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Different forms of the Stark effect can affect the emission of line shapes in a plasma. Alongside the fluctu-
ating microfield created by plasma ions and electrons, one often observes the fingerprints of oscillating electric
fields. All these dynamic Stark effects result from random and collective motion of the particles but also from
oscillating fields applied from outside the plasma by radiofrequency or laser sources. We here use a computer
simulation to accurately capture the complex dynamics affecting the emission of a hydrogen atom in a laboratory
or fusion plasma.
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1. Introduction
Atoms and ions emitting in a plasma are often subject

to periodic electric fields which can affect the emitted line
shapes. In laboratory settings and magnetic fusion devices,
radio frequency waves (RF) are employed for heating and
diagnosing the plasma. In the realm of magnetic fusion,
numerous projects are delving into the physics of toroidal
plasmas, as observed in tokamaks (ASDEX U, EAST,
WEST, JT-60SA, DIII-D), heliotrons (LHD) or stellarators
(WENDELSTEIN 7-X). Investigations across these facili-
ties contribute invaluable insights for the forthcoming op-
erations of the international ITER tokamak, currently un-
der construction in France. Spectroscopic measurements
of regions heated by the RF field are crucial for enhanc-
ing our understanding of wave-plasma coupling mecha-
nism [1]. Additionally, diagnosing the periodic fields aris-
ing from non-thermal effects and instabilities, such as wave
generation in tokamaks influenced by runaway electrons
presents another layer of interest [2]. Notably, a spectro-
scopic diagnostic capable of early detection of runaway
electrons is of interest for the ITER project.

Modeling the effect of periodic electric fields has
a long history involving various line shape formalisms
[3,4,5], and has often focused on a monochromatic and lin-
early polarized wave

−→
Ew cos(Ωt + φ), where φ is a random

phase. In this study, we explore the utility of computer
simulations in understanding the impact of the particle mi-
crofield and a concurrent periodic electric field on line
shapes. By numerically solving the Schrödinger equation
for a hydrogen emitter, we accurately capture the complex
dynamics of our physical system [6]. Several groups em-
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ploy such computer simulations today, and a recent com-
parison of the outcomes from their codes has been per-
formed for hydrogen lines in a periodic electric field [7],
which will be briefly reviewed here. We will also examine
the influence of the magnitude Ew and the frequency Ω of
the wave, and present the application of the simulation to
the conditions of different laboratory and fusion plasmas,
particularly in the presence of a magnetic field.

2. Computer Simulation for the Line
Shape
The electric field resulting from the motion of the

charged particles can be obtained by summing the field of
a large number of particles moving in a cubic box. We
here assume that the particles move on straight lines in the
cubic box, and retain the screening effects by a Debye po-
tential. In the calculations presented we can simulate both
the ions and electrons, or retain the effect of the electrons
by a collision operator ϕe. The oscillating electric field is
supposed to have a single frequencyΩ and a random phase
φ. We numerically solve the Schrödinger equation for the
emitter evolution operator U(t):

iℏ
dU(t)

dt
=

[
H0 −

−→
M · −→B − −→D ·

(−→
E i +

−→
E e

)
−−→D · −→E W cos(Ωt + φ)

]
U(t), (1)

where H0 is the Hamiltonian of the unperturbed emitting

atom,
−→
M and

−→
D are respectively the magnetic moment and

the dipole operator of the emitter,
−→
B is the magnetic field,

−→
Ei and

−→
Ee the ion and electron electric fields, and EW the

magnitude of the oscillating electric field. If we use an im-
pact model for ϕe, the Griem-Kolb-Shen [8] collision oper-
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ator provides a good approximation:

ϕe = C
Ne

ve

−→
D · −→D

[
1 +

∫ ∞

ymin

e−y

y
dy

]
, (2)

where C is a constant, Ne is the electronic plasma density,
ve the electronic thermal velocity, and ymin the square of the
ratio of the Weisskopf radius to the Debye length [8]. The
evolution operator is calculated for each history of the ion
and oscillating electric field, and the dipole autocorrelation
function is obtained by averaging the following expression
over a large number of histories:

C(t) = Tr
{−→

D U+(t)
−→
DU(t)

}
. (3)

A numerical Fourier transform of C(t) provides the line
shape.

3. Line Shape Codes Comparison
The Spectral Line Shapes in Plasma (SLSP) workshop

has been created in 2012 with the aim of comparing the
line shapes obtained by the many analytical and numerical
approaches developed in the last decades [9]. A compari-
son of the different obtained results allows one to identify
the main physical mechanisms at work for a specific case.
If it is possible to compare with experimental spectra, one
can also estimate the accuracy of the spectroscopic diag-
nostic. For SLSP 6, which took place in 2022, four cases
concerned the effect on hydrogen lines of a periodic field
Ew cos (ωpt + φ) oscillating along the z axis at the plasma

frequency ωp =
√

Nee2/mε0, with e and m the electron
charge and mass, and ε0 the permittivity of free space. A
recent paper [7] recalls the main features of the five line
shape codes, and reports about the good overall agreement
observed between these codes which all use a simulation
of the plasma particle motion, and a numerical integra-
tion of the Schrödinger equation. We present in Fig. 1 Hβ
line shapes for a density Ne = 1022 m−3, a temperature
T = 1 eV, and a magnitude of the periodic electric field

Fig. 1 Hβ calculated with five different codes for an oscillating
electric field magnitude Ew = 10 F0.

Ew = 10 F0, where F0 is the Holtsmark field defined by:

F0 =
e
ε0

1
2

(
4
15

)2/3

N2/3
e . (4)

The results of five line shape codes (ERIP [10], HSTRKII
[11], MyWave [12], SimU [13], Xenomorph [14]) are here
compared in units of the oscillation frequency ωp. For
the plasma conditions of Fig. 1, all these codes predict the
appearance of a central component, and on each side of
three satellites located close to multiples of the plasma fre-
quency. There is a good overall agreement between the dif-
ferent calculations, with differences that can be attributed
to the numerical methods employed. The code HSTRKII
uses a line shape formalism which does not assume a sta-
tionary process [15], in contrast with the other approaches.
This results in a slightly different distribution of intensity
between the central part of the line and the wings.

4. Line Shapes in Periodic Electric
Field and a Static Magnetic Field
We present in the following the hydrogen line shapes

Balmer alpha (Hα) and Balmer β (Hβ) calculated with the
MyWave code, in the conditions of edge plasmas in mag-
netic fusion devices, with the oscillating electric field and
static magnetic field both along z, and the line of sight per-
pendicular to z (θ = π/2). The periodic field magnitude
Ew is compared to the mean plasma microfield Em, which
is about 3.4 F0 in a weakly coupled plasma, where F0 is
the Holtsmark field. Figure 2 shows Hα in a magnetic field
Bz = 6 T and an electric field oscillating at the cyclotron
frequency ωc = eB/m with a magnitude Em and 3 Em. Sig-
nificant changes occur for Ew = 3 Em, with satellites of the
central π component (corresponding to ∆m = 0 transitions,
with m the magnetic quantum number) visible at multiples
of ωc. For this alpha line and the conditions used, the σ
component (∆m = ±1) is weakly affected by the oscillat-
ing electric field.

Figure 3 illustrates how an oscillating electric field at
frequency 1.5 ωc replicates both the π and σ components

Fig. 2 Hα line calculated in a magnetic field Bz = 6 T, and Ew =
0, 1 and 3 Em.
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Fig. 3 Hβ line in a magnetic field Bz = 6 T, and an electric field
oscillating at 1.5 ωc, with Ew = 0 and 3 Em.

Fig. 4 Hβ line in a magnetic field Bz = 3 T, and an electric field
oscillating at vRF = 77 GHz, with Ew = 5 Em.

for the Hβ line. Since both the σ and π components are
affected by the oscillating electric field, a replica of the
Lorentz triplet centered at the oscillation frequency is ob-
served for Ew = 3 Em.

We consider in Fig. 4 the effect of a radio frequency
field at vRF = 77 GHz, with an oscillation along z, and a
magnetic field Bz = 3 T. A replica of the Lorentz triplet
is visible centered at the oscillation frequency, with a σ
minus component appearing as a shoulder in the σ plus
component of the main triplet. The oscillation frequency
is chosen equal to a radiofrequency field used in the large
helical device (LHD) at NIFS. Our calculations show that
a large oscillating field magnitude of about 5 Em allows a
clear observation of the Lorentz triplet replica.

Figure 5 shows the effect of an oscillating electric field
at the upper hybrid frequency ωUH with a magnitude Ew of
2 and 5 Em, and edge plasma conditions expected for ITER
(density Ne = 1021 m−3, temperature T = 1 eV). As in the
previous figures, both the oscillating electric field and the
magnetic field are along z, and the line of sight is trans-
verse to z. Such magnitudes Ew could be generated by the
presence of a beam of runaway electrons, and according
to our calculations might be detected early by a survey of
Hβ. The line calculated for Ew = 2 Em already shows a

Fig. 5 Hβ line shape for ITER edge plasma conditions and a
magnitude of the electric field Ew = 2 and 5 Em, with an
oscillation frequency equal to ωUH.

small triplet structure around ωUH. For Ew = 5 Em the line
is strongly modified. A first replica of the triplet is visi-
ble around ωUH, but with a weak π component, and three
other replica without a clear structure can be observed at
multiples of ωUH.

5. Conclusion
We have developed a computer code for calculating

the line shapes emitted in the presence of a magnetic field
and an oscillating electric field. Our calculations show
that an accurate simultaneous diagnostic of the plasma and
wave properties is possible. The periodic electric field
transfers the central intensity of the hydrogen lines to repli-
cas centered close to multiples of the oscillation frequency.
Possible applications concern the spectroscopic diagnostic
of the coupling of radiofrequency fields to the plasma [1],
and the early detection of runaway electrons in magnetic
fusion devices [2]. Prospects for this model are the use of
Stokes parameters to obtain the direction of oscillation of
the electric field, and the use of other emitting atoms and
ions than hydrogen.
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