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Figure 1-8 Interference of Atoms. The interference pattern obtained by
Mlynek and Carnal, demonstrating atom interference. sourck: Reproduced
with permission from O. Carnal and . Mlynek, “Young's double-slit experiment with
atoms: A simple atom interferometer,” Phys. Rev. Lett., vol. 66, p. 2689 (1991), published
by The American Physical Society.
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Figure 1-5 [Interference of Neutrons. The interference pattern obtained by
Géhler and Zeilinger, demonstrating neutron interference, SOURCE: Reproduced
with permission from R. Gihler and A. Zeilinger, “Wave-optical experiments with very
cold neutrons,” Amer. J. Phys., vol. 59, p. 316 (1991).
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coupled degrees of freedom and 16 out-of-the-plane vibrational modes that are approxi-
mately decoupled from the reaction coordinate. The potential was computed [?] at the
CIS level using Gaussian 94. The system is prepared in an initial coherent superposition

state on the ground electronic state:

— (f¢(f("éz
l | Uo)=c¢1 | 1) +c2|2), — (1) .

Ta—

vhere | 1) is a nuclear eigenstate of energy E;. This superposmon state is photoexcited by

o monochromatic laser pulses with a total electric field €(t) J_
ML‘L ¢
| @nlﬂ( ¢ #t z./

W Wa | .
! e(t) = Fi(t —1,) € e~iwit+th) 4 o (4 — t,)e, e~ iW2tt02) c:('f&

where €; = €;€, j = 1,2 are time independent real vectors, and c.c. denotes the complex
conjugate of the preceding terms. The functions Fj; in Eq. (2), describe the pulse shapes,
and 6; are the phases of the two pulses. Hence, in this pulsed laser variant of cw bichromatic
coherent control [?], the superposition of |1) and | 2) are photoexcited by the laser field
with frequencies w; and wy. The state created by the two photoexcitation routes interfere
with one another, and these quantum mechanical interferences affect the time dependent

1~actant population P(t) of the proton. Here P(t) is defined as ( on l

rpm = (¥, | R|¥y) 1 £‘>E:7 (3)

where R is a function of the proton coordinate that is zero on the pr oduct side of a dividing

surface in configuration space and unity on the reactant side. Assuming that the field is
sufficiently weak to allow the use of first order perturbation theory, we obtain the time

evolved wave function | ) as

\qk qu } = __>_‘ [ r“ LZ(“ i ey ) ff:H!;lF( f-l:)] f_—rHH rpfhe m ] '“ 1(4)




where H is the Hamiltonian on the excited electronic surface, p is the electric dipole

operator and where only the near resonant terms have been retained (the rotating wave

approximation). Substituting Eq. (4) into Eq. (3), we obtain the time dependent reactant

population in the weak field limit
P(t) — K2 fioo dt! jioo dtlfj/ ‘ €- e zII(t t”)/hRC—zH(t t)/he . " l ]> S‘t{\)"l

% ei(Ej/t”—Ejt’)/h 6% {F“J(tl . tl) Fl ({/II _ tl) eiw1(£”~-il) +
=¥

P
“b> F " WQ(t'—t ) "
\ \_(f—f)m—th +Fq(f~f\ﬂ(t—t1)

X T Sillwort =) 10) 4 T (1 — ) Byt — ta) w ¢! if(wat” ~w1t) =0l (5)

as a function of the laser controllable parameters T = €y/€1, and O = 0, — 0,. Note that
Eq. (5) contains terms in |cil? corresponding to direct contributions, as well as terms 1n
! N 3 \ , N . ’ .
¢;c; that correspond to interference terms. Hence, by altering the ¢; we can control the
interference term, and h'ence the dynamics.
Equation (5) requires the exact quantum propagation of the system, a computational
task that becomes daunting, if not intractable , for systems with more than six degrees
of freedom (c.g., & molecule with four atoms). We therefore replace the time evolution

operators by the coherent state expression in the initial value representation (IVR) (7).

That is,

, ’ ;
HE#’““ﬂ I —l”f /I = 3, _ o [ {fp” / I‘II(IH ( J-‘-rfliu.‘llll § ( frl:I)ll-(lﬂ] \ ”rp,p,)::”q:..]}n \ (6)

where | gqp) is @ coherent state. The integration variables (po, as) in Eq. (6) are the

initial conditions for classical trajectories and ¢ = = q,(po, Qo) and Pt = = p(po, o) are the
tine-evolved nuclear coordinates and momenta. The classical action S¢(Po,do) along this

trajectory 1s obtained by integrating the equation:



lorTh

—[ 8, = Pt 4. — H(p,qp), ) (7)

along with Hamilton’s equations of motion for p, and q;,. Here, H(q,p) is the full-

dimensional model Hamiltonian [?] that explicitly describes the motion of all degrees
of freedom in the system. The pre-exponential factor Cy(po, qo), introduced in Eq. (6),

involves the monodromy matrix elements that are propagated in accord with reference [?].

Substituting Eq. (6) into Eq. (5) gives the semiclassical IVR for P(t)

— — M
P(t) = 172 (2rh) ™" [dpy [ dao [ dp'o [ dd'o [ o dt' [* o dt" ;5% (8)
x  eiSe-v(P0.a0)=S._u(P'0.d' /R, (py, a0)C_ Py, d'y)
\go .¢ X (' Podo)(Peeer, d'mp | R Prov, de—v){Po, Qo | J)
NI

X ei(Ejltll_E‘jt’)/h 6% [Fl (tl . tl) Fl(t” . tl) eiwl(t“—t') n
i\kq\ X Fp(t — to) Fa(t" — tg) 22 e2"=¥) 4 Fy(t' — 1) Fy(t" — ty)

. x a0l L By ) Bt — ty) 3 elllent’-en)=6l]

As an example, we consider the case where the initial superposition state [ Eq. (1)]
involves state |1) as the ground vibrational state of the internal oxazole-hydroxyphenyl
in-the-plane bending mode —i.e., bending motion of the C,CyC; angle ( Fig. 1), and
state |2) as the first excited state associated with this vibrational mode. In addition,
C; =Cp = 1/v/2, and the temporal profiles of the laser pulses are Gaussian; Fi(t—1t) =
Byt —ty) = (B/m)Y* exp(—B2/2), where § = 21n(2)/25fs™! and ¢; = t, = 0. Hence,
the FWHM of the pulse is chosen to be 25 fs and w; and w, are taken as 324.7 nm and
327.8 nm, respectively.

Substituting these conditions into the SC-IVR approximation of P(t) gives a “direct”
SC-IVR approach for computations of bichromatic coherent-control at finite times after

photoexcitation of the system (i.e., an approach that computes P(t), as a function of the

WS  hedT ob m.c. Tricky-
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