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Motivations

• (1) Chip-sized NMR Gyroscope

• (2) Spin-gravity interaction 𝛾𝐺 Ԧ𝑆 ∙ Ԧ𝑔 =
𝑀Pl
2

𝑀𝑆𝑀𝑃𝑗
(10.4 nHz)𝑆

Add Ԧ𝑔 field
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Detection Methods for Dual Nuclear-spin Comag.

• SQUIDs: Good sensitivity

Detects long-range dipolar field

• Alkali Magnetometer

No Cryogens, High SNR: wavefn. overlap
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• Alkali Ԧ𝑆 Fermi-contact w/ noble-gas nucleus 𝐾

• Enhanced fields ↔ frequency shifts

On Noble Gas

On Alkali
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ΔωNG ∝ −𝜅0 Rb 𝑆𝑧

ΔωRb ∝ 𝜅0 NG 𝐾𝑧
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optical pumping (SEOP)



Gist

• 1) Pulse-train 87Rb magnetometer -> High SNR Noble-gas Detection

• 2) Ramsey scheme with 87Rb pulse train -> Precise measurement

• 3) Rotating 87Rb pulse train -> Accurate measurement



87Rb Magnetometer

Pump

Probe

87Rb By π

DC By

• 87Rb 𝜋 pulse train 

𝐵𝑧



87Rb Mag.: Spin-Exchange Relaxation Suppression

• Hyperfine manifold refocusing  𝛾𝐵𝑧(𝐹𝑎 − 𝐹𝑏)

87Rb 𝐵𝑦 𝜋

If Γ𝑝𝑢𝑙𝑠𝑒𝑠 ≫ 𝛾𝐵𝑧, then 
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Recall: SERF 



87Rb Magnetometer Comparison
Duty-cycle limited
As Γ𝑝𝑢𝑙𝑠𝑒𝑠 ≫ 𝛾𝐵𝑧

1

𝑇2𝑑
= Γ𝑆𝐷 + 𝑑Γ𝑆𝐸𝑚𝑎𝑥

Spin-Exchange Relaxation
Suppression!
[Hyperfine manifold 

refocusing  𝛾𝐵𝑧(𝐹𝑎 − 𝐹𝑏)]

1.2 us pulse length, Rb-N2 cell (No 𝐻𝑆𝐾 broadening)
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𝐹𝑏

𝐹𝑎

𝐵𝑧



Rb-Xe Decoupling: How good is it?

• 104 decoupling factor of  𝐾 ⋅ Ԧ𝑆 (along z and x)

Freq. shift from pulses 
on noble gas precession, AHT

𝜔 = 𝛾𝐵0(1 −
𝛾𝐵1𝑡𝑝
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𝐻𝑆𝐾 ≈ 0 ?



`In-the-dark’ Pulse train -> Precision

• Ramsey scheme, get 𝑓𝑟 =
𝜔He

𝜔Xe

• 2-axis pulses => 3 axis 𝐻𝑆𝐾 decoupling

• “Helicity free” 𝜋 pulse train
dumping

129Xe wall T2 = 1000 s



`In-the-dark’ Pulse train -> Precision

constrain spin-gravity 
searches at the Planck scale

Single Shot
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Rotating Pulses-> Accuracy

• Null effect of pulses on 3He-129Xe freq. ratio by rotating pulse train

𝜔He

𝜔Xe
=
𝜔 + (𝛾He 𝐵0− 𝜔)(1 −

3
8
𝛾He𝐵1𝑡𝑝

2
)

𝜔 + (𝛾Xe 𝐵0− 𝜔)(1 −
3
8
𝛾Xe𝐵1𝑡𝑝

2
)

𝜔He

𝜔Xe
=
𝛾He
𝛾Xe

87Rb π

87Rb 3π/4

87Rb π/2

𝜔

𝑓𝑟 =

Avg. Ham. Theory

𝑓𝑟 Insensitive-to-pulses 



Rotating Pulses-> Accuracy

• Considering angle between ±𝐵0 and ΩE, pick up Ω =6.5 x 10-6
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3He-129Xe Comagnetometer with 
Pulse-train 87Rb Detection & Decoupling

• Detection using 87Rb Pulse-train Magnetometer

• Precision at 10 nHz level

• Accuracy by rotating pulse train

𝜔1

Ω

𝜔2
𝑓𝑟 =

𝜔𝐻𝑒 ± Ω

𝜔𝑋𝑒 ± Ω



Thanks! 
• Princeton Group

• PI: Mike Romalis

Bonded cells: Nezih Dural

Former Post-doc: Dong Sheng

• Twinleaf LLC

Tom Kornack

Jill Foley

Princeton
Glassblower
Mike Souza

129Xe wall T2 = 100 s! in anodically bonded cell


