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Calculations of the dynamic dipole polarizabilities for the Li™ ion*
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The B-spline configuration-interaction method is applied to the investigations of dynamic dipole polarizabilities for
the four lowest triplet states (23S, 33S, 23P, and 33P) of the Li* ion. The accurate energies for the triplet states of n3s,
n3P, and 13D, the dipole oscillator strengths for 23S(33S) — n3P, 23P(33P) — n3S, and 23P(33P) — 13D transitions,
with the main quantum number n up to 10 are tabulated for references. The dynamic dipole polarizabilities for the four
triplet states under a wide range of photon energy are also listed, which provide input data for analyzing the Stark shift of
the Li* ion. Furthermore, the tune-out wavelengths in the range from 100 nm to 1.2 pum for the four triplet states, and the
magic wavelengths in the range from 100 nm to 600 nm for the 23S — 338, 23S — 23P, and 23S — 33P transitions are
determined accurately for the experimental design of the Li™ ion.
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1. Introduction

Since the relativistic and QED corrections in the Li™ ion
should be larger than in helium due to the Z* scaling of the en-
ergy, the studies of the Li™ ion are of great interest because of
its wide applications. For example, the combination between
the experimental measurements and the theoretical calcula-
tions of the 23S hyperfine splitting for the Li* ion provides
a sensitive test of the hyperfine atomic structure theory,!!=3!
and the investigation of the 23P; fine structure of the Li* ion
can be used to determine the fine structure constant.!*8! In
addition, the high-precision measurement of the 23S — 23P
transition for the Li* ion isotopes could be used to test the

[23.91 to extract the relative

relativistic and QED corrections,
nuclear charge radius,'% to test the time dilation and verify
the special relativity.!!!!

The dynamic dipole polarizabilities of ions, which de-
scribe the distortion of the electronic charge distribution
in the presence of an oscillating electric field with angu-
lar frequency @, play an important role in the calcula-
tions of the van der Waals Cg coefficient,H>13] in the de-
terminations of refractive index and dielectric constants of

ionic crystals,!!'¥

in the construction of a core-polarization
model for atoms and molecules,!!>1°1 and in the analysis
of the Stark shifts.l'’~1°1 Especially, the tune-out and magic
wavelengths, 1820211 which are extracted from the dynamic
dipole polarizabilities, become important parameters for ex-
perimental design of ion trapping. For example, recently, Liu
et al. suggested that the magic wavelengths of ions pave a

17,2224

way to build an all-optical trapped ion! 1 to eliminate
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the second-order of Ac Stark shift.

At present, there many works reporting the calculation
of the static dipole polarizability of the ground-state Li"
ion.[?>7311 For example, Zhu ef al. computed the nonrel-
ativisitc polarizabilities by using Hylleraas basis,*! John-
son and Cheng got the polarizability by exploiting the B-
spline relativistic configuration interaction (CI) method to
solve the Dirac—-Coulomb—Breit equation,**! and Lim et
al. obtained the polarizability by using the fully relativistic
coupled-cluster method.!*?! For the dynamic polarizabilities
of the Lit ion, Chung applied the variational perturbation
method into the calculation of the ground state dynamic dipole
polarizabilities,?*! and Glover and Weinhold obtained the rig-
orous upper and lower bounds for dynamic dipole polarizabili-
ties with the laser frequency up to the first excitation threshold
of the ground state.!”>! However, compared with the ground-
state polarizabilities, there are several calculations of polariz-
abilities for the triplet states of the Li™ ion. For example, the
static dipole polarizability for the 23S and 23P states can be
found in Refs. [34]-[36], only two works[37-38] about the dy-
namic polarizabilities for the 23S state were published, and
there has been no work reported for the dynamic dipole polar-
izabilities of other triplet states of the Li* ion in the literature.

In the present study, the CI method based on B-spline
functions developed in our previous work!®! is extended to
calculate the dynamic dipole polarizabilities for the four low-
est triplet states of the Li™ ion. The tune-out wavelengths
for the 23S, 23P, 33S, and 3P states are determined, and
the magic wavelengths for the 23S — 338, 23S — 23P, and

*Project supported by the National Basic Research Program of China (Grant No. 2012CB821305) and the National Natural Science Foundation of China (Grant

Nos. 11474319, 11274348, and 91536102).
fCorresponding author. E-mail: lytang@wipm.ac.cn
© 2016 Chinese Physical Society and IOP Publishing Ltd

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn

103101-1


http://dx.doi.org/10.1088/1674-1056/25/10/103101
mailto:lytang@wipm.ac.cn
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn

Chin. Phys. B  Vol. 25, No. 10 (2016) 103101

23S — 3P transitions are tabulated for reference. Atomic
units are used throughout this paper unless specifically men-

tioned.

2. Structure calculations
2.1. B-spline CI method

Taking the LiT ion as a Coulomb three-body system,
choosing the atomic nucleus as particle 0 and two electrons
as particle 1 and particle 2, respectively, the Hamiltonian can
be written as
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where rjy = |r| — 77| is the distance between two electrons.
Recently, significant progress has been made in the vari-
ational calculations for two-electron systems by using the B-

spline CI basis set,?**?1 which has the following functional
form,
Gij(LS)=mi; Y, Y, (Gmiz€imj|LM)(1/2my;1/2m;,|SMs)

mimj msimsj

x % [Ri(r1)Yom, (F1) 2:(1)R(r2) Yo, (72)25(2)
=R (r1) Yom, (P2 (DRi(r2) Yoo, () 2:(2)] . (2)

where 1);; is a normalization constant, the Clebsch-Gordan
coefficients (£;m;;€;m;|LM) and (1/2my;1/2ms;|SMs) rep-
resent (—( and s—s coupling, and R;(r) Yy, (?)x; is the i-th
eigen-wavefunction of the single-electron Schrodinger equa-
tion with eigen-energy of €. The radial wavefunction R;(r) is

expanded as the B-spline functions,*”!

r)=Y.ciBj(r). (3)
J

Using the variational method, the expectation value of the
Hamiltonian can be simplified to the following configuration
equation,

Zé‘, (& +€/) 81 + Vijia | e = Acij, 4)
k

where A and c;; are respectively the eigen-energies and the ex-
pansion coefficients of eigen-wavefunction for the Li™ ion, the
expression of the potential-energy matrix element V¢ can be
found in our previous paper about helium. 3!

The present CI calculation is performed by fixing the box
size Rp = 150 a.u. (the unit a.u. is short for atomic unit), the
nonlinear parameter ¥ = Ry X 0.042, and the order of the B-
spline k = 7. The convergence test of the energies and oscil-
lator strengths are performed as the number of B-spline N and
partial waves ¢« increased. The maximum N and £, used
in our calculation are respectively 40 and 10.

2.2. Energies and oscillator strengths

Figure 1 is a diagram about the nonrelativistic triplet en-
ergy levels of the Li™ ion, where some important transitions
are labeled with arrows. Compared with our previous work
of Ref. [39], the energies and oscillator strengths have similar
convergent styles to helium. 3]
1s4p’P

1s4s3S 1s4d3D

549 nm

1s2s3S

Fig. 1. (color online) Low-lying triplet energy levels of the Li" ion

Table 1. Comparison of the energies (in unit a.u.) for the Li™ ion. The
experimental data were taken from the National Institute of Science and
Technology (NIST) tabulation.*3! The numbers in the parentheses are
the computational uncertainties.

State Present Experiment[43] Ref. [44]

238 —5.1107273(1)  —5.11074769  —5.110727372509
33s —4.7520764(2)  —4.75207504  —4.752076455858
438 —4.6371366(2) —4.63713292  —4.637136594629
538 —4.5860927(2) —4.58608861 —4.586092669796
63S —4.5590386(2)  —4.55903451 —4.559038618569
738 —4.542992(2)  —4.54298732

83s —4.532699(2)  —4.53269420

938 —4.525704(2)

103S  —4.520735(3)

23p —5.0277156(1)  —5.02770270  —5.0277156770
33p —4.7304597(2)  —4.73045113 —4.7304596641
43p —4.6284636(2) —4.62845652  —4.6284635563
53P —4.5817684(2) —4.58176287  —4.5817684035
63P —4.5565768(2) —4.55657226  —4.5565767839
73p —4.541458(2)

83p —4.531680(2)

93p —4.524993(2)

10°P  —4.520219(3)

33D —4.7225269(1) —4.72251035 —4.7225269124
43D —4.6251508(2) —4.62514206  —4.6251507732
53D —4.5800824(2) —4.58007680  —4.5800824257
6°D  —4.5556049(2) —4.55560085 —4.5556048684
73D —4.540848(1)  —4.54084511

83D  —4.531272(2)  —4.53126879

93D —4.524707(2)

10D —4.520010(3)

Table 1 lists final extrapolated energies for n3S, n3P, and
n3D states of the Li™ ion with the main quantum number of
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nup to 10. It is clearly seen that all the energies have at least
six significant digits and can compare well with the experi-
mental values from NIST.*3! Especially for the 23S and 23P
states, the energies are respectively —5.1107273(1) a.u. and
—5.0277156(1) a.u., which are in excellent agreement with
the Hylleraas values of Cann et al.[**! and much more ac-
curate than the results of Refs. [45] and [46]. For the 33S
and 3°P states, present values of —4.7520764(2) a.u. and
—4.7304597(2) a.u. have seven significant digits compared
with the values of Ref. [44].

The extrapolated oscillator strengths for some selective
dipole transitions are presented in Table 2, and comparisons

with other published values are also listed in this table. All of
our results are in good agreement with the explicitly correlated
wavefunction calculations of Ref. [44]. For the 23S — 23P
transition, our result of 0.3079405(3) is in perfect agreement
with the value of 0.3079402 in Ref. [47] and more accurate
than the value of 0.307944 by two orders of magnitude. 4]
For the 23P — 33D transition, the present result agrees well
with the values of Refs. [47] and [48]. Even for the dipole
transitions involved in the unnatural-parity states, both the os-
cillator strengths of 23P — 23P° and 33P — 33P° transitions

have four significant digits.

Table 2. Comparison of the oscillator strengths for the Li™ ion. The numbers in the parentheses represent compu-

tational uncertainties.

Transition Present Ref. [44] Transition Present Ref. [44]
238 - 23p 0.307941(1) 0.307944 338 —»2%p 0.117097(1) 0.11709
238 - 33p 0.187054(1) 0.18707 338 = 33%p 0.512802(1) 0.5130
238 - 43p 0.057527(2) 0.05754 338 - 43%p 0.186859(2) 0.18683
238 - 5%P 0.025591(2) 0.02560 338 - 5%p 0.061424(2) 0.06142
238 - 6°P 0.013742(2) 0.013745 338 - 6°P 0.028725(2) 0.028719
238 - 73p 0.008275(3) 338 = 7°pP 0.016041(2)
238 - 83P 0.005384(3) 338 - 8%p 0.009969(2)
238 - 93P 0.003707(4) 338 - 93p 0.006658(3)
238 —103P 0.002666(5) 338 — 103P 0.004689(5)
23P - 3°D 0.624654(1) 0.624659 33P - 3°D 0.090760(1) 0.0908
23p = 43D 0.123214(1) 0.123214 33p - 43D 0.503386(2) 0.50338
23P - 5°D 0.046797(2) 0.046795 33P - 5°D 0.127843(2) 0.12785
23P - 6°D 0.023278(2) 0.023277 33P - 6°D 0.053872(2) 0.05388
23p—=17°D 0.013426(2) 33p - 7°D 0.028472(3)
23p - 83D 0.008505(2) 33p - 8°D 0.017118(3)
23P - 93D 0.005752(5) 33P - 9°D 0.011189(4)
23p — 103D 0.00409(2) 33P - 103D 0.00777(2)
23p — 23pe 0.22254(2) 33p — 33pe 0.14741(2)
23p — 435 0.007158(1) 33p — 438 0.084995(1)
23p - 538 0.002688(1) 33P - 538 0.015993(1)
23P 638 0.001330(1) 33P - 638 0.006149(1)
23p = 73S 0.000765(1) 33p =738 0.003112(1)
23p - 83s 0.000483(1) 33p — 83§ 0.001825(1)
23P - 938 0.000326(1) 33P - 938 0.001174(1)
23p - 103S 0.000231(2) 33Pp = 1038 0.000805(1)
2.3. Dynaimc dipole polarizabilities continuum*’!
When an atom or ion is exposed at the external electric f(l)
: o o)=Y % — (©6)
field with the photon energy of ®, the dynamic dipole polar- 1 ” (AEg)? — 02’
el . . . nzg
izabilities for the magnetic sub-level |N,L,M,) with the main
quantum number Ny, angular momentum quantum number Lg, of () = Z (—1)ketLn \/ 30(2Lg + 1)Lg(2Lg — 1)
and magnetic quantum number M, can be expressed as n#g (2L +3)(Lg +1)
(1)
112 San
3M? —Lo(Ly+1) x{ } (7
g\g , 2 _ 2
o, (0) = af (0) + —5——2——al(w), (5 Ly Ly Ly | (AEg,)? — o

L@L—1)

where a(®) and of (@) are the dynamic scalar and ten-
sor dipole polarizabilities, respectively, they can be written
as the summation of all the intermediate states including the

Using the energies and oscillator strengths of the Li™ ion,
the dynamic dipole polarizabilities can be calculated. Table 3
presents a convergence test of the static dipole polarizability
for the 23S state of the Li™ ion. It is seen clearly that under
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the same number of partial wave ¢, the static dipole polar-
izability is decreased as the number of B-spline N increased,
while the result is increased as #;,x increased under the same
N. This kind of convergence style for the Li™ ion is similar
to our previous work of the static dipole polarizabilities for
helium.**! Combining the different convergent trends of the
static dipole polarizability as N and /p,«, an extrapolated value
of 46.87980(1) ag is given in the last line of Table 3, which is
in good agreement with the Hylleraas value of 46.8798023(7)
ag.[%] Comparing our extrapolated result with the variation-
perturbation result of 46.8798 a of Chen,*¥! the first five dig-
its are the same. For other triplet 23P, 338, and 3°P states,
the final extrapolated values of static dipole polarizabilities are
listed in the first line of the Table 4. The present result of
the scalar static dipole polarizability for the 23P state agrees

with the Hylleraas value of —5.790965718(2) ag (Refs. [35]
and [36]) at the level of about 3-ppm accuracy.

Table 3. Convergence of the static dipole polarizabilities (in unit a.u.)
for the 23S state of the Li™ ion as the number of B-spline N and partial
waves /max increased. The number in parenthesis for the extrapolated
value gives the computational uncertainty.

Linax N =30 N =35 N =40
2 46.843384319 46.843377728 46.843375925
3 46.874079650 46.874071638 46.874069340
4 46.878378877 46.878369938 46.878367256
5 46.879340066 46.879330584 46.879327626
6 46.879626709 46.879616945 46.879613803
7 46.879730695 46.879720802 46.879717530
8 46.879774166 46.879764216 46.879760888
9 46.879794392 46.879784446 46.879781074
10 46.879804620 46.879794696 46.879791293
Extrap. 46.87980(1)

Table 4. Dynamic dipole polarizabilities (in unit a.u.) of the 23S, 23P, 33S, and 3P states for the Li* ion. The numbers in parentheses

represent computational uncertainties.

23s 338 23p 33p

® o (o) Ref. [37] o} () o} () of (o) o} () of ()
0.000 46.87980(1) 46.961(93)  1113.5695(5)  —5.79095(2) 13.4416(2) 1144.39(2) 205.118(2)
0.005 47.04279(2) 47.125(94)  1175.6227(6)  —5.84300(3) 13.495 5(2) 2074.52(2) 130.689(2)
0.010 47.53897(2) 47.622(95) 1412.44922)  —6.00155(3) 13.659 5(2) —2845.15(3) 693.603(3)
0.015 48.39072(2) 48.478(97) 2132.8913)  —6.27402(3) 13.9409(3) —1196.29(3) 744.677(4)
0.020 49.63818(3) 49.726(100) 7637.82(6)  —6.67378(3) 14.353 5(2) —2739.42(2) 2550.22(2)
0.025 51.34429(2) 51.436(104) —3234.71(2)  —7.22175(3) 14.917 8(2) 994.02(3) —1085.2(1)
0.030 53.60333(3) 53.700(100) —1168.05(1)  —7.94928(3) 15.6655(2) 360.07(3) —402.25(2)
0.035 56.55543(3) 56.659(117) —659.409(1)  —8.90302(3) 16.6432(3) 223.211(2) —236.51(2)
0.040 60.4118(1) 60.524(127) —434.945(1) —10.153(1) 17.921(1) 170.379(2) —164.572)
0.045 65.500 1(1) 65.624(140) —310.938(1) —11.809(2) 19.609(2) 145.459(2) —125.73(2)
0.050 72351 6(1) 72.490(157) —233.427(1) —14.048(2) 21.883(2) 133.125(3) —102.32(3)
0.055 81.881 6(1) 82.042(182) —180.951(1) —17.174(2) 25.049(1) 127.833(2) —87.424(2)
0.060 95.805 8(1) 95.997(218) —143.323(1) —21.759(2) 29.679(2) 127.353(2) —77.886(2)
0.065 117.750(1) 117.991(275) —115.105(1) —29.012(3) 36.981(2) 130.950(2) —72.205(2)
0.070 156.919(1) 157.247(378) —93.126 7(1) —42.000(2) 50.023(4) 138.858(3) —69.832(2)
0.075 245.507(1) 246.025(617) —75.4013(1) —71.455(2) 79.537(1) 152.422(2) —71.086(1)
0.080 629.50(1) 630.78(174) —60.5973(1) —199.37(2) 207.519(2) 175.141(2) —77.849(2)
0.085 —919.55(2)  —914.94(916) —47.7456(1) 317.066(2)  —308.853(2) 217.321(2) —97.391(3)
0.090 —252.407(2)  —252.45(128) —36.0554(1) 94.776(3) —86.489(2) 336.962(3)  —180.864(2)

0.11 —56.776 0(2) —56.89(26) 20.7214(1) 30.021(2) —21.374(2) —493.223(2) 56.597(2)

0.13 —28.360 1(2) —28.43(16) —138.670(1) 21.155(2) —12.0293)  —54.399 5(2) 1.1613(4)

0.15  —17.23964(4) —17.30(13) —36.150(2) 18.255(2) —8.494 1(2) 1088.04(4) —102.66(4)

0.17  —11.39972(2) —11.45(12) 559.55(3) 17.397(3) —6.780 6(2) 5.4805(4)  —12.4600(4)

0.19 —7.821 74(2) —7.87(12) —14.789(4) 17.716(3) —5.9175(2) —223.59(4) 24.67(5)

0.21 —5.39206(2) —5.45(12) 38.53(3) 19.105(4) —5.603 7(3)

0.23 —3.600 13(1) —3.66(13) —20.52(4) 21.970(5) —5.843 4(4)

0.25 —2.17019(1) —2.25(16) 27.830(5) —7.1771(5)

0.27 —0.924 47(1) —1.03(20) 48.032(6) —17.758(4)

0.29 0.28651(1) 0.13(27) 68.856(6) —3.9146(4)

0.31 1.650 22(2) 1.39(43) —208.2(3) 21.345(2)

0.33 3.542 89(1) 3.02(78) —35.52(4) 3.4899(2)

0.35 7.218 69(1) 5.87(185) —15.87(4) 1.2419(2)

0.37 23.45933(4) 16.23(909) —6.489(4) 0.0019(3)

0.38 918.6(2) 505(495) —1.685(5) —0.8921(3)
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The dynamic dipole polarizabilities for the 23S state of
the Li* ion for some selective photon energy of 0 < @ <
0.38 a.u. are listed in Table 4. The figures in parentheses rep-
resent computational uncertainties. It can be seen that all of
the present values have at least four significant figures except
the result of 918.6(2) ag for @ = 0.38 a.u., where the pho-
ton energy lies near the second resonance excitation thresh-
old of 0.38031 a.u. Comparing our results with the values of
Glover and Weinhold,?”! all of our values lie within the upper
and lower limits of their values. In addition, Table 4 also lists
the dynamic dipole polarizabilities for the 23P, 33S, and 33P
states. For the 33S state, present values have 5-7 significant
digits with @ < 0.13 a.u. For the 2P and 3 3P states, all of the
results for the scalar and tensor dipole polarizabilites have at
least four significant digits except values for the photon energy
o near the resonance transition position or ionization thresh-
old.

2.4. Tune-out and magic wavelengths

The tune-out wavelength is defined as the wavelength
which makes the dynamic dipole polarizability of a single state
disappear.*>>% The magic wavelength is defined as the wave-
length which makes the dynamic dipole polarizabilities of the
upper and lower energy levels of a transition equal.>'=331 The
dynamic dipole polarizabilities for the lowest four triplet states
of the Li* ion are also plotted in Figs. 2-7 as the photon en-
ergy o increased. The crossing points between a curve and
the horizontal zero line are labeled as tune-out wavelengths,
which denoted as a solid magenta circle. The crossing points
between two curves are the magic wavelengths, which are de-
noted as a blank red circle. The vertical dashed lines are the
resonance transition positions.

7P 9P
2%p 4%p 5P  6°P  g3p
{ { { [
W r——T7 T " 17 7,1 T
I I_23S I
! 3% |
I I I
| ] ]
0 :
| ]
| ]
Lo ]
I ]
I ]
| ]
—10 1
| |
| |
| |
I I
I I
I I
_20 11 | Il | 1

0.075 0.100 0.125 0.150 0.175 0.200 0.225
Photon energy/a.u.

Fig. 2. (color online) Dynamic dipole polarizabilities (in unit a.u.) of the
Li* ion for the photon energy 0.075 < @ < 0.225 a.u. The solid black line
denotes the dynamic polarizabilities for the 23S state, and the solid blue
line represents the dynamic polarizabilities for the 33S state. The crossing
points denoted as solid magenta circles are the tune-out wavelengths, and the
crossing points denoted as blank red circles are the magic wavelengths. The
vertical dashed lines are the resonance transition positions, and the green
line is a horizonal zero line.
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o
> L
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—100

0 0.1 0.2 0.3 0.4
Photon energy/a.u.

Fig. 3. (color online) Dynamic dipole polarizabilities (in unit a.u.) of the
Li* ion for the photon energy 0.0 < @ < 0.40 a.u. The solid black line de-
notes the dynamic polarizabilities for the 238 state, and the solid blue line
represents the dynamic polarizabilities for the 23P (M, = 0) state.

23p 3D 3%p
100 T l I T | T |‘ ‘
' P
— 238

— 2°P, M | =1
g9

[S]
o

Dynamic polarizability/a.u.
|
o
=) =)
[

—100 :
0 0.1 0.2 0.3 0.4

Photon energy/a.u.

Fig. 4. (color online) Dynamic dipole polarizabilities (in unit a.u.) of the
Li* ion for the photon energy 0.0 < @ < 0.4 a.u. The solid black line de-
notes the dynamic polarizabilities for the 23S state, and the solid blue line
represents the dynamic polarizabilities for the 23P (IMg| = 1) state.

2°P 43S 4°D 533
800 T l T ‘ I ‘ T I T
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I
!
I
5
0.100

I 1
0.125

—400 L L
0.500 0.075

Photon energy/a.u.

Fig. 5. (color online) Dynamic dipole polarizabilities (in unit a.u.) of the
Li* ion for the photon energy 0.050 < @ < 0.150 a.u. The solid black line
denotes the dynamic polarizabilities for the 23§ state, and the solid blue line
represents the dynamic polarizabilities for the 3P (M, = 0) state.
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Fig. 6. (color online) Dynamic dipole polarizabilities (in unit a.u.) of the
Li" ion for the photon energy 0.16 < @ < 0.20 a.u. The solid black line
denotes the dynamic polarizabilities for the 23S state, and the solid blue line
represents the dynamic polarizabilities for the 3 3P (Mg = 0) state.
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Fig. 7. (color online) Dynamic dipole polarizabilities (in unit a.u.) of the
Li* ion for the photon energy 0.025 < @ < 0.205 a.u. The solid black line
denotes the dynamic polarizabilities for the 23S state, and the solid blue line
represents the dynamic polarizabilities for the 33P ( [Mg| = 1) state.

Table 5. Tune-out wavelengths A, (in unit nm) for 238, 338, 23P, and 3°P states of the Lit ion. The numbers

in parentheses give the computational uncertainties.

238 338 33P
M, =0 M| =1 M,=0 |M,| =1
159.672(1) 435.38(1) 163.141(2) 118.354(1) 471.86(1) 1190.14(3)
277.288(2) 119.940(1) 331.940(3) 322.267(5)
236.500(1) 115.941(1) 311.485(2) 266.78(1)
217.972(2) 270.143(3) 243.197(6)
207.651(2) 263.936(2) 230.372(2)
201.213(2) 244.880(1)
242.008(1)
231.361(6)
229.749(1)

Table 6. Magic wavelengths Ay, (in unit nm) for 23S — 33S, 23S — 23P, and 23S — 33P transitions of the Li*
ion. The numbers in parentheses give the computational uncertainties.

238 338 238 - 23P (M, = 0) 238 = 33P (M, =0) 238 5 33P (M| =1)
283.108(2) 163.156(1) 594.78(1) 332.866(5)
237.738(2) 116.387(1) 475.12(1) 269.050(3)
218.419(2) 339.346(5) 244.089(3)
207.857(2) 311.971(4) 230.821(4)
201.324(2) 271.678(5)

264.146(3)

245.456(3)

242.120(3)

231.641(3)

229.816(4)

The values of the tune-out and magic wavelengths in the
Figs. 2—7 are listed in Tables 5 and 6, respectively. It is noticed
that most tune-out wavelengths are in the range of 110 nm-
500 nm except for the tune-out wavelength of 1190.14(3) nm
for the 3°P (|M,| = 1) state. All the values of magic wave-
lengths are in the range of 110 nm—600 nm. All the tune-out

wavelengths in Table 5 have at least four significant digits, and
all the present magic wavelengths in Table 6 have five signif-
icant digits. These accurate theoretical values of tune-out and
magic wavelengths can be used as important parameters for
experiment design to trap the Li™ ion for high-precision mea-
surements.
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3. Conclusions

The ab-initio calculations of the dynamic dipole polariz-
abilities for the four lowest triplet states (23S, 33S, 23P, and
33P) of the Li* ion are carried out by using the B-spline CI
method. The large number of accurate energies and oscilla-
tor strengths with the main quantum number 7 up to 10 of the
Li™ ion are tabulated for theoretical references. Present static
dipole polarizabilities for the 23S and 23P states are in excel-
lent agreement with the most accurate results from variational
Hylleraas basis calculations,?>-*¢! and present dynamic dipole
polarizabilities for the 23S state that lies within the upper and
lower bounds of the values from the correlated variational
trial function calculation.’®”! In addition, the tune-out wave-
lengths for the four lowest triplet states, and the magic wave-
lengths for the three transitions of 23S — 33S, 23S — 23P, and
23S — 33P are identified with at least four significant digits.
Present polarizabilities provide theoretical references for ana-
lyzing the Stark shift of the Li* ion. Our tune-out and magic
wavelengths can be used for designing the high-precision ex-
perimental measurement on the Li™ ion in the future.
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