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Dynamic screening effects on electron-ion Coulomb bremsstrahlung in dense plasmas
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Dynamic plasma screening effects are investigated on classical bremsstrahlung in electron-ion Coulomb
scattering in dense plasmas. The electron-ion interaction potential is considered by the introduction of the
longitudinal plasma dielectric function. The classical straight-line trajectory method is applied to the path of
the projectile electron. The differential bremsstrahlung radiation cross section including the dynamic plasma
screening effect is always greater than that including the static plasma screening effect. When the projectile
velocity is smaller than the electron thermal velocity the dynamic polarization screening effect becomes the
static plasma screening effect. When the projectile velocity is greater than the electron thermal velocity the
interaction potential is almost unshielded. It is also found that the static plasma screening formula obtained by
the Debye-Huakel model overestimates the plasma screening effects on the electron-ion Coulomb bremsstrah-
lung processes in dense plasm&1063-651X97)07602-2

PACS numbd(s): 52.20—j, 31.15.Gy, 52.25.Tx

I. INTRODUCTION straight-line (SL) trajectory [3,8] with the longitudinal
plasma dielectric functiof21,22. In these environments of

Electron-ion Coulomb bremsstrahlung procesges12] the dense laboratory and astrophysical plasmas, the range of
have received much attention since these processes hatl# electron Debye length is known to beA=10a;, where
wide applications in many areas of physics such as the moddz (=a¢/Z) is the first Bohr radius of a hydrogenic ion with
eling of astrophysical6] and laboratory fusion plasm#8], nuclear charge, because the electron densitigsand the
as well as in basic research in astrophygiés], atomic  temperatured, are around 1¥-10°° cm™ and 10-1F° K,
physics[1,3-5, and plasma physicE2,7,9-13. Recently, respectively.
the bremsstrahlung in collisions of electrons with ions in In Sec. Il we derive the classical expression of the brems-
dense plasmas has been of great interest since the continuwifiahlung cross section in Coulomb scattering of low-energy
radiation due to the bremsstrahlung process can be used fglectrons with ions in dense plasmas using the longitudinal
plasma diagnostick9,10]. The bremsstrahlung spectra from Plasma dielectric function and the classical SL trajectory
high-tempera{ure p|asmas pro\/ide us with information of thénethOd. In Sec. lll we obtain the scaled dOUb'y differential
velocity distribution and the temperature of plasma electron®remsstrahlung radiation cross section as a function of the
using the deconvolution of the radiation spectrum. Therdmpact parameter, projectile energy, radiation photon energy,
have been many investigations for the bremsstrahlung prc@nd plasma parameters. We also investigate the dynamic
cesses in plasmas using both quantum-mechanic@lasma screening effects on the bremsstrahlung radiation
[1,6,7,9,10 and classical2—5,8,10—12 methods depending Cross section with changing projectile velocity, electron ther-
on the energy domain of the projectile particle. For low-mal velocity, and radiation photon energy. Finally, a sum-
energy bremsstrahlung, the classical metf&8,8 is known ~ mary and discussion are presented in Sec. IV.
to be quite reliable. In most of the literature, the static
screening modelg3,11-2(Q have been extensively used for |I. CLASSICAL BREMSSTRAHLUNG CROSS SECTION
the atomic processes in dense plasmas. However, when the ) ]
velocity of the plasma electron is smaller than the velocity of | The classical expression of the bremsstrahlung cross sec-
the projectile electron, the static plasma screening formula ifon [3] is written
not reliable since the projectile electron polarizes the sur-
rounding plasma electrons. Henge the Qynamic mo_tion 01_‘ the dUbZZWf db b dw,(b), 1)
plasma electron has to be considered in order to investigate
the screening effects on the bremsstrahlung processes. Thus,
in this paper we investigate the dynamic plasma screeninghereb is the impact parameter amtiv,, is the differential
effects on the differential radiation cross section for low-Probability of emitting a photon of frequency withinwd
energy electron-ion Coulomb bremsstrahlung in dense plagvhen a projectile changes its velocity in a collision with a
mas such as inertial confinement fusion plasmas and astrgtatic target system. For all impact parameters, the differen-

physical plasmas of compact objects using the classicdial probabilitydw,, can be obtained by the Larmor formula
[4] for the emission spectrum of a nonrelativistic accelerated
projectile electron
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where F,, is the Fourier coefficient of the Coulomb force ion, in the classical SL trajectory method, the position of the
F(t) acting on the projectile electron projectile electron is written as a function of timmeand the
impact parameteb,

_ 1 - i wt \/ 5
Fw_ﬁﬁwdt dotF(t). 3 r(t)=by+otz, (10

wheret=0 is arbitrary, chosen as the instant at which the

projectile electron makes its closest approach to the target
ion. Then, after some straight manipulation, the Fourier co-

efficient F, becomes

Here the Coulomb forc&(t) can be obtained by the inter-
action potentiaV(r),

V(r>=(2w>‘3j d3q e 19"V(q), (4)

- 5 —q,b
B |Ze2J , (4 +Zwlv)e % | 11

0= T 5 2 4,2 :
wherer is the position vector of the projectile electron with 2 9°€ Q. w/vi)
respect to the target iow, is the momentum transfer to the
target ion, andv(q) is the potential in momentum space.
When the ion with charge is placed in a plasma, from
Poisson’s equatiof23],

whereq, (=Qg—0,2) is the perpendicular component of the
momentum transfer to the direction of the projectile electron.
According to the identity of the zeroth-order Bessel function

2
- 4772 d¢ e 9P =273,(q, b), (12)

. . ) ) where ¢ is the angle betweeq, andb, the absolute square
where €(q,{)) is the dielectric function of a plasma. It has of the Fourier coefficientF, | 2 is obtained by

been known that the interaction between the particle and the

longitudinal field can be described by the dynamic plasma

polarization[21]. Thus we use the longitudinal component F,I2=
€(q,Q) of the dielectric function

2

zZe? — —
g (|FLw|2+|FHw|2)1 (13)

mTVaz

. _ 2 wherea;, (=ay/Z) is the first Bohr radius of hydrogenic ion
6(q,Q)=1+(qA) " [1-¢(2)+iVmze ],  (6)  with nuclear charg&@ and

where z=(\2qu1/Q) %, vy (={T./m) is the electron wa, €
thermal velocity,Q)=q-v, v is the velocity of the projectile f=—= TE (14)
v

electron, andp(z) is the plasma dispersion functi¢g2]

(7, with the scaled photon energy (=e/Z*R=fw/Z*R) and
p(z)=2ze* f e’ dy. (7)  the scaled projectile energE (=E/Z?R=3imv?/Z?R).
0 HereF, , andF,, are components of the Fourier coefficient

. . ....of the force that are perpendicular and parallel to the direc-
Here we assume that the plasma is a thermodynamic eqwhql—on of the projectile electron

rium plasma with the Maxwell distribution and neglect the

contribution from ions in plasma since electrons provide e w QzJo(Q§b_)

more effective shielding than iong24]. In the small- Flw:f A=, (15

frequency limit (Q—0), g%¢,(q9,9-v)—g%+A 2. Then, in (Q°+1e&(Qw)

this case the potential Eq4) becomes the static Debye-

Huckel potential — »
Filo= fo d

0

QJo(Qéb)
Qg
Q%+ 1)e(0,0) (16

Z¢e?

VPH(r)=——e /A, (8) — . .
r whereb=b/a, andQ=q, v/w. In the following section, we

shall investigate the dynamic plasma screening effects on the
Recently, there have been several investigati{@326 for  bremsstrahlung radiation cross section.
the dynamic plasma polarization effects on the atomic exci-
tation processes. However, they used the transverse part of; BREMSSTRAHLUNG RADIATION CROSS SECTION
the dielectric functione;(q,)) [21] rather than the longitu-
dinal part of the dielectric function, we cannot obtain the The differential bremsstrahlung radiation cross section
correct asymptotic form of the interaction potenfighy. (8)].  [14] is defined by
From Egs.(4) and(5), the forceF(t) is given by

2 ig-r(t) dxp _ doy hw (173
iZe Fn, e T = A
F(t)=— 2] 3 q n2,n(Q) (9) de #do
2 q°€(d,9-Vv)
L . o — 16 a®agé? (p — —— —
If the projectile electron is moving in the direction and =_ Tﬁ b db(|F, |2+ |Fl?), (17b
a coordinate system is chosen with the origin at the target 3 E Bnin
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TABLE |. Numerical values of the SDDBR cross sectio(raasb7=1) (in units of wag) including the
dynamic screening effect in comparison with the corresponding one in the limit of static screening when
E=0.2 witha, =0.1.

e/E DS (7=1/5? DS (07=1) DS (v7=5) s
0.1 6.314 8X%10°’ 6.148 20<10° 7 6.146 9310/ 6.146 8710/
0.8 6.194 66x10 "’ 5.723 64<10° 7 5.609 45¢10 7 5.604 51107

&The SDDBR cross sectiori&g. (18b)] including the dynamic plasma screening effects.
®The SDDBR cross sectiof&q. (20)] including the static plasma screening effects.

where a (=e€?/fic~1/137) is the fine-structure constant. +as/&(Q%+1). In this static screening case, i.e., the Debye-

Here the minimum scaled impact paramdigy, corresponds  Hiickel potential, the SDDBR cross section becomes

to the closest distance of approach at which the interaction

energy is equal to the maximum possible energy transfer and

then is obtained byb.,=(2E+a,) 1. The maximum _

scaled impact parametb, . is determined by the screening | d®x5° , 16 o3¢ * Q%Jo(Qéb)

length for the plasmab,=a;>. Here the classical trajec- mag=— =D f 4 242
: ! max— dp - T . dedb 37 E 0 (Q°+1+aj/é)

tory approximation should be valid far<Zac since the de

2

Broglie wavelength is smaller than the size of the Coulomb ° QJO(ng_) 2
field [3]. Then the scaled doubly differential bremsstrahlung + fo d (O2+1+a2/E%) (20)
radiation (SDDBR) cross section including the dynamic Q ay/€)
screening DS) effects becomes
d2,Ps 16 a382— — In order to explicitly investigate the dynamic plasma
( q wa(z):— TbHFLw(b-fu’JTuaA)lz screening effects, we consider the two cases of the ratio of
dedb 37 E the radiation photon energy to the projectile electron energy:
—_— — 5 ‘€/lE (=€/E)=0.1(soft radiation photonand 0.8(hard ra-
+Fu(b,€v7,20)]°] (183 giation photon. Here we choose th&=0.2 and 0.8 since

the classical trajectory method is known to be reliable for
low-energy projectilesv <Zac). We also consider the three
cases of the ratio of the electron thermal velocity to the pro-
o jectile velocity:vr=4, 1, and 5. Tables | and Il_show the

foc dQ Q 1(Qéb) numerical values of the SDDBR cross sectigasb=1) in-
+ = , cluding the dynamic and static screening effects for soft pho-

2
+ - ~ .

0 QFDaQévrad] [ asy  on radiation €/E=0.1) and hard photon radiatiGelE
whered; (=v1/v) is the ratio of the electron thermal ve- —0-8) whenE=0.2 and 0.8 witta, =0.1. As we see in these
locity to the projectile velocity and the longitudinal plasmatables’ the SDDBR cross sections are substantially decreased

dielectric functione(Q,£,51,a,) is given by with incregsin_g radiation photon energy, especially for Fhe
higher-projectile-energy case. The SDDBR cross sections

:16a3§25H f dQ QJy(Qéb)
37E 0 (Q°+1)€(Q,&vT,ay)
2

a2 P i also decrease with an increase of the electron thermal veloc-

€(Q,&v1,ay)=1+ 5— 1— > f et 2yt ity due to an increase of the screening effect. The SDDBR
§(Q°+1) X 0 cross section including the dynamic plasma screening effect
2 is always greater than that including the static plasma screen-

+i \/E N ) (19) ing effect. When the projectile velocity is smaller than the

2 x |/ electron thermal velocity, the dynamic polarization screening

effect becomes the static plasma screening effect. When the
with x=27(Q?+1)2, which is the key parameter of the projectile velocity is greater than the electron thermal veloc-
dynamic screening effect. When—o, Eq. (18h) becomes ity, the interaction potential is almost unshielded. Thus we
the static screeningSS formula sincee (Q,£,v7,a,)—1  found that the static plasma screening formula obtained by

TABLE Il. Numerical values of the SDDBR cross sectidasb_zl) (in units ofn-aé) including
the dynamic screening effect in comparison with the corresponding one in the limit of static
screening whee=0.8 witha, =0.1.

</E DS @r=1/5)2 DS (@ =1 DS (77=5) s
0.1 7.442 6107 6.091 36<10 7 6.070 33«10/ 6.069 47107
0.8 4.215 661077 4.044 86<10°7 3.977 58107 3.974 35¢10°7

&The SDDBR cross sectioni&g. (18b)] including the dynamic plasma screening effects.
bThe SDDBR cross sectiofi&q. (20)] including the static plasma screening effects.
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the Debye-Huakel model overestimates the plasma screeningncluding the dynamic and static screening effects is not too
effects on the electron-ion Coulomb bremsstrahlung probig, the bremsstrahlung radiation powers obtained by the dy-

cesses in dense plasmas. namic and static screening formulae would be very different
since the bremsstrahlung radiation power is obtained by the
IV. SUMMARY AND DISCUSSION convolution of the cross section and the electron distribution

) ] ) ) in all velocity rangeq10]. Thus the correct information of

We investigate the dynamic plasma screening effects oghe premsstrahlung cross section is essential to deduce accu-
classical electron-ion Coulomb bremsstrahlung scattering iate information about the velocity distribution and tempera-
dense plasmas. The electron-ion interaction potential ifyre of plasma electrons. These results will provide a general
dense plasmas is obtained by the introduction of the longitugescription of the classical bremsstrahlung processes in
dinal plasma dielectric function. The classical straight-linegjectron-ion Coulomb scattering in dense plasmas.
trajectory method is applied to the path of the low-energy
projectile electron. The differential bremsstrahlung radiation
cross section including the dynamic plasma screening effect ACKNOWLEDGMENTS
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