
nEDM @ PSI

Philipp Schmidt-Wellenburg (PSI) | Snowmass21 workshop| 15.09.2020

Challenges and opportunities in future searches for 
the electric dipole moment of the neutron

P. Schmidt-Wellenburg
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A brief history of EDM searches

PSI 
dn < 1.8 x 10–26 e cm (90% C.L.)
C. Abel et al. PRL 124 (2020) 081803

Smith, Purcell, Ramsey
dn < 5 x 10–20 e cm
PR 108 (1957) 120

First neutron Best

~ 63 years

Neutron Electron Mercury

109

Presenter
Presentation Notes
However, they did not publish their result until 1957, the year of the discovery of parity violation. Until then the idea, that discrete symmetries could be violated was an outsider view.�Since then race to the bottom started.Here on this graph I depicted for you the 90% limits versus the year of publication. In green the neutron, the blue diamonds are measurements on atoms and molecules extracting the EDM off the electron.In yellow squares the impressive story of the mercury EDM.On the right side you see the range for standard model EDM from the small imaginary phase of the CKM matrix in relation to the current limit.�The neutron and the mercury nuclei still have another 6 orders of magnitude until they will hit the SM background. The electron, is still more than 9 order of magnitude away from this limit.
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EDM measurement basics

𝐸𝐸

𝑈𝑈
=
−𝑑𝑑

⋅𝐸𝐸

| ⟩↑

| ⟩↓

Δ𝑈𝑈 = ℏ𝜔𝜔𝑒𝑒 = 2𝑑𝑑𝐸𝐸

Measure the energy splitting
Best to measure the 

associated frequency 𝜔𝜔𝑒𝑒

𝑓𝑓𝑒𝑒 =
2𝑑𝑑𝐸𝐸
ℎ ≈ 53nHz

Corresponds to about
1 turn in a year

Systematic effect:
classical Larmor precession

𝑓𝑓𝐿𝐿 =
2𝜇𝜇𝜇𝜇
ℎ ≈ 0.3mHz

Corresponds to 1 turn in 1 
h in the best MSR

𝜇𝜇 ~ 𝑶𝑶(10pT)
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Use a magnetic field as reference

I   𝑓𝑓↑ = 2
ℎ
𝜇𝜇𝜇𝜇 + 𝑑𝑑𝐸𝐸

II   𝑓𝑓↓ = 2
ℎ
𝜇𝜇𝜇𝜇 − 𝑑𝑑𝐸𝐸

II-I   Δ𝑓𝑓 = 2
ℎ
𝜇𝜇Δ𝜇𝜇 − 2𝑑𝑑𝐸𝐸

I II

𝑑𝑑 =
ℎΔ𝑓𝑓
4𝐸𝐸
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Ramsey’s technique to measure 𝑓𝑓

Sensitivity:

α Visibility of resonance
T Time of free precession
N Number of neutrons

𝜎𝜎 𝑓𝑓n ∝
1

𝛼𝛼𝛼𝛼 𝑁𝑁

Presenter
Presentation Notes
In particular we are using Ramsey’s technique of separated oscillating fields. Essentially this is a clock comparison experiment: One clock is the precessing neutron, the other a stable frequency.Let me explain you this using this small cartoon:In the initial state the spin of the neutron is parallel to a background field Then we perform a pi/2 flip with an oscillating field perpendicular to the background field with the frequency of the reference clock.After a period of free precession in the perpendicular plane A second pi/2 pulse in phase with the first is applied �Now if the frequency of both pi half pulses were identical the neutron would be in a pure spin anti-parallel state.Otherwise the a small phase difference between the two clocks will have build up and the neutrons will not be flipped exaclty into the down state. By measuring the number of neutrons in the down state and making many cycles scanning the frequency of the pi/2 pulses one will measure a pattern called the ramsey pattern with a clear minimum. In the minimum the frequencies are identical.Practical this takes too long hence we only measure on four points on the central fringe and then fit a cosine to these points.The sensitivity to an electric dipole moment is given by this formula. 
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Coupling of the spin to an electric field

+
𝐸𝐸

+
𝐸𝐸

/
𝐸𝐸

/
𝐸𝐸

𝜎𝜎 𝑑𝑑n =
ℏ

2𝛼𝛼𝐸𝐸𝛼𝛼 𝑁𝑁

Δf =
4𝑑𝑑|𝐸𝐸| − 2𝜇𝜇Δ𝜇𝜇0

ℎ

Presenter
Presentation Notes
In particular we are using Ramsey’s technique of separated oscillating fields. Essentially this is a clock comparison experiment: One clock is the precessing neutron, the other a stable frequency.Let me explain you this using this small cartoon:In the initial state the spin of the neutron is parallel to a background field Then we perform a pi/2 flip with an oscillating field perpendicular to the background field with the frequency of the reference clock.After a period of free precession in the perpendicular plane A second pi/2 pulse in phase with the first is applied �Now if the frequency of both pi half pulses were identical the neutron would be in a pure spin anti-parallel state.Otherwise the a small phase difference between the two clocks will have build up and the neutrons will not be flipped exaclty into the down state. By measuring the number of neutrons in the down state and making many cycles scanning the frequency of the pi/2 pulses one will measure a pattern called the ramsey pattern with a clear minimum. In the minimum the frequencies are identical.Practical this takes too long hence we only measure on four points on the central fringe and then fit a cosine to these points.The sensitivity to an electric dipole moment is given by this formula. 
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Sensitivity for an EDM

7

P: Initial polarization
E: Electric field strength
N: Number of particles
T: Observation time
A: Analyzing power

𝜎𝜎 𝑑𝑑 ∝
1

𝑃𝑃𝐸𝐸 𝑁𝑁𝛼𝛼𝑇𝑇
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Statistical sensitivity, systematic error and limit

8

𝑑𝑑𝑛𝑛 = 0.0 ± 1.1stat ± 0.2syst × 10−26 𝑒𝑒cm

C.
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be
l e
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)0
81

80
3

Limit: 𝑑𝑑n < 1.8 × 10−26𝑒𝑒cm (C. L. 90%)

For a limit better than 1 × 10−26𝑒𝑒cm we need to design an apparatus with a 
statistical sensitivity of better than 0.5 × 10−26𝑒𝑒cm as some unthought
systematic could always appear.
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∼ 8 m ∼ 4 m

∼
1m

solid deuterium 
(phonon excitation
→ UCN conversion)

D2O thermal moderator

V
𝑉𝑉F =

2𝜋𝜋ℏ
𝑚𝑚n

𝑏𝑏𝑁𝑁 ≤ 350neV

(8m/s, 3mK) 

𝑉𝑉magn ≅ ± 60 neV/T ⋅ 𝜇𝜇

Ultracold neutrons: good for 𝛼𝛼 𝑁𝑁

Materials used at PSI:
DLC 230neV
NiMo 220neV
dPS 165neV

𝜎𝜎 𝑑𝑑 ∝
1

𝑃𝑃𝐸𝐸 𝑁𝑁𝛼𝛼𝑇𝑇
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Increasing sensitivity

• 𝑁𝑁0 = 20000 (polarized)
• 𝜏𝜏𝑓𝑓,𝑠𝑠 = 80s, 180s
• 𝐸𝐸 = 11 kV/cm
• 𝛼𝛼0 = 0.86 (𝛼𝛼2 = 1300s)

One cycle 
300s

𝜎𝜎𝑀𝑀 𝑑𝑑n =
𝜎𝜎1 𝑑𝑑n

𝑀𝑀

Many cycle 
300s

since 2015

𝜎𝜎1 𝑑𝑑n =
ℏ

𝐸𝐸𝛼𝛼𝛼𝛼0e−𝑇𝑇/𝑇𝑇2 𝑁𝑁0 e−𝑇𝑇/𝜏𝜏𝑠𝑠 + e−𝑇𝑇/𝜏𝜏𝑓𝑓 /2
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Number of neutrons N:
Higher density and/or larger volume → more neutrons

What seems possible in a single shot?

11

New UCN sources:
- superthermal sources  

based on D2 or sfHe
- Transport losses/dilution
- Ramsey cell = source

(see SNS talk) 

Location Type Density Year of operation

Mainz 3 2007

Grenoble

PF2 20 1986

SUN2 8 2012

SuperSun 7/130 2021/202?

LANL 80 yes

PSI 22 yes

TRIUMF
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Number of neutrons N:
Higher density and/or larger volume → more neutrons

What seems possible in a single shot?

12

New UCN sources:
- superthermal sources  

based on D2 or sfHe
- Transport losses/dilution
- Ramsey cell = source

(see SNS talk) 

Needs matching of source volume to 
experiment volume, other wise too 
strong dilution.
Neutron spin coherence function of cell 
radius → good control of gradients:

C.
 A

be
l e
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l.,
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Number of neutrons N:  107

Electric field RT:      20 kV/cm  Cryogenic: 80kV/cm
Coherence time T2: 3000 s
Storage times ts,tf:     (100, 300) s

What seems possible in a single shot?

13

C.
 A

be
l e
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After 4 years with 
200 days each:

𝜎𝜎RT ≈ 1 × 10−28𝑒𝑒cm

𝜎𝜎Cryo ≈ 0.2 × 10−28𝑒𝑒cm

RT

Cryo

100 times larger 
(SuperSun,TRIUMF, SNS)

8 times larger
(SNS, former CryoEDM)
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Sensitivity:

Performance in 2015/2016

Prospect TDR ( start 2021)
𝐸𝐸 = 15 kV/cm, 𝑁𝑁 = 8 × 𝑁𝑁2016

𝜎𝜎 𝑑𝑑n =
ℏ

𝐸𝐸𝛼𝛼𝛼𝛼0e−𝑇𝑇/𝑇𝑇2 2𝑁𝑁0 e−𝑇𝑇/𝜏𝜏𝑠𝑠 + e−𝑇𝑇/𝜏𝜏𝑓𝑓
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Sensitivity versus field drifts

• Sensitivity for many cycles 
ideal case:

• Only if magnetic field is
stable enough.
(Good fit with orange,
bad fit with purple)

𝜎𝜎 𝑑𝑑n =
ℏ

2𝛼𝛼𝛼𝛼𝐸𝐸 𝑁𝑁𝑀𝑀

fn
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• Average magnetic field (volume and cycle) 
• 𝜎𝜎B ≤ 100 fT (CR-limit)
• 𝜏𝜏 > 100 s wo HV (with ∼ 90 s)
• 𝑠𝑠/𝑛𝑛 > 1000

B 0 
≈ 

 1
μT

τ = 140s
¼ wave plate
linear polarizer

Hg light

PM

polarization 
cell

HgO source

Mercury comagnetometer
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Real data example (stability)
Neutron Neutron

Neutron

Mercury

R-ratio
Allan deviations
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The n2EDM at PSI
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Large active magnetic shield
- Bz, By, Bx
- 5 linear gradients
- About 520 Wire Paths
- Total of 54km Wires
- 2.6t of wire
- 840m Cable Trays
- Several kW Heat

Stabilization of magnetic environment to 
± 1μT around MSR in 10μHz range
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Double chamber with Cs-OPM
• Two large chamber

N=120000
• Hg co-gradiometer

Cancels many systematics
but leads to motional false EDM

• Order 100 Cs-OPM
Field optimization & extraction 
higher order gradients to correct 
for motional false EDM
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Excellent B-field uniformity

Magnetic-field generation

• Optimized main magnetic field coil
• 64 correction coils

Harmonic polynomials

C
. Abel et al., PRA 99(2019)042112 
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Excellent B-field uniformity

Magnetic-field generation

• Optimized main magnetic field coil
• 64 correction coils

Magnetic-field measurement

• Order 100 CsM sensors
• Optimal placement

pT/cml
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Going magic
Larger cell → more neutrons
False EDM from Hg:

Go to magnetic field (𝜔𝜔 = 𝛾𝛾𝜇𝜇)
where false EDM is zero:

𝑑𝑑n←Hgfalse =
ℏ𝛾𝛾n𝛾𝛾Hg

2𝑐𝑐2 𝑥𝑥𝜇𝜇𝑥𝑥 + 𝑦𝑦𝜇𝜇𝑦𝑦

=
ℏ𝛾𝛾n𝛾𝛾Hg

32𝑐𝑐2 𝐷𝐷2𝐺𝐺eff

𝑑𝑑n←Hgfalse =
ℏ𝛾𝛾n𝛾𝛾Hg

2𝑐𝑐2 �
0

∞
𝜇𝜇𝑥𝑥 0 𝑣𝑣𝑥𝑥 𝑡𝑡 + 𝜇𝜇𝑦𝑦 0 𝑣𝑣𝑦𝑦 𝑡𝑡 cos𝜔𝜔𝑡𝑡d𝑡𝑡

G
. Pignol PLB793 (2019) 440

𝐺𝐺1,0 = 1pT/cm
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Outlook:

Possible final performance at PSI
𝐸𝐸 = 18 kV/cm, improved UCN 
source, optimal magnetic field 
tuning

Performance in 2015/2016

Prospect TDR ( start 2021)
𝐸𝐸 = 15 kV/cm, 𝑁𝑁 = 8 × 𝑁𝑁2016

New source? At ESS? Cyryogenic?
𝐸𝐸 = 20kV/cm, 𝑁𝑁 = 128 × 𝑁𝑁2016

𝜎𝜎 𝑑𝑑n =
ℏ

𝐸𝐸𝛼𝛼𝛼𝛼0e−𝑇𝑇/𝑇𝑇2 2𝑁𝑁0 e−𝑇𝑇/𝜏𝜏𝑠𝑠 + e−𝑇𝑇/𝜏𝜏𝑓𝑓

magic
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• 16 Institutions
• 8 Countries
• 84 authors
• 34 PhD degrees

The collaboration 

Belgrade

East Lansing



Backup
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Use R-value as proxy for G1,0

𝑅𝑅± =
𝑓𝑓n
𝑓𝑓Hg

=
𝛾𝛾n
𝛾𝛾Hg

1 ± 𝛿𝛿EDM ± 𝛿𝛿EDMfalse + 𝛿𝛿Q +𝛿𝛿G +𝛿𝛿T + 𝛿𝛿E + 𝛿𝛿LS + 𝛿𝛿I + 𝛿𝛿P + 𝛿𝛿𝐴𝐴𝐴𝐴

• Center of mass offset • Non-adiabaticity

UCN199Hg
𝛾𝛾Hg
2𝜋𝜋 ≈ 8 Hz/μT

𝛾𝛾n
2𝜋𝜋≈ 30 Hz/μT

𝑣𝑣Hg ≈ 160 m/s vs. 𝑣𝑣UCN ≈ 3 m/s

𝑅𝑅 ⋅
𝛾𝛾n
𝛾𝛾Hg

− 1 = 𝛿𝛿G + 𝛿𝛿T = ±
𝑧𝑧 𝐺𝐺1,0
𝜇𝜇0

+
𝜇𝜇T2

2𝜇𝜇02
Needs to be known for 

each measurement
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𝜇𝜇∗ = −
4𝜋𝜋ℏ
𝑚𝑚n𝛾𝛾n

𝑛𝑛𝑏𝑏𝑖𝑖𝑃𝑃
𝐼𝐼

𝐼𝐼 + 1

• 𝑏𝑏𝑖𝑖 = ±15.5 fm
• 𝑛𝑛𝑃𝑃 (199Hg × polarization) extracted 

from data cycle by cycle

Pseudo magnetic field from incoherent scattering length

η

𝛿𝛿𝜂𝜂 = 𝜂𝜂 +𝐸𝐸 − 𝜂𝜂(−𝐸𝐸)

𝑑𝑑nfalse = ℏ 𝛾𝛾n
4𝐸𝐸
𝜇𝜇∗ ⋅ 𝛿𝛿𝜂𝜂

< 7 × 10−28𝑒𝑒cm
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The crossing point analysis takes care of a large part of 
the motional false EDM:

Correcting systematic by 𝐺𝐺g and �𝐺𝐺

𝑑𝑑n←Hgfalse =
ℏ𝛾𝛾n𝛾𝛾Hg

32𝑐𝑐2 𝐷𝐷2 𝐺𝐺𝑔𝑔 + 𝐺𝐺30
𝐷𝐷2

16 +
𝐻𝐻2

10 + 𝐺𝐺50
𝐻𝐻4

28 −
𝐷𝐷2𝐻𝐻2

96 −
5𝐷𝐷4

256

Corrected by 
crossing point fit

�𝐺𝐺 ≔ �𝐺𝐺30 + �𝐺𝐺50
Corrected set for set using map analysis 
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Ingredients needed for baryon genesis

1. Baryon number 
violation

2. C and CP violation

3. Thermal non-
equilibrium

Γ A + B → C ≠ Γ(�A + �B → �C)

Anomalous B-violating processes

Prevent washout by inverse processes

SM Sphalerons:

SM CKM CPV: 

SM EWPT: 

EDMs

LHC: scalars

(Requires Higgs mass <80meV)
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Ingredients for EW baryogenesis

1. Baryon number 
violation

2. C and CP violation

3. Thermal non-
equilibrium

M. Dine & A. Kusenko, RMP76(2003)
D.E. Morrisey & M.J. Ramsey-Musolf, NJP14(2012)

𝜙𝜙 ≠ 0

𝜙𝜙 = 0

2nd order

1st order
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Frequency for each cycle

• Single point fits to avoid loss 
of cycles
(same equation, but all 
parameters know but 𝜙𝜙1)

• In the end the relative change 
of frequency is relevant for 
the nEDM analysis the global 
parameter are all covariant.

Data point below cosine:  𝑇𝑇𝑖𝑖 < (𝑇𝑇SF2−𝛼𝛼)
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Allan deviation:

𝜎𝜎𝐴𝐴𝐴𝐴 𝑀𝑀 =
𝑓𝑓𝑖𝑖 𝑀𝑀 − 𝑓𝑓𝑖𝑖−1 𝑀𝑀

2

2

Choose 𝑀𝑀 such that: 

𝜎𝜎stat(𝑀𝑀) ≥ 𝜎𝜎𝐴𝐴𝐴𝐴(𝑀𝑀)

Sensitivity versus Stability
• Sensitivity for many cycles 

ideal case:

• Requires:

𝜎𝜎stat(𝜇𝜇) =
1

𝛾𝛾n𝛼𝛼𝛼𝛼 𝑁𝑁𝑀𝑀

Δ𝜇𝜇 ≤ 𝜎𝜎stat

𝑀𝑀 = 4
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Allan deviation:

𝜎𝜎𝐴𝐴𝐴𝐴 𝑀𝑀 =
𝑓𝑓𝑖𝑖 𝑀𝑀 − 𝑓𝑓𝑖𝑖−1 𝑀𝑀

2

2

Sensitivity versus Stability
• Many cycles sensitivity 

ideally:

• Require:

𝜎𝜎stat(𝜇𝜇) =
1

𝛾𝛾n𝛼𝛼𝛼𝛼 𝑁𝑁𝑀𝑀

𝜎𝜎stat ≥ Δ𝜇𝜇

𝑀𝑀 = 4
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The full covariant matrix C

𝐶𝐶 = 𝐶𝐶𝛼𝛼 + 𝐶𝐶𝐴𝐴𝑖𝑖 + 𝐶𝐶𝐴𝐴𝑎𝑎𝑎𝑎 + 𝐶𝐶𝜙𝜙

𝐶𝐶𝐴𝐴av,𝑖𝑖𝑖𝑖 =
d𝑓𝑓
d𝑇𝑇av,𝑖𝑖

⋅
d𝑓𝑓
d𝑇𝑇av,𝑖𝑖

⋅ 𝛿𝛿𝑇𝑇av,𝑖𝑖 𝛿𝛿𝑇𝑇av,𝑖𝑖

𝑇𝑇𝑖𝑖 = 𝑇𝑇av − 𝛼𝛼cos
𝜔𝜔rf − 𝜔𝜔cor

Δ𝜈𝜈
+ 𝜙𝜙 → 𝑓𝑓 =

Δ𝜈𝜈
𝜋𝜋

acos
𝑇𝑇av − 𝑇𝑇𝑖𝑖

𝛼𝛼
+ 𝜙𝜙

=
Δ𝜈𝜈2𝛿𝛿𝑇𝑇av,𝑖𝑖 𝛿𝛿𝑇𝑇av,𝑖𝑖

𝜋𝜋2 𝛼𝛼2 − 𝑇𝑇av,𝑖𝑖 − 𝑇𝑇𝑖𝑖
2 −1/2

𝛼𝛼2 − 𝑇𝑇av,𝑖𝑖 − 𝑇𝑇𝑖𝑖
2 −1/2

Remember there are four 
different 𝑇𝑇av



P. Schm
idt-W

ellenburg
Snow

m
ass 21 w

orkshop 15/09/20

25
36

The full covariant matrix C

𝐶𝐶 = 𝐶𝐶𝛼𝛼 + 𝐶𝐶𝐴𝐴𝑖𝑖 + 𝐶𝐶𝐴𝐴𝑎𝑎𝑎𝑎 + 𝐶𝐶𝜙𝜙

𝐶𝐶𝛼𝛼,𝑖𝑖𝑖𝑖 =
d𝑓𝑓
d𝛼𝛼𝑖𝑖

⋅
d𝑓𝑓
d𝛼𝛼𝑖𝑖

⋅ 𝛿𝛿𝛼𝛼2 =
Δ𝜈𝜈2𝛿𝛿𝛼𝛼2

𝛼𝛼2𝜋𝜋2
𝑇𝑇av,𝑖𝑖 − 𝑇𝑇𝑖𝑖

𝛼𝛼2 − 𝑇𝑇av,𝑖𝑖 − 𝑇𝑇𝑖𝑖
2

𝑇𝑇av,𝑖𝑖 − 𝑇𝑇𝑖𝑖

𝛼𝛼2 − 𝑇𝑇av,𝑖𝑖 − 𝑇𝑇𝑖𝑖
2

𝑇𝑇𝑖𝑖 = 𝑇𝑇av − 𝛼𝛼cos
𝜔𝜔rf − 𝜔𝜔cor

Δ𝜈𝜈
+ 𝜙𝜙 → 𝑓𝑓 =

Δ𝜈𝜈
𝜋𝜋 acos

𝑇𝑇av − 𝑇𝑇𝑖𝑖
𝛼𝛼

+ 𝜙𝜙

𝐶𝐶𝜙𝜙,𝑖𝑖𝑖𝑖 =
d𝑓𝑓
d𝜙𝜙𝑖𝑖

⋅
d𝑓𝑓
d𝜙𝜙𝑖𝑖

⋅ 𝛿𝛿𝜙𝜙𝛿𝛿𝜙𝜙 =
Δ𝜈𝜈2𝛿𝛿𝜙𝜙2

𝛼𝛼2𝜋𝜋2
Remember there are four 

different 𝑇𝑇av
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R value and error on R
• Calculate R 
• Divide covariance matrix by 

matrix 𝑓𝑓′Hg,𝑖𝑖𝑖𝑖
(element for element)

• Add diagonal matrix with
statistical error for each R value

𝑓𝑓Hg,𝑖𝑖𝑖𝑖 = 𝑓𝑓Hg,𝑖𝑖 ⋅ 𝑓𝑓Hg,𝑖𝑖

𝑅𝑅 =
𝑓𝑓n ∓ 𝛾𝛾𝑛𝑛/2𝜋𝜋 𝑧𝑧 𝑔𝑔𝑧𝑧

𝑓𝑓Hg

𝜎𝜎𝑅𝑅2 =
𝜎𝜎𝑓𝑓n
2

𝑓𝑓Hg
2 + 𝛾𝛾𝑛𝑛/2𝜋𝜋〈𝑧𝑧〉 𝛿𝛿𝑔𝑔𝑧𝑧

𝑓𝑓Hg

2

+
𝜎𝜎Hg⋅ 𝑓𝑓n∓𝛾𝛾𝑛𝑛/2𝜋𝜋〈𝑧𝑧〉 𝛿𝛿𝑔𝑔𝑧𝑧

𝑓𝑓Hg
2

2
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Main features of the new instrument

Inspired by Gatchina double-chamber setup 
I.Altarev et al. JETP Lett.44(1986)460
and based on years of experience  with our 
own operating experiment:

- 2 neutron precession chambers

- Hg co-magnetometer in both chambers with 
laser read out

- Baseline scenario: UCN chamber with 
materials and coatings as present chamber, but 
larger diameter of storage volume - upgrades 
in development

- Surrounded by calibrated Cs arrays on 
ground potential (∼ 100 sensors) 

- large NiMo (58NiMo) coated UCN guides𝜎𝜎 𝑑𝑑n ≈ 1 × 10−27e𝑐𝑐𝑚𝑚
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Sensitivity:

Possible final performance at PSI
𝐸𝐸 = 18 kV/cm, improved UCN source, 
optimal magnetic field tuning

Performance in 2015/2016

Prospect TDR ( start 2021)
𝐸𝐸 = 15 kV/cm, 𝑁𝑁 = 8 × 𝑁𝑁2016

New source? At ESS?
𝐸𝐸 = 20kV/cm, 𝑁𝑁 = 128 × 𝑁𝑁2016

𝜎𝜎 𝑑𝑑n =
ℏ

𝐸𝐸𝛼𝛼𝛼𝛼0e−𝑇𝑇/𝑇𝑇2 2𝑁𝑁0 e−𝑇𝑇/𝜏𝜏𝑠𝑠 + e−𝑇𝑇/𝜏𝜏𝑓𝑓
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𝑅𝑅T − 𝑅𝑅B =
𝛾𝛾n
𝛾𝛾Hg

2𝛿𝛿EDM + 𝑧𝑧 T − 𝑧𝑧 B
𝑔𝑔
𝜇𝜇0

+ ⋯

Analysis: Frequency ratio 𝑅𝑅 = 𝑓𝑓n/𝑓𝑓Hg

199Hg  + UCN

Analysis: based on (RT - RB) as function of dB/dz extrapolate to 0

199Hg  + UCN
double chamber - linear ∂B/∂z is almost 
perfectly compensated 
but due to different ht and hb gradient 
fluctuations still cause an error on a lower 
level though

z t

z b
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5.2m5.2m

4.
8m

setup features:
- (2 + 4) layers mu-metal
- Al eddy current shield
- 78 openings for experiment 
use
- largest openings 
ID=220mm
for 2  UCN guides 
for 2  main pumping ports

expected performance:
- quasi-static shielding factor 
guaranteed >70'000 
(expected >100'000)
- central B-field < 0.5nT
- central gradient < 0.3 nT/m 

Magnetically Shielded Room
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Depolarization

Gravitational depolarizationIntrinsic depolarization

𝛼𝛼 𝛼𝛼 = e−Γ2𝑇𝑇 −
𝛾𝛾𝑛𝑛2𝑔𝑔𝑧𝑧2𝛼𝛼2

2
⋅ 𝑑𝑑ℎ2 eff

Afach et al.,PR
D

92(2015)052008
Afach et al.,PR

L115(2015)162502

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.052008
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.162502
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Excellent B-field uniformity

Magnetic-field generation

• Optimized main magnetic field coil
• 64 correction coils

Magnetic-field measurement

• Order 100 CsM sensors
• Optimal placement
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Status of setup:
• MSR installed and commissioning has started
• Installation of coil system, vacuum tank and 

precession chambers next
• Area and environmental setup ongoing

Today’s status of n2EDM
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Maximize field uniformity

• Use variometer method field 
information

• Use known sensitivity of each 
CsM to changes of any of 30 
trim coils

• Use field information from 
offline field maps for 𝜇𝜇T2

Initial polarization 
𝛼𝛼0 = 0.86

Best polarization after 
180 s free precession

𝛼𝛼180 = 0.81
Average:

𝛼𝛼180 = 0.75

T2 = −180s / ln
𝑎𝑎180
𝛼𝛼0

= 3000𝑠𝑠

𝛼𝛼2 = −180s / ln
𝑎𝑎180
𝛼𝛼0

= 1315𝑠𝑠
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The history of the Sussex tin can
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The history of the Sussex tin can
La

st
 b

ea
m
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1977

Setup of tin can 

1s
tr
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t u
. U

C
N

1978 1979 1980 1981 1982 1983 1984

Installation of HgM

1991 1992 1993 1994 1995 1996 1997

1997 1998 1999

3r
d

re
su

lt

2000 2001 2002 2003 2004 2005 2006

4t
h 

re
su

ltILL data taking

2nd
re

su
lt Move to turbine

1985 1986 1987 1988 1989 1990

Move to the 
Paul Scherrer
Institute

PSI data

Dismantling 
nEDM

Installing n2EDM

UCN source startup
& nEDM upgrade

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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