quarfiityin Eq. (11) (Deutsch, 1936;
Peter & Meyer-ter-Vehmn, 1991)

2 722
Sp = \/;—6)\% ml/f(f)a (19)
where
62
(O =1 +€) - (20)

is the Coulomb logarithm witl§ = k... Ap. Also in Egs. [(I6)-£(18) we have introduced the angleetween the
velocity v and the polarization vectors, W (z) = dW (z)/dz, A = a/Ap, ¥ = wp/wo < 1. Note that while the
k integral in Eq.[(11L) diverges logarithmically in a field-drease, Eqsl.{12) anld (18) are finite and do not require
any cutoff. The Bessel functions involved in these expmessdue to the radiation field guarantee the convergence
of the k—integrations. However, since in the sequel we shall compays. [(16)-+(18) with field—free SPg, for
consistency the upper limits of the-integrals in Eq.[(118) are kept finite with the same upperftptrameter as
in Egs. [11) and(19).

In many experimental situations, the ions move in a plasntila endom orientations af with respect to the
direction of the polarization of laser fietld The stopping power appropriate to this situation may baiobd by
carrying out a spherical average ovkof S(v, a, ) in Egs. [16) and(17). We find

Sav(7,a) = Sp [El(%a) + %Eg(v,a)} = SpZav(7, Q). (21)

The study of the effect of a radiation field on the SP is easiéné case of low-intensitidd’;, whena < Ap.
Then considering in Eq4._(1L6)=(18) only the quadratic temitls respect ta: for the SPS(, a, ¥) we obtain

a2

S(v,a,9) = Sp {1 ~ 5 (2 cos® 9 + 1)D(7,§)] , (22)
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where

S e O N 2 L)
D8 = ¥(E) /1/5 a3 {(ﬂ 17 VA (1 +1‘2W(I/7))2] } “

Taking into account that < 1 and¢ >> 1 from Egs. [2R) and{23) we finally obtaid(v, £) ~ 3/4+2. It is seen
that at low—velocities the SP(v, a, J) decreases with the intensity of radiation field.

In Fig.[d the quantitieE (v, a,¥) andZ,, (v, a) are shown vs the intensity parametgt\p of the laser field
for three values of angles= 0, ¥ = 7/4, ¥ = 7/2 and forwy = 1.2w,. Itis convenient to represent the intensity
parameten/Ap in the forma/Ap = 0.18)\3\/noWy /T, where the wavelength\() and the intensity1{/;) of
the laser field and the density) and the temperaturd’} of plasma are measured in unjisn, 10> W/cn?,
10%° cm~3 and keV, respectively. As an example consider the case wieealéctron quiver amplitude reaches
the Debye screening length,= Ap. For the values of the RF and plasma parameters ¥jth- 0.5 um, ng =
10'8 cm~3, T = 0.1 keV, the above condition is fulfilled at the radiation fieldgnsityW;, = 4.94 x 10'® W/cm?.

From Fig[1 it is seen that the intense laser field may stroregyce the SP of the low—velocity ion. And as
expected the effect of the radiation field is maximaldoe 0. Note that in this case and at= \p the radiation
field reduces the energy loss; approximately by 15 %. For explanation of the obtained tdstilus consider a
simple physical model. The stopping power of the ion is defiagS = —(1/v)(dW/dt), where(dW/dt) is the
averaged (with respect to the period of the radiation fiet@rgy loss rate. We assume that the frequency of the
radiation fieldwy is larger than the effective frequency of the pairwise Coblccollisionsv.g. Also assuming
that in the low—velocity limit the energy loss of the ion orttollective plasma excitations is negligible and is
mainly determined by the Coulomb collisions we obté&iV/dt) ~ v.gW. On the other hand.s ~ 1/v3;,
wherewv g is the averaged relative velocity of the colliding partileAt v < vy, and for vanishing radiation
field v ~ vy, However, in the presence of the radiation field the averaglkadive velocity of the collisions is
vert = (v3, +v%)1/2 and increases with the intensity of the laser field. Thus tleetve collision frequency.
and hence the stopping power of the ion are reduced withaserg the intensity of the radiation field.

At the end of this section we consider a practical examplé.useconsider the stopping of the-particles in
the corona of the laser plasma. Although the thermonucksattions mainly occur far below the critical surface
the stopping length of tha—particles is larger than the characteristic length schjgasma inhomogeneity and
some part of thex—particles transfer the energy to the plasma corona belffene reach to the critical surface
(Max,[1982). In the vicinity of the plasma critical densihetintensity of the radiation field is very large and the
stopping capacity of the plasma may be strongly reducecdhisretixample the typical temperaturelis= 10 keV
and therefore, /vy, = 0.22 (B, = M,V?/2 = 3.5 MeV, whereE,,, M,, v, are the energy, the mass and the
velocity of thea—particles). For\g = 0.5 um, Wz = 2 x 107 W/cn?, andw, = wp\/§ (the plasma density is
ng = n./2, wheren,. is the plasma critical density) we find~ Ap. In this parameter regime the radiation field
reduces the SP of the-particles by 20 %.

4 Energy lossof fast ions

In this section we consider the energy loss of a fast heavyniowing in a fully degenerate plasma (which means
that the partially degenerate case could be postponed totteefupresentation) in the presence of a radiation
field. The longitudinal dielectric function of the degentexhelectron gas is determined by Lindhard’s expression
(Lindhard, 1954} Lindhard & Winther, 1964). However, here wonsider the simplest model of the dielectric
function of a jellium. Previously a plasmon—pole approxiimato (&, w) for an electron gas was used for calcu-
lation of the SP.(Basbas & Ritchle, 1982; Deutsch, 1995; iNeas & Das, 2000). In order to get easily obtainable
analytical results, Basbas & Ritchle (1982) employed a fiagd form that exhibits collective and single—particle
effects

-1 w
Im ) = 7rw12)|w—| [6 (w? — wi) H(ke— k) + 6 (w* —wj) H(k — k)] , (24)

where H(z) is the Heaviside unit-step functiony, = hk%/2m, k. = (2mw,/h)*/?, andw, is the plasma
frequency. The cutoff parametlyr is determined by equating the arguments of the two deltatiwms in Eq.[(24)
atk = k.. The first term in Eq[{24) describes the response due to spadiive plasmon excitation in the region
k < k., while the second term describes free—electron recoiemahge: > k. (single—particle excitations). Note
that this approximate dielectric function satisfies attagloy & the usual frequency sum rule (Basbas & Ritchie,
1982 Deutsch, 1995; Nersisyan & Das, 2000).

In contrast to the previous section we consider here thefagtctile ion withv > v, (wherev, = w,/k. =
(hw,/2m)'/2) which justifies the approximation (R4) valid only in thisesjific case (Basbas & Ritchie, 1982).

It is constructive to consider first the case of a weak rautiefield (k.a < 1) at arbitrary angle) betweenv
anda. In this case the SP is determined by Eql (13), where the field-SPS5 in the high—velocity limit is given
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by (Lindhard] 1954; Lindhard & Wintherr, 1964; Deutsch, 198895)

726202 2muv?
= pl . 2
Sn v2 n( Tuwp ) (25)

Inserting Eq.[(24) intd(13) for the stopping power we obtain

272y a)? 1
S = 2 0 {1H>\+ @ [(I)l(A,v) + 5@2()\,7)81112 19] } (26)

whereXo = e%k? = 2hw,/ag, ag is the Bohrradiusp; = ®1.+®15, P2 = Poct+Pos, A = v/ve, 7 = wp/wo < 1.
Also

Bro0y) = — | St 1+131 2 ! 131 7 27)
) =— |=In - n— — [ =— n——
1c\A Y 2)\2 72 v 1+7 v 17’7 )
Bau(My) = =3 | Bro(A ) + —— (28)
2c V) = lc » Y 2’}/2)\2 9
L il o 9 5 oy 3
P15(A,7) e 5(51 Jr771*041*51)+;(51+51*041*771) (29)

1 /1 1 1 1 3. Bim 4}
-l — — +— ]+ —=1In +1-A ,
<51 (€3] m 51> ’72 0101

B1— 9 m — 01 9

3 g2 2 sy, 3 (11 1 1
(51 +n—oq 51)“‘473)\2 3 o 771+51 (30)

1 6161 9 61171 1 1 2
— (1 ——1 - [1—= ] (A 3
+47 ( " aim YA? " a1 * 4 A2 (¥ +3),

2
oy \ A A2 n\ o
A A2 ’
Bn n
(an ):<§+ zﬁ)

In Eq. (31)n is a positive integerr{ = 1,2, ...). The first term in Eq.{26) corresponds to the field—free[SH (2
represented in a dimensionless form. The remaining terosoptional to the intensity of the radiation field?{,
describe the collective (proportionaldg. 2.(}, v)) and single—particle (proportional ®; ;, 25 (), 7)) excitations.
It should be noted that the stopping power [Eg] (26) is notsking only at high—velocities wheh> 2/, /7.
Consider next the angular distribution of the SP at low-isites of the RF. An analysis of the quantity
P = (S—5p)/SE (the relative deviation of from S) for the proton projectile shows that at moderate velogitie
(A 2 2/,/7) the angular distribution oP has a quadrupole nature. At ¥ < Jo(A, ), wheredo (A, ) is some
value of the angl®, the excitation of the waves with the frequencigst w, leads to the additional energy loss.
At 99(N\,y) < ¥ < 7/2 the proton energy loss changes the sign and the total enesgydecreases. When the
proton moves at the angié = (A, ~) with respect to the polarization vectarthe radiation field has no any
influence on the SP. However, at very large velocites{ 2/, /7) the relative deviatio® is negative for arbitrary
9 and the radiation field systematically reduces the energg/dd the proton.

Let us now investigate the influence of the intense radidt@d on the stopping process wheris parallel to
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Figure 2: Left panel, the rati®(a) = S(a)/Sp as a function of dimensionless quantitya atv = 8.6v., wo = 1.2wy
(solid line),wo = 1.6w, (dashed line)wo = 2w, (dotted line),wo = 3w, (dash—dotted line). Thin solid line corresponds
to Ro(a) = So(a)/Ss (see Eq.[[33)). Right panel, same as in left panel butyat= 1.2w,, v = 3v. (solid line),v = Tv.
(dashed line)y = 11v. (dotted line)y = 17v. (dash—dotted line).

a. Itis expected that the effect of the RF is maximal in thisscd&gom Eqs[(T0) an@(P4) we obtain

ZEQ n 9 A
A Ap)1
§=5+5" {;(VJF )Jn( pn)mnM+1

fz <_1> 2 (A n 2 (32)

+% XN: /MA) d (7 +x) J2 (AP, (z))

= oy 22
1 N ge /n

Sy (2-2) 2uQuony |
n=1 n

whereA = k.a, Po(z) = (1/A)(n/y + ), Qu(x) = (L/N)(n/y — @), pr = Pa(1), g = Qu(1), and

7% A 1 [ da
So = B~ ) InA+= —Jg (A 33
o= T | () mae g [ S @)
is the SP without emission or absorption of the photons. Msdave introduced the notations
kev + )
ny = int (M) =int[y(A£1)], (34)
wo

2 2
N =int (;;_LZO) =int (%) ,

whereint(z) is the integer part of. The quantitiesy, (\), 8.()), d»(A), n.(\) in Eq. (32) are determined by
Eq. (31). We note that in EJ_(B2) the terms involvimg and N photons are not vanishing at> 1/v ¥ 1 and
A > 2/,/7, respectively. Similarly the SP(B3) is not vanishing\at 1.

The first term in Eq.(33) describes the collective excitaiwhile the second term corresponds to the single—
particle excitations. From Ed._(B3) it is seen tisgtoscillates with the intensity of the laser field. Howeveg th
radiation field suppresses the excitation of the collecive the single—particle modes and theHs less than
the field—free SRS. As follows from Eq. [3B) at high—intensities of the RF the SPis close to zero when
A/X >~ p., (or alternatively aty(vg /v) ~ uy,) withm = 1,2, ..., whereu,, are the zeros of the Bessel function
Jo(pm) = 0 (u1 = 2.4, ua = 5.52, us = 8.63...). Then the energy loss of the ion is mainly determinedhy t
other terms in Eq[(32) and is stipulated by excitation o§pla waves with frequenciess, +w,. The first and the
last pairs of terms in E[_(B2) describe the excitation ofdbiéective and single—particle modes, respectively, with
emission or absorption several photons. The number of pdto., V) involved in the process of the inelastic
interaction are determined by the energy—momentum coatens (see the arguments of the delta—functions in
the dielectric functior[(24)).
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The results of the numerical evaluation of the SP (Hgd. (88)(&3)) are shown in Fidl 2, where the ratio
R(a) = S(a)/Sp is plotted as a function of the laser field intensityd = 5.38WL1/2w52r§3/4, wherer; is the
Wigner—Seitz density parameter aid, andw, are measured in unii®)'® W/cm? and10'6 sec™!, respectively).
For instance, for Al target with, = 2.07, hw, = 15.5 eV, andv, = 1.2 x 10% cm/sec. From Fid.]2 it is seen
that the SP exceeds the field—free SP and may change sign glestoa irradiation by intenséa > 1) laser
field. Similar properties of the SP has been obtained preWjdior a classical plasma (Nersisyan & Akopyan,
1999). However, due to the higher density of the degenetatirens (in metals typically,g ~ 10% cm=3)
the acceleration rate of the projectile particle is lardgemt similar rate in the case of a classical plasma. The
acceleration effect occurs ak/v ~ u, /vy (with m = 1,2,...) when the SRSy nearly vanishes. It should
be noted that in the laser irradiated plasma a parametristdbility is expected (Silin, 1973) with an increment
increasing with the intensity of the radiation field. Thistrects the possible acceleration time with stronger
condition than in the case of a classical plasma. Finaltyis¢enote that the effect of the enhancement of the SP
of an ion moving in a laser irradiated plasma is intensifieshadller frequency (Fid.l2, left panel) of the radiation
field (wo ~ w, butwy > w,) or at larger incident kinetic energy of the projectile idfig(.[2, right panel) when the
numbers. andN of the photons involved in the inelastic interaction precase strongly increased (EQ.134)).
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