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A NEW FIR LINE OF CH;OH"

HUANG Xiao LUO Xi-Zhang BAO Yan-Xiang ZHENG Xin-Shi
(Department of Electronics, Zhongshan University, Guangzhou, Guangdong 510275, China)

Abstract Using the CH;OH molecular energy levels data base management pro-
gram, it was deduced that when a CH;OH laser is pu.mped by CO,-9P(16) line,
there should be a FIR laser line of 918um wavelength which has not been report-
ed before, corresponding to a transition in a ground-state reversed three-level en-
ergy system. The spectrum of this new line was calculated by solving the density
matrix equations. Experimentally, the CH,OH FIR laser line of 918um wave-
length was obtained by pumping with a TEA-CO, laser. The experimental results

were in good agreement with the theoretical calculations.
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INTRODUCTION

CH.OH is known as the most prolific active medium for FIR laser. The high yield of
lasing transitions of CH;OH is due to that 1) the strong absorption of CO-streching band
of CH,OH molecule is in coincidence with CO, laser lines of 9-10um R and P branches; 2)
the concentration of its rotational spectrum is high; 3) the presence of a fairly large per-
manent electric dipole moment makes the selection rules much less restrictive than for
symmetric top molecules™.

CH;OH FIR output could be obtained by different methods. Most of them were found
by using CW optically pumped lasers, and most FIR sample tubes are longer than 1m.
The mini-OPFIRL (Optically Pumped Far-infrared Laser) is a new technology developed in
recent year, and CH;OH FIR laser lines have been obtained by pumping a 10cm or 20cm
long miniature CH,;OH OPFIRL in our labt®,

The gain coefficient of ground-state transition in reversed three-level energy system
could be derived by solving semi-classical density matrix"*). Based on this method, calcula-
tions on CH;OH molecular spectra were done by computer.

The calculation showed that there should be a FIR laser line of 918um wavelength
when pumped by CO,-9P(16) line, with—0. 00224cm ™! frequency offset, which is corre-

sponding to a transition in a ground-state reversed three-level energy system. The spectra
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showed double peaks and the output power was concerned with operating gas pressure.
Experimentally, a TEA-CO, laser was used for the pumping source, the CO,9P(16)

line was selected to pump a 20cm or 10cm long miniature cavity CH;OH OPFIRL, and the

FIR line of 918um wavelength was obtained successfully, and double peaks were ob-

served. The experimental result was in good agreement with the theoretical calculations.

I. THEORETICAL CONSIDERATION

1.1 The Gain coefficient (G)

An OPFIRL could be looked upon as: when pumped by the IR laser source, the medi-
um molecules in sample tube formed an active molecule system and the feedback of the op-
tical resonant cavity amplified the FIR signal of local background noise and made FIR laser
output. In the three-level system approximation, the FIR signal gain coefficient G, and IR

pumping signal absorption coefficient G, were expressed as follows .

47N T,
G.\' — e(JVCBh Im(Plz) — a; (1)
__ 4nN, o, T, ]
G, = &7CB,h Im(P;;) — e, (2)
where N, is the population density of molecules joining in the laser action, 7=/ /¢, is the

refractive index of the laser medium, C is the light speed, A is the Planck’s constant.
1.2 Energy-level structure

A data base management program on the basis of CH;OH molecular energy level
table' was compiled. Given the selection rules of the vibrational absorption transition of
CO,-9P(16) line and corresponding FIR pure rotational transition, and the frequency off-
set was limited to £0. 0030cm ' range, the computer gave the result of a FIR laser transi-

tion with 918um wavelength (corresponding wavenumber is 10. 89323cm ),

A,gr,0,0;10—> co0,0,0;11
grv011;10 &= g’f-0,0;lO

with — 0. 00224cm ' frequency offset, ) co,0, 0; 11(1267.10477 cm™)
shown as Fig. 1. Figure 1 shows that co,
this transition belongs to the transition 9P(16)
of reversed ground-state three-level en- T e
ergy system, which is more difficult to )1( FIR: 918 u m
occur and less efficient. B 5 N o0 101G 12} )
1.3 Operating parameters

(1) Complex transitional electric Fig. 1 The transition of 918um wavelength
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According to the selection rules, the vibrational absorption transition of CO,-9P(16)
belongs to a-type, R-branch transition, and the pure rotational transition of 918um line
belongs to b-type, Q-branch transition. The complex transitional electric dipole moment
could be calculated™’

(2) Popular density of molecules joining in the laser action (IV,)

The popular density of molecules joining in the laser action can be expressed as:
N,=5%z+f, (3
N/V is the popular density of medium molecules,.and

f = Sexp(— E,/KT)/ Sexp(— E,/KT) n
=1 j=

In Eq. (4), E;is the energy of energy level. According to the CH;OH data base program,

we have:

iexp(— E,/KT) = 192. 35461030
2

(3) Relaxation time T,, T, and initial FIR intensity I,
The relaxation time for three-level energy system mode of CH;OH molecules at room

temperature (300K) was given by®.

T.-= 2,098 X 107%/TP
T,=1.2983 X 10~%/TP

where T, is the transverse relaxation time, T is the longitudinal relaxation time, T is the
temperature, and P is the gas pressure.

The initial FIR signal power intensity was the FIR part of Gaussian noise, which
could be calculated from the blackbody radiation equation. For the sake of simplicity, the
initial FIR power intensity was taken as I,,=1.0X107*W « cm™
1.4 Calculated results

The whole calculation could be done by computer when all operating parameters were
given. In order to calculate the spectra of FIR laser, the central frequency of FIR signals
was taken as zero point, and the output power intensity was calculated one point by one
point within a certain frequency offset range (—2GHz~ + 2GHz,for example). Figure 2
shows the spectrum of 918um line in respect to 10cm sample tube,pumped by CO,-9P(16)
IR laser line. The pumping power intensity is 1. 0 X 10°W/cm?, and the operating gas
pressure is 23 Torr.

(1) AC-Stark effect:

Figure 2 shows double peaks of AC-Stark splitting. It was caused by the strong
pumping electric field, which caused the CH;OH molecular energy levels to split and trans-
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mitted into two lines with very closed frequency.

(2) Raman process interaction

Figure 3 shows the spectra of CH;OH 918um line with 20cm long sample tube in re-
spect to 3.0, 13.0, 25.0, 42. 0 Torr operating gas pressure. The pumping source is CO,-
9P (16) IR line, and the pumping power intensity is 3. 0X10°W /cm®. Figure 3 shows that,
when the gas pressure is lower(P=3. 0Torr), the two AC-Stark peaks are parted, there
not exists the Raman process interaction, the FIR output power is low (curve A); The
spectra of each single peak become broad with the rising of gas pressure(P=13. 0Torr),
the two peaks of AC-Stark become closer and overlapped (curve B); When the gas pres-
sure is raised higher (P=25. 0Torr), the Raman interaction becomes stronger and the FIR
output higher(curve C); But if the gas pressure is raised further(P=42. 0Torr), the com-
petition of Raman process becomes stronger, resulting in the weaker peak totally absorbed
by the stronger one, and only one peak could be seen and the FIR output power becomes

lower(curve D).
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Fig. 2 The spectrum of 918um line Fig. 3 Raman process interaction of 918um line
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(3) The optimum operating gas pres-
sure

FIR cavity laser output intensity was
affected by many factors: the operating gas
pressure, the reflected coefficient of input/
output grid, the length of the sample tube,

the environment temperature, etc., and

the effect of the operating gas temperature

was the most obvious one, and easy to ob-

Fig. 4 Relationship of FIR output e

intensity ws. gas pressure Figure 4 shows the relationship curves

B4 TESESELIMEOLH ERERRME  of FIR output intensity versus gas pres-
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sure. where the pumping source is CO,-9P(16) IR laser, the pumping power intensity is
20X 10°W /em?, the FIR output is CH;OH 918um line, the FIR laser is 20cm long. Fig-
ure £ seems that there existed an optimum operating gas pressure with which the FIR out-
put power reached the maximum. When the FIR sample tube is 20cm long, the optimum
gas pressure with respect to 918um FIR laser is about 23 Torr, which is higher than that
of another FIR laser line of 570pm wavelength pumped by CO,-9P(16) line with the same
sample tube length™. It is because the former belongs to the ground-state reversed three-
level energy system, whose transmission is less efficient than that of the latter, reversed
excited three-level energy system, and the operating gas pressure must be raised to in-

crease the popular density of molecules joining in the laser action N,.
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Fig. 5 Experimental setup
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1. Experimental Results

The experimental setup consisted of a TEA-CO, laser as a pump laser, a FIR cavity
laser, and measurement apparatus, shown as Fig. 5.

The TEA-CO, laser was tuned by a reflection grating, the mixed working gas was in a
rate of CO,:N,:He=2:5:2, with total gas pressure 24KPa, concerning to 9P(16) line,
the laser pulse width was about 150ns, the pulse energy was about 570m]J. In order to
avoid the interference from high voltage discharge, the TEA-CO, laser and its power sup-
ply were shielded in a metallic mesh shelter. The infrared laser pump beam went out and
was reflected by mirrors M1 and M2 into the FIR laser. The FIR laser was composed of a
Pyres sample tube, which is 10cm or 20ecm long, with 32cm inner diameter. The input
wandow was a ZnSe plate, which is transparent to infrared radiation, and the output win-
dow was a thick teflon plate, which is transparent to FIR but opaque to IR radiation.

Th FIR laser beam went out through a F-P interferometer, and the interferogram

signal was picked up by a pyroelectric detector D1, and a reference signal from detector D2
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was used to cornbens_ate the fluctuation of FIR intensity. When pumped by CO,-9P (16)
line, the FIR emissions were obtained, then measured by a F-P interferometer. By read-
justing the experimental parameters appropriately, the FIR line of 918um wavelength was
observed, and the output power of a single pulse was about 2u], measured by a power me-
ter.

Figure 6 shows the interferogram from 10cm and 20cm long CH;OH lasers with wave-
length 918um. The figure shows double peaks in the interferogram, which is caused by
AC-Stark effect. The strong pumping electric field makes the CH;OH molecules energy
level split into two levels, and two lines transmitted with very close frequency.

Comparing Fig. 6 with Fig. 2, we see that the interferogram is very similar to the the-
oretical spectra i. e. both of them have double peaks, and the experimental results are in

good agreement with the theoretical calculation.
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Fig. 6 F-P interferogram of 918um line

(a) FIR laser length L=20cm (b) FIR laser length L=10cm
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mE 7 B (CH,OH) 4 F &% A & FIR ##E AR -ﬁ*’ﬁfﬁ%ﬁ‘] B G ASE. MANE AR AR T
EXREUABREFALZRERGFEAMEFCL RIS HFAH HF KA 10~20cm & CH;,OH
FIR # ot %, 3 K& &.

AXF|F CHOH 4 FRAXEFAARBEETERLF AR CH:OH T EXKK B LHFT
HH.RANCO-9P(16) RRFRUKTHAFREEN T EAREEHGIKAIFZHRIES
FH HEAMREAEL0.0030em ' FEEA, THF B S TEXRFR KN 918um (3 & K # 10.
89323cm™) Bf A #4 K7 89 B6 B BR 3T '

A.gT'O.U;IO —"COn0,0;ll
gT,Ovlilo ey gr.D,O:].O

RABRA-0.00224cm AR T B EARENZHAKRT, AR REUBZAREH ZRERT
EX 553, 2 8K '

REKTEB RN CH:OH B2 FEE . TH A B AR IHBREET 1, ELKRAS
ERATBENARLSTE N ERARRE[FE T. &U‘H@.ﬂwﬁl T, FoREHE LESH T
ITHBEE B EIRThHHEN TR BHATS

1. PEXE S ZARNERRK, ﬁx&ﬁéﬁiiiﬁ%%f?ﬁ]? CH,OH ﬂ%ﬁﬁﬁtﬁﬂ
AC-Stark 2%, NI Z M W XM+ 4B i ER.

2. MiF THEAEHNEN AT BRI LA IR ERNE TEXKNBR B REHN
mME—RAMEEFIELENE—FARHBLEHTSWE, FRRHEERROAIE
BRHEEBRANARZTLARU . BB RERTMTHE XLERRE AC-Stark h NEH L, REH
BigHR. :

3. FEF—PMRERE Popt), ZRAETEEXERABRH B U RAS KA.

LW, %K CO, 9P(16) & ZE#EHF KA 20cm,10cm & E fk# CH,OH 4 F EEXFKi#t
HBH, TUAREBTERKER, Y EFRFAHEAH 3. 0X10°W/em?, TR EH A 20Torr
B, EEEKANSm A TEEXEEL ADEAREREN KA REL N u]. XRTHE
EEBHHGAEBLEET2HMNEABHRELEH, IR G TRERMEHERT CHOH #
AEIBERERI WS4 ACStark QB LR SR RVERH A EZREE 3

X815 CH,OH ®ip#k . & L5 37 i 4.
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