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Abstract Based on the semi-classical density matrix theory. the gain coefficients of infrared (IR) pumping signal
and submillimeter wave (SMMW) laser signal for a three-energy-level system in single-longitudinal-mode (SLM) and
in multi-longitudinal-mode (MLM) pulse optically pumped D, O SMMW laser are deduced. The spectral characteristics
and output power are calculated by numerical iteration method. The laser processes and the fine structures in spectral
characteristics are studied and compared in detail. MLM optically pumped D, O superradiant laser produces a wider
SMMW laser line than SLM pumped laser does. In both SLM and MLM optically pumped D, 0O cavity lasers, SMMW
laser lines broaden further and narrow peaks will appear in their spectrum. These narrow peaks correspond to the
MLM structure of the SMMW laser line. The wide band spectrum and MLM structure characteristics provide a

theoretical basis for frequency tunable SMMW laser.
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Fig. 1 Three-energy-level model of SLM (a) and
MLM (b) optically pumped D, O SMMW laser

2.3 ¥EATEEREFTEREKRBTRE
BPRFN Z Y BOEHIE D, O 3 1 W 22 K P
D3 i T LA 2 0 i 2 PR R A R ik

e / i
i L = hwypp +LH s pls —;*Pﬂc’

rﬁ%‘% = [H .p], +g(pi i) )
Gok = 1,2, n; j #£k
P p LR 0 » 05 23 0] R FOXS £ J0 2 AR XS
FICE o WPCPHPRS TS BESOR T4 5 1
oy Mz 23 5 43 N 0] 5t 74 B [ R 1 5t 742 B
6] s H' 453 F 2 4545 06 3 A 0 A 0 0 2% 0 2
eI T H =— 4E D),

2ot BRI AT LS B iz DO 4 F
R WO 5 13 25 R A G PS5 5 1 1 25
ZH G Gy sG,

GS = e()yf}zBs wSIm(ng) Qs 9

. 2Ny T,

(Jp() = e 776‘;;;51)0 a)pIm(Plzm) — Qpo s 2)
2N AT

G, =— w(w}) + 260 Im(Py3,) — ap, s

eo By
P N AR TRCEIE B, ML ZRPfE S 1
i b (Rabi) #5153 5 i o] 5t % 10 8] 79 3 AL By, » By
o2 By, A YEHNE (5T 1 Rabi 53R 5 8w ik %
IR 1) ) R AR T B o it BRI (] e O LS A L
B0 A BRI IT R OB 3 B 5 R o
N2 K PAE S HIIAR w, NALEAE S5 IR0 R
132 WO AR AR B A] B9 03 22 e oo s+t v N
H T IARAE R Py A5 5 AR ML R L B O I (]
1 2272 bR AR

B 1(b) i) 22 YA iz W 22 K B ot i 72
A LASRT AR O 22 4 57 19 = RE S AR G B el iz WOk i
it o TSk PO 004 5 096 2 2 i JL B, Bl N 2R
1 = RE S ZH LI R G 10 M 45 N

G= >\G. (3)
i=1

G; W55 2 =R R e )% BE AR B 7 Bk g
GosGyo s s Gy, O TOEE 25 A Wi {5 5 38
IV 2 K S A 9 08 B DA B o 5 1 0 AR
A LARYE (2), (3) R i B A F A 5
I, = Ioexp(G,Z) .
I. = I,exp(G.2).
3 ITELRME
3.1 ZHPENIZBIES DO I = KK B 5L
1%
FYBOE I iz R (DLMD) e diliz | = gt

4



406 i =

L 57 %

(TLM)J&4hizg X 3 A R L CO,.-9R (22) i £k 4
iz D, O S AR 1) 8 55 5 0 22 K 0 306 S b 4 s
Pt & an & 2 s,

2.5 T T T T
I =2 MW/cm? ~—TLM
2.0F P=8X133.33Pa
— L=1.0m
E
S 15¢ DLM
=
=
< 1.0
—
0.5 SLM
0.0 L . . . .
-20 -15-10 -05 0.0 05 10 15 20
Detuning /GHz

B 2 BN 2 HBOGIE D, O 8848 5 W 2 oK i
THOGHT R 2%

Fig. 2 Spectral characteristics of SLM and MLM

optically pumped D, O super-radiant SMMW laser
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Fig. 3 Comparison of spectral characteristics of SLM

and MLM optically pumped D,O cavity SMMW laser
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