General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



e I —

1 - -

[WASA

Technical Memorandum 79596

ANOMALOUS DISPERSION AND THE
PUMPING OF FAR-INFRARED (FIR)
LASERS

i)

(NASA) 11 p HC AOD2/MF A01

NABIL M. LAWANDY Y

JULY 1978

National Aeronautics and
Space Administration

Goddard Space Flight Center
Greenbelt, Maryland 20771




BIBLIOGRAPHIC DATA SHEET

1. Report No. 2. Government Accessin No.

I'M-79590

4. Title and Subtitle
Anomlous Dispersion and the Pumping of
Far-Infrared (FIR) Lasers

1. Author(s)
Nabil M. Lawandy

9. Performing Organization Name and Address

Goddard Space Flight Center
Greenbelt, Marviand 20771

12. Sponoring Agency Name and Address g

National Acronautics and Space Administration
Washington, DC 20540

15. Supplementary Notes

16. Abstract

and trapping are considered with CHE as an example.

17. Key Words (Selected by Au_lf'nlul.s{l_ EENT

Lasers, Focusing

19, Security Classit. (of this report!}

Unclassitied Unclassitied

Lnclassifhied

20, Secunity Classit, (of this page) 21

3. Recipient's Catalog No,

5. Report Date
July 1978

6. Pertor ming Drganization Code
123

G807

’]6 Woik Uml—ﬁn:
S06-25-30

S ——

1. Cun“@i‘f or Grant No.

echmical Memorandum

!:l .t.iu;m;mr ing Agency Code

It is shown that the anomalous dispersion at the pump transition i molecular faeatrared
lasers (FTR) can lead to sizable focusing an * defocusing effects. Criteria for beam spreading

18, Distnibution Statement

STAR Categony

Unlimited

r -
No. of Pages | 22, Price
e

11 S4.00

S

E‘—l-‘:l_f'.u ming Olgdlilldtll;i: lin;);ﬁ 1

- -

13, Type of Report and Period Covered

.
No

—

*For sale by the National Technical Information Senvice, Spanghield, Virginia 221561

GSHEC 2544 (107T)




All measurement values are expressed in the International System of
Units (SI) in accordance with NASA Policy Directive 2220.4, paragraph 4. !

i~
vy
b
i
o
13
ke
e
s
.._]
|
Pl
:
» Py
!’
‘
-1 &
7 "
4':‘
A
1,
v

p———— ’ 1 T T 1 R s s e | T . i St B B e o B e e e




Introduction

The dependence on intensity of the real susceptibility can lead to significant

increases or reductions in the index of refraction near an atomic or molecular

transition, hese effects are most prevalent in the saturated regime.  Javan and

Kulley“l

have given expressions for the index change due to this effect for both

homogeneously broadened, as well as Doppler-broadened, transitions, Depending

on whether the presence of an intense beam increases or decreases the loeal

index of refraction, focusing or defocusing of the beam may occur, When the

index change is sufficiently high that the diffraction angle ol the beam is below

the eritical angle for the index change, the beam becomes trapped,

The index at any point in the medium can be expressed as some constant

value plus a perturbing term,

nr) = on o+ dngr)

(n

For Doppler broadening, the profile is approximated by a Lorentzian line-shape

function to circumvent the difficulties associated with the convolution of a Gaussian

and Lorentzian, For homogencous broadening,

n \'t“-l.‘ll' - l'"\
dn(r) = — maa O e i

(v l'“): ,u”’ l'ulI“ !
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where pu is the dipole matrix element for the transition from i — j, |E(r)| 3 is

2/ce, times the intensity, A v, is the homogeneous line width, v is the line-

h
center frequency, x(v,) is the peak field independent imaginary susceptibility,
and T1 is a characteristic time o{ the levels, In[1], it is shown that, when the
intensity is well above saturation, the index change asymptotically reaches a

maximum value,

=X ) w-v,)
Auh 1 + | ——
,

In the case of Doppler broadening with an associated line width, a o’ (2) is modi-

Bnm‘ =

fied to
2 | |
X" )w-v) [ — ¢+ A-v—) Ay,
6“(1)) D h

((@-n,) o, [owd EOPT] V) @)
n Av, | w1y — 14— —
l Av ? A, ' an ‘

This reaches a maximum value above saturation given by

| |
X" Ww-v )| — +—,
v, “\avy, ay Ay,
Bn(n) =

max : 5
n Ay (v-vu)z + (I +-—Ap" )2 ( )
D
E Avnz Au”

For a homogeneously broadened line, the maximum index change occurs for

(6)
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and, for an inhomogeneously broadened line, at

(v-uo) = 4y, ¢+ A% ' (7

Far infrared (FIR) lasers fall into two categories. Most CW lasers are
operated in the Doppler-broadened regime, whereas high-power pulsed systems
are operated in the pressure-broadened region. Because these lasers are

optically pumped by CO2 lasers, efficient use of pump power is crucial to opti-

mized performance,

Koepf and McAvoylz] have dealt with the problem of best utiliziny pump rower
through various resonator configurations, However, this treatment and others
have not dealt with the effects of index change and its associated effects on the
CO2 pump beam., The well-documented CH 3F laser will be used to demonstrate
the requirement that these spatial effects be considered. CH3F has been operated
in CW and pulsed modes and therefore lends itself to the analysis. However, note
that it is not by any means a gas that exhibits the largest index effects. Other

FIR laser gases have much higher absorption coefficients and associated non-

linearities.

The relevant parameters for CH_F are:

3
Avh = 40 Mllzllun’ ;
Av, =67MH,
)= 40N
3
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where (v-v,) is an estimated value from the CO2 94 P(20) line center to the

molecular line center. In equations 3 and 5, X"'(v ) can be replaced by

2
A‘yll'lll nD

X)) = el (8)

where Ymax is the peak line-center absorption coefficient, and \ is the wavelength,

This has a value of about 5 m-l at 1 torr for CHSF. For CO2 intensities above
saturation can be estimated by using the CH3F data (Is =2,3x 102W/cm2 torrz).

At 1, 25 torr, the line is Doppler-broadened and leads to an index change of
™ * "2%x10%) n, .

When the pressure is 2 torr, the line is homogeneously broadened, and the index

change is given by
dn >"(10%) n, = nb
Therefore, in the region of an intense beam, the index is given by
n= n(l-5) (9)

where

5 > 10%



ORIGINAL PAGE IS

OF POOR QUALITY
Beam C8

The basic problem of what happens to the pump beam can be dealt with using
ray optics. Since most FIR lasers are pumped through a coupling hole, the pump

beam is usually focused to a 1 to 3 mm waist on entering the rcsonator.lz!

For
a 20-watt CO2 laser, this produces intensities on the order of megawatts. These
levels are well above saturation, At the waist point, the beam will spread due

to diffraction with an angle,

A

mnn_w
0o o

0. = (10)

D

where ws is the input radivs. The beam behavior can be aralyzed by examining

the outermost ray (see Figure 1),

Referring to Figure 1,

llu“ -8)cos Gn nocosg

2
-HOT ] (11)

¢~ /2

(C1+8)

']

For a typical coupling hole which is 3.0 mm in diameter, OD =2 x 10'3 rad,

Moreover, the new beam divergence angle, ¢, is 1.4 10-2 rad. This is an

order of magnitude larger than Bn.

[#1]

—




$
\J

N\

g

Figure 1. Defecusing Caused by Index Change
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When the CO2 line iz higher in frequency than the molecular line center,
6n is positive and focusing or trapping of the puiap power takes place, The
criterion for this is that the diffraction angle, BD' is smaller than the critical

angle, This means that

iy * e 1z,
or
2
b S : ;
intw 13

When (rapping occurs, the pump beam is well-confined and can be used efficiently.

In the case of beam defocusing, the beam size at a point Z in the laser can

be estimated by

W e, + 2B (14)

This is equivalent to defocusing at a waist by a diverging lers of focal length

3 = (15)

BT T T, = e T T



Conclusions

The efficient utilization of L‘02 laser power for pumping FIR lasers is
cerucial to optimizing their conversion efficiencies. Because pumping large
cross-sectional areas is desirable, it appears that a well-defined pump beam
guided by the proper resonator geometry is tho most promising, The effects
described here indicate that caution must be exercised when laser tube diameters
are chosen so that the pump beam is not interfered with when defocusing occurs.,
In conclusion, it appears that FIR lasers that exhibit high gains and are pumpad
on the far side of the absorption profile (resulting in trapping) would be the best
candidates for pump-resonator optimization because the beam becomes well-

defined and tractable.
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