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7%} 1. An apparatus for nonlinear interferometry of
CARS.

H Aol 4 ¢t CARSAZE LA F8, 5= delA
o] xef4] CARS 3.5 WAAl71E wi-¢ & dols
HeR 1, 13t X A J1Ed 3 Al A A& A9
3x WAy Fge 2vE vehid Pt P 7)E
Az} A gA el 7 shE g Yehiie, g FAedlA
CARS A4 &89 Aol BAshe ol 122
yi A el ZAleh Sl RAE Al 4 B,
A=, Ao F7), Tl dd ArE fdHdE v
Wi, ke e AP vehdch of 7|4 ofl A}
1,2, 38 77t g, ~Ea3) CARS A5 & ofv)sin,
nos pv 77F 71E7IA, AlEZIA, sidHel A E 9

v g}

I SIABOIERIS] SHE WY
S 4 xpolel QAT A RH L] FAE W
AWM HAFHE B, (DAL RVE e

1=, 8, P, E\ Ex™{nl + i+ 2ncos(Ak,d, — T}, (2)

APV ['=Abyd,+ Abd,—T. 13 26] A4E 7447
He) mepol 224 Stk AkelA 9 e 12 7Y
shglond, slaHol Aol o8l fEse kel
el disto] 11T ke Adseich

2. AlRdel efy w3t
719 ZAge] 71A shHel wlaA vt 7b sk
ZAE nt AR X U

=1+aP. (k1) 3)

10 T =T T T T T
)
5 81 N
g
<
T__‘T 6 L "/ 20 N
C Iy
o
[7)]
g 4f 1
cC
o
& 2t P
T -5
[
- 0 N

4 5

Pressure (Bar)

1%) 2. The intensity of the interference signal calcu-
lated by changing the phase shift induced by
the PSU at several ¢ in Eq. (2).
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Iinterference Signai (Arb. Units)

0

Change of Phase Shift Induced by PSU (rad.)

13 3. The intensity of the interference signal calcu-
lated by changing the pressure of the sample
cell at several n in Eq. (3).
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17] 4. A typical interference fringe obtained by filling
both the reference and the sample cells with
argon at the pressure listed.
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717 5. Amplitude of the interference fringe measured
by changing the thickness of the PSU at seve-
ral pressures of argon in the sample cell.
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1% 6. Amplitudes of the interference fringes measu-
red by changing thickness of the PSU at seve-
ral pressures of the sample gases in the sam-
ple cell. The amplitudes were normalized with
the slope of the interference fringe of argon.
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¥ 1. The effective susceptibility X determined in

this work
Gas Ratio* Effective Raman shift
v (cm 1)
Acetylene 4.11(0.08)  38.9(0.76) 2157
Carbon dioxide 1.14(0.05) 10.8(0.5) 2157
Methane 2.84(0.15) 26.9(1.4) 2157
Nitrogen 1.08(0.02) 10.2(0.2) 2157
Oxygen 0.733(0.019) 7.31(0.18) 2157
Propane 10.7(0.390 101.2(3.7) 2157
Carbon 1.09(0.03) 10.3(0.3) 2334
monoxide
Freon 0.730(0.026) 6.91(0.25) 2334
Hydrogen 0.704(0.018) 6.66(0.17) 2334

(Units: 10 " cm®/erg- amagat)

*Ratio of the slope of the interference fringe of the
sample gas to that of argon.

Estimated uncertainties are shown in the parentheses.
The effective susceptibility X3 are calculated based
on the value of the nonresonant susceptibility of argon
(9.46X10 ™ cm?/erg-amagat) reported by Rosasco and
Hurst.®,

3 2. Raman cross section®® and the calculated off-resonant term

Gas Raman band Raman cross Off-resonant term
(cm™?) section at 2157 cm™! at 2334 cm ™!

Acetylene 1973 23.76 —12.00 -
Carbon dioxide 1285 3.37 -0.35 —
Carbon dioxide 1388 5.23 —0.62 -
Methane 1917 39.31 417 —
Nitrogen 2331 4.32 2.30 -
Oxygen 1555 441 —0.67 -
Propane 2890 100.0 125 -
Carbon monoxide 2143 4.15 — —2.03
Freon 1283 3.01 - —-0.24
Hvdrogen 4156 14.9 — 0.77

(Units of Raman cross section: 10 3! cm?/sr.)
(Units of off-resonant term: 10 ' cm®*/erg-amagat)
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¥ 3. Electronic susceptibilities X, of various gases

Gas This work IRS* CARS? CARS CARS

676+584 mm 532+607mm 532+683mm 532+683mm 694+ 976 nm
Argon (9.46) 9.46 - 10.56 9.31
Acetylene 50.9
Carbon dioxide 11.8 9.1 12.3 12.02
Methane 22.7 31.3 26.6 17.72
Nitrogen 7.90 7.0 8.47 811
Oxygen 7.98 7.7 114 7.81
Propane 88.7
Carbon monoxide 12.3 125 11.81
Freon 7.15
Hydrogen 5.90 534 6.9

(Units: 10 ' cm?/erg-amagat)

Uncertainties of the absolute values of the electronic susceptibility Xap

10%.
°IRS (inverse Raman spectroscopy), ref. 23, 28.

listed in this table are estimated to be

bref. 15, 25. ‘the effective Xi obtained by comparing the ab-

solute intensities of the nonresonant CARA signals of two gases in USED CARS conmfiguration. “ CARS, ref.

22, “CARS, ref. 21, reevaluated data, see text.
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We have applied nonlinear interferometry of coherent anti-Stokes Raman spectroscopy (CARS) to
measure the nonresonant third order susceptibilities of various gases. For the experiment, we placed
two gas cells serially and filled the first cell with argon as a calibration standard and the second
cell with gases under test. The interference fringes of the CARS signals generated in the two gas
cells were obtained by changing the thickness of the phase shifting unit which was made of BK-7
glass. The total effective nonresonant susceptibilities were determined from the measured amplitudes
of the interference fringes of the CARS signals of the gases. The nonresonant susceptibilities were
obtained by subtracting off resonant vibrational contributions from the total effective susceptibilities.
The results of this work are compared with the published data and the overall uncertainty is estimated

to be less than 5%.



