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PII: S0003-4916(17)30270-1
DOI: https://doi.org/10.1016/j.aop.2017.09.009
Reference: YAPHY 67494

To appear in: Annals of Physics

Received date : 12 April 2017
Accepted date : 22 September 2017

Please cite this article as: D. Demir, T. Güner, Statistical approach to tunneling time in attosecond
experiments, Annals of Physics (2017), https://doi.org/10.1016/j.aop.2017.09.009

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.aop.2017.09.009


Statistical Approach to Tunneling Time in Attosecond
Experiments
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Abstract

Tunneling, transport of particles through classically forbidden regions, is a pure
quantum phenomenon. It governs numerous phenomena ranging from single-
molecule electronics to donor-acceptor transition reactions. The main problem
is the absence of a universal method to compute tunneling time. This problem
has been attacked in various ways in the literature. Here, in the present work,
we show that a statistical approach to the problem, motivated by the imag-
inary nature of time in the forbidden regions, lead to a novel tunneling time
formula which is real and subluminal (in contrast to various known time defini-
tions implying superluminal tunneling). In addition to this, we show explicitly
that the entropic time formula is in good agreement with the tunneling time
measurements in laser-driven He ionization. Moreover, it sets an accurate range
for long-range electron transfer reactions. The entropic time formula is general
enough to extend to the photon and phonon tunneling phenomena.
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1. Introduction

Tunneling, transport of subatomic particles through the regions of space
forbidden to classical motion, is a pure quantum phenomenon. Its physical rel-
evance was first established by Gamow in his analysis of the α-decay [1, 2, 3].
The tunnel diode [4, 5] of Esaki was its first technological application. Undoubt-5

edly, scanning tunneling microscope (STM) [6] of Binning and Rohrer started a
new pace in scientific and technological advancements. Today, for example, it is
known that electron transfer reactions involve tunneling as the underlying mech-
anism. It governs acceptor-donor transition processes so that charge separation
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