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Large momentum transfer（LMT）



Raman Transitions 
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LMT for the dual-species atom interferometers



Key points of dual-specie AI：
1.Using the same laser to obtain high 

common-mode noise rejection ratio

2.The Rabi frequencies of different 

species’ AIs are the same

3.The ac Stark shift caused by laser beams 

is zero for both AIs

…

Potential applications: WEP tests, large dynamic range AIs

𝐫𝟏 = 𝑵ℏ𝒌𝟏
𝟐/𝒎𝟏

𝐫𝟐 = 𝑵ℏ𝒌𝟐
𝟐/𝒎𝟐

𝒌𝟏 ≃ 𝒌𝟐

𝐫 = 𝑵ℏ𝒌𝟏
𝟐(𝒎𝟐 −𝒎𝟏)/𝒎𝟏𝒎𝟐

The challenges faced by dual-species LMT AI：
1.Under the requirement of common-mode noise 

rejection, the compatibility of dual-species atom 

interferometer limits the optimization of 

experimental parameters.

2.A recoil-induced Doppler shift difference exists 

between LMT dual-species AIs.
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The challenges and applications 
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Symmetric interference loop

Identical internal states interference

State selective detection

Double-diffraction Raman atom interferometer
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 85  1-3

 87  1-4

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

 85  1-2

 87  1-2 4WDR method:
85Rb: 1/ 2/ 3
87Rb: 1/ 2/ 4

 1:2:3:4= 1.0:1.0:3.1:14.3

4-wave double-diffraction Raman transition (4WDR)
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The frequency compensation scheme:

Blow away Blow awayRepumping

𝟖𝟓𝐑𝐛

∆3
𝑚 = −1 𝑚 4𝑟_3（𝑚− 1） ，

𝑟_3 = 215.439 kHz,  𝑚 ∈ {1,2, … 𝑛}

𝟖𝟕𝐑𝐛

∆4
𝑚 = −1 𝑚 4𝑟_4（𝑚− 1） ，

𝑟_4 = 2 15.084 kHz,  𝑚 ∈ {1,2, …𝑛}

Independent compensation of the recoil frequency

∆𝑟= 360 Hz



Blow away
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repumping Blow away
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Gaussian pulse 

sequence

LMT with 8ℏ𝐤



10 m AI in Wuhan
PZT

1, 3, 4

2, 3, 4

87Rb

85Rb

CCD

g/g ~ 8.6E-12 g (with cold atoms)

Experimental setup

L. Zhou et al., Front. Phys. 10, 1039119 (2022)



𝟒ℏ𝐤 𝟖ℏ𝐤 𝟏𝟔ℏ𝐤
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Experimental results

T=90ms， transfer efficiency ：75%
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𝟒𝐍𝟐ℏ𝐤 𝟏 ≃ 𝟒𝐍𝟏𝐤𝐠𝐓
𝟐

𝟐 ≃ 𝟒𝐍𝟐𝐤𝐠𝐓
𝟐

𝟒𝐍𝟏ℏ𝐤

𝐍𝟐 = 𝐍𝟏+ 𝟏
Dynamic range ： 𝐍𝟏 𝐍𝟏+ 𝟏 ∗ 𝟐(𝟎，𝟐)

Method： Dual-species AIs with different LMT orders

X. Chen et al., Phys. Rev. A 90, 023609 (2014) 
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AIs + Moiré effect 
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Phase shift ratio of AIs：𝟏/𝟐 ≃ 𝐍𝟏/ 𝐍𝟐 Lissajous curve

(𝟏: 𝟐 = 𝟏: 𝟐)

𝐀𝐈𝟏 𝐀𝐈𝟐

(𝐍𝟏 𝐍𝟏+ 𝟏 ∗ 𝟐)
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Scheme for laser pulses sequence

Phase shift ratio of AIs：𝟏/𝟐 ≃ 𝟐: 𝟏



Change the detuning and intensity of lasers 

Compensation laser 𝝎𝟑
′ +change the intensity ratio 

of laser beams

2, 𝐼1
′ , 𝐼2

′ , 𝐼3
′ , 𝐼4

′ → Ω𝑒𝑓𝑓
87 = 2Ω𝑒𝑓𝑓

85

1, 𝐼1, 𝐼2, 𝐼3, 𝐼4 → Ω𝑒𝑓𝑓
87 = Ω𝑒𝑓𝑓

85

1, 𝐼1, 𝐼2, (𝐼3 + 𝐼3
′), 𝐼4 → Ω𝑒𝑓𝑓

87 = 2Ω𝑒𝑓𝑓
85

3.03 𝐺𝐻𝑧

𝝎𝟏, 𝝎𝟐 𝝎𝟒

Δ1 3.80 𝐺𝐻𝑧

𝝎𝟑

3.03 𝐺𝐻𝑧

𝝎𝟏
′ , 𝝎𝟐

′ 𝝎𝟒
′

Δ2 3.80 𝐺𝐻𝑧

𝝎𝟑
′

3.03 𝐺𝐻𝑧

𝝎𝟏, 𝝎𝟐 𝝎𝟒

Δ1 3.80 𝐺𝐻𝑧

𝝎𝟑

3.03 𝐺𝐻𝑧

𝝎𝟏, 𝝎𝟐 𝝎𝟒

Δ1 3.80 𝐺𝐻𝑧

𝝎𝟑𝝎𝟑
′

2 − 1≃100 MHz , 𝐼≃10~100 mW 𝐼3 : 𝐼3
′ (1 : 0) → (0.17 : 0.83) 

Scheme for Raman lasers



Laser system

Fiber laser  3
FL-01: 4

FL-02: 1 & 2

FL-03: 3 & 𝝎𝟑
′



Shearing interference fringes

87Rb

85Rb

𝟒ℏ𝐤

𝟖ℏ𝐤

Experimental results

85Rb

87Rb

Lissajous curve  (5000 data points)​

P85

P87-1 P87-N

P85 → X

P87-N → Y



0 1000 2000 3000 4000 5000

0

1

2

3

4

5

6

P
h

a
se

/r
a

d

0 1000 2000 3000 4000 5000

0

1

2

3

4

5

6

P
h

a
se

/r
a

d

0 1000 2000 3000 4000 5000

0

1

2

3

4

5

6

P
h

a
se

/r
a

d

Experimental results

T=100ms    > 20

 85=4kg(t)T2=n+85-0

 87=8kg(t)T2=2n+87-0

=87-285

=87-0- 285-0

 ∈（0，2）
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Parasitic interferometers

8ℏ𝐤：2.6%

4ℏ𝐤：2.1%

𝟖ℏ𝐤

𝟒ℏ𝐤
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𝟖ℏ𝐤 + 𝟒ℏ𝐤
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𝟒ℏ𝐤

8ℏ𝐤：5.7%

4ℏ𝐤：0.8%
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𝟐/𝟐 𝟐 𝟐/𝟐
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3 pulses scheme

7 pulses scheme
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Raman adiabatic rapid passage（RARP）



1. We have developed a large momentum transfer technique for dual-

species atom interferometers that is insensitive to the differential recoil 

frequency.

2. We have implemented dual-species atom interferometers with different 

LMT orders and demonstrated their common-mode rejection capability 

under high-phase-noise conditions. 

Next steps：
1. Improve atomic state transfer efficiency of Raman pulses (ultracold 

atomic sources, Raman adiabatic rapid passage techniques)

2. Perform large-dynamic-range gravity measurements using LMT dual-

species atomic interferometers.

4 Summary and discussion
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