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The electron electric dipole moment (EDM)

e Displacement of centre of charge from
centre of mass
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Electron EDM estimates
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How small is that?

e Assume:
ed, ~107%7e.cm =2 x 107 %.aq, = 5x 1071°D
e £ = 1GV /cm

EDM interaction:

—d, - E ~ 0.25 mHz

o= —up B for = 17fT magnetic field
o~ 107 1%cm™1

e~ 10718V
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How atoms and molecules can help

e Amplify the electron EDM interaction!

complicated

- — - -
—de <8 special relativity —de : Eeff

o % - max A
de Eett = Eefr n(Eapp) Z
%. | J \ J
Eapp Z structure polarisation
—————————————————

dependent factor
factor ~Z3 (- 2)
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YbF electric field enhancement

-

o Eoif = 14.5 GV/cm for E,p,y = 10 kV/cm

e Enhancement of 10°!

E.g& (GV/cm)
|
S

applied electric field (kV/cm)

e Needs ‘only’ nano-Gauss level of B-field control
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YbF energy levels

A 2H1/2(’U: D’N: 0)

decay to

542 THz dark states

(553 nm)

decay to
interferometer
states

~170MH4 /;/i 22+'U_ON 0)

spllt/recomblne
rf field

~40 GHz
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EDM measurement
Eeff
Torque:
dF . R
Ez(deXEeff)'l'(.uXB)

— A¢p < 7 prad

or
h AU < 2 mHz
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Measuring the electron EDM
probe fluorescence
detector
pump fluoresence "
detector HV plates
. k. probe
Yb target radio frequency  laser

k’ y in/out

radio frequency
in/out

Skimmer optical

pumping
laser

solenoid
valve

ablation
laser
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Interference fringes
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Lots of other parameter modulations

e E-field direction «— o ™"

last slide

e B-field direction
e B-field magnitude

e rf pulse frequency (independently)

e rf pulse amplitude (independently)

e rf pulse phase difference
e |aser frequency

see Hudson et al. Stochastic multi-channel lock-in detection arXiv:1307.4280
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Result

e 2011 dataset: 6194 measurements (6min/measurement)

010 F T
TN
2 0.08 r{‘
(V4]
C
& 0.06 f \
- AN
g
‘S 0.04
(4]
0
9002 J M
o
0.00 c—————r——="" e e e s s
-30 -20 -10 0 10 20 30
d (10* e cm)

de = (—2:4 + 5. 752t + 1.75y5:) X 107%8e.cm
de <1 X 107%7e.cm with 90% confidence

J J Hudson et al. Nature 473 493-496 (2011)
D M Kara etal. New. J. Phys. 14 103051 (2012)




Imperial College
London

Upgrades since 2011

e 3rd|ayer of magnetic shielding

e Less magnetic field noise

e Longer inner magnetic shield

e Reduce end effects

e Separate rf transmission line from HV plates
e Reduce end effects, higher applied E-field, less leakage

un-balanced
semi-rigid
rf feed

semi-rigid
coaxial feed

N2 semi-rigid

\ parallel plate
transmission
line

old scheme new scheme
e Shorten rf pulses

e Reduce systematics associated with rf detuning

parallel plate
transmission
line
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Future upgrades

e Buffer gas source

» See James Bumby’s poster

Gas at 4K Output
Molecular
Beam

/e
Fe

YAG ablation
beam

Heavy Polar
Molecules

* 3 xlonger interaction time * 10 x more molecules
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Future upgrades

e Detect molecules using N=1

» Talk to Isabel Rabey
A2H1/2 v =2

it
S

y

cycling

transition
\h

55

microwave

1Ppubs\\;f

14GHz

+—J7T.X%TWN:LF:00rU
v =

* 30 x more photons per shot
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YbF fountain
o : electric molecular
Q.Ss coherence time ol R Fr*"fountain
instead of 0.5ms plates . He beam

> 6x 10 3lecm

in 8hrs

&

optical
molasses

thermal YbF
beam
source

Tarbutt et al. New J. Phys. 15 053034 (2013)
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The YbF eEDM team

Mike Jony

Hudson
Joe Tarbutt Isabel Ben

Smallman Rabey Sauer

Ed
Hinds
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EDM measurement

e Measure the EDM induced splitting

nuclear spin electron spin

large tensor B D
Stark shift Me=0 X% (v=0,N=0)
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