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Abstract

Landé g-factors have been measured by time-resolved laser-induced fluorescence and Zeeman
quantum-beat techniques for the even-parity levels of the J = 1 5pnp (n = 11–13, 15–19) and J
= 2 5pnp (n = 11–13, 15–19, 31, 32), 5pnf (n = 4, 5, 9–19, 22, 23) Rydberg series and for all
the 5p7p and 5p8p perturbing levels of neutral tin. A two-colour two-step excitation scheme
was used in the experiment. The experimental results have been compared with theoretical
g-values obtained by the multichannel quantum defect theory and the relativistic Hartree–Fock
theory, respectively. In most cases, the theoretical values agree well with the experimental data.

1. Introduction

Investigating the magnetic properties of the atoms is
fundamental in many fields of physics, including astrophysics.
In particular, a detailed knowledge of the Landé g-factors
is important to analyse the atomic spectra when an external
magnetic field is applied. It can also provide us with
useful information regarding the spin–orbit interaction and,
consequently, the coupling schemes encountered in  atoms.
Moreover, the g-factor is helpful for the assignment of the
energy levels in term analysis and allows us to get a deeper
insight into the properties of Rydberg states of atoms.

The ground configuration of neutral tin is 5s25p2 and its
Rydberg states consist of a highly excited electron outside
of a 5p-electron ionic core. The atom has two ionization
limits: 2Po

1/2 (59232.69 cm−1) and 2Po
3/2 (63484.18 cm−1) [1].

The energy levels of Sn I have been investigated thoroughly
in view of the rather simple structure involved in this atom.
The early data were summarized by Moore [2], and, later
on, the atomic structure of Sn I was studied by Brill [3] and
Wilson [4] using an arc discharge and an absorption technique,
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respectively, but their results were not published. Brown et al
[1] reported on the high-resolution absorption spectrum of
Sn I in the region between 158 and 204 nm and determined
many odd-parity levels. Recently, using a two-step excitation
technique, numerous J = 1, 2 even-parity levels from 5pnp and
5pnf configurations, as well as many autoionizing levels, were
investigated by Nadeem et al [5–7]. It should be mentioned
that Jin et al [8] measured some 5pnp and 5pnf even-parity
Rydberg levels with J = 0–3 utilizing the resonant multi-
photon ionization and the time-of-flight mass spectroscopy
methods, but their detailed results were not published. The
5s5p3 configuration of Sn I, which strongly interacts with the
5s25pns and 5s25pnd configurations, has been discussed in
detail by Dembczynski et al [9, 10].

In comparison to the energy levels, the Landé g-factors
derived experimentally are still very fragmentary. This
results from the difficulties in investigating neutral tin in the
laboratory and, more specifically, from the fact that: (1) a
high-temperature source is needed to get an atomic beam
with sufficient vapour density; (2) for even-parity levels, the
intermediate resonance levels used for a two-step excitation
can only be excited by UV laser light and have lifetimes of
only a few nanoseconds while, for odd-parity states, almost all
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Figure 1. Experimental setup for Landé factor measurements.

the excitations from the ground level need vacuum ultraviolet
(VUV) laser light which is somewhat difficult to produce.

Moore [2] summarized all the Landé factors of Sn I that
can be found in the literature. These results, deduced from
observations of the Zeeman effect by Back [11], Meggers [12],
Green and Loring [13], concern only very few odd-parity levels
belonging to the 5p6s, 5p5d, 5p7s and 5p6d configurations
together with the 5p2 levels. To our knowledge, no g-factors
for even-parity levels of Sn I except for the 5p2 levels have
been reported up to now.

As a consequence of this lack of information in Sn I,
we report, in the present paper, on the measurements of g-
factors for even-parity levels in the 5pnp and 5pnf J = 1
and 2 Rydberg series of Sn I using a time-resolved laser-
induced fluorescence (TR-LIF) technique and the Zeeman
quantum-beat spectroscopy. The g-factors of 37 levels have
been obtained. The experimental data were analysed by
the multichannel quantum defect theory (MQDT) and by
the relativistic Hartree–Fock (HFR) approach so as to get a
deeper understanding of the characteristics of the Rydberg
series. From the comparison between the experimental and
the theoretical results, it has been possible to test the reliability
of the theoretical models and their ability to predict new data
for high-excitation levels not considered in the present paper
or in previous investigations.

2. Experimental setup

The experimental setup used for Landé-factor measurements is
shown in figure 1 and the detailed excitation schemes relevant
to the present experiment are illustrated in figure 2. A high-
temperature oven was mounted at the bottom of a vacuum
chamber for providing an atomic beam of sufficient vapour
density. It can be operated up to 1700 K. To eliminate the
effect of the magnetic field induced by the heating current,
the oven was surrounded by two heating molybdenum wires.
The oven system was made of corundum. There was a hole of
1.5 mm diameter on the cover of the crucible for generating
an atomic beam of low collimation ratio.

A two-step excitation was used in the experiment. Two
linearly polarized dye lasers (Sirah Cobra-Stretch) pumped
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Figure 2. Partial energy-level diagram of the Sn atom and the
excitation schemes used in the present work. The solid lines
indicate the excitation pathways, and the dashed lines show the
fluorescence channels. All the energy levels are expressed in cm−1.

respectively by two Q-switched Nd:YAG lasers (Spectra-
Physics Quanta-Ray Pro-Series and Continuum Precision II)
working at a 10 Hz repetition rate and with about 8 ns pulse
duration were used for excitation. The dye lasers had a
linewidth of about 0.08 cm−1. For the first excitation step,
a dye laser was focused on a BBO type-I crystal to generate
a frequency-doubled light which induced the transitions from
the 5p2 3P0 ground level to the intermediate states. For the
second excitation step, the atoms populated on the intermediate
level were further excited to the selected even-parity levels by
another dye laser. The two laser beams, propagating from
opposite directions, crossed at a very small angle at the centre
of the vacuum chamber where they interacted with the vertical
atomic beam. Since the intermediate resonant level has a
lifetime of only several nanoseconds [14], by applying a digital
delay generator (Stanford Research System 535), the delay
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between the first and the second lasers was adjusted to 3–5 ns in
order to produce a sufficiently intense fluorescence. Following
the stepwise excitation, the fluorescence signal was focused
onto a grating monochromator by a fused silica lens, and then
was detected by a photomultiplier tube (PMT) (Hamamatsu
R3896) in a direction perpendicular to the laser and to the
atomic beams. A 500 MHz digital oscilloscope (Tektronix
TDS 620B) was used to register the time-resolved photocurrent
signal from the PMT. The oscilloscope was connected through
a GPIB cable to a computer in which the signal could be
analysed.

A pair of Helmholtz coils was used to generate a
homogenous magnetic field which made the investigated levels
split into several sublevels, and the direction of the magnetic
field was aligned with both the horizontal component of the
earth’s magnetic field and the direction of the fluorescence
detection. The vertical component of the earth’s field was
counteracted by the other pairs of coils at the top and bottom of
the vacuum chamber. The two sets of coils were operated with
high-stability constant-current power supplies. The current
of the coils was monitored by a digital amperemeter, and the
current fluctuation was not beyond 0.1%. The calibration of
the horizontal magnetic field was performed by measuring the
g-factor of the 6s6p 3Po

1 level of Yb I, the value of which was
determined to be 1.4928, with a high precision, by Budick
et al [15] and Baumann et al [16]. The uncertainty of the
horizontal magnetic-field calibration was less than 0.1%. The
vertical magnetic field was calibrated by a sensitive Gauss
meter.

3. Measurement and results

It is well known that a degenerate atomic level will split into
several Zeeman sublevels in a magnetic field B. When the
intervals between the sublevels are not large, the sublevels
can be coherently excited by a pulsed laser, and then they
will emit fluorescence modulated in intensity and produce
Zeeman quantum beats in a time-resolved signal. In the present
experiment, the planes of polarization of the two lasers were
chosen perpendicular to each other, so that only sublevels with
magnetic quantum numbers ±1 could be excited since the
ground state of Sn I was a J = 0 level. The beat frequency
ν in the fluorescence signal is related to the field B by hν =
2gμBB, where h is the Planck constant and μB is the Bohr
magneton. ν can be determined by a Fourier transform analysis
of the fluorescence curve. In order to eliminate the effect
of the horizontal component of the earth’s magnetic field,
the fluorescence quantum-beat curves were recorded in pairs
with magnetic fields in opposite directions by changing the
current direction in the coils. In front of the monochromator,
a polarizer plate was placed for obtaining more prominent
quantum beats.

For each level, more than six pairs of curves were
registered under different field strengths extending from 4 to
25 gauss and the mean values of the g-factors were adopted as
the final results in table 1. The statistical scattering of different
measurements and a conservative estimate of the possible
systematic errors resulting from the magnetic-field calibration

(a)

(b)

Figure 3. Zeeman quantum-beat recording (a) and the calculated
Fourier-transform spectrum (b) for 5p13f (1/2, 5/2)2. In (a), the
curve a is a fluorescence decay curve with quantum beats, the curve
b is the quantum beats by subtracting the fitted decay curve from the
curve a. In (b), the inset shows a Gaussian fit to the principal peak in
the Fourier-transform spectrum.

were included in the quoted error bars. As an example,
the signal obtained for 13f (1/2, 5/2)2 is shown in figure 3
together with a curve of pure beats obtained by subtracting
an exponential decay curve from the signal. In figure 3, the
frequency spectrum derived from a Fourier transform of the
curve corresponding to pure beats is also presented. The peak
frequency in the Fourier spectrum was determined by fitting a
Gaussian profile to the peak.

4. HFR calculations

Landé g-factors of energy levels are frequently very sensitive to
the coupling conditions and, consequently, their usefulness is
enhanced by their relation to g-values in intermediate coupling
which is given by

gγJ =
∑

αLS

gLSJ |〈αLSJ |γ J 〉|2, (1)

where the summation is over the same set of quantum numbers
as for the wavefunction |γ JM〉 of the M sublevel of a level
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Table 1. Measured Landé g-factors of even parity J = 1 and 2 Rydberg levels in Sn I together with comparison with the HFR and MQDT
theoretical results.

gJ factors

Terma EExpt (cm−1) EHFR (cm−1) EMQDT (cm−1) Experiment HFR MQDT

5p1/26p 3P1 42342.3b 42331 42330.3 – 0.694 0.8865
5p1/26p 3D2 43238.7b 43414 43077.4 – 1.184 1.1534
5p1/26p 3D1 43368.5b 43389 43366.5 – 1.344 1.2065
5p3/26p 1P1 46603.4b 46631 46581.2 – 1.113 1.4499
5p3/26p 3 P2 47235.2b 47223 47058.9 – 1.327 1.1420
5p3/26p 3S1 47805.7b 47811 47809.6 – 1.852 1.3581
5p3/26p 1D2 48189.7b 48177 48017.2 – 1.159 1.1546
5p1/27p 3P1 50755.8b 50822 50761.3 0.6652(27)g 0.672 0.9585
5p1/27p 3D1 51113.3b 51178 51058.6 1.4631(44)g 1.454 1.0947
5p1/27p 3D2 51170.8b 51277 51265.6 1.1807(30)g 1.179 1.1403
5p1/24f J = 2 52263.8b 52264 52365.3 0.8759(29) 0.875 0.8811
8p(1/2, 3/2)1 – 54528 51651.5 – 1.394 1.4286
8p(1/2, 3/2)2 – 54521 54264.6 – 1.164 1.1543
5p1/25f J = 2 54767.7b 54919 54770.7 0.8844(19) 0.882 0.9085
5p3/27p 1P1 54990.0b 54899 54960.1 1.0723(21)g 1.102 1.1901
5p3/27p 3P2 55186.9b 55097 55201.8 1.3073(27)g 1.368 1.3000
5p3/27p 3S1 55373.8b 55326 55281.6 1.8121(43)g 1.818 1.9137
5p3/27p 1D2 55500.6b 55480 55421.6 1.1944(19)g 1.136 1.1907
9p(1/2, 3/2)1 – 55946 54139.0 – 1.498 1.5351
9p(1/2, 3/2)2 – 56008 55905.4 – 1.162 1.1457
6f(1/2, 5/2)2 56135.28d 56117 56142.8 – 0.882 0.8988
5p3/24f J = 2 56396.0b 56319 56411.2 – 0.859 0.2826
5p3/24f J = 1 56632.9b 56459 56636.0 – 0.499 1.3368
5p3/24f J = 2 56486.5b 56461 56741.4 – 1.099 1.1659
10p(1/2, 3/2)1 – 56741 56794.3 – 1.498 1.3779
10p(1/2, 3/2)2 56828.73d 56830 56818.8 – 1.168 1.1656
7f(1/2, 5/2)2 56933.23d 56965 56964.1 – 0.886 0.9029
11p(1/2, 3/2)1 57380.0d 57380 57386.4 1.4910(26) 1.495 1.3460
11p(1/2, 3/2)2 57399.9e 57400 57394.7 1.1713(22) 1.167 1.1555
8f(1/2, 5/2)2 – 57500 57496.2 – 0.887 0.9023
12p(1/2, 3/2)1 57784.3e 57784 57785.2 1.4828(34) 1.489 1.3327
12p(1/2, 3/2)2 57792.7e 57793 57791.1 1.1708(29) 1.167 1.1563
9f(1/2, 5/2)2 57867.1c 57866 57861.3 0.8909(23) 0.888 0.9011
13p(1/2, 3/2)1 58065.7e 58066 58066.2 1.4548(45) 1.469 1.3150
13p(1/2, 3/2)2 58071.5e 58072 58071.6 1.1708(40) 1.166 1.1579
10f 1/2[5/2]2 58123.49d 58122 58122.3 0.8852(80) 0.888 0.8999
14p(1/2, 3/2)1 58272.1e 58267 58270.0 – 1.047 1.2421
14p(1/2, 3/2)2 58277.7e 58281 58276.6 – 1.168 1.1621
11f 1/2[5/2]2 58309.04d 58308 58314.4 0.8967(34) 0.893 0.9011
8p(3/2, 1/2)1 58327.8e 58328 58331.8 1.1397(50) 1.181 1.5344
8p(3/2, 1/2)2 58400.6f 58388 58403.9 1.2399(59) 1.238 1.2585
15p(1/2, 3/2)1 58432.0e 58432 58435.5 1.5178(82) 1.533 1.5439
15p(1/2, 3/2)2 58442.1e 58448 58438.7 1.2321(30) 1.250 1.1599
12f(1/2, 5/2)2 58465.1f 58465 58465.3 0.9040(30) 0.897 0.9339
8p(3/2, 3/2)1 58497.6e 58501 58497.1 1.7730(69) 1.766 1.0881
16p(1/2, 3/2)2 58542.6f 58538 58545.7 1.1869(106) 1.199 1.1938
16p(1/2, 3/2)1 58550.4e 58551 58548.1 1.5594(36) 1.499 1.1335
8p(3/2, 3/2)2 58574.0f 58596 58568.9 1.0522(56) 1.167 1.0670
13f(1/2, 5/2)2 58583.1c 58585 58584.5 1.008(48) 0.965 0.9882
17p(1/2, 3/2)1 58644.2e 58644 58643.1 1.5327(112) 1.507 1.5281
17p(1/2, 3/2)2 58653.0f 58649 58652.5 1.1586(128) 1.155 1.1444
14f(1/2, 5/2)2 58669.1f 58669 58669.0 0.8921(39) 0.889 0.9133
18p(1/2, 3/2)1 58716.1e 58716 58716.3 1.5307(139) 1.508 1.4725
18p(1/2, 3/2)2 58727.6f 58728 58727.9 1.1699(75) 1.164 1.1490
15f(1/2, 5/2)2 58741.9f 58742 58741.5 0.8892(41) 0.889 0.9081
19p(1/2, 3/2)1 58787.30d 58787 58776.7 1.5131(115) 1.507 1.5205
19p(1/2, 3/2)2 58789.3f 58790 58789.8 1.1628(84) 1.165 1.1507
16f(1/2, 5/2)2 58801.4f 58801 58801.1 0.8908(48) 0.888 0.9062
20p(1/2, 3/2)1 58838.78d 58828.3 – 1.5103
20p(1/2, 3/2)2 58840.8f 58841.0 – 1.1516
17f(1/2, 5/2)2 58850.6f 58851 58850.4 0.8919(62) 0.888 0.9051
21p(1/2, 3/2)1 58881.90d 58872.3 – 1.4859
21p(1/2, 3/2)2 58883.5f 58883.9 – 1.1521
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Table 1. (Continued.)

gJ factors

Terma EExpt (cm−1) EHFR (cm−1) EMQDT (cm−1) Experiment HFR MQDT

18f(1/2, 5/2)2 58891.8f 58892 58891.8 0.8884(63) 0.888 0.9044
22p(1/2, 3/2)1 58918.24d 58909.8 – 1.4682
22p(1/2, 3/2)2 58920.0f 58920.1 – 1.1525
19f(1/2, 5/2)2 58926.8f 58927 58926.8 0.8904(29) 0.888 0.9038
23p(1/2, 3/2)1 58949.70d 58941.8 – 1.4561
23p(1/2, 3/2)2 58950.7f 58950.9 – 1.1528
20f(1/2, 5/2)2 58956.6f 58956.6 – 0.9030
24p(1/2, 3/2)1 58976.00d 58969.4 – 1.4476
24p(1/2, 3/2)2 58977.3f 58977.4 – 1.1530
21f(1/2, 5/2)2 58982.3f 58982.3 – 0.9017
25p(1/2, 3/2)1 58999.40d 58993.3 – 1.4413
25p(1/2, 3/2)2 59000.3f 59000.3 – 1.1533
22f(1/2, 5/2)2 59004.1f 59004.5 0.8833(47) 0.8987
5f(3/2, 5/2)1 59014.1f 59014.0 – 1.4366
26p(1/2, 3/2)1 59018.82d 59032.3 – 1.4329
26p(1/2, 3/2)2 59020.2f 59020.3 – 1.1534
23f(1/2, 5/2)2 59026.8f 59023.7 0.8728(48) 0.8849
27p(1/2, 3/2)2 59037.6f 59037.6 – 1.0624
27p(1/2, 3/2)1 – 59048.3 – 1.4299
24f(1/2, 5/2)2 59042.5f 59038.7 – 0.7255
5f(3/2, 7/2)2 59042.5f 59044.1 – 0.6408
28p(1/2, 3/2)2 59052.9f 59053.3 – 1.1466
28p(1/2, 3/2)1 – 59062.5 – 1.4275
25f(1/2, 5/2)2 59057.1f 59056.8 – 0.8884
29p(1/2, 3/2)2 59066.7f 59066.8 – 1.1493
29p(1/2, 3/2)1 – 59075.1 – 1.4255
26f(1/2, 5/2)2 59070.1f 59069.9 – 0.9016
30p(1/2, 3/2)2 59078.9f 59078.9 – 1.1486
30p(1/2, 3/2)1 – 59086.4 – 1.4238
27f(1/2, 5/2)2 59081.9f 59081.7 – 0.9056
5f3/2[3/2]2 59084.6d 59096.1 – 1.1197
31p(1/2, 3/2)2 59089.5f 59089.4 1.1301(104) 1.1432
31p(1/2, 3/2)1 – 59096.5 – 1.4224
28f(1/2, 5/2)2 59092.3f 59092.2 – 0.9147
32p(1/2, 3/2)2 59099.9f 59100.7 1.1249(122) 1.1555
32p(1/2, 3/2)1 – 59105.6 – 1.4212

a Unless otherwise indicated, the designations are from [2, 5, 6, 21] where the corresponding energy
levels were reported, the others base on analyses by the multichannel quantum defect theory.
b From [2].
c Determined in this work.
d From [21].
e From [5].
f From [6].
g From [20].

labelled γ J and expressed in terms of LS basis states |αLSJM〉
by the following formula:

|γ JM〉 =
∑

αLS

|αLSJM〉〈αLSJ |γ J 〉. (2)

The gγ J value is thus a weighted average of the Landé gLSJ

factors, the weighting coefficients being just the corresponding
component percentages from the eigenvector of the γ J level
in the LS-coupling representation.

In the present work, the Landé g-factors were calculated
using the wavefunctions in intermediate coupling generated by
the pseudo-relativistic Hartree–Fock method (HFR) developed
by Cowan [17] in which we have included core-polarization
effects by means of a pseudo-potential depending on two

parameters, i.e. the electric dipole polarizability of the ionic
core, αd , and the cut-off radius, rc [18, 19]. More precisely, our
previous calculations, named HFR(B) in [20], were extended
to higher values of the principal quantum number up to n = 19
for the 5pns, 5pnp, 5pnd, 5pnf and 5png Rydberg series. We
were not able to achieve convergence of the self-consistent-
field (SCF) process in both HFR and HXR [17] approaches of
the Cowan code in the cases of configurations with n > 19.
The core-polarization parameters were the same as those used
in [20], i.e. αd = 18.22a0

3 and rc = 2.40a0. A semi-empirical
adjustment of the computed energy levels to the experimental
values taken from [2, 5, 6, 21] was then performed along the
different series of interest, i.e. 5pnp (1/2, 3/2)1, 5pnp (1/2,
3/2)2 and 5pnf (1/2, 5/2)2.
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5. MQDT analyses

The MQDT approach, first proposed by Seaton [22] and
reformulated by Fano [23], has been shown to be a powerful
tool for analysing interchannel interactions of perturbed
Rydberg series in atoms [24–27]. By fitting the theoretical
level energies to the experimental data, MQDT wavefunctions
revealing the interchannel interactions can be obtained, which
are useful for predicting other spectroscopic properties such
as natural radiative lifetimes, Landé factors and hyperfine
structures. The details of the theoretical method and the
relevant formulation for Landé factor calculation of perturbed
Rydberg states with MQDT wavefunctions can be found in
[27–30].

The 5pnp and 5pnf J = 1 Rydberg series of Sn I consist of
five collision channels: 5pnp (1/2, 1/2)1, (1/2, 3/2)1, (3/2,
1/2)1, (3/2, 3/2)1 and 5pnf (3/2, 5/2)1, while the J = 2
series include six channels: 5pnp (1/2, 3/2)2, (3/2, 3/2)2,
(3/2, 1/2)2 and 5pnf (1/2, 5/2)2, (3/2, 5/2)2 and (3/2, 7/2)2.
Experimental J = 1 levels with energies ranging from
42342.3 cm−1 to 59090.7 cm−1 and J = 2 levels from
43238.7 cm−1 to 59193.2 cm−1 [2, 5, 6] were used in the
MQDT analyses for the two series. There are eight and ten
perturbers interfering with the J = 1 and 2 Rydberg series,
respectively. Using a nonlinear minimization method [31],
the optimal MQDT parameters and wavefunctions (i.e., the
admixture coefficients of the channels) were determined for
each series. Also the MQDT theoretical energy levels of the
5pnp (n = 6–32) and 5pnf (n = 4–28) J = 1 and 2 series,
as deduced for the investigated states, are shown in table 1
(column 3). The root mean squares (rms) deviation between
the MQDT and the experimental levels is 28.6 cm−1 for the
J = 1 and 48.4 cm−1 for the J = 2 levels. If the lowest
levels with larger deviations are excluded, the rms deviation is
2.53 cm−1 (J = 1, eight lowest levels excluded) and 1.86 cm−1

(J = 2, ten lowest levels excluded), respectively. It should be
pointed out that, based on the gJ data as well as on the MQDT
wavefunctions, the assignments of the 5p16p (1/2, 3/2)1,2

levels should be interchanged as shown in table 1.
Using MQDT wavefunctions, the Landé factor gi

J of the
level i can be calculated by

gi
J =

∑

a

(
Zi

a

)2
gJ (a) +

∑

b

(
Zi

b

)2
gJ (b), (3)

where a and b denote the perturbed and perturbing channels
having the same J and parity, respectively. Zi

a and Zi
b are the

admixture coefficients of a and b channels, gJ (a) and gJ (b)
are the Landé factors relevant to the corresponding channels
which are not dependent upon the level i and can be calculated
analytically in the pure-coupling representations. When there
are two channels converging to the same ionization limit,
the angle θ , describing the orthogonal transformation of the
two degenerate channels, has no effect on MQDT theoretical
energies because the energy values do not contain enough
information to depict the properties of the Rydberg levels and
to get all the MQDT parameters [28–30]. This will lead to a
larger uncertainty in the wavefunctions obtained by the energy
fitting procedure. The lifetimes of the Rydberg levels however
are generally not dependent upon this uncertainty, while the

opposite is true for the g-factors. Therefore, the g-factors can
be used to optimize this angle θ in order to improve the MQDT
wavefunctions through the obtainment of a new set of Zi

a . The
expression for calculating the g-factor becomes

gi
J = (

Zi
1cosθ − Zi

2sinθ
)2

gJ (1)

+
(
Zi

1sinθ + Zi
2cosθ

)2
gJ (2) +

∑

b

(
Zi

b

)2
gJ (b). (4)

The perturbing channels are usually described in
intermediate coupling and hence the g-factors of these
channels are difficult to obtain. So it is convenient to consider
the gJ factors (gJ (b) in equation (4)) of the perturbing channels
as fitting parameters. The intermediate coupling information
as well as the modification of the MQDT wavefunctions
are contained in the θ angle. gJ optimal parameters can
be determined by fitting the theoretical g-factors to the
experimental values. gJ (1) and gJ (2) in equation (4) are the
analytical Landé factor values of the perturbed channels in
pure-coupling schemes.

In pure coupling, the g-factors of the J = 1 5pnp (1/2,
1/2)1 and (1/2, 3/2)1 series are 0.6667 and 1.5, and those of
J = 2 5pnp (1/2, 3/2)2 and 5pnf (1/2, 5/2)2 series are
1.1667 and 0.8889, respectively. Using equation (4) and the
MQDT wavefunctions, theoretical g-factors were fitted to the
experimental data of the J = 1 and 2 Rydberg series measured
in the present work and the following optimal parameters were
obtained. For J = 1, θ = 0.3673 rad, gJnp(3/2, 3/2) = 1.4058,
gJnf(3/2, 5/2) = 0.2177 and gJnp(3/2, 1/2) = 2.2060, while for
J = 2, θ = 3.1472 rad, gJnf(3/2, 5/2) = 1.4951, gJnf(3/2, 7/2) =
0.0307, gJnp(3/2, 3/2) = 1.0972 and gJnp(3/2, 1/2) = 1.3420. The
calculated and measured gJ for the levels up to 5p32p are listed
in table 1 and comparisons with the predicted gJ values up to
5p97p are shown in figure 4.

6. Discussion

Landé g-factors of even-parity J = 1 5pnp (n = 7, 11–13,
15–19), J = 2 5pnp (n = 7, 11–13, 15–19, 31, 32) and 5pnf
(n = 4, 5, 9–19, 22, 23) Rydberg series as well as of all the
5p7p and 5p8p perturbing levels have been measured. We
were not able to perform the measurements for the 5pnp (1/2,
3/2)1,2 (n = 8–10) and 5pnf (n = 6–8) levels in view of the
lack of spectroscopic information for those levels. Also, the gJ

value of 5p14p could not be measured because its fluorescence
signal was very weak. From the ionization spectra analysed
in [5], it was seen indeed that the ionization signal for 5p14p
was much weaker than for the neighbouring levels. It is well
known that the radiative lifetime of a level increases with the
principal quantum number n (scaling according to n3) and
hence the fluorescence intensities become weaker when the
energy increases. Therefore, for higher levels only those
having short lifetimes can be detected. They are generally
located close to the perturbing levels.

A clear fluorescence signal was emitted from a level
situated close to 57860 cm−1, but no known level was
compatible with this energy. The g-factor of this level was
determined to be 0.8909 which is compatible with a level of
the 5pnf Rydberg series. But considering that, according to the
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(a)

(b)

Figure 4. Measured and MQDT Landé factor values versus
effective quantum numbers for the J = 1 (a) and J = 2 (b) Rydberg
series of Sn I.

selection rules, the J = 3 levels cannot be excited, this level
was identified as 5p9f (1/2, 5/2)2. The MQDT theoretical
analysis also strongly supports this assignment. Similarly, a
new level at 58583.1 cm−1 has been assigned to 13f (1/2,
5/2)2.

As seen from figure 4(b), most of the Landé factors along
the J = 2 series are quite close to the corresponding gJ

values obtained in pure coupling schemes, which indicates
that the coupling schemes assigned to the J = 2 Rydberg
series are justified. It is also seen that some g-factors
close to the perturbing levels are strongly influenced by the
perturbations. Unlike the J = 2 series, there exist stronger
channel interactions affecting the whole J = 1 series, as can be
clearly seen in figure 4(a). On the basis of the MQDT analysis,
it appears in fact that the two J = 1 Rydberg series intensively
interact in the energy range considered in the present work,
which explains that the gJ values are rather different from
those one would expect in pure coupling schemes. These
interactions are also observed when considering the behaviour

of the line intensities along the np (1/2, 1/2)1 series as
illustrated in figures 3 and 4 of [6].

The HFR Landé factors agree quite well with the
experimental data when they are available. They agree also
well with the MQDT results if we except the np (1/2,1/2)1 (8 �
n � 19) series for which more discrepancies are observed, the
HFR values being closer than the MQDT data to the results
that one would obtain in pure coupling. The origin of the
discrepancies is not clear and experimental results would be
most welcome to decide which theoretical model is the best
one. Consequently these two sets of results are not reproduced
in table 1 for this series.

7. Conclusion

Landé g-factors of 37 highly lying even-parity J = 1 and 2 5pnp
and 5pnf Rydberg levels of Sn I have been measured using the
time-resolved laser-induced fluorescence technique and the
Zeeman quantum-beat spectroscopy. The experimental results
have been compared with theoretical data obtained by two
independent methods, i.e. the MQDT and HFR approaches. A
generally good overall theory-experiment agreement has been
achieved except for a few levels. This agreement allows us
to assess the predictive power of these approaches for highly
excited levels along the Rydberg series in a heavy element like
Sn I.
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