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Polarization-sensitive coherent control of atomic collisions with nonclassical light
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In this paper we consider the mechanism of coherent control of atomic collisions by two-photon excitation
of colliding atoms with nonclassical light characterized by polarization entanglement. Such modification of the
well-known optical-collision method is proposed as a possible spectroscopic application of nonclassical light
for study of collisional dynamics. We show that quantum correlations allow one to have a deeper control of the
internal dynamics of atomic collision than do the principles of classical statistics. Our qualitative discussion is
supported by numerical calculations made & 'P— S optical transition of Mg perturbed by collisions
with rare-gas atom.
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I. INTRODUCTION type of polarizer oiin the case of atomic absorberith the
direction of external field.
Implementation of nonclassical light to the atomic and The situation changes dramatically if instead of one atom
molecular spectroscopy is intriguing and is a challengingVe consider the system of two atoms, i.e., either bound mol-
idea that is still underestimated in practice. Any proposal in€cule or unbound quasimolecule created in collisional pro-

this area is quite difficult to realize and, therefore, has tCeSs: For such a system there is an internal quantization

have clear motivation. Up to now there is only one unique(symmmry axis defined in the body-fixed frame. For an ex-

. . ; i eriment carried on with a gas cell or in an atomic trap the
experiment showing the difference betlwee.n predictions Obrientation of the body-fixed frame stays unknown during
classical and quantum electrodynamics in spectroscopi

i i . COPlhe measurement and after absorption of both the entangled
problems([1]. In this experiment the population of cesium ,n,16ns we will not know their polarization. For such type of
atoms in the upper state after two-photon excitation withy,|5rization-sensitive two-photon excitation there is no anal-

squeezed light was measured as a function of the light intersgy with the scheme based on coincidence of photocounts,
sity. The experiment revealed the line@onquadratic de-  a5'one has in the case of separated atomic absorber. In other
pendence of the population in the limit of weak light inten- words, the observation of two-photon transition in the system
sity. Such a linear dependence just indicated the nonclassicaf two interacted atoms can be an example of a new type of
behavior of the second-order correlation function of thepolarization analyzer, which is only sensitive to the mutual
squeezed light, which was responsible for the process. internal polarization of the photon pairs. After the measure-
From the first sight, it may seem natural to assume that itnent of this type we get only the minimal and pure informa-

would be also interesting to follow the difference betweention about hidden polarization existing in nonclassical light.
classical and quantum predictions in study of polarization On the other hand, significant experimental developments
dependence of two-photon absorption by atoms. A typicabver the past decade have led to remarkable understanding of
example of light with nonclassical polarization properties isdetails of atomic collision dynamics. Studies of a broad spec-
the radiation generated in the process of spontaneous parn@um of processes, ranging from cold and ultracold collisions
metric down conversiofSPDQ of type Il [2-5]. In such a [6—8|, photoassociatior{9,10], photodissociation11,12,
process the photon pairs are created in the state with ephotochemical reactior{d3,14, optical and fractional colli-
tangled polarization between two orthogonal ordinary andsions[15,16], and collisional redistribution of ligHtL7] have
extraordinary modes. However, if both the photons of suchrevealed novel and often surprising effects depending on
light were absorbed by separated atom, the observation conariables associated with the collision alone and with prop-
ditions would be quite similar to the well-known scheme of erties of the light used to initiate or probe the dynamics. In
correlation interferometer based on coincidence of photomany cases, dynamical correlation of internal variables of
counts. Indeed, atom itself is a spherically symmetric systenthe colliding particles have played a critical role in the out-
and to observe the nonclassical correlations one needs twme; for light-induced processes, dependences on the cross
polarize it or put it in an external electric or magnetic field. sections due to classical characteristics of the light, viz., po-
Then atomic absorber will work similarly to polarization larization, frequency, and intensity, have been determined. A
analyzer and the polarization dependence of two-photomethod to obtain coherent control of the correlations in pho-
transition will give us the same effects as in observing thetodissociation, by using elliptically polarized light, demon-
correlations of photocounts in the polarization-sensitive corstrated selectivity in the branching ratios for the pro¢&gs.
relation interferometer. The principal feature of such detecfurther, general principles for coherent control of collision
tion schemes is that after the measurement the hidden arahd reactive processes by using a single light source have
unknown polarization of each of the entangled photons rerecently been developed in RéfL8] by controlling the bi-
duces to a certain type of polarization associated with thenolecular scattering processes. This motivated our recent

proposal[19] on how the outcome of a collision may be

significantly and selectively controlled by utilization of

*Electronic address: kupr@quark.stu.neva.ru quantum-correlated light beams.
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In the present paper we further develop the idea proposed
in Ref.[19]. Our discussion aims at the following two prin- \
cipal goals. First, we examine the two-photon optical colli-
sion as an example of special detection scheme where non-
trivial polarization properties intrinsic to nonclassical light .
interfere with the dynamics of atomic collision. We show
that it can define a new type of nonclassical polarization ratio K
that is different from usual polarization ratio normally used
to describe the polarization dependence of the light-assisted
half- or fractional-collisional processes, see Réfkb,20.

Second, we comment on the possible use of nonclassical

light in photochemistry as a tool to control the dynamics of

light-assisted processes and consider the atomic collision as

a simple and suitable example for preliminary discussion. R,

Wy

O,

Potential Energy

Internuclear Separation

Il. THE CROSS SECTION OF FRACTIONAL COLLISION ¢
FOR TWO-PHOTON EXCITATION WITH 2
NONCLASSICAL LIGHT

A schematic diagram illustrating the principle of optical
control of atomic collision is shown in Fig. 1. For the sake of
simplicity consider, at first, such a fractional optical collision
in assumptions of Franck-Condon approximation. Then the
basic characteristics of the process, namely, location of theolarizations. For the polarization properties of such light
transition pointsR; and R,, deflection angle¢;,, and the there is no preferable choice of coordinate frame that makes
symmetry of participating transitions, are defined relativelyit possible to realize polarization-sensitive control directly in
to internal molecular frame. In experiments carried out withthe internal molecular frame.

a gas cell or in an atomic trap, this internal frame has random In the most general situation, in a perturbation theory ap-
and unknown orientation in space. If the optical transitionsProach any two-photon process can be described in terms of
are initiated by means of two classical light beams, the onljthe light correlation function of the second order, i.e., in
way to control the polarization dependence of the process iterms of time {)- and anti-time T)-ordered products of the

to change the mutual polarizations of modes and w, in  Heisenberg operators of positive- and negative-frequency
respect to any chosen laboratory frame. The situation wilcomponents of electric field amplitudEéf)(rt) considered
change if we consider such a light-assisted collisional proas functions of space) and time ) coordinate$21]. For a
cess in a basic assumption that the photepsandw, were  weak two-mode parametric radiation with entangled or-
created in the SPDC process of type Il and consequentlihogonally polarized components, such a correlation function
characterized by nonclassical-type correlations between thedan be expanded in the following sum:

FIG. 1. Schematic diagram illustrating the principle of optical
control of atomic collision.
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where each of the polarization vecta&s e (with i=1,2) is  tion function relates to the limit of weak subthreshold OPO

one of the basic orthogonal output polarizations of the optisource, generating the photon pairs, see discussion in the
cal parametric oscillatofOPO). The sum over 1,2/12' is  Next section. This is the most interesting and important case

restricted by the rule, #e, and €|+€}, so there are only for our analysis. But in a more general situation, to introduce

four terms in the expansiofi). We will assume the steady- the expansmr(l), we need to cancel out the. noncorrelated
I, - ntribution when both the photons appear in the same po-
state and homogeneous conditions of photoexcitation an

consider the correlation function only as a function rof rization mode. However, even in a general situation, for
y methodological clarity, it can be useful to discuss the corre-

— ! ! 1 1 1 1 1 . . . . -

=T1,11,M2,T>, which is a spatial coordinate of the location |5¢ion function in the form(1) since it lets us compare the

of colliding system. The scale of the location area is assumegifference between quantum entanglement and classical un-

to be less than the radiation wavelength. derstanding of mutually orthogonal but random polariza-
Strictly speaking, the above expansion of the full correlatjons.
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Let us introduce the Fourier expansion of the time-dependent correlation furitijon

512;1727(w1,w2;w1,wé):f f J J‘ dtldtzdtidtéexﬂiw1t1+iw2t2—iwiti—iwété)Dlerzf(tl,tz;ti,té) . (2)

Then, as follows from general analysis presented in R, the differential cross section of the fractional optical collision,
accompanying by two-photon excitation, can be given by the following expansion:

do,, dw; dw, dw; dw). o
a0, > fff EZZED:LZ;TT(‘UL‘UZ"UL“Q)

1,2,1,2'

X X ! m—2k<\lf(’)|d-e2G(+)(e (ko) +wy)d-e | V() Yp,

,uo,u(,) (277)2 ﬁ4k0 ke Ko 0 1 1% koo p”O'”’O

X (W d-e* G (e, (ko) +Fiwy)d- ey* | W) (3)
( kol 9 €1 €u(Ko) +iwy)d- &% | Wy 7).

Here\If(k;“;O and\If(k;) are the so-called incoming and outgo-

ing wave functions of the scattering problem. The former

describes the state of collisional pair before photoexcitation,

when the active atom is in internal quantum stateand the _ 2 (- ¢
14 V’

Dyz(e€*)=—-2 Cp., (%), e,
’
v,V

X= /-
initial recoil momentum of atoms &k,. The latter describes 1 10 € )

the state of the pair after photoexcitation when the active
atom comes to internal stage and the atoms have the out-
going recoil momentum#k. The transition amplitude
couples these states via the operator of transition dipole MYhe irreducible polarization components of the OPO light.

mentd. The evolution of the system in an intermediate stat ere by C - we denote the Clebsch-Gordan coefficients

g(ﬂfjf gtr)]zde(tlx(g)e tz\jvrsii?] ;r;dgisgxa;; ed Green operatolrﬁ; the notation of Ref[23]. Each partial contribution of the

X-rank components in the irreducible product in E§). is
weighted with the collisional fact(@(lé)l,z, given by

Q) :jff do; dw, do; dw,
1212/ 27 27 2w 2w

X Dlzlrzr(wl,wz;wi,wé)Q(X)(a)l,wz;wi,wé),

considered as a function efe’ = eithere,,e; or e,,€,, are

1
G(t)(e)ze_—

H=xi0’ @

whereH is the Hamiltonian of the diatomic system and the
arguments of the Green operators in E8). are the virtual
energies of the intermediate state, whafgo(ko)= €uo

+42k3/2m andm is the reduced mass of atoms. The polar- (7)
ization state of the active atom before collision is described
by its polarization density matrig,, '

. . 0% . i) (X) N ’

In this paper we restrict our discussion to the polarizatiovhere the function®'™(w;,w;;w;, ;) can be expressed
dependence of the total cross section only when the initialn terms of the matrix elements of transition dipole moments
atomic state is unpolarized. For this particular case, after théefined in the basis set of radial wave functions of scattering
averaging of above expansion over all the output directionproblem. In these matrix elements the energies of the inter-
of k the total cross sectiom, can be written in terms of the mediate and upper states depend on the mode frequen-
irreducible tensor product of the light-irreducible compo-cies. The spectral behavior of collisional factors
nents QY(wy,w,;0;,w5) in quantum and semiclassical forms

were discussed in Ref22], and we only mention here that
they are internal characteristics of collision and their defini-

o= E Z (—)X+E<I>XE(el,e})@x_a(ez,%*,) tion and evaluation do not depend on whether the incident
1212 X= light has classical or nonclassical statistics. Thus these fac-
XQ(l)é)yzr (5) tors can be calculated for any atomic pair similar to how it

was described in Ref22]. The statistics of light presents
only in the integrated collisional fact¢v) due to the overlap
where the tensor functions with the light correlation function.
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[ll. THE CORRELATION FUNCTION OF LIGHT WITH and in different spectral modes eith@f or w,. In the ideal
ENTANGLED POLARIZATION lossless conditions the SPDC process can be described by an
unitary input-output transformation of the field operat®k
) ) This lets us make a straightforward analysis of any correla-
As a practical example of the OPO generating the nongisn fynction of output light. The important consequence of-
classical light with entangled polarization, we consider theyis analysis is that any correlation function of arbitrary order
SPDC process of type Il. We will assume the general nonobeys the rules of quasi-Gaussian statistics.
degenerate conditions when two entangled photons can ap- Let us introduce and discuss the dimensionless correlation
pear in either ordinarg, or extraordinarye, linearly polar-  function of the second order, normalized according to its
ized modgorthogonal taz direction of the light propagation  classical limit,

Digyor(ty,toit] 1) =[TrD()] ! Dygyor(ty, tyt],t)), (8)

where the classical limiD(x) is defined as the correlation function taken at coincidence monténts andt;=t, while
approaching the limits=t,;—t,— *=o. Then for this correlation function there is the following Gaussian-type factorization:

nyx%tl’tZ;t:/L’té): 'yxx(ti_tl) Vyy(té_t2)+ﬁxy(t2_tl) ﬁ:y(té_t],_):
,Dyxyx(tlatz;ti:té): '}’yy(ti_tl) 7xx(té_t2)+ﬂyx(t2_t1) B;x(té_ti)y
Dyyylt1,t2511,15) = Byy(ta—t1) By (t3—ty),

Dyuxyftatzit1,15) = Byx(ta—t1) Bry(ta—t1). 9

Here each factor can be expressed by the correlation fundellowing discussion that in the limit of weak subthreshold
tions of annihilationa;,(t) and creatiorai*a(t) Heisenberg parametric generation jusiie classical terms become negli-
operators in theth spectral andvth polarization modes as gible compared to the nonclassical ondis property is a
follows: direct consequence of the inequalityB,,(7)|,|Byx(7)|
> y(7), showing that anomalous correlations are much
Yex(T) (@l (14 Tag (1)) =(aj(t+ m)an(t)), greater than normal correlations in a weak parametric light
source generating a rarefied flux of the entangled photon
Yyl T)oc<a’{y(t+ T)aly(t»:(a;y(w T)agy(t)), pairs. Below we conS|derlsuch conditions for SPDC process
and cancel out the classical-type correlations in Ef6).
By ()55 (1 7)1 (1)), Als_o, we 5|mp_I|fy our dlscussmlj, by assumption t_hat _the
typical correlation or coherence time in the nonclassical light
is much longer than the time scale associated with atomic
A (t+1)ag(1)). 10 - : .
Byx(7) (3t + 1)2gy (1)) (10 collision. This lets us remove the spectral-dependent colli-

In pure SPDC process both the polarizations have equal ougional factoQ™(wy,w,; w1, w;) out of the spectral overlap
put fluxes andyy,(7) = yy,(7) = ¥(7). This means that there integral(7) and take its arguments at the poiaig= w; and
is only one functiony(7) characterizing the normal-type cor- w,=w, coincided with carrier mode frequencies of nonclas-
relations in each polarization and spectral mode. But in theical light. In other words, we will treat such a collisional
most general situation the anomalous correlation functionabsorber as an example of spectral-selected but broadband
Bxy() andBy,(7) are distinguishedbasically by their com-  photodetector near vicinities of these carrier frequencies.
plex arguments since the different spectral modes appear According to this assumption the integfd) is converted
here in different polarizations. Let us note here that asymmeto a normal Fourier expansion defining the light correlation
try between spectral modes, and w,, existing in expan- function in time representation at coincidence moments. In
sions(9), (10) and following from the spectral selection by turn, this means that to complete the averaging procedure we
absorber, is not an internal property of the light source an@nly need to define the anomalous correlation functions
just indicates that in quasiresonant conditions the photon oB,(7) and g8,,(7) at the zero moment—0. In the most
the modew, should be absorbed at the first step and thegeneral situation we can require
photon of the modev, at the second step of excitation.

Based on the classical description of the polarization- | Bxy(0)|=1B,x(0)| =B,
entangled light source, only the first term in the first and in
the second lines of Eq&9) would be acceptable. But it is the .
principal feature for such a light source and crucial for our Byxy(0) B5(0)=p%e'*, (13)
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e, any rotational transformations irx{y) plane, so it can be
associated with orthogonal type of mutual polarizations.
e, e; We can define the nonclassical polarization r&jg-g as
N i follows:
\ .
AN /'/11:/4 oolg—0— 09|
: ) Perr=y | ot ~PLFAPm, (1)
/‘ \\ (4] ¢=0 [90] o=1
ya A where the second equality shows that this polarization ratio
can be divided into the sum of usual classical polarization

P., defined below by Eq.16), and interference contribution
FIG. 2. Definition of basige;,e,}; see the text. JAY T
Both the classical and nonclassical polarization ratios can
where the phase mismatchiggis determined by the prop- be expressed in terms of spectral-dependent collisional fac-
erties of the light source. Its physical meaning will be clari-tors Q=0™(w,w,;w;,w,). To simplify our notations
fied in the next section. The remaining parameggedeter-  we omit below the mode frequencies in their arguments. The
mines the probability of two-photon excitation and in a classical polarization, showing imbalance between parallel
matter of fact it is not necessary to know its magnitude if wetype (e;|e,) and perpendicular typee(L e,) of two-photon
are more interested in the polarization dependence of thiexcitation, where each of the polarization vectors are defined

process. in respect to any laboratory frame, is given by
IV. THE NONCLASSICAL POLARIZATION RATIO oolj—ool. 3 Q@
P.= == (16)
(To| ” + 0'0|J_ 2 1

Let us substitute the correlation function in foK®) into
expressions for the cross section of fractional collisi@n
(5) and neglect the classical terms. Then, taking into account
all the above assumptions, the final result can be written ak§ turn, the nonclassical polarization ratio is given by
an average over the following cooperative wave function of

001 H?)
Q©+50

the photons’ pair: oW
L 39@-pmw 1= 5@
j Pepr=75 = == . 1
|\I,>12:E[|ex>l|ey>2+é¢|ey>l|ex>2]- (12 FPRT2B0-p@ "t 1-P. (17

For such a polarization-entangled wave function there is n@s follows from these expressions, only the ratio of orienta-
[

; AN ' isi W)@ i -
particular concept of polarization in respect to each photon on to alignment CO”'S'O.n‘F?‘l faCtO'@. /Q"* is an indepen .
but there is a strong mutual correlation between unknowr‘?em parameter emphasizing the difference between classical

polarizations of the photons and nonclassical definitions of polarization. The first equality
As follows from Eq.(12) the phasep defines the type of in Eq. (17) shows the interference nature of nonclassical po-

entanglement, since it parameterizes the possible quantulﬂ”zaﬂon' B_g}h tfhe cclJ_II|S|onaIt factors, rlo;_mall}{/ cor:cS|der_ed
superposed states in the cooperative subspace. But one &y responsibie for aignment or orientation transter, give

also see that the different choicesg@tan be associated with equal 90ntribytion o the numerator of this equation. If, rom
different types of mutual polarization. To show this let the point of view of classical statistics, such an absorber had

us introduce an alternative basiée;.e,} rotated to equal sensitivity to transfer the orientation and alignment and

{e..g }-directions atm/4 angle, as shown in Fig. 2. Then, in Q®=QW, there would be no nongla?sic(g; polarization de-
respect to new basis, the choige=0 transforms the coop- Pendence. For those detunings wheXé)/Q — P thereis
erative wave function to the following form: coincidence between classical and nonclassical definitions

Pepr— P (excepting the possible uncertainty point of two-
1 photon resonancB —1, see below
|\P)12=E[|e§)1le§>2— le,)ile,)al, (13 Let us point out that there would be no difference if in-
stead of the orthogonal type of entanglement in the original
. . . basis Eq.(12) we considered the parallel type. Then in ro-
Wh'?h can be assouated W'.th parallel type of mutual polaryaieq pasis with the same choicesgotve would create only
izations. For alternative choicg=, the complementary Bell's wave functions given by expres-
sions similar to Eq9(13) and(14) but with plus sign in them.
) =i[|e> le,)o—le)slen)l; (1) As can be shown by a straightforward analysis, the nonclas-
1 e A sical polarization ratio defined in the basis of complementary
Bell's states can be calculated similarly Bgpr. Denoting
the wave function preserves its form defined in the originathis “new” nonclassical polarization ratio a®gpr one
basis. The latter choice @f creates a state that is invariant to obtains
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6(1) 100 %“"\.\Lii\
0@4+0Mm 3@ 90 7 PSRN ®*  P=20Torr
, 3 QT Q (18) 80 / { \ °© P>0
EPRT2BO 2@ "t 1+P s 704 / \ 4
Q©+2Q g ™ y IT\ L A=+255cm
= 60 *Mx "
We see thaP{pg is not an independent parameter, since it :; 50 - (v’ffl NP
can be expressed vidgpr and P . Moreover, the second =, 40 % i H‘/ >
equalities in Eqs(17) and(18) show us that there is a certain = 3¢ - ®wet e
symmetry in definitions oPgpg and PLp in respect toP 20 @)

and there is triple coincidencegipr— Pepr— P at those
points (detunings whereQW/Q®)—p # +1.

V. EXAMPLE OF 'S—1P—!S FRACTIONAL COLLISION

Optical excitation of two-photon transition*S— P
— 1S of active atom perturbed in collision with foreign rare-
gas atom in'S ground state is a traditional example, which
is convenient for theoretical discussion and available for ex-_

PHYSICAL REVIEW AG65 063412

10 -

® P=20Torr
2 P->0
A=-255cm’

perimental realization. The polarization dependence of theZ
process can be clearly understood in quasistatic conditions i’
Franck-Condon-type approximation. As was recently shownsg’ 4
in Ref. [19], the semiclassical quasistatic model of Lewis & Tt
et al.[24], describing the single-photon optical collision, can *
be generalized in the case of two-photon transitions preserv
ing all the effects of nonclassical statistics. Omitting the de-
tails, the key result of Ref.19] is that for recoil collisions,
while neglecting the rotational depolarization, the transition
probability has a simple dependence @n Regardless of
whether the excitation were Vi&— 13— 13 or via 3

— I1— 13 molecular channels the nonclassical behavior of;
the total cross section would be given by

A, {cm )

FIG. 3. Polarization spectra of Mg-Ne fractional collision
S—1P—1!S interpolated to zero pressure limit of rare gas:
experiment(doty and theory(dashed cunje

a0 WBW@(1+ cose). (19

Shown in Fig. 3 are both the experimental polarization
Herew™ andw(® are the quasistatic transition probabilities spectra from Refd.15,16 and calculated results for the op-
at the Condon points associated with absorption of the firstical excitation of magnesium atom by classical light in col-
and the second photon, respectively. The disappearance ligion with neon atom at room temperature. The calculation
the cross section ap— 7 just indicates the effect of polar- procedure was described in detail in REZ2] and we just
ization entanglement. Indeed, if the excitation of the collid-mention here that it is based on semiclassitait not qua-
ing pair were by twin photons with cooperative wave func-sistatio approach in evaluation of the collisional fact@$?
tion in form (14), the two-photon transition would be with ab initio interaction potentials from Reffi25]. There is a
forbidden because the unknown polarization of the secondather good agreement between experimental and theoretical
photon would be always orthogonal to the unknown direc-spectral dependences of polarization raip= P, (A4,A))
tion of transition dipole moment. as a function of both detunings; andA, that reveals cor-

As we see from expressiqil9) in quasistatic conditions rect estimation of the role of rotational depolarization and of
and in the limit of recoil collisions the nonclassical polariza- interference existing between different excitation channels.
tion ratio approaches unitygpg— 1. At the same conditions In Fig. 4 we reproduce the calculated spectra of the classical
the classical polarization ratios, depending on the transitiopolarization ratioP, taken from the previous graph and plot
type, approach different limitsP, —1/2 for'S — 13— 13 the calculated nonclassical polarization spectritppr
excitation channel oP| —7/9 for'S — I1— 13 excitation =Pgpr(A1,A,).
channel. The difference between these three numbers and As follows from these spectral dependences, at the vicini-
particularly inequality Pgpg>P, indicate that the ties of two-photon atomic resonancés+ A,—0 the classi-
polarization-sensitive quantum-type correlations manifestal polarization ratio becomes greater than the nonclassical
themselves more stronger than it would be allowed based oone. Indeed, in two-photon resonance the classical value ap-
the principle of classical statistics. However, in a more genproaches unity, i.e., its maximal value associated with two-
eral situation for the collisional trajectory of arbitrary type photon resonance absorption on separated active atom. But
the last inequality can be violated aRdpg can be as greater the optical transition initiated by nonclassical light stay sen-
as well as less thaR, . This can be understood if we turn to sitive to the presence of foreign atom even in the conditions
the results of numerical calculations. A;+A,—0. This comes from the fact that two-photon exci-
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1,0 - A is that classical curve lies over the nonclassical one in a
T T A 4255 onr! rathgr broad spgctrgl domalln. This is just manifestation of the
0,8 / N ! ’ dominant contribution of direct two-photon Franck-Condon
S T transition in the classical type of photoexcitation, for which
é 0,6 | ‘ ,/’/\\ the magnitude oP, should approach unity. With reference
Q‘;, V NS/ to Fig. 3, one can see that this circumstance agrees with
A 04 = experimental data. As is mentioned above, the direct two-
(@) photon excitation does not contribute to nonclassical type of
0,2 photoexcitation. The nonclassical curve in Figa)4can be
qualitatively understood as a result of two successive and
0,0 L 1 | L spatially resolved single-photon Franck-Condon transitions
50 40 30 20 10 0 10 20 30 40 50 vials — 13 — 13 excitation channel. The deviation 8pr
Ay (em™) from unity is mainly caused by small but not negligible ef-
fect of rotational depolarization. The depolarization effect
1,0 7 A A becomes negligible and legitimizes the recoil limit approach
NNAVA only for the red wing of this curve.
087 [ For negative detuning ;<0 in the red wing ofA, spec-
& / trum the excitation is mainly vi& — II— 3. The rota-
& 0,6 / . . . .
o Y /\ tional depolarization becomes more important here and es-
& 04 4 h sentially reduces both the classical and nonclassical
’ | polarization ratios. In addition, the oscillated behavior of the
02 - A =-255cm polarization spectra indicates the presence of interference be-
’ (b) tween different excitation channels in some spectral do-
0.0 — S | N — mains. In the.bluc'a wing of the .classical poI_arization spec-
50 40 30 20 <10 0 10 20 30 40 50 trum, shown in Fig. &), there is a predominance of the

direct two-photon Franck-Condon-type photoexcitation. In
the blue wing of the nonclassical spectrum there is a combi-
FIG. 4. Calculated polarization spectra of Mg-Ne fractional col- ation of two pairs of successive single-photon Franck-
lision 1S— 'P—1S: the classicaldashed curveand nonclassical Condon transitions that is accompanied by the interference
(solid curve polarization ratios. and rotational depolarization effects. The behavior of both
the classical and nonclassical dependences for negative de-
tation of free active atom &tS— *P— S transition initiated ~ tuning A, is more complicated to approximate it by the con-
by the photon pair described by cooperative wave function irglitions of quasistatic approach because of the quite abrupt
form (12) is forbidden and only the presence of foreign par-shape of the potential curves in this excitation domain.
ticle breaks the symmetry restriction and opens the excitation
channel. This circumstance can be checked if we look at the
spectral dependence of total cross section. There is no singu-
larity in the spectral dependence of the fractional collision |n this paper we have considered the mechanism of
cross section near the points of two-photon resonalige polarization-sensitive coherent control of collisional dynam-
+A,—0 in the case of nonclassical excitation. As a conseics via two-photon excitation with nonclassical light charac-
quence in the spectral domains near two-photon resonancesrized by polarization entanglement. We introduced an im-
the nonclassical polarizatioRepg stays less than its classi- portant type of polarization ratio showing the difference in
cal analogP, . Moreover, since highly excited magnesium excitation probability as a function of the type of entangle-
atom in its upper §1S state is characterized by longer acting ment. Our numerical estimations of the polarization spectra
interaction potential than in intermediat@ 3P state, the di-  were made for semiclassical conditions of atomic collision,
rect two-photon Franck-Condon-type transitigwithout  which are typical if the measurements were carried on with
population of the intermediate statean be spread on some the gas cell at room temperature. Nevertheless, we can point
spectral domain with ; +A,>0. out here that all the general expressions stay valid for the
As can be seen from the graphs shown in Fig. 4, in theexperiment with cold atoms in an atomic trap, where com-
far-off resonant domains, acceptable for quasistatic applete quantum descriptions of atomic collision is required.
proach, the nonclassical polarization ratio rises and for some The basic result of our discussion is that nonclassical light
detunings becomes greater than the classical one. There idets, in principle, more access to polarization-sensitive con-
tendency to approach unity for those detunings where rotarol of the elementary photochemical process, since the quan-
tional depolarization becomes negligible. That in our ex-tum correlations manifest themselves more strongly than
ample, takes place for far negative detunidgs<0 and for  classical ones do. The conditions of successive quasistatic
positive detuningA,>0, see Fig. 45). For such detunings transitions and particularly of recoil collisions, when rota-
the excitation is mainly via separated Condon pdnt tional depolarization becomes negligible, seem to be the best
— 1313 and in recoil limit one ha®, —1/2, Pepr—1.  for the polarization-sensitive control of the internal colli-
An important feature of the dependences plotted in Fig) 4 sional dynamics. In an ideal situation of recoil collision and

A, (om™)

VI. CONCLUSION
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Franck-Condon-type photoexcitation it may be possible testays unknown after the measurement. This emphasizes the
close one channel of fractional collision and to open anothedifference of the proposed type of polarization-sensitive
if they have different transition symmetry. In turn it makes measurement from the detection of nonclassical light by
possible to manipulate the dynamics of collisional processolarization-sensitive correlation interferometer, based on
directly in the body-fixed coordinate frame, which has ran-coincidence scheme.

dom and originally unknown orientation in space. However,

the depolarization mechanism coming from rotation of qua-

simolecule during the course of coII_|S|on partially reduces ACKNOWLEDGMENTS

the effect of strong quantum correlations.
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