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1. Design and implication of the AI

~109, 85Rb & 87Rb  

Magnetic shield
11.4m,  8 nT (10 m)

12.3 m,  210-8 Pa
Atom source

2T=2.86 s

12.3m 11.4m

 = keffgT
2

Vacuum chamber

L. Zhou, et al., Gen. Relat. Gravit. 43, 1931(2011)



Magnetic shield

Y. H. Ji, et al., Rev. Sci. Instrum. 92, 083201 (2021)
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(iii) Internal compensation

2010

(i) Welding and annealing 

(ii) External compensation

(iv) C-field compensation

175 nT

55 nT

8 nT
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~600 nTWelding 

max-to-min（The first version) 
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Averaging Time  (s)

 T=70.96.ms

 T=152.21 ms

 T=203.12 ms

 T=299.34 ms

 T=400ms

Improvement of the precision

2015 T=70.96ms

2016 T=152.21ms

2018 T=299.34 ms

Coriolis effect compensation

2022 T=400ms

Phase shear readout

9.4E-11@17920 s

8E-9@3200 s

3E-9@3200 s

5.1E-10@8960s

2.5E-11@7168 s

2018 T=203.16 ms

Optimizing laser system



2.  4WDR method and WEP mass-test

Key points for dual species AI scheme

⚫ Using the same laser to reduce phase noise and obtain high common-mode noise 

rejection ratio

⚫ The Rabi frequencies of different species’ AIs are the same, and the ac Stark shift 

caused by laser beams is zero for both AIs

⚫ Interference with the same internal state to reduce the systematic errors

⚫ Time synchronization and overlap to reduce the systematic errors

⚫ Ellipse fitting,  /2 phase shift difference for minimum fitting error is needed

⚫ State labeled detection,  keep high Signal-to-noise ratio detection with cold atoms



Four-wave double-diffraction Raman  transition (4WDR) method

Phase noise suppression

Single diffraction Double diffraction

4WDR scheme
85Rb: 1/2/3
87Rb: 1/2/4

 1:2:3:4= 1.0:1.0:3.1:14



L. Zhou, et al., Phys. Rev. Lett. 115,013004 (2015)

Mass test of WEP in 2015

Allan deviation 

Error budget 



3.  4WDR-e method and WEP jointed test 

Relevant sub-levels of 85Rb and 87Rb 
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1: 
85Rb F=2 -87Rb F=1

2: 
85Rb F=2 -87Rb F=2

3: 
85Rb F=3 -87Rb F=1

4: 
85Rb F=3 -87Rb F=2



85Rb/87Rb

π/2 π/2

π
Blow away



Blow away





Lower ground state AI

4WDR-e method: Lower ground state AI+ Upper ground state AI 

4WDR-e method 

π

Blow away
Repumping

π/2 π/2

π
repumping

Upper ground state AI



85Rb 87Rb 85Rb 87Rb

85Rb 87Rb 85Rb 87Rb

4WDR-E dual-species AIs



Violation parameter of mass：

Violation parameter of internal energy：

0=(-0.81.4) ×10-10

E=(0.00.4) ×10-10

85Rb F=2 -87Rb F=1:        1=( 1.53.2)10-10

85Rb F=2 -87Rb F=2:        2=(-0.63.7)10-10

85Rb F=3 -87Rb F=1:        3=(-2.54.1)10-10

85Rb F=3 -87Rb F=2:        4=(-2.73.6)10-10

(per 109h/𝑚𝑖
85𝑐2)

Violation parameter of jointed WEP tests

L. Zhou et al. Phys. Rev. A 104, 022822 (2021)



WEP tests with AI
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4. Recent progress

Principal component analysis

L. Zhou et al. Front. Phys. 10, 01 (2022) A. Sugarbaker, et al. Phys. Rev. Lett. 111, 113002 (2013)

Interference fringe with T=1300 msPhase shear readout

g/g=4.510-11/shot



T=2000 ms

=5 E−10 / shot

Dual-species atom interferometer

T=400 ms

=2.5 E-11@7168s

Interference fringe

( Detected by a horizontal laser )

85Rb

87Rb

( Detected by a vertical laser )

Allan deviation
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Large Momentum Transfer (LMT)  with 4WDR

85Rb: 1/2/3
87Rb: 1/2/4

4WDR-E scheme

𝟖ℏ𝒌

𝟒ℏ𝒌

Independent frequency shift compensation for photon recoils

(85Rb:3 , 87Rb:4) 

Interference fringesLMT with 𝟖ℏ𝒌



Ultracold atom source

Future plan: Jointed test of WEP @  E-12~ E-13

4WDR AI

T~1.43s, 4-20 ℏ𝒌

85Rb/87Rb ultra-cold atom source

100nK, 105atoms

Mass，internal energy test

: 10-12~10-13

Long baseline AI Jointed test 
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