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Measurement of Zeeman Shift of Cesium Atoms Using an Optical Nanofiber ∗
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Nanofibers have many promising applications because of their advantages of high power density and ultralow
saturated light intensity. We present here a Zeeman shift of the Doppler-broadened cesium D2 transition using
a tapered optical nanofiber in the presence of a magnetic field. When a weak magnetic field is parallel to the
propagating light in the nanofiber, the Zeeman shift rates for different circularly polarized spectra are observed.
For the 𝜎+ component, the typical linear Zeeman shift rates of 𝐹 = 3 and 𝐹 = 4 ground-state cesium atoms are
measured to be 3.10(±0.19)MHz/G and 3.91(±0.16)MHz/G. For the 𝜎− component, the values are measured to
be −2.81(±0.25)MHz/G, and −0.78(±0.28)MHz/G. The Zeeman shift using the tapered nanofiber can help to
develop magnetometers to measure the magnetic field at the narrow local region and the dispersive signal to lock
laser frequency.

PACS: 32.60.+i, 32.10.Fn, 81.07.−b DOI: 10.1088/0256-307X/35/8/083201

Nanofiber systems[1] have gradually become pop-
ular and promising in a great number of appli-
cations, such as in highly efficient optical cou-
pling devices,[2] spectroscopy,[3] quantum memory
stations,[4] and optical manipulation.[5] Due to their
strong confinement of the electromagnetic field, low-
power nonlinearities[6] become possible through com-
pression of the optical mode area which can inter-
act with the atoms. Optical nanofiber systems have
also recently been used to demonstrate nanowatt-
level saturated absorption,[7] electromagnetically in-
duced transparency,[8] two-photon absorption,[9] and
all-optical modulation.[10] In addition, nanofibers can
be directly coupled by a tapered transition to a stan-
dard optical fiber due to their flexibility, which may
be connected directly to fiber networks. Tiny volume
and ultrahigh power density also provide much conve-
nience for studying the interaction between light and
atoms.

Cesium atoms are extensively used in fre-
quency standard,[11] communication,[12] and space
applications.[13] Consequently, it is important to fur-
ther study the properties of cesium atoms. The
traditional Zeeman frequency shift is studied in the
atomic cell, which can achieve stabilization of laser
frequency.[14] In addition, precise measurement of
pulsed magnetic fields[15] and coherent manipulation
of neutral atoms[16] can also be achieved using the Zee-
man shift. Compared with the atomic cell, nanofibers
have the advantages of narrow region and high power
density, and they are suitably used for studying the
nonlinear effect of weak light. Amy et al. measured

the Zeeman shift of rubidium atoms in a nanofiber,[17]
and we here introduce a nanofiber system to measure
the Zeeman shift of the cesium atom based on its tiny
volume, and strong confinement of the electromag-
netic field. This method just needs an incident beam
with ultralow power (order of nW), which is a remark-
able advantage compared with the traditional Zeeman
shift in cell. The nanofiber is successfully fabricated
by the flame-brush technology and it is put into a vac-
uum chamber. The temperature of the chamber and
optical nanofiber is controlled to warrant the appropri-
ate atomic density and against accumulation of atoms
on the nanofiber surface. In the absence of an exter-
nal magnetic field, atomic energy levels are degener-
ate. However, their degeneracy is broken and atomic
magnetic sublevels will split with the weak homoge-
neous magnetic field produced by a pair of Helmholtz
coils. As a result, we observe the Zeeman shift of two
circularly polarized spectra after exerting an external
magnetic field on the waist of the nanofiber in cesium
vapor.

In our experiment, the optical nanofiber is fab-
ricated from an 852 nm single mode optical fiber by
the flame-brush technology.[18] During the process of
pulling, the nanofiber volume keeps constant and the
optical fiber ultimately has an extremely small diame-
ter. The nanofiber diameter is measured to be 507 nm
by a scanning electron microscope[19] and its length
is about 5 mm. The transmission ratio of the tapered
nanofiber monitored is up to 98%[20] in the end. We
put it into the vacuum chamber by employing a stan-
dard Teflon fiber feed-through[21,22] system. Heating
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installation[23] is designed to heat the nanofiber grad-
ually up to 90∘C, which is higher than the chamber
temperature (about 80∘C) against accumulation of ce-
sium atoms.
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Fig. 1. (Color online) Schematic of experimental setup.
SP: shaping prism, IO: optical isolator, 𝜆/2: half-wave
plate, PBS: polarizing beam splitter, FC: fiber coupler,
FA: fiber attenuator, 10% R: 10% reflector, 50% R: 50%
reflector, PD: photodetector, BD: beam dump, ONF: opti-
cal nanofiber, 𝜆/4: quarter-wave plate, and PMT: photo-
multiplier tube. The upper picture is the heating system
of the nanofiber composed of flange, feedthrough, Al heat-
ing fixture, Al holder, and ceramic heater.

A schematic diagram of the experimental setup is
shown in Fig. 1. The incident beam from the 852 nm
diode laser passes through a shaping prism and an
optical isolator. When the input beam arrives at the
polarizing beam splitter, it is separated into two parts.
The reflected beam is used to build the saturated ab-
sorption spectroscopy, and the transmitted beam is
launched into the 𝜆/2 plate and the polarizing beam
splitter for the purpose of adjusting the beam inten-
sity further. Then the beam enters the fiber attenua-
tor, which can reduce the beam power further to the
order of nanowatt, and it is coupled into the optical
nanofiber by a fiber coupler. The output beam from
the other end of the fiber is detected by two photo-
multiplier tubes after it passes the fiber coupler, the
𝜆/4 plate, and the polarizing beam splitter. The cen-
ters of the Helmholtz coils are aligned with the waist
of the nanofiber, which locates in the homogeneous
magnetic field region. The heating equipment of the
nanofiber is shown in the inset of Fig. 1, and the fiber is
mounted on two higher ends with UV epoxy of a piece
of aluminum heating fixture. The aluminum heating
fixture sits on a ceramic heater and is held (with set
screws) on an aluminum holder. The aluminum holder
is mounted on the feed-through flange used for feeding
the fiber in and out of the flange. Power feedthrough
is designed for the ceramic heater and thermal cou-
ple. The thermal couple is placed on the aluminum
heating fixture to monitor the real-time temperature
of the nanofiber.

As described above, a pair of Helmholtz coils are
used to produce a homogeneous magnetic field. The

magnetic field at the center of two coils is given by

𝐵 =
8

53/2

𝑁∑︁
1

1

𝑅i
𝜇0𝑁𝐼,

where 𝜇0 is the permeability of a vacuum, 𝑁 is the
turns of coils, 𝐼 is the applied current of coils, and
𝑅i is the radius of the 𝑖th coil. In our experiment, we
made 200 turns coils with diameters in the range of 10–
13 cm to produce a magnetic field with 0–100Gauss.
We can obtain the relationship between magnetic field
and current at the central axis of two coils and the re-
sults are shown in Fig. 2.
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Fig. 2. (Color online) External magnetic field as a func-
tion of distance along the center of two coils (a) and ap-
plied current (b).

We can obtain that there is a homogeneous distri-
bution of magnetic field between a pair of Helmholtz
coils with a length of about 4 cm, the magnetic field
changes uniformly with current at the center of two
electrified coils, and the increasing rate of the mag-
netic field is 26.58(±0.11)G/A.

The linear polarization in the optical nanofiber can
be considered as the coherent superposition of two or-
thogonal circular polarization states, 𝜎+ and 𝜎− po-
larization light of equal intensities. In the absence of a
magnetic field, the two atomic transitions are degen-
erate and absorb both polarizations equally. If a mag-
netic field exists, this degeneracy will be lifted (the
Zeeman shift) and the system will become dichroic.
The 𝜎+ and 𝜎− spectra will be absorbed at the higher
and lower frequencies, respectively. We can obtain the
frequency shift according to[24]

𝛿𝜔 = 𝑔F
𝜇B𝐵

~
𝑚F,

where 𝑔F is the Landé 𝑔-factor, 𝜇B is the Bohr mag-
neton, 𝐵 is the applied magnetic field, and 𝑚F is the
magnetic quantum number.
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The saturated absorption spectroscopy of the tran-
sition of the cesium D2 line as a frequency reference
signal is obtained by a photodetector and can be seen
in a four-channel digital signal oscilloscope, as shown
in the blue lines in Fig. 3. We turn on the current of
the cesium dispenser, and cesium atoms will distribute
over the entire chamber several minutes later. Atoms
will interact with an evanescent field on the waist of
the nanofiber[25] and we can observe the absorption
spectroscopy of the cesium D2 line. The laser fre-
quency is detuned from 62𝑆1/2, 𝐹 = 3 → 62𝑃3/2, 𝐹

′ =
3 (Fig. 3(a)) and from 62𝑆1/2, 𝐹 = 4 → 62𝑃3/2, 𝐹

′ = 5
transitions (Fig. 3(b)), respectively. In the absence
of the external magnetic field, and the circularly po-
larized absorption spectrum through the nanofiber is
recorded on a digital oscilloscope (shown with red solid
lines). Applying an external magnetic field (58 G) on
the waist of the nanofiber, we can clearly observe a
frequency shift of the 𝜎+ component and the 𝜎− com-
ponent at the higher frequency and lower frequency
(shown with red dashed lines), respectively.
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Fig. 3. (Color online) Absorption spectrum of 𝜎+ and
𝜎− circularly polarized spectra in the absence (red solid
line) and presence of the magnetic field (58G) (red dashed
line) from ground states 𝐹 = 3 (a) and 𝐹 = 4 (b). The
saturated absorption spectroscopy (blue line) acts as the
reference frequency.

Zeeman spitting as a function of magnetic field is
demonstrated in Fig. 4. Frequency shifts of 𝜎+ and
𝜎− circularly polarized spectra are increasing and de-
creasing with the increasing magnetic field, respec-
tively. When the external magnetic field is zero, the
energy level will not spit and in the presence of an
external magnetic field, there exist different frequency
shifts for different ground states. We can obtain that
𝜎+ and 𝜎− circularly polarized spectra are asymmet-
ric. The reasons for unharmonious spitting are multi-
ple, such as individual Landé 𝑔-factors for each tran-
sition while optical pumping[26,27] needs to be consid-
ered to remove this inconsistency. In the nanofiber

system, a detailed analysis of all fiber-related bire-
fringence effects[28] is required. Also, specifically to a
nanofiber, there may be effects from the atom-surface
interactions at the fiber waist. During the measure-
ments presented here, the intensities of the two spec-
tra have a tendency to vary in magnitude as a func-
tion of time. To maintain the signal, it is necessary
to rotate the 𝜆/2 plate by a few degrees. In ad-
dition, we propose that the change of beam polar-
ization in the nanofiber resulting from fiber birefrin-
gence needs to be addressed by implementing either
a Berek compensator[29] before the fiber coupler or
a polarization-maintaining tapered fiber.[30] As shown
in Fig. 4, the frequency shift will increase and decrease
the 𝜎+ component and the 𝜎− component, respec-
tively, for both the 𝐹 = 3 → 𝐹 ′ transition and the
𝐹 = 4 → 𝐹 ′ transition, and those data are obtained
by an average of 16 times in steps of 0.2A. As a result,
the typical frequency shift rates of 𝐹 = 3 and 𝐹 = 4
ground states are measured. For the 𝜎+ component,
the shift rates of 𝐹 = 3 and 𝐹 = 4 ground-state ce-
sium atoms are measured to be 3.10(±0.19)MHz/G
and 3.91(±0.16)MHz/G. For the 𝜎− component, the
values are measured to be −2.81(±0.25)MHz/G and
−0.78(±0.28)MHz/G. Compared with the Zeeman
shift rates[31] in the cesium cell, the measured results
of Zeeman shift rates of the cesium D2 line in the
nanofiber system are at the same order of magnitude.
However, we successfully achieve measurement of Zee-
man shift of cesium D2 line rates at ultralow power
(nanowatt level).
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Fig. 4. (Color online) Zeeman shift of 𝜎+ and 𝜎− circu-
larly polarized spectra from 𝐹 = 3 (blue) and 𝐹 = 4 (red)
ground states.

In summary, we have successfully observed the
Zeeman shift phenomenon of the cesium D2 line us-
ing an optical nanofiber and measured the Zeeman
shift rates. An optical nanofiber heating installation
is designed to guarantee ultrahigh transmission of the
nanofiber. A pair of Helmholtz coils are used to pro-
duce a homogeneous magnetic field in definite distance
at different currents. When a dc magnetic field has the
same propagation direction with incident light, the
𝜎+ and 𝜎− spectra are absorbed at the higher and
lower frequencies, respectively. For the 𝜎+ compo-
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nent, the shift rates of 𝐹 = 3 and 𝐹 = 4 ground-state
cesium atoms are measured to be 3.10(±0.19)MHz/G
and 3.91(±0.16)MHz/G. For the 𝜎− component, the
values are measured to be −2.81(±0.25)MHz/G and
−0.78(±0.28)MHz/G. Based on the nanofiber system,
we intend to stabilize the frequency of the laser by
a dichroic atomic-vapor laser lock (DAVLL), which
depends on the difference in absorption rates of the
two components. In addition to the advantages of
the DAVLL technique,[32] such as the large recapture
range and free modulation, this nanofiber system can
provide a stable frequency reference due to the low
variety of magnetic field in a local narrow region.
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