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Dual Nuclear-spin Comag. detection

• SQUIDs: Good sensitivity

Detects dipolar field of 3He-129Xe outside sphere

• Alkali Magnetometer

No Cryogens, High SNR: wavefn. overlap
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Gist
• We need to mitigate differential frequency shifts due to polarized Rb!

• 1) Pulse-train 87Rb magnetometer -> High SNR Detection of 3He-129Xe

• 2) Ramsey scheme with rotating 87Rb pulse train -> Precise + Accurate
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Anodically bonded cells
• 1) Single-axis pump/probe scheme

• 2) Record 129Xe lifetimes for mm-sized cells 

129Xe ~ 5 torr, 3He ~ 1000 torr, N2-87Rb
129Xe Tw ~300 s, 3He T2 4 h

6 mm3 

active volume
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Dipolar fields (NMR shape effect)

• Spherical cells null classical dipolar fields 

-Glass blown spheres imperfect, stems need plugged

• There also exists a cylinder size h/d = 0.9065, dipolar effect vanishes!

-Anodically bonded cells have very well-defined geometries

𝐵𝑑𝑖𝑝 Ƹ𝑟 =
3 Ƹ𝑟 Ƹ𝑟 ∙ 𝑚 −𝑚

𝑟3

𝐵𝑐𝑜𝑛 =
8𝜋𝜅

3
𝑀𝐻𝑒

uniform density of dipoles, n=M/m
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Dipolar fields (NMR shape effect)

• Experiment: Vary projection of 3He M on B0, and vary cell size

𝑓𝑟 − 𝛾𝑟 =
𝜔𝐻𝑒

𝜔𝑋𝑒
−
𝛾𝐻𝑒
𝛾𝑋𝑒

B0

Xe transverse

He varied, 
shot-to-shot

For different cell sizes, anodically bond 
with graded silicon wafers,
Get cells with sizes about h/d = 0.9065
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Experiment

• Vary projection of 3He M on bias field B0 axis

𝑓𝑟 − 𝛾𝑟 =
𝜔𝐻𝑒

𝜔𝑋𝑒
−
𝛾𝐻𝑒
𝛾𝑋𝑒

B0

Xe transverse

He varied, 
shot-to-shot
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h/d = 0.857



Field experienced due to MHe v. orientation

• Plot slopes v. cylinder dimension with B0 perp and para to cylinder axis

• fr Sensitivity to He tipping :

• 1) Zeroed out for h/d = 
0.857…

• 2) Not at theoretical 

value of h/d = 0.9065

• 3) Depends on 

orientation w.r.t. B0
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h/d = 0.857



Field experienced by 3He due to MHe v. cylinder size
• h/d = 0.9065 is a cylinder where 

the dipolar field should vanish

• Theory with no free parameters

h/d = 0.857
optimal
h/d = 0.9065



• h/d = 0.9065 is a cylinder where 
the dipolar field should vanish

• Theory with one free parameter

• 129Xe shifted…

• Independent of Rb density

Field experienced by 129Xe due to MHe v. cylinder size



129Xe experiences scalar field from 3He
• h/d = 0.9065 is a cylinder where 

the dipolar field should vanish

• Theory with one free parameter

• 129Xe shifted…

• Independent of Rb density

• 𝐵𝑑𝑖𝑝𝑜𝑙𝑒 + 𝐵𝑐𝑜𝑛𝑡𝑎𝑐𝑡!

𝜅HeXe = −0.011 ± 0.001

𝐽

𝑃He
=
8

3
𝛾X𝑒𝜇He𝑛0 = −62 mHz/atm

𝐻 = 𝐽𝐼𝐻𝑒 ∙ 𝐼𝑋𝑒



A few practical take-aways

• 𝐽 coupling between gases!

• Null projection of He on bias 
field (good tipping pulses)

• To null frequency ratio dep., 
consider cylinder size,  
orientation w.r.t. bias field

• A perfectly spherical 
comagnetometer cell is 
sensitive to imperfect tipping 
pulses
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from 𝜅HeXe



Dipolar and scalar 3He-129Xe frequency shifts 
in mm-sized stemless cells

• Precise and Accurate Detection with 87Rb pi Pulse-trains + Ramsey

• Single-axis pump/probe, 300 s Xe wall time in anodically bonded cell

• Control and null classical dipolar fields

• Observed 3He-129Xe J-coupling

𝑓𝑟 =
𝜔𝐻𝑒 ± Ω

𝜔𝑋𝑒 ± Ω

𝜅HeXe = −0.011 ± 0.001
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6 mm3 

active volume

h/d = 0.9065



Thanks! 

Romalis group
Contact- info@twinleaf.com
if you have interesting
uses for bonded cells
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