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Recent measurements of hyperfine splittings of I have been performed both by
stimulated Raman spectroscopy [1-3] and by saturation spectroscopy [4], from
which, the rotation dependence of the hyperfine coupling constants has been inves-
tigated in detail in the lower state. With these new data, it is possible to analyze
independently the ground and excited states of this molecule and to obtain an
improved predictive fit of iodine lines used as optical frequency standards.

Our starting point is an ensemble of recent measurements in Raman spec-
troscopy of the XX+ g+ V=0 rovibronic states of iodine for values of .J higher
than those already published for J = 13 and 15 23, They correspond to the
iodine transitions R(26) 62-0, R(54) 70-0 and R(55) 71-0 in coincidence with
the 501,7 nm line of the argon laser:
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It should be noted that for high J values, the strongest lines correspond
to Ae # 0. The next step is the fit of these Raman data using a four-term
Hamiltonian®:

H =eqQHg + CHsr +dHsss + 0Hsst
The following hyperfine constants are obtained for J” = 13,15, 26, 54 and 55:

X. 0" =0 7 =13 7 =15
cqQ(MHz) | —2452,58514(45) | —2452, 59699(45)
C(kH?) 3,1536(33) 3,1543(29)
d(kH?) 1,528(18) 1,519(18)
S(kH>) 3,708(22) 3,701(23)
X0 =0 J7 =26 77 =54 77 = 55
cqQ(MHz) | —2452,6021(4) | —2453,158(2) | —2453, 130(4)
C(kH?) 3,153(1) 3,161(5) fixed
d(kHz) 1,50(2) 1,47(8) fixed
3 (kHz) 3,69(3) 3,56(9) fixed

One may thus conclude that in the ground state X 120+g v’=0, the
quadrupole constant eq@ exhibits a linear dependence with J(J 4 1) and
that the magnetic interaction constants C,d,d are almost constants within
this range of J values and with the present accuracy. This confirms previous
results of saturation spectroscopy °** but at a much higher level of accuracy.
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For example, the crossover cg in the P(13) saturation spectrum has a
frequency given by %6 v, —v,, —§/2m = 114341+1 kHz and the corresponding
Raman line has a frequency ? vpaman = 228679581 + 28 Hz, which yields
114339, 79 + 0,014 kHz for the previous quantity. Conversely, our results can
be applied to the analysis and to the prediction of saturation spectra. From
measured main saturation resonances, it is now possible to separate accurately
the contributions of the hyperfine energies of both electronic states. As an
example, from the measured values of P(13)/R(15) °, we can now obtain the
hyperfine constants for all the excited states B3I+, v’ = 43 levels:

B,v =43 J =12 J =16
eqQ(MH?z) | —558,6168(30) | —558,6407(17)
C(kHz) 190, 313(12) 190, 533(6)
d(kH?2) —100,03(18) | —100,34(11)

5 (kHz) 0,60(15) 0,61(9)

From which we may conclude that there are significant changes of eq@) but
also of C' with J in the electronic excited state. The saturation spectrum of a
single rovivronic line has altogether several hundred resonances including all
crossovers and weak lines. Thanks to this work, we are now able to determine
accurately the positions and absolute intensities of all these resonances !+
for a large range of J values.
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