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I. INTRODUCTION Il. THE OPTICAL MODEL AND THE TRAPPING
EFFECT
In reply to Rotter's comment on our papéref. 1) we . ) )
choose to start from an apparent point of agreement: The " ItS rigorous versiori, the optical model relates each
effective microcanonical decay rat€E) of a quasibound resonance e|genstate of a decaying systgm to an effective
system should saturate with increasing coupling between th|é|amllton|an which depends on the particulesompley
quasibound states and the continuum. It is quite challenginbesor“"\nce energy=]
to observe this saturation directly in experiments, since nor-  H_.(E) Qye=E Qur, (1)
mally a change of the coupling implies also a change in
energy. However, the phenomenon was illustrated theoretwhere
cally for different models. The origin of the saturation is a
point of dispute: He(E)=QHQ+QHP
In Ref. 1 we argue and illustrate that this saturation is
consistent with the “bottle-neck” picture of transition state | is the Hamiltonian an€ andP are the projection opera-
theory(TST or RRKM), which relates the saturation value to tors into the bound and continuum spaces, respectively. The
the number of independent decay chanfil(E) =N(E)/  solutions of Eq.(1) are the exact resonance states of the
(27fip(E))], rather than to the widths of particular reso- system, being the eigenstates of the Sdimger equation in
nance states of the system. the bound Q) space with outgoing wave boundary condi-
In contrast, in Ref. 2 it is argued that the saturation istjons in the continuum®) space’®
associated with a “trapping effect(bifurcation of resonance It is a commonapproximationto relate a group oflif-
widths) which relates the effective decay rate at high cou-ferent resonance statés the eigenvalues dhe same effec-
pling (or high level densityto the widths of a sub-group of tive Hamiltonian matrix ConsideringN quasibound states
long-lived resonance staté.q(E) <(I')/%). andK independent decay channelé< N) in a narrow en-
Our previous work emphasized the physicalterpreta-  ergy interval, an energy independent matrix representation of
tion of the rate saturation, on the basis of a multidimensionathe effective Hamiltonian can be obtained, in whi@H Q is
extension of one dimensional analytic models. The detaile real matrix of rankN, and the residuaQHP[E—PHP
mechanisnof the phenomenon was not considered in Ref. 1.+j¢] "!PHQ is a complex matrix of ranK. For sufficiently
Below we discuss in some detail this mechanism within thesmall bound continuum coupling matrix elemenRHQ)
random matrix version of the optical model. We illustrate the spectrum of the effective Hamiltonian matrix consist of
that the deviation of the simulated rate fré¢i)/z ((I') being N complex eigenvalues whose energy shifts and widths are
the average resonance wiitowards the saturation region is small with respect to the energy interfak., with respect to
indeed associated with laroadening of the distribution of the spectral range of the bound Hamiltoni@i Q).
resonance widthsHowever, this tendency is observed long As the bound-continuum coupling increases the residual
before the onset of the trapping effect, itag bifurcation of  matrix (of rank K) becomes dominant and eventually con-
the resonance widths into two distinctive groups of “fast” trols the rank of the effective Hamiltonian matrix. In such a
and “slow” ones Moreover, the trapping effect is associated case the spectrum splits into a grougkogigenvalues whose
with a decreaseof the simulated effective decay rate which widths increase monotonically with increasing bound con-
follows the saturation region, and therefore the saturation catinuum coupling, and a group df —K eigenvalues whose
not be attributed to this effect. We relate the nonphysicalidths become negligible with respect to the other ones. The
behavior associated with the trapping effect to a physicallyonset of this “bifurcation” is the basis for the trapping effect
inconsistent matrix approximation of the effective Hamil- suggested by Rotter. Clearly, this effect is an intrinsic prop-
tonian model. erty of matrix approximation®of the optical model.
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FIG. 1. Histogram: Distribution of resonance width about the average value
as obtained from random matrix diagonalization whtk600,K =100, and g6, 2. solid: IH|®(t)]?) as a function of time as obtained from random
p=5 1/cm L. Solid: A x? distribution with 100 degrees of freedom. Top: matrix diagonalization wittN=600, K =100, p=5, and(1/cm 1), Dashed:

(I)=2mK¢*=0.05 cm* (weak coupling. Bottom:(I)=27Ka?=5.0cm™  _ 1y, Top: (I)=0.05 cm* (weak coupling. Bottom: (I)=5.0 cnt't
(strong coupling (strong coupling
lIl. THE MECHANISM OF RATE SATURATION vector in theQ-space Clearly, in the perturbative regime,

the standard relatiok=(I")/% is quite well fulfilled, but with
increasing bound continuum coupling a strong deviation
from this relation towards a smaller effective sloge (s
K apparent.
[Hettlmm = EmSmm =172 Vin oV o, 3 It is straightforward to recognize the relation between
=t the broadening of the widths distribution and the decrease of

where E,, are chosen from a Wigner distribution of level the effective decay rate with respect ¢(b)/A, eventually
spacings andv,,, are chosen from a normal distribution leading to the saturatiofas observed in Ref.)1The asym-
with a mean(V,,, =0 and a standard deviatigv? )=c®.  metry of the broadened distribution in Fig. 2 suggests that a
The eigenvalues oH.;, {E,—i/2l",} correspond to the small groupof widths above average is balanced blaage
resonance eigenstates of the system. group of widths below average. The majority of states are

In Fig. 1 typical distributions of resonance widths therefore decaying with a rate slower thdr/%. Although
(imaginary parts of the resonance eigenvalug® plotted. this simple explanation neglects possible interference effects
For sufficiently small bound-continuum coupling, the widths between different resonance states, a reasonable explanation
distribution follows ay? distribution withK degrees of free- is given for the observed saturation tendency.
dom, as expected according to perturbation the@he The deviation of the rate frol’)/% occurs long before
golden rule limiy, meEﬁzlvﬁm. For larger bound- the onset of the trapping effect, i.e., long before the reso-
continuum coupling, a broadening of the widths distributionnance widths bifurcate into two distinctive groups of
is observed with strong deviation frorg?.* In Fig. 2 the  “large” and “small” widths (see the distributions in Fig)1
corresponding decay curves are plotted for a uniform randortt is quite arbitrary(and thusmeaninglessin this situation to

Within the random matrix approximation, the effective
NX N Hamiltonian matrix reads
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relate the observed decay rate to a particular group of slowong before the model limitation is reachéck., when reso-
resonance states, and to ignore the others. In contrast, onance widths are larger than the energy interdex AE).
TST interpretation in Ref. 1 which does not relate the simu-,
lated rate to particular resonance widths still applies. V. CONCLUSIONS

The effective energy-dependent decay rate of a system
IV. THE TRAPPING EFFECT PREVENTS SATURATION saturates with increasing bound-continuum coupling. This
WITHIN RANDOM MATRIX SIMULATIONS saturation is consistent with a TST interpretation of the op-
tical model as presented in Ref. 1, but not with the onset of

When the “bifurcation” occurs and two time scales are . . .
! . . wo different tim I in Ref. 2. At |
well separated the simulated decay rate is dominated by thte o different time scales as suggested c t least

: . . ! according to our random matrix simulations the saturation
long-lived states, while the short lived states contribute only, . . . . .
2 . . L tendency, i.e.k<(I')/#, is associated with a broadening of
at initial times as explained by Rotter. It is an implicit prop-

erty of the random matrix approximatidsee Sec. )l that the widths distribution long before the bifurcation of the
e . . PP . ' resonance widths into two different groups. It is meaningless
with increasing coupling, th&d—K small widths become

oo o . in this situation to associate the effective decay rate with a
smaller. In this situation the decay is in fact dominated by y

nonoverlapping resonancés Consequently, the simulated sub-group of widths and to ignore the others. Moreover,
ppIng quenty, when the onset of bifurcation is reached, the effective decay
decay rate is related to thé—K small widths by the stan-

. . rate decreaseswith increasing bound continuum coupling,
dard relation for non overlapping resonandgs=(I")/%), : .
which implies that not only the widths, but altie effective and not saturates. We relate the onset of this nonphysical

L : S tEehavior to a sampling error which violates the condition for
decay rate decreases with increasing coupling, i.e., does n

saturate This decrease of the effective rate was confirmed inapIOIICabIIIty of the matrix approximation of the optical

ours and in Rotter's random matrix simulaticrfs model.
s . . ' . The exact limit beyond which the random matrix ap-
Thus within the random matrix version of the optical

o ) proximation to the effective Hamiltonian ceases to be physi-
<r:noc1)1d?i|r’1 thiiC?g;:;SOfc;?ree;rac?npégggutrﬁ:tgonzeiﬁ:fgégse;22 cally meaningful is the subject of ongoing investigation and
of tﬁe gffective rate with Fi)ncreasin coupling, not with its scrutiny, and may vary for different applications. For unimo-
saturation. This contradicts physica?intuigongi,e TST analecular reactions, the regime of small to moderate resonance

) ' T ’ ‘overl r nd-continuum [ r m
lytical models, and random matrix simulatiohefore the overlap (or bound-continuum couplingappears to be most

bifurcation region(see Fig. 3 in Ref. 1L This nonphysical relevant, and this regime is removed from the onset of the

decrease is consistent, however, with the failure to a roxil_)ifurcation. Our results within the random matrix approxi-

' ' PP gwation show that even in this regime saturation of the rates is
. SO ) : pproached, and comparing this behavior with that obtained
tive Hamiltonian matrix when the bound-continuum cou- bp parng

o . . in other model potentialésee Ref. 1we give this saturation
pling is too large. In Ref. 1 we pointed out the condition for P ® Lwe g

breakdown of the random matrix approximation and relatec}rend an interpretation based on transition state theory.

it to a sampling error which allows for some resonanceACKNOWLEDGMENTS

widths to exceed the entire energy interval. More generally, . p. is a Yigal Alon Fellow and a Theodore & Mina
the sampling error implies that the spectral dom@eel or  gergman Academic Lecture.

imaginary partsof the residual operator exceeds the spectral

range of QHQ. Note that this limitation of the random ma- ;U- Peskin, H. Reisler, and W. H. Miller, J. Chem. Phy81, 9672(1994.
trix model does not Cor.]t.radiCt its appl.ication to overlapping 3:-.|.Rggsrr1’b‘;.cﬁ,'rll' E;nc;rgt?gagl-oliliui?ela?r(tghgyz}czr:ecNeu%IZ%F aRpeea:.ctiof\ﬁliIey,
resonances. The condition for overléipe., that resonance  new vork, 1991.

widths are larger than the typical level spacifgg) is met  “v. Peskin, W. H. Miller, and H. Reisler, J. Chem. Phy82, 8874(1995.

J. Chem. Phys., Vol. 106, No. 11, 15 March 1997

Downloaded-14-Jul-2010-t0-128.125.205.65.~Redistribution-subject-to-AlP-license-or-copyright;~see-http://jcp.aip.org/jcp/copyright.jsp



