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Magnetic field diagnostics of plasmas based on coherent population trapping:
Theory and experiment
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We propose a local, all-optical method of magnetic field diagnostics for plasmas. This method is based on
the phenomenon of coherent population trapping in a multilevel medium. The proposed technique allows one
to detect both the strength and the orientation of the field. The feasibility of the method was tested in a
proof-of-principle experiment in a low-pressure neon discharge.
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I. INTRODUCTION

A detailed knowledge of the internal magnetic field is
great importance in many plasma configurations. The ef
of coherent population trapping~CPT! @1#, known for quite a
long time in quantum optics, is extremely suitable for loc
diagnostics of the magnetic field in media containing ato
or ions with magnetic field dependent level splitting. CP
manifests itself in disappearance of resonance fluoresc
from a multilevel medium when bichromatic radiation is a
plied, provided that the frequency difference of the two la
fields exactly matches the frequency of a high-Q ~typically,
Zeeman or hyperfine! atomic transition. In a closely relate
effect, called electromagnetically induced transparency~EIT!
@2#, absorption of a weak probe laser beam is strongly atte
ated if another beam of sufficiently high intensity is appli
under the condition of two-photon resonance. Even tho
the two effects are closely related, there is a significant
ference between them: EIT is related to field propagat
~less absorption along the propagation path!, while CPT oc-
curs locally ~atoms are not excited by the action of las
fields at the spatial point where the two-photon resona
condition is satisfied!. Thus CPT permits spatially localize
detection of a magnetic field.

The spectral resolution of the CPT signal is determined
the minimum width of the resonance in a fluorescence sig
It is given basically by the Zeeman sublevel coherence de
rate for the unsaturated CPT limit, when the laser field int
sities do not significantly exceed the threshold value nec
sary for CPT to be established. This threshold intensity
typically lower than the intensity required to saturate an
tical transition. The Zeeman coherence decay rate can
orders of magnitude smaller than the optical transitio
natural and Doppler widths, which makes the spectral re
lution of the CPT signal quite high.

The general idea of the method proposed is illustra
schematically in Fig. 1 and can be explained in the followi
way. Suppose that two laser beams with close wavelen
propagate in a plasma and intersect at the point of inter
where the magnetic field is to be measured. It is assumed
the plasma contains atoms or ions with an optical transi
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close to a resonance with the optical field and the grou
or/and excited state of this transition is split by the magne
field into a set of Zeeman sublevels. By adjusting the f
quencies of the laser beams, the two-photon resonance
dition can be satisfied and a CPT dip in the fluoresce
profile will be detected. By measuring the fluorescence sp
trum from the intersection volume of the two beams as
function of their frequency shift, the magnetic field magn
tude and direction can be deduced from the positions
amplitudes of the CPT resonances, as is shown below
fact, a similar technique was used recently in tw
dimensional~2D! imaging of spatially inhomogeneous ma
netic fields, realized experimentally in a Na atomic vapor@3#.
It allows one to obtain 2D contours of constant magne
field in alkali-metal atomic vapors with high field resolutio
of the order of 1–100 mG.

The aim of this paper is to develop the plasma diagnos
proposed in@4#, in particular, to analyze theoretically an
experimentally the possibility of measuring both magne
field strength and direction by using CPT. The applicabil
to typical experimental plasmas is also discussed.

II. THEORETICAL BACKGROUND

The simplest atomic system suitable for the technique
four-level system, depicted in Fig. 2, where the upper leve
a singlet and the lower level is a triplet state. An extern
magnetic field splits it into three Zeeman sublevels with le
separation equal to the Larmor frequencyvL5gmBB/\.
Hereg is the Lande´ factor of the lower level,mB is the Bohr
magneton, andB is the magnetic field strength.

Consider two electromagnetic wavesE1 andE2 with fre-
quenciesv1 andv2 , respectively, both propagating in thez
direction. The waves are linearly polarized such that eit
E1 ,E2i êx or E1 ,E2i êy with êi being the unit vector of thei
polarization. The arbitrarily oriented magnetic field is d
scribed by the anglesa and b ~see Fig. 3!. We choose the
quantization axis alongki êz .

For a given magnetic field, depending on the select
rules for the angular momentum, which are determined
the laser field polarizations and magnetic field orientati
©2004 The American Physical Society09-1
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FIG. 1. Schematic of the diagnostic method.
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CPT resonances will be observed in a fluorescence spec
whenever the two-photon resonance condition is satisfie

v12v256vL ,62vL .

In the case thatB is alongk, each linearly polarized e.m
field can be decomposed into a combination ofs1 ands2

components, for which only transitions withDm561 are
respectively allowed. Therefore, if the two-photon detun
is varied, only the CPT resonance at the double Larmor
quency, whenv12v2562vL , will be observed@Fig. 2~a!#.
The situation is changed if the magnetic field is tilted w
respect tok such that it now has a projection on the e.
wave polarization direction. In this case selection rules a
allow for the transition withDm50 due to the fact that the
e.m. fields now have an admixture of ap component. As a
result an additional resonance appears at the single La
frequencyv12v256vL @Fig. 2~b!#. A theoretical analysis
of the interaction of two laser fields with the four-level sy
tem depicted in Fig. 2~a! shows that the magnetic field or
entation can be determined from the ratio of the fluoresce
intensities of the CPT resonances at single and double
mor frequencies. The main assumptions used in the ana
are ~1! the laser field intensities do not significantly exce

FIG. 2. Laser-coupling schemes, showing CPT resonance
figurations in the atomic system studied in the experiment.
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the CPT saturation limit;~2! the Doppler width of the optica
transition exceeds the Zeeman splitting;~3! the homoge-
neous linewidth of the transition is smaller than the Zeem
splitting; ~4! an average over the distribution of optical tra
sition frequencies due to the Doppler effect is carried ou

The fluorescence intensity is proportional to a steady-s
upper level populationr44. In the L system of Fig. 2~a!
formed by thes2 component of the first field and thes1

component of the second field,r44 is proportional to the
product of the intensities of the laser fields resonantly
plied to the arms of the system, each intensity being mu
plied by the strength of the corresponding transition, giv
by the square of the dipole moment:

r44;I 1um41
1 u2I 2um43

2 u2;uV1
41u2uV2

43u2,

whereI 1 andI 2 are the laser field intensities,m41
1 andm43

2 are
the dipole moments of the 4→1 and 4→3 transitions, which
take into account the field polarizations, and the Rabi f
quencies of the laser fields are

V j
4i5

m4i
j Ej

2\
5

mEj

2\
f 4i~a,b!5V j f 4i~a,b!,

n-
FIG. 3. Magnetic field orientation.
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MAGNETIC FIELD DIAGNOSTICS OF PLASMAS BASED . . . PHYSICAL REVIEW E69, 036409 ~2004!
where the indicesi 51,2,3 andj 51,2 denote the Zeema
sublevels of the lower level and laser fields, respectivelym
contains an integral over the radial parts of the lower a
upper state wave functions;V j5mEj /2\ are the angular in-
dependent Rabi frequencies of the laser fields; andf 4i(a,b)
gives the angular dependence of the dipole moment.
identical polarizationsf i is the same forE1 andE2 .

In the case of resonance at the single Larmor freque
shown in Fig. 2~b!, two L schemes are formed by thes2(1)

andp components of the fields. TheseL schemes are reso
nant with different groups of atoms symmetrically Dopple
shifted with respect to the central frequency of the opti
transition. The two groups give contributions tor44 propor-
tional to uV1

41u2uV2
42u2 and uV1

42u2uV2
43u2, respectively. In the

unsaturated CPT limit, whenuV1u21uV2u2;GWD ~G is the
Zeeman coherence decay rate andWD is the optical transi-
tion Doppler linewidth@5#!, the proportionality coefficients
containing information about the resonance profiles turn
to be identical for the threeL systems considered above.

The ratio of the fluorescence intensities is then given
the following expression:

r 5
I w12w25wL

I w12w252wL
5

uV1
41u2uV2

42u21uV1
42u2uV2

43u2

uV1
41u2uV2

43u2
. ~1!

For the caseE1 ,E2i êx ,

f 4152 f 43* 5 i sina1cosa cosb,

f 4252& sinb cosa.

The ratio of intensities~1! has the form

r x5
4 sin2 b

tan2 a1cos2 b
.

For the caseE1 ,E2i êy ,

f 4152 f 43* 52 i cosa1sina cosb,

f 4252& sinb sina.

The time the ratio~1! is given by

r y5
4 sin2 b

cot2 a1cos2 b
.

From r x andr y one can determine cos2 b and tan2 a. This
gives one four possible directions of the magnetic field.
order to choose the right one, some additional knowle
about the magnetic field geometry is required. The advan
of this method is thatr x(y) is independent of the intensities o
the fields and is determined only by the geometry of
experiment.

III. EXPERIMENTAL RESULTS

To demonstrate the feasibility of the described techniq
we performed a proof-of-principle experiment in a plasma
a low-pressure glow neon discharge. The neon atomic en
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levels are shown in Fig. 4. The electric-dipole-allowed tra
sition 2p53s 3P1(J51)→2p53p 3P0(J50) of wavelength
607.4 nm was chosen for a number of reasons:~1! it is within
the wavelength range of a typical dye laser;~2! the simple
four-level structure allows analytical expressions for CPT
rameters be derived, as was shown in the previous sec
~3! the lower level hasJ51 ~with the Lande´ factor g
51.464) and decays radiatively to the ground state wit
decay rate;9 MHz, comparable to that of the upper leve
This makes the Zeeman coherence lifetime of the same o
as the time required to establish CPT. Therefore, it is imp
tant to verify that the technique will work even in such u
favorable conditions.

The experimental setup used in the present experime
illustrated schematically in Fig. 5. A single-mode dye las
output at 607.4 nm, tuned to the 2p53s3P1→2p53p3P0
transition of a Ne atom, was split into two beams. The f
quency of one beam was shifted by an acousto-optic mo
lator ~AOM! by Dv5110 MHz. After being recombined the
beams were propagated along the axis of a discharge tub
tube with a neon glow discharge~Ne pressure 1.5 Torr, dis
charge current 40 mA! was placed into an external magnet
field. Its longitudinal componentBl was produced by a sole
noid and the transverse componentBtr by Helmholtz coils.
The Zeeman splitting was varied for given laser field fr
quencies by sweeping the longitudinal component of
magnetic field. The sweeping frequency was tuned in
range 20–40 Hz to minimize low-frequency noise. It
worth noting that the discharge parameters were sligh
modulated by the alternating magnetic field. Fluoresce
emitted from the discharge in the direction perpendicular
the laser beam propagation direction was separated b
monochromator and detected by a photomultiplier. The la

FIG. 4. Energy level diagram of a Ne atom. In the inset select
rules for different polarizations of laser fields are depicted.

FIG. 5. Experimental setup.
9-3
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fields had identical linear polarizations, which could be
tated to be either parallel or perpendicular toBtr . The powers
of the laser beams were equal~approximately 2.5 mW in
each beam! with a beam spot of;1 mm in diameter; the
resulting intensities correspond to the unsaturated CPT
gime, so power broadening of resonances is not expecte
the experiment.

In the course of the experiment we setBtriOx, which
corresponds toa50 in the notation of Fig. 3. According to
Eq. ~1! this gives

r x54 tan2 b54
Btr

2

Bl
2 , r y50; ~2!

the last result means that no CPT resonance at the s
Larmor frequency will be observed ifE1 ,E2i êy , since in this
case the magnetic field is perpendicular to the laser b
polarization.

A series of CPT spectra in the presence of a static tra
verse magnetic field is shown in Fig. 6. The magnitude of
transverse field is given in terms of the currentI through the
Helmholtz coils. In the case of smallBtr (I<200 mA) CPT
dips are observed only at frequency shiftsv12v2
50,62vL . The resonance at zero shift, which is due
formation of CPT in a degenerateL system, is of no interes
for us since it carries no information about the magne
field. As the current is increased, the resonance at the si
Larmor frequencyv12v256vL appears.

The position of the CPT dip at the double Larmor fr
quency forI 50 (Btr50) gives the total magnetic field mag
nitude for a fixed laser beam frequency difference:

Btot5Bl5
Dv\

2gmB
. ~3!

In our case forDv5110 MHz the resonance was detect
for Btot526.2 G. As can be seen from Fig. 6, it shifts
smaller values ofBl asBtr increases, as expected. Eventua
for currents greater 550 mA, the resonance strongly over
with the resonance atBl50 and is no longer detectable.

As can be seen from Fig. 6, the width of the resonanc
v12v252vL in the absence of the transverse field (I 50) is
;10 G, which corresponds to a spectral full width at h
maximum;42 MHz. This means that the Zeeman coheren
decay rate in our experiment, given by one-half of this val
is ;21 MHz. It is the sum of the radiative decay rate of
MHz and the collisional decay rate, which turns out to be
MHz, due to collisions with ground-state neon atoms. A
though the Zeeman coherence decay rate is two times la
than the radiative decay rate of the upper level, the re
nances are still detectable.

In order to test the validity of Eq.~2!, we calculatedBtr
from the ratior x of intensities of CPT resonances observ
in the experiment. It should be stressed here that, if the
quency shiftDv is varied for a fixed magnetic field magn
tude and orientation, then the use of Eq.~2! is straightfor-
ward: Btot is determined from the position of the CPT dip
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either the double or single Larmor frequency, andBtr andBl
are calculated fromr x according to the following expres
sions:

Bl52BtotA1/~41r x!,

Btr5BtotAr x /~41r x!.

In the experimentBl was swept for fixedDv; therefore
Eq. ~2! has to be modified to give the correct values ofBtr .
As is illustrated in Fig. 7, CPT resonances at single a
double Larmor frequencies occur for different values ofBtot
andb. To take this into account we turn to the original e
pression~1! for r x , which gives

r x5
4 cos2 b2 sin2 b2

cos4 b1

5
4@Btr /~Dv\/gmB!#2$12@Btr /~Dv\/gmB!#2%

$124@Btr /~Dv\/gmB!#2%
.

From this expressionBtr is derived:

Btr5
Dv\

gmB
A~2r x112A3r x11!/2~4r x11!. ~4!

The spectra in Fig. 6 were fitted with several Lorentzia
one Lorentzian for each CPT peak, two Lorentzians for
resonance atBl50, and one for a smooth background. T
amplitudes of the Lorentzians were used as the intensitie
the CPT resonances. The resulting dependence ofBtr , calcu-
lated according to Eq.~4!, on the currentI through the Helm-
holtz coils is presented in Fig. 8. The dependence is linea
expected; the slope 30.2 G/A of the linear fit to this depe
dence agrees well with the magnetic constant 31.7 G/A of
Helmholtz coils, obtained from an independent measurem
by a magnetometer.

IV. DISCUSSION

The magnetic field measurement accuracy in the propo
technique is determined by the spectral resolution of the C
signal. It is usually very high, depending neither on the Do
pler and natural linewidths of the optical transition, nor
the laser linewidth provided the two beams are from
same laser source. In the unsaturated CPT case the sp
resolution is given by the Zeeman coherence decay ratG.
For a metastable lower level this rate can be of the orde
100 kHz and the corresponding field resolution is hundr
of milligaus; for a radiative lower level~as is the case for the
transition studied! the decoherence rate is 1–10 MHz, a
the corresponding resolution is lower—several gauss. I
worth noting that excited states are strongly influenced
collisions. Thus the Zeeman coherence decay rate in the l
of unsaturated CPT provides information about collision
rates, if the decoherence collisional mechanisms are kno
This method does not have any major limitations on
strength of the magnetic field; the only difficulty in the ca
of large fields, leading to large Zeeman splittings, is in ph
locking the laser fields if they come from different source
9-4
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MAGNETIC FIELD DIAGNOSTICS OF PLASMAS BASED . . . PHYSICAL REVIEW E69, 036409 ~2004!
FIG. 6. Experimental fluorescence intensity dependences on
longitudinal componentBl for a number of values of the transvers
componentBtr , expressed in terms of the currentI through the
Helmholtz coils; resonance at~1! v12v25vL ; ~2! v12v2

52vL .
03640
but currently available optical methods solve this proble
@6#. This technique, though, is particularly advantageous
measuring small magnetic fields~up to 1 kG!, which are
difficult to detect using conventional spectroscopic plas
diagnostics, since they produce a tiny Faraday rotation
Zeeman splittings much smaller than the Doppler width
any optical line.

The technique allows one to study nonstationary p
cesses. The temporal resolution is given by the CPT pre
ration time. This time, in turn, is proportional to the radiativ
lifetime of the upper optical level. For a typical electric
dipole-allowed transition with oscillator strengthf ;1 the
radiative lifetime ist;10– 100 ns. The temporal resolutio
;10t;0.1– 1ms is obtained from the requirement that th
CPT has enough time to form.

It is essential also that the time required to establish C
be smaller than the Zeeman coherence lifetime, otherwise
effect is not observed. This imposes a limit on the rates
decoherence processes in the plasma of interest.

There is a requirement that the signal-to-noise ratio s
fices to reliably detect CPT resonances. This gives the m
mum density of test particles and determines the spatial r
lution. Let us analyze it for an experimental situation whe
the main source of noise is the background plasma emis
on the resonant wavelength. During the detection timeDt the
number of resonantly emitted photons isNr , while the back-
ground plasma producesNpl spontaneous photons. A usef
fluorescence signal is reliably detected if its intensity su
ciently exceeds the root-mean-square value of the n
ANpl:

Nr>3ANpl . ~5!

The number of resonantly emitted photons is proportiona
the volumel 3 with l being the required spatial resolution
while Npl originates from the whole plasma volumel 2L
along the collection optics field of view, whereL is the char-
acteristic scale of the plasma. The condition~5! can be re-
written in the following form@4#:

AAl4VsolidhtDt/4pL
DNup

ANup

>3, ~6!

whereA is the radiative decay constant of the upper sta
Vsolid/4p is the solid angle observed by the collection optic
h is the quantum efficiency of the photodetector,t is the
transmission coefficient of the collection optics,Nup is the
density of spectroscopic particles excited by the discharg
the upper level, andDNup is the increase of the upper leve
population density due to the action of the lasers.

Let us analyze the last two limitations of the method se
rately for cold and hot plasmas. For cold, partially ioniz
plasmas, typically found in different types of discharges, t
technique is expected to be particularly useful due to the
values of the magnetic field~<0.2–0.3 T!, where application
of other diagnostics may be difficult. These discharges
characterized by ion temperatures in the range of 0.02
eV, electron temperatures from 1 to 20 eV, and ion or el
tron densities of 109– 1012 cm23. In such plasmas neutral a

he
9-5
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FIG. 7. Difference in magnetic field magnitude and orientation between two types of CPT resonance observed in the experim
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oms might be used as test particles. The Zeeman coher
decays mainly due to neutral-neutral collisions, with a r
of nneut5sNneutvneut

T , where s;8310215 cm2 is the
coherence-destroying collision cross section for a radia
level @7# ~for a metastable level it is typically lower!, Nneut is
the density of neutral atoms, and the thermal velocityvneut

T

5A3kT/m;33104– 106 cm/s. The collisional rate will be
less than t21510 MHz for Nneut,1016– 431017 cm23,
which corresponds to pressures of several Torrs.

Let us turn now to the signal-to-noise ratio calculation.
Eq. ~6! we assume that the upper level population den
increase by the laser action is of the order of the initial d
sity difference between the lower and upper states,DNup
.Nlow2Nup. The population densities of the upper a
lower states are calculated from the requirement of a bala
between the excitation processes due to inelastic collis
with electrons, which have a significantly larger temperat
in comparison with atoms, and radiative processes. We
the model of a test plasma atom, which includes the gro
and two excited states, as depicted in Fig. 9, neglecting
citation into higher-lying excited states.

The population densities are easily calculated:

Nup5n lu
e Nlow /A,

Nlow5ngl
e N0 /Ag ,

FIG. 8. Btr calculated from experimental CPT spectra accord
to Eq. ~4!.
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whereN0 is the population density of the ground state. T
excitation rates due to inelastic collisions with electro
are @8#

ngl
e 53.231027f glS Ry

Elow
D 3/2

3e2Elow /kTeAElow /kTep~Elow /kTe!Ne ,

n lu
e 53.231027f luS Ry

DED 3/2

3e2DE/kTeADE/kTep~DE/kTe!Ne . ~7!

Here f gl,lu is the oscillator strength of theug&→u lower&,
u lower&→uupper& transition,Elow is the energy of the lower
state,DE is the energy difference between the lower and
upper states,kTe is the electron temperature in eV,Ry
513.6 eV, andNe is the electron density in cm23. We take
the valueskTe510 eV andNe51010 cm23, typical for a
cold plasma, the typical energiesElow;15 eV, and DE
;2 – 5 eV, and the radiative decay constantsA,Ag
;107– 108 s21, typical for an electric-dipole-allowed trans
tion ( f gl,lu;1). The p function is equal to 0.1 for theug&
→u lower&, and 0.3 for u lower&→uupper& transitions. This
gives excitation rates ngl

e '100 s21 and n lu
e '(2 – 6)

3103 s21. We then have

g

FIG. 9. Illustration of the calculation of population densities
upper and lower states. HereA andAg are radiative decay constan
of the lower and upper levels, andngl

e and n lu
e are the excitation

rates due to inelastic collisions with electrons.
9-6
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DNup

ANup

;
Nlow2Nup

ANup

5AN0Angl
e /Ag /n lu

e /A~12n lu
e /A!

;AN0Angl
e /n lu

e

'~0.1– 0.2!AN0.

This allows us to estimate the minimum density of test p
ticles required by the need for an adequate signal-to-n
ratio. Putting into Eq.~6! the typical parameters of a collec
tion system (Vsolid/4p;1022, h;1022, t50.5), the char-
acteristic plasma scaleL51 m, and spatial and tempora
resolution l;1 cm and Dt;1 ms, we get N0
>107– 108 cm23. The range of parameters of a cold plasm
at which the technique is applicable, calculated accordin
the model we used above, is depicted in Fig. 10.

In hot, fully ionized plasmas, ions might be used as t
particles. If the temperature of a plasma is very high,
main source of Zeeman decoherence is the particle flight
of the laser beam, and it sets a limit on the thermal veloc
of the atoms or ions; namely, the time of flight of a spect
scopic particle through the laser beam has to exceed the
preparation time,t, l /vT, wherel is the laser beam diamete
andvT is the thermal velocity. Forl 51 cm andt510 ns, the
maximum velocity is vT,106 m/s, or, equivalently, the
maximum temperatureT,10 keV~here and in the rest of th
text the massm;10mp is used in estimates!. The main co-
herence dephasing mechanism at smaller temperatures is
ion and ion-electron collisions. For an estimate, we use in
grated ion-ion and ion-electron elastic collision rates@9#:

n i i 5
16pe4Z4NiLi

~3kTi !
3/2mi

1/2 , ~8!

nei5
4pe4Z2NeLe

~3kTe!
3/2me

1/2. ~9!

FIG. 10. The hatched area shows the approximate range of
plasma parameters where the method works.
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HereNi andNe are the ion and electron densities,mi andme
are their masses,Z is the ion charge number,Li523
13/2 lnTi,e21/2 lnNi , Le5241 ln Te21/2 lnNe for Te
.10 eV @Coulomb logarithms;Ti ,e5min(Ti ,Te), Ti ,Te are
in eV, Ni ,Ne are in cm23#. The rate of inelastic collisions
with electrons can be estimated using Eq.~7!. For an esti-
mate we takeLi5Le510, Ti5Te510– 104 eV, andZ51.
The conditionn i i , nei , n lu

e ,10 MHz is satisfied for ion and
electron densitiesNi ,Ne,1014– 1015 cm23. The higher the
electron or ion temperature, the higher are the ion and e
tron densities allowed, as is clear from Eqs.~7!–~9!.

Let us now estimate from Eq.~6! the minimum ion den-
sity required to discriminate a signal against noise. Supp
ing a thermalized plasma, we haveDNup.Nlow2Nup
5N0 exp(2Elow /kT)@12exp(2DE/kT)#. The condition~6!
assumes the form

AAl4VsolidhtDtN0 /pL

3exp~2Elow/2kT!sinh~DE/2kT!>3.

Let us estimate the detection limit for the case of high te
perature, which is obviously the worst from the signal-t
noise point of view due to the almost equal population
levels by the discharge. For the same parameters of the
lection system, plasma scale, spatial and temperature re
tion, for a dipole-allowed optical transition withDE
52 – 5 eV, and taking the electron and ion temperatureT
510– 104 eV, the detection limit isN0>105– 1010 cm23.
This reasoning is summarized in Fig. 11.

V. CONCLUSION

A local magnetic field diagnostics based on the coher
population trapping effect has been developed. The diagn
tics is an extension of the laser induced fluorescence te
nique, providing sub-Doppler and subnatural spectral res
tion by the use of a two-photon Raman transition. The h
spectral resolution of the CPT signal, determined by the Z
man sublevel coherence decay rate, leads to a high mag

ld FIG. 11. Hatched is the range of hot plasma parameters w
the diagnostic is applicable.Ti5Te was assumed in calculations.
9-7
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field measurement accuracy, nicely combined with good te
poral and spatial resolution. The technique is able to mea
both the strength and the orientation of the field.

A demonstration experiment was carried out in a plas
produced in a low-pressure neon glow discharge. It w
shown that from the position of a CPT resonance in the fl
rescence spectrum the strength of the local magnetic
can be obtained. By utilizing the dependence of the dip
moments of optical transitions from different Zeeman su
levels of a lower level to a common upper level on magne
field orientation and laser field polarizations, it was demo
strated that the direction of the field can be determined fr
the ratio of the fluorescence intensities of the two types
CPT resonance. We made theoretical estimates of the r
of temperatures and densities for cold and hot plasmas w
the technique can be applied. The estimates show tha
t.

.

O

03640
-
re

a
s
-
ld
le
-
c
-

f
ge
re
he

technique is applicable to a variety of plasma configuratio
It might be particularly useful in magnetic confinement d
vices with low magnetic fields, where application of oth
diagnostics may be difficult.
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