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Laser-Induced NMR Shift for Hg 1°° Atom
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Laser-induced NMR shifts are studied theoretically by semiclassical treatment as a dynamic Stark effect of
optical fields. It is proved that light shifts in optical pumping experiment and in NMR and ESR spectra are
based on the identical fundamental principle. The calculated NMR shift for® btgpm can be of the order

of 1 MHz in a circularly polarized laser beam 10 W chat a frequency near the singldtiplet transition
absorption.

1. Introduction On the other hand, a relative phenomenon, the shifting of
, ) atomic energy levels by light, has long been studfed’
Recently there Pﬁs been interest n the Iaser-_enhanced NMRyastler's studie® have demonstrated that the ground-state
and ESR effects.! Evans theoretically predicted that a g o1qy evel of an atom may be artificially shifted by the action
circularly polarized light beam could raise NMR frequencies ¢ o -“iniense beam of light. These “light shifts” were first

to gigahertz Ievel§. Warren .et%'t‘lreported the experjmental observed in the course of detailed studies of the optical pumping
discovery that optical irradiation far from any absorption bands of Hgl% The detailed experimental study of light shifts was
can shift the resonance in a NMR spectrum and that the shiftsaISO carried out by Arditi and Carvéf. They showed that

Zgéik:iigrdtﬁreﬂ;iek:zirﬁji?egrcﬁllijf?se?nlnNaMZFZOreI\igrfasnpfeCt;LrJ;n.s:tne ordinary resonance lamps could cause light shifts as large as
P . . . .~ several hundred hertz in the—0 transition frequencies of
specific. This means that the technique is capable of providing .~ . . .
. . - b rubidium and cesium. In view of the complexity of the quantum
an entirely new fingerprint of a sampieLately Warren et aft ; o
X ; : . theory of optical pumping? Pancharatnatf presented the
have revised their work on laser-induced NMR shifts presented . . ; . . .
semiclassical explanation as an optical Stark shift (or dynamic

in ref 2a. They found their previously reported shifts were . . O
. e ; : Stark shift”) occurring when the field is near resonance. Lately
largely due to heating effects; still, residual shifts due to other Simon and Bauch et 4% have verified the frequency shifts of

mechanisms appear to be 0.1 f1zFrom Warren et al's hyperfine splitting transition in théS,, state of cesium atom
i Itipl i heori h Ited. o L2
experimem multiple competing theories have resulted due to the blackbody radiation field.

Evans postulated that there exists a static magnetic field paralle
to the direction of propagation of a circularly polarized light ~ This paper attempts to explore the influence of a laser beam
beam and of strength proportional to the intensityyt this on NMR spectra and obtains the following results. (i) Both
would lead to huge NMR shifts, and Barfopointed that it the laser-induced NMR and ESR shifts and the light shifts in
would violate charge conjugation symmetry. Harris and Tifioco Optical pumping are originated from the oscillating electric field
evaluated the change in the chemical shift of a nucleus inducedof light beams. Comparing their fundamental formulas is
by a polarized laser beam and deduced that it was far too smallinstructive. It is verified in section 2 that Buckingham and
to be measured. Buckingham and Paffethdicated there is ~ Parlett’s perturbation theory on the light-induced energy change
an induced magnetic moment and a magnetic field at a nucleusof a polarizable atom or molecdlis consistent with that of
which can produce NMR shifts when atoms and molecules the optical-pumping theor%¢ But Buckingham and Parlett
subjected to a constant circularly polarized light beam, and emphasized correctly the contribution of antisymmetric polar-
pointed that significant shifts should be observable in atomic izabilities. (ii) Though the previous optical-pumping theories
or molecular beam samples as resonance is approachedof Hg'% atom provided the general formulas of light shifts, the
However, in Warren et al.’s experimentshe frequency of concretely calculated results have not been found in the
incident light is far from any resonance of the singlsinglet literature, especially on NMR spectra. As an example, the laser-
transition. So far there are no pertinent theoretical explanationsinduced NMR shifts for HEP® atom are calculated with a laser

of Warren et al.’s observatiodsMuch remains to be explored intensity 10 W cm? at a frequency near the resonance of a
both theoretically and experimentally to determine the ultimate singlet-triplet transition in section 3. The result shows that
utility of this technique. In addition, theoretical investigations the shift of HJ°® atom near resonance can be of the order of 1
into the effect of a laser beam on ESR spectra indicated thatMHz, which may be detectable in a NMR experiment. (iii)
observable shifts should be produced by the oscillating electric The mechanism of laser-induced NMR shifts forffgatom

field of the laser near optical resonarfé€including the laser- may be expanded to study the molecular system. We discuss
induced ESR shift effect occurring in a molecular or radical this possibility in section 4 and propose that the similar NMR
systemt! All these results give us a hint and impel us to explore shift mechanism as that of FRY atom can occur in NMR spectra
the internal relations of the laser-induced NMR and ESR shifts. of a molecular or radical system, for example, which may be
considered as one of possible explanations on Warren et al.’s
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2. Energy Level shift in an Optical Field derived the time-independent energy change of a molecule in

The oscillating electric field of a light wave can cause Stark state|nCby using time-dependent perturbation the@ry

shifts of the energy levels of an atom or molecule. The
theoretical expression for this light shift may be derived using
a semiclassical argument due to Pancharatifaithis general- ) L o . .
izes the expression for the energy-e1/20E2 acquired by an This expression is general and not limited in the light shift of
atom of polarizabilityo. in an external electric field. the electron spin energy_levels of a system. _Th(_e foIIows_show
Consider a circularly polarized plane wave propagating in that eqs 5 and 7 are equivalent. When substituting eq 6 into eq
the z-direction, parallel to the external magnetic fi@dwhose 5, the energy changaW{” can be written as
electric field at the poing at timet is®1°

AW = —Y (EO (0o + 0ty) F 201 (7)

V\I( ) (E(O))Z Vin =V

. n __ r A A

E. = E.exp[-i2 zv(t — nZc)] 1) AWE' = — [Re(tlz,|j [,/ nCH
- - 4h 4 Vo — V)2 + T4

whereE, = +£2712 E(O)(I:FI]) i andj are unit vectors in the [0ty |j 2y InDy & Im([h| &, |j O 2, | nC— 0|ty |j 2y D))

andy directions. EQ is the scalar electric field strength of the (7a)

circularly polarized lasern the refractive index, and the
velocity of light in vacuum. E+ andE- refer to right and left Becausei, is Hermitian, this equation can be simplified and

circularly polarized light, respectively. expressed in terms of the polarizability tensors
According to the semiclassical dispersion thebriy is found
that, as a result of virtual transitions to the excited-state sublevel AV\/Q =-Y 4(E(0))2[(axx +ay,) F (0, — )] (7b)

|jthe ground-state subleviel Will be shifted by an amout1°
which is the same as eq 7 due to the antisymmetric polarizability

AV\/‘P = Rem|oH, |nO (2) o, = — oy, The equivalence of egs 5 and 7 implies that the
laser-induced NMR and ESR shifts and the light shift in optical
where the effective Hamiltonian is pumping conform to the same fundamental principle. They may
be applied to all light shifts of energy levels of an atom or
OH, = _1/251 aE, 3) molecule. In fact, eqs 5 and 7 in different forms had been

applied respectively to the light shift in early optical pumpfi§
which is related to the atomic or molecular polarizability 2and the shifts in NMRor ESR™! spectral lines recently.

operatorg19.20 Taking the transition between nuclear magnetic energy levels
Im = +/,0as an example, based on eq 5, the laser-induced
1 alima @ NMR shift is
=5 ——
h%-(v;, — v — iT/2) Av, = (AWC Y2 — AWYP)/h = —[(EO)%2h] (o (—1,) —

. (+7,)) (8)

whereo.(—>) ando.(+1/,) are the polarizabilities of then,
= —1/,0and |m = +¥,0states, respectively. On the basis of
eq 7, eq 8 also can be written as

whereft = Y ar; is the electric dipole moment operatbw;, =

WO — WM is the energy difference between the excited state
|j0and the occupied statal] andT is the radiative width of
the excited stat§[] By substituting eqs 3 and 4 into eq 2 and
simplifying the result,

0)2
EO_ v | A = = E (1) — ap(H) + (ol
AW = - —=% Rz} ||l n0) ) . .
2h 4 (Vjp — )"+ T4 ©) oy (+775)) F 2(e (—71) — o (+71))] (9)
=AVF AV
(E?)?
== 2 Oy The first term Av® is dependent on the induced symmetric
polarizability, and the second term»2 is related to the
where .. is the induced polarizability for a right) or left antisymmetric polarizability. They can be written as
(=) circularly polarized laser beamsa.. is the dipole moment
operator AV =" (Av_+ Av,), A= (Av_— Av,) (10)
.= 4712 i, F iﬁy) (6) It is known that the light shifts were first observed by Cohken

Tannoudjt* in the experiment of optical pumping of F in

the nuclear magnetic resonance sigial = Y,0— |m =
—1/,00 As a concrete example, we calculate the laser-induced
NMR shift for Hg'®® atom in the next section.

and % is its complex conjugate. The expression of eq 5

indicates that the interaction of the polarizability teng@rwith

the electric field of a circularly polarized laser beam will give

rise to an energy shift of the stapel] which depends on the .

frequency-depegr?/dent polarizability and intensFi)ty of the light. 3. Laser-Induced NMR Shift for Hg4® Atom

This is actually similar to the quadratic Stark effect of optical The laser-induced NMR shift is proportional to the laser

fields or dynamic Stark effedf.1” intensity and the frequency-dependent polarizability tensors. It
On the other hand, when studying the effect of circularly is necessary to know the wave functions and energy levels of

polarized light on ESR spectra, Buckingham and Parlett have a system first.
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3.1. Hyperfine Structure Energy levels of an Atom. The electric dipole selection rules are
Consider theld coupling approximation in which the central
field and all electrostatic and magnetic interactions internal to Am =0; Am,= 0 (7 polarization),
the electron system are included in a zeroth-order Hamiltonian. o
We apply as a perturbation the nuclear magnetic dipole +1 (o polarization) (18)
interaction and the Zeeman terms. The perturbation, th&n, is
In addition, in an intermediate magnetic field, where the
H=Al-J+guglB — gugl B (11) Zeeman interaction and the hyperfine interaction are of the same
order of magnitude, all the elements of the hyperfine interaction
where A is the magnetic hyperfine structure constant to be must be evaluated and energy levels obtained by the solution
determined from experimentug the Bohr magneton,  of the secular equation. This is a complex case, but we can
g = gun/us is a small number of orden/M (wheremeand  study this case approximately by using some kind of combina-

M are the mass of an electron and proton, respectively), andjon of weak and strong field results to approach to it.

the Landeg-valueg; is . .
9 % In terms of the above discussion, we are able to draw the

_ hyperfine splitting diagram of the singlet-triplet transition 6
;= WD FLL+D) - SS+ ) 15— 6 3P, for Hg'®? atom in a magnetic field, which is shown
20+1) in Figure 1. Atthe left are the low-field states and at the right
JI+1)-L(L+1)+8S+1) (12) are the high-field states. In between, states of intermediate field.
s 2JJ+1) The absorption transitions are grouped according to the polar-
ization, o+ ando—, and indicated by solid arrows pointing up.

H_erel_wethomit ttf:le nuclleafr etlefctric qga(tjruple th/racttri]on 0 32 Laser-Induced NMR Shift. Consider the laser-induced
flmllc)eg)r/ eleectfiz:o uzrg;u ?e i?l(t:e,ragtriokrﬁs %gmicqalgl zeZZo fc()ar the NMR shift of Hg™*® atom in ground state &, by using the
nuclear charge gistribu?ion is spherically symmetfic incident frequ%lngy near the singtetiplet absorption transition
! = | ) (1.181681x 10* Hz, i.e., wavelengtih = 253.7 nm). Itis

To evaluate the energy shift arising from the hyperfine known that if the incident frequency is near the absorption

interaction, in a weak field, that igyugB < A, we take linear . . . .
combinations of the uncoupled functiopslimm to form new resonant regions, the corresponding terms in the absorption
transitions will dominate over the polarizability tensors and other

zeroth-order coupled wave functiofigdlFmefor which the ¢ )
total angular momenturfF and its projectionme = my + m higher excited terms can be neglected. Thus we only study the

are good quantum numbers. The total energy shift in the first- contribution of the transition &, — 6 °P: to the polarizabilities

order perturbation of the hyperfine interaction and the Zeeman @nd shifts in the nuclear magnetic sublejral = +*/;[= [n*00
splitting it of the ground state 8. Since the Zeeman splitting levels in

the various cases of the magnetic field strength (see Figure 1)
AEF,mF — l/ZAK-i- OeugBM (13) are dl'fferent from e.ach other, we calcqlate the NMR shift in
two different cases: weak and strong fields.

First we discuss the laser-induced NMR shift in the case of
a weak field. To simplify, we abbreviate the wavefunctions

whereK is given by

K=FF+1)—I(+1)—JJ+1) (14) lyJIFm.Cof the excited 6P, Zeeman sublevels t&,m.L] For
the right circularly polarized light, based on egs 8, 16, and Figure
andgr is an effectiveg-value analogous to eq 12 1, the laser-induced NMR shift of H atom in ground state
61 is
FF+1)+J3+1)—1(1+1)
% =4 2F(F + 1) B EON vy v
FF+1)—J3+1)+1(01+1 Av, = - € e R |47y, =0
- 2 2 2 !
| ( )~ X At ) (15) 2h l(V3/2,73/2_ v)" + 14
2F(F+1)

Vap~12 "V

&y, =%l In "0 — R %1%, —
The selection rules of electric dipole transitions between 2~ I D) V312~ v)? + 1?4 AT,
hyperfine levels are . ) . Vi 1p —

1o, =*1lfi N1y — — 5 X
AJ=0,£1 (I =0~ J=0); (Vi1 — V)" + 1774

AF=0,+1(F=0-~F=0); Am.=0,+1 (16)

Re( |21 'y, — 1T, —%mmﬂ] (19)

These rules are related to the polarization of the electric
vector: Ameg = 0 corresponds to an electric dipole oscillating
in the z-direction ( polarization), and\mg = +1 corresponds
to that oscillating in thex—y plane ¢ polarization).

For a strong field,gugB > A, the complete hyperfine

In terms of the WignerEkart theorem and ClebsetGGordan
coefficient?223eq 19 can be reduced to

Hamiltonian is evaluated in the uncoupled representation P (E(O))2|[ﬁs |2.|6P, T V3232V _
|yJimymCand the energy obtained by using first-order perturba- =+ h? Slitx|6Py v _ v)2 +T%4
tion theory is given by 8i2-3i2

1 Vaip—12 —V 2 Vi-12 "V

(20)

AEy = 9ueBMy — g ugBm + Amm, - (17) Waprp— VPHTUE iy oy — )2+ T4
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Figure 1. Zeeman splitting of hyperfine structure of the transition 6 . ' . . .
1S — 6 3Py for Hg'*® atom in the various cases of magnetic field. At 6Q0F+010 4.00E+010 -200E+010 0.00E+000 200E+010 4.00E+010 6.00E+010
the left are the low-field states and at the right are the high-field states. v (+1.181681E+15 Hz)
The absorption transitions are grouped according to the polarization, - i . ]
o_ andoy, and indicated by solid arrows pointing up. Figure 2. The NMR shifts induced in H§® atom by circularly

polarized light with intensity 10 W cn? as resonance of singlet-triplet

Similarly, for the left circularly polarized light, we can also transition is approachedAs* is the shift due to the symmetric
polarizability. The magnetic field B= 103 T.

deduce
(EO)2 . V1= V transitionn—j, we have for the oscillator strength
Av_ = — ———|BS)|fi,|6P, [/ ——t
h (Va1 — V)" + 174 872
: o= e iR 24
2 Vi~V V332~V 21) T Vinl IX]] (24)

3(”1/2,1/2_ V)2 + T4 (Vz/z,a/z_ V)2 + %4 ) . .
For the singlettriplet transition 6!S;—6 3P; of Hg'% atom,

On the other hand, in the case of a strong field the equationsthe oscillator strength is 2.45 1021 So the matrix element
of the NMR shifts are different from egs 20 and 21 for the BS|il6Piis 2.21x 1073 C m.
various Zeeman splitting energy levels. The wavefunctions  Taking the magnetic field to be 103 T which can satisfy
|yJlmym Cof the excited 6P; Zeeman sublevels are abbreviated the criterion of weak fields, we first calculate the laser-induced

to |my,mO Proceeding as above method, the shifts can be NMR shifts by using egs 20, 21, and 10 at a frequency near
deduced resonance of singletriplet transition. Figure 2 plots the curves

of Avy, Av_, AvSversusv. From Figure 2, in the case of a
weak field, the laser-induced NMR shifts can be of the order

(E9)? A Vo1 ™V

Av, = — —~|BS)|ii,| 6P, o of IMHz. The shifts in right and left circularly polarized beams
h Voi1p— )+ 4 Av; and Av_ are nearly equal but of opposite sign, as

Voqap— Y demonstrated in optical pumping experiment of'Mgtom?*

(v — )P+ T4 . (22) The result indicates that the shiftv® due to the symmetric

—1.172 polarizability is 3 orders of magnitude smaller than? due to
(N2 B the antisymmetric polarizability; that is, the NMR shifts are
Av_=— E) |BS|i, 6P, Mo Y _ mainly due to the contribution of the antisymmetric polariz-

- h2 KL (Vg _1p— v)? + T4 ability. This can be proved from egs 20, 21, and 10 also. For

’ Ve — a weak fieldgugB < A, we may neglect the energy change

1,112 (23) due to Zeeman effect and then obtaify, ~ ve_m. On the

(i1~ v)? + T4 basis of egs 20 and 21, it is easy to dedfee ~ —Av_. From

eq 10 the shift from the contribution of the symmetric
3.3. Calculation and Results. By using egs 2623 we have polarizability Av® ~ 0.

calculated the laser-induced NMR shifts of ¥yatom in the Next to take the magnetic fieB to be 10 T we calculate the
ground state 8, in weak, strong, and intermediate magnetic NMR shifts in the case of a strong field by using egs 22, 23,
fields, respectively. In the calculations, the valueE? is and 10. The calculated values are given in Table 1, which

obtained from the laser intensity= 1/2¢o(E®)2c. For a laser shows that the magnitude of° is of the same order as that of
intensity 16 W m=2 E@ =8.66x 10V m~19 The values of Av? that is, both symmetric and antisymmetric polarizabilities
transition frequenciesg . (in egs 20 and 21) aneh, m, (in eqs make an important contribution to the shifts in NMR spectra.
22 and 23) can be calculated in terms of Figure 1 and eqs 13The shifts can be of the order of 1 MHz, which is as large as
and 17, where the hyperfine structure constaris 14750.7 that predicted by Buckingham and Parlett for a sodium atom at

MHz®® and the magnetic fiel® is chosen as 1G T for the the resonance to the singtetinglet transitior?.
weak field case, 10 T for the strong fieldcari T for the In an intermediate fieldjugB ~ AtakeBto be 1 T. We
intermediate field, respectively. The “natural line widti'of evaluate approximately the NMR shift of this case by using

the optically excited state & in the v-scale is connected to  two methods, i.e., using egs 20 and 21, or egs 22 and 23,
the lifetimer = 1.2 x 1077 s of this state by the uncertainty respectively. The results are given in Table 2. Comparing the

relationT’ = 1/z.12 The matrix element6S)|iix6Pi00can be two kinds of values of shifts, we find they have the same order

obtained from the corresponding oscillator strength and fre- of magnitude. This implies that the change of laser-induced

quency. Neglecting the influence of the static magnetic field NMR shifts is a gentle and continuous process as the magnetic
upon the matrix elemerih|i|jdJand assuming isotropy for the  field varies from weak, intermediate to strong.
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TABLE 1: Circularly Polarized Laser-Induced NMR Shift If radicals or molecules meet the foregoing requirements, the
for Hg 9% Atom at a Frequency Near the Singlet Triplet laser-induced NMR shifts can be observed. For example, shifts
Erini'(t;? (1.181681x 10 Hz) in a Strong Magnetic Field of order of 0.1 Hz are produced in 270 MHz NMR spectrum of
organic moleculg@-methoxyphenyliminocamphor with incident
v(10°Hz) Avi(kHz)  Av-(kHz)  Av(kHz)  Ave(kHz) laser in the 10~ 20 W cnT2range?® The used laser wavelength
1.181432 8.44 —5.90x 102 4.193 —4.252 488 nm is far from the absorption peak of the singkinglet
1-121 32613 7§-g5< - :g.%x igz 3(15-52 - _—3?33 @ transition ofp-methoxyphenyliminocamphor, but may be near
1181463 12010 —06760x102 600x 10 —600x 102 the resonance of its singtetriplet transition peaks26 The
1.181464 —3.19x 10° —6.82x 102 —1.60x 10°  1.60x 10° favorable facts are (i) the groupsOCHs, =O, and—N= in
1.181467 —3.25x 10? —6.92x 102 —1.62x 10*°  1.62x 10? p-methoxyphenyliminocamphor are favorable to relaxing the
1181478 —2.15x 1°  —7.29x 102 -1.07x10*  1.07x 10° spin restrictions on singledtriplet transition2>-27 thus enhance
1181479 15k 107 -7.32x 107  7.56x 10 —7.56x 1C° the singlet-triplet absorption of the molecule. (i) The typical
1181483 1.4 10*? —7.47x102 70.4 —70.5 o 2
1181492 32.4 —781x102 16.1 ~16.2 peak of phosphorescence and singleiplet transition spectra
1.181515 6.64 —-8.79x 102 3.27 —-3.36 of aromatic compounds cover the range from 450 nm to 600
i-igi ggi 3'411&91&2 *8-;180 *2-%6 *2-%5 nm around 500 nAY¥26which involves the 488 nm wavelength
1181877 754102 —88 2 aas a3 used by Warren et & In fact the visible and ultraviolet
1181880 743% 102 —195x 17 —975 976 absorption spectrum gfmethoxyphenyliminocamphor in Fig-
1181883 7.3% 102 —-151x 10° —7.56x 10?7 —7.56x 10° ure 1 of ref 2a shows prominent absorption in this range. In
1.181884 729102 215x 103 1.07x 16*®  1.07x 1C° addition, the ring protons and the methyl groups of the molecule
1181895 6921072 324x1CF  162x10F  162x1C have shown the largest laser-induced NMR shift in Figures 2
ﬂgi ggg g:?i igZ _fégz 1833 _é:ggi ig _é;ggi ig and 3 of ref 2. This is associated with the point of view of that
1.181 901 6.7% 102 —2.65x 1(? —1.32x 1 —1.33x 12 the NMR shifts are proportional to the induced pOIarizabity by
1181912 6.3« 102 —31.9 —-15.9 —-16.0 the hyperfine interaction, since the spin polarization in aromatic
1181930 590<102% —8.45 —4.19 —4.25 ring and the hyperconjugation system such as methyl group

TABLE 2: NMR Shift of Hg 19 as a Resonance of the make them have larger hyperfine splitting respecti¢élyzrom

Singlet—Triplet Transition Approached in a Magnetic Field the foregoing discussion, we suppose that the similar shift
B=1T mechanism to that of H§® atom might play a role in Warren

V(105 HZ) Avsa(kHz)  Ava(kHz) Avsb(kHz) Av_ (kHz) et al.'s experiment among multiple competing mechanidms.
Analogous to the phosphorescentricrowave double-reso-

e 20 5 ey 5 nance (PMDR) techiqudSiis might deveiop t be a new
1181659 —1.710x 1 —17.4 —232%x 1P —6.92 technique applying to determine properties of the triplet state.
1.181665 —3.803x 10? —27.1 —421x 102 —9.44

1.181667 —2.227x 10° —32.4 —2.27x 10° —10.6 5. Conclusion

1.181669  5.08% 10> —39.7 4.68x 10? —12.1

1.181 674 1.3% 1 -79.1 87.8 -17.0 This paper studies the effect of circularly polarized laser beam
1.181678 1.40¢10*  —2.39x 1(? 46.1 —23.8 on NMR spectra of an atomic or molecular system. It is proved
ﬂgi ggé _327-18& 17 7150331 1822 gg-é :gi-é that the laser-induced NMR or ESR shifts and the light shifts
1181693 —505 908 120 _468x 1 in optical pumping are due to the same physical essence, i.e.,
1181695 —3.25 —6.55% 1 10.6 2.27% 108 dynamic Stark effect of optical fields. Taking H§ atom as
1.181699 —1.30 1.88x 10> 8.465 2.73x 10 an example, we calculate the laser-induced NMR shifts in the
1181706 —0.040 2.98< 10 6.02 3.24x 107 various cases of magnetic field strength. With a circularly
ﬂgi ;22 8:23 74.28'3";’ 12 i:gg 7i§é§ ig polarized beam of in_tensity 1Q W crhand frequ_ency near
1.181 717 0.420 -82.0 3.89 —72.6 resonance of Slngle{trlplet transition, the NMR shift of H@g

can be of the order of 1 MHz, which should be observable in

NMR experiment. The mechanism of laser-induced NMR shifts

for Hg'% atom may be expanded to apply to the molecular or
On the whole, in three cases of weak, strong and intermediateradical system and be considered as one of possible explanations

fields, the calculated laser-induced NMR shifts for a¥atom on Warren et al.’s observatioheamong multiple competing

can be of the order of 1MHz in a circularly polarized laser beam mechanisms.

| = 10° W m~2 at a frequency near the singletiplet transition

absorption, which can be detectable in NMR experiment. Acknowledgment. This work was supported by National
Science Foundation of China.

a Shift calculated by using eqs 20 and 2Bhift calculated by using
egs 22 and 23.
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