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SPECIAL TOPIC — Ultracold atom and its application in precision measurement
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We report a transportable one-dimensional optical lattice clock based on 87Sr at the National Time Service Center.
The transportable apparatus consists of a compact vacuum system and compact optical subsystems. The vacuum system
with a size of 90 cm×20 cm×42 cm and the beam distributors are assembled on a double-layer optical breadboard. The
modularized optical subsystems are integrated on independent optical breadboards. By using a 230 ms clock laser pulse,
spin-polarized spectroscopy with a linewidth of 4.8 Hz is obtained which is close to the 3.9 Hz Fourier-limit linewidth. The
time interleaved self-comparison frequency instability is determined to be 6.3 × 10−17 at an averaging time of 2000 s.
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1. Introduction

At present, the uncertainty or instability of the atomic op-
tical clocks[1,2] reaches 10−19, which is better than the existing
microwave clocks by nearly two orders of magnitude.[3–7] As
one of the candidates for the next-generation time-frequency
standard, atomic optical clocks have been developed in
many laboratories.[1,8–12] The optical clocks can be used for
high precision tests of fundamental physics constants,[13,14]

chronometric leveling-based geodesy,[15] gravitational wave
detection,[16] topological dark matter hunting,[17] frequency
metrology, and timekeeping.[18]

Most of the optical clocks are confined in laboratories
due to their complicated and bulky experimental apparatuses,
which limit the application of the optical clocks in scientific
research and engineering. Therefore, it is necessary to design
and develop more compact and transportable optical clocks,
which have not only low instability and uncertainty, but also
high operation reliability under different conditions[19,20] to
promote the comparison of clock signals, especially inter-
continental comparison, more accurate and cost-effective than
satellite link and long-distance optical fiber link. Furthermore,
the development of transportable clocks is highly conducive to
the research on space optical clocks.[21]

To date, a number of groups have demonstrated the
transportable optical clocks. In 2014, the transportable bo-

son 88Sr optical lattice clock was developed by the Italian
LENS team with a physical system size of less than 2.0 m3,
a systematic uncertainty of 7.0 × 10−15, and an instability
of 4.0 ×10−15/τ1/2.[8] In 2017, the German Physikalisch-
Technische Bundesanstalt realized a transportable 87Sr optical
lattice clock with systematic uncertainty of 7.4× 10−17 and
instability of 1.3 ×10−15/τ1/2, while the entire experimental
system was reduced to a size of 2.2 m×3 m×2.2 m.[22] In
China, the Wuhan Institute of Physics and Mathematics of the
Chinese Academy of Sciences developed a transportable cal-
cium ion optical clock in 2016. The systematic uncertainty is
7.8×10−17 and the instability is 2.3 ×10−14/τ1/2.[23]

Considered as one of the promising candidates for the re-
definition of a second of the international system of units (SI),
the strontium optical lattice clocks are constructed at the Na-
tional Time Service Center.[11] So far, the stationary 87Sr opti-
cal lattice clock has a frequency instability of 4.0×10−17 at an
averaging time of 8000 s and uncertainty of 9.6×10−17.[24–26]

Based on the stationary 87Sr optical lattice clock, we develop
a transportable optical clock. In this paper, we introduce the
progress of the transportable optical clock based on 87Sr. First
of all, we miniaturize the vacuum system. At the same time,
all the sub-optical systems are modularized and fiber-coupled
into the vacuum system so that every part can be easily moved.
Then a spin-polarized clock transition spectroscopy with a nar-
row linewidth of 4.8 Hz is obtained. Furthermore, we realize
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the closed-loop operation and measure the frequency instabil-
ity using the time interleaved self-comparison method.

2. The transportable optical clock setup
2.1. The vacuum system

The vacuum system mainly includes an atomic oven,
a Zeeman slower, and a science chamber for the magneto-
optical trap (MOT), as shown in Fig. 1(a), with a size of 90 cm
×20 cm×42 cm.

The oven is heated to generate strontium atomic vapor.
Then the atomic beam is high-collimated by a nozzle con-
taining 50 capillaries (length: 15 mm, diameter: 0.2 mm).
The atomic flux of the thermal atomic beam is about 5 ×
1011 atoms/s at the oven temperature of 733 K. The atomic
beam propagates along a homemade Zeeman slower which
consists of eight independent coils with an approximately ef-
fective length of 18 cm.[27] With the combination of the Zee-
man slowing laser and the Zeeman compensating magnetic
field, the atomic velocity is reduced to a couple of tens meters
per second. A sapphire window, which can prevent strontium
vapor coating, is used for coupling the Zeeman slowing laser
into the Zeeman slower effectively. The oven region and the
MOT region are pumped by two ion pumps at speeds of 25 L/s
and 45 L/s, respectively. During clock operation, the pressure
in the oven region is 3.6× 10−6 Pa and that in the MOT is
1.9×10−7 Pa.

The decelerated atomic beam is trapped by standard MOT
technique at the center of the science chamber with fourteen
CF16 optical windows, as shown in Fig. 1(a). The diameter of
the chamber is 18 cm. The quadrupole magnetic field in the
MOT is generated by a pair of anti-Helmholtz coils. The coils
have a radius of 64 mm and are winded by copper wires with
a diameter of 1.5 mm. The distance between the two coils is
25 mm. An axial gradient magnetic field of 46 G/cm is ob-
tained when the coils are supplied with 12 A current.

Figure 1(b) shows the layout of the vacuum system placed
on a double-layer transportable breadboard. The vacuum sys-
tem is mounted on the upper layer. Beam distributors for
both first-stage and second-stage MOTs are built on the bot-
tom layer. The whole double-layer transportable device has a
size of 100 cm×50 cm×60 cm.

The experimental arrangement for all laser beams cou-
pled into the MOT is depicted in Fig. 1(c). The 461 nm
trapping beams, the 689 nm trapping and stirring beams, the
679 nm and 707 nm repumping beams pass through the sci-
ence chamber doubly. The 813 nm lattice beam is spatially
overlapped with the atomic cloud to load atoms. The 698 nm
clock laser passes through the chamber singly and excites
atoms to obtain the clock transition spectrum. The polarized
laser at 689 nm passes through the chamber singly in the grav-
ity direction. A photomultiplier tube (PMT, H11526-20-NF,

Hamamatsu) and an electron multiplying charge-coupled de-
vice (EMCCD, DU-897, Andor) are used for fluorescence de-
tection in the orthogonal direction of the detecting laser beam
to minimize the background noise.

90 cm
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Zeeman slower
27 cm

MOT
18 cm

2D 
collimation

25 L/s ion pump 40 L/s ion pump

sapphire 
window

461 nm slowing

461 nm trapping Y
689 nm trapping Y
689 nm stirring Y

461 nm trapping X
689 nm trapping X
689 nm stirring X

689 nm polarizing

461 nm trapping Z
689 nm trapping Z
689 nm stirring Z

698 nm clock laser 

(a)

(b)

(c)

Sr atoms beam

EMCCD
observation

PMT 
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Fig. 1. (a) Technical drawing of the design of the vacuum system. (b)
Layout of the vacuum system. (c) Experimental arrangement of all laser
beams. EMCCD: electron multiplying charge-coupled device, PMT:
photomultiplier tube.

2.2. Laser systems

To prepare atomic samples, the first stage cooling, the
second stage cooling, and subsequent optical trapping in a
one-dimensional (1D) lattice are performed.[11] To achieve the
spectroscopy of the clock transition, the atoms are interrogated
by a clock laser. Laser sources of six different wavelengths are
used for the transportable optical clock according to the en-
ergy level structure of 87Sr.[11] The involved laser subsystems
are miniaturized and modularized as follows.

2.2.1. The first stage cooling laser system

In the first stage cooling, the atoms are three-dimensional
magneto-optical trapped with the transition of (5s2)1S0(F =
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9/2)–(5s5p)1P1(F = 11/2) corresponding to a wavelength of
461 nm. But the transition is not perfectly closed. In order
to improve the efficiency of the first stage cooling, repumping
lasers at 707 nm and 679 nm corresponding to the transitions
of (5s5p)3P2–(5s6s)3S1 and (5s5p)3P0–(5s6s)3S1 are used to
pump the atoms to the (5s5p)3P1 state, in which the atoms fi-
nally decay to the ground state.

A frequency-doubled 600 mW 461 nm laser (SHG-pro,
Toptica) is employed in this stage. Figure 2(a) shows the
schematic of the 461 nm laser system. The output of the
461 nm laser is divided into five parts for frequency lock-
ing, two-dimensional (2D) collimation, Zeeman slowing, trap-
ping, and detecting with detunings of 51.8 MHz, −48 MHz,
−469 MHz, −25 MHz, and 0 MHz, respectively. The detun-
ing is given by ∆ =ωlaser−ωatom, where ωlaser is the frequency
of every light and ωatom is the frequency of resonance tran-
sition (5s2)1S0(F = 9/2)–(5s5p)1P1(F = 11/2) of 87Sr. The

laser frequency is locked to the (5s2)1S0–(5s5p)1P1 transition
of 88Sr. The 2D collimating beam is split into two parts evenly,
propagating along the horizontal and vertical directions. Each
collimating beam with power of 50 mW is especially shaped
to an elliptic spot with a size of 30 mm×10 mm to reduce the
atomic beam’s divergence angle effectively. In order to bal-
ance the radiation pressure, both the beams are retro-reflected.
A 30 mW Zeeman slowing laser with a diameter of 12 mm is
coupled into the Zeeman slower to decrease the velocity of the
atomic beam from 360 m/s to 50 m/s. Three pairs of counter-
propagating trapping beams with a total power of 27 mW and
a diameter of 12 mm are sent to the science chamber. The
detecting laser beam for the fluorescence spectroscopy with a
diameter of 5 mm is power stabilized to 1.3 mW by a noise
eater (NEL01/M, Thorlabs). Figure 2(b) is the layout of the
461 nm laser system with size of 90 cm×60 cm.
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Fig. 2. Laser systems for the first cooling stage: (a) schematic and (b) layout of the 461 nm laser system setup; (c) schematic and (d) layout of
the repumping laser system setup. HR: the mirror with high reflectivity; L: lens; HWP: half-wave plate; PBS: polarizing beam splitter; AOM:
acousto-optic modulator; PD: photodetector; PM fiber: single-mode polarization-maintaining fiber; SM fiber: single-mode fiber.

Two external cavity diode lasers (ECDL) at 679 nm and
707 nm are employed as the repumping lasers. Figures 2(c)
and 2(d) show schematic and layout of the repumping lasers,
respectively. The 679 nm laser and the 707 nm laser beams
are coupled into a single optical fiber after AOM6 (80 MHz).
The output powers of the two lasers are 7 mW and 12 mW,
respectively. In order to cover all hyperfine state transitions,
the frequency of the 707 nm laser is scanned over 5 GHz.[11]

The entire system is placed on a 60 cm×45 cm breadboard.
In the experiment, the repumping beams with the same diame-
ter of 15 mm are superimposed on the 461 nm detecting beam
through a dichroic mirror. The number of atoms in the first-
stage MOT is increased by a factor of 40 when adding the

repumping lasers. After the 500 ms first-stage MOT, the di-
ameter of the atomic cloud is about 1 mm with the number of
1.7×107 and a temperature of 5.1 mK measured by the time-
of-flight (TOF) method.

2.2.2. The second stage of cooling laser system

For the second stage cooling, all the optical beams are
produced in a compact module mainly containing a master
laser and two slave lasers at 689 nm. The schematic of the
689 nm laser system is shown in Fig. 3(a). The master ECDL
(Toptica) is frequency-locked to an ultralow-expansion (ULE)
cubic cavity (Stable Laser Systems)[28] by using the Pound–
Drever–Hall (PDH) technique. The length of the cubic cavity
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is 25 mm and the zero crossing is 42.93 ◦C. The fineness is cal-
culated to be about 2×105 by measuring the ring-down spec-
troscopy. To evaluate the linewidth and instability, we employ
heterodyne beating of the master laser with another narrow
linewidth test laser at 689 nm locked on another ULE optical
cavity with a finesse of 1.2×104. The linewidth of the master
laser is approximately 163 Hz (full width at half maximum)
by Lorentz fitting a heterodyne beat. The instability measured
by the fractional Allan deviation is 1.6×10−14 at 1 s.

75 cm

11 cm

10 cm

PBS

HWP

PD

AOM8

AOM10

AOM11

HR

EOM

QWP

5 MHz

ISO

ISO

BS

ISO

AOM9

servo

master laser

689 nm

689 nm

689 nm

25 mm

slave
laser 1

slave
laser 2 trapping/stirring Y

trapping/stirring X

trapping/stirring Z

cavity

PM fiber

AOM11

AOM7

(a)

(b)

Fig. 3. (a) Schematic and layout of the second-stage cooling laser system.
EOM: electro-optic modulator; AOM7–AOM11: acousto-optic modulator
at 689 nm with frequency shifts of −2175 MHz, +520 MHz, +214 MHz,
−520 MHz, −209 MHz; HR: high-reflectivity mirror; QWP: quarter-wave
plate; HWP: half-wave plate; ISO: optical isolator; PBS: polarizing beam
splitter; PD: photodetector; BS: beam splitter; PM fiber: single-mode
polarization-maintaining fiber. (b) Layout of the second-stage cooling laser
system. The insert in (b) is the vacuum chamber for the cubic cavity with a
height of 10 cm and a diameter of 11 cm.

Utilizing the optical injection locking technique, the two
slave lasers inherit the master laser’s properties including
linewidth and instability. We use a confocal Fabry–Perot
cavity with a 1.5 GHz free spectral range and a finesse of
120 to monitor the single-longitudinal-mode operation con-
dition of the slave lasers. The output from slave laser 1,
modulated by AOM9, is used as trapping light correspond-
ing to the inter-combination transition of (5s2)1S0(F = 9/2)–
(5s5p)3P1(F = 11/2) of 87Sr atoms. The slave laser 2, mod-
ulated by AOM11, is used as stirring light corresponding to
the transition of (5s2)1S0(F = 9/2)–(5s5p)3P1(F = 9/2). The

frequency difference between trapping light and stirring light
is 1.46 GHz. The diameter of the 689 nm beams into the first-
stage MOT is 10 mm. Figure 3(b) is the layout of the 689 nm
laser system. The 75 cm×75 cm platform is covered with an
acoustic-damping material enclosure. The vacuum chamber
for the cubic cavity in the inset of Fig. 3(b) has a height of
10 cm and a diameter of 11 cm.

After the first stage cooling, the Zeeman slower is turned
off and the MOT magnetic field gradient is reduced to 3 G/cm
immediately. In order to cover a wide range of atomic ve-
locities during the atom transfer process from the first-stage
to the second-stage MOT, both wide line trapping and stirring
laser beams for the second-stage MOT should be frequency-
modulated at 50 kHz with a span of 3.4 MHz. The laser power
is 2 mW for wide line trapping and stirring at each direction.
In the wide line trapping and stirring phase of 100 ms, the
MOT magnetic field gradient of 3 G/cm lasts for 10 ms and
is linearly increased to 10 G/cm to compress the atomic cloud
within 90 ms. Then we switch into the narrow line trapping
and stirring to further reduce the temperature of the atomic
clouds. The powers of each narrow line trapping beam and
stirring beam are about 40 µW and 10 µW, respectively. The
narrow line trapping and stirring last for 30 ms under the con-
stant magnetic field gradient of 10 G/cm. The final transfer
efficiency of atoms from the first-stage MOT to the second-
stage MOT is approximately 10%. After the second stage of
cooling, the atomic cloud has a size of about 0.6 mm with the
number of 2.0×106 and a temperature of 4.4 µK.

2.2.3. Lattice laser and clock laser system

For the 1D optical lattice trapping, we use a 1 W diode
laser at the magic wavelength of 813 nm (TA-pro, Toptica)[29]

which is fixed on a 50 cm×45 cm breadboard. The lat-
tice laser output is coupled into a single-mode polarization-
maintaining fiber and focused into the center of the MOT
with a 150 mm focus length lens. After reflected and shaped,
the retro-reflected beam superposes with the incident beam
to form a 1D lattice. The waist of the incident beam and
retro-reflected beam is approximately 46 µm. In order to load
atoms efficiently, the waist positions are overlapped with the
atomic cloud exactly. When the power of the incident beam
is 400 mW, the depth of the lattice is 21.1 µK, deep enough
to trap atoms from the second-stage MOT. The experimental
arrangement of the lattice trap is shown in Fig. 4. The lifetime
of atoms trapped in the lattice is measured to be 600 ms.

In the opposite direction of the 813 nm laser beam is the
698 nm clock laser beam corresponding to the transition of
(5s2)1S0(F = 9/2)–(5s5p)3P0(F = 9/2). The 698 nm ECDL
(Toptica) is locked to a 10 cm ULE cavity with the finesse of
4× 105 by the PDH method. The linewidth is approximately
1 Hz.[11] The 698 nm laser is delivered to the MOT by a 10 m
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single-mode polarization-maintaining fiber. In Fig. 4, AOM12
is used to scan the frequency of the light and enable frequency
feedback to match the transportable optical clock transition.
The 698 nm beam is approximately collimated with a waist of
400 µm. The size of the 698 nm laser system is about 80 cm
×80 cm×25 cm.

Both polarizations of 698 nm clock laser and 813 nm lat-
tice laser input into the MOT are purified as linear in gravity
direction by using two Gran–Taylor prisms.

PBS

HWP

PD

EOM

5 MHz

ISO
laser

laser

698 nm

813 nm

cavity

PM fiber
10 cm ULE 

QWP

L L

DMMOT GTPGTP

AOM12
fiber phase noise

cancellation system

servo

EOM

Fig. 4. Schematic of 813 nm and 698 nm experimental setup. EOM:
electro-optic modulator; AOM12: acousto-optic modulator at 698 nm
with a frequency shift of −410 MHz; QWP: quarter-wave plate; HWP:
half-wave plate; ISO: optical isolator; PBS: polarizing beam splitter;
PD: photodetector; GTP: Gran–Taylor prism; DM: dichroic mirror; L:
lens with focus length of 150 mm; PM fiber: single-mode polarization-
maintaining fiber.

3. Experimental results
3.1. Resolved sideband spectroscopy

After being loaded into the lattice, the atoms are interro-
gated by 698 nm clock laser with a pulse length of 80 ms and
a power of 300 µW. We use a normalized electron-shelving
detection technique[30] by applying a combination of 461 nm
detecting light for atoms fluorescence on the ground state 1S0

and repumping light to repump the excited atoms back to the
ground state. Then we can get the normalized excitation frac-
tion at the frequency of the interrogation laser. By scanning the
frequency of the clock laser with steps of 300 Hz, the resolved
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Fig. 5. Resolved sideband spectroscopy of the clock transition con-
sisting of a narrow carrier peak in the center, red sideband, and blue
sideband.

sideband spectroscopy of the clock transition is obtained as
shown in Fig. 5. The result indicates that the longitudinal trap-
ping frequency of the lattice is approximately 68 kHz accord-
ing to the frequency gap between the carrier and red sideband
(or the blue sideband). The corresponding trap depth is about
20.8 µK consistent with the theoretical result. According to
the area ratio of the blue sideband to the red sideband,[31] the
temperature of the atoms is calculated as 3.3 µK in the longi-
tudinal axis. Moreover, the linewidth of the carrier spectrum
is 495 Hz by Lorentz fitting as shown in Fig. 5.

3.2. Spin-polarized spectra

Since 87Sr has a nuclear spin I = 9/2, there are ten ground
sublevel states. In order to increase the signal to noise ra-
tio and excitation ratio, the atoms are pumped into stretched
states of mF = +9/2 or mF = −9/2 using a weak polar-
ized light in the direction of gravity. The frequency of the
polarized light is resonant with transition (5s2)1S0(F = 9/2)–
(5s5p)3P1(F = 9/2). During the spin polarization process,
a group of three-dimensional compensating coils is turned
on to remove the horizontal magnetic field and a weak bias
magnetic field of about 100 mG is applied in the direction of
gravity. Meanwhile, the 200 µW polarized light is turned on
and lasts for 15 ms. The polarization of the polarized light is
adjusted by a liquid crystal wave plate into σ+ or σ−, and the
atoms are prepared into the stretched state of mF = +9/2 or
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Fig. 6. (a) The measured spin-polarized spectra of the transitions from
mF = +9/2 to mF = +9/2 and from mF = −9/2 to mF = −9/2. (b)
Lorentz fitting (red solid) for the spin-polarized spectroscopy of the
transition from mF = +9/2 to mF = +9/2 shows the linewidth of
4.8 Hz when the 698 nm interrogation time is 230 ms.
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mF =−9/2. After completing spin polarization, the bias mag-
netic field in the direction of gravity is increased to 330 mG
to separate the ground sublevels. Furthermore, we perform
spin-polarized spectra[32] using a 30 nW interrogation laser
with 180 ms pulse length, as shown in Fig. 6(a). Lorentz fit-
tings show that the linewidths are 6.4 Hz and 7.3 Hz for the
spin-polarized spectra of the transitions from mF = +9/2 to
mF =+9/2 and from mF =−9/2 to mF =−9/2, respectively.
In order to achieve a narrower spin-polarized spectroscopy, the
power of the interrogation laser is decreased to 10 nW and the
pulse length is increased to 230 ms. The transition spectrum of
mF =−9/2 is achieved, as shown in Fig. 6(b). The linewidth
of 4.8 Hz is obtained by Lorentz fitting, which is close to the
Fourier limit of 3.9 Hz.

3.3. Frequency instability measured by self-comparison
method

The time interleaved self-comparison method, usually
employed to measure the systematic frequency shift, is used
to verify the frequency stability improvement of the trans-
portable optical clock.[33,34] Figure 7 shows the schematic
of the time interleaved self-comparison measurement of the
transportable optical clock. As shown in Fig. 7(a), the clock
laser is modulated by AOM12. The radio frequency (RF) sig-
nal is supplied by an arbitrary function generator locked to an
H-master (10 MHz). Two independent digital feedback loops
servos A and B share the same spin-polarized spectroscopy
of (5s2)1S0(F = 9/2, mF =+9/2)–(5s5p)3P0(F = 9/2, mF =

+9/2) as reference and operate with the same experimental
parameters. The servos A and B are compared in time inter-
leaved way. The duration of each interleaved measurement
cycle which includes four equal clock cycles is 4 s. For servo
A, the difference between the measured excitation probability
at half width points of the spin-polarized spectroscopy (P1,A–
P2,A) gives the frequency error signal of the interrogation laser
respect to the atomic transition in 1–2 clock cycles, as shown
in Fig. 7(b). The error signal is fed into a digital proportional-
integral differentiation (PID) filter to evaluate the correction
frequency fA that will be applied to the clock laser frequency
for the next interrogation. For servo B (P1,B–P2,B), the error
signal is obtained in 3–4 clock cycles. Another independent
digital PID filter is employed to correct the fB. The two cor-
rection frequencies fA and fB are fed back to the AOM12 al-
ternately to keep in-loop operation. The difference between fA

and fB is used for the evaluation of the frequency instability by
the self-comparison measurement.

Figure 8 presents the Allan deviation by calculating the
measured frequency differences. The differential frequency
instability is 6.3 × 10−17 at an averaging time of 2000 s.
The fitting shows that the time interleaved self-comparison
frequency instability is 3.6 ×10−15/τ1/2 affected mainly by

white noise.

clock laser

RF source

AOM 12

lattice

servo A

servo B

10 MHz

PMT

H maser

fA

fB

servo A

servo B

time

more cycles

one interleaved cycle

P1,A P2,A P1,B P2,B

(a)

(b)

Fig. 7. Schematic diagram of the time interleaved self-comparison mea-
surement method. (a) Two independent digital feedback loop servos
A and B alternatively probe the clock transition. The two correction
frequencies fA and fB are fed back to the AOM12 alternately to keep
in-loop operation. (b) The timing sequence of instability measurement.
Each interleaved measurement cycle contains 4 clock interrogation cy-
cles and the period of the single clock probe cycle is 1 s.
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Fig. 8. Differential frequency instability evaluation of the transportable
optical clock. The black solid squares show the Allan deviation of the
time interleaved self-comparison measurements. The Allan deviation
fits to 3.6×10−15/τ1/2 (red solid line).

4. Conclusion and perspectives
In summary, we have constructed a miniaturized and

modularized transportable optical clock. Compared with the
traditional stationary optical clocks, the transportable optical
clock has a more compact design. The volume of the vacuum
system is reduced to 90 cm×20 cm×42 cm and all optical
subsystems are integrated on independent optical breadboards.
Apart from the electronics, the whole setup has been con-
structed within a size of 0.65 m3. The spin polarization spec-
trum with a linewidth of 4.8 Hz is obtained, which serves as
a reference for the closed-loop operation of the transportable
optical clock. The frequency instability is 3.6× 10−15/τ1/2

and reaches 6.3× 10−17 at an averaging time of 2000 s mea-
sured by the time interleaved self-comparison method. After
completing the uncertainty evaluation and measurement of the
absolute frequency of the clock transition in the next step, the
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transportable optical clock is expected to perform frequency
comparison with other clocks and precision measurement.
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