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ABSTRACT

A far-infrared laser cavity designed to favor short-wavelength
laser lines was used to generate optically-pumped far-infrared laser
radiation. New far-infrared laser lines were discovered in hydrazine,
heavy water, ammonia, and several short-wavelength lines previously
discovered in methanol were observed. Wavelength, frequency, and
relative intensity measurements were performed on laser lines in the
wavelength range 42.4 to 253.7 um. Each far-infrared frequency
measurement was obtained by mixing the far-infrared radiation with
radiation from two reference CO; lasers and from a microwave
synthesizer in a metal-insulator-metal diode.

The pump laser was a high-Q Fabry Perot resonator oscillating on
275 grating-selected laser lines lincluding regular, sequence, and hot
band lines.
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INTRODUCTION

We have invented a more powerful far-infrared laser cavity that
produces more short-wavelength lines than our previous lasers do.
Therefore, we tried this laser on hydrazine, methanol, heavy water, and
ammonia which have been studied previously as far-infrared (FIR) laser
media.*™ In this work we discovered new far-infrared laser lines in
hydrazine, heavy water, and ammonia, and observed several short
wavelength lines previously discovered in methanol. We measured the
wavelength, frequency and relative intensity for each line.

LASER DESCRIPTION

We used a far-infrared cavity consisting of a 1 m long, and
nominally 25.4mm inside diameter copper tube closed at the ends by two
mirrors with 1.2 m radius of curvature. One of the mirrors was movable
longitudinally by a micrometer in order to set the FIR cavity in
resonance with the FIR radiation.

The CO; pump laser was a 1.5 m long, high-Q Fabry-Perot
resonator’ that in its most recent version uses only one grating to cover
the whole emission spectrum. The CO; laser grating at one end selects
the infrared emission lines and is also used to couple out the laser
radiation in zeroth order with 3% coupling. The grating has a better
selection than most CO; lasers because we have eliminated the wall-
bounce mode by placing S fixed irises in the laser tube. The pump laser
operates on 275 laser lines in regular, sequence and hot band lines with
powers up to 40 W on the regular lines.

MEASUREMENTS

To pump the FIR laser medium the CO; laser radiation was
focused into the FIR cavity from one of its ends so as to be reflected
back and forth in a horizontal plane nearly perpendicular to the copper
tube.

When searching for new FIR laser lines we scanned the CO; laser
lines and looked for IR absorption by the FIR medium by monitoring the
photoacoustic signal from a microphone mounted inside the FIR cavity.
Once an absorption signal was found we looked for FIR emission by



New Far-IR Laser Lines 7

jowering the pressure to operation level in the range 7 to 53 Pa. We then
adjusted the pressure, pump offset, and output coupling in order to
optimize the signal. A scan of the FIR laser modes was recorded as a
function of the FIR cavity length, from which a first measurement of the
number of lines oscillating at the particular pump line and their
approximate wavelengths were obtained. For each FIR line selected we
measured the length of the cavity scan responsible for 20 /2 or more
recorded FIR laser modes. This gave us a wavelength value accurate to
approximately = .05 pm.

To measure the frequency of the FIR line we mixed its radiation
with the radiation of two reference CO, lasers and of a microwave
synthesizer in a MIM (metal-insulator-metal) diode, generating a beat
note in the diode.*' The FIR frequency is obtained from the equation:

Vm=n[V1 —Vzl + MVyuwave & Vbeat (1)

where v; and v, are the stabilized CO, frequencies, Vuuwave is the
microwave frequency, veea 15 the rf beat frequency generated in the
MIM diode, and n and m are the mixing orders of each stabilized CO,
laser. Once the beat note is measured and the sign of the mixing
components is determined, equation (1) gives the resulting FIR
frequency. ‘

RESULTS

Table 1 presents the results obtained for hydrazine (N:H.),
methanol (‘*2CH;OH and '*CD;0H), heavy water (D,0), and ammonia
(NH;). Eight new laser lines were discovered and their frequencies were
measured. Additionally, frequencies of already reported lines were
measured for the first time or remeasured. Optimum pressure for line
operation and relative powers were also obtained. The wavelengths were
calculated by using ¢ =299 792 458 mvs ( A was calculated from
A= c/Ve).
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Table 1- Summary of FIR lines pumped by a2 CO4 laser in hydrazine,

methanol, heavy water and ammonia .

CO,, laser Frequency’ Calcu- Caleu- Pressur Rel Ref.
pump line lated®  |yteq® e int.
Wave-  wave-
length  nymber
MHz um em’ Pa(mT)

NaHy :
9P(25) 2946197.19/59) 101.756 98.2746  25(130) 1
10R(40)° 3111748.08(62) 96.342 103.7967  32(240) S New
10R(20)° 2140871.73(43) 140.033 71.4118 24(180) W  New
10 R(6) 58.67 36(270) M New
10SR(23) 2218652.17(44) 135,124 74.0083 27(200) W New
2CH,0H:
9P(56)° 2939964.08(59) 101.971  9B.0667 24(180) W 6

4413563.12(88) 67.925 147.2206 24(180) 7

5039174.3(10) 59.492 168.0888 28(210) W 7.8
cp,0H:
9R(34)° 5571129.3(11) 53.812 185.8329 20(150) M 23
10R(36)° 1181588.64(24) 253.720 39.4136  29(220) S 23
10R(36)“ 4393866.37(88) 68.230 146.5636 29(220) S 23
10R(34)°  7075889.7(14) 42368 236.0263 17(130) M 23
10R(10)°  4223061.41(84)  70.989 140.8662 23(170) M 23
10HR(30)° 3674369.79(73) 81.590 122.5638 29(220) W 9

2109335.39(42) 142,127 70.3599 w 9
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Table 1, continued

CO; laser Frequency* Calcq; Calcu- Pressur R Ref.
pump fine lated lated® e el.

Wave- Wave- Int

length number

MHz pm em™ Pa(mT)

0;0:
gR(54)" 2740101.96(55) 109.408  91.400 9(65) W New
gHP(22) 85.9°  224.068 New

1337952.18(27) 224.068 44,6293 11(80) W New

Hi:

——

Non Reg®. 5778386.8(12) 51.882 192.7462 33(250) New
Line™

-~ Non Regular line between 10P(24) and 10P(26)

: estir;nated uncertainty in the reproducibility of the FIR laser frequency Avv =
2107,

® calculated from the measured frequency with c = 299 792 458 mvs.

¢ frequency measured for the first ime.

¢line discovered in a different FIR cavity.
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