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Outline

• The 129Xe-3He-Comagnetometer

• Setup of the 129Xe atomic EDM at Jülich (MIXed-collaboration) 

• Results of 129Xe atomic EDM measurements at Jülich

• The MSR (Magnetically shielded room)

• Outlook

Status: Setup at Heidelberg
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Nuclear spin properties:

“First order” nuclear structure:

Both nuclei have one unpaired neutron, 

which accounts for the nuclear spin. All 

other nucleons are paired with 

antiparallel spins                     

3He and 129Xe polarization 

Spin exchange with optically pumped Rb-vapour ( SEOP )

3He polarization

Optical pumping of metastable 3He*-atoms ( MEOP )

3He-129Xe-Comagnetometer

𝐽 =
1

2

𝜇𝑛 = −1.913𝜇𝑁

𝜇 3𝐻𝑒 = −2.1276𝜇𝑁

𝜇 129𝑋𝑒 = −0.7779𝜇𝑁
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Free induction decay

Polarized nuclear spins generate a macroscopic magnetic moment which 

precesses around a static B-field B0

(ms )
(G. D. Cates, et al., Phys. Rev. A 37, 2877)

Example: 

Nuclear Magnetic 

Resonance

Magnetometer envelope ∝ e
−

t
T2

∗

𝜔𝐿 = 2𝜋𝜈𝐿 = 𝛾 𝐵

1

𝑇2,field
≈
4𝑅4𝛾2

175𝐷
𝛻𝐵1,z

2
+ 𝛻𝐵1,y

2
+ 2 𝛻𝐵1,x

2
∝ 𝑅4 ⋅ 𝑝 ⋅ 𝛻𝐵
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1

𝑇2
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1
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129Xe-EDM                                                                                                   

Teilchenkolloquium 14.05.2013

129Xe (4,7 Hz) 3He (13 Hz) 

B
 [

n
T

]

t [h]0 5 10 15 20

406.68

406.67

406.66

drift ~ 1pT/h

  10-5 Hz/h

B0

Δ𝜔 = 𝜔𝐿,𝐻𝑒 −
𝛾𝐻𝑒
𝛾𝑋𝑒

⋅ 𝜔𝐿,𝑋𝑒 = 0ΔΦ = Φ𝐻𝑒 −
𝛾𝐻𝑒
𝛾𝑋𝑒

⋅ Φ𝑋𝑒 = 𝑐𝑜𝑛𝑠𝑡.

3He129Xe-Comagnetometer
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129Xe-EDM                                                                                                   

Teilchenkolloquium 14.05.2013

Fitting subset
subset left:

𝜒2/𝑑𝑜𝑓= 1.03
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𝐵𝑆 𝑡
= 𝑐𝐻𝑒 ⋅ cos(𝜔𝐻𝑒𝑡) + 𝑠𝐻𝑒 ⋅ sin(𝜔𝐻𝑒𝑡) + 𝑐𝑋𝑒 ⋅ cos(𝜔𝑋𝑒𝑡) + 𝑠𝑋𝑒 ⋅ sin(𝜔𝑋𝑒𝑡) + 𝑐𝑙𝑖𝑛 ⋅ 𝑡 + 𝑐𝑐𝑜𝑛𝑠𝑡
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Subtraction of deterministic phase shifts

ΔΦ
Φ𝐻𝑒 = 2𝜋 ⋅ 12Hz ⋅ 1day
= 6.5 ⋅ 106

ΔΦ = Φ𝐻𝑒 − 𝛾𝐻𝑒/𝛾𝑋𝑒Φ𝑋𝑒
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𝑎𝑙𝑖𝑛: earth rotation and 

chemical shift

ΔΦ = 𝑐 + 𝑎𝑙𝑖𝑛 ⋅ 𝑡
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Subtraction of deterministic phase shifts
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a: generalized Ramsey-Bloch-Siegert-Shift  Magnetisation

b: Bloch-Siegert-Shift Magnetisation2 of other spin species

Δ𝛷 = 𝑐 + 𝑎𝑙𝑖𝑛 ⋅ 𝑡

+𝑎𝐻𝑒 ⋅ 𝑒
−𝑡/𝑇2,𝐻𝑒

∗
+ 𝑎𝑋𝑒 ⋅ 𝑒

−𝑡/𝑇2,𝑋𝑒
∗

+𝑏𝐻𝑒 ⋅ 𝑒
−2𝑡/(𝑇2,𝐻𝑒

∗ ) + 𝑏𝑋𝑒 ⋅ 𝑒
−2𝑡/(𝑇2,𝑋𝑒

∗ )

+𝛷(t)spin−coupling
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The detection of the free precession of co-located 3He/129Xe sample 

spins can  be used as ultra-sensitive probe for 

non-magnetic spin interactions of type:

 Search for a Lorentz violating sidereal modulation 

of the Larmor frequency

 Search for spin-dependent short-range interactions

 Search for EDM of Xenon

…

Observable:

𝑉𝑛𝑜𝑛−𝑚𝑎𝑔𝑛. = Ԧ𝑎 ⋅ Ԧ𝜎

𝑉(𝑟)/ℏ = ⟨෨b ⟩ Ƹ𝜀 ⋅ Ԧ𝜎 /ℏ

𝑉(𝑟)/ℏ = 𝑐 Ԧ𝜎 ⋅ ො𝑛/ℏ

𝑉 𝑟 /ℏ = − dn Ԧ𝜎 ⋅ 𝐸/ℏ

Δ𝜔 = 𝜔𝐿,𝐻𝑒 −
𝛾𝐻𝑒
𝛾𝑋𝑒

⋅ 𝜔𝐿,𝑋𝑒 ≠ 0
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Atomic EDM‘s

Schiff’s screening theorem (L.I.Schiff PR 132 2194,1963):

System of non-relativistic charged point particles that interact electrostatically

can not have an EDM

Eext

Eint

- -

++

റ𝑑𝐸𝐷𝑀

𝐸𝑒𝑓𝑓 = 𝐸𝑒𝑥𝑡 + 𝐸𝑖𝑛𝑡 = 𝜀 ⋅ 𝐸𝑒𝑥𝑡 = 0

Δ𝐸𝐸𝐷𝑀 = − Ԧ𝑑𝑎𝑡𝑜𝑚 ⋅ 𝐸𝑒𝑥𝑡

= − Ԧ𝑑𝐸𝐷𝑀 ⋅ 𝜀 ⋅ 𝐸𝑒𝑥𝑡

 Talk of Herlik Wibowo
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Finite size violation of Schiff screening

Diamagnetic EDMs – „Schiff suppression:  “

For a finite nucleus, the charge and EDM have different spatial
distributions

S- Schiff moment:  Ԧ𝑆 = 𝑆
Ԧ𝐼

𝐼
=

1

10
׬ 𝑒𝜌(Ԧ𝑟)Ԧ𝑟𝑟2𝑑3𝑟 −

5

3𝑍
Ԧ𝑑 ׬ 𝜌(Ԧ𝑟)𝑟2𝑑3𝑟

Schiff moment is dominant CP-odd N-N interaction for large atoms

𝑑𝐴 = 𝑘𝐴 ⋅ 10
−17 ⋅

𝑆

𝑒 𝑓𝑚3 𝑒 𝑐𝑚 ( kXe ~ 0.38 )

𝑆 = 𝑆 ҧ𝑔𝜋𝑁𝑁
(𝑖)

, 𝑑𝑛, 𝑑𝑝, . . . (low energy parameters)



Nuclear deformation can enhance heavy atom EDMs 

(e.g., 225Ra, 223Rn )



𝑑𝐴~10 𝑍
2 𝑅𝑁/𝑅𝐴

2𝑑𝑛𝑢𝑐 ~ 𝑂 (10−3) 𝑑𝑛𝑢𝑐 𝑑𝐴 = 𝜀 ⋅ 𝑑𝑛𝑢𝑐
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6 less sensitive to CP violating interactions

Reduced Limit on the Permanent Electric Dipole Moment of 199Hg

B. Graner, Y. Chen, E. G. Lindahl, and B. R. Heckel

arXiv:1601.04339v2 [physics.atom-ph] 17 Aug 2017

Parameter 199Hg Best alternate limit

de / (e cm) 3.010-27 ThO:8.610-29

dn / (e cm) 1.610-26 n: 2.910-26

dp/ (e cm) 2.010-25 TlF: 5.410-23

QCD 8.510-11 n: 2.410-10

CS 1.310-8 Tl:2.410-7

CT 1.510-10 TlF:4.510-7

CPS 1.210-7 TiF: 310-4

 8.010-5 Xe: 510-2

(95% CL)

𝑑 199 Hg ≤ 7.4 ⋅ 10−30e ⋅ cm

𝑑 199 Hg = 10−2𝑑𝑒 + (2.0 × 10−20𝐶𝑇 + 5.9 × 10−22𝐶𝑆 + 6 × 10−23𝐶𝑃𝑆 + 3.9 × 10−25𝜂) e ⋅ cm

𝑑 129 Xe = 10−3𝑑𝑒 + (5.2 × 10−21𝐶𝑇 + 5.6 × 10−23𝐶𝑆 + 1.2 × 10−23𝐶𝑃𝑆 + 6.7 × 10−26𝜂) e ⋅ cm

𝑑 129 Xe ≤ 3.3 ⋅ 10−27e ⋅ cm
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129Xe electric dipole moment

Zeeman: B0 ≈ 10-13 eV dXeE ≈ 10-25 eV

Eo E
E

Bo
E E

129Xe

Comagnetometry to get rid of magnetic field drifts

0L B  

0B

𝐼 =
1

2

ℏ ⋅ Δ𝜔𝐸𝐷𝑀 = 𝜔↑↑ − 𝜔↑↓

= 4 ⋅ 𝐸 ⋅ 𝑑𝑋𝑒

Observable:

weighted frequency (phase) difference

∆𝜔 = 𝜔𝑋𝑒 −
𝛾𝑋𝑒
𝛾𝐻𝑒

𝜔𝐻𝑒

∆𝜙 = 𝜙𝑋𝑒 −
𝛾𝑋𝑒
𝛾𝐻𝑒

𝜙𝐻𝑒

𝛿𝜔𝐸𝐷𝑀 = Δ𝜔↑↑ − Δ𝜔↑↓ = 4 ⋅ 𝐸 ⋅ 𝑑𝑋𝑒/ℏ
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Eo E E

Bo
E E

Measurement sensitivity: 129Xe electric dipole moment 

ℎ ⋅ Δ𝜈 = ℎ ⋅ Δ𝜐↑↑ − Δ𝜐↑↓ = 4 ⋅ 𝐸 ⋅ 𝑑𝑋𝑒

4 ⋅ 10−15eVs × 1pHz =

4 × 1 ⋅ 103
V

cm
× 1 ⋅ 10−30e cm

The Cramer-Rao Lower Bound (CRLB) sets the lower limit on the variance

Correction for 

T2-relaxation𝜎𝑓
2 ≥

12

(2𝜋)2 ⋅ 𝑆𝑁𝑅 2 ⋅ 𝑓𝐵𝑊 ⋅ 𝑇3
× 𝐶 (𝑇2

∗)

𝜎𝑓 ∝
Fourier
width

∝
1

𝑇
×

1

#datapoints ∝ T
1
2

∝
1

𝑇
3
2

𝜎𝜙 ∝ 1/ 𝑇

example: SNR = 10000:1 ,   = 1 Hz , T= 1 day  BWf 𝜎𝑓
2 ≈ 1 pHz
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MIXed-collaboration 2015

129Xe EDM Setup at the 

magnetically shielded 

room at 

Forschungszentrum

Jülich
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low Tc-SQUID

gradiometer(s)

-4 kV +4 kV 
3He

129Xe

CO2 , SF6





gas preparation

area outside MSR

gas transfer line

l He

dewar

Turbo pump

pneumatic valve

B0(cos-coil) Bv(solenoid)

Btrans

Experimental Setup: Overview

mu-metal cylinder

solenoid

cos-coil

magnetically

shielded room

(MSR) at

Jülich Research

Center
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Scheme inner setup of the 129Xe-EDM experiment
(1) Conductive Plastic 

housing

(2) Glass cell with silicon 

lids

(3) High voltage 

electrodes with cabling

(4) Filled with SF6

(5) Cryostat made of 

carbon fiber, inside 

special low 

temperature SQUID 

Gradiometers



129Xe-EDM (HeXE) EDMs2026 Les Houches March 2026 18

1.E0 1.5 E0 2.E0 2.5 E0 3.E0 3.5 E0 4.E0 4.5 E0 5.E0 5.5 E0 6.E0

2.5 E2

2.E2

1.5 E2

1.E2

5.E1
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5.E1

1.E2

1.5 E2
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2.5 E2

2.E2

1.5 E2

1.E2

5.E1

0.E0

5.E1

1.E2

1.5 E2

He,Xe

[pT]

SpinHe

SpinXe

B0-Feld

time

Co-

magnetometer 

equivalent

 spherical cell

Δ𝜔𝐿𝑎𝑟𝑚𝑜𝑟

𝛾
cylindrical  cell

“Demagnetisation” 

fields

Used numerical 

codes to calculate 

these fields
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Additional coils for gradient compensation

Four current sources:

• Resolution: 16 bit

• Range: -5 ... +5 mA



129Xe-EDM (HeXE) EDMs2026 Les Houches March 2026 21

Results of automatic gradient compensation
(Downhill-simplex algorithm)

Example: Spherical cell (diameter 10 cm) filled with 30 

mbar of polarized 3He
T2* measurement time: 10 minutes,  total measurement time: 4 hours

Iteration Cx

/ mA

Cy

/ mA

Cz

/ mA

Cc

/ mA

Spin coherence

time

T2* / s

start 0 0 0 0 7499

0 0 0.15 0 0 9758

1 0.11 0.11 -0.30 0.11 14750

3 0.30 0.30 -0.34 0.01 26590

5 0.33 0.30 -0.60 0.02 35120

13 0.30 0.40 -0.67 0.18 37686

effective

Gradients 

50 pT/cm

< 10 pT/cm
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𝐵𝑆 𝑡
= 𝑐𝐻𝑒 ⋅ cos(𝜔𝐻𝑒𝑡) + 𝑠𝐻𝑒 ⋅ sin(𝜔𝐻𝑒𝑡) + 𝑐𝑋𝑒 ⋅ cos(𝜔𝑋𝑒𝑡) + 𝑠𝑋𝑒 ⋅ sin(𝜔𝑋𝑒𝑡) + 𝑐𝑙𝑖𝑛 ⋅ 𝑡 + 𝑐𝑐𝑜𝑛𝑠𝑡
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Data evaluation: 
Final Fit

∆Φ = 𝑐 + 𝑎𝑙𝑖𝑛 ∙ 𝑡 + 𝑎𝐻𝑒 ∙ 𝑒
−

𝑡

𝑇2
𝐻𝑒

+𝑎𝑋𝑒 ∙ 𝑒
−

𝑡

𝑇2
𝑋𝑒
+ 𝑏𝐻𝑒 ∙ 𝑒

−
2𝑡

𝑇2
𝐻𝑒
+ 𝑏𝑋𝑒 ∙ 𝑒

−
2𝑡

𝑇2
𝑋𝑒

+𝑔 ∙ ℎ(𝑡, 𝑇𝑎)

Φ𝐸𝐷𝑀 𝑡 =
2𝑑𝑋𝑒
ℏ

𝐸𝑧 ∙ ℎ 𝑡, 𝑇𝑎 = 𝑔 ∙ ℎ(𝑡, 𝑇𝑎)

Phase residualsWeighted phase difference
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𝑑𝑋𝑒 = −4.7 ± 6.4 ⋅ 10−28e ⋅ cm ⇒ 𝑑𝑋𝑒 < 1.5 ⋅ 10−27 e ⋅ cm

F. Allmendinger et al. Phys Rev A 100, 022505 (2019) DOI: 10.1103/PhysRevA.100.022505
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Allan standard deviation of the 

residual frequency noise
Summary of systematic false EDM effects
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Setup of the next generation 129Xe-EDM experiments at Heidelberg

New magnetically shielded room (MSR)

Maunufacturer: Vakuum Schmelz Hanau

Size outer Dim: Cube 3x3x3m

3 Layer µ-metal shielding 3mm thick

1 Layer EMS:

cooper plated Aluminum 10mm thick

Special construction for have a rigid frame 

of nonmagnetic wood-epoxy item profile 

inside.

Allmendinger et al. Rev. Sci. Instrum. 94, 115105 (2023); doi: 10.1063/5.0167663
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Hysteresis of the µ-metal

Degaussing scheme
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Shielding factor with and without low frequency shaking



129Xe-EDM (HeXE) EDMs2026 Les Houches March 2026 29

New Xe-polarizer in operation: 

𝑃 = 37 ∓ 3%

Ongoing tasks toward an new EDM-

measurement:

 Conductive coting tests for the new 

EDM-cell

 Design of the new EDM-cell

 Gas recycling and purification

 Getting the He-Polarizer into 

operation


