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Comment on ““Investigation of Ultrafast Nuclear Spin
Polarization Induced by Short Laser Pulses”

In a recent Letter [1], Nakajima proposed a pulsed
optical method for transiently inducing high levels of
nuclear spin polarization in neutral atoms. This polariza-
tion is expected to be periodically resurgent at rates much
faster than intrinsic hyperfine precession frequencies. If
these predictions were correct, successful realizations of
the proposal might prove useful in the study of short-lived
radioactive isotopes. Unfortunately, the analysis upon
which these claims are based is flawed; it fails to properly
identify the eigenstates of an atom with nuclear spin an-
gular momentum I and total electronic angular momentum
J in a uniform static electric field [2,3]. As a result, the
primary conclusions drawn from the study—namely the
exceptional rapidity and simultaneous efficiency of the
polarization process—are not valid.

In brief, the proposed polarization scheme amounts to
the preparation of an atom in a coherent superposition of
excited states that evolves in time under the influence of an
externally applied static electric field E. In the zero-field
limit, where the Stark splitting of these states is much
smaller than the corresponding hyperfine splitting, the total
angular momentum F = I + J of each eigenstate is a con-
stant of the motion. Thus, even though the optical radiation
field does not couple directly to the nuclear spin, the mag-
netic hyperfine interaction ensures that large amplitude
periodic variations in nuclear spin polarization P can occur
if an appropriate superposition of eigenstates is populated
[3,4]. In effect, the Hamiltonian for this interaction HH ,; =
AT - J enables a coherent internal exchange of angular mo-
menta. Variations in the expectation value of the nuclear
spin angular momentum (I) are directly compensated by
corresponding variations in (J) so as to conserve orienta-
tion. The time scale for this exchange is set by the energy
interval(s) AE = O(A/h?) between interfering hyperfine
states. Starting from an initial value of zero, P reaches an
extremum on a time scale of order 7 = wh/AE. An ap-
propriately timed interruption of i (e.g., by photoioni-
zation of the atom, eliminating the electrons responsible
for J) could then be used to halt further evolution of (I). To
this extent, the proposed experiment is a variation on
methods that have long been used for quantum beat spec-
troscopy [4-8].

Nakajima argues that the application of a large electric
field is an essential element of the proposed polarization
scheme; its intended role is to increase the Stark splitting—
and hence the quantum beat frequency—to the point where
the time scale 7 for the transfer of angular momentum to
the nucleus becomes substantially shorter than the sponta-
neous emission lifetime of the coherently excited states. To
accomplish this, he advocates the use of Stark splittings
that are 2 to 3 orders of magnitude larger than the hyperfine
splitting under consideration.
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Herein lies a fundamental problem that is not addressed
by Nakajima’s analysis. The conditions for the proposed
polarization scheme are such that the atom is unambigu-
ously in the strong-field limit, wherein the coupling be-
tween I and J is broken and F is no longer a constant of the
motion. The coherence induced by the laser is therefore
almost entirely electronic in character, and to large extent,
angular momentum is not exchanged with the nucleus—
either on the time scale of the Stark splitting or on that of
the hyperfine splitting. Viewed from a semiclassical per-
spective, the applied field E causes J to precess so rap-
idly that I cannot track its motion. More formally, for
integer electronic angular momentum quantum numbers
J (cf. the examples in [1]) the matrix representation of
Hye is reduced to its diagonal elements Am;m,
in the basis of states labeled by m; and m;, the quan-
tum numbers for the projections of I and J along E.
Hence, d{I)/dt = —i([1, H ])/h = 0. For half-integral
values of J, angular momentum transfer is still pos-
sible via the nonvanishing off-diagonal matrix elements
(mp = 1,m; = % 3| Hylmy, my = £1), although this ex-
change takes place on the time scale of the hyperfine
splitting, not the Stark splitting. Either way, if P =0
when the excitation is applied, it will necessarily remain
nearly so thereafter on the time scale of the Stark splitting.

Ultimately, Nakajima’s analysis fails because it incor-
rectly views the admixture of electronic and nuclear spin
states that comprise the induced atomic coherence as being
independent of |E|. A proper treatment of this problem
requires identification of the relevant eigenstates through
diagonalization of the full Hamiltonian.
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