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Fig. 1. Schematic diagram of the dipole trap array and ima-
ging optics, and the inset demonstrates the operational
principle of AOD.

103701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 10 (2024) 103701

HER A 1.3 um, M EHAZLZN 600 pm. 156
SR BTGB A (NA = 0.4) FdLA
BRI B R G (R LR 1:5.7). PR
FEX AR (dichroic cube) AT, TR 5
o B 1:3 BB R G, HhH AR AL
(EMCCD) JSAGHRM. B GO B PR R A AL
h 171, SRR HE N 16.7, B hE s 2 E A
SESEIL AR A (22 5. EMCCD HAME 3 K/
16 pm, FAHIE L0 A5 20 RS o HiE 1R
ER/PXI 3 < 3.

3 AT 5 0 KRR R G
ROk

AR B I 370 110 i JBE A 12 5 32 8 ply A S R
B — R RPIE S AR AR O R T 1 B
BN s IR R SFATARR X R ) AOD iS5 %
ZEFt.

2R GIE 5 &t DI F RS (ZHL-5 W-
1+) ZJa kIR 5l AOD. TR Rt # b iy 3k
LM TS T TR IER, $8wo 5w,
TR wo + wi Flwe — wi FIERIT, ws — wi
5wy it — PRI 77 1 2wo — wy BOBRLR ST, 52
50 T ZORG O BRI 15 25 45 N AR b}, 41D
AR LR ™ A i HAAT 2 D) 28 00 1. ARG
FAGE { o, } il AU 3 A B 5, Rl
T 40 AT RIBR B15 | AHAL AL . IR 05 AH S5 05
5 LR, T T AR A 2 0BT R I ) e
FEXT A BRIECR . BJ5, B A3 okt
I AIARAE, T2 T 2200 B S R B/ ).

S ETHEAR R RN, 2T RAA R
RFTXTRLIBREE A; . H 5, EHAH R Z G
BERESE el oh 1:8.6 IR RE MR Z )G,
H CCD (& K/NK 3.45 pm) i, Hk, 21
JSCAG PR ¢ JRE A O i A 7 v SO 40545 31 25 I AR BIF
ARSI BE A, TR A AR B o B 5 - 24 Y
B 2, AT Ay, AW T A (AR B i B F) 22
2t BN, BAAE R A 2 R, 40 AMEREE
ARSI 3.6% LA,

R R GERE S5 R S il i XA /N 5 pum
) AR A it 6 £ v 1 AT X (Edmund Optics
AT, RIS USAF-1951) St gk se i, B

IR W, ST B BE, B
BRI E N 75 MHz, 4 mBEIL A BRI REZ
S5 W AR AR B 2F BB O D G 2T, G 40 8 1 4
AMEERK. RIG, 15 LB IR LT i A
0 852 nm WY HLET IO, I CCD i E T &5
AC254-150-B Y £E 557 B, b BUARAR Al o't £F s 1
PTG G, R 25 R nE 3(a) BiR, HOKBEE(E
SR A3 A0 3(d) P, Al LGB AT A i
A3 HIGH RIEAE. BURs, ¢ BT AR B4 47 AL
GO HE. 25, 6B Brdl A AR E AR,
FH IS5 852 num PO IE S I Y 21142, {5 FHAH ]
f) CCD #EAT A% . DU il 45 25 R an 14 3(b)
N, EIHRES 8 4RSS 3 N ZILk T 3 T 4 3, U AL
BRGNS PRRET 1.55 pm, & LIS HEFHED
[B]EEA 4.26 pm B9 R R FF4E51).

1000

T

0 500 1000 1500
Distance/ps

50

(=}

Intensity

K2 R BFFES] COD MR 18 K5 BE 43 A
Fig. 2. CCD imaging and intensity distribution of the di-

pole trap array.
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Fig. 3. Calibration and resolution measurement of the imaging system: (a), (b) Single-mode polarization-maintaining fiber end-face
is imaged by the imaging system, and a test target is imaged as well; (¢) zooms in on the third stripe of the eighth group of pat-
terns in Fig. (b); (d) the intensity distribution of the grayscale values in Fig. (a); (e), (f) correspond to intensity distribution maps

of horizontal and vertical stripes, respectively.
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Fig. 4. Experimental process and fluorescence imaging of a single-atom array: (a) Experimental timing sequence; (b) histogram of
single-atom signals (the 13th dipole trap from left to right in Fig. (c)), with an exposure time of 30 ms and a total measurement

times of 3600, the light blue line represents the fitted curve using a bimodal Gaussian function; (c) fluorescence signal superim-

posed image of single-atom array, with a total of 500 superimpositions.
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Fig. 5. Uniformity of light shift and oscillation frequency in single-atom array: (a) Distribution of light shift caused by different di-
pole trap, with inset showing the experimental results that can be used to determine the light frequency shift of atoms in dipole
trap 13; (b) distribution of oscillation frequencies within different dipole traps, with inset indicating the experimental results ob-
tained through the release-recapture method for measuring dipole trap 13, which can be used to determine the oscillation frequency

of atoms. The error bars in panels (a) and (b) represent fitting errors.
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Fig. 6. Uniformity of loading probability and lifetime in the single-atom array: (a) Distribution of loading probability in different di-
pole trap, the error bar is the standard deviation of multiple measurement results; (b) distribution of lifetime in different dipole

trap, the error bars represent fitting errors, the inset presents the measurement results of the dark trap lifetime in dipole trap 13.
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Experimental realization of one-dimensional single-atom array
based on microscale optical dipole traps’
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Abstract

Neutral atom array serves as a crucial experimental platform for studying many-body physics, quantum
computing, and quantum simulation. In this work, we describe in detail the experimental process of preparing a
one-dimensional homogeneous single atom array containing 40 Cs atoms, including the dipole trap array
generation device, atomic array fluorescence imaging, and the uniformity optimization of the dipole trap array.
The beam waist of the dipole trap is about 1.8 pm, and the spatial resolution of the imaging system is higher
than 1.55 pm. The non-uniformity of dipole trap array is mainly caused by the intermodulation effect of multi-
tone signal during amplification. The uniformity of the dipole trap array is optimized to 2% (Fig. (a)) by
measuring the fluctuations of the dipole trap intensity and the light shift of trapped atom, and providing
feedback to adjust the phase and amplitude applied to the multi-tone RF signal on acousto-optic deflectors.
Furthermore, the uniformity of oscillation frequency, loading rate, and lifetime for trapped atom in the dipole
trap array are measured. These results show that oscillation frequency has a uniformity within 2% (Fig. (b));
mean loading rate is around 58% with a uniformity within 3%; and mean lifetime of single atom in dark trap is

around 6(1) s with a uniformity within 8%.
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