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Abstract. The results of the experiments on the precision
of two-wavelength rotational CARS thermometry (2λ-CARS
thermometry) of hydrogen are presented. The temperature
was determined in a heatable sample cell in the range
300–1100 K and at pressures1–25 bar was determined by
using the measured values of single-shot and averaged CARS
energies for the rotational transitions of the S branch. CARS
beams were generated by using in turn three types of Stokes
laser, with different spectral properties. A second cell, also
filled with hydrogen, was established to obtain the refer-
ence signals. Relative standard deviations∼ 1.5% at 296 K
and ∼ 8% at 1000 K were achieved for temperature values
measured in single laser shots. The precision of the measure-
ments at different spectral characteristics of the pump lasers,
linewidths of the probed Raman transitions, and referencing
conditions, with variations in pressure and temperature in the
sample volume, is analyzed and possibilities for its enhance-
ment are discussed.

PACS: 33.20.Fb; 82.40.Py

Gas-temperature measurements based on rovibrational CARS
(coherent anti-Stokes Raman scattering) spectroscopy are
widely used in many applications [1]. Two aspects are the
most important: the acquisition time in the recording of the
spectra and the precision of the values obtained tempera-
ture. In general, amplitude and phase fluctuations in the laser
fields lead to significant noise in the spectral shape and in-
tegral energy of CARS, so that conditions of spectral (over
spectra of the lasers employed and molecular transitions) or
temporal averaging should be provided to achieve the de-
sirable precision of temperature evaluation. For temperature
measurements under non-stationary conditions, temporal av-
eraging is not applicable, and pulsed CARS employing at
least one broadband pump laser to record a significant por-
tion of the spectrum during one laser shot should be used.
This provides efficient spectral averaging and good precision
in the temperature measurements if a large number of transi-
tions of the probe molecules are involved, as in the example
of nitrogen [2–4].

With hydrogen as a probe molecule, only a few narrow
lines are detectable in the CARS spectrum even at tempera-
tures as high as2000–3000 K[3, 5] and averaging over transi-
tions is not so efficient for single-shot broadband CARS ther-
mometry. In this case the two-wavelength CARS (2λ CARS),
previously proposed in [6, 7], is preferable to the conventional
broadband CARS. In 2λ CARS only two transitions are si-
multaneously excited by using two Stokes lasers and the pulse
energies in each of the CARS beams are measured. Here, av-
eraging over the spectra of laser radiation can provide the
improvement in the precision of the temperature measure-
ments.

Some problems in the application of CARS for thermom-
etry of hydrogen were discussed in our previous paper [8],
devoted to the development ofH2-based CARS temperature
diagnostics of high-pressure hydrogen–oxygen combustors,
characterized by strong temperature and density fluctuations.
The present study continues the preliminary work report-
ed in [8]. Its aim is to investigate the precision of single-
shot rotational 2λ-CARS thermometry ofH2 under steady-
state conditions in relation to the spectral characteristics of
various Stokes lasers used in the CARS spectrometer, the
linewidths of the probed Raman transitions, and the condi-
tions of signal referencing at different pressures and temper-
atures in the sample volume. The transitionsS1 and S3 of
the rotational S-branch spectrum of hydrogen (with Raman
shifts of587 cm−1 and1035 cm−1, respectively) were excit-
ed. Single-shot and averaged temperature measurements were
performed in a heatable high-pressure cell with neat hydrogen
at pressures up to25 barand temperatures up to1100 K.

1 Experimental set-up

The scheme for the 2λ-CARS spectrometer employed in
our experiments has been described in detail elsewhere [8].
Briefly, it consists of a repetitively pulsed Q-switchedNd:
YAG pump laser with frequency doubling (10 Hz, band-
width ∼ 0.7 cm−1, mode spacing∼ 0.005 cm−1) and a dye
laser module providing Stokes radiation at two wavelengths
adjustable near∼ 549 nm and ∼ 563 nm. Along with the
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narrowband (∼ 0.3 cm−1) distributed feedback dye lasers
(DFDL) used previously [8], two other configurations of the
dye laser module were tested in a comparative study of the
influence of spectral characteristics of the laser system on the
CARS signal noise.

(a) Amplified spontaneous emission dye lasers (ASEDL).
To provide modeless laser radiation a pair of longitudinally
pumped dye oscillators was used, based on two-pass amplifi-
cation of spontaneous emission, with a grating in the Littrow
configuration [9] for narrowing of an ASE spectrum. This
method of generation of modeless radiation is similar to that
proposed in [10]. A slightly saturated amplifier stage was
added to decrease fluctuations in the intensity. The spectral
width of both the ASE lasers was∼ 30–50 cm−1, with a pulse
energy of∼ 23 mJ.

(b) Broadband dye lasers.Two broadband dye lasers to-
gether with the second harmonic of theNd: YAG laser were
used to realize dual-broadband, nondegenerate scheme of
CARS [11] on S1 transition. For each of the dye lasers a
two-mirror resonator configuration was used. Both lasers had
similar pulse energies of about3 mJ. The total spectral width
was∼ 150–180 cm−1 with a mode spacing of∼ 0.03 cm−1.
The central wavelengths were shifted towards the maxima of
the fluorescence of the dye solutions in use (∼ 553 nmand
∼ 567 nm, respectively). Note that only the lineS1 was excit-
ed by the dual-broadband-pump scheme in the course of the
studies of the CARS noise characteristics.

A high-pressure heatable sample cell (with a heated gas
volume of 10 mm in diameter and100 mm in length) was
used. In the experiments at stationary conditions reported
here hydrogen was heated up to1100 K at pressures not ex-
ceeding25 bar. The gas temperature inside the cell was meas-
ured by a standard industrial-type thermocouple ofNi-Cr-Ni.
The thermocouple, which is protrudes into the gas volume,
is chemically stable in a hot hydrogen atmosphere. The ther-
mocouple wires are shielded from direct contact with the hot
hydrogen. The hydrogen-filled cell in the reference CARS
channel was kept at ambient temperatureTr = 296 K. The
laser beams were focused into the sample and the reference
cells by the same lens, which has a300-mm focal length.
Normally, a USED CARS pump configuration was employed
in the experiments. The spatially and spectrally prefiltered
CARS beams passed through a monochromator at a small an-
gle to each other and were detected by a diode array, either in
a single shot or with accumulation.

2 Results and discussion

2.1 Temperature measurements and the systematic errors

The version of the 2λ-CARS thermometry realized in our ex-
periments is based on the simultaneous measurement of spec-
trally integrated energiesIi andI j of CARS on two separated
transitionsi and j , that are excited over the whole linewidth
via lasers with a relatively broad output spectrum. The tem-
peratureT is then evaluated from the ratioIi (T)/I j (T). This
ratio is primarily determined by the population distribution
function among the molecular levels, which is Boltzmann at
equilibrium conditions. Since two different Stokes lasers are

used for simultaneous excitation of the two molecular tran-
sitions, a reference channel, with a cell containing the same
gas at fixed temperatureTr and pressurePr, is installed to nor-
malize the CARS signals. As a result, the normalized ratio
R(T) = [I s

i (T)/I s
j (T)]/[I r

i (Tr)/I r
j (Tr)] has to be used for the

evaluation of the unknown temperatureT in the sample chan-
nel. The random error of this ratio (and the corresponding
error of the temperature) is expected to be reduced even in a
single-shot measurement, because the fluctuations inI s and
I r in both the sample and the reference channels of the 2λ-
CARS thermometer are supposed to be well correlated when
a reasonably adequate beam-interaction geometry is provided
in the reference cell with the same resonant gas at stationary
conditions.

In the assumption that lasing can be described as a sta-
tionary stochastic process with the Gaussian statistics of the
fields, the spectrally integrated energy of the CARS pulse can
be expressed as follows [12]:

I = const
∫ ∣∣X(3)(ω1 −ω2)

∣∣2
I1(ω1)I2(ω2)I1(ω3)×

δ(ω1 +ω3 −ω2 −ω4)dω1 dω2dω3 dω4 , (1)

whereI1(ω) andI2(ω) are spectral distributions of the energy
in the pump and the Stokes laser pulses,X(3) = X(3)

R + X(3)
NR is

the nonlinear susceptibility,

X(3)
R (ω1 −ω2) =

∑
k

ak

Ωk − (ω1 −ω2)− iΓk
, (2)

ak = Nc4

hω4
2

∆%k

[
dσ

dΩ

]
k

,

where N is the number density of the gas molecules,∆%k
is the population difference between the initial and the final
states of a transitionk, Ωk, (ds/dΩ)k and Γk are the fre-
quency, the Raman scattering cross section and the linewidth
(HWHM) of this transition, respectively. In our experiments
the partIk of the energy of the CARS pulse that is confined
within the spectral bandwidth of the resonantly scattered ra-
diation around the transition frequencyΩk is measured sep-
arately for each of the two probed transitions. In the case of
neat hydrogen the contribution from the nonresonant suscep-
tibility X(3)

NR to this integral CARS energyIk can be ignored.
Because of the large line spacings in the rotational S branch,
the contribution of the wings of the neighbouring lines can
be neglected as well. Thus, for a given transition k the value
of Ik depends on the spectral overlap integral (SOI), which is
defined as follows:

S(Γk) =
∫ ∣∣1Ωk − (ω1 −ω2)− iΓk

∣∣2
I1(ω1)I2(ω2)I1(ω3)×

δ(ω1 +ω3 −ω2 −ω4)dω1 dω2dω3 dω4 .
(3)

Now the ratio of the CARS pulse energies in the sample and
the reference channels can be expressed as:

I s
k

I r
k

= const
N2

s

N2
r

[
∆%s

k

∆%r
k

]2 S(Γ s
k )

S(Γ r
k)

. (4)

It should be pointed out that for precise temperature deter-
mination, the overlap between the spectra of the lasers and
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the line of the Raman transition must be so efficient that SOI
should represent the integral intensity of the transition line
in the CARS spectrum. In the limiting case of a smooth and
wide spectral profile of lasers in use (with linewidth� Γ )
perfect overlapping takes place and the integral (3) is inverse-
ly proportional toΓ . However, in the real experiment with
the stochastic spectral characteristics of lasers the dependence
of the SOI on the molecular transition linewidth may differ
from this simple relation. To study this problem experimen-
tally the dependence of the SOI on the transition linewidth
for S1 andS3 lines has been investigated with various pres-
sures in the sample cell in the range from1.5 to 25 barat
room temperature and steady-state conditions in the reference
cell (see Fig. 1). All the above-mentioned types of dye lasers,
with different structures of the radiation spectrum (but always
with the spectral width much larger than that of the probed
molecular transition) were tried. In all cases a linear depen-
dence of the ratio (4) on pressure was observed. This behavior
means thatS∼ 1/Γ , since in the range of hydrogen pressures
used in our experiments the spectral lines are homogeneously
broadened andΓ = γN, whereγ is the collisional broaden-
ing coefficient [13]. The results obtained show that the good
overlap of the spectra of the lasers and a Raman transition
was achieved and experimentally measured CARS energies
correctly represent the integral intensities ofS1 andS3 lines.
Thus, for the normalized ratio of CARS signals for the transi-
tionsS1 andS3 one obtains:

R≡ I s
3/I s

1

I r
3/I r

1
= const

[
∆%s

3

∆%s
1

][
∆%r

1

∆%r
3

]
Fγ (T) , (5)

where

∆%
s,r
3

∆%
s,r
1

= X(J = 3, Ts,r)− X(J = 5, Ts,r)

X(J = 1, Ts,r)− X(J = 3, Ts,r)
,

X(J, T) = ex p[−(BJ(J+1)− DJ2(J +1)2)/kT] ,
Fγ (T) = Γ s

1(Ts)

Γ s
3(Ts)

Γ r
3(Tr)

Γ r
1(Tr)

,

B andD are the rotational constants, andk is the Boltzmann
constant.

Fig. 1. Example of the dependence of the CARS signals ratioI s/I r for the
S1 transition on the hydrogen pressure in the sample cell:Tr = 296 K, the
reference cell pressure is5.5 bar

Fig. 2. Comparison of temperatures measured by the 2λ-CARS thermome-
ter and the thermocouple:M – values of the temperature corrected for the
Fγ (T) temperature dependence.2 – the results of the temperature evalua-
tion if the assumptionFγ (T) = const is made

During the measurements of the temperature the value
Rm, m = 1, 2, ... was determined for each laser shot in a se-
ries. Then (5) was solved to provide an estimateTm of the
temperature. The dependence of theR value on the actual
gas temperature is determined not only by that of the popula-
tion differences ratio for a pair of Raman transitions, but also
by J-dependent variations of the linewidths with temperature.
Thus, for correct temperature measurements it is necessary to
know how the linewidths or – in case of a linear dependence
of linewidths upon the pressure – the collisional broadening
coefficients vary with temperature.

Since at present, to our knowledge, there are no pub-
lished data on the broadening coefficients for the S branch
of hydrogen at temperatures higher than300 K, the meas-
ured dependences of the ratios of the integral CARS energies
I s
1(T)/I r

1 andI s
3(T)/I r

3 on pressure and temperature were used
to estimate the corresponding relative variations of the tran-
sition linewidthsΓ1(T) andΓ3(T). These measurements have
been carried out in the range300 K≤ T ≤ 1000 K at pres-
sures5.5 and 11 bar in the sample and the reference cells.
The gas temperature in the sample cell was measured with the
thermocouple. Equation (4) was used afterwards, in the as-
sumption thatS(Γ) ∼ 1/Γ , to deriveΓ s(T)/Γ r for each of the
transitions on the basis of calculations of the population dif-
ferences of the rotational levels and the number densities at
a given temperature. Taking into account the temperature de-
pendence ofFγ (T) obtained in this way provided satisfactory
agreement between the temperature values measured in the
independent experiments by the 2λ-CARS thermometer and
the thermocouple. In Fig. 2 the corrected values of the tem-
peratures measured by CARS with averaging over500 laser
shots are plotted versus the thermocouple temperatures in the
range of300–1000 K. For comparison, the results of tempera-
ture evaluation based on the assumptionFγ (T) = constin (5)
are also presented in Fig. 2.

2.2 Noise characteristics of single-shot measurements

Single-shot values ofRm (and hence the estimatesTm of the
gas temperature) are random variables. If the evaluatedTm
values are assumed to have a Gaussian distribution, the pre-
cision of the temperature measurement in each laser shot can
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be characterized by the relative standard deviation (RSD)δT
of the values obtained, which has been estimated on the base
of the statistical analysis of theRm andTm values in the series
of 300−500 measurements. The value ofδT is determined by
the RSD of the normalized ratio of CARS signals for a cho-
sen pair of transitions,δR, and by the dependence ofR on
temperature:

δ(T) = δR(T)

[
T

R(T)

dR(T)

dT

]−1

≡ δR(T)

s(T)
, (6)

where S(T) denotes the temperature sensitivity of the 2λ-
CARS thermometry. Experimentally the increase inδT with
temperature has been observed for different configurations of
the laser system (see Fig. 3a,b). It follows from (6) that the
increase inδT with temperature can be caused both by the de-
crease ins(T) and by the increase inδR. Each contribution to
theδT will be considered separately.

As it is seen from (5) and (6),

T

R(T)

dR(T)

dT
= T

[
∆%2

s

∆%2
r

]−1
d

dT

[
∆%2

s

∆%2
r

]
+ T

Fγ (T)

dFγ (T)

dT
(7)

so that the temperature sensitivity of the 2λ approach
is determined, for a given pair of transitions, by the rela-

Fig. 3a,b. Experimentally estimated relative standard deviationδT of the
temperature values measured with the DFDL (a) and the SLDL (b) con-
figurations. Dashed lines represent the calculated behavior ofδT due to
variation of the sensitivity factor alone, solid lines are guides for the eye

tive derivatives of the ratio of squared population differ-
ences (population contribution) and of the functionFγ (T)
(linewidth contribution). The experimentally obtained values
of s(T) = δR/δT , together with the calculated temperature de-
pendence of the two contributions to the sensitivity for the
transitionsS1 and S3, are presented in Fig. 4. The meas-
ured values ofFγ (T) have been used for the estimate of the
linewidth contribution to thes(T). It is clearly seen that the
linewidth contribution, as estimated from the experimental
data, is much smaller than the population contribution.

With the increase in the temperature, the sensitivity of
the 2λ-CARS thermometry, as follows from our estimates,
decreases for all the pairs of the S-branch transitions, the
strongest decrease being observed for the pairS1 − S3, which
was used in our experiments. However, the reason for the
choice of this pair is the use of the non-heatable cell in the
reference channel, and at room temperature CARS signals
at S5 and S7 transitions are very weak and practically not
detectable. The installation of a heatable reference cell will
allow another pair of transitions to be used, which is assumed
to provide a 2−4 times increase in the precision of tempera-
ture measurements.

The experimentally observed increase inδT with tem-
perature exceeds, as shown in Fig. 3, that expected from the
decrease in the sensitivity. The additional contribution toδT
is supposed to be caused by the increase in the factorδR(T)
in (6). The value ofδR is determined mainly by shot-to-shot
fluctuations of the two pairs of statistically correlated random
values of CARS energiesI s andI r, depending on the spectral
profiles of the pump lasers, the laser intensities and their dis-
tribution across the beam, and a spatial overlap of the interact-
ing beams. If we assume that the contributions to the CARS
energies determined by spatial parameters (SPAT) and spec-
tral parameters (SPEC) are multiplicative (I = ISPATISPEC)
and statistically independent, the RSD of the measured CARS
signals can be written as follows:

δ2
CARS = δ2

SPAT+ δ2
SPEC, (8)

where δSPAT and δSPEC are determined by fluctuations of
spatial characteristics of the CARS process and spectral pa-

Fig. 4. Experimentally measured values of the sensitivity (O ) and estimated
different contributions to the sensitivity for theS1 − S3 pair of transitions
(solid lines). 1 – relative derivative of the ratio of the squared population
differences; 2 – relative derivative of the functionFγ (T)
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rameters (SOI), respectively. The small noise of the detector
sensitivity (RSD≈ 3%) is neglected in this consideration.

The ratio of the CARS signals in the sample and the
reference channels for a given transition also has a random
noise contribution. The RSDδsr of the sample-to-reference
ratio (4), if similar laser-beam interaction conditions in the
sample and the reference cells are assumed, is mainly deter-
mined by the correlation of the random values of SPEC:

δ2
sr = (δs

SPEC)
2 + (δr

SPEC)
2 −2δs

SPECδ
r
SPEC% (9)

whereδs
SPECandδr

SPECdenote the RSD forI s andI r, accord-
ingly, and% is the correlation coefficient (|%| ≤ 1). The value
of δ2

sr can vary from(δs
SPEC)

2 + (δr
SPEC)

2 (total independence,
% = 0) down to(δs

SPEC− δr
SPEC)

2 (perfect correlation,% = 1).
In order to understand the behaviour ofδR with tempera-

ture the dependences of the contributionδSPECto the RSD of
the CARS signalsδCARS and of the RSD of the sample-to-
reference ratioδsr on the molecular transition linewidth were
studied for bothS1 and S3 lines by using pump lasers with
different spectral characteristics. The transition linewidths
varied by increasing the hydrogen pressure in the sample cell
from 1.5 to 25 barat room temperature, the widths being lin-
early related to pressure in this range [13]. As an example,
Fig. 5 shows the dependence ofδSPECon the linewidth of the
S1 transition for three configurations of the dye laser module:
DFDL, dual broadband (two broadband dye lasers), and AS-
EDL. For all the configurations the common tendency to a de-
crease inδSPEC with an increase in the transition linewidth
is observed, which can be explained by the increase in the
number of spectral components of the laser radiation being
averaged in the CARS process. The DFDL configuration is
characterized by larger values ofδSPEC, and the dual broad-
band is characterized by smaller ones. In these two cases the
approximation by a power law shows similarδSPEC depen-
dence on the transition linewidth (δSPEC∼ 1/Γ ), which is
supposed to be explained by the same mode structure of dye
laser radiation (with a mode spacing of about0.03 cm−1).
The decrease in the absolute value ofδSPEC in the case of
a dual broadband configuration should then be ascribed to
a larger number of dye laser modes contributing to CARS

Fig. 5. The dependence of a spectral contribution to the RSD of CARS sig-
nal on the linewidth of theS1 transition for different configurations of the
dye laser module. Symbols mark the experimental data, solid lines show the
approximation by a power law

signal generation. In the case of the SLDL configuration,
a decrease inσSPEChas a weaker dependence on the linewidth
(δSPEC∼ 1/Γ 0.7).

The variation inσsr with the ratio Γ̃ = Γ s/Γ r for the
linewidths of theS1 transition in the sample and the reference
cells, measured in the pressure range of1.5–25 bar, is shown
in Fig. 6. All three curves, obtained for different configura-
tions of the dye laser module, have similar general features:
a minimum, corresponding to equal transition linewidths in
both cells; a steep growth, when the linewidth in the sample
cell is decreasing relative to that in the reference cell, and a
slow growth in the opposite case. The observed behavior of
δsr could be reasonably well described on the basis of (9). If
the difference between the transition linewidths in the sample
and the reference cells is large, the numbers of spectral com-
ponents of the laser radiation contributing to the formation of
the CARS signals are also different, so that uncorrelated com-
ponents of anti-Stokes radiation appear in the channel with
the larger transition linewidth. This results in the reduction of
the correlation coefficient% and the corresponding growth of
δsr. At the same time, the value ofδs

SPEC increases with the
decrease of the transition linewidth (see Fig. 5). Thus, when
Γ̃ < 1, both factors lead to an increase inδsr resulting in its
strong dependence oñΓ , whereas wheñΓ > 1 the two factors
contribute in the opposite directions and the dependence ofδsr
on Γ̃ becomes weaker.

For all the dye laser configurations the dependences of
δsron the ratio of the transition linewidths̃Γ are found to be
similar to each other if the valuesδsr in each of the three da-
ta sets are reduced by the corresponding minimal value. The
minimal values ofδsr characterize the best correlation of the
random valuesIs andIr and are mainly determined not by the
dye laser configuration, but by the provided similarity of the
laser-beam interaction conditions in the sample and the ref-
erence channels, as well as by the noise of the detector. The
lower limit of δsr for our set-up was about 3−4% as estimat-
ed by measuringδsr for two parts of the same pump beam
after it passed simultaneously through the sample and through
the reference channels. The minimal value ofδsr is rather crit-
ical to the adjustment of the CARS system and may vary
from experiment to experiment. So it is worth mentioning that

Fig. 6. The dependence of RSD for the sample-to-reference ratio from the
ratio of the linewidths of theS1 transitions in the sample and the reference
cells for different configurations of the dye laser module. Symbols mark the
experimental data, solid lines show their approximation by smooth curves
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in experiments not presented in Fig. 6 the minimal value of
δsr ≈ 5% was achievable also for the DFDL configuration.

Our experiments showed the 1.5−2.5 times enhancement
of δR, as well as ofδsr, for each of the transitions, during heat-
ing of the gas. The evaluation of the temperature dependence
of the broadening coefficients for theS1 andS3 lines, based
on the published data [14, 15] and our measurements, leads to
the conclusion that the linewidths of both transitions decrease
at isobaric heating. This brings, in accordance with Fig. 6, us
to the observed increase inδsr for each of the transitions and,
as a result, to the corresponding increase inδR.

3 Conclusions

The analysis of the precision is presented of a single-shot 2λ-
CARS thermometry employing the pure rotational transitions
S1 andS3 of hydrogen. The temperatures measured with av-
eraging over 500 laser shots (300 K< T< 1100 K, pressures
of 5.5 and11 bar) agree with the thermocouple measurements
within the accuracy of 3−5%. The RSD of single-shot tem-
perature measurementsδT varied from∼ 1.5%−2% at room
temperature to∼ 8% (ASEDL) and12% (DFDL) at1100 K.
The observed growth ofδT with an increase in the tempera-
ture is explained by the simultaneous influence from two fac-
tors: a decrease in the sensitivity to temperature variations of
the intensity ratio for the pair ofS1 − S3 lines, and a enhance-
ment of the RSD of the normalized ratioδR due to decrease in
the correlation of CARS signals in the sample and the refer-
ence channels for both transitions.

The comparative analysis of noise characteristics of the
CARS signals, obtained for different configurations of the
dye laser module, showed that the lowest noise level was
achieved with the ASEDL configuration. The level of this
noise was similar to that achieved with the dual broadband
CARS setup. For all the configurations in useδSPEC was
inversely proportional to the transition linewidth, and a de-
crease of the noise at higher pressures was observed. It should

be noted that the RSDδsr of the sample-to-reference ratio is
not so critical to the spectral characteristics of the dye laser
module.

The reduction ofδsr was found when the transition
linewidths in the sample and the reference channels were
equal. It means that in the course of 2λ-CARS thermome-
try in a real combustor the pressure in the reference channel
should be chosen so that in the sample channel the conditions
of broadening of the transitions employed were in average
identical.

On the base of the data analyzed in the present paper, the
ASEDL configuration has been chosen for future 2λ-CARS
single-shot temperature measurements in the technical com-
bustor. In this case the precision of about5–6% at tempera-
tures1000–2000 K is expected to be reached.
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