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The electron electric dipole moment
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The electron electric dipole moment

(1)

where [=pF and d = dF. (2)

Connection to theories: CP symmetry, CPT symmetry, ...
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Electron electric dipole moment limits

Multi-Higgs
. —-26_ 0.1
= 10
5 1YbF limit -
ot -27 $000000000000000000000000000000000000000000000000000000 [Fe0c0ccccccecccsccccccsce
8197 3 5
(%] - -
THFF* limit -1

% 10728 Jresseessemssemssenssnnssnassunssnasinssinscnsasuusend eesensnsasmensacaennanas
LIIJ 3 L
g 1ThO limit B
L 10—29 _= ........ '............: .................................. ; ........................
5 3 BaF limit (this program) ... ... | ST R
(] ]
o . B

10730 3 ¥

103 | 100

2

YbF, Imperial College London, 2011
HfF", Boulder Colorado, 2017

ThO, ACME, Yale, 2018

™

L

Supersymmetry Leptoquarks

10

(A21) 3]eds ABJ1aua paqoid

# loops needed to generate the eEDM

Measuring eEDM with BaF

2-11-18

4 /20



electron-EDM sensitivity

h 1

Od = .
2€ |P|Eggr7V/NT

IP|  Molecule Polarization
E.«  Effective Electric Field
T Coherence Time

N Molecule Rate

T Measurement Time

™ Measuring eEDM with BaF 2-11-18 5/20



BaF: large Eq

(w>/AD) **3|d|
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Experimental Setup
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Experimental Setup
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™

Experimental Setup: Interaction Zone
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How to measure: Ramsey interferometry

Ramsey n/2 pulses Interference fringes
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How to measure an electron-EDM?

Ramsey 11/2 pulses y Interference fringes
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.
Interferometer Phase: ¢ = (+dg E 4 uB) 7

Desired fields:
» B =600 pT — 10_5 X Bearth
> Eapp = 10 kV/cm — E = Eo = 3.4GV/cm

» Small gradients: 1 % inhomogeneity
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Volume of Interest

50 cm long, 4 cm diameter
- ——:—:+—‘|— I e
BaF Beam/ —|—|_
[0)
X Y
z

p-metal magnetic
shield

™

Interaction Zone

150 -

100

50 4

—100

=150

E field (V/cm)

0.14)
oocn&%“.." 5, Current Flow 0.12
a2 )
o)
B x |_out 0.08
o
ot o 0.06
Ox x9 0.04|
ox B 0 0.02
x E
< z
-0.02
%0 ox 0.0
xO Ox
0 Oy -0.06
x©, Ox
O O -0.08
X!()o OO!X 01
%0, Ot -0.
%
T R9900005000 x;"f’?’?’x -0.12
RXXRHXHKX
-0.14

-150 =100 -50 O 50 100 150
X (mm)

B field

Measuring eEDM with BaF

A 2.59%10*
x10*

2.5

V¥ 100

-0.05 0 0.05 0.1
x (m)

E field

2-11-18

12 / 20



Suppress environmental B field

Front Rear

|+ Volume of Interest

| 50 cm long, 4 cm diameter
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|B| (pT)
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Shielding factor: 10°
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|B| (pT)
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|B| (pT)

Volume of Interest
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Generate homogeneous holding B field:

600 pT

» Design finished: Double Cos 0 coils

» Nikhef workshop works on implementation
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Generate homogeneous E field:

10 kV/cm

E field (V/cm)
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» Design finished: Use ITO coated glass plates

» From commercial company
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Summary

» Measure electron-EDM with BaF molecules

» Requires well defined conditions for
» E, B, etc.
» With small gradients

» Current interaction zone design
» Reach such conditions

For more general program information:
Measuring the electric dipole moment of the electron in BaF
arXiv:1804.10012, accepted by EPJD
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