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Transverse UCN depolarization during precession
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Intrinsic depolarization
Random trajectories in a gradient. 
Intuitive theory gives:

Gravitational depolarization
Different energy groups have 
different height z

1

𝑇2,mag
≈
𝐷3𝛾𝑛

2

9𝜋𝑣

𝑑𝐵𝑧
𝑑𝑥

2

+
𝑑𝐵𝑧
𝑑𝑦

2

+
H3𝛾𝑛

2

16𝑣

𝑑𝐵𝑧
𝑑𝑧

2

 𝛼grav = −𝛾𝑛
2

𝑑𝐵𝑧
𝑑𝑧

2

Var 𝑧 𝑇



Vertical gradient: UCN gravitational depolarization
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We apply a vertical gradient
𝐺1,0 = 𝑑𝐵𝑧/𝑑𝑧

• Longitudinal depolarization: 
no RF pulse

• Ramsey: normal cycles with 
π/2 pulses. We fit             

Δ𝛼 = 𝛾𝑛
2 𝐺1,0

2 Var 𝑧 𝑇2/2

. 



Spin echo method
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Vertical gradient: UCN gravitational depolarization
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We apply a vertical gradient
𝐺1,0 = 𝑑𝐵𝑧/𝑑𝑧

• Longitudinal depolarization: 
no RF pulse

• Ramsey: normal cycles with 
π/2 pulses. We fit             

Δ𝛼 = 𝛾𝑛
2 𝐺1,0

2 Var 𝑧 𝑇2/2

• Spin echo: additional π pulse 
in the middle of the 
precession. It cancels the 
gravitational depolarization. 



Horizontal gradient: UCN intrinsic depolarization
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We apply a horizontal gradient
𝐺1,1 = 𝑑𝐵𝑧/𝑑𝑥

• Ramsey: normal cycles with 
π/2 pulses. 

• Spin echo: additional π pulse 
in the middle of the 
precession. It does not 
cancels the intrinsic  
depolarization. 

Intuitive 
theory with
𝑣 = 4 m/s
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Systematics:
Mind the high order modes



Harmonic polynomial 
expansion

8

U
N

IF
. 

G
R

A
D

IE
N

TS
Q

U
A

D
R

A
TI

C
 M

O
D

ES

Construction of the basis of 
polynomials: 

• Field as the gradient of a  

potential 𝐵 = 𝛻Φ

• The potential is 
harmonic ΔΦ = 0

• The spherical harmonics 
form a basis of harmonic 
polynomials 

Φ = 

𝑙,𝑚

𝐺𝑙,𝑚Φ𝑙,𝑚(𝑥, 𝑦, 𝑧)

• We define the mode 𝑙, 𝑚

as  Π𝑙,𝑚 = 𝛻Φl,m
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Frequency shifts & false EDM in a non-uniform field
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Frequency shift for a spin ½ from a 
transverse magnetic noise 𝐵
(Redfield theory)
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A false EDM arise due to the combination of the relativistic 

motional field 𝐸 ×  𝑣 /𝑐2 and the non-uniform field. 

𝑑false =
ℏ𝛾2

2𝑐2
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𝑑𝜏 cos𝜔𝜏 𝐵𝑥 0 𝑣𝑥 𝜏 + 𝐵𝑦 0 𝑣𝑦 𝜏

In the non-adiabatic (low field) limit 𝜔=0, the false EDM is



The theory:

𝑑false = −
ℏ𝛾2

32𝑐2
𝐷2𝐺1,0

is verified
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Direct verification at PSI, 
linear term

[Afach et al, EPJD 69 (2015)]
PhD thesis 
Yoann Kermaidic

Linear mode 𝐵𝑧 = 𝐺1,0 𝑧
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Direct verification at PSI, cubic term

PhD thesis Sybille 
Kompoch

The theory:
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Cubic mode 

𝐵𝑧 = 𝐺3,0 (𝑧
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Actual higher order modes (field mapping)

Cubic mode

𝐺3,0 ≈ −0.06  pT cm3

𝑑Hg→𝑛
false ≈ 7 × 10−26 𝑒 cm

Linear mode

𝐺1,0 ≈ 16  pT cm

𝑑Hg→𝑛
false ≈ 7 × 10−26 𝑒 cm

Penta mode

𝐺5,0 ≈ 2 × 10−5  pT cm5

𝑑Hg→𝑛
false ≈ 0.8 × 10−26 𝑒 cm

Bx/pT

𝐵𝑥 𝑥, 0, 𝑧 = −𝐺1,0
𝑥

2

𝐵𝑥 𝑥, 0, 𝑧 = 𝐺3,0
3

8
𝑥3 − 4𝑥𝑧2

𝐵𝑥 𝑥, 0, 𝑧 = −𝐺5,0
5

16
(𝑥5 − 12𝑥3𝑧2 + 8𝑥𝑧4)
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Correcting the false EDM: “crossing point”

Gravitational shift
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X axis: 
One needs to correct 
the R value from the 
extra shifts
• Transverse shift
• Earth rotation
• etc

Y axis: 
One needs to 
correct the d 
value from the 
invisible cubic 
contribution, 
using field maps 
as input



MC simulation ballistic thermal motion of 
mercury atoms

A magic B0 value
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𝑑false =
ℏ𝛾n𝛾Hg

2𝑐2
 
0

∞

𝑑𝜏 cos𝜔𝜏 𝐵𝑥 0 𝑣𝑥 𝜏 + 𝐵𝑦 0 𝑣𝑦 𝜏 𝜔 = 𝛾Hg𝐵0

𝐺1,0 = 1 pT/cm

ZERO FALSE EDM FOR THE MAGIC VALUE B0 = 11 µT



Previous work, 3He comagnetometer
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Lamoreaux and Golub, PRA 71 032104 (2005)
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Mind the higher order modes!
We verified the cubic false EDM

We understand better 

UCN depolarization

due to gradients

Wrap up
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Operating at the magic B0 in 
n2EDM with big chambers?



Thank you
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Details on the harmonic expansion
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Construction of the basis of polynomials: 

• Field as the gradient of a  potential 𝐵 = 𝛻Φ, the potential is harmonic ΔΦ = 0

• We define the custom harmonic polynomials as Φ𝑙,𝑚 = 𝐶𝑙,𝑚 𝜙 𝑟𝑙𝑃𝑙
𝑚
(cos 𝜃) with

𝐶𝑙,𝑚 𝜙 =
𝑙 − 1 ! −2 𝑚

𝑙 + 𝑚 !
cos𝑚𝜙 for 𝑚 ≥ 0

𝐶𝑙,𝑚 𝜙 =
𝑙 − 1 ! −2 𝑚

𝑙 + 𝑚 !
sin |𝑚|𝜙 for 𝑚 < 0

• They form a basis of harmonic polynomials: Φ =  𝑙,𝑚𝐺𝑙,𝑚Φ𝑙,𝑚 𝑥, 𝑦, 𝑧

• The field is therefore 𝐵 =  𝑙,𝑚𝐺𝑙,𝑚 Π𝑙,𝑚 𝑥, 𝑦, 𝑧 with Π𝑙,𝑚 = 𝛻Φl,m


