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APPENDIX E
TARGET AND REFERENCE WAVE PACKETS

Here we derive analytic expressions for the target (reference) wave packet defined
by Eq. (5.25) (Eq. (5.26)). Using the short-pulse limit of the B, pulse propagator (5.11)
and the free-evolution operator of first-order in J given in footnote 52 of Chapter V, we

find

J . .
|§1> = %areag J; dt e Hrw=gmitht

0,0) . (E.1)

The target wave packet (E.1) is assumed to originate from the vibrational ground-state of
the electronically unexcited complex; area, = jdt A, (1) 1s the integrated pulse envelope.

We can use harmonic-oscillator creation and annihilation operators to go further

1/2

with Eq. (E.1). Adopting the usual definitions ¢,=Qmw) " +a),

1/2

p, =i(mw/2)"* @ —a), g,=Q2mw) "> (b +b), p, =i(mw/2)"*(b" - b), and introducing

the corresponding phase-space translation operators 7 ()= exp(aa’ — o' a) and
T,(B) = exp(Bb' — B'b), we have
H, =T, (8)(H,+&)T, () (E.2)
H,.=T,(6)(H,+¢&)T, () (E.3)

H, = T,(8)T,(8)(H, + &,)T, (5T, (5) - (E4)
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From the relations (E.1) through (E.4) and some operator algebra it follows that

J 2
&)= —%arealge% ity 12 (E.5)

XJ.OT‘Yib/z dt exp{i(e, — &)t —2i6" sinwT +6(1— e )a’ + 51+ )b}

0,0).

The dimensionless displacement is d = (mw/ 2)”2

d, and the waiting time has been set to
t,=7,.12.

In the short-pulse limit, the reference wave packet (5.26) prepared from the

vibronic ground state remains a quasi-classical coherent state of the form

3
AU Q1 —iQut, iH,t, —iHp(t, 4, +t,) iHot
o) = —1(5 area,area.areape " e e T O

0,0).  (E.6)

Relations (E.3) and (E.4) plus some operator manipulations (and the choice t, =17, /2)

lead to the more explicit expression

3
|Otl,) = z(%j area,areac.area,, (E.7)

ET,, . .
Xexp{—llT”+ i(Q, - ), —i(Q,+€.— &),

+8%" — 8% =287 +8(1- € )a" +8(1+¢ " )b’}

0,0).

The inner product of (E.5) and (E.7) leads to the experimentally isolable complex

overlap, Eq. (5.29), that is plotted in Chapter V.



