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Transverse UCN depolarization during precession
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Vertical gradient: UCN gravitational depolarization

UCN polarization after T = 180 s storage
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Spin echo method
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Vertical gradient: UCN gravitational depolarization

UCN polarization after T = 180 s storage

We apply a vertical gradient 0-30F § § longitudinal polarization|]
G10=dB,/dz ¢ ¢ spinecho
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Horizontal gradient: UCN intrinsic depolarization

UCN polarization after T = 180 s storage

We apply a horizontal gradient 08 . Y Y Ramsey
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Harmonic polynomial

expansion

Construction of the basis of
polynomials:

* Field as the gradient of a
potential B=Vd

* The potential is
harmonic A® = 0

* The spherical harmonics
form a basis of harmonic
polynomials

o = Z Gim Prm(x, Y, 2)
Lm

* We define the mode [,m
as ﬁl,m = \76131’m
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Frequency shifts & false EDM in a non-uniform field

Frequency shift for a spin 2 from a y2 [ _
transverse magnetic noise B of = El dt Im e '®? (Q(O)Q”‘ (T))
(Redfield theory) 0

A false EDM arise due to the combination of the relativistic
motional field E X ¥ /c? and the non-uniform field.
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Direct verification at PSI, cubic term

le—24 false mercury EDM
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Actual higher order modes (field mapping)

Linear mode
Gi1o ~ 16 pT/cm

difs>s, ~ 7% 1072 e cm

Cubic mode
G3o = —0.06 pT/cm?

i, ~ 7% 1072 e cm

Penta mode

Gso ~ 2% 107> pT/cm®

diies, ~ 0.8 X 10726 e cm
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Correcting the false EDM: “crossing point”
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A magic B0 value
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Previous work, 3He comagnetometer

Solid: Diffuse wall collisions
Dashed: Specular wall collisions
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Lamoreaux and Golub, PRA 71 032104 (2005)
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magic field for a cylindrical chamber H = 12 cm
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Wrap up

-

.

0.90r [ ] \t;ngitudirlwa\ polar‘ization 1
§ ¥ spinecho
0.85 I I Ramsey
¢ § . 8 §
We understand better s
s H 4 . .
UCN depolarization
0.70f 2!
due to gradients | e e !

G,y / pT/cm

0.8+

0.7r

0.6r

0.5+

P

~0.4F

0.3-

0.2r

0.1-

0.0

¥ ¥ Ramsey |]
¢ ¢ spinecho

!
/
L)
i

500

'/,
o ]

"3

L L L
—100 0 100

G,/ pT/cm

L
—200

L =
200 300

-
Mind the higher order modes!
We verified the cubic false EDM

1le—24 false mercury EDM

1.4

1.2

-
1.0} e
P

P

0.8} o
-
] g
z

0.6 -
-
z
J//
0.4 -
e
-

0.2}

-
-
-
-
-
-
-
-
0.0

-0.2
0.0

_ Adfalse/ e cm

1.5 2.0 2A5) 3.0 315 4.0

AG,, [ (pT/cm?*)

0.5 1.0

N\

J
N

Operating at the magic BO in
n2EDM with big chambers?

25 magic field fora cyli‘ndrical‘champer H = 12 cm

H B |inear

20 A ® @ cubic
X 1s] - ®

5_

% 50 60 70 80 90 100 110 120 130

chamber diameter D / cm
J




Thank you



Details on the harmonic expansion

Construction of the basis of polynomials:

Field as the gradient of a potential B = \7613, the potential is harmonic A® = 0

We define the custom harmonic polynomials as ®;,,, = Cl,m(qb)rlPllml(cos 0) with

Cl,m(¢) = < _(ll-)l—! T(n_)'Z)m cosmg¢ form =0
[ — 1D (=2)m
Cim(P) = ( a -I)— |(m|)? sin |m|¢ form <0

They form a basis of harmonic polynomials: ® = ), . G; , @ (%, Y, 2)

The field is therefore B = 2imGim ﬁl,m(x, Y, Z) with ﬁl,m = \7<I>Lm



