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EDM precision experiments (upper limits)



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

( kXe ~ 0.38 )

(low energy parameters)

 
22 3~ 10 / ~ (10 )A N A nuc nucd Z R R d O d

Nuclear deformation can enhance heavy atom EDMs 

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

weighted frequency (phase) difference

∆𝜔 = 𝜔𝑋𝑒 −
𝛾𝑋𝑒
𝛾𝐻𝑒

𝜔𝐻𝑒

∆𝜙 = 𝜙𝑋𝑒 −
𝛾𝑋𝑒
𝛾𝐻𝑒

𝜙𝐻𝑒
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129Xe electric dipole moment
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Zeeman: B0 ≈ 10-13 eV dXeE ≈ 10-25 eV
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Comagnetometry to get rid of magnetic field drifts
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SQUID
detector

~1 /noise fT Hz

EDM sensitivity:  
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long spin-coherence times (T2*), high SNR, high E-field
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(G. D. Cates, et al., Phys. Rev. A 37, 2877)

Motional narrowing regime: diff <<1/(B)
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400nT

PRINCIPLE OF MEASUREMENT

𝐵:

𝐸:

precession

signal

129Xe:

𝑓 = 5Hz

3He:

𝑓 = 13Hz



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





Experimental Setup: EDM-Cell

+4kV -4kV

SQUID
gradiometer

SF6
(HV protective gas)

Glass vessel
(conductive coating)
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10 cm

Gas inlet



129Xe @ 5 Hz (400nT)

3He @ 13 Hz (400 nT)

SNR ~ 10000:1
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Spherical cell (diameter 10 cm)

filled with 30 mbar of polarized 3He

~ 10 min per iteration step

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

30 pT/cm

< 10 pT/cm

Results of automatic gradient compensation
(Downhill-simplex algorithm)
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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: 

𝑉𝑛𝑜𝑛−𝑚𝑎𝑔𝑛. = Ԧ𝑎 ⋅ Ԧ𝜎
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Weighted phase difference (no EDM):

Search for EDM of Xenon: 𝑉 𝑟 /ℏ = − dXe Ԧ𝜎 ⋅ 𝐸/ℏ



I. Earth‘s rotation
 = Xe- Xe / He He

rem =  - Earth

Subtraction of deterministic phase shifts
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II. Ramsey-Bloch-Siegert shift
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Influence of
Electric field switching
period

Total error
(correlation with
exponential terms)

Uncorrelated error

E=800 V/cm

aT
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possible Xe-EDM (EDM phase modulation) smaller than statistical sensitivity

Phase residuals are statistically distributed around

3/2 :



Xe-EDM results

-2
8 mean

comparison

dXe=(-2.1 ± 6.4) ∙10-28 ecm

Evaluation of systematics still ongoing

Rosenberry and Chupp, PRL 86,22 (2001)

  27101.03.37.0 Xed ecm



Conclusion and outlook

Xe-EDM:

SNR~ 10000 @ fBW = 1 Hz  

<E> = 0.8 kV/cm

T2,Xe*~ 3 h   9h EDM-runs

dXe = 4 x 10-28 ecm/day

Room for improvements Factor

Increase the electric field strength (now: E=800 V/cm) 4 to 5

Increase Xe and He partial pressure (tradeoff between 
signal strength and spin coherence time)

2

New Magnetically Shielded Room at Heidelberg improves 
noise level and reduces magnetic field gradients

10

Increase measurement time to 200 days 10

• 129Xe EDM limit improved by a factor of  5

Jülich
Research 
Center

University
Heidelberg



Thank you for your attention.

MIXed-collaboration 2015





E-field









ITO

Si

+-

=150 mm

EDM-cell



Downhill-simplex algorithm

26





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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EDMs of paramagnetic

atoms and molecules

(Tl,YbF,ThO,…)

Atoms in traps (Rb,Cs,Fr)

Solid state

EDMs of

diamagnetic atoms

(Hg,Xe,Ra.Rn,..)

Fundamental
theory

Wilson
coefficients

Low energy
parameters

Nucleus
level

Atom/molecule
level

TeV

QCD

nuclear

atomic



Measurement of leakage currents

Resolution ~100 fA

At high potential (+5 kV)

Battery powered, optical interface

PC

Double shielded cable

ADC, µC

GND2
GND1

outer shield (0V)

inner shield (+5kV)

Core (+5kV)

opt. link

3He 129Xe
SF6

50mbar

SF6

+5kV-5kV

conductive box



Setup

10 cm

Measuring the free 
induction decay of 
polarized 3He and 129Xe 
with SQUID 
gradiometers



 Heavy atoms (relativistic treatment) + finite size:   0

 de  0  datom  0                             ~ Z32de

 P,T-odd eN interaction

Tensor-Pseudotensor      ~Z2GFCT

Scalar- Pseudoscalar ~Z3GFCS

 Nuclear EDM – finite size

Schiff moment induced by P,T-odd N-N interaction ~10-25  [ecm]

𝜂 𝑑𝑛, 𝑑𝑝, ҧ𝑔0, ҧ𝑔1, ҧ𝑔2

ഥΘ𝑄𝐶𝐷

Paramagnetic EDMs:
„Schiff enhancement“ ( >> 1)

Diamagnetic EDMs:
„Schiff suppression“ ( << 1)

 General finding:   

Phys. Rep. 397 (04) 63; Phys. Rev. A 66 (02) 012111.

 Diamagnetic atoms:

𝑑(129𝑋𝑒) = 10−3𝑑𝑒 + 5.2𝑥10−21𝐶𝑇 + 5.6𝑥10−23𝐶𝑆 + 6.7𝑥10−26𝜂 ≈ 6.7𝑥10−26𝜂



Limits on CP-violating observables from 199Hg EDM limit

Results: Hg-EDM

(95% CL)ecmdHg
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Features of 3He/129Xe  spin-clocks

Accuracy of frequency estimation:

If the noise w[n] is Gaussian distributed, the Cramer-Rao Lower 

Bound (CRLB) sets the lower limit on the variance 
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D=10 cm

Caveat (pHz)



Magnetically shielded room (MSR) at Jülich Research Center

 300 @ 1Hz

Inside dimensions:

32.52.4 m3

Shielding factor:



Minimizing magnetic field gradients
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( arXiv:1608.01830v1 )



…. systematics (cont.)

 motional magnetic fields
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