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Direction Characteristics of an Optically Pumped Far Infrared
Ring Laser Emission
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Direction characteristics of emission have been observed on an optically pumped far-infrared
(FIR) ring laser. The FIR output from a CH30H laser is emitted in only a direction depending on

the tuning of the FIR cavity. This phenamenon is analyzed theoretically by a 3-level laser model

supported by a well-known 2-mode laser theory. The model explains the directionality of the

FIR output for significant pump detunings and for small pump powers. The model also predicts
that bidirectional emission occurs for large pump powers or for small detunings of the pump

transition.

Key Words: Optically pumped FIR laser, Ring laser, 2-mode laser, Unidirectionality, Mode

competition.
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Fig.1 Experimental setup of an optically pumped FIR ring laser. P. M., plane mir-

ror; C. M., concave mirror; W, NaCl window; D1, Golay cell; D2, pyroelectric

detector.
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Fig.2 Cavity tuning curves of a 119 #zm CH3OH laser
with a Fabry-Perot cavity (a) and a ring cav-
ity (b) . The CH30H vapor pressure was 130m
Torr and the pump power was 8 W.
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Fig.3 Cavity tuning curves of forward (solid line)
and backward (broken line) emissions for
different pump detunings. The CH3OH press-
ure was 130m Torr and the pump power was 6
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Fig.4 Frequency difference between the dominant
peaks of the forward and backward outputs
vs. pump detuning.

MO OO T THAFICRVWERE R
b7, FRBOMO%ZOREHICIFEATS
% EDFET, ZORBELRSHEETI B R
KAHTZ2OZHIETALH)ICLTVwE LD
D, PEFEVLOEITICE D W EAASL



205 H1FE L= W

TW ARV, FEBE, sy -2
TH SN DG TRH DRI ) o [k
T, ZOHDGEDIFVREIFIIIZHEF O
EHFHTHEIDEEZHNE, ThiE, THh
5DFFVETAEKICHEAT 2RO OFECH T
WHAERDMEICRCEKFELTWLIERLLE
fFFHsNnTnb,

Z DB A FE W I & BhR B Ol
ke OBRIGER L CWwWb EEZ SN S
EDG, R ApumpE/NT A — % L LTHEE
DWH MM EWE L 7DD Fig. 3 Th 5,
ApumpDHEFERKE L R BIIHES> TENRE
NOFRDHHE =27 DBEEIKE L 5T
bo fHL, ApumpDfEIERE T H 5 ik
WAap LIZRZY, BERXEOBENIARKE 25
BEF % Apump =0 L TW5B, CO L —H—0
9 P (36) @ FLaJE I B ASCH3OH O W AR Vs7Q
(018, 16) » Zh iZxt L CT#H — 24MHz D * 7
o FERES TV, BRI OH LTIk
B2 L — ¥ — DM IR RIRE RIS L TR
LGREEZF->Twb, 2070, WINIRAE
7% % WA LS IR O Huls & 13— B
F, COzL —H— DL EEEMZS 7 LT
Wb, TOYT7 FOKEIERIREL - -0
EIARTE L CE BT 5,

MHRDEA—HEDO Y — 7 OFHORE S 5
Z ApumptH L TR LD Fig. 4 TH5H, &
DERIZIZIIERE Y, ZOHABROKE 81T
#0.12CTH 5,

4. ABEEFND T L - —D=HA1E
B EFHAGRIC L BB

4.1 ZiEfrER

SRR L — 4 — BRI IE T T <
PHERENTVEDNIERFETIRY) v 7L —F—
DUER T & B Hi #7710 D AT I % 07 12 Bk
v, FREEICESOEUERICE S 2 E - F
L—H—DEEWBN 4 FHT 52 L % AW
ICEWTEITZED 5,

ARG TR B KR % Fig. 5 105RT, =2
TRHEERE L 2 — 0 LR T, EHRSL —H—

?m Es(z,t)=E+ (1) cos(Qt-Kz)
= E_(z,1)=E-(t) cos|@t+Kz)
1

PUMP ~
<= E (2, 1) =E, (1) cos(Qp1—Kpz2)
2

Fig.5 Energy-level scheme and designation of elec-
tric fields associated with the pump (Ep) and
forward (E4+ ) and backward (E— ) FIR
radiation fields in an optically pumped FIR
ring laser.
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Table [ Definitions of the quantities appearing in the present analysis.
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Table II Cavity and molecular parameters used for numerical calculations. Note that dephasing is neglected,

ie. Y02 (ot 72)/2.

Cavity decay constant v./ K 1X1072

Molecule 12CH50H

FIR wavelength A 119 pm

Pump wavelength AP 9.7 pm

Relaxation constants Yo1, Y0, 71 92108 (s - Torr)_1 Ref.13
72 209X 10° (s » Torr) ' Ref.13
Yoz 151x10° (s * Torr) ™"

Dipole matrix element for the FIR transition 201 2.2X10%%¢ - m Ref.13

Dipole matrix element for the IR transition o2 4.0x10 ¢+ m Ref.13

Most probable speed of molecules un 395m/s

Table Il Steady-state solutions for Eq. (9) and the conditions for their stability.

Steady solutions

Conditions for stability

(i) I+=0,I-=0

(ii) I+=g4+/s+,1-=0

(iii) I+=0,I-=g—/s—

(iv) I+=G+/(S+8),I-=G_/(S_-6)

g+=0,g-=0

g+ >0, g-=0} or 1G4+>0, G-=0}
lg+ =0, g—>0 or IG+=0, G+>0}
G+>0,6->G->0

Gi=gi—cgs/s and 6 =1—c%/(s45-) .
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Fig.6 Unidirectional steady-state solutions for
dimensionless FIR intensity (a) and net-gain
(b) of the 119 pm CH3OH laser with a ring
cavity. Profiles are calculated for the laser
operating at a pressure of 130 Torr and a
pump detuning of —8 MHz and are shown for
forward (solid lines) and backward (dashed

lines) emissions.
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Fig.7 Effective gains calculated for different pump
intensities and fixed pump detuning of — 8
MHz (a) and for different pump detunings and
a fixed pump intensity of 2 W/cm? (b) . The
forward and the backward emission profiles
are symmetric with respect to A =0.
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