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Laser Spectroscopy of a Pulsed Mercury-Helium Discharge
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Following the discovery of visible laser transitions in a pulsed mercury-helium discharge, a systematic
search has been made for additional laser lines between the visible region and 2p, . A total of 19 lines has been
observed, including the four listed by Bell and two reported earlier in a continuous mercury glow discharge.
Regularities in the transitions which permit laser operation indicate that population inversions among Hg rz
levels arise from direct electron impact excitation from the Hg ground state, whereas inversions in Hg z more
likely arise from indirect or cascade processes.

INTRODUCTION Four of the observed lines could not be matched to
any possible transition between listed Hg n levels. 4 A
correspondingly thorough search has not been made
through the Hg I term values; however, all of the laser
lines definitely assignable to Hg x are also listed in
compilations of Hg spectrum lines. ' The existence of
Hg I laser lines in this part of the spectrum that had not
previously been seen in emission seems possible but
unlikely. More likely, these are Hg rr transitions from
highly excited Sd"('S) states to unlisted states involving
excited d electrons. If oscillator strengths permit, laser
transitions of this character are quite probable, since
the Sd"('S) states are much more likely to be excited
in direct electron collisions than are the others, and
should result in many population inversions between
highly excited levels.

As the data on the Hg n laser transitions accumulates,
a number of interesting regularities are becoming

~ 'HE possibility of laser action in mercury vapor
discharges is of interest because of the relatively

simple energy level structure and the ease with which
mercury vapor can be handled in the laboratory. The
6rst successful experiments were done in a continuous
glow discharge' ' and revealed two laser transitions in
the infrared, at around 1.5 and 1.8 p. More recently,
BelP has found strong laser lines, including two in the
visible, from the Hg xr spectrum in a pulsed mercury-
helium discharge. The present paper reports a continua-
tion of this work consisting of a survey for lines in the
infrared out to about 2 p. A total of 19 lines are now
known, including several additional ones in Hg I. Many
of the new lines observed in Hg n have apparently not
been reported previously in the literature.

The apparatus used for this work was a 15-mm bore
laser and pulsing network described earlier, ' but
shortened from the original length of 3 m to about
2.25 m. A set of mirrors was prepared that provided
99jo or better reflectance for every wavelength within
the survey range. The pulse duration was about 3 psec,
with peak currents variable from 10 to 50 A, and the
He pressure was varied from 0.8 to 1.2 Torr. The Hg
partial pressure was approximately the vapor pressure
at 45'C.

TABLE I. Observed laser transitions.

X Hg
Measured Theor. spectrum Transition' Reference

5677
6150
7346
8548
8622

5678
6150
7346
8547
8628
8677
9396

10 586
11 181
12 545
12 981
13 655
15 288
15 550

16 916
16 939
17 070
17 112
18 128

5fv/2 —6~5/2
7p3/2 —7sz/s
7d 5/2

—7p3/2
Sg —C

8pa/2
—4D'5/2

II
II
II
II
II
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—8pa/2
8$1/2 7p3/2

7g —6fs/g

9396
10 583
11 179

12I
II
I
I
I
I
I

A summary of the results is given in Table I. The 3
wavelength measurements were made on a grating
monochromator calibrated on the visible Hg and Ne
laser lines, and it is felt that most of the discrepancies
between observed wavelengths and assumed transitions4

15 554
15 295 6p'3P2 —7'Sg

7ps/2 —6d g/2
are within the probable systematic errors of the cali- 16 918 51F —61D2

bration. A possible exception is the line at 8628 A, for 16 921 7'D3 —73P2
16 942 5'F2 —6'Dy

which a 6t to the nearest reasonable transition at 17 073 7'D2 —7'Pg
8622 A is well outside any calibration error. The assign- 17 110 53F3—6'D2

ment of this transition should, therefore, be considered 18 130 6p'3F4 —63D3 1

provisional, or it may represent an error in the energy
determination of the relatively poorly excited lower Otger ]eve]s are denoted by the "autl, or" notation of Ref. 4.
level.
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