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Spin polarization by selective laser-induced interference
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States behaving like autoionizing states can be selectively induced by laser radiation into one
of the continuum spin channels in the photoionization of polarized excited alkaki atoms. As a

result of destructive or constructive interference between the direct ionization channel and those
introduced by the dressing laser radiation, the cross section of this specific spin component is

completely suppressed or enhanced, while leaving the other spin channel unaffected. The q

parameter which determines the line shape of the Fano-type resonance can be resonantly tuned

as a function of the dressing laser frequency.

Laser radiation can be used to enhance or suppress
reaction channels by inducing autoionizinglike reso-
nances to a given energy in the continuum'~; in
these cases the laser does not contribute directly to
the dynamics of the multichannel process, but rather
dresses the final states of the system. Constructive
and destructive interference between the original
reaction paths and those induced by the dressing radi-
ation leads to enhanced or suppressed cross sections
to the various final states of the reaction. Recent ex-
periments have demonstrated enhanced harmonic
generation' and rotation of the light polarization of a
probe beam in the neighborhood of these induced
resonances.

In the present Rapid Communication we propose
the production of spin-polarized electrons in resonant
multiphoton ionization by selectively inducing autoion-
izinglike resonances in one spin channel, while leav-

ing the cross section for the other components unaf-
fected. At the minimum of these Fano-type reso-
nances' this particular spin channel is suppressed by
destructive interference resulting in 100'/0 spin-
polarized electrons. At the same time the line-shape
parameter of the Fano resonance can be resonantly
tuned as a function of the dressing laser frequency,

We consider photoionization from an excited state
of an alkali atom by right circularly polarized light.
To be more specific, we discuss in the following the
scheme given in Fig. 1 ~ According to the selection
rules in multiphoton ionization summarized in Ref.
9, two-photon excitation form the 'Si/~ (m = + —,)
states with right circularly polarized light populates

3the 'D3/p 3/p and Dsg (m = —, and T) Zeeman

states. We assume the hyperfine structure of the
ground state to be much smaller than the fine-
structure splitting of the 'D state. In addition we as-
sume that the laser does not resolve the hyperfine
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FIG. 1. Excitation scheme.

structure of the excited-state doublets.
A laser will only resonantly populate the 'D3/p 3/g

state, while resonant excitation of the 'D5/~ level pro-
duces atoms both in the m = —, and —, states. Note

3 5

that according to angular momentum recoupling,
'D5/q 5/q is a pure spin-up state while 'D5/~ 3/~ and
'D3/~ 3/~ are a mixture of spin states. Accordingly,
single-photon ionization of the 'D5/~ and 'D3/~ levels
with a right circularly polarized probe laser will pro-
duce spin-up polarized electrons from the m = —,

state in the F7/q 7/q continuum, while ionization from
m = —, will result in a mixture of spin states in the

'F~/~ 5/~ and 'F7p 5/~ continua. To suppress or
enhance the ionization signal in the spin-up or spin-
down channel, we induce —with the help of an in-
tense dressing laser —a second ionization channel to
the continuum: We excite with an intense laser of
frequency md one of the higher-lying states
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(I'Djm) —= lajm), for example) by an induced Ra-
man process where a probe laser photon ~~ is ab-
sorbed and a photon «&d is emitted (or vice versa
when excited 'D is populated). Ionization from this
Raman excited state by the strong (dressing) laser
provides an second ionization channel which
coherently interferes with the direct ionization pro-
cess and is responsible for Fano-type resonances' in

the ionization continua. The frequency md is chosen
so that direct ionization from the two-proton excited
'D (=—~g) ) state is negligible. The ionization rate of
an excited state ~g) into the spin-up (p, =+ —,) and

spin-down channels (p, = —
—, ) is in lowest-order per-

turbation theory of the probe laser' given by

g (E„ImiD,'ig)

+g (ajm~A~g)
(Eplm)Dd+)ajm)

l

sum over the angular momentum quantum numbers
in Eqs. (I) and (3)1 as weII as the intermediate Ra-
man states. For specific configurations (Fig. 1), how-
ever, a complete destructive interference which selec-
tively suppresses one of the spin channels, while
leaving the other one unaffected, is possible, Con-
sider, for example, ionization from a 'Dp2, p2 (Ig) )
state. Choosing a linearly polarized dressing laser, a
Raman process starting from ~g) will only excite the
'Dg2 5' (~ a) ) state which is a pure spin-up state.
The intense laser will ionize this state selectively into
the spin-up ~Ep, = , , 1 =3—,m =2) continuum, which

again is the only spin-up continuum populated from
level ~g). The ionization signal in the spin-up chan-
nel exhibits, therefore, a Fano profile,

(a+q)'8'+ = y+ (4)
e +1

where y+ is the ionization rate of ~g) in the presence
of the probe laser alone; e='/( —tI") is the scaled

detuning from the Raman resonance and

q =—Re(R,r)/Im(R, g)

(ajmlRlg)= ajm z DD g)
1

Eg +Ah)p Hg + I E'

Eg fo)d Hg
(2)

is defined as the quotient of the real and imaginary
parts of the Raman matrix element (2). At the same
time, ionization from ~g) resulting in spin-down

electrons is unaffected by this laser-induced interfer-
ence: %e find 8' = y with y the unperturbed ion-
ization rate of ~g). The spin polarization defined by

is the Raman transition matrix element. Note that
for low-lying atomic states ~g) the contribution from
the second term in Eq. (2) will usually be small.

The energy normalized continuum wave functions
are denoted by ~Ep Im) neglecting spin-orbit effects
in the continuum. D~

— and Dd
— are the dipole

interaction operators describing absorption (emission)
of a photon with frequency co~ and ~q, respectively,
The first term in Eq. (1) describes the direct ioniza-
tion process while the second corresponds to a Ra-
man excitation followed by ionization. Hq is the
atomic Hamiltonian.

The total induced linewidth of levels ~ajm) due to
ionization by the dressing laser is

P=(W~ —W )/(W++W )

shows, as a function of ~, complete spin-down polari-
zation for ~ =—q and mainly spin-up polarized elec-
trons for ~ =0 and q && 1 due to destructive and
constructive interference (Fig. 2).

The parameter q determines the shape of the reso-
nance. It is independent of the light intensity, but
shows a resonance structure as a function of the laser

frequency md.'The counter-rotating Raman term
[i.e., the second term in Eq. (2)], which has been ig-

rp . = $ l(Eplm~D:~ajm))l' .
Im,

(3)

Spontaneous decay and other incoherent contribu-
tions have been ignored in Eq. (I). ~, =E~+h'ca~
—E„—heed is the detuning from the Raman reso-
nance including the dynamic Stark shifts in the defin-
itions of the atomic energies. Equation (I) must be
summed over the populations of the two-photon ex-
cited states.

In general, the interference between the ionization
paths in Eq. (I) is incomplete and will lead to Fano-
type resonance superimposed onto a background in
both spin channels. This is due to the many continua
available as final states in the ionization process [the
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FIG. 2. Spin polarization 8 as a function of the scaled de-
1

tuning e for y+/p =
6

and q =0, 2, 4, and 6.
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nored in previous work involving autoionizinglike
states, has intermediate resonances whenever 4vd
matches the energy difference between ~g) and a
lower-lying state coupled to it by a dipole transition.
Around these resonances q sho~s a dispersive
behavior superimposed on a (usually) slowly varying
background originating from the nonresonant terms
(Fig. 3). The parameter q changes sign on these in-
termediate resonances (where it diverges in our ap-
proximation). As the background from the non-
resonant terms adds constructively on one and des-
tructively at the other side of the resonance, q can be
expected to have a zero at a certain frequency ~d. At
this frequency the real part of the Raman matrix ele-
rnent goes through zero and the Pano profile has the
form of a window resonance. Besides the possibility
of controlling the line shape of the resonance with
the frequency of the dressing laser, a measurement
of q provides information on the sign and magnitude
of the Raman transition matrix element. Figure 3 il-

lustrates this behavior for a 5 D3/2-15 Dq/2 Raman
transition in cesium. We note that at the same time
the Raman transition has an intermediate resonance,
the Stark shift of

~ a ) will also exhibit a dispersive
behavior.

If the counter-rotating Raman term is neglected in

Eq. (2), the effect of the dressing laser can be viewed
as inducing an autoionizinglike resonance in the final
state of the photoionization process. In this picture,
the counter-rotating term may be described as an ini-
tial state interaction, i.e., a laser-induced dressing of
the state ~g).

The physical mechanism behind our spin-polariza-
tion scheme is the spin-orbit splitting of the D level,
which serves as the ground state for the ionization
process, combined with a selective laser-induced in-

terference. Andryushin and Fedorov3 proposed to
produce spin-polarized electrons by inducing autoion-
izinglike states from an excited S~/2 alkali state in

the 'P~/2 and P3/2 continua by right circularly polar-
ized light. This induces resonances in both the
m = —, and —, continua. Due to the different spin-

orbit dependence of the bound-free matrix elements,
and the different vector polarizabilities of the 'S+~/2
states (both of which have been ignored in our calcu-
lation), the minima of the Fano profiles will be
slightly shifted relative to each other, which, in anal-

ogy to the Pano effect, "will result in almost com-
plete spin polarization for ionization from the ground
state in this energy range. In our scheme, an au-
toionizinglike resonance is introduced selectively in
the spin-up continuum; the cross section of the spin-
down component does not have a minimum near
these energies. Spin-orbit splitting of the excited
states of an alkali atom is also responsible for the
spin polarization of electrons in nonresonant multi-
photon ionization with circularly polarized light as
suggested by Lambropoulos. ' There, the ionization
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FIG. 3. The q parameter as a function of the dressing
laser frequency cod (cm ') and for the 5 D3/2 3/2 to
15 D5p 5/2 transition in cesium, estimated by a truncated
summation over the intermediate atomic states in Eq. (2)
using quantum-defect wave functions. q shows as resonance
when the photon energy of the dressing laser matches the
energy difference form the 5283/2 state to the lower-lying

62P3/2 level, which is one of the intermediate states contri-
buting to the second Raman term in Eq. (2).
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channel from the 'S
~/~ ground state, which gives a

mixture of spin states, can be suppressed by destruc-
tive interference when the laser is tuned between the
fine-structure levels. 9 ""Contrary to the process
discussed above, in this case the interference respon-
sible for spin polarization is part of the excitation
dynamics of the process itself and not induced by an
external light source.

As the present spin polarization effect is based on a
laser-induced interference, any incoherent mechan-
ism such as spatial or temporal intensity variations of
the dressing laser, admixture from other ionization
channels, spontaneous decay, and partially resolved
hyperfine structure of the excited state will tend to
destroy the effect.

In the present Communication we have demon-
strated in the case of spin polarization that laser radi-
ation can be used to selectively enhance or suppress
certain reaction channels at a given energy. This sug-
gests the use of selectively induced autoionizinglike
resonances to control the branching ratios between
various final states in a multichannel reaction, either
to increase the efficiency in the production of a
desired final state or to improve the signal-to-
background ratio when measuring small cross sec-
tions in the background of a dominating process.
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