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Fig. 1. (a) Sketch of the experimental setup. (b) The probe
and coupling laser are circular Gaussian, and the repump-
ing laser is designed as elliptical Gaussian, the coupling
laser covers the whole probe beam, whereas the repumping
laser covers the right-half region of the probe beam, which
creates a 2D partially PT-symmetric potential for the probe
laser. (c¢) Energy level diagram of loss and gain channels in
the three-level component PT system of cesium atoms, the
left and right panels show the loss and gain configurations,
respectively; Q,, Q. and Q, are Rabi frequencies and 4, and

43 are frequency detuning of laser beam.
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Fig. 2. (a) Spectra of loss p + ¢ (purple) and gain p + ¢ + r (red) in a A-type three-level atomic system; (b) the measurements of

PD signals for the gain and loss of the probe laser, the signal p corresponds to that the probe laser with the frequency far detuning

from the resonance; p + ¢ corresponds to that the probe laser propagates in the atoms driven only by the coupling laser; p + ¢ + r

corresponds to that the probe laser propagates in the atoms driven by both coupling and repumping lasers, repumping laser is fully

overlapped with the probe beam, which the signals p + ¢ + r and p + ¢ are located symmetrically about the signal p; (c) the re-

pumping laser is then moved to behalf overlapped with the probe beam, in which the signal p + ¢ + r coincides with the signal p.
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Fig. 3. (a) Relationship between the gain Sqp, and the atomic
density when the initial loss interval is S;, = 7.7, 13.7, 27.0,
37.1 and 40.4 mV, respectively, the gray dotted line on the
left represents a partial PT symmetry region, and on the
right is a non-partial PT-symmetry region, error bars de-

note standard error of two measurements.
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Fig. 4. (a) Measured result for o = 2.14 of the probe in-

tensity distribution, which is uniform, and the numerical
results corresponding to panel (al). (b) Measured result for
o = 4.55 of the partial PT symmetry broken, and the nu-

merical results corresponding to panel (bl).

Ze 2 W ) DX 3 R R GE IR, A2l 2 1) X 5
FORREMNI 4R, WL RGELE T PT B BAPIRA,
WK 4(b) iz, B 4(al), (b1) AXFR A FISELL,
A LU B S BS SC0 25 RAF B AR AT

FERS ST PT MR RGAE T AT, AT
5 R G ER D PT XRS5 s 72, 341
TE SUAKIFRIE Dy RABIRIRI GRS A

D asym — (Ip,right - Ip,left) / (Ip,right + Ip,left) ) (1)
H, L igne ML qop 2390 ARG A ETEA 2
BB F AR 3% L ) - 34 5

BERMEEBEA) A IS FRIE Dysym = 0B, FoR
RGAL TR PT RFRIRZE; 24 0 < Dagym < 1R
INRGAL TSy PT MFRBERRAS. Sy 1 i — 2o
TR PT XTFR SR g A AR A%, 200 v [ e 4
JE T3 p = 3.87 x 1010 em™3 |, BFFEARIMDOE B
BEAKIFRE Doy FHEE G HIRMDCEBE L o 1Y
WAOC R ANE 5 PR, MHh AL S GA IEBE L
o < 3.8 (LB i, BEMDE5E B 43 BN
XSFREE Dy BT 0, BLHT RGEAL T4 PT X
FRIXSE 1SR GO S IRMDE RS L o > 3.8 1
(LLERZA ), TRIMDEIREE AT A FRE Dogynn
P IR, R R G AT PT X FRAE Gy X

0.25
@ Experiment :
—-— Theory
0.20} ! p
! ’
|
0.15 : *
E ! /
g | ;
Q o10f L
Lo
0.05 :é
I
@@ @
P |
|

K5 R AOCBEARR FREE D,y 3 H8-E LRI G Y
PEBE L o MUHEOR R, 7T LR B34 PT Bt 5 i AL B2
0 =0, =~ 3.8, BULL ([ Rl 2 S B0 4 45 R, W (R A 2
HOETH AR, 20 0l A I ARSR A2 50 PT AR XK,
A RS PT X FRBE B X 8, 15 2 02 5 v o A9 B A
i 22

Fig. 5. Experimental measurements (magenta circle) and
calculations (blue line) of D, as a function of beam-waist
ratio o, where the EP locates at o = 0., = 3.8, the red dot-
ted line represents the partial PT symmetry region on the
left and the partial PT symmetry broken region on the
right, error bars denote standard error of five measure-

ments.
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Abstract

Parity-time (PT) in atomic systems is of great significance for exploring exotic phenomena in non-
Hermitian physics and non-Hermitian systems. It has been found that if PT symmetry is satisfied only in a
certain spatial direction, then the Hamiltonian of the system still has a spectrum with eigenvalues of real
numbers, which is called partial PT symmetry. In this paper, we use a A-type three-level atomic system, which
is composed of two ground states [6Si/2, F =3),|6Ps/2, F’ =4)and an excited state |6P3, F' =4)of cesium
atom, to investigate the partial PT symmetry. A probe laser with the detuning of 453 = 607 MHz and a coupling
laser satisfy the condition of two-photon Raman absorption of cesium atom, forming a loss channel. In order to
construct the gain channel, we add the repumping laser that resonates during the transition of |6S/2, F = 3) to
|6P3/2, F' = 4) , changing the population of the two ground state energy levels, thus reducing the absorption of
the A level system and forming the gain channel of the atomic system under certain conditions. In order to
obtain the equilibrium condition of the partial PT-symmetric system, firstly, the light spot of the repumping
laser in the experiment is covered by the probe laser, and then the repumping laser is moved to overlap with
half of the probe laser of the detection light. When the gain and loss are balanced, the partial PT-symmetric
system is in equilibrium.

By changing the beam-waist ratio o of the coupling laser to the probe laser, the transition from symmetry
to broken phase is observed in partial PT-symmetric systems. By measuring the asymmetry of the detection-
beam intensity distribution D,g,,, we can accurately determine the partial PT symmetry breaking point, and
the breaking point is located at o = 0w = 3.8. The theoretical calculations are in good agreement with the
experimental measurements. The results of partial PT symmetry and its phase transition, reported in this
study, open up a way to actively manipulate multidimensional laser beams in non-Hermitian systems and have
potential applications in the design of optical devices for laser amplification and attenuation in different parts of
the laser.

Keywords: partial PT symmetry, gain and loss, PT symmetry broken
PACS: 11.30.Er, 42.50.—p, 42.50.Gy, 42.50.Nn DOI: 10.7498 /aps.73.20241200

CSTR: 32037.14.aps.73.20241200

* Project supported by the National Nature Science Foundation of China (Grant Nos. 12120101004, 12241408, 62175136,
12104337), the Fundamental Research Program of Shanxi Province, China (Grant No. 202303021212271), and the Scientific
and Technological Innovation Program of Higher Education Institutions in Shanxi Province, China (Grant No. 2022L513).

1 Corresponding author. E-mail: zhaojm@sxu.edu.cn

221101-6


http://doi.org/10.7498/aps.73.20241200
https://cstr.cn/32037.14.aps.73.20241200
mailto:zhaojm@sxu.edu.cn
mailto:zhaojm@sxu.edu.cn
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

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

HIRT RGP EIPTRRHIPIA
okt M HE aRle EALK REY
Investigation of partial parity—time symmetry in cesium atomic system

Xue Yong-Mei  He Yun-Hui  Han Xiao-Xuan  Bai Jing-Xu  Jiao Yue-Chun  Zhao Jian-Ming

5] Fi{5 B Citation: Acta Physica Sinica, 73, 221101 (2024) DOI: 10.7498/aps.73.20241200
TEZE RT3 View online: https:/doi.org/10.7498/aps.73.20241200
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FETT ARG K A S

Articles you may be interested in

FHR=F IR -5 SO FRAIE 72
Research progress of parity—time symmetry and anti—symmetry

WAL 2022, 71(17): 171101 https://doi.org/10.7498/aps.71.20221323

S A R — P [E 0T e 4 221 i
Depiction of Hamiltonian PT—symmetry
PrPReEd. 2024, 73(4): 040302 https://doi.org/10.7498/aps.73.20230458

Parity—time X FRMEXS HL A ARBO GRS R 6]
Mode control of electrically injected semiconductor laser with parity—time symmetry

PIBR2EAH. 2020, 69(2): 024202  hitps://doi.org/10.7498/aps.69.20191351

JE] S ) D 306 s 5 ) BRI TR X BRI 45 R st g 2 ko
Parity—time symmetry characterization and dynamics of periodically modulated four—channel optical waveguides

WyFEEEAR. 2024, 73(16): 164201 hitps:/doi.ore/10.7498/aps.73.20240690

XIFRAR AL F-BE SR R 2R 58 P B AR I B HC A 4

Stable solitons and their controllability in symmetrical polariton condensates

YrH2Ed. 2022, 71(18): 181101  https://doi.org/10.7498/aps.71.20220475

XUZH 5 9% 00— TR SR AR PTXTFR AT 1 525 17K G rm @ nifa i

Asynchronous quantum K @ rm @ n vortex street in two—component Bose—Einstein condensate with PT symmetric potential

YrHE2E 4. 2024, 73(11): 110501  https://doi.org/10.7498/aps.73.20232003


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20241200
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20221323
https://doi.org/10.7498/aps.73.20230458
https://doi.org/10.7498/aps.69.20191351
https://doi.org/10.7498/aps.73.20240690
https://doi.org/10.7498/aps.71.20220475
https://doi.org/10.7498/aps.73.20232003

	1 引　言
	2 实验装置
	3 实验结果与分析
	4 结　论
	参考文献

