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Magnetic field diagnostics of plasmas based on coherent population trapping:
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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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[. INTRODUCTION close to a resonance with the optical field and the ground
or/and excited state of this transition is split by the magnetic

A detailed knowledge of the internal magnetic field is of field into a set of Zeeman sublevels. By adjusting the fre-
great importance in many plasma configurations. The effeajuencies of the laser beams, the two-photon resonance con-
of coherent population trappin@PT) [1], known for quite a  dition can be satisfied and a CPT dip in the fluorescence
long time in quantum optics, is extremely suitable for localprofile will be detected. By measuring the fluorescence spec-
diagnostics of the magnetic field in media containing atomgrum from the intersection volume of the two beams as a
or ions with magnetic field dependent level splitting. CPTfunction of their frequency shift, the magnetic field magni-
manifests itself in disappearance of resonance fluorescentede and direction can be deduced from the positions and
from a multilevel medium when bichromatic radiation is ap- amplitudes of the CPT resonances, as is shown below. In
plied, provided that the frequency difference of the two lasefact, a similar technique was used recently in two-
fields exactly matches the frequency of a highiypically,  dimensional2D) imaging of spatially inhomogeneous mag-
Zeeman or hyperfineatomic transition. In a closely related netic fields, realized experimentally in a Na atomic va3r
effect, called electromagnetically induced transpardidty) It allows one to obtain 2D contours of constant magnetic
[2], absorption of a weak probe laser beam is strongly attenufield in alkali-metal atomic vapors with high field resolution
ated if another beam of sufficiently high intensity is appliedof the order of 1-100 mG.
under the condition of two-photon resonance. Even though The aim of this paper is to develop the plasma diagnostics
the two effects are closely related, there is a significant difproposed in[4], in particular, to analyze theoretically and
ference between them: EIT is related to field propagatiorexperimentally the possibility of measuring both magnetic
(less absorption along the propagation patthile CPT oc-  field strength and direction by using CPT. The applicability
curs locally (atoms are not excited by the action of laserto typical experimental plasmas is also discussed.
fields at the spatial point where the two-photon resonance
conditi_on is satisfied T_hu_s CPT permits spatially localized Il. THEORETICAL BACKGROUND
detection of a magnetic field.

The spectral resolution of the CPT signal is determined by The simplest atomic system suitable for the technique is a
the minimum width of the resonance in a fluorescence signafour-level system, depicted in Fig. 2, where the upper level is
It is given basically by the Zeeman sublevel coherence decag singlet and the lower level is a triplet state. An external
rate for the unsaturated CPT limit, when the laser field intenimagnetic field splits it into three Zeeman sublevels with level
sities do not significantly exceed the threshold value necesseparation equal to the Larmor frequeney =gugB/#.
sary for CPT to be established. This threshold intensity iHereg is the Landefactor of the lower levelug is the Bohr
typically lower than the intensity required to saturate an op4magneton, and is the magnetic field strength.
tical transition. The Zeeman coherence decay rate can be Consider two electromagnetic wavEs andE, with fre-
orders of magnitude smaller than the optical transition’squenciesw; and w,, respectively, both propagating in tke
natural and Doppler widths, which makes the spectral resodirection. The waves are linearly polarized such that either
lution of the CPT signal quite high. E1,E,ll& or E1,E,l& with & being the unit vector of the

The general idea of the method proposed is illustrategholarization. The arbitrarily oriented magnetic field is de-
schematically in Fig. 1 and can be explained in the followingscribed by the anglea and B8 (see Fig. 3 We choose the
way. Suppose that two laser beams with close wavelengthguantization axis alongll&, .
propagate in a plasma and intersect at the point of interest, For a given magnetic field, depending on the selection
where the magnetic field is to be measured. It is assumed thatles for the angular momentum, which are determined by
the plasma contains atoms or ions with an optical transitiorthe laser field polarizations and magnetic field orientation,
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FIG. 1. Schematic of the diagnostic method.

CPT resonances will be observed in a fluorescence spectruthe CPT saturation limit{2) the Doppler width of the optical
whenever the two-photon resonance condition is satisfied: transition exceeds the Zeeman splittin@) the homoge-
neous linewidth of the transition is smaller than the Zeeman

W1~ W= iwL,tZwL.

In the case thaB is alongk, each linearly polarized e.m.
field can be decomposed into a combinationodf and o~
components, for which only transitions withm==*=1 are

splitting; (4) an average over the distribution of optical tran-
sition frequencies due to the Doppler effect is carried out.
The fluorescence intensity is proportional to a steady-state
upper level populatiorp,,. In the A system of Fig. a)
formed by thes~ component of the first field and the*

respectively allowed. Therefore, if the two-photon detuningcomponent of the second fielg,, is proportional to the

is varied, only the CPT resonance at the double Larmor freproduct of the intensities of the laser fields resonantly ap-
quency, wherw;— w,=* 2w, will be observedFig. 2@)].  plied to the arms of the system, each intensity being multi-
The situation is changed if the magnetic field is tilted with plied by the strength of the corresponding transition, given
respect tok such that it now has a projection on the e.m.by the square of the dipole moment:

wave polarization direction. In this case selection rules also
allow for the transition witAm=0 due to the fact that the par~1| gy 1o w3~ Q11710532
e.m. fields now have an admixture ofracomponent. As a

result an additional resonance appears at the single Larmqyherel , andl , are the laser field intensitieg.; and u2; are
frequencyw; — w,=* w_[Fig. 2b)]. A theoretical analysis the dipole moments of the-4 1 and 43 transitions, which

of the interaction of two laser fields with the four-level sys-iake into account the field polarizations, and the Rabi fre-
tem depicted in Fig. @) shows that the magnetic field ori- guencies of the laser fields are

entation can be determined from the ratio of the fluorescence
intensities of the CPT resonances at single and double Lar-

- uhE uE;
mor frequencies. The main assumptions used in the analysis Qf‘=%= %fm(a,ﬁ)zﬂjfm(a,ﬁ),
are (1) the laser field intensities do not significantly exceed
a) m=0 b) m=0 y
[ ] [3F)
B
(o3 G+
k
B
T m
o y
i A AN >
m=0 m=1 o,
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FIG. 2. Laser-coupling schemes, showing CPT resonance con-

figurations in the atomic system studied in the experiment. FIG. 3. Magnetic field orientation.
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where the indices=1,2,3 andj=1,2 denote the Zeeman

sublevels of the lower level and laser fields, respectivgly; 2p°3p°Ps —g——

contains an integral over the radial parts of the lower and 607.4 nm

upper state wave function§);= uE;/2# are the angular in- 29 35°P1 4

dependent Rabi frequencies of the laser fields; fandy, 8) A

gives the angular dependence of the dipole moment. Fol

identical polarizationd; is the same foE; andE,. 1659 eV
In the case of resonance at the single Larmor frequency

shown in Fig. 2b), two A schemes are formed by the () 26, —¥

and 7 components of the fields. Thegeschemes are reso-
nant with different groups of atoms symmetrically Doppler-  FiG. 4. Energy level diagram of a Ne atom. In the inset selection

shifted with respect to the central frequency of the opticakules for different polarizations of laser fields are depicted.
transition. The two groups give contributions gg, propor-

tional to |Qil|2|932|2 and |Q‘1‘2|2|Q‘2‘3|2’ respectively. In the levels are shown in Fig. 4. The electric-dipole-allowed tran-

unsaturated CPT limit, whej(2,|*+[Q,|*~TWp (I'is the i 20535 3P, (J1=1)—2p53p 3Po(J=0) of wavelength

Zeeman coherence decay rate akfg is the optical ransi- - 47 4 nm was chosen for a number of reasebsit is within

tion Dopplgr Iinewit_jth[S]), the proportionality cogﬁicients the wavelength range of a typical dye las} the simple

contal_nlng .|nformat|on about the resonance profiles turn OUfour-level structure allows analytical expressions for CPT pa-

to be identical for the thred systems considered above.  5meters be derived, as was shown in the previous section:
The ratio of the qu_orescence intensities is then given by(3) the lower level hasJ=1 (with the Landefactor g

the following expression: =1.464) and decays radiatively to the ground state with a

decay rate~9 MHz, comparable to that of the upper level.

Wi —Wo=W, 41121 4212 42121 432
M _ Q171927+ [Q177]Q51 (1) This makes the Zeeman coherence lifetime of the same order

r

| W1 W2 2w 10442105392 ' as the time required to establish CPT. Therefore, it is impor-
tant to verify that the technique will work even in such un-
For the casé, E,llg, favorable conditions.
. The experimental setup used in the present experiment is
fag=—T43=isina+cosa cosp, illustrated schematically in Fig. 5. A single-mode dye laser

output at 607.4 nm, tuned to thepZBs*P;—2p°3p3P,
transition of a Ne atom, was split into two beams. The fre-
quency of one beam was shifted by an acousto-optic modu-
lator (AOM) by Aw=110 MHz. After being recombined the
4sir? B beams_were propagated_along the axis of a discharge tl_Jbe. A
rx=m. tube with a neon glow dischargéle pressure 1.5 Torr, dis-
charge current 40 mpAwas placed into an external magnetic

f o= —Vv2 sinB cosa.

The ratio of intensitiegl) has the form

For the cas€;,E,l8,, fie!d. Its longitudinal componer, was produced by a sple-
noid and the transverse compondqt by Helmholtz coils.

f 4= —f13= —i cosa+sina cosg, The Zeeman splitting was varied for given laser field fre-

quencies by sweeping the longitudinal component of the

fio=—Vv2sinBsina. magnetic field. The sweeping frequency was tuned in the

range 20—40 Hz to minimize low-frequency noise. It is

The time the ratiq1) is given by worth noting that the discharge parameters were slightly
) modulated by the alternating magnetic field. Fluorescence

r— 4 sirf B emitted from the discharge in the direction perpendicular to
Y" cof a+cos B’ the laser beam propagation direction was separated by a

monochromator and detected by a photomultiplier. The laser
Fromr, andr, one can determine cbg and tarf a. This

gives one four possible directions of the magnetic field. In
order to choose the right one, some additional knowledge

Helmholtz

. e . . Discharge = coils
about the magnetic field geometry is required. The advantag: cell
of this method is thatyy) is independent of the intensities of 5] [ aom
the fields and is determined only by the geometry of the| 607.4om 110MHz | A
experiment. |

Ill. EXPERIMENTAL RESULTS

To demonstrate the feasibility of the described technique
we performed a proof-of-principle experiment in a plasma of
a low-pressure glow neon discharge. The neon atomic energy FIG. 5. Experimental setup.
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fields had identical linear polarizations, which could be ro-either the double or single Larmor frequency, &dandB,

tated to be either parallel or perpendiculaBip. The powers  are calculated fronr, according to the following expres-
of the laser beams were equ@pproximately 2.5 mW in  sjons:

each beamwith a beam spot of~1 mm in diameter; the

resulting intensities correspond to the unsaturated CPT re- B/ =2B;nv1/(4+r1,),
gime, so power broadening of resonances is not expected in
the experiment. By=BiotVry/(4+T1y).
In the course of the experiment we B¢IOx, which ) .
corresponds tar=0 in the notation of Fig. 3. According to _ In the experimenB, was swept for fixedAw; therefore
Eq. (1) this gives Eqg. (2) has to be modified to give the correct valuesBgf.
As is illustrated in Fig. 7, CPT resonances at single and
B2 double Larmor frequencies occur for different valueBgf
r.=4tarf 1324_21 r,=0; (2) and B. To take this into account we turn to the original ex-
| pression(1) for r,, which gives
the last result means that no CPT resonance at the single rxzw
Larmor frequency will be observedf; ,E,l&,, since in this cos' B,
case the magnetic field is perpendicular to the laser beam - 4By /(Awhiigug) 41— [By/(Awhigus)]?

polarization.

A series of CPT spectra in the presence of a static trans-
verse magnetic field is shown in Fig. 6. The magnitude of th
transverse field is given in terms of the curréiirough the
Helmholtz coils. In the case of smd, (1<200 mA) CPT Awh
dips are observed only at frequency shifis;— w, Btrz—\/(ZrX+ 1—\3r,+1)/2(4r +1). 4
=0,£2w . The resonance at zero shift, which is due to 9ie
formation of CPT in a degeneratesystem, is of no interest  The gpectra in Fig. 6 were fitted with several Lorentzians,
for us since it carries no information about the magnetiCone | orentzian for each CPT peak, two Lorentzians for the
field. As the current is increased, the resonance at the Singl%sonance aB,=0, and one for a smooth background. The
Larmor frequencyw, — w,= * w _appears. amplitudes of the Lorentzians were used as the intensities of

The position of the CPT dip at the double Larmor fre- \he cpT resonances. The resulting dependen@, ptalcu-
quency forl =0 (B,=0) gives the total magnetic field mag- |5ted according to Eq4), on the current through the Helm-

{1-4[By/(Awhigus)]?}

%rom this expressioB,, is derived:

nitude for a fixed laser beam frequency difference: holtz coils is presented in Fig. 8. The dependence is linear, as
expected; the slope 30.2 G/A of the linear fit to this depen-

Awh dence agrees well with the magnetic constant 31.7 G/A of the

Biot=B|= 20ms’ ) Helmholtz coils, obtained from an independent measurement

by a magnetometer.

In our case forAw=110 MHz the resonance was detected
for B;;;=26.2 G. As can be seen from Fig. 6, it shifts to
smaller values oB, asB, increases, as expected. Eventually, The magnetic field measurement accuracy in the proposed
for currents greater 550 mA, the resonance strongly overlapechnique is determined by the spectral resolution of the CPT
with the resonance @&,=0 and is no longer detectable. signal. It is usually very high, depending neither on the Dop-
As can be seen from Fig. 6, the width of the resonance gpler and natural linewidths of the optical transition, nor on
w1— wy=2w, in the absence of the transverse fidlecQ) is  the laser linewidth provided the two beams are from the
~10 G, which corresponds to a spectral full width at halfsame laser source. In the unsaturated CPT case the spectral
maximum~42 MHz. This means that the Zeeman coherenceaesolution is given by the Zeeman coherence decaylIrate
decay rate in our experiment, given by one-half of this valueFor a metastable lower level this rate can be of the order of
is ~21 MHz. It is the sum of the radiative decay rate of 9 100 kHz and the corresponding field resolution is hundreds
MHz and the collisional decay rate, which turns out to be 12of milligaus; for a radiative lower levehs is the case for the
MHz, due to collisions with ground-state neon atoms. Al-transition studieflthe decoherence rate is 1-10 MHz, and
though the Zeeman coherence decay rate is two times largéte corresponding resolution is lower—several gauss. It is
than the radiative decay rate of the upper level, the resoworth noting that excited states are strongly influenced by
nances are still detectable. collisions. Thus the Zeeman coherence decay rate in the limit
In order to test the validity of Eq.2), we calculatedB,,  of unsaturated CPT provides information about collisional
from the ratior, of intensities of CPT resonances observedrates, if the decoherence collisional mechanisms are known.
in the experiment. It should be stressed here that, if the frefhis method does not have any major limitations on the
quency shiftAw is varied for a fixed magnetic field magni- strength of the magnetic field; the only difficulty in the case
tude and orientation, then the use of EB) is straightfor-  of large fields, leading to large Zeeman splittings, is in phase
ward: B is determined from the position of the CPT dip at locking the laser fields if they come from different sources,

IV. DISCUSSION
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but currently available optical methods solve this problem
[6]. This technique, though, is particularly advantageous for
measuring small magnetic fieldsip to 1 kG, which are
difficult to detect using conventional spectroscopic plasma
diagnostics, since they produce a tiny Faraday rotation and
Zeeman splittings much smaller than the Doppler width of
any optical line.

The technique allows one to study nonstationary pro-
cesses. The temporal resolution is given by the CPT prepa-
ration time. This time, in turn, is proportional to the radiative
lifetime of the upper optical level. For a typical electric-
dipole-allowed transition with oscillator strength-1 the
radiative lifetime ist~10—100 ns. The temporal resolution
~107~0.1-1us is obtained from the requirement that the
CPT has enough time to form.

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

There is a requirement that the signal-to-noise ratio suf-
fices to reliably detect CPT resonances. This gives the mini-
mum density of test particles and determines the spatial reso-
lution. Let us analyze it for an experimental situation where
the main source of noise is the background plasma emission
on the resonant wavelength. During the detection thm¢he
number of resonantly emitted photonsNs, while the back-
ground plasma produces, spontaneous photons. A useful
fluorescence signal is reliably detected if its intensity suffi-
ciently exceeds the root-mean-square value of the noise

O

Fluorescence

N,=3Ny. ©)

The number of resonantly emitted photons is proportional to
the volumel® with | being the required spatial resolution,
while N, originates from the whole plasma voluméL
along the collection optics field of view, whekes the char-
acteristic scale of the plasma. The conditi@) can be re-
written in the following form[4]:

AN
VAPQ gt A rldml —==3, (6)

VNyp

whereA is the radiative decay constant of the upper state,
Qgqid4 is the solid angle observed by the collection optics,
7 is the quantum efficiency of the photodetectbiis the
transmission coefficient of the collection optids,, is the
density of spectroscopic particles excited by the discharge to
the upper level, andN,, is the increase of the upper level
population density due to the action of the lasers.
e Let us analyze the last two limitations of the method sepa-
80 60 40 20 0 20 40 60 80 rately for cold and hot plasmas. For cold, partially ionized
Longitudinal magretic field B, (G) plasmas, typically found in different types of discharges, this
technique is expected to be particularly useful due to the low
FIG. 6. Experimental fluorescence intensity dependences on théalues of the magnetic field<0.2—-0.3 7, where application
longitudinal componerB, for a number of values of the transverse Of other diagnostics may be difficult. These discharges are

componentB,, expressed in terms of the currenthrough the ~ characterized by ion temperatures in the range of 0.025-5
Helmholtz coils; resonance atl) w;—w-=w.; (2) w,—w, €V, electron temperatures from 1 to 20 eV, and ion or elec-

=20, . tron densities of 18-102cm™3. In such plasmas neutral at-
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FIG. 7. Difference in magnetic field magnitude and orientation between two types of CPT resonance observed in the experiment.

oms might be used as test particles. The Zeeman coherenedereN, is the population density of the ground state. The
decays mainly due to neutral-neutral collisions, with a rateexcitation rates due to inelastic collisions with electrons
of Vpeu= ONpeuleur Where o~8x10 cn? is the are[8]
coherence-destroying collision cross section for a radiative
level [7] (for a metastable level it is typically lowgMN e iS
the density of neutral atoms, and the thermal velocify,,
= \/3kT/m~3l>< 10*-1 cm/s. The C(g)lllésional Sla?te Willabe
less than 77 *=10 MHz for Ng,<10°-4X10"" cm™°, _ s
which corresponds to pressurerzuct)f several Torrs. e Eon!Te B oy /KTeP(Ejow/KTe)Ne,

Let us turn now to the signal-to-noise ratio calculation. In
Eq. (6) we assume that the upper level population density Ry 32
increase by the laser action is of the order of the initial den- e, =3.2x 10—7f|u(_y)
sity difference between the lower and upper stateN,, AE
=N,,w—Ny,- The population densities of the upper and CAEKT. e
IOW(leorW statég are car;uFI)ated from the requirement 0?21 balance xe VAE/KTep(AE/KTe)Ne. @)
between the excitation processes due to inelastic collisions
yvith electr_ons, W_hich have a signific_antly larger temperaturgq e fquu is the oscillator strength of thég) — [lowen),
in comparison with atoms, and radiative processes. We usgs ’

O owen— |uppe) transition,E,,, is the energy of the lower
the model Of. a test plasma atom, Wh.'Ch !ncludes the grounGate AE is the energy differeor\%vce between the lower and the
and two excited states, as depicted in Fig. 9, neglecting ex; ’

NS ) ; : pper stateskT, is the electron temperature in eRy
C|ta_1|:[|r?n Into rlgher;jly|ngtgx0|ted Stat.:es. lculated: =13.6 eV, and\, is the electron density in cii. We take

€ population densilies are eastly caiculated. the valueskT,=10 eV andN,=10 cm 3, typical for a
cold plasma, the typical energieS,,~15eV, andAE

Ry ) 3/2

18, =3.2x10"'f (
ol o EIow

Nup= iuNiow/A, ~2-5eV, and the radiative decay constantsA,
~10-10° s 1, typical for an electric-dipole-allowed transi-
Ny = VSINO/Agv tion (fg;,~1). Thep function is equal to 0.1 for thég)

—|lower), and 0.3 for|lower)— |uppel transitions. This
gives excitation ratesvg~100s' and vj,~(2-6)

s B
16l x10° s™1. We then have
L J
_ 4] . lupper>
< .
m12r [lower>
= .
1
=10]
_=' .
=
o 8 .
J |g>
02 025 03 035 04 045 05 055

Current in Helmholtz coils (A) FIG. 9. lllustration of the calculation of population densities of
upper and lower states. HefeandAg are radiative decay constants
FIG. 8. B, calculated from experimental CPT spectra accordingof the lower and upper levels, amgI and v}, are the excitation
to Eq. (4). rates due to inelastic collisions with electrons.
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FIG. 10. The hatched area shows the approximate range of cold FIG. 11. Hatched is the range of hot plasma parameters where
plasma parameters where the method works. the diagnostic is applicabld; =T, was assumed in calculations.
ANy Nigw—Nyp HereN; famd N, are thg ion an(_j electron densitiesg, andm,
~ are their massesZ is the ion charge number. ;=23
VNyp VNyp +3/2InT;¢—1/2InN;, Le=24+InT—1/2InN, for T,
B s s e >10 eV[Coulomb logarithmsT; e=min(T;,T¢), T;, T, are
= VNoVvg/Ag/viy/ A(L =1 /A) in eV, N;,N, are in cm3]. The rate of inelastic collisions
_ e e with electrons can be estimated using Ef). For an esti-
WNo v/, mate we takel;=L,=10, T;=T,=10-10¢ eV, andZ=1.
~(0.1-0.2N,. The conditiony;; , ve;, v},<10 MHz is satisfied for ion and

electron densitiedN; ,N,<10"-10"° cm 3. The higher the
This allows us to estimate the minimum density of test par€lectron or ion temperature, the higher are the ion and elec-
ticles required by the need for an adequate signal-to-nois&on densities allowed, as is clear from E¢B—(9).
ratio. Putting into Eq(6) the typical parameters of a collec-  Let us now estimate from Eq6) the minimum ion den-
tion system Q¢ id47~10 2, ~10 2, t=0.5), the char- Sity required to discriminate a signal against noise. Suppos-
acteristic plasma scale=1m, and spatial and temporal ing a thermalized plasma, we havAN =N, —Ny,
resolution I~1cm and A7~1us, we get Ny  =NoeXp(—Eqy/kT)[1—exp(~AE/KT)]. The condition(6)
=10"-10° cm 3. The range of parameters of a cold plasmaassumes the form
at which the technique is applicable, calculated according to 1
the model we used above, is depicted in Fig. 10. VA Qgoiigrt A TNo /L

In hot, fully ionized plasmas, ions might be used as test X exp( — Ejou/2kT)sin(AE/2kT) = 3.

particles. If the temperature of a plasma is very high, the
main source of Zeeman decoherence is the particle flight outet us estimate the detection limit for the case of high tem-
of the laser beam, and it sets a limit on the thermal velocityperature, which is obviously the worst from the signal-to-
of the atoms or ions; namely, the time of flight of a spectro-noise point of view due to the almost equal population of
scopic particle through the laser beam has to exceed the CRdvels by the discharge. For the same parameters of the col-
preparation timer<I/v ", wherel is the laser beam diameter lection system, plasma scale, spatial and temperature resolu-
andv is the thermal velocity. Fdr=1 cm andr=10 ns, the ~ tion, for a dipole-allowed optical transition with’AE
maximum velocity isv'<<10° m/s, or, equivalently, the =2_-5eV, and taking the electron and ion temperaflire
maximum temperatur€< 10 keV (here and in the rest of the =10-10 eV, the detection limit isNy=10°—10"° cm™2.
text the massn~10m, is used in estimatgsThe main co-  This reasoning is summarized in Fig. 11.
herence dephasing mechanism at smaller temperatures is ion-
ion and ion-electron collisions. For an estimate, we use inte- V. CONCLUSION
grated ion-ion and ion-electron elastic collision raf@k

A local magnetic field diagnostics based on the coherent

16me*Z*N;L; population trapping effect has been developed. The diagnos-

Viizmi’ (8)  tics is an extension of the laser induced fluorescence tech-
! ! nigue, providing sub-Doppler and subnatural spectral resolu-
4meZ2NL, tion by the use of a two-photon Raman transition. The high

spectral resolution of the CPT signal, determined by the Zee-

Vei= =113 C) , ;
" (3kTe)¥my man sublevel coherence decay rate, leads to a high magnetic
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field measurement accuracy, nicely combined with good temtechnique is applicable to a variety of plasma configurations.
poral and spatial resolution. The technique is able to measuie might be particularly useful in magnetic confinement de-
both the strength and the orientation of the field. vices with low magnetic fields, where application of other
A demonstration experiment was carried out in a plasmajiagnostics may be difficult.

produced in a low-pressure neon glow discharge. It was
shown that from the position of a CPT resonance in the fluo-
rescence spectrum the strength of the local magnetic field
can be obtained. By utilizing the dependence of the dipole
moments of optical transitions from different Zeeman sub- We are grateful to Olga Kocharovskaya, Alexander Kos-
levels of a lower level to a common upper level on magnetidrov, Aleksandr Litvak, Wacheslav Mironov, Yuri Rostovt-
field orientation and laser field polarizations, it was demon-sev, and Farit Vagizov for useful discussions. We also ac-
strated that the direction of the field can be determined fronknowledge financial support by the Russian Foundation for
the ratio of the fluorescence intensities of the two types oBasic ResearchiGrant Nos. 01-02-17779, 03-02-17176, and
CPT resonance. We made theoretical estimates of the ran@8-02-17234, the Texas Advanced Technology and Research
of temperatures and densities for cold and hot plasmas whefrogram, the Office of Naval Research, and the Defense Ad-
the technique can be applied. The estimates show that thenced Research Project Agency.
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