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Randomness does not destroy interference
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We present a simple explanation that Ericson fluctuations in nuclear, atomic, molecular, and mesoscopic
systems originate from the interference between random-partial-width amplitudes in regime of strongly over-
lapping resonances.
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Consider a quantum collision that proceeds through a forresonances andr, have random signs§Tn= 0, with | or |
mation and decay of an intermediate system. For sufficiently. a2. We haves,_p/(E)=5n_n (E) + 8oq_n (E), Where
high excitation energies of the intermediate system its aver-
age level spacing is much smaller than the total decay width _
of the resonance levels. In this case, the collision cross sec- Tnon(E)=a2> L[(E—e,)?+T?%4], 3
tion is simultaneously dominated by a large number of over- "
lapping resonances, the amplitudes of which inten‘ereand
strongly. Assuming that this interference is of a random na-
ture, Ericson showefl] that this gives rise to fluctuations in
the cross sections. Following the pagdl, a quantitative 80n_n(E)=2, Sy I[(E—e,)2+T%4]. (4)
explanation and description of Ericson fluctuatiqis) is "
usually given in terms of the cross-section energy-
autocorrelation function.

In this paper, we present a simple alternative explanatiof’® €nergy;
that EF originate from the interference of randomly popu- S€n|~ g
lated overlapping resonances. We show that if this interfer- Consider
ence is neglected, EF do not occur. Our explanation is based
on the random-walk property stating that the displacement is an:n,(E)_a?E 1[(E-nD)2+T%4]=R,+R,, (5)
about a characteristic length of the single random step times n
the root square of the number of steps. The presented expla-
nation is relevant in a view of the recent misinterpretationwhere
[2,3] that EF occur as a result of the absence of interference
between different randomly populated overlapping reso-
nances. We point out that both the effect in the H, scat-
tering[2,3] and EF arise from the interference between dif-
ferent overlapping resonances.

The present clarification is important because(ipfuni-
versality of EF in a wide variety of fields, e.g., nuclear col-
lisions, unimolecular reactiongt], coherent electron trans- a2 3 |7 2 2
port in nanostructures], etc., andii) the significant role of =~ 8a,(D/T )J,de/(X +1)
EF in foundation of random-matrix theoffRMT) of open

Decompose,=nD+ de,, whereD is a smooth function of
whilede,, have random signsde,=0, with

R;= —a_ﬁ; Se2I[(E— €,)?+T?4][(E—nD)?+T?/4]

~—a2 52>, 1[(E—nD)2+T?/4]?
n

quantum systemgs]. = —47aDIT3, (6)
Consider the cross sectionr(E)=|t(E)|?> with t(E)
=3.f,(E) [2,3], and
fuBE)=a,/(E—e,+iT/2), (1)

R,=2a2>, (E—nD)de,/[(E— e,)2+T2/4]
n

in the regime of EFD/I'<1, whereD andI" are average
level spacing and total resonance width, accordingly. Assume X[(E—nD)*+T?/4]. (7)

thata, are real quantities having random signs. Decompose ) . )
R, is a sum of independent random variables having random

o(E)=0n_y(E)+0psn (E), 2) signs(due to the random signs dfe,,). Therefore, the sum
(7) can be evaluated invoking the random-walk property. The

whereo,,_, (E)=2,|f,(E)|? does not contain interference effective number of terms in the suf@) ~I'/D>1 and the
terms, whileo . (E)=2.n fr(E)fh (E)* is due to the characteristic value of these terms<D/I"3. This yields

resonance interference. Consider firgt.,,,(E). Decompose — oo
a2=a2+ &r,, where overbar stands for the averaging over Ry~ +a ,D™I1™%, ®
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Employing the Poisson summation formula and summing up the resulting geometric series, we obtain

aZ> 1/[(E—nD)2+r2/4]:a_§U dX/[(E-Dx)2+T%4] +2, dxcog 27mx)/[(E—Dx)2+T2/4]
n — m=1 — 00

=(2na%/DT'){1+2 exf — #I'/D)[ cog 27E/D)

—exp(— #T'/D)]/|1—exg 27 (E/D)— #T'/D]|?}. (9)
|
Thus, from formulag5), (6), (7), (8), and(9), we find that, an:n,(E)=(27-ra_ﬁ/DF)[1iO(D/F)l’z]—>27ra_ﬁ/DI“.
for D/IT'<1,
(12)
?rn=n,(E)=(27ra_ﬁ/DF)[1iO(D/F)3/2]—>27-ra_§/D1“_ This shows that, foD/I"'<1, o, (E) is almost energy

independent. It can depend &only through smooth energy
dependencies dD andI'. Therefore,o,—,,/(E) cannot pro-
10 guce EF.
Considero, ., (E), which originates from interference
Notice thatéo,—,/(E) is the sum of~(I'/D)>1 terms.  between different resonance states..,/(E) is the double

These terms have random signs and characteristic valugsim containing~ (]"/D)2 terms. These terms have random
~ap/T'? yielding signs and characteristic valuesaZ/I'?>. Employing the

random-walk properties, we obtain

80— (E)~ =+ (TID)Y2a2 T2~ =+ (DIT) %5, _ . (E). Tnen(E)~+(P/D)adiT2~* 0, (E). (13

This demonstrates that randomnessagfdoes not suppress
(11)  resonance interference.
Consider the energy averaged..,-(E) over the energy
Altogether we have interval Z>1T" aroundE:

<Un¢n’(E)>: Ji:ch\N(EaE)Unstn’(E)

= > ayay [(E— e, +il12+iTI2)(E— €, —iT/2+iTI2)+iT

n#n’

X D anay [(E— ey —iT12—iTI12)(E— €, —iT12+i712) (&, — €, +iT), (14)

n#n’

where W(E, E) = (Z/2)/[ (E— E)2+ 72/4]. Taking into ac- The above consideration is applicable for inelastic
count random signs cd, and invoking again the random- Scattering, no matter whether randoay are chosen to
walk property, one can easily find be real or complex. For elastic scatterira, are positive
random quantities distributed in accordance with Porter-
Thomas distributiorj6]. In this case, EF originate from the
(open (E)Y~=(TIT) Y20, _ (E). (15)  interference between differenfa,=a,—a,, as well as
betweenéda,, and a,,, where éa,, have random signs and
This demonstrates that random signs &f do result in | sa,|~ay.
(o0 (E))=0 indicating thato,., (E) fluctuates around The above consideration explicitly shows that EF do
its zero energy average value. The amplitude of these flumriginate from the interference between the amplitudes cor-
tuations is of the order of,_, (E)=(a(E)). responding to different strongly overlapping resonance
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states. Without this interference, the cross section is almostorresponds to the universal limit of RMB]. In contrast,
energy independent and EF are gone. The difference betwedme work[2,3] discusses resonance-interference effect, which
EF and the effecf2,3] is that the former assumes randomis clearly beyond RMT. Other nonuniversal resonance-

signs (or random phases &, are complex of a,, which

interference effects have recently been discussed in Réfs.
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