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Challenges of Standing-Wave

X. Zheng et al.

Phys. Rev. A 99, 032506 (2019)

◆ Detect with traveling-wave on both sides separately

◆ Couple laser from one fiber to the other to overlap

◆ Could be measured with any incident angle between

± 𝟑. 𝟓 mrad

◆ Less power dependence

◆ Common methods: Prism

reflection, Interferometric,

Cat’s Eye, Active Fiber-

based Retroreflector (AFR)

◆ Both the Cat’s Eye and the

AFR method could adjust

the deviation angle 𝝃 less

than 𝟏𝟎 𝛍𝐫𝐚𝐝

Δf(1σ) X. Zheng This work

Statistics 0.45 0.22

1st Doppler 1.1 0.82

2nd Doppler 0.15 0.01

Frequency calibration 0.55 0.05

Line profile 0.3

Quantum interference 0.1 0.1

Zeeman effect 0.01 0.01

Laser power 0.1 0.1

Light-force shift 0.8

Total 1.6 0.86
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➢ Incident angle should be close to 𝛑/𝟐

➢ Differences in parameters of laser beams may

lead to systematic error

➢ Big dependence of laser power

➢ Detectable laser-cooling effect

Background

Preliminary ResultNew Systematic Shift

At a high beam speed, the shift could

be simply expressed as 𝜟𝒇 =
𝒉

𝒎𝝀𝟐

𝒍𝒇

𝒍
,

here 𝒍 is the distance between two slits

and 𝒍𝒇 is the distance from laser to

the slit before detector

While the transverse distribution of

velocity and location couldn’t be

ignored when the beam velocity is

slow, especially in a narrow beam. We

used the Monte Carlo Wave Function

(MCWF) method to simulate, and the

results are consistent with what we

see in the experiment

The correction for Zheng2017 is

+ 55.3 (1.4) kHz

Postselection Shift

➢A sufficiently narrow beam

➢Detect all

➢No postselection slit or an 

equivalent slit 

† Unpublished result

† See more about postselection effect:

Rev. Mod. Phys. 86, 307 (2014)

4He 23S-23P

With the SCTOP method and a configuration

without postselection effect, we measured the

frequency of 𝟐𝟑𝑺𝟏 – 𝟐
𝟑𝑷𝟎 transition of 4He,

and the final accuracy could be less than 1 kHz

New 3He measurement is undergoing 

at Hefei!

We detected the distribution

after interaction with the

laser and found that the slit

before the detector would

select some part of the atomic

beam with transverse velocity,

and this postselection effect

could induce systematic shift

How to Avoid This
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