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Phase-insensitive optical amplifiers uniformly
amplify each quadrature of an input field and are
of both fundamental and technological importance.
We find the quantum limit on the precision of es-
timating the gain G of a quantum-limited phase-
insensitive amplifier Ag using a probe |¢) 4o of
multiple signal (S) modes probing the amplifier
that may also be entangled with an ancilla A. In
stark contrast to the sensing of loss parameters,
the average photon number N and the number
M of signal modes of the probe are found to be
equivalent and interchangeable resources for op-
timal gain sensing. All pure-state probes whose
reduced state on the input modes to the ampli-
fier is diagonal in the multimode number basis
are shown to be quantum-optimal under the same
gain-independent measurement. We compare the
best precision achievable using classical probes to
the performance of an explicit photon-counting-
based estimator on quantum probes and show that
an advantage exists even for single-photon probes
and inefficient photodetection.
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Figure 1: A general ancilla-entangled strategy for sensing
the gain G of a quantum-limited amplifier Ag (dashed
box). Each of M signal (S) modes (one of which is shown)
of a probe [1)) 4 ¢ possibly entangled with an ancilla system
A is subject to a two-mode squeezing interaction between
the S mode and an internal amplifier mode initially in
vacuum. An estimate G of the gain G is obtained using
the optimal joint measurement on the output of AS



