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Stark Profiles of Spectral Lines Corresponding to the Transitions to
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ABSTRACT: Quantitative description of the Stark effect on Rydberg levels of argon atoms is given. Theoretical
dependences of the shift and splitting of both allowed and forbidden spectral lines of argon atoms on the magnitude of
the electric field are obtained These dependences can be used for laser-aided measurements of weak electric fieldsin
low temperature plasmas.
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INTRODUCTION

At present laser spectroscopy of Rydberg levels of argon atoms is widely used for diagnostics of electric fields
(EFs) in plasmas (seg, €. g., [1-6]). For EF measurements, two main schemes of excitation in argon atoms are used.
A feature of the first scheme [1-3] is a single-photon excitation from the metastable level 453/ 2], to Rydberg n'f
levels (n">>1). Within the second scheme[4-6], atwo-step excitation fromthe 45[3/ 2], level to Rydberg levelsn'd
and (N + 2) §3/2], is used, and laser-induced fluorescence-dip spectroscopy [7] is employed to detect the Stark
spectra(seeFig. 1). Asanintermediatelevel, the np leve isused, where n = 4 or 5. Experiments performed with the
use of this scheme (see [4-6]) revealed avery complicated structure of Stark spectra of argon.

In the present work, we give a quantitative description of the Stark effect for argon atoms within the excitation
scheme employed in Refs. [4-6]. Theresults, obtained in the present work, can be used for | aser-ai ded measurements
of weak electric fieldsin plasmas.

THEORETICAL CALCULATIONSAND RESULTS
The wave functions and the positions of energy levels of Rydberg states of argon atoms are determined from the
following Schrédinger equation:
HY=¢ey, H=H +ezF. D
Here H, isthe unperturbed Hamiltonian of an argon atom, and ezF- isthe operator of the electric dipoleinteraction

of the argon atom with the electric field g . It is assumed that the z-axis is chosen parallel to the direction of the
vector .

We solved Eq. (1) by performing numerical diagonalization of the matrix H = H_ + ezF. We assume that the
vector of polarization of the laser radiation having the wavelength A, (cf. Fig. 1) isparallel to the vector £ . Inour
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Figure 1: Partial scheme of energy L evels of an argon atom. Two-step excitation schemeis used to populate rydberg L evels of
argon. It isassumed that the stark spectrum isrecorded using laser-induced fluorescence-dip spectr oscopy

numerical code that calculates the Stark spectra corresponding to the excitation of the transitionsto Rydberg levels
n' of argon, the following Rydberg levels of argon aretaken into account: n'l (I =2, 3,...,n"-1),n'=1,1 (1=2, 3,...,
n-2), n"n+1,1 (=0,12,..,n), N +2)s, (n+2)p,and (N + 3)s.

Theoretical Stark spectra of argon atoms cal culated for the excitation to levels of n' = 25 are shown in Fig. 2.
For rather weak electric field F = 70 V/cm, the spectrum consists of threeintense allowed lines corresponding to the

25d[5/2], (J=2;3)

25013/2],
25d[1/2], ~278[3/2],

E g_gp \ 278 F=70 Vicm

c

» M F=120

'é AN A -

< A

2 \ /B F=170

2]

c

L

= WW::ESO

B8 -4 0 4 8 12 16

wave number shift (cm '1)

Figure 2: Theoretical stark spectra of argon atomsfor the excitation scheme shown in Fig. 1.

transitions from the np[3/2] level to the levels 25d[3/2],, 25d[5/2], (J=2;3), 2793/2],. Two weak forbidden
lines corresponding to the transitions to the 26p and 27p levels can also be seen. For sufficiently strong electric
field, the Stark spectra of argon consist of many components. The positions of most of these components depend
strongly on the strength of the electric field.
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For measurements of moderate electric fields, it is convenient to use the separation between the closely spaced
spectral lines that are indicated in Fig. 2 by letters A and B. When the electric field is weak and the separation
between these lines cannot be measured accurately, the strength of the electric field can be deduced from the Stark
shift of the allowed spectral line corresponding to the transition np[3/2] - 2793/2],, as well as of the forbidden
spectral lines corresponding to thetransitions np[3/2] - 26pand np[3/2] — 27p, wheren= 4 or 5. Figure 3 (curves
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Figure 3: Stark shift of spectral lines corresponding to the transitions np[3/2] — 2793/2],, np[3/2] — 27p, and np[3/2] — 26p,
Respectively, ver sus the magnitude of the electric field F. Curves 1 (np[3/2] - 2753/2]2), 2 (np[3/2] — 27p) and 3 (np[3/2] — 26p)
Show thetheoretical dependences of the shift on F, n being either 4, or 5. Curve 4 showsthe experimental shift of the
transition against the magnitude of the electric field F, obtained in Ref. [4]

1-3) shows the theoretical dependence of the Stark shift of these lines on the electric field strength. The curve 4 in
Fig. 3 shows the experimental dependence of the shift of theline 4p[3/2] - 26p obtained in Ref. [4]. One can see
that there is areasonabl e agreement between the experimental and theoretical dependenciesof the Stark shift of the
line4p[3/2] — 26p onthe electric field strength.
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