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New Short-Wavelength Laser Emissions From
Optically Pumped>CD3;0D

M. Jackson, H. Hockel, M. Lauters, E. C. C. Vasconcellos, M. D. Allen, and K. M. Evenson

Abstract—We report the discovery of 15 new laser emissions 2] volage Rolatng
from 12CD3;OD when optically pumped with a CW CO. laser. Cathodes and
The wavelengths of these lines, ranging from 57.5 to 135;2m, are / \ Grating
reported along with their polarization relative to the CO» pump :g[[:ﬂ F{:@: Anode\E”[”
laser, operating pressure and relative intensity. A three-laser het- . 2 T
erodyne system was then used to measure the frequencies of 12 op- n”“ 'n—”
tically pumped laser emissions from this methanol isotope. These Top View of the CO, Laser i
emissions range from 65.7 to 151.8m and are reported with frac- ) Output
tional uncertainties up to +2 - 107, Reflectors . ovtput

Index Terms—3CD; 0D, CO, laser, frequency measurements, AR Caviy using
optically pumped molecular laser (OPML). vy O X porton f e beampatn €3I MITOTS)

ZnSe — — — -V portion of the beam path 45° Mirror

I. INTRODUCTION

HE first recognition of*>*CD5;0D as a source of far-in-
frared (FIR) laser emissions was by Vasconcellos an
Evenson in 1985 [1]. Since then, over 100 laser lines fror Meegeeroe | Copper Mirror
13CD;0D in the range from 46.4 to 1194,0m have been MeysbeMiror 45 oumt R=t1om
discovered [2]-[7]. These lines provided the motivation for the
theoretical treatment of this molecule, as well as the assignmeéigt 1. Optically pumped molecular laser system.
of IR and FIR transitions [8]-[13]. This, combined with a

newly designed short wavelength (< 150 pm) optically coupling in zeroth order. Both the 9- and &@a branches

pumped molecular laser (OPML) system [14], has stimulatedbghibit lines out to9R583, 9P60, 10R58, and 10,60, with
reinvestigation of this methanol isotope as a source of opticaffiwers up to 30 W [15]-[17].

Side View of the FIR Cavity

\R=1mMIrror

(changes from X to V pumping} Pyrex Tube

pumped laser emissions. The CQ laser radiation is focused into a 2-m long, nearly
confocal FIR cavity having an X-V pumping geometry [14].
[I. EXPERIMENTAL DETAILS This geometry, illustrated in Fig. 1, uses three copper mirrors,

The optically pumped molecular laser system consists ofl mm in diameter, a gold-coated copper mirror with a radius

carbon dioxide (C@) pump laser and a FIR laser cavity, a9t curvature of 1 m, and one of the FIR cavity mirrors. Once en-
tering the FIR cavity, the C@radiation is first reflected across

shown in Fig. 1. The C®laser is 1.5-m long and includes a ical bl fih by 481 Atthe oth q
partially ribbed cavity surrounded by a water-cooled jacket. Tﬁge \_/ertlc_a plane o the cav_lty y a@nirror. Atthe other end,
9 identical 45 mirrors redirect the C®beam to the bottom of

Pyrex glass tube has an inner diameter of 18 mm and contaifis . .
8 input chamber. The gold-plated copper mirror then reflects

five equally spaced glass ribs whose inner diameters increéh cO b h L EIR . ) The GO .
from 16.5 to 17.5 mm. The laser uses the zeroth-order outﬁ f Q beam to the main caV|ty.m|rror. e GOeam is
lected from the FIR mirror, to the input @%nirror, and out

coupling from a 133-line/millimeter grating with 3% output
ping g Y ° P of the FIR system. On the other hand, the FIR laser radiation is
coupled horizontally out of the cavity, through a polypropylene
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The frequencies of optically pumped FIR laser lines were ac- TABLE |
. . 13
curately measured using the three-laser heterodyne technique NEWLASEREMISSIONSFROM OPTICALLY PUMPED **CD;OD
discus_sed in detail ir_l [18] and [19]. Here, two chser fre-_ Pump Wavelength Rel. Pressure Rel.
guencies were combined to create a difference frequency in the (pm) Pol. (mTorr) Int.
FIR region. The particular lines chosen to generate the differ- 9R30  63.837° Il 170 M
ence frequency were based on the wavelength measurement of 0R20 12‘;"22& i ;28 ﬁ
t_he unknowq FIR emission. These @@gque_nc_ies were stabi- 135.2434 I 160 M
lized by locking each laser to a saturation dip in the An3flu- 9RS 122.233% I 115 M
orescence signal from an external reference cell. The beat note, 9P32 100439“ I 140 M
monitored by means of a spectrum analyzer, was used to deter- 1901;?0 1911456,, i lgfo 3
mine the unknown frequeneytr through the relation 103.0° I 170 M
— _ 10R30 76.4° L 250 M
VFIR = [P1V00, 1) — M2Vco,(n)| £ mMVuwave & Viear (1) 10R24 8188 T 550 M
where 10R20  65.716° 1 150 M
ni,n2,m integers that correspond to the respective har- 10R18 109-0: L 160 w
monics (first-order, second-order, etc.) generated 10716 10557;1%2,, E }22 ﬁ
In_the MIM diode; 2 Wavelength derived from Table II.
Viwave microwave frequency; b Wavelength uncertainty is + 0.5 um.
Vheat beat frequency.
A MIM point-contact diode was used as a harmonic mixer, TABLE I
L . . NEW FREQUENCY MEASURED LASER EMISSIONS FROM OPTICALLY
combining the signals from the laser and microwave sources. PUMPED '3CD, 0D

The signal from the MIM diode was fed into a preamplifier
connected to a spectrum analyzer to measure the internr Pump  Wavelength  Frequency ~ Wavenumber — Ref.

i i i (pm) (MHz) (cm=1)
diate-frequency beat note as compargd with a synthesizer-ge SE30 55837 1355 08050 1355699 —
erated marker. When necessary, a microwave source operat 103.050 2 909 204.6(e) 97.0406 new
between 2 and 18 GHz was used. The values,0fi2, m, and 9R20 111.653 2 685 044.8(2) 89.5635 new
the + sign in (1) were determined experimentally by eithel 135.243 2 216 701.0(2) 73.9412 new
tuning the FIR laser cavity or by increasing (or decreasing) th  9k&8 122.233 2 452 635.3(%) 81.8111 new
microwave frequency slightly in order to get a small shift in the 31}; ;z igg-zgg f ;:2 ;‘Z;-gg; 22-3%: m
beat note on thg spectrum analyzer. . 9P28 151.832 1 974 500.7(@) 65.8623 1]

The uncertainty of a frequency measurement is at lea gpss 100.430 2 985 091.5(a) 99.5719 new
Avjy = +2- 10=7. It is due mainly to the uncertainty in the 19r20 65.716 4 561 935.4(a) 152.1698 new
setting of the FIR laser cavity to the center of its gain curve 70.467 4 254 362.4(0) 141.9103 [23]
To minimize this uncertainty, we tuned the FIR laser acros_10R16  105.492 2 841 850.2(*) 94.7939  new

its gain curve and observed the change to the beat note on - E:)) Avfv = 21077,
spectrum analyzer. The value of this frequency was calculatt ., 2://5 = i: g ) 118_7‘
from the average of ten measurements recorded with varyiny B |
microwave frequencies. In addition, these measurements were
made with at least two different sets of @ser lines. mirror, pressure, etc.) have been optimized. The FIR cavity was
The sample of*CD;0D, 99%'2C, and 99% D enriched, wasoptimized to the best of our ability, but in no way should it be
obtained from Cambridge Isotope Laboratories. Due to the fdgken as an absolute measure since the relative intensities of FIR
exchange of deuterium and hydrogen in the hydroxyl group [Zmissions are subject to the experimental apparatus used [20].
contamination of the sample witfCD;OH was possible. To The lines labeled with VS, S, M, W, and VW range in power
limit this effect, the"*CD30OD sample was pumped through théetween 10-1 mw, 1-0.1 mW, 0.1-0.01 mW, 0.01-0.001 mW,
FIR cavity for several minutes before the search for new OPMiNd below 11:W, respectively.
emissions began. In addition, several Strong (S) and Very Strongrable Il gives the frequency measurements of the OPML
(VS) lines belonging t6>CD;OH were searched for as a checkgmissions. All frequency measurements are new and are
but none were observed. Even so, some doubts may remainaanged in order by their GOpump lines. The wavelengths
garding the origin of these lines until they are spectroscopicaiyid wavenumbers were calculated from the average frequency
assigned. using 1cm=! = 29 979.2458 MHz. The FIR frequencies
were measured for the first time in this work under optimal
lll. RESULTS operating conditions. A slight shift in frequency (possibly a
Table | lists the wavelengths of the FIR laser emissions digef\]/é ?jr?]?)?neété)egnrggtf;'ﬂsoecé:l["zro?g[ezg]) the type of FIR cavity
covered in this investigation. The polarization relative to the '
pump laser, operating pressure and relative intensity are listed.
The intensity of the FIR output is given as a listing ranging from
Very Very Strong (VVS) to Very Weak (VW). In this work, a We report the discovery of 15 new laser emissions from
VVS line is expected to provide a power greater than 10 mwptically pumped>CD;OD. In addition, the frequencies of 12
when all the parameters (pump laser, FIR resonator, coupli@PML emissions have been measured for the first time. The new

IV. CONCLUSION
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OPML emissions will be useful for filling the gaps currently [21] M. Inguscio, L. R. Zink, K. M. Evenson, and D. A. Jennings, “Ac-
existing in the short-wavelength portion of the FIR region. Due  curate frequency of the 119m methanol laser from tunable far-in-

frared absorption spectroscopyEEE J. Quantum Electronvol. 26,

to the accuracy with which the laser frequencies were measured, ,, 575579, 1990.
this work will be useful for future assignments of FIR laser emis{22] E. M. Telles, L. R. Zink, and K. M. Evenson, “Frequencies of optically
sions by calculation of combination loops from high-resolution ~ Pumped sub-doppler far-infrared laser lines of metharlMol. Spec-

trosc, vol. 191, pp. 206—-208, 1998.

Fourier transform data [24]-[26]. Finally, the information gained|23) k. M. Evenson, private communication.
from these frequencies will help provide a more completd24] J. O. Henningsen, “Assignment of laser lines in optically pumped

picture of this particular methanol isotope in the FIR region.
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