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é’; The Hg co-magnetometer:
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B<C Ideal...but not perfect: N
o the gravitational effect o

UCN gas Mercury gas

E

Center of gravity height difference: Ah ~ 2.5 mm

J/n Tn ( Ah 35)
R=dr o (g 200
:> ng Bg 0z

YHg
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fren:

e The geometric phase frequency shifts  whon =

CES)
m

Transverse magnetic field Motional (transverse) field -

By z

f1141

Ramsey-Bloch-Siegert
shift due to transverse
rotating field:

dw = dwp2 + dwg2 + dWBE

gt

False n/Hg EDM

hE OB Fal Y SFal
False _ Hg 2 YDz R — di2'5€
IHg ™ = 322 b 0z :> ! THg o

Expression valid for uniform gradient with cylindrical symmetry.
(Pendlebury et al, PRA 70 032102 (2004))
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LPSC

,-4? Direct measurement of GPE: B s =

. Lﬁ . =
experimental setup ;ﬂrj

Vertical gradients obtained via:

precession chamber
mu shield

vacuum tank trim coils 1. Cs magnetometers:
cesium magnetometer G = (<CSMup> — <CSMdO’wn>)/23 cm
_ | photomultiplier 2 Fleld mapS
(" J All trim coils (30) mapped during

dedicated campaign with fluxgates

polarisation chamber

polariser optics

Gradients varied using
2 saddle trim coils

2Y4Hg discharge lamp \
£1 [l vasource E = 100 kV/12 cm

Change HV polarity every 20 cycles

Marlon Horras’s PhD thesis (July 2012)
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e Frequency shift extraction

o Frequency shifts associated to
< | : wb \m \ E HV polarity changes clearly
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g}- Measurement of GPE:
e 1) gradients extracted from Cs-OPM

5

-= Theory

-24
dy, [10 e cm]
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gradient [pT/cm]

O'l

_ h
Theory : 3;/H2g D? =1.15 x 107 %¢ cm/(pT/cm)
c

Fitted slope: (0.98 £ 0.03) x 10~*"ecm/(pT/cm)
X"/ Naot = 38/17

15 % agreement !
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g}- Measurement of GPE:
>*=  2) gradients extracted from field maps
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&

7 % agreement !
Fitted slope: (1.24 £ 0.03) x 10 *ecm/(pT/cm)

Xz/Ndof = 26/17
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LPsC . 4

RAL-Sussex strategy to eliminate GPE: < 5%

PEhEDM S

the crossing-point analysis e
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RAL-Sussex strategy to eliminate GPE:

the crossing-point analysis

NnEDM
T =~<_ _---8 down
_,r-"‘ ~“=~~~ >
’,af T ~~~~R: .:fn _ n
& .}tHg THg
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False __ /nYHg D2 0B
dh '€ = . (14+ E)
32c¢ 0z
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mﬂBnEﬂ‘! f,..,

a5]

LEUVEN nm

Enhancement factor

Strategy inappropriate for general case, in particular for
local dipoles - Need for an improved theory
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g}' Redfield theory of relaxation B
(statistical theory)

Lamoreaux&Golub, PRA 71 032104 (2005)

1 oo
dw = 5/0 d7 cos(woT) (W (0)wy, (7)) — wy, (0)w. (’r))v\ ensemble
| oo average
—§—§/ d7 sin(woT) (wz(0)wz(T) + wy (0)wy, (7))
0
ow = owpo + dwpo w
l In the non adiabatic regime
iy2
Hg  _ Hg .. .
dFa,lse - 2 C2 <J’BT _I_ yB.Q')‘\ volume
average

Pignol&Roccia, Phys. Rev. A 85, 042105 (2012)
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.4?,;

Case 1:

large scale inhomogeneities

mﬂBnEﬂ‘! f,..,

a5]

LEUVEN nm

General expression for a magnetic field with first order
iInhomogeneities (5 parameters):

By = Gerx+Qyz+Q:zy
By = Gyuy+Qez+Q:zx
B, = BO—(G$+Gy)Z+me+Qy$

:> dFalse

Same expression as for uniform gradient with
cylindrical symmetry.

Dominique Rebreyend

(Trap with cylindrical
symmetry)
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e 2s Case 2: a local dipole on axis

Numerical simulation / Analytical result
~| gl @ UMerical simulation (Harris-Pendiebury)

d = m heuristic estimation (Harris-Pendlebury)

exact calculation

Enhancement of GPE

4 @Be4yBy) -

N

0z

Enhancement factor calculable ° % 1% Tistance of dipole below electrode z, [cm]
analytically when dipole on axis Harris&Pendlebury, PRA 73 (2006)
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LPSC

. # . . W s ;ﬁg
er2s Case 2: a local dipole on axis m'?!“Em e

: |

nm
14+ FE=—

‘j Numerical simulation / Analytical result

Enhancement of GPE

4 (xBy + yBy)
R2 <0£Z>

Enhancement factor calculable 0 5 10 15 20 28 e beow electode 20

distance of dipole below electrode z [cm]
analytically when dipole on axis Harris&Pendlebury, PRA 73 (2006)

Pignol&Roccia, Phys. Rev. A 85, 042105 (2012)

Challenge: measure local dipoles close to the electrode surfaces ?
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LPSC > 4
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In situ: mapping with Cs magnetometers l=%on =
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g}- Prior/post measurement control:
e magnetic scan at PTB Berlin

wo_"""'L""""F"'""Z,k
oi—Jr“ j} q‘ﬁ}r MLU"NII Nrﬂf‘\w% ,J[, JHW “[|‘ M Lr-l b W‘[M‘ - :i
! | L
f: i - Scan of the bottom electrode
oo 1| using shielded room BMSR-2 at PTB
. (Nov. 2011)
: : Groove insulating ring

W/////\J /////M///////}_W = 4

Approximate dipole position

xr=31cm, z=-—0.6 cm We would then quote a systematic effect
. . (I ]
Approximate dipole strength -
PP 1o g J Ad, = 0.4 x 107" ¢ cm s
p=—m=26.5nT cm? ~—

A7
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= e
e 2s Summary B

e Direct measurement of GPE using 2 methods to
measure vertical gradients.

e New theory to calculate GPE valid for arbitrary shape
of the magnetic field (including local dipoles).

g

Goal for GPE systematics: 0.4 x 1027 e cm
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