
PHYSICAL REVIEW E NOVEMBER 2000VOLUME 62, NUMBER 5
Measurement method for electric fields based on Stark spectroscopy of argon atoms

V. P. Gavrilenko,* H. J. Kim,† T. Ikutake, J. B. Kim, Y. W. Choi,‡ M. D. Bowden,§ and K. Muraoka
Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, Kasuga Fukuoka 816-8580, Japan

~Received 11 April 2000!

We report the development of a method for the measurement of electric fields in glow discharge plasmas,
based on Stark spectroscopy of argon atoms. The method is based on laser excitation of transitions in atomic
argon. The key feature of the method is that the electric field is determined by matching experimentally
obtained absorption spectra to theoretically calculated spectra. The dependence of the positions of energy
levels of argon atoms on the strength of the electric field was calculated by solving the Schro¨dinger equation
for the argon atom. Measurements of Stark spectra were made in the sheath region of a glow discharge using
laser optogalvanic spectroscopy. The wavelength of the laser radiation was tuned to the transitions 4s⇒n f
(n57,8, . . . ,14) of theargon atom. Forn511, the lower limit for electric field measurements was estimated
to be 14 V/mm.

PACS number~s!: 52.70.2m, 32.60.1i, 52.80.2s
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I. INTRODUCTION

The electric field in a gas discharge is one of the m
important discharge parameters. In glow discharges, i
closely connected with other discharge parameters suc
charge densities, energy distribution functions, and fluxe
ions and electrons. The spatial distribution of the elec
fields throughout the whole discharge, and especially in
sheath regions near electrodes and material surfaces, s
as input data for plasma discharge modeling. For these
sons, studying spatial distribution of electric fields in t
discharge is of great practical importance.

One of the main techniques for measurements of elec
fields in discharges is based on the Stark effect of spe
~atoms and molecules!, which either are present in a dis
charge or are added to the discharge for the purpose of d
nostics. Techniques have been developed for glow
charges containing hydrogen@1,2# and helium@3–10#, using
either shifts and/or splitting of energy levels due to Sta
effects. Other techniques based on Stark mixing of ene
levels have been developed for discharges containing
@11–13#, NaK @14–15#, and CS@16#. For hydrogen and he
lium, the determination of electric field was based on a t
oretical calculation of the Stark effect. For other speci
some kind of calibration was necessary to rigorously co
late the experimentally observed Stark effects with the e
tric field intensity.

There is a strong need for techniques that can mea
electric field distributions in discharges in gases such as
gon, which is widely used for plasma processing. We pre
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ously reported on the development of a technique based
spectroscopy of argon atoms, and suitable for application
glow discharges@17,18#. In these papers, the Stark shift o
several allowed spectral lines of argon was calibrated exp
mentally against a discharge electric field that was obtai
in turn from spectra of helium atoms. In addition, it was al
observed@18# that for the transitions to the Rydberg ener
levels of argon atoms, there appear many forbidden spe
lines, the positions of which strongly depended on t
strength of the electric field.

In this paper, we describe research that significantly
proves the sensitivity and the detection limit of this elect
field measurement method. This was achieved by a com
nation of examining transitions in argon atoms that are m
more sensitive to the electric field than those previously st
ied, and most importantly, by theoretically calculating t
dependence of argon energy levels on the electric field.
important to have a quantitative description of the Stark
fect for argon atoms in order to obtain the electric field d
pendencies of the positions of argon spectral lines, both
lowed and forbidden. Such a quantitative description can
used as the basis of a technique for the direct measurem
of electric fields in argon discharges, without the need for
experimental calibration procedure. The quantitative desc
tion described in this paper improved the measurement a
racy because the rather large experimental uncertainties
sociated with the previous calibration are replaced by m
smaller uncertainties associated with the theoretical calc
tion. The detection limit for the electric field was improve
because transitions to Rydberg levels with higher princi
quantum numbern were studied.

This research consists of two main parts. In the first p
we measured absorption spectra of laser radiation for tra

tions from the metastable level 4s@ 3
2 #2 to Rydberg levels

characterized by principal quantum numbersn57, . . . ,14.
The measurements were made in the sheath region of
glow discharge operated in argon. In the second part,
calculated absorption spectra, based on a solution of
Schrödinger equation for the argon atom being in Rydbe
state and interacting with an electric field. These two stud
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7202 PRE 62V. P. GAVRILENKO et al.
are described below in Secs. II and III, respectively. Sect
IV contains a comparison of the experimental and theoret
results. Section V contains a description of how the d
charge electric field can be determined with this method,
a discussion of the measurement accuracy and detection
its. Section VI is a brief summary.

II. EXPERIMENTAL METHOD AND RESULTS

The spectroscopic scheme is shown in Fig. 1. Laser e

tation was used to excite argon atoms from the 4s@ 3
2 #2 meta-

stable level to Rydberg levels. In the absence of an elec
field, the only allowed transitions are those from the me

stable level to then f@ 5
2 #2,3 and n f@ 3

2 #1,2 levels. These tran-
sitions are shown in the figure by the solid arrows.

The experimental apparatus is shown in Fig. 2. The la
source was a tunable dye laser pumped by a xenon chlo
excimer laser. The laser was operated atl;600 nm, and the
laser output was frequency doubled to generate the radia
at l;300 nm which was used for the excitation. The outp
of the dye laser had pulse duration of 25 ns and a spe
width of 0.2 cm21. A cylindrical lens was used to focus th
laser beam into a sheetlike beam with a width of 0.1 mm a
a height of 2 mm. The beam was directed through the pla
parallel to the electrode surfaces. Measurements were
formed by scanning the dye laser wavelength and measu
the absorption spectrum by laser optogalvanic~LOG! spec-
troscopy.

Figures 3~a!, 3~c!, 3~e!, 3~g!, 3~i!, 3~k!, 3~m!, and 3~o!
show the LOG spectra measured for transitions from

lower level 4s@ 3
2 #2 to Rydberg levels with principal quantum

numbersn57, . . . ,14. These spectra were obtained fro
discharge plasmas with pressures of 5.060.2 torr. Each set
of measurements shows spectra measured when the lase

FIG. 1. Partial scheme of energy levels of an argon atom.
laser radiation populated levels of the principal quantum num

n58 by excitation from the lower level 4s@
3
2 #2 ~thick arrows!. Thin

arrows indicate the Stark coupling of energy levels due to the ef
of the electric field. Each energy level ofn58 consists of a pair of
closely spaced sublevels corresponding to two different value
the total angular momentumJ: J15K2

1
2 ,J25K1

1
2 , where the

quantum numberK is indicated in brackets above the correspond
energy level.
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at different distances from the cathode surface. The dista
d shown in the figure is the distance from the cathode s
face, the position of which corresponds tod50 mm.

Spectra obtained when the laser beam was far from
cathode show only two peaks, corresponding to the tra

tions from the level 4s@ 3
2 #2 to levelsn f@ 5

2 #2,3 andn f@ 3
2 #1,2.

~The wavelengths of these transitions are shown in Table!.
Spectra obtained when the laser beam was in the vicinity
the cathode show many peaks. This strong restructuring
the absorption spectrum is due to the Stark effect cause
the electric field near the cathode. Although the main f
tures of the Stark effect for Rydberg levels of argon ato
are considered theoretically in Sec. III, important features
the experimental spectra are discussed briefly here.

It should be noted that for excitation ton57, . . . ,12,
spectra are shown for positions ranging from close to
electrode, where the electric field is high, to far from t
electrode, corresponding to outside the sheath. For excita
to n513 and 14, however, spectra are shown only for po
tions in the outer parts of the sheath, where the electric fi
is relatively small. This is because the high sensitivity
these levels to the electric field, together with the relativ
small energy difference between adjacent energy lev
means that at high electric field, the spectra from adjac
levels overlap. This leads to very confused spectra.

The spectra for excitation ton57, 8, and 9 levels are
similar to those reported previously@18#. It can be seen from
the whole set of spectra that, as expected, levels with hig
n are much more sensitive to the electric field. This sensi
ity of the levels with highn can be seen clearly by directl
comparing spectra obtained at the same spatial position.
spectra obtained atd51.0 mm for excitation ton57 is es-
sentially identical to that obtained atd51.5 mm, outside the
sheath. Spectra obtained at similar positions using excita
to n514, however, are completely different. This and oth
important aspects of the experimental spectra are discu
in Secs. IV and V.

Another feature of the spectra is that, when many pe
are present in the spectrum, the outer peaks are spect
broader than the central peaks. This broadening is due to
finite range of electric field that exists within the laser bea
cross section, and is discussed further in Sec. III.

e
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FIG. 2. Experimental system used for LOG measurements
dc glow discharge.
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FIG. 3. ~a!, ~c!, ~e!, ~g!, ~i!, ~k!, ~m!, and ~o! Experimental LOG spectra obtained at different distances from the cathode in an
discharge at 5.0 Torr.~b!, ~d!, ~f!, ~h!, ~j!, ~l!, ~n!, and~p! Theoretical spectra of absorption of laser radiation at transitions between the

level 4s@
3
2 #2 and the upper levels of principal quantum numbern of argon atoms (n57,8, . . . ,14).Each pair of spectra corresponds

excitation to levels with differentn. For both experimental and theoretical spectra, the vector of polarization of the laser radiatio
parallel to the discharge electric field.
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III. THEORETICAL CALCULATION AND RESULTS

A. Theory of the Stark effect for Rydberg levels of argon atoms

For Rydberg states of an argon atom, the (j 1) coupling
scheme can be applied@19,20#. Within this scheme, the
strong coupling of the orbital momentum of the Rydbe
electron l to the ion-core total angular momentumj c pro-
duces the angular momentumK5 j c1 l. The angular momen
tum K is weakly coupled to the Rydberg electron spins. The
total angular momentum of the whole argon atom isJ5K
1s. Therefore, in our consideration of the Stark effect
argon atoms, we use the basis wave functions of energy
f
v-

els of argon atoms in the formw5unl@K#J& wheren is the
principal quantum number of the Rydberg electron.

In order to find the wave functions and the positions
energy levels of Rydberg states of argon atoms, we num
cally solve the following Schro¨dinger equation for argon at
oms interacting with the electric fieldF:

Hc5«c, H5H01ezF. ~1!

In this expression,H0 is the unperturbed Hamiltonian of a
argon atom, andezF is the operator of the dipole interactio
of the argon atom with the electric fieldF. The axisz is
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chosen to be parallel to the direction of the vectorF. The
matrix H0 is diagonal, its elements being unperturbed en
gies of argon levels. The off-diagonal elements of the ope
tor z are

^~nl j c!KsJMuzu~n8l 8 j c!K8sJ8M 8&

5~21!J1J81K1K81 l 1 j c1s2M@~2J11!~2J811!~2K11!

3~2K811!#1/2dMM8S J 1 J8

2M 0 M D H K J s

J8 K8 1J
3H l K j c

K8 l 8 1 J ^nlir in8l 8&,

FIG. 3. ~Continued.!

TABLE I. Wavelengths of the allowed transitions from th

4s@
3
2 #2 metastable state to then f states.

Upper level @
5
2 #2 @

3
2 #2

7 f 315.245 nm 315.322 nm
8 f 310.104 nm 310.149 nm
9 f 306.665 nm 306.702 nm
10f 304.261 nm 304.287 nm
11f 302.503 nm 302.521 nm
12 f 301.185 nm 301.191 nm
13f 300.160 nm 300.165 nm
14f 299.354 nm 299.358 nm
r-
a-

where j c5 3
2 , s5 1

2 , M is the quantum number of the projec
tion of J onto the axisz, dMM8 is the Kronecker symbol,
(m1

j 1
m
j

m2

j 2 ) is the 3j symbol, $ l 1

j 1
l 2

j 2
l 3

j 3% is the 6j symbol, and

^nlir in8l 8& is the reduced matrix element:

^nlir in8l 8&5H 2~ l 11!1/2^nlur un8,l 11&, l 85 l 11

l 1/2^nlur un8,l 21&, l 85 l 21.

The radial matrix elementŝn,l 11ur unl&, which are needed
for calculating the Stark splitting of upper levelsnl ~with l
>3!, can be calculated using the tables presented in R
@21#. Our analysis has shown that these matrix elements
close to those given by the hydrogenic formula@22#

^n,l 11ur unl&5~3n/2!@n22~ l 11!2#1/2a0 ,

wherea0 is the Bohr radius. This is due to the fact that f
the nl configurations withl>3, the quantum defectsd1 are
small ~i.e., d1!1!. Therefore, we used the hydrogenic fo
mula, shown above, for the matrix elements^n,l 11ur unl&
with l>3 while solving Eq.~1!. We also took into accoun
the following selection rules for the Stark mixing of energ
levels of an argon atom:

DJ561 for M50, DJ50,61 for MÞ0,

DK50,61, D l 561. ~2!

Since the initial state 4s@ 3
2 #2 has a small admixture of the

state 3d@ 3
2 #2 laser excitation can populatenf Rydberg states

of argon atoms. The selection rules in Eq.~2! are also appli-
cable for such a laser excitation. From these selection ru
we can conclude that withinnf Rydberg levels of the samen,

only two fine-structure doubletsn f@ 3
2 #1,2 andn f@ 5

2 #2,3 can be
populated by laser radiation in the absence of an electric fi
F. These two components, corresponding to the transiti

4s@ 3
2 #2→n f@K#J ~K5 3

2 and 5
2!, were observed in the exper

mental LOG spectra far from the cathode shown in Fig.
WhenFÞ0, the wave functions of the levelsnl@K#J having
the samen are intermixed. This leads to the appearance o
large number of Stark components in the LOG spectrum
argon atoms in the electric field. The vector of polarizati
of the laser radiation is parallel toF in our experiment.

Therefore, the laser radiation couples the states 4s@ 3
2 #2 and

n f@K#J having the same quantum numberM ~uM u50, 1, and
2!. We solved Eq.~1! by performing a numerical diagona
ization of the matrixH5H01ezF for each value ofM ~M
50, 61, and 62!. The matrix H has the dimension (8n
224)3(8n224). The solution of Eq.~1! can be written in
the form

cm
~n,M !~F !5 (

l 53

n21

(
K,J

Qm,lKJ
~n,M !~F !unl@K#J ,M &,

m51,2, . . . ,8n224, ~3!

where coefficientsQm,lKJ
(n,M )(F) are obtained as a result of th

diagonalization of the matrixH.
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Let us assume that the Zeeman states with differenM

(M50, 61, and62! of the lower level 4s@ 3
2 #2 are equally

populated, and that there is no saturation for the laser e
tation. The intensities of the Stark components in the LO
spectrum for the fixed magnitude of the electric fieldF then
can be expressed as

I m~F !5PL (
M522

12

u^3d@ 3
2 #2 ,M uzucm

~n,M !~F !&u2,

m51,2, . . . ,8n224, ~4!

where the coefficientPL is proportional to the intensity o
the laser radiation and is independent of the values ofF and
m. The positions«m(F) of Stark components in the LOG
spectrum having the intensityI m(F) are the eigenvalues o
the HamiltonianH @see Eq.~1!#. These eigenvalues also a
obtained as a result of diagonalization of the matrixH.

B. Effect of the electric field gradient

As noted in Sec. II in the experimental LOG spectra
corded in the vicinity of the cathode, the profiles of the ou
Stark components are broader than those of the central c
ponents. This indicates that the electric fields were inhom
geneous within the cross section of the laser beam becau
the electric field gradient. Such a difference of the widths
the outer and central components of the experimental L
spectra can be explained by the combination of two fact
First, for the inhomogeneous electric fields, the different
gon atoms within the cross section of the laser beam
under the action of the electric fields of different magnitud
Second, for the spectrum of argon atoms, when the ma
tude of the electric fieldF varies, the corresponding chang
of the positions of the central Stark components is sma
than that of the outer Stark components. This effect of
electric field gradient has been observed previously in sp
tral lines of helium, reported in Refs.@3# and @4#.

Theoretically, we describe the effect of the inhomog
neous electric fields by considering a distribution function
the electric fieldsW(F), the valueW(F)dF being the prob-
ability for the magnitude of the electric fieldF to be within
the small range fromF to F1dF. Using the distribution
functionW(F), the Stark profile of each spectral compone
can be represented as

Sm~D«!5E
2`

1`

Gm
~F !~D«!W~F !dF, D«5«2«m~F !.

~5!

Here«m(F) is the position of the spectral component havi
an intensityI m(F), andGp

(F)(D«) is the profile of this com-

ponent. For the profileGm
(F)(D«), we use a Gaussian wit

full width at half maximum~FWHM! equal to 0.004 nm.
This value of the FWHM was obtained from the experime
tal LOG spectra recorded far from the cathode~where the
Stark broadening of spectral lines was small!. The good
agreement between the experimental and theoretical L
spectra is achieved when we use the electric field distribu
function
i-

-
r
m-
-
of

f
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G
n

W~F !

5H dF1/2

2pA0

1

~F2F0!21~dF1/2/2!2 , uF2F0u,3dF1/2/2

0, uF2F0u>3dF1/2/2,

~6!

where F0 is the mean magnitude of the electric field (F0
.0), the value ofdF1/2 is given by the relation

dF1/25H 2F0/3, 0,F0,0.24 kV/cm

0.16 kV/cm, F0>0.24 kV/cm,

and A0'2p21 arctan 3'0.7952. Thus, for uF2F0u
,3dF1/2/2, the distribution functionW(F) in Eq. ~6! has the
form of a Lorenzian profile, the value ofdF1/2 being the
FWHM of the profileW(F). The coefficientA0 is introduced
in Eq. ~6! in order to satisfy the normalization condition

E
2`

1`

W~F !dF51.

Figures 3~b!, 3~d!, 3~f!, 3~h!, 3~j!, 3~l!, 3~n!, and 3~p! show
the theoretical spectra obtained for the various magnitude
the mean electric fieldF0 . These spectra correspond to th
transitions to the energy levels of argon atoms correspond
to n57, . . . ,14.These theoretical spectra were calculat
using Eqs.~4!–~6!.

IV. COMPARISON OF EXPERIMENTAL
AND THEORETICAL SPECTRA

The experimental spectra shown in Fig. 3 were measu
at different distances from the electrode, and so each gr
of spectra represents a set measured at regular intervals
region with a monotonically increasing electric field. Th
theoretical spectra shown in Fig. 3 were calculated for d
ferent, regularly spaced, electric field magnitudes. It can
seen that there is good agreement between the experim
and theoretical spectra. Both the intensity and spectral p
tion of the different Stark components agree very well.

The theoretical spectra were calculated including the
fects of the distribution of electric field within the laser bea
cross-section, as discussed in Sec. III B. Figure 4 shows

FIG. 4. The same as in Fig. 3~j!, but without integrating over the
electric field distribution functionW(F).
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7206 PRE 62V. P. GAVRILENKO et al.
oretical spectra for excitation ton511 that were calculated
without this effect. Comparing the theoretical spectra p
sented in Figs. 3~j! and 4, we can conclude that integratin
over the distribution function of the electric fieldsW(F) is
important in order to describe the experimental LOG spe
correctly.

For some cases, the experimental spectra contain s
additional spectral lines. For instance, for excitation ton
512, there is a strong additional line at the wavelengthl
;300.96 nm, and for excitation ton514, there is one atl
;299.26 nm. These accessory lines, however, do not in
fere with the determination of electric field.

An interesting feature of both the experimental and th
retical spectra withn>9 is that, for high electric fields, thes
spectra consist of equidistantly spaced Stark components
number of such Stark components beingN5n23. This re-
sult can be understood by taking into account the fact that
high electric fields, when the Stark interaction of the arg
atom with the electric field exceeds the separation of
energy sublevels corresponding to the principal quan
numbern, the Stark effect of the argon atom can be cons
ered as the Stark effect in the system of the degener
levels nl where l 53,4, . . . ,n21. There aren23 such lev-
els, and, hence, the number of Stark components shoul
also equal ton23.

It should be noted that spectra similar to that presente
Fig. 3 were obtained experimentally and calculated theor
cally in the work of Ref.@23# for the transition to the uppe
level n518 in argon. In this work, a collinear laser spectr
scopic technique was applied to an atomic beam of argo

V. DETERMINATION OF THE ELECTRIC FIELD
DISTRIBUTION

It can be seen from Fig. 3 that, for sufficiently stron
electric fields, the Stark spectra consist of many compone
The positions of most of these components depend stro
on the magnitude of the electric field. These dependen
can be used for the measurement of the electric field i
discharge in two ways.

For the measurement of moderate electric fields, it is c
venient to use the separation between the two closely sp
spectral lines that are indicated in Figs. 3 and 4 by letterA
andB, to determine the magnitude of the electric field. The
lines correspond to the dipole-forbidden transitions, and t
appear in the spectra only due to the Stark mixing of
wave functions belonging to various sublevels of the up
energy level. Figure 5 shows the dependencies of the s
ration between these forbidden linesA andB on the strength
of the electric fieldF0 , calculated for the transitions from th

4s@ 3
2 #2 level to then57, . . . ,14levels. As the distribution

function of the electric fields, we used the functionW(F)
presented in Eq.~6!.

When the electric field is very weak and the separat
between the forbidden components cannot be measured
curately, the magnitude of the electric field can be dedu
from the small Stark shift of the allowed spectral lines c

responding to the transitions 4s@ 3
2 #2→n f@K#, whereK5 3

2

and 5
2. This shift is approximately a quadratic function of th

strength of the electric field. Figure 6 shows the depend
-
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cies of the shift of the allowed spectral line on the strength
the electric fieldF0 , calculated for the transitions from th

4s@ 3
2 #2 level to then57, . . . ,11 levels. For excitation to

higher levels, the spectral peaks due to allowed transiti
are extremely close together, and the shift of a single p
could not be determined accurately.

Figure 7 shows the spatial distribution of the electric fie
in the cathode region of the discharge, determined from
perimental spectra. This distribution was obtained using
experimental LOG spectra corresponding to transitions fr

the lower metastable level 4s@ 3
2 #2 to upper levels corre-

sponding ton510 and 11. For distances from the cathode
the range 0<d<1.2 mm, the magnitude of the electric fie
F0 was deduced from the dependence of the separation
tween linesA andB on F0 . For d>1.3 mm, where the elec
tric field is extremely weak, the value ofF0 was deduced

from the Stark shift of the allowed spectral lines 4s@ 3
2 #2

FIG. 5. The dependencies of the separation between the
closely spaced spectral lines indicated in Fig. 3 by lettersA andB
on the magnitude of the electric fieldF0 calculated for transitions

from the lower energy level 4s@
3
2 #2 to the upper levels of the prin

cipal quantum numbersn57,8, . . . ,14 ofargon atoms.

FIG. 6. The dependence of the shift of the allowed transition
weak electric fields. The shift is defined as beingDl5l2l0 ,
where l is the wavelength of the observed peak, andl0 is the
wavelength of the peak when the electric fieldF0 is zero.
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→nf@ 5
2#, wheren510 and 11. The voltage drop across t

cathode sheath can be calculated by integrating the field
tribution shown in Fig. 7. In this case, the magnitude of t
integrated voltage across the gap from 0.0 to 1.2 mm
220610 V, which represents about 90% of the voltage
25065 V that was applied across the discharge.

An interesting feature of the electric field distributio
shown in Fig. 7 is that the field appears to taper off gradua
rather than decrease linearly to zero at the sheath edge.
feature may be an indication of the start of the preshe
region. Further measurements aimed at resolving this re
more clearly are planned.

The detection uncertainties and the lower detection li
of this method of electric field measurement can be estima
from the results shown here. The accuracy of the elec
field determined from any given spectrum is determined b
combination of the accuracy to which the spectral positio
could be measured and the sensitivity of that transition to
electric field. In this experiment, the accuracy of the wa
length measurement is determined mainly by the spec
width of the laser. The sensitivity of transitions to the elect
field is different for large electric fields, for which the depe
dence is approximately linear, and small electric fields,
which the dependence is approximately quadratic. Hence
measurement uncertainties are different for large and s
electric fields.

We first consider the case of sufficiently large elect
fields. Of the transitions studied here, excitation ton514 is
the most sensitive, and for the dye laser source used he~a
spectral width of 0.2 cm21! the electric field could be deter

FIG. 7. The electric field spatial distribution measured in t
vicinity of the cathode.
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mined with an uncertainty of66 V/mm. The errors bars
shown in the Fig. 7, for excitation ton510 and 11, corre-
spond to67 V/mm.

For small electric fields, less than;25 V/mm, all the
transitions have a relatively weak dependence on the ele
field. The error bars shown in Fig. 7 for these fields, at p
sitions ofd>1.2 mm, correspond to610 V/mm.

The lower detection limit for an electric field is dete
mined by the same factors mentioned above for the meas
ment of small electric fields. In this experiment, the lowe
electric field that we measured was 14 V/mm, determin
using the shift of the allowed transition to then511f levels.

VI. SUMMARY AND CONCLUSION

In conclusion, we report a spectroscopic method for m
surement of the magnitude of the electric field in a glo
discharge in argon. The method is based on measuring
dependence of the positions and intensities of spectral c
ponents in the LOG spectra of argon atoms on the magnit
of the electric field. These parameters of the LOG spec
were calculated by solving the Schro¨dinger equation for the
argon atoms. The LOG spectra correspond to laser excita

from the metastable level 4s@ 3
2 #2 to Rydberg levels of argon

atoms. Using this method, we measured the spatial distr
tion of the electric field in the cathode region of a glo
discharge with high accuracy. Although the LOG meth
was used to detect absorption spectra in this experimen
should be noted that LIF detection also is possible@7,17,18#.

Measurements to high Rydberg levels and the use of
oretical calculations of Stark spectra of argon atoms enab
us to significantly improve both the physical understand
and the practical implementation of this electric field me
surement technique. With our current understanding of
Stark spectra, and existing experimental apparatus, mea
ments of electric fields of 14 V/mm were possible. We pl
to continue both theoretical and experimental work in ord
to reduce this limit further.
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