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Suppression of the spontaneous emission of atoms and molecules
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We present an experimentally viable approach for suppressing the spontaneous emission in several atomic
and molecular systems. We have shd&nFrishman and M. Shapiro, Phys. Rev. L8%, 253001(2001) ] that
a coherent excitation of overlapping resonances followed by the application of infrequent interruptions can
result in complete suppression of spontaneous emission. In the present work, the overlapping resonances result
from splitting a single resonance with an exterggbectator field. An optimized superposition of the two
components is formed by a shaped pulse excitation from the ground state.
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[. INTRODUCTION show that we can suppress the decay of a variety of realistic
atomic[e.g., H(%) and Pb(7s°P9)] and moleculafe.g.,
The possibility of suppressing spontaneous emission haa,(A 3 1)] excited states.
been a source of great interest in recent y¢ars9. In a

recent publicatior[lo]_ we have proposed a new mg'gh_od of Il. THEORETICAL FRAMEWORK

completely suppressing spontaneous emission utilizing the

interference between resonances. It turns out that the same A. Elements of the theory of multichannel

method is applicable to any decay process, provided it is overlapping resonances

governed by overlapping resonances. In this section we briefly review the elements of “parti-

The method is based on the fact that one can ext_:ite CQioning” theory [12—16 used in the remainder of this paper
herently a set of overlapping resonances such that their decgy reat the interference between overlapping resonances.
exhibits a steplike behavior: the system starts in a quiescent Assuming that we have a situation in which bound states
period in which no spontaneous emission occurs, followegpteract with continuum states, we define two projection op-
by a “photon burst” in which spontaneous emission is arators Q and P, satisfying the equalitieQQ=Q, PP
greatly accelerated, followed by another quiescent period.. p PQ=QP=0, P+Q=I, wherel is the identity opera-
etc. The quiescent perid@nd subsequent photon buisis 1o The Q and P operators are chosen to project out the

due to destructive and constructive interferences between t%bspace@ andP spanned by bound states and continuum
overlapping resonances. The reason it is impossible to SURi5tag respectively.

press the c_iecay over all times in this fashion is t_hat thg phase The full scattering incoming statég,n~) are eigenstates
and magnitude relations that guarantee at a given time thgs o Schidinger equation, written as
suppression of decay, change as the system evolves in time, ’

until at a certain time point the interference for decay be- [E-ie—H]|E,n7)=0, (1)
comes constructive and the system experiences the “photon
burst.” where the—i e serves to remind us of the incoming boundary

In order to achieve suppression of decay at all times, weonditions. Using the completeness and orthogonality of
then SuggeSted Il’l‘adlatlng the SyStem before it reaches t%dQ’ we insertP+Q to the left of|E,n7>; we then Operate

photon-burst phase by an external laser field which reshufflegn it with P and operate on it separately withto obtain the
the phases of the coefficients of the superposition of overlapwo coupled equations,

ping resonances. For the two overlapping resonances case
this pulse is simply ar pulse which inverts the populations [E—ie—PHP]P|E,n")=PHQ|E,n"), 2)
between levels, thereby effectively sending the system
“backwards” in time into the quiescent period. Additional
external pulseg“interruptions”) must be applied periodi-
cally just before the system reaches the photon-burst phas . . .
as i¥ rJnoves backward)é and forwards in tiﬁ]e. In this waF;/ thee.§e define two basis sef&,n) and|a), which are the solu-
system is forced to forever live on the quiescent perioaf;ons of thehomogeneoutdecoupled parts of Eq.(3), that
ledge. '
In the present paper we further develop this method by
lifting the restriction of the pre-existence of overlapping
resonances and show that we can suppress the decay of any
system, even that of aingle decaying resonance. This is [E,—QHQ]|a)=0. (5)
achieved by(Autler-Towne$ splitting [11] a given decaying
state into two overlapping field-dressed resonances using dmplicit in Egs. (4) and(5) is that|E,n) e P and|a) € Q and
external cw field. We computationally apply this method toas such they are orthogonal to one another. We, in fact, as-

[E-ie—QHQIQ|E,n")=QHP|E,n7). )]

[E—ie—PHP]|E,n)=0, (4)
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sume that each basis set spans the entire subspace to which it
belongs, hence we can write an explicit representatio® of

andP as E
Q=2 |a)(al, (6)
[b)
P=> f dE|E,n)(E,n|. (7) )
n &4
Following Fano[14] we can use Eqg6) and (7) to write E, —
|[E,n")=[P+Q]|E,n") in terms ofQ andP as
E

ar —
[E;n7)=2 [a)(alE,n7) -
@ FIG. 1. The energy levels and spontaneous emission pathways
of an Autler-Townes split resonance. Shown is a resongacef
+ E J dE’|E’ ,n')(E’,n’|E,n_). (8) energyEa, coupled by a monochromat_ic light qf frequeneyto a
n' lower-lying state|b). As a result of this coupling, the resonance
B o splits, displaying a hole at the center of the absorption lin& at
We now solve forP|E,n") by writing it as a sum of the =E_. The wiggly line represents spontaneously emitted photons to
homogeneous solution of EG4) and a particular solution of  lower-lying states of energies, . Also shown is the ground state of

Eq. (2) obtained by invertingE—ie—PHP), energyE,, which is excited, using a shaped pulse, to form a super-
) position of the split components ¢&) such that the decay is de-
P|E,n")=P|E,n)+[E—ie—PHP] PHQ|E,n"). layed.
€)

where Hy, is the matter HamiltonianHg is the radiative
Hamiltonian, andH,,g is the matter-radiation interaction.

[E—ie— QH(E)Q]Q|E,n")=QHP|E,n), (10) For the two material levelka) and|b) we write H,, as

Substituting this solution into Eq3), we obtain that

where Hu=3fwapos, (14)
QH(E)Q=QHQ+QHP[E—ie—PHP] 'PHQ. an wherew, ,=(E,—Ep)/A and
11
ojay=la), o,/b)y=—Ib). (15

Finally, by inversion of E—ie— QH(E)Q] we get

QIE,n )=[E—ie— QH(E)Q] QHP|E,n), (12 The free radiative Hamiltonian is written as

- I , 1
which mvo_lves only theQ projection of the full scattering Hr=> fiowy ajag+ =|. (16)
states E,n"). K 2

B. Photon-matter resonances Thela)|o, ...,0n;,0,...,0 state, denoted for simplicity as

_ o |]a,n;,0), and the|b)|0, ...,0n;+ 1,0, ...,0 state, denoted
In a previous publicatiorf10] we showed how to take o simplicity as|b,n;+1,0), are eigenstates ¢1,, the un-
advantage of the presencemferlappingresonances to delay coupled Hamiltonian, defined a$,=Hy +Hg. Fixing the

an_d even suppress gener_al decay processes. The issue Weq of energy to be midway betwe&y andE,, we have
raise in the present paper is what to do when the resonanc

are so far apart that they are in fasblated We show that

under these circumstances it is still possible to use our past

methodology[10] by splitting each isolated resonance into Hola,n;,0)=

two. This is done by radiatively coupling each isolated reso-

nance to a lower-lying nondecaying level. 1
We thus consider an isolated resonanag which ac- H0|b,ni+1,0>=(En.——ﬁA)|b,ﬂi+1,0>, (17

quires its width due to spontaneous emission to a manifold of P2

lower-lying states denoted &g). In order to(Autler-Townes N L _

[11]) split this resonance we couple it to a lower-lying stateWhere En=nifoi+zfiw, =20 A with A=w, p— ;, be-

|b> using a monochromatic source of frequeney. The ing the energy of these states relative to the vacuum energy.

1
Eni+ EﬁA

a,n;,0),

situation is described in Fig. 1. The matter-radiation Hamiltonian within the dipole ap-
The total Hamiltonian assumes the form proximation is given as
H=Hy+Hgr+Hyur, (13 Hur=—d- €.(R), (18
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where

d=dap(o +0-),

ﬁ(x)i +
GL(R): ZSOVGL(a+a )

(19

Hur applies only to the part of the matter radiation due to
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(E",m/,B'|PHPIE,m;,B)

= (E+ M) 8(E'~E) Sy mdpr 5. (27)

The|B) state of the above is a combined material statend
a (spontaneously emittg@dne-photon state in the direction

and e polarization.
The exciteda,n;,0) state emits a photon and decays into

the external laser field and does not include the coupling ofhe P space, with thew; photons acting as spectatdrkd],

the vacuum to the one-photon states in other modes thahich means that their number does not change in the pro-
brings about spontaneous emission—this coupling will bezess.

dealt with separately belofEq. (28)].

Neglecting nonresonant couplifige., rotating wave ap-

proximation), we obtain that

Hur=%gi(c,a+a’o_). (20)
Taking theQ operator as
Q=la,n;,0(a,n;,0/ +|b,n;+1,0(b,n;+1,0, (21

we have thatin matrix form for basis functionga,n;,0) and
|b,n;+1,0))

1
Eni+ EhA hgi\/nﬁ-l
QHQ= :

L (22
Ag;vn;+1 En,— EhA

where

_ how; € -dgp
9= Noegv -

The eigenvalues of QH@re given as

1
EﬁizEnitEhQni, (23

where Qﬁi =A?+4g?(n;+1). The (“dressed”) eigenstates
corresponding to these eigenvalues are gV as

|+n;,0)=sing|b,n;+1,0)+cosd|a,n;,0),

| —n;,0)=cosd|b,n;+1,00—sind|a,n;,0), (24

where tan 2=— O,/A, AQ,=—d - &, and
£=2 \/n‘hwi 25
=26\ 5,00 (295

The two orthogonal statgstn;,0), | —n;,0) of the Q mani-
fold and the statefE,m;,B) of the P manifold satisfy,
(@' .n{,0QHQ|a,n;,00=E,8y n Far,an (26)

wherea,a’==*, and

Denoting the matter-radiation matrix elements as
v(W(a,0E,B)=(a,n,0|QHP|E,n,B),
and analogously for statg we have that
vm(+ 0E,B)=(sin®)V"" D(b,0[E,B) 8 s 1m
+(cos®)V(M(a,0E, B) Sn m,

vm(— 0E,B)=(cosh) V" V(b,0/E, B) 81 1m

—(sin®)V"W(a,0E,B)Spm, (28

where we have for brevity denoted, as n. Each state
|B) may be only coupled to one of the two opposite-sym-
metry statesa) and |b). Assuming that the lower lying
|b,n;+1,0) state is a nondecayingr slowly decayingstate,
we may omit the terms with/("*1(b,0|E, 8) from Eq.(29).

The fully interacting|E,n,3”) states, obtained from Eq.
(8), form a complete basis set and can be used to expand
| W (1)), the full time dependent wavefunction. Assuming that
initially (att=0) we populate a superposition of zero-photon
states and a coherent state in themode,

[W(t=0))=2 Conla,n0), (29
wherec, ,=c,C,, with c,=x"/n! (x>1), the wave func-
tion at timet is given by

E )
W)= > c.n| dEeEVEmMBE)
a,n B,m E

X(E,m,B"|a,n,0). (30

Applying Eg. (12) to the present case we obtain that

a"4(E) the amplitude function is given as

al"M(E)=(a,n,0E,m,B")

= > (a,n0[E-ie-QH(E)Q] a',n",0)

X(a',n" ,0|QHP|E,m,B), (31
where QH(E)Q is defined in Eq.(11). Using the well-
known identty ~E—ie—PHP) '=P(E-PHP) !
+i78(E—PHP), with P denoting a Cauchy principal value
integral, we can write the matrix elements@#(E)Q as
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{a,n,0|QH(E)Q|a’,n’,0) applying a= pulse at, or close to, the end of the quiescent
period. The effect of ther pulse which transforms the sys-

_ Ea5a,ar+ﬁA$L,(E)+ i EF(CSL'(E) P tem according to the transformation matrix

i 0
where
21 is to interchange the populations between the two levels.
(n) — , , ’
Fa,af(E)ZW ;1 Vm(alE, BVT(E,Bla’), Such an interchange of population in a two level system is

known to effectively reverse the direction of time. As a re-
sult, after the application of the pulse, the system moves

(n) '
A (E)E_PJEde,Fa,a’(E ) (33  away from the onset of the photon burst phase until it
aa 2w Jg E-E reaches the- 7 time, at which point another photon burst is

about to be launched. We avoid such a burst by applying
Operating on Eq(30) with {a’,n’,0|, we obtain that the anotherm pulse which reverses the flow of time once again,
amplitudes of thda’,n’,0) states at time¢ equal, sending the system back in the positive time sense. We con-
tinue applying ar pulse every 2 interval, thus confining the
. B = CEUs system forever to the quiescent phase, making it shuttle back
(a’',n",0 |q’(t)>_;1 Can | dEe and forth between- r and 7. As shown, e.g., in Fig. 5, to be
' : discussed in greater detail below, spontaneous emission is
o, B B thereby effectively blocked. The above analysis also applies
:% (a',n",0E,mB W EmpB |a.n,0) g theN,>2 case, where the transformation is slightly more
' complicated 10].
_ ) We now turn our attention to the application of the above
= Zﬂ CanM (1), (34) strategy for the Autler-Townes split resonance case. The ra-

diative couplings to theﬁ=y,k,2 mode, where oy,
where =(E—E,)/%, are[20]

M(n’) (t):E fEfdEe—iEt/ﬁa(qir;)(E)a&ﬂ,lgn)*(E). <q,ni,O|QHP|k,;,y,ni>

ﬁ,m Ei
[hwg -
(35) _ e Zsoliy/zsk,;‘quyy E>Ey+ niﬁwi

We note that since a statg) may either be coupled fa) or

to |b), only then=n’ terms of Eq.(34) are nonvanishing. 0. otherwise,
The total population in the zero-photon material states (37
with n spectator photons in théth mode, at timet,
PM(0,c,t), is given by whereq=a,b and
PM(0c,t)=2 [(,n,0¥ (D)2 (36) IE.n,B)=|En; ke 7>=L|k & yiny).
(23 L I LR R I | \/ﬁ_c 1+ LR

Whﬁ]reocrdéfatg}aday the decay we need to find the set of We note that the dipole matrix elements for spontaneous
initial coefficientsc which maximizesP((0,c,t) at a given ~€mission do not depend on the numbergpfspectator pho-
time 7 after preparation. Once such a set of coefficients id0nS (but the total energy includes).it

found, the overlapping resonances thus populated exhibit a Integrating over the directionis of emission of the pho-
steplike decay patterfi0], a sample of which is shown in tons and summing over the two possible photon polarization
Fig. 5. Basically, after a quiescent period in which a photondirectionse, we obtain that

emitted by one resonance gets immediately reabsorbed by

another, the system undergoes a period of rapid decay in o2
which a burst of photons escapes the atom. The photon burst ™ gy=__~ D. . .-D*
; ; qQ’( ) 4.3 4y ~a'.y
phase is followed by another quiescent phase, etc. 3megh”c® {yE>E, +ntiw;}
The delay in the emission afforded by the quiescent phase 3
may be of great practical importance for many laser applica- X(E-Ey—nhw))". (38)

tions by itself. However, we usually want to go one step
further and suppress the emission at all times. As showithe level shiftsAg:]),(E) can be calculated frorﬁgrg,(E)
previously[10] it is possible to do so in the’22 case by using Eq.(33).
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The decay matrix elements in the dressed-state basis _or- IyT=001 . T,r=02
(dropping the energy argument for breyitsan be expressed g P -
in the |a), |b) basis as = 1] oo, e

T, (8)=(SiO)pp+ (coLO)T 4a+ (sin 20)RE T ], goo, N

. . = I, /r=08 r,,/T =099

I'__(6)=(cog0)Typ+ (SifO)T 15— (sin 20)RE T 4], =

=
'y (0)=5(sin20)(T'pp—L'aa) +(COS B)RE Iy f
. 0 4 ®/20 w4 w2
+ilm[T 4] (39 6 (rad.) 0 (rad.)

Since the bare statéa) and|b) haveopposite symmetries FIG. 2.T,, (dashegl I'__ (dot-dashey |T", _| (solid) (all in
they emit into different sets of levels, resulting li,=0. units ofF) andf=|T, _|/(T++T__)¥2(0).
Therefore the above expressions can be written as

F++(0)=F— (cos 20)12' In all the discussion below we assume that the energy depen-
B dence of the Width§g3,(E) can be neglected over the inte-
T (0)=T+(cos29)T, (400  gration range, which is of the order of magnitude of the
width itself. In Fig. 2 we show, ,, I'__, [T, _|, andf;
T, (6)=(sin 20)f, which (esult from the_ introduction of a cw coupling field as
a function of the mixing angl®. The results are shown for
wherel'=3(I",,+ ') andl'=3(Tpp—Tal)- several different values df,, /T .

We envision the coupling laser leading to the Autler- |, Fig. 2a) be/F:0.0l which means that stdie) is a
Townes splitting to be in the IR, for which fluorescence life- peastable state. The degree of delay of emission we achieve
times are in the millisecond range, whereas the emission Wg, this case reaches the maximum value it possibly can:
propose to suppress occurs on the 10 ns range, i.e., & diffef- )~ 1 This degree of control is maintained over a wide
ence of five orders of m_agnltude, hen(_:e the n(_agleqt of the ”_?ange of the mixing anglé. Essentially control is degraded
fluorescence over the time scales of interest in this paper Snly when the detuning is very large, causing almost no mix-

completely justified. ing between théa) and the|b) states §~0 or 6~ /2
The possibility of delaying the spontaneous emission is ¢ 42) [0) v ml2).

; In the next case, shown in Fig.(8, I IT=0.2. It
overned by the ratio bb
g y shows slightly less control, with our ability to delay the de-
T, _(E)| cay now being more dependent on the field tuning. The op-
fl(E,a)E[F ET__ (B (41)  timal control is achieved, as discussed above, exactly on
++ —-—

resonance, wheré; =0.8 [see E(.(42)]. The possibility of

which (due to the Schwartz inequalitcan assume values contrEI is being completely eliminated as we increase the
between 0 and 1. The unity value leads to maximal delay andl,,/I" ratio, as shown in the lower panel of Fig. 2.

the null value to the complete loss of control over spontane- Another important control variable is the ratio between
ous emission. The ratio reaches its maximum value when T',,, the resonance widths, armEE|E,Ti—Egi|=h|Qni|,

= /4, i.e., when the field is on-resonance. It then equals the energy spacings between Autler-Townes split resonances.
According to Eq.(23), the Autler-Townes splitting enables

Tob—Tadl _ r_ia_ 1 (42) the tuning of the energy spacings between the resonances by

[aatTpp r ' varying the Rabi frequencf,, of the “spectator” cw field.

Sample a(a"’bm)(E) amplitudes for overlapping resonances

The steplike nature of the decay pattern becomes more. . .
and more pronounced as this ratio increases. This is becau éth AE/(#I') varying between 0.2 and 5 are shown in

this ratio reflects the relative magnitude of the off-diagonal Ig‘l"k?. ianat f the interf is th f
elementsl”,,, with respect to the diagonal ones. If the off- darkestzlltgen?iuere g coriillwrljﬁke;inecre Isvvheerea?r?eeirnaengﬁao ea
diagonal elements are zefor smal) the “control matrix,” (M) rey 121 gy . P
whose eigenvalues we calculdgee Eqs(34)—(36) and Ref. [eq+ual tola,,’s" (E)|°] dips to zero, occurring at the peaks
[10]] will be diagonal(or near diagonaland no active con- (En, OF En) of the neighboring resonance for each line
trol is possible. shape. These dark states, first discovered in Rél, bring

The maximal degree of delay of the spontaneous emissioabout the phenomenon of electromagnetically induced trans-
is attained wher",,~0, i.e., the|b) state is a meta-stable parency[17] hole, midway between the resonances, shown
excited state; in that casE,  (E)=T__(E)=|I'__(E)| in Fig. 1, for a particular linear combination of the reso-
=1T,.(E). nances. In the optimized case studied here the

The ability to control the spontaneous emission resultingiﬁlia:icaa;ﬁ(E)|2 line shapes shown in the lower panel
from the introduction of the cw field is demonstrated below.of Fig. 3 do not necessarily dip to zero.
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AE=02 AE=0.99 AE=2 AE=5
4 1 1 0.8
@
==Y
<
0 0 0 0
0=-3.1 0=-3 0=-2.9 0=-2.6
<~ 40 1.5 0.8 0.4
=
o
* “B
05
B
n
(==%
W
E/AE E/AE E/AE E/AE

FIG. 3. (Upper panel The |a. g(E)| amplitudes in the X2
case, for several values of the levels spackig for a constant’.
(AE is given in units ofAI') The x axis is scaled to encompass
3AE. Thela, 4(E)| [in units of (AE) "7 is seen to dip to zero at
E, and thela_ 4(E)| is seen to dip to zero &, . TheE; posi-
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€ (units of epe ak)

Reeg'

1 T et T
E  Energy E

+

FIG. 4. The light puls€in frequency spageused to excite the
Autler-Townes split|2P,) state from the ground S state to pro-
duce the optimat, coefficients. This choice of coefficients is the
one most effective in delaying the emissi@n the absence of the
interruption$ over the optimization time of 2.4 ns.

early polarized in thex direction whose shape, as deter-
mined according to the procedure outlined in the preceding

tions are denoted by the triangles. Each amplitude is automaticallgection, for an optimization time of 2.4 ns, is shown in

normalized, i.e., they satisf)deaf;B(E)aa,B(E)= Sa.a (UppeEr
pane), the same as the lower panel for tE%|Ea:tcaath(E)|2
line shapesgin units of (AE) ™). The optimal initial superposition
is in the form €_,c_e'?), and ¢ is given below each plot.

Ill. SUPPRESSION OF SPONTANEOUS EMISSION
IN SAMPLE SYSTEMS

A. The hydrogen atom

We first study the suppression of the spontaneous emi
sion of a hydrogen atom in tH&P,) state, which can only
decay to asingle (the ground|1S;)) state. We do so by
coupling the|2P,) state, which is identified with stata) of
Fig. 1, with the|3S) state(identified with the|b) state of

that figurg using a resonant cw field. Contrary to Fig. 1, here

E,>E,, which means thaf',,#0.

All the parameters needed for this case are known analyti-
cally. Thus, the energy differences between the material

states are E,p— Ejg=3mé'/[2h%(4mep)?]=2 a.u., and
Ess— E,p=7 a.u. We obtain that
15 4, ,
I'2p,2p,(E) EESTICIeYe [E-Eis—(ni+1)fiow]
=626.8 us 1,
215x 3% 47e, 5
I'3sas(E)=3X% =P, W(E—Ezp—niﬁwi)
=6.32 us L. (43

The corresponding lifetimes are2p0:1.586 ns andrsg

=157.4 ns. Using Eq40), we obtain for the on-resonance
Autler-Townes split states |=,n)=(|2P,n+1)
+[3S,n))/\/2, that T, (E)=T__(E)=316.6us * and
T, _(E)|=310.2us 1.

Fig. 4.

The result of exciting with an optimized pul$a sample
of which is given in Fig. 4 is displayed in Fig. 5 for four
different splittings AE). We see a steplike decay: the sys-
tem starts with a quiescent period which lasts longer and
longer the smaller the Autler-Townes splittifige., (2, ) is.
As mentioned above, the onset of the photon burst can be
avoided by exchanging the population between levels,
thereby sending the timbackwardsuntil the next onset of

Yhe photon burst phase at which point another exchange of

population is executed. In Ref10] the application of ar
pulse was suggested as a means of achieving this population

AE=1.66x10"2 cm™! AE=83x10"% cm™!

P™(0,.c,)

t (nsec)

t (nsec)

FIG. 5. Suppression of theP21S spontaneous emission in the
hydrogen atom, for which the natural linewidth #sI'=1.66
X102 cm™L. The solid lines display the decay of the optimized
superposition of the Autler-Townes split levels with no interrup-
tions. The dot-dashed lines are the decay curves of the same super-
position states in the presence of interruptions. The dashed lines
display the average decay of the two Autler-Townes split compo-

Delaying the spontaneous emission is achieved by excitrents. The optimization time- (marked by a triangleis 0.21"

ing the ground-state hydrogen atom with a light pulke-

=0.65 ns, and the total time range displayed is 0 10=810 ns.
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1 1

AE=453x10"% cm™ AE=227x102 cm™

Qsin(wt)

1

time

FIG. 6. The train wave of the spectator cw field of frequeacy
near an interruption which switchék, to — €, thereby exchang-

ing the order of theE,fi levels, as shown in the lower panel.

t (nsec) t (nsec)

h . h | . FIG. 7. Suppression of the spontaneous emission in the Pb atom,
exchange. However, because in atoms and homonuclear qiétails are as in Fig. 5. The optimization time(marked by a

atomic molecules thg+n;,0) and |—n;,0) states are not yiangle is 0.21'=2.4 ns, and the total time range displayed is 0 to
coupled optically to one another, the pulse in question g3r=35ns.

would have to arise from a two-photde.g., Ramanpro-

cess. Rather than do this we can within the framework of th . -
present setup achieve the same reversal of time by switchir?ﬁe assume that the decay rateflof is negligible compared

- - - - ith that of |a), hence,Al',  =#AT_ _=#T, =3T
the levels while keeping the population of the levels mtact._I AN VI A t-2aa
According to Eq.(23), we can switch the order of the,, =4.531x107% cm"". We note thafa) can decay tdb) as

[ well as to the other states noted above.

levels by adiabatically changing the sign(f, . A schematic The suppressed and natural decay curves for this system
illustration as to the kind of interruption needed in the spec-are shown in Fig. 7. We see that the suppression works ex-
tator cw field to achieve this is displayed in Fig. 6. tremely well, in fact better than in hydrogen, especially at the

The result of the kind of interruptions displayed in Fig. 6 small splitting end.
is shown as the dot-dash curve of Fig. 5. We see that the
spontaneous emission has been effectively suppressed, with . o
the suppression becoming more effective, the smaller is the C- Suppression of the Na(A—X) spontaneous emission
Autler Townes splitting. Also shown in Fig. @s the dashed We now show that the above suppression of the sponta-
line) are the natural decay curves, arising when we start witheous emission method works equally well for a molecular
one of the eigenstates, i.€, = J, , . As can be seen, this system. In molecular systems there is usualtyuatitudeof
decay, which isnonexponentialdue to the interaction be- final states to which the system can emit. In this example we
tween the resonances, is still much faster than the suppresse@nsider suppressing the emission from a particujab)(
decay aided by the interruptions. vibrational state belonging to theE, (A) electronic mani-

fold, aided by a particular vibrationalk{)) state belonging
B. Suppression of the spontaneous emission in the Pb atom  to the 2129 electronic manifold. The relevant potentials are

We now show that the above method works equally Welld's’SI""_yEd in Fig. 8. lectronic t ition-diool ¢
in the presence of more than one final state to which the Sing an average electronic transition-dipole momeg

; f 7 Debye 2.756 a.u.) between the!%, (A) and the
system can emit. We study the Pb atom and take agathe 0 7 u .
state the  7s°PY excited state which emi{®1] to the ground 173, (.X) states{22], we have calculated the dipole
moment matrix elements within the the Franck-Condon ap-

11)=6p?3P, A\;=283.31 nmA,;=43.0 us %, proximation, according to which
2)=6p? 'P; A,=363.96 NMA,,=32.0 us %, Doy evi?): 49
3)=6p?°P, \3=405.79 nmA,3=93.1 us %, where|v) and|y) signify vibrational states.

The vibrational wave functions needed for this calculation
|b)=6p?'D, N;=722.90 NmA,,=2.6 us ' were derived from the potential energy curves of Schmidt

_ . _ [23]. In the present rough treatment only the vibrational
final states. The total decay rate of statpis therefore given  stategwithout the rotational sublevelsvere included in the

as calculations. The inclusion of the rotational factors is not
expected to qualitatively change the conclusions drawn here.
I. (E.)= a =171 us L. 44 The line shapes for the vibrational levénd specifically
as(Ea) 7:12,2,3b “ K (44 that of »=20) of the excited surface &, are much nar-
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Na2 Adiabatic Potentials AE=106%10" cm™' AE=53x10"* cm™!
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3.75 20 FIG. 10. Suppression of the spontaneous emission of the sodium
r (a.u.) dimer. The optimization timer (marked by a triangleis 0.21°

=10 ns, and the total time range displayed is 0 #00-3150 ns.

FIG. 8. The three lowest singlet potential-energy curves of:Na
1134, 113, and 2'%,. Every fifth vibrational level is marked relevant integration range around,, =*hl'=+2.1
with a dashed line. Thea) state is thev=20 vibrational level of < 10™% cm %, is much smaller tharE,— E, for all |y)
the second potential. THb) state is the’ =30 vibrational level of ground states considered.
the third potential. Both are marked by solid lines. The Franck-  Figure 9 displays the decay widths,,(E,) for the 70
Condon factorequal to overlap integrabetween these two states |gwest vibrational stately) of the 113, surface. Also dis-
Is 0.118. played are the energy levdis, .

. The decay curves resulting from coupling the)=|v
rower than the energy level spacing, therefore all the reso= 20) with the |b)=|v’=30) are shown in Fig. 10. Again
nances are isolated, as in the atomic cases_dlsc_ussed aboyge method is very successful in completely suppressing the

Assuming that the decay rates of the vibrational levelgjecay.

belonging to the 229 manifold (which can decay to the
1'S, manifold are negligible compared to those of the IV. CONCLUSIONS

113, surface, we can writ€ ,,(E) as
We have presented an experimentally viable approach for

2 suppressing the spontaneous emission in a number of realis-
D, JAE—E,)3, (46) tic systems. In this method a single resonance is split by an
external(spectator field, and an optimized superposition of

the two components is formed by a shaped pulse excitation
where y includes only the vibrational levels in the ground from the ground state. We have shown that by introducing
electronic manifold. We obtain for ©v<30, I',,(E, infrequent phase interruptions we can completelyalmost
+nfiw)~40us 't or 4l,,=2.12<10%cm L. The completely suppress the spontaneous emission in the H
change ofl",,(E) with energy may be neglected, since the atom, the Pb atom, and the Nenolecule.

In addition, we have introduced a number of improve-
ments over our original methdd0], which are(1) the abil-
ity to work with isolated resonance&) the ability to tune
AE, the spacing between the split components, by varying
% the cw field intensity, thereby stretching or contracting the
% duration of the “quiescent” phasdg3) the ability to com-

b pletely suppress the decay by introducing phase jumps, or
electric-field sign reversals, in the spectator field which
causes the Autler-Townes splitting. This interruption method

W’%‘% is expected to be much easier to apply in the laboratory than
our previous suggestion of applying (Raman 7 pulse,
which would have necessitated the introduction of two addi-
tional laser fields.
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