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The plasma screening effect on the photorecombination of free electrons, with ions in a weakly plas-
ma is investigated. The recombination cross section is obtained by the principle of detailed balance with
the photoionization cross section of the hydrogenic ion including the plasma screening effects on the
bound and continuum states of the electron. It is found that the plasma screening effects on the recom-
bination cross section are less than 11% when the Debye length (A) is greater than ten times of the Bohr

radius (a.) of the hydrogenic ion with nuclear charge Z.
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Photorecombination [ 1-6] is of interest in several are-
as of physics, such as astrophysics, atom and plasma
physics, because it is the inverse process of photoion-
ization. Photorecombination has also important conse-
quences for X-ray astronomy since electron capture by
ions is one of the important continuum X-ray emission
mechanisms. The photorecombination cross sections of
ions in dense plasmas may be different from those of
free ions due to the screening effect of the surrounding
plasma on the initial and final states of the electron. In
dense laboratory and weakly coupled astrophysical plas-
mas the range of the Debey length A is known to be
>10 ay, where ay(= ay/Z = h*/Zme?) is the first Bohr
radius of a hydrogenic ion with nuclear charge Z, since
the electron densities n, and temperatures 7, are known
to be around 10%°-10** cm™ and 10" -10*K [7).
These plasmas can be classified as weakly coupled plas-
mas since the plasma coupling parameter (I') is quite a
bit smaller than unity. The static Debye-Hiickel model
[7, 8] is known to be quite reliable to describe particle
interactions in these dense weakly coupled plasmas. In
this paper we investigate the plasma screening effect on
photorecombination processes by ions in a dense weak-
ly coupled plasma.

The inverse process to photorecombination is photo-

and are mutually related by the principle of detailed
balance,
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Here j,, (= ¢/L*) and j,- (= v/L?) are the fluxes of pho-
tons and electrons for the corresponding channels of the
processes, normalized to one photon per a given cubic
volume (L*), where ¢ is the speed of the light and v is the
speed of the electron. In (2), g, and g; are the statistical
weights of the final states of photorecombination and
photoionization, respectively:
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where g4+2z, g4+2+1, and g,- are statistical weights of the
internal states of the particles, and k and g are the wave
numbers of the photon and the electron, respectively.
After some algebra, the cross section for the recombina-
tion of the free electron to the bound state of the ion with
charge Z is found to be

ionization [9, 10], consisting in photon absorption and o, =2 %Ui . ®)

emission of an electron. Since we are dealing with binary q

collisions Due to the energy conservation, (k/g)” can be represent-
A*ZH e e AYZ 4 B, (1) edby

the cross sections (0,: photorecombination, o;: photo- [ﬁ]z _Zd M (6)

ionization) of both processes have the same dimension q 4 E
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where a (= e?/hc = 1/1 37) is the fine structure constant,
E (= m1*12Z* Ry) the scaled electron energy, Ey (= E,/
Z®Ry) the scaled binding energy, Ry(=me*/2h?
=~ 13.6 eV) the Rydberg constant, and m the electron rest
mass. For the recombination of the free electron to the
Is bound state of the ion with charge Z in weakly cou-
pled plasmas, the binding energy Ey can be given by a
recentinvestigation for the ground state energy and wave
function including the plasma screening effect [7]:

E,=7Ry (1 = ;) @)

where 8, (=2a, - 3a3/2 + a}) represents the plasma
screening correction to the 1s bound state energy and
ax(= az/A) is the reciprocal the scaled Debye length.

From (5) and (7), the radiative recombination cross
section to the Is bound state is given by
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where ds is the 1s photoionization cross section [11] in
weakly coupled plasmas described by the Debye-Hiickel

including the

’

2
model potential, V(r)=- Ze” g
-
screening effect on the bound state, retardation correc-
tion, and screening effect on the continuum state:
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The parameter 7, (= 1 -3a3/4 +a’}) represents the
plasma-screening effect on the Is Bohr radius and
&(=hw/Z? Ry) is the scaled photon energy. The term
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in (9) represents the plasma screening effect on the con-
tinuum state. In obtaining (9), we have restricted our-
selves to hydrogenic wave functions with Za < 1, so that
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relativistic effects for bound state wave functions were
neglected since the relativistic corrections are only of rel-
ative order (Za)®. The 1s state wave function and ener-
gy eigenvalue of the hydrogenic ion were obtained using
the Ritz variation method [6]. Using the energy conser-
vation, £— 1 = E - ,, the 1s photorecombination cross
in units of 77ad as a function of the electron energy (E)
is then found to be

0l(E,Z,a,)/ mad
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In (10), V(E-08,)/E e *E""cor'E"%/(] — e-27E™") repre-
sents the plasma screening effect and Coulomb correc-
tion on continuum state as a function of the scaled pro-
jectile energy. Hence, the screening effects on the initial
continuum and the final bound states are included in
(10). Even though the screened Coulomb correction is
obtained by the radial integration from zero to infinity
rather than from zero to the Debye length A, the result
(10) is quite reliable since the Debye length is greater
than ten times of the Bohr radius when the electron den-
sities n, and temperatures T, are around 10%°-
102 cm™ and 107- 10® K, respectivey, and the expo-
nential factor e’/ in the radial matrix element is quite
small for r = A. Since the recombination cross section
decreases rapidly with increasing principle quantum
number n, the electron is most likely captured into
the ground state [1]. The total recombination is known
to be important at intermediate temperatures, particular-
ly when the plasma consists mostly of hydrogenic ions.

In order to explicitly investigate the total plasma
screening effect on the 1s photorecombination cross sec-
tion, specifically, we consider three cases of the Debye
length:a, =0.1,0.05,and 0,i.e., A = 10a,, 20a,, and oo,
and we assume that Z = 2 since our nonrelativistic result
(10) is valid for Za < 1. Figure 1 shows the photorec-
ombination cross section for the electron capture into the
1s bound state as a function of the scaled electron ener-
gy E (= m*/2Z* Ry). The unscreened photorecombina-

a, EI/Z
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Fig. 1. The 2ls photorecombination cross sections ol in units of 7 for Z=2 as functions of the scaled electron energy
E(= {15112/22 Ry). The dashed line represents the photorecombination cross section fora, = 0.1, i.e., including the plasma screen-
ing effects. The solid line represents the photorecombination cross section fora 4 = 0, i.e., neglecting the plasma screening effects.

Table 1. The numerical valyes of the s photorecombination
cross sections in units of ma for Z =2.

ap o}, (E=50)* (nmad) i, (E=150)" (mad)
0.1 5.52267x 107" 4.42398x 107"
0.05 5.88134x 1070 4.72195% 107"
0 6.19944x107'¢ 4.98809% 107"

2 Photorecombination cross section for £ (= mv?/2Z? Ry) = 50.
4 Photorecombination cross section for E(= m?122? Ry)
=150.

tion cross section is also illustrated. As we can see in this
figure, the plasma screening effects are almost indepen-
dent of the incident electron energy for a given Debye
length. The numerical values of the photorecombination
cross sections in units of 77a3 are listed in Table 1. The plas-
ma screening effects reduce the photorecombination cross
sections (e.g., = 11% fora, = 0.1, = 5% for a, = 0.05).
Inconclusion, we have investigated the plasma screen-
ing effects on photorecombination of the free electron to
the 1s bound state of the hydrogenic ion in a dense weak-
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ly coupled plasma. The charged particle interaction
potential in plasma is given by the static Debye-Hiickel
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length, A > 10a,, are less than 11%. These results pro-
vide a useful information for radiative recombination
processes in dense plasmas.
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