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Optimization of laser-driven intramolecular hydrogen transfer
in the presence of dephasing
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The coherent control of laser-driven intramolecular hydrogen transfer is considered in the presence
of pure dephasing. Emphasis is put on performing the optimization in the presence of dephasing.
Simple analytical expressions are obtained for the optimal pulse shape and optimal yield as
functions of the dephasing rate constant. It is found that dephasing is not always uncontrollable and
destructive, and that the optimal pulse shape is dictated by the minimization of the destructive
attributes of the dephasing processes, as much as by steering the coherent component of the
dynamics towards the desired goal. ZD02 American Institute of Physics.
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I. INTRODUCTION (1) Many chemical and physical processes of fundamental
as well as technological importance take place in solu-
The goal of quantum coherent control is the design of  tion.
laser pulses for controlling molecular motion and chemical(2) Finding the optimal pulse in complex systems has be-
reactivity!~* The main question is formulated in terms of come possible in recent years via the experimental adap-
optimal control theory: Given the constraints on the duration  tive learning close loop strate§y'® Decoherence
and intensity of the pulse, what temporal changes of the am-  through coupling to intermolecular and intramolecular
plitude and phase of the laser field would maximize a desired ~ degrees of freedom is inevitable in these cases.
objective? The objective is usually represented by an exped3) It has been realized that optimal strategies can be de-
tation value at the final state. The optimal pulse is found by ~ Vised that are based on lower intensities which will not
solving the optimal control problem, either computationally,  destroy a condensed phase saniple.

via quantum molecular dynamics simulatiéhg,or experi- (4) It is becoming increasingly clear that viewing decoher-
mentally, via a closed adaptive learning IGop° ence as uncontrollable and destructive represents an

Most of the research to date in coherent control has fo- oversimplification. Recent studies, mostly in the context

: . . of quantum computing, have demonstrated that decoher-
cused on isolated systems which are not subject to decoher- . 4 .
. ) ) S ence can be controlled by laser fiefd$? or by confin-
ence(decoherence is defined as any nonunitary contribution

to the d ics S f th . for thi ing the system to decoherence free subsp&tEsrther-
fO” e dynamics Some of the main reasons for this are as more, it was demonstrated that decoherence is in fact
ollows:

indispensable for certain important objectives, such as
(1) Decoherence is usually conceived as uncontrollable and  cooling (the reduction of entropyof internal molecular

purely destructive due to its ability to dephase the very  degrees of freedor? >’

same coherences that make coherent control possible () Significant progress has been made during the last de-
the first place. cade in our ability to simulate quantum molecular dy-

I 1
(2) Decoherence is assumed to be too slow to be effective on Na@mics in the condensed phae!

the ultrafast time scale on which the laser pulse operates. The purpose of this article is to quantitatively explore

(3) Gas-phase coherent control is typically found to requiree interplay between coherent control and decoherence
very intense laser fields, which could lead to the destrucyitnin the context of a simple model that allows for a trac-
tion of a condensed phase sample. table analytical treatment. The model is based on the laser-

(4) The simulation and theoretical analysis of solution-phasgnduced intramolecular asymmetrical hydrogen tunneling re-
coherent control is usually more complex and computazaction, the control of which has been the subject of several
tionally intensive in comparison to gas-phase coherentecent papers)’—223?In these previous studies, the optimal
control. pulse shape was calculatéd the absence of decoherence

and its robustness to decoherence was explored. However, no
Nevertheless, an increasing number of recent studies thattempt was made toptimize the pulse in the presence of
address various aspects of solution-phase coherent control dg@coherenceThe performance of such an optimization is the
indicative of a growing interest in this fascinating main contribution of the present article, and provides a con-
problem~? Some of the reasons behind this recent interestrete demonstration of some of the general themes underly-
are the following: ing the interplay between coherent control and decoherence.
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S= 5 (IRNLI+IL)XR),
h

S,= 57 (IRN(LI=IL)(RD), 2

h
S~ 5 (IRNRI=|LX(L].

It should be noted thah is assumed to be much larger than
J, such that for all practical purposes, the localized stiites
and |R) are stationaryi.e., the mixing betweeflL) and |R)
due to tunneling is negligible in the absence of a driving
field).

The interaction of the reactive system with the driving

FIG. 1. A schematic view of the asymmetrical double well. Also shown arelaser field,E(t), is given by
the localized stationary wave function®) and|L).

W(t)=—uE(1), ()

The plan of this article is as follows. The basic model iswhereu is the dipole operator, which is assumed to be linear
outlined in Sec. II, and the optimal pulse in the absence ofn the reaction coordinate, We will assume, for simplicity,
decoherence is presented. The optimal pulse in the presenti#@t(R|q|R)=—(L|q|L) and thatR|q|L)=0. This assump-
of decoherence is discussed in Sec. Ill. This section als&on would be exact in the case of a symmetrical double-well.
includes a general discussion on various possible dephasif@gviations from it in the case of an asymmetrical double-
mechanisms, and the optimization is carried out for two diswell will introduce an additional field-dependent term which

tinct types of pure dephasing. The main conclusions are sums linear inS,. Hence, the above assumption will be valid
marized in Sec. IV. when this additional term is negligible relative to the field-

free tunneling matrix elemeni,?° This assumption allows us
to set u=ueS, (ug is a proportionality coefficient and

II. OPTIMIZATION OF HYDROGEN SWITCHING IN THE therefore rewritaV/(t) in the following way:

ABSENCE OF DECOHERENCE

Following Refs. 19-22 and 32, we consider a generic ~ W(t)=—S,e(t), 4
intramolecular hydrogen transfer reaction that can be de- _ .
scribed in terms of ang reaction coordinate. The adiabatithereE(t)_MOE(t) [&(t) has units qf angular fr(_equenfpy

. . . : . We will assume that the system is prepared in the ground
potential energy along this reaction coordinate is assumed tg N S .

) State, such that its initial state is given by the following den-

take the form of an asymmetrical double-well, and the asym_..\ ooerator:
metry is assumed large enough such that the ground and firgty P '
excited wave functions are localized on both sides of the  ,0)=|L)(L]|. (5)
barrier. For concreteness, we will assume that the well to the
left of the barrier is deeper than that to the rigéit Fig. 1).  In terms of the spirs terminology, this means thds,)(0)
The ground and first excited states are dendit¢cdind|R), = —7#/2. Since, for all practical purpose, is a stationary
respectively(|L) is localized on the left-hand side afi®) on  state, the system will remain in this state in the absence of a
the right-hand side It will be assumed that the energy gap driving field. The laser is then turned ontat0 in order to
between the{|R),|L)} doublet and higher lying states is induce hydrogen transfer, i.e., to change the stat¢Rip
much larger than the energy gap betwéenand |R), and  which is localized on the other side of the barrier. Optimal
that the temperature and laser pulse shape are such that c@entrol theory was utilized in Ref. 22 in order to find the
tributions from these higher states are negligible. An ex{ulse shapeg(t), that maximizes the photo-isomerization
ample for a system that satisfies these conditions at roorield after the pulse is turned off at=t,, Tr[p(t,)|R)
temperature when driven by a pulse of the shape described(R|], wherep(t,) is the density matrix at time=t,. In
below is thioacetylacetondin this case the hydrogen terms of the spins terminology, this is equivalent to maxi-
switches between a®H and aSH binding site$.? mizing (S,)(t,). The actual optimal pulse shape obviously

The above discussion leads to a compact description aglepends on the constraints imposed. Of particular impor-
the reactive system in terms of the 2D Hilbert space spannei@nce to coherent control in the solution phase is the con-
by |[R) and |L). The field-free Hamiltonian can therefore be straint imposed on the time-integrated intensity. This is be-

put in a form equivalent to that of a fictitious spjrsystem  cause the pulse intensity has to be low enough so as not to

which is subject to a constant field in tie plane® destroy the sample. Such a constraint was indeed incorpo-
o rated in Ref. 22 by penalizing high-intensity pulses in the
Ho=—JSHAS, @ objective functional. The optimal pulse at intensity levels

whereA>0 is the asymmetry)>0 is the tunneling matrix which are not likely to destroy the sample was found to have
element(both in units of angular frequengy*° and the particularly simple form of a square pulse:
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0 if t<O spin component along the direction of the field, which can be
; identified as the axis of a new Cartesian coordinate system.
= <t< . ; - .
€t € I.f 0<t<ty ©) The latter is obtained from the original coordinate system by
0 it t>t, rotating it by an angle @ around they axis. The spin com-
When the pulse is on, 9t<t,, the total Hamiltonian is ponents along the axes of the new coordinate system are
given by related to these along the axes of the original coordinate
system via
H=Hy+W(t)=-JS+(A—¢)S,. (7)

Thus, the field tunes the asymmetry, and can therefore turn g _ )4+ =+ =M +])=cog2¢)S,+sin2¢)S,
Ly into a nonstationary state. Starting witp(0)

=|L)(LI[(S)(0)=(S)(0)=0(S)(0)=—4/2], it is

straightforward to find(S,) immediately after the pulse is = =i L _
turned off: $=7; ([+X=1=1=X+D =S, (14
i 2

(S0 = 5 | gzt~ codERI- 1), ® B+ |- )= —si26)Sc+ cos26)S,

where
In terms of the new coordinate system, the total Hamil-

E=V(A—e)*+J% (9 tonian is given by

Maximizing the reaction yield(S,)(t,,€), with respect
to the pulse length,,, for a given field amplitudeg, yields H=ES,. (15)
the following optimal pulse length and corresponding opti-
mal yield:

The initial state can be described byspinor, i.e., a 3D
J2—(A-e)? vector whose Cartesian components along the axes of the

th(e)=lE; (Sz>[t;(€)'€]:§Jz+(A—e)z' (19 {XyZ} coordinate system aréS)(0)=—#J/2E, (S,)(0)

Next, maximizing(S,)[t} (e), ] with respect to the pulse =0: and(~SZ>(O)=_—ﬁ(_A— €)/2E, respectively. As is well
amplitude, ¢, yields the following optimal pulse amplitude known, the dynamics induced By is equivalent to a norm-

and corresponding optimal yield: pr(_eser\{ing precession of the initial state vector.aroun&the
. axis, with the angular frequendy. Thus, the optimal pulse
_ _ length,t* (e) [cf. Eqg. (10)], corresponds to a half-cycle pre-
*=A th(e*),e*]==. 11 P
€ » (S p(e7).€"] 2 (1D cession, which obviously leads to the maximal change in the

spin component along the axis. Furthermore, the optimal
pulse amplitude corresponds to setting the asymmetry to
zero, cf. Eq(11). Hence, the initial spinor is perpendicular to

with the optimal pulse obtained via optimal control theory, th < of . hich leads t let itchi f
leads to the maximal possible yield, i.e., to complete switch- € axis of precession, which leads to complete switching o
(Sy from —#/2 to #/2.

ing of the hydrogen from one side of the barrier to the other. The above simple scheme should be clearly distin
: * [ _* i -
Interestingly,t, (¢) corresponds to the maximum tﬁ(e) guished from other methods of controlling tunneling in bi-

as a function ofe, i.e., the optimal pulse amplitude leads to . .
the longest possible pulse. It should be noted that turning thétable systems, Wh_'Ch are gf‘_slﬁd on mo_noc_hromatlc or poly-
field off at t=t;§ returns the system to its original Hamil- chromat|c.CW driving f|e|d_ -~ The main d|_ffer(-_3nces are
tonian,Ho, thereby locking it in the stati®). as follpws.(l) .The method in the present article is base_d on
The interpretation of how the optimal pulse operates i? dcrf]'eld’ V\;]hllctja.thehother method;l are Easeg on CW .f'ellds'
particularly straightforward in this case. To this end, it is .(2) -[he metho lnt eh_pl)reser;:]a(rjtlce 'Sh ase hon mta(rjnpl: at-
instrumental to adopt a representation that diagonalizes th't(gg € asymmetry, while methods such as coherent destruc-
total Hamiltonian in Eq(7): ion pf tunneling are based on 'tunlng the effectlye tgnnellng
matrix element(3) The method in the present article is pulse
| —)=coq ¢)|L)+sin(¢)|R), based and the system remains in the product well after the
. 12 pulse is turned off, while most other methods are based on a
|+)=—sin(¢)|L)+cog ¢)|R), 42 steady state which requires that the field stays on.
where It should also be noted that although the overall effect of
the optimal pulse is the same as that of a conventienal
tan24)=J/(A=e). 13 pulse, the mechanism in the two cases is completely differ-
The corresponding eigenvalues aré E/2, such thaH| =) ent. In the case of the optimal pulse, the driving field is used
==*(hE/2)|£), with E as in Eq.(9). In terms of the spin- to shift the energy levels, whereas in the case of the conven-
1 terminology, H corresponds to a spih-system which is tional 7 pulse, an oscillating field is employed which is in
subject to a constant magnetic field that lies in txaglane, resonance with the transition. In fact, a conventiomglulse
and whose components along tkend z axes are—J and  cannot be realized in our model because it requires that the
A— €, respectively. The statés) are the eigenstates of the dipole moment be linear i, rather than irS,.

Thus, a square pulse with the optimized length and ampli
tude in Egs.(10) and (1), respectively, which is consistent
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IIl. OPTIMIZATION OF HYDROGEN SWITCHING IN assume that the system-bath coupling term in the presence of

THE PRESENCE OF DECOHERENCE the driving field is the same as in its absence, suchhat

Iy, andI', in Eq. (16) are independent of the driving field.
Although the system-bath coupling in E(L6) is field

The optimization scheme discussed in Sec. Il assuméggdependent, it can still be written in terms of field-
that the dynamics is unitary. In fact, since the initial state isjependent operators:
pure, the analysis could have been carried out in terms of o
wave functions instead of density matrices. The discussionin  Hps=I'/®@S+T'y@S+T',0S,, (17
Sec. |l also clarifies the crucial role played by coherent dy- ~ = ~ . .
namics in switching the hydrogen from one site to the otherwheres" Sy, ands; are as given in Eqg14), and
In this sense, the system described provides one of the sim- T =cog2¢)I',+sin(2¢)T,,
plest examples for coherent control. However, the notion of
an isolated reaction coordinate is a highly idealized one. In  T'y=Ty, (18
reality, the reaction coordinate will almost always be coupled  _
to an external bath that consists of the other intramolecular I'z= —SiN(2¢)I'x+cog2¢)T7;.

and intermolecular degrees of freedom, and the coupling tqhe decoherence dynamics during the period of time when
this bath will have a dramatic effect on the system’s dynamthe pulse is turned on will direct the system towards thermal
ics. In particular, it is well known that coupling to a bath equilibrium with respect to the field-dressed Hamiltonian,

leads to dephasing, i.e., to the destruction of the very samg _ ES,. Following the standard procedufer example, see

coherences that make it possible to control the hydrogen tUset 39 leads to the following set of Heisenberg Markovian
neling in the first place. It is therefore natural to ask how the

presence of dephasing affects the optimal pulse shape. quantum master equations f8, S, ands;
Generally speaking, the interplay between coherent con- 1

trol and dephasing can give rise to a rich variety of system- Sc=— T_2

specific phenomena. The hydrogen transfer system described

above provides a relatively simple model for exploring such &« _ ES, - i~

phenomena. This is because of the low dimensionality of the ¥ T, Sy

system, the simplicity of the optimal pulse in the absence of

A. General considerations

S—ES,,

decoherence, and the fact that it does not explicitly involve éz: _ i[gz_ <§Z> J (19)
time-dependent driving fieldexcept for switching the pulse Ty ¢
on and off, which we assume to be instantangous where

We will describe the decoherence dynamics in terms of a
generic quantum master equation. We will also restrict the 1 _ 1 ~BE f‘” iEr e 5 =
L . =—=—(1+ -
optimization to pulses that have the same general formasin T, 4 (1+e7") _dee Tripb1(N(7) Ty(7)]
Eq. (6). These choices obviously limit the range of validity -
of our results—it is not always possible to treat the dynamics X[y +il'y]}, (20)
in terms of a quantum master equation, and it is conceivablg

that the optimal pulse may have a different shape in the

presence of dephasing. However, these choices also leadto 1 1 1 1 1= R -
the following major simplifications: (1) The field- T, 2T, * TS OTE 2 %dTTr{pbqf‘Z( Iz}
dependence of the decoherent terms in the master equation is (21

relatively straightforward in the case of a dc driving field, but

. : . . .~ Here, 1T, is the population relaxation rate constanfl ;lis
becomes far more complicated in cases involving epr|C|tIy,[he dephasing rate constantT4/is the pure dephasing rate
time-dependent driving field$2) Instead of solving the op- P 9 ’ P P 9

. N .t _constant, anghy” is the free bath equilibrium density matrix.
timal control problem, the optimization is reduced to finding -

. ) If should be noted that the validity of Eq4.9)—(21) rests on
the optimal values of two parameters: the pulse length an

: . . e following assumptiongsee, for example, Ref. 36(1)
amplitude(in the presence of dephasjni\e believe that the Weak coupling between the system and the béhsepara-

?eiciirell remains physically relevant even within this restrlcteoltion of time scales between the rapidly decaying bath fluc-
9. : s : tuations and the relatively slow relaxation of the syst€B;
Before embarking on the optimization of the pulse in the . S .
the secular or rotating-wave approximation, which decouples

presence of decoherence, it is important to understand ho . ) i
the decoherence dynamics is modified by the laser field. Wéﬁgc?%?irgﬁi Zngtfsrom that of S, and Sy, and (4) the ne

start by noting that the system-bath coupling term can bg The dependence of, on the field comes from two

written in terms of field-free operators: ~ -~ )
sources:(1) the dependence of, and I'y on the field,
Hos= @S+ Ty®S,+T,8S, (16) through the anglep [cf. !Eqs.(13) and (18] and(2) T, is .
proportional to the Fourier component of the corresponding
wherel'y, 'y, andI’, are bath operators, ai®}, S, andS,  bath correlation function at the system frequerkgywhich is
are as given in Eq2). It should be noted thdf,, Iy, and  field dependenfcf. Egs. (9) and (20)]. As a result of the
I', may depend on the system paramet&rand J. We will second effect, the dependenceTqfon the field reflects the
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specifics of the system-bath interaction. On the other hand,
the only field dependence of the pure dephasing rate con-
stant, 115, is due to ¢ (the second source of field-
dependence does not exist in this case becalgg i$/pro-
portional to the zero frequency component of the
corresponding correlation functibnin order to avoid a _n/2
model which is specific to the particular spectral density of
the bath, we will assume thatT/> 1/T, and thatT, pro-
cesses are negligible on the time scale of the experiment
(tp). It should also be noted that processes would rapidly
thermalize the reactant and product populations, thereby
making any control of the reaction quite impossible. |

Focusing our attention ofis , it should be reemphasized ‘
that T3 will generally be field dependent. For example, thefig. 2. optimization of the pulse length. The optimal lengf(e), corre-
frequently encountered choice of a system-bath interactiosponds to the smallest positive valuetgfivhere the functions tag¢,) and
term which is linear in the reaction coordinatg,), 1/ET, cross(circled).

Hps=I',®S,, (22

would lead toT',=cos(2p)T, =T, X (A— €)//(A— €)%+ 7, be noted that the optimal pulse will depend on the specific
such that decoherence mechanism that is at play, which provides an-
1 1 (A—e)? ot_her mean_of control in the sense of _Iooking for a system
_*_,<_*> =YX s with an optimal decoherence mechanism. In the next two
T Tz, (A=e)"+J sections we will demonstrate these points in the context of
(23)  the two decoherence mechanisms described above.

1 ©
Y= E f_wdrTr{pgsz( T)Fz}-

While yin Eq. (23) is field independent, the factor preceding B- Optimization with respect to the pulse width

it is explicitly field dependent. It is important to note that in NeglectingT; relaxation {;— ) and solving Eqs(19)

this case, I; =0 whene=A. This is because the coupling for the initial state in Eq(5) leads to the following expres-
to the bath, I',®S,, is off-diagonal within the eigen- sjon for the final yield:

representation of the Hamiltoniahl=—JS,, and is there- )
fore unable to lead to pure dephasifig can still lead to (S)(t E)Zfi J—z[l—cos(Et e to/T2]—1}. (26)
population relaxation, which is assumed negligibEnus, it P2 |E P

ywll be advantageous_ to minimiZé — €| not only because it 1 ig straightforward to maximize the yieldS,)(t, ,e), with
is the best strategy in the absence of decohergelceEq.  regpect to the pulse length),. The optimal pulse lengttty;
(11)], but also because it diminishes the dephasing rate. If t5und to satisfy the following identity:

other words, the optimal laser field can be actively used to
eliminate dephasing, as well as steering the coherent dynam-
ics towards the desired goal!

However, there will also be cases whér is field in-
dependent. This happens when the interaction term is as i
Eq. (16), wherel'y, I'y, andI', are assumed to be uncorre-
lated and to have identical autocorrelation functions:

tanEt)=— 27

ET,’

Equation(27) has an infinite number of solutions. However,
ncek, T, andt; are all positive, the optimal pulse length

corresponds to the smallest positive solutiontf’g)r(cf. Fig.

2), namely,
Tripp (O} =6,;C(1), i,j=xy,z. (24) 1 1
In this case, thla=g m—tan” E_TZH 28
1 1 1 (=~ The dependence cb;(e) on the dephasing rate is shown
ﬁ*(ﬁ) "2 f_deC(T) (29 in Fig. 3. ASET,—, t*(e) coincides with its value in the

absence of dephasing, nametI;/(e)—wr/E, which corre-

is field independent and therefore cannot be controlled bgponds to the maximal possible yidlef. Eq. (10)]. A finite
pulse shaping. value of ET, leads to a reduction it (€). This reduction

Equationg23) and(25) represent two out of a very wide represents a compromise between the opposing tendencies of
range of possibilities that will emerge when coherent controkoherent dynamics, represented by the precession frequency
is attempted in the solution phase. The above discussioR, and dephasing, represented byl;l/ This is because a
makes it clear that the optimal pulse design would simultaionger pulse width, as favored by coherent dynamics, also
neously optimize the decoherent and coherent components fads to more dephasing. It should be noted that the system
the dynamics. In fact, the optimal pulse will often represent &still contains some coherence between the reactant and prod-
compromise between these two driving forces. It should alsaict states at timet, ((S)(tp).(S))(tp)#0). However,
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04 |

<S50t (€).€]

0 5 10 15 0 0.5 1 15 2
1ET, 14T,

FIG. 3. The optimal pulse lengtkj; (¢), as a function of the dephasing rate, F|G. 5. The optimal yield(S,)[t} (¢*),e*], as a function of the dephasing
1/T,. rate, 1T,.

switching off the field will stabilize(S,) at its value atr ~ C OPtimization with respect to the pulse amplitude

=t,, while (S,) and (S,) will gradually vanish via pure Our next step will be to evaluate the optimal field am-

dephasing. plitude, e*. Substituting Eq(28) into Eqg.(26), we find that
WhenET, becomes very small, the optimal pulse Iength(Sz)[t;(e),e] can be put in the following form:

approaches the lower bountd,(€) = 7/2E, i.e., the optimal * T

pulse becomes a quarter—cr;/((;éle rather than a half-cycle pulse. (Sl (€), €] = 2L TR (1/ET,) ~ 1], (29)

However, it should be noted thé$,)(t,,€) is actually inde-  where

pendent oft, in this case, and that the optimal vyield, _ (r—tan1

<sz>(t;(e),e)p:—(A— )212E2, is completely dictated by ~ F(X)=x}{1-cos[m—tan ! (x)Je” " 0N} (30)

the dephasing. Nevertheless, this yield still depends on thin the case wherd@, is independent ok, Eq. (25), the de-

field amplitude,e, and can be optimized with respect to it. pendence ofS,)[t} (¢),€] on e is contained in the variable

Figure 4 provides a schematic view of the above observai/ET,. SinceF(x) is a monotonically increasing function of

tions for the casé\=e. X, maximizing(S,)[t; (€), €] with respect toe is equivalent

to maximizing 1ET, with respect toe, which implies that

e =A. (3D

Thus, the optimal pulse amplitude is the same as that in the
absence of dephasing. Substituting #iisback into Eq.(29)

1/T,=0 fi2 leads to the following optimal yield:
(SH[t* () e*]=—£co m—tan ! *
P 2 91T
/ y x @~ (U3ITlm—tan 1 (119|To)] (32)
In Fig. 5, the optimal yield(S,)[t; (€*),€*], is plotted as a
JIT,>>1 function of the dephasing rate, TL/. The optimal yield is

clearly lower tharg in the presence of dephasing, and has a
lower bound of 0, which is the optimal yield in the presence
of very strong dephasing, i.e., whepllT,>1.

It should be noted that whee= e* = A, the dephasing
and coherent components of the dynamics push the system in
FIG. 4. A schematic view of the control scheme for=e. In this case the  the same direction. We have already seen that the coherent

precession of the spinor takes place in ya@lane, around thg axis. In the . . .
absence of dephasing,TLF 0, the optimal pulse leads to a precession by component of the dynam|cs favors this amp“tUde because

half a cycle. In the opposite extreme of strong dephasitig,>1, the the initial spinor is Fhen perpendicular tQ th_e axis of preces-
precession is completely damped, and the increag&,nis brought about ~ Sion, thereby allowing for complete switching. At the same
solely by the dephasing process. As a regi8{)=0 is the maximum ob-  time, the dephasing process destroys the components of the

tainable yield. In the intermediate case, the optimal pulse is shorter than it :.: ; ; ; ;
would have been in the absence of dephasing, and therefore leads tolitmtlaI spinor that are perpendlCUIar to the axis of precession.

precession between half a cycle and a quarter of a cycle. The corresponding1US, Setting the_ aXi_S of preCESSion_along Xh&_E(iS means
yield is between 0 ang. that the dephasing increaséS,) during the first quarter

-h/2
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cycle, by making it less negative. Because the second stadieular model studied. The study of more elaborate models of
of the pulse involves a precession by less than a quarter of @herent control in the presence of decoherence will be the
cycle, the net effect is that dephasing actually helps to insubject of future work.

crease the yield!

We now turn to the case whefeg is explicitly dependent
on e, Eq.(23). It is straightforward to verify that here, too,
(S)(t7 (€),€) is maximized where* =A. However, unlike
the case of a field-independenj, in this case the optimal
yield is given by

(SH(ty(e),e¥)=3 (33

which is the same as that in the absence of dephasing.

other words, we can reach complete switching in a system
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