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Outline:Outline:

•• Diffraction in time (DIT)Diffraction in time (DIT)

•• SupperarrivalsSupperarrivals (SA)(SA)



DITDIT
• Diffraction in time was initially introduced by 

Moshinsky.

• A beam of particles impinging from the left on a 
totally absorbing shutter located at the origin which is 
suddenly turned off in an instant.

• The transient current has a close mathematical 
resemblance with the intensity of light in the Fresnel 
diffraction by a straight edge.



• An interesting feature of the solutions for cut-off initial 
waves, occurring both in the free case and in the presence of 
a potential interaction is that, if initially there is a zero 
probability for the particle to be at x > 0, as soon as t = 0+, 
there is instantaneously a finite, though very small, 
probability of finding the particle at any point x > 0.

• This non-local behavior of the Schrödinger solution is due to 
its non-relativistic nature and not as a result of the quantum 
shutter setup. The application of the Klein–Gordon equation 
to the shutter problem shows that the probability density is 
restricted to the accessible region x < ct (c is the speed of 
light).



Optics and Quantum mechanicsOptics and Quantum mechanics



Wave function for shutter problemWave function for shutter problem



MoshinkyMoshinky’’ss quantum DITquantum DIT



Diffraction by a straight edgeDiffraction by a straight edge



DIT of a particle in box with reflecting wallDIT of a particle in box with reflecting wall



Probability densityProbability density



Probability current densityProbability current density



BohmianBohmian trajectoriestrajectories



DIT of a particle in a box with absorbing wallDIT of a particle in a box with absorbing wall

•• Now, we consider the case in which Now, we consider the case in which initial wave function is a 
motionless localized Gaussian wave-packet inside the box with 
negligible overlap with the walls of the well.



Probability and probability current densityProbability and probability current density



BohmianBohmian pathspaths



SuperarrivalsSuperarrivals

•• This effect was discovered by This effect was discovered by S. 
Bandyopadhyay, A. S. Majumdar, D. Home
in year 2002 by in year 2002 by calculating the time evolving 
probability of reflection of a Gaussian wave 
packet from a rectangular potential barrier 
while it is perturbed by reducing its height.

• The time evolving reflection probability is 
given by



• A finite time interval is found during which |R(t)|^2 
shows an enhancement (superarrivals)! in the perturbed 
case even though the barrier height is reduced. This 
time interval and the amount of enhancement depend on 
the rate at which the barrier height is made zero.

• The phenomenon of superarrivals is inherently
quantum mechanical.

• The origin of superarrivals may be understood by 
considering the wave function to act as a ‘‘field’’ 
through which a disturbance from the ‘‘kick’’ provided 
by perturbing the barrier travels with a definite speed.



Quantum treatment of reflection probabilityQuantum treatment of reflection probability



Classical treatment of reflection probabilityClassical treatment of reflection probability



Three intervalsThree intervals

• tc is the instant when the 
two curves cross each other, 
and

• td is the time from which 
the curve corresponding to 
the perturbed case starts 
deviating from that in the 
unperturbed case



QuantitaviveQuantitavive measuremeasure ofof SASA



Dependence of SA to width of the barrierDependence of SA to width of the barrier



ResultsResults::



Signal velocity:Signal velocity:

• How fast the influence of barrier perturbation travels 
across the wave packet?



Dependence of duration of SA and signal velocity to the Dependence of duration of SA and signal velocity to the 
rate of perturbation:rate of perturbation:



0rigin of 0rigin of SuperArrivalsSuperArrivals

From such behaviors of  Δt, η, and υe we infer the following 
explanation for the origin of superarrivals. The barrier 
perturbation imparts a ‘‘kick’’ on the impinging wave packet 
that spits, and a part of it is reflected with a distortion. A finite 
disturbance proportional to this ‘‘kick’’ or the rate of 
perturbation propagates from the reducing barrier to the reflected 
packet, which results in a proportional magnitude of 
superarrivals. Note that information about the barrier 
perturbation reaches the detector at the instant td with a velocity 
υe, which decreases with the decreasing magnitude of impulse 
imparted to a wave packet. These results therefore suggest that 
information about the barrier perturbation propagates with a 
definite speed across the wave function that plays the role of a 
‘‘field.’’
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