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We demonstrate for the first time, to the best of our knowledge, that a Sagnac interferometer can thresh-
old the energies of pulses. Pulses below a given threshold
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is a standard interferometric configuration which
can contain a nonlinear fiber within the loop and
exhibits an oscillating nonlinear power transfer func-
tion (PTF). Several recent proposals have added
a directional attenuator (DA) within the ring inter-
ferometer, allowing for the powers of the counterpro-
pagating pulses to be adjusted relative to one
another [19–22]. Self-switching and continuous wave
thresholding have been investigated in depth [22,23].
However, the NOLM’s ability to normalize pulse en-
ergies above a threshold in addition to pulse suppres-
sion below threshold has yet to be demonstrated.

In this paper, we show for the first time, to the best
of our knowledge, that this device can perform en-
ergy thresholding—both pulse suppression below
threshold and pulse normalization above threshold—
in theory and experiment. Although experimental
results for this device were first shown in [22], the
device was used in a low phase shift (<π) regime, so
above-π effects (which include pulse normalization

and shape distortion) were not considered. Here, we
provide an analytical framework for pulse energies
with known profiles, show that there is a flattening
effect of the transfer function above a π phase shift,
and extend these results to make general conclusions
about pulse distortion in similar devices. First, we
derive an energy transfer function (ETF) for stereo-
typed pulses that are commonly emitted by pulsed
lasers. We show both theoretically and experimen-
tally that it can simultaneously normalize pulses
above threshold and suppress pulses below thresh-
old. We also investigate and characterize pulse dis-
tortion within the context of energy thresholding
in a more general case, which we show is unavoidable
in fast, wavelength-insensitive devices.

2. Operational Principles

Below, we derive a pulse energy transfer function for
the DA-NOLM. Although pulse power transfer func-
tions have been measured experimentally [20,22],
they lack a formal analytical framework. We begin
with instantaneous power theory, previously derived
in [19]. We neglect time-dependent effects such as
dispersion in our model since the nonlinear fibers
we utilize are fairly short (∼m). We utilize the Kerr
effect, which induces a change in the index of refrac-
tion Δn � n2I for an input intensity I and nonlinear
coefficient n2 in the nonlinear fiber. For a NOLM with
coupling ratio C �0 ≤ C ≤ 1� directional attenuation
Ai, and nonlinear coefficient Γ (defined as Γ �
2πLn2∕λAeff for fiber length L and effective mode
area Aeff ) as shown in Fig. 1(b), we can write the in-
stantaneous power transfer function in the following
form:

Pout�Pin� � Pin

�
α� β − 2

������
αβ

p
cos�ϕCW�

�
; (1)

where α � AiC2 and β � �1 − C�2 are the transmit-
tances of the counterpropagating waves, Γeff �
Γ�2C − 1� is the effective nonlinear coefficient, and
ϕCW � ΓeffPin
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This quantity has a very strong dependence on the
pulse shape Π�t; τ�. The special case of an idealized
rectangular pulse of the form Π�t; τ� � 1

τ rect�t∕τ� with
pulse width τ results in the function Θ�Ein� reducing
to cos��Γeff∕τ�Ein�—the ETF and PTF [Eq. (1)] become
analogous.

A more realistic model for ultrashort pulses are





property of the incoming wave. This assumption is
valid if input signals are approximated as slowly
varying, a condition which is met for interferometers
with equal path lengths. Suppose we wanted to cre-
ate a perfect pulse energy thresholder, or a device
with a transfer function of the form E�

out�Ein�≡
ENH�Ein − ET�, where H�x� is the Heaviside step
function, EN



a gradient descent search algorithm. The result is
shown in Fig. 6. The computed instantaneous func-
tion [Fig. 6(b)] contains a sharp asymptotic jump
followed by a falling tail. The output pulses above
threshold, as a result, are highly distorted.

Although our simulation focused on hyperbolic se-
cant pulses, the results here can be generalized: once
the peak power of any given pulse hits the power
threshold PT
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