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Abstract
Building a sensitive magnetic field sensor is non-trivial; building a more sensitive one by adding extra loss to the
sensor is counterintuitive, but with innovative ideas from non-Hermitian physics like an exceptional point, a new
magnetic field sensor first of its kind paves the way for broader applications of similar techniques.

Magnetic sensors are quite commonly used in our
everyday life. Most widely used are, for example, those in
cell phones, providing compass and orientation for navi-
gation. Hundreds of millions of hard disk drives are sold
every year, and key components of these devices are
delicate magnetic sensors, which read and write data in
the magnetic-based disc media. Cars and many vehicles
use magnetic sensors to measure rotation of wheels to
determine milage, to detect proximity of doors to control
lights, etc. Of course, a lot of scientific studies use highly
sensitive magnetic sensors to detect and study objects
from small (e.g., atoms) to big (e.g., the earth).
In recent years, exceptional point (EP) physics has

attracted a lot of attention in the scientific community for
its potential to enhance sensitivity of a measuring system1,
this was realized in, for example, an optical cavity2 and
recently, a mechanical system3. While a Hermitian system
always has real eigenvalues, a non-Hermitian system does
not, and this opens doors for engineered systems to show
special properties that can be used for various purposes.
Recently, Y. Ruan et al. demonstrated an innovative

method to construct a tunable magnetic sensor, which is
based on exceptional point property of a non-Hermitian
system4.
The work published in Nature Photonics uses magneto-

optical (MO) effect, which most people get to know
through the Faraday effect or Faraday rotation: linearly
polarized light propagating through MO material accu-
mulates rotation of polarization proportional to the
magnetic field strength applied to the material along the
direction of propagation of the light. The effect is due to

refractive index (thus propagation speed) differences
introduced by the magnetic field between two orthogonal
circular polarizations of light.
The authors bring in novelty by putting the MO

material into an optical cavity to form a Hermitian system.
Intuitively, the frequencies of the cavity modes are reverse
proportional to the optical path (the refractive index times
the length of a material), therefore they can be tuned by
the refractive indices of the MO material on two ortho-
gonal polarizations as the magnetic field is applied. As
shown in Fig. 1a, the mode splitting increases pro-
portionally with the magnetic field in this case. The MO
effect also provides coupling between the two linear
polarizations of light. To further construct a non-
Hermitian system, a tunable liquid crystal absorber,
which introduces polarization-dependent losses, was
inserted into the cavity (see Fig. 1b). With careful deri-
vations and proper assumptions, the resulting interaction

Hamiltonian H ¼ h
νH � iκH igB
�igB νV � iκV

� �
has eigen-

frequencies exhibiting an EP when gB ¼ κH � κVð Þ=2 and
νH ¼ νV , where ν’s are frequencies, g is a coupling con-
stant, B is magnetic field strength, κ’s are polarization-
dependent losses introduced by the liquid crystal absorber
and i ¼ ffiffiffiffiffiffiffi�1

p
.

In this case, as the B field increases from zero, the fre-
quency splitting of the two eigenmodes is zero when
gB < κH � κVð Þ=2, and jumps to a square-root increase at
the EP, as sketched in Fig. 1a. This square-root depen-
dence facilitates a larger frequency splitting in response to
B field change near the EP. On the other hand, since the
LC absorber provides a tunable loss on V-polarization, the
EP position is tunable and makes the system a tunable
magnetic sensor once calibrated. The error sensitivity can

© The Author(s) 2025
OpenAccessThis article is licensedunder aCreativeCommonsAttribution 4.0 International License,whichpermits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changesweremade. The images or other third partymaterial in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to thematerial. If
material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Correspondence: Marlan O. Scully (scully@tamu.edu)
1Institute for Quantum Science and Engineering, Texas A&M University, College
Station, TX 77843, USA

12
34

56
78

90
()
:,;

12
34

56
78

90
()
:,;

1
2
3
4
5
6
7
8
9
0
()
:,;

12
34

56
78

90
()
:,;

www.nature.com/lsa
http://orcid.org/0000-0003-4827-1013
http://orcid.org/0000-0003-4827-1013
http://orcid.org/0000-0003-4827-1013
http://orcid.org/0000-0003-4827-1013
http://orcid.org/0000-0003-4827-1013
http://orcid.org/0000-0002-8320-4708
http://orcid.org/0000-0002-8320-4708
http://orcid.org/0000-0002-8320-4708
http://orcid.org/0000-0002-8320-4708
http://orcid.org/0000-0002-8320-4708
http://creativecommons.org/licenses/by/4.0/
mailto:scully@tamu.edu


improve several times from the value of the conventional
sensor. While the experiment is in the domain of classical
electrodynamics, one can improve further the sensitivity
by using quantum probes.
One important finding of this work is that with pure

passive losses, it shows a clearly enhanced sensitivity
near EP when other gain-loss type EP systems so far do
not. The clear results may partially be attributed to the
way the two modes are measured: due to the coupling
and losses, the two modes become elliptically polar-
ized, therefore hard to separate via polarization; but the
team managed to estimate the two modes via double
Lorentzian line shape analysis and fittings and
demonstrates enhancement under different tunable EP
conditions.
Many systems can be modelled in terms of a non-

Hermitian Hamiltonian describing two coupled oscilla-

tors:
ω1 � iγ1 g1

g2 ω2 � iγ2

� �
, where the ω’s are energy of

the two oscillators, γ ’s are decay rates, g ’s are coupling
strength from one to the other oscillator5,6. Generally, γ ’s
and g ’s are non-equal. While this work, inspired by studies
on PT symmetric systems, engineered different γ ’s to use
the EP physics to enhance sensitivity, anti-PT symmetry
systems as well offer EP’s that can be utilized for sensi-
tivity enhancement6. Moreover, different g ’s also offer rich
physics such as time crystal formation7, and quantum
amplification by superradiant emission of radiation8.
The techniques used in the work from K. Xia’s group

can be adapted to other optomagnetic systems, e.g.,

optically pumped atomic systems and, as the authors
pointed out, fiber-based magnetic field sensors, to
enhance the sensitivity of those systems. The latter indeed
has huge potential in the emerging field of optical fiber-
based wearable devices and fabrics9, high sensitivity
wearable devices can potentially impact healthcare, e.g.,
brain function studies and diagnostics.

Conflict of interest
The authors declare no competing interests.

References
1. Wiersig, J. Review of exceptional point-based sensors. Photonics Res. 8,

1457–1467 (2020).
2. Chen, W. J. et al. Exceptional points enhance sensing in an optical microcavity.

Nature 548, 192–196 (2017).
3. Kononchuk, R. et al. Exceptional-point-based accelerometers with enhanced

signal-to-noise ratio. Nature 607, 697–702 (2022).
4. Ruan, Y. P. et al. Observation of loss-enhanced magneto-optical effect. Nat.

Photonics 19, 109–115, https://doi.org/10.1038/s41566-024-01592-y (2025).
5. Lau, H. K. & Clerk, A. A. Fundamental limits and non-reciprocal approaches in

non-Hermitian quantum sensing. Nat. Commun. 9, 4320 (2018).
6. Nair, J. M. P., Mukhopadhyay, D. & Agarwal, G. S. Enhanced sensing of weak

anharmonicities through coherences in dissipatively coupled anti-PT symmetric
systems. Phys. Rev. Lett. 126, 180401 (2021).

7. Raskatla, V. et al. Continuous space-time crystal state driven by nonreciprocal
optical forces. Phys. Rev. Lett. 133, 136202 (2024).

8. Svidzinsky, A. A., Yuan, L. Q. & Scully, M. O. Quantum amplification by super-
radiant emission of radiation. Phys. Rev. X 3, 041001 (2013).

9. Wang, Z. X. & Wei, L. Functional fibers redefine wearables. Opt. Photonics N. 36,
26–33 (2025).

Mode splitting, �v
a b

EP Magnetic field, B

Laser
input

Cavity
mirror

Cavity
mirror

MO Crystal

B
Signal
output

Tunable
LC absorber

Conventional effect

EP enhanced

Fig. 1 Magnetic field sensing via exceptional point enhanced magneto-optical effect. a The conventional magneto-optical (MO) effect and the
exceptional point (EP) enhanced MO effect. The mode splitting is suppressed when the magnetic field strength is below EP and accelerated after
passing EP. b Schematics of the experimental system. Linearly polarized laser light is injected into the cavity; the MO crystal couples two linear
polarization components of light while the tunable liquid crystal (LC) absorber induces polarization-dependent losses. The output modes are thus
elliptically polarized and require mode analysis
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