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We investigate experimentally and numerically the quantitative dependence of characteristics of a low-velocity inten-
sity source (LVIS) of atomic beam on light parameters, especially the polarization of cooling laser along the atomic beam
axis (pushing beam). By changing the polarization of the pushing beam, the longitudinal mean velocity of a rubidium
atomic beam can be tuned continuously from 10 to 20 m/s and the flux can range from 3 x 108 to 1 x 10° atoms/s, corre-
sponding to the maximum sensitivity of the velocity with respect to the polarization angle of 20 (m/s)/rad and the mean
sensitivity of flux of 1.2 x 10° (atoms/s)/rad. The mechanism is explained with a Monte-Carlo based numerical simula-
tion method, which shows a qualitative agreement with the experimental result. This is also a demonstration of a method
enabling the fast and continuous modulation of a low-velocity intense source of cold atomic beam on the velocity or flux,
which can be used in many fields, like the development of a cold atomic beam interferometer and atom lithography.
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1. Introduction

Since the first demonstration of a laser-cooled atomic
beam by Phillips and Metcalf,!!! a bright and cold atom beam
has become the basis of many precise measurements and atom
optic experiments, including ultra-high-resolution atomic and

molecular spectroscopy,>?! atom frequency standards,!*"!

[6.7]

Bose—FEinstein condensation (BEC) experiments, atom

8-121 atom lithography,[!3! etc. The desirable

interferometers,
features for a cold beam of neutral atoms are high flux at
low average velocity, small divergence, tunability of flux and
velocity, and robustness and stability in the beam parame-
ters, which are especially important in our case, where a cold
atomic beam of rubidium is directly used as a matter wave
source for an atom interferometer.!'#!

For obtaining a high-flux low-velocity atomic beam,
two classes can be generally identified among the different
schemes developed. One of the earliest methods is to start
with a thermal beam and decelerate it along its propagation
axis using radiation pressure in several methods, such as Zee-

1,15,16 15,17,18]

man slower,! | frequency-chirped laser radiation, !

isotropic light slowing,!'”! and wideband light slowing.[*%0]
Among these methods, Zeeman slowers are still widely used
to give a high flux of atoms (about 10'! — 10'? atoms/s). How-
ever, the process of cooling by all these techniques is accompa-
nied by associated photon heating, which induce unavoidable

increase in the transverse temperature of atoms and hence a
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decrease in the beam brightness and phase space density.

The other class of methods more recently adopted is to
use magneto-optic forces to first confine atoms in a vapor cell,
which form a reservoir from which atoms can be efficiently
ejected into a well-collimated beam. Vapor cells trade-off
flux (about 10° — 10'° atoms/s) for the transverse compres-
sion of the atomic beam, a decrease in the longitudinal ve-
locity of atoms and a reduced background of thermal atoms,
but with similar flux density and a greater flexibility in de-
sign. The three most common vapor cell designs have been de-
veloped according to different configurations of magnetic and
optical fields, including two-dimensional (2D) MOT,!21-23]
2D+ MOT 23] and its variations,'**3%! and 3D MOT or the
LVIS. 4431 Both the 2D+ MOT and LVIS designs use cool-
ing and radiation force imbalance along the flux axis to pro-
duce a slow and narrow velocity distribution to several me-
ters per second range, using a 2D and 3D quadrupole mag-
netic field, respectively. In the cases of the 2D MOT and 2D+
MOT design, the standard three-dimensional (3D) MOT ar-
rangement in the source chamber is replaced by a 2D MOT
configuration, with (2D+ MOT) or without (2D MOT) push
and cooling beam along the symmetry axis. These techniques
have been used for generating cold beams of different species
of atoms and molecules from alkaline atoms (Li, Na, K, Rb,
Cs) to the alkaline earths, [** metastable helium,*! and NH3
molecular. 4]

The choice of the method for producing a cold atomic
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beam depends on the specific requirements of the subsequent
experiment. Most of these continuous cold atomic beam are
eminently suitable for loading MOT, but are still very far from
the ideal of a continuous beam with a controllable velocity,
density, and temperature in the moving frame comparable to a
pulsed cold atomic source based on an MOT in the application
of an atom interferometer experiment. On one hand, flexible
velocity or flux tunability is important for getting precise con-
trol or modulation on parameters of a matter-wave source for a
well-defined de Broglie wavelength. On the other hand, these
factors may lead to the instability of beam parameters of an
atomic source, which induces phase noise of an atom inter-
ferometer. Several methods have been demonstrated for con-
trolling the flux of an atomic beam and correspondingly the
longitudinal velocity by changing the detuning of the cooling
beam,[*7*8] using separate “pushing” and “retarding” beams
along the flux axis,?”! or two-color pushing beams. [3°]

In this paper, we study the characteristics of an LVIS atom
beam as a function of light beam parameters, especially the
pushing light polarization. A 3’Rb atomic beam is prepared
and experimentally measured for this aim and a numerical sim-
ulation based on the Monte Carlo method is used to explain our
results qualitatively. Results show that pushing beam polariza-
tion angle may influence the longitudinal velocity and flux of
an LVIS atomic beam with the sensitivity of 20 (m/s)/rad and
1.2 x 10° (atoms/s)/rad, respectively. This also presents a sim-
ple method which enables fast modulation of an LVIS atomic
beam on the longitudinal mean velocity ranging continuously
from 10 to 20 m/s by changing the polarization of the pushing
beam.

2. Experimental setup

A diagram of the experimental setup is shown in Fig. 1.
The vacuum system consists of two chambers, each of which
is pumped with a single ion pump. One chamber, working for

(MOT), is pumped to 2 x 10~° Torr, and the other cham-
ber, working for the subsequent experiments, is pumped to
8 x 10719 Torr when the rubidium reservoir is turned off. The
two chambers are separated by a A /4 plate and a mirror, de-
noted as QWP1 and M1, respectively, each of which has a
hole of diameter 1.5 mm at its center (Fig. 1). An LVIS of
cold ¥’Rb atoms is generated from the first chamber in which
cold atoms are prepared in a vapor-cell 3D MOT. %! Standard
3D MOT optics with the retro-reflective configuration are im-
plemented with the cooling light tuned to the 8’Rb 5s2S, /2
F =2 —5p?P5,, F' = 3 allowed transition with a typical red
detuning of 6 = 4-5I" (where I' = 27 X 6 MHz is the nat-
ural linewidth of 8’Rb) and the repumping light tuned to the
5s2S1 )5, F =1 — 5p°P35, F’ = 2 allowed transition. The
total power of cooling beams is 150 mW with each pair of
45 mm waist beam corresponding to 4.5 mW/cm? peak inten-
sity. The repumping light of 12 mW total power is overlapped
with transverse cooling beams. To trap the atoms, a pair of
anti-Helmholtz coils oriented along the z-axis is used to gener-
ate a quadrupole magnetic field with a transverse field gradient
of about 15 G/cm. Using the holes drilled in QWP1 and M1,
one pair of cooling beams, here denoted as pushing beam, is
produced along the z-axis by retro-reflection of the light beam.
This generates a dark channel along the z-axis and allows cold
atoms to leak out continuously from the MOT chamber be-
cause of the unbalanced radiation pressure. The continuous
cold atomic beam then enters the next chamber with no fur-
ther cooling or collimation.

The longitudinal velocity and flux of the cold atomic
beam are measured by the time-of-flight (TOF) method, re-
alized by switching off the atomic beam using a plug beam.
The fluorescence of atoms, induced by a probe laser beam, is
collected by a photomultiplier tube (PMT, H7422-50, Hama-
matsu, Japan) in a distance of 0.7 m from the plug beam. Both
the plug beam and probe beam are tuned tothe F =2 — F' =3

an imbalanced three-dimensional (3D) magneto-optical trap  resonance.
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Fig. 1. (color online) (a) Schematic of the experimental layout for the LVIS system of 3’Rb atoms. M: mirror; HWP: half-wave plate; QWP:
quarter-wave plate; PMT: photomultipliers. (b) Level diagram for the ground states |1) and |2) and the excited state |e). The frequencies o,
and @, are used to induce Raman transitions between the two ground states.
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The transverse velocity distribution of the cold atomic
beam is measured by the two-photon velocity-selective Ra-
man transitions.*) When a pair of counter-propagation Ra-
man beams, in Doppler-insensitive geometries, meet at right
angle with the atomic beam, the detuning frequency of Raman
beam, 8p, is related to the transverse velocity vy,

Op = ket - vy, (D

where ket = ki — k; is the effective wave vector, k; = @;/c,
i = 1,2 is the wave vector of Raman beams, w;, i = 1,2 the an-
gular frequency of Raman beams, and ¢ the velocity of light.
By sweeping the detuning frequency Jp and getting spectrum
of the stimulated Raman transition, we can make measure-
ments of transverse velocity distribution of the atomic beam
from Eq. (1).

As shown in Fig. 1, the Raman beam 1 with crossed
linear polarization is converted into opposite circular polar-
izations using a quarter-wave plate (QWP3). After passing
through the atomic beam, the light fields are linearized by
another quarter-wave plate (QWP4), and ; and w, are spa-
tially separated by a polarizing beam splitter (PBS). Only
the @; beam is retro-reflected back through the atomic beam.
The counter-propagating Raman laser beams are generated for
Doppler-sensitive Raman transitions in the form of cT—o*
or 0-—0 transitions. Removing the QWP3 and blocking
the retro-reflected beam allows Raman transitions in Doppler-
insensitive geometries, which forms a Raman—Ramsey inter-
ferometer along with the Raman beam 2.1%) Raman beams are
generated based on a sideband injection-locking technique us-
ing a fiber electro-optical modulator (FEOM).>! To detect the
signals of the stimulated Raman transitions and the Raman—
Ramsey fringes, Raman detuning is adjusted by sweeping the
RF signal driving the Raman optics.

Before interacting with the Raman beams, the atoms ini-
tiated in the F = 2 ground state need to be state-prepared to
the magnetically insensitive |F = 1,mp = 0) ground state by
a combination of optical pumping beams 1 and 2, which are
tuned to F =2 — F' =2 allowed transitionand F =1 — F' =
0in o transitions (linear polarization orthogonal to the mag-
netic field), respectively. In addition, a constant magnetic bias
field is applied throughout the length of the second chamber to
define a quantization axis, horizontally in the direction of the
Raman beams, with a four-conductor magnetic field assembly
running inside the vacuum chamber (not shown in Fig. 1).

3. Numerical simulation

A numerical simulation based on the Monte Carlo method
is carried out to model the atomic beam characteristics in a
similar approach used by Chaudhuri et al.1*31 The simulation
considers motion equations of atoms, which are captured from

the background vapor in a 3D MOT, form into a beam un-
der the imbalanced radiation pressure, and then pass through a
hole into the next UHV chamber where the beam flux is mea-
sured.

For the description of motion of atoms in an MOT, we
consider the scattering force on atoms in the low-intensity
limit. The total scattering force on an atom is given by

L _
_ o c
Fvor = Fa + Fidaw> Where

pot _  IKT s

scatt — Tl+s+(26i/1“)2’ )

where I" is the natural linewidth of atomic transition and %k the
momentum of photons. s = I/ is the on-resonance satura-
tion parameter for the cooling laser, where 7 is the laser beam
intensity and gy is the saturation intensity for the atomic tran-
sition (I for the D, resonance line in Rb is 1.6 mW/cm?).

The frequency detuning from resonance, 81, for each
laser beam is given by

8. =& Fh-vu'B/n, 3)

where & is the laser frequency detuning from resonance, v
\/ B + B3 + B2 the magnitude
of local magnetic field produced by the anti-Helmbholtz coils.

the velocity of atoms, and B =

W = (geme — ggmg) Up is the effective magnetic moment for
the transition used, subscripts g and e refer to ground and ex-
cited states, respectively, go ¢ is the Lande g factor, ug is the
Bohr magneton, and myg. is the magnetic quantum number.
The third term of Eq. (2), +1'B/h is caused by the Zeeman ef-
fect. Figure 2 shows 81 corresponding to +|u'B/h| for z < 0
and 6~ to +|u'B/h| for z > 0.
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| | ‘
: s

Position
Fig. 2. Arrangement for the LVIS along the cold atom beam. The hor-
izontal axis represents the laser frequency seen by an atom at rest in
the center of the trap. The pushing beam and its retro-reflected beam
are elliptical, and it can also be seen as the composition of 6 and 6~
transition. Both of the cooling beams along the cold atomic beam can
work with both of the M, = +1 and M, = —1.

Equation (2) is based on a pure 6™ — ¢~ transition, which
corresponds to right circularly polarized pushing beam. When
rotating the A /4 wave plate denoted as QWP2 in Fig. 1, the po-
larization of the pushing beam can be changed to be elliptical.
Considering the x linearly polarized wave of initial Jones vec-
tor with expansions in linearly polarized basis Jy = [ﬁ;] =1
the final Jones vector of the light wave J after passing through
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the A /4 wave plate with its fast axis along an arbitrary direc-
tion at an angle 6’ with the x axis given with expansions in
circularly polarized basis:

_ AR
=[x
_ 1 [cos?@" —cos@'sin@’ + j(sin® 6’ — cos 6'sin 0')
T /2 |cos? 0’ +cosB sinB + j(sin> 6’ + cos 0’ sin 6
]

where AR and Ay, are right and left circularly polarized compo-

e

nents, respectively. Thus, the intensity component of the right
circularly polarized light Ir with respect to the total intensity

I of the light is given by
R |AR | 1 —sin26’ 5
R _ = = 6 5
T = AP AT 5 cos” 0, (%)

where = 0’ — /4. 6 = 0 corresponds to right circularly
polarized light which means pure ¢ transition in our case.
Combining Eq. (2) with Eq. (5) and ignoring the influence of
0~ — o transition pairs, the scattering force along the longi-
tudinal axis becomes Eq. (5)

E cos? Os
2 1+cos?0s+(26./T)2

+
[
F'catt ==+

S

(6)

Equation (6) is the basis for numerical simulation of the
LVIS source. Initial positions of atoms are chosen randomly
from the 3D cooling chamber. Initial velocities are chosen
according to the Maxwell-Boltzmann distribution at 300 K
using the Monte Carlo method. Trajectories of atoms are
numerically simulated in the presence of velocity-dependent
forces imparted by four transverse cooling laser beams and a
pair of longitudinal cooling beams with a dark column along
the atomic beam axis, and position-dependent forces induced
by a quadrupole magnetic field produced by anti-Helmholtz
coils. All laser beams are chosen to have Gaussian intensity
profiles truncated to the size of AR-coated windows of the
chamber along with appropriate polarizations and directions
for magneto-optical trapping. We ignore the heating due to
spontaneous emission and dipole forces on atoms since these
effects on atomic motions are much smaller than radiation
pressure forces. Collisional losses due to collisions with back-
ground rubidium atoms and cold collisions between atoms in
the cold atomic beam are also ignored. When moving into the
dark column region, an atom is acted by transverse cooling
light beams and only the pushing light beam in the +z direc-
tion, which creates a radiation imbalance in that region.

Starting with an initial sample of 1 x 107 atoms, we com-
pute their individual trajectories and obtain the fraction of
atoms being captured and transferred into the atomic beam.
Trajectories of 1000 atoms calculated by a 3D numerical sim-
ulation are shown in Fig. 3. To calculate the atomic beam flux,
the initial atom number are scaled up according to the rubid-
ium vapor pressure in the 3D cooling chamber.

3D-MOT with 1000 atoms

Fig. 3. Simulated trajectories of 1000 atoms captured in the vapor cell
3D MOT and transferred to an atomic beam (length in meters).

4. Results and discussion

We simulate numerically and measure experimentally
various beam characteristics of atoms, especially the atomic
beam flux and longitudinal velocity as functions of the cool-
ing beam detuning or the pushing beam polarization. One
simulated velocity distribution of an atomic beam extracted
from the LVIS and the corresponding experimental result are
shown in Fig. 4. The simulated mean longitudinal veloc-
ity is 7.3 m/s with a distribution of 3 m/s in full width at
half maximum (FWHM), compared to the experimental mean
longitudinal velocity of 12 m/s with an FWHM of 3.5 m/s.
Generally, atom numbers with low longitudinal velocity in the
experiments will be underestimated compared to those in the
simulation because atoms with low longitudinal velocity tend
to fall down under the action of gravity before they reach the

o the velocity distribution in simulation |
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— Gauss fit of the velocity distribution

600

400

200

Atom numbers/a.u.

Flux/(107 atoms/m)
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Fig. 4. (color online) (a) Numerical result of the longitudinal velocity

distribution of an atomic beam, the mean velocity is 7.3 m/s with an

FWHM of 3 m/s. (b) The corresponding experimental result, and the
mean velocity is 12 m/s with an FWHM of 3.5 m/s.
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detection region at a distance of 0.7 m from the ejection hole
and have not been counted in the experiment. Therefore, the
longitudinal velocity distribution in the simulation will totally
move towards the lower side compared to that in the exper-
iment under the same conditions. Numerical results show a
qualitative agreement with experimental results, but are help-
ful to understand the mechanism for tuning the beam charac-

teristics.
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tivity of 8.3 x 107 (atoms/s)/rad, compared to the experimental
results with a mean sensitivity of 1.2 x 10° (atoms/s)/rad. This
can be explained by considering the influence of gravity when
low-velocity atoms fly through a long distance and fall down
before they reached the detection region and hence cannot be
measured in the experiments. Experimental and numerical re-
sults show that changing the push beam polarization can be
an effective method to tune the velocity and flux of an LVIS
atomic beam source.

The variation of atomic beam characteristics is also stud-
ied as a function of frequency detuning of the transverse cool-
ing laser. Experimental and numerical data are shown in
Fig. 6. The change in the mean longitudinal velocity is about
1.1 m/s when the transverse cooling detuning is changed by
1I", as shown in Fig. 6(a), and the corresponding atomic beam
flux is changed and has the maximum flux when the detuning
is —4I". Although changing the frequency detuning of trans-
verse cooling beams is also an effective method for tuning the
velocity and flux of the LVIS beam,*’! but in some cases it is
not convenient to adjust the frequency of a cooling beam with-
out the power fluctuation of the cooling beam, for example
when using a single pass AOM for tuning the light frequency.
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Fig. 5. (color online) Experimental and simulation data showing the depen-
dence of atomic beam characteristics on polarization of the pushing beam.
(a) Mean longitudinal velocity versus polarization of the pushing beam. (b)
Atomic flux versus polarization of the pushing beam. The black rectangles
are the experimental results and the red circles the numerical results. The hor-
izontal axis represents the polarization angle of the pushing beam in the unit
of 71/16 rad and with the zero angle corresponding to a pure o transition.

Atomic beam characteristics generated in the LVIS are
studied with respect to variation of the pushing beam polar-
ization by rotating the quarter-wave plate QWP2. Experimen-
tal and simulation results are shown in Fig. 5. Here, the zero
polarization angle of the pushing beam is corresponding to a
pure o transition. Data are measured and numerically calcu-
lated when QWP?2 is rotated every 7/16 rad within the range
of £7/4 rad. The mean longitudinal velocity of the atomic
beam is sensitive to the variation of polarization of the push-
ing beam both in experiments and simulations. The maximum
sensitivity of the mean longitudinal velocity with respect to the
polarization angle can be up to 20 (m/s)/rad. However, the cor-
responding simulated atomic beam flux show a weaker depen-
dence on the polarization of the push beam with a mean sensi-
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Fig. 6. (color online) Experimental and simulation data showing the
dependence of atomic beam characteristics on the transverse cooling
beams detuning. (a) Mean longitudinal velocity versus detuning. (b)
Atomic beam flux versus detuning. The black rectangles and red circles
are the experimental and numerical results respectively. The horizontal
axis represents the frequency detuning of the transverse cooling laser
in the unit of the dimensionless parameter 8 /I", referred to the natural
linewidth of the 8’Rb atomic transition.
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Transverse velocity spread is measured by the Doppler-
sensitive Raman transition spectrum. The Doppler-sensitive
Raman transition spectra driven by the first £/2 Raman pulse
by blocking the Raman beam 2 shown in Fig. 1. The velocity-
sensitive Raman transition spectrum is shown in Fig. 7. The
transverse velocity spread of the atomic beam is approxi-
mately + 6.5 cm/s (FWHM), which can be estimated from
Eq. (1) with the ~ 336 kHz linewidth of velocity-sensitive Ra-
man transition. This corresponds to the transverse temperature
of 177 uK (Doppler cooling limit is 142 uK and 11.8 cm/s for
87Rb atoms) and the divergence of 8.6 mrad. Here the longitu-
dinal velocity of the atomic beam is v,o = 15.0 m/s and the lon-
gitudinal velocity spread is 6v, = 3.5 m/s. Doppler-insensitive
Raman transitions are driven by residual co-propagating Ra-
man lasers, and are shifted from the peaks by tilting the Raman

beams from the orthogonal propagation.

o
o

residual Doppler-insensitive
Raman transition

=
ot

=
[=}

o
o

—20 —10 0 10 20
1

Doppler-sensitive Raman transition/V

Transverse velocity/cm-s—

Fig. 7. (color online) Doppler-sensitive Raman transition spectrum for
measuring transverse velocity spread.

The tunability of the velocity and flux of a continuous
LVIS atomic beam are demonstrated in a Raman—Ramsey
atomic interferometer by changing the polarization of the
pushing beam. With the 7/2-7/2 pulse sequence, we ob-
tain the Raman—Ramsey fringes with an interaction-zone sep-
aration of L = 19 mm and an interaction-zone width of d =
1 mm. The Raman—-Ramsey fringes with different longitu-
dinal velocity of the atomic beam are shown in Fig. 8. As
shown in Fig. 8(a), the linewidth of the central fringe is
Oramsey = Vp/(2L) = 395 Hz, corresponding to an interroga-
tion time of 1.3 ms, where the longitudinal mean velocity is
15 m/s. The fourth order of the interference fringe, where
n = vp/Av =4, can be clearly identified against the veloc-
ity averaging effect.’>! As shown in Fig. 8(b), the Ramsey
fringes with a linewidth of 500 Hz (FWHM) for the central
fringe is observed when the longitudinal mean velocity of the
cold atomic beam is adjusted to v, = 19 m/s. Correspondingly,

the free evolution time of the cold atomic beam is 7 = 1.0 ms.

ol @

Raman—Ramsey fringe/arb. units

0'8—4 —2 0 2 4

Raman detuning/kHz

Fig. 8. (color online) (a) Raman—Ramsey fringes with a linewidth of
395 Hz (FWHM) for the central fringe and corresponding free evolution
time of 1.3 m/s when the longitudinal mean velocity of the cold atomic
beam is 15 m/s. (b) The Raman—Ramsey fringes with a linewidth of
500 Hz (FWHM) for the central fringe and corresponding free evolu-
tion time of 1.0 m/s when the longitudinal mean velocity of the cold
atomic beam is 19 m/s.

Raman—Ramsey fringe/arb. units

5. Conclusion

In conclusion, we study experimentally and numerically
the quantitative dependence of an LVIS of atomic beam on
the polarization of the pushing light beam. Results show that
the pushing light polarization is an important factor to in-
fluence the flux and velocity of an LVIS atomic beam, with
maximum sensitivity with respect to the polarization angle of
1.2 x 10° (atoms/s)/rad and 20 (m/s)/rad, respectively. For
an atom interferometer rotating at an angular velocity €, the
phase shift can be written as A®g = ke - [(2v x §2)T?], where
v and T are the initial velocity of atoms and interference time,
respectively. The scale factor and its stability of an atom in-
terferometer gyroscope are dependent on the initial velocity
of atoms and its stability, respectively. For an atom inter-
ferometer gyroscope based on an LVIS of atomic beam, the
pushing light polarization instability can contribute a lot to
the phase noise of the interferometer and active stabilization
on it should be implemented. Take for example an atomic
beam interferometer gyroscope using two-photon Raman tran-
sition for coherent manipulation of the matter-wave packet,
the shot-noise-limited rotation sensitivity A{2 near zero rota-
tion rate 2 = 0 can be given!>! as AQ = W‘}keﬂ-lﬂ’ where
v is the mean longitudinal velocity, 1 the contrast of the in-
terferometer signal, N the number of atoms contributing to
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the interferometer signal, L = vT the interferometer length.
For a typical cold atomic beam interferometer gyroscope (tak-
ing N = 1 x 10® atoms/s, n = 50%, L = 0.3 m, v = 20 m/s,
ke = 1.6 x 107 m~! for 87Rb atoms), the shot-noise-limited
sensitivity of rotation is 1.95 x 10~ rad/s/v/Hz and the fluc-
tuation of sensitivity due to the velocity variation of each
10% or the flux variation of each 10% can be calculated to
1.95 x 10710 rad/s/v/Hz or 9.8 x 10~ rad/s/v/Hz, respec-
tively.

Although we have demonstrated that the pushing beam
polarization is one of the important factors that influence the
characteristics of an LVIS of an atomic beam, the improve-
ment of the stability of an LVIS of atomic beam depends on
the systematic optimization involving many experimental pa-
rameters like light intensity, frequency detuning, etc. Con-
cerned with the pushing beam polarization, one can make the
LVIS source operate in the polarization-insensitive range or
take some active method for stabilizing the polarization. On
the other hand, one can fast tune the velocity and flux of an
LVIS-based atomic beam by simply changing the polarization
of the pushing light for actively stabilizing the atomic beam
source or amplitude modulating and demodulating the phase
of an atomic beam interferometer to get interferometer signal
with higher signal-to-noise ratio.
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