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The Br atom transition at 3685 cm™! has been observed under high resolution by means of magnetic rotation spectros-
copy using a color center laser The 1sotope splitting between the center frequencies of the hyperfine patterns of 7?Br and

S1Bris 13 6*3 MHz with 8! Br at higher frequency

1. Introduction

The magnetic dipole allowed transition between
the two lowest energy levels of the various halogen
atoms 1s of considerable interest because 1t 1s possible
to obtain lasing action between the two levels using a
variety of schemes to prepare the inverted atom popu-
lations [1—4]. These transitions in Br and 1 have been
measured 1n spontaneous emission using Founer trans-
form spectrometry with lugh accuracy [5]. This tran-
sition in Cl has been observed by means of laser mag-
netic resonance (LMR) [6] and diode laser spectros-
copy {7].

In the present work, the Br atom transition at 3685
cm~1 was observed using a color center laser spec-
trometer and magnetic rotation spectroscopy with
Doppler limited resolution. The 1sotope shift in the
transition frequency between 79Br and 81 Br is ob-
tained from these measurements.

* This work was supported oy National Science Foundation
Grant CHE 78-26572, DOE Contract DE-AS05-79ER10477
and Robert A Welch Foundation Grant C-586.

2 Experimental

The overall expennmental arrangement 1s shown in
fig 1. The color center laser source is a Burleigh model
FCL-20 which has been modified for computer con-
trolled operation by addition of a stepping motor
drive for the grating. The intracavity etalon and fold-
ing mirror of the laser are driven by a Burleigh RC42
ramp generator These units in turn are controlled by
a Digital Equipment Corp (DEC) LSI-11 minicom-
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Fig 1 Experimental arrangement
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puter through a Kinetic Systems 3912 controller and
vanious CAMAC modules A more complete descrip-
tion of the computer control system has been given
previously [8]

The evacuated diagnostics box contams two spec-
trum analyzers, a 500 MHz marker cavity and gas cell
which 1s used to provide a reference spectrum The
two spectrum analyzers provide continuous venfica-
tion of single mode scan operation The spectrum
channel, the 500 MHz marker cavity transmission, and
the reference spectrum are simultaneously acquired
and stored in the computer thereby verifying the cor-
reciness of the frequency scale for the spectrum

The Br atoms are prepared by the reaction of Bry
with H atoms produced 1n a microwave discharge
(2450 MHz) in water The two reagents are mined =2
cm upstream of the modulated region of the magnetic
rotation cell and are flowed through the Zeeman modu-
Tation coil region =20 c¢m n length by the combined
pumping of a hquid nitrogen cooled trapanda 5 5 ¢/s
mechamcal pump. The pyrex cell walls are coated with
halocarbon wax (Halocarbon Corp.) which has been
treated for several hours by slowly flowing a 3% mix-
ture of fluorine 1n He at atmosphernc pressure through
the tube [9] Thus treatinent seems to replace the sur-
tace Cl atoms of the halocarbon wax with F atoms
thereby creating an almost totally inert surface With
this surface, we have not been able to detect H atoms
at the downstream end of the tube by the usual de-
crease 1n the pressure reading of the thermocouple
gauge to below zero when the discharge 1s started
However, 1t 1s usually observed that the pressure read-
g decreases shghtly on the opening of the Br, tap
We thunk that tlus decrease in pressure reading 1s due
to the heating of the thermocouple sensing element
by Br atom recombination.

In order to have sufficient sensitivity for the ob-
servation of the Br spectrum magnetic rotation was
employed to reduce the source noise of the laser [10]
The modulation frequency of =550 Hz was chosen to
coincide wath a local mumimum n the noise power
spectrum of the laser output With the MgF, Rochon
polanzers employed which have an extinction ratio of
=10-3 1t appears that detector noise from the room
temperature PbS detector 1s somewhat larger than
laser noise at maximum extinction. Accordingly the
polanzers were deliberately uncrossed until the noise
showed a significant wricrease.
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3. Observations

Fig 2 shows a continuous single mode magnetic
rotation scan over the Br atom transitions. The mag-
neuc rotation signals of the 1 <+ 0 and 2 « 1 (R wype)
transitions have phases opposite of those of the other
(P and Q type) transitions in agreement with theory
This scan exhibuts all allowed hyperfine transitions of
both 79Br and 8! Br with every transition clearly re-
solved including the previously {5] unresolved 2 ~ 3
transition By using the known hyperfine splittings
of the ground state [11]. the splittings between the
79Br and 8! Br features were measured The measured
splittings are histed in table 1 By using the accurately
known hyperfine couphing constants of the ground
[11] and excited [12] state. a value of the 1sotope
shift in the fine struecture spacing can be calculated
from every entry As can be seen the agreement be-
tween the values of the shift calculated from the vari-
ous components 1s excellent The values of the 1sotope
shift obtamed from the F 2—2, I~2. and 11 compo-
nents are probably somewhat more reliable than those
obtamned from the other three components (The close
agreement between the components thought to be
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Fig 2 Survey scan of the Br transition The features marked
with a + sign are 3! Br featurcs while the unmarked features
belong to "®Br This spectrum should be compared to the
Fournier transform spectrum r.ported i ref. [S}] In magnetic
rotation, the phases of the signals from 1 —0and 2 « 1 are
expected to be opposite those of the other transittons as 1s
observed. The marker cavity spacings are 491 5 MHz The
pressure was approximately 200 mTorr The modulation field
was 13 G (rms).
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Table |
Isotope shift in the fine structure spacing of Br as measured
from 8!Br to 7Br splittings of each hy perfine component

F' F'  Au(obs) av(cor) ®  av(1/2-3/2)
(MHz) (MHz) (MH2z)
2 3 15789  _1407 170
2 2 424 5 —-4110 136
2 1 50129  _485 5 15 7
1 2 ~407 0 420 3 133
1 1 -333¢ 345 7 121
1 0 322490 340 1 178

a) Calculated from the hnown hyperfine coupling constants
of the ground [11] and excited [12] states

L) Thys splitting 1s affected by overlap of the two features

) poor signal-to-noise ratio and unexpected hineshape

somewhat more reliable 1s fortuitous The scatter of
all six results 1s more mdicative of the precision.) The
signal-to-noise ratio of the 2—1 and 1-0 features s
sigmficantly poorer and, more importantly, the line
shapes obtuined for these components are unaccounta-
bly distorted from that expected for a magnetic rota-
tion signal For the 2—3 component, the 79Br and

81 Br signals are somewhat overlapped affecting the
accuracy to which the splitting between them can be
determmed Using the three hyperfine pairs which are
eapected 10 give the most accurate results, the final
best value for the i1sotope shift in fine structure spacing
1s 13 6%, MHz This unsymmetrical error limit 1s
chosen because none of the measurements suggest a
value below 13 MHz whale all of the less reliable pomis
suggest values larger than 14 MHz

4 Discussion and conclusion

The 1sotopic shuft 1n the transition frequency should
be determined by the difference in the reduced mass of
the electron and nucleus pair in the one-electron approxi-
mation . This predicted difference 1s 19 MHz with
the 81 Br transition frequency expected to be higher
as compared to the experimental value of 13 6'12 MHz

* R F. Code (1975) as reported by Dagenais et al [6]
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[t 15 of some interest to consider the possibilities
for increasing the resolution for these transitions
beyond the Doppler mit Because 1t 15 expected that
the relaxation times for the internal states will be
much longer than the time between velocity changing
collisions, the whole of the Doppler profile 1s expected
to saturate rather than a particular velocity group to
which the laser 1s tuned Thus 1t does not appear likely
that saturation spectroscopy techmques will prove
applicable to these transitions

On the other hand, because the internal state re-
lanation tumes are expected to be long. 1t should be
possible to saturaie the whole velocity profile and
thereby carry out both excited state and ground state
microwave optical double resonance (MODR) expert-
ments Because the ground state splittings are known
with such high accuracy {11], there seems little point
11 doing the ground siate expenment However, there
1s the possibility of achieving some improvement 1n
accuracy to which the excited state hyperfine spht-
tings [12] are known by MODR
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