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Two motivationsto measure EDMs

EDM violates T symmetry

EDM iseffectively zero in standard model
but
big enough to measurein non-standard models




CP from particlesto atoms (main connections)

field theory  electron/quark  nucleon nuclear atom/molecule
level level level
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Status of theory and experiment of
electron EDM

Standard Model

Thallium experiment (2002)
d,<1.6x10%" e.cm

Limited by stray and
motional magnetic fields

New approach required




Using Dirac theory, the
first order edm energy is (HY) = (W-d, B Z[E| WO ) .

As amatrix eguation this becomes
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only acts on relativistic part of

the wavefunction

g ) isonly appreciable at small r, where E = Zr/r2, so

(HY) =(g%2d, o




expanding the wavefunction | W°) in angular eigenstates.

W9) = agls) + a,lp) +

which to leading order gives

(H1) = 8324, Z(Z0)? d, (o)

from electric field near nucleus
from the small (relativistic) wavefunction

/)\\ IS the axis defined by the s-p mixing

In atoms, asal,,, ~ E, and for Z=70

ext?

(H?) o~ 0o 100 E,p.  (Sandars, 1965)




In heavy polar molecules. . .

* the wavefunction is already mixed along the
Internuclear axisA: a;a, ~ 0.1

e avery modest external field can polarize A along o

(H D orecuie ~ Je 10 (in atomic units of field!)

Effective field (GV/cm)
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Polarization of Y bF
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Thebasic idea of the experiment

amplification

d.o |
|nteraction energy
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Thelowest two levelsof YbF in an electric field E
X2Z* (N =0,v=0)




Interferometer to measure 2d nE

Pump Split Recombine  Probe
A-X Q(0) F=1 170 MHz mtpulse 170 MHz tpulse  A-X Q(0) F=0

Phase difference = 2 (ugB+d.nE)T/%




Part of the optical setup
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Interferometer results
« Scan asmall magnetic field, measure the [0) signal.
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Phase difference = 2(ugE+d.nE, ) T/%




Measuring the edm
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_ Phys. Rev. Lett. 89, 023003
Histogram of measured d /o (2002)

pure shot noise




No coupling 1 - v X &£ to motional magnetic field

electron spin iscoupled to internuclear axis

and internuclear axisis coupled to /(E?\

O<uxE>=0 —» nomotional systematic error




YDbF is practically Immune to B

A=6.7MHz @ 8.3kV/cm

F=1)

F=0)

Extra splitting is suppressed by the factor

Not unigue to molecules, e.g. Xe*




Why isn’t theresult better?

Lokl kb

bandhead at 552.1 nm
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Signal to Noiseratio
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Cold molecules might help with:

« |_more moleculesin ground rotational state
* |, lessbackground from overlapping transitions

T coherence time could be much longer for
trapped molecules (1svs. 1ms)




Super sonic YbF beam

delay generator

YAG laser
1064 or 532 nm
20mJin 10 ns

10 bar Ar

L,




Cooling the rotational temperature
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Cold dow molecules

Our approach:

e SuUpersonic expansion gives low rotational
temperature, narrow velocity distribution

o Xecarrier gas gives slow center-of-mass energy
for Stark decelerator

e |aser ablation iswell suited to Y bF, BaF etc.

trap

—=m—[EEE= IHIES= SHIE H H .-
supersonic source

decelerator

pump split recombine probe

interferometer




100 stages of 150 kV/cm
can bring the Y bF to rest




Prototype YbF decelerator

Short alternating gradient
decelerator built by
Rijnhuizen/Berlin group of
G. Méijer and R. Bethlem

Test result using CO

= 45"

metastable CO signal

15 175 20 125 25
time of flight (ms)




Signal:noise figures

2002 supersonic
result beam

background  150kHz 640kHz 40kHz

fringeheight 1.5 kHz 10 kHz

coherence time 1.5ms 1ms 1s

d,inlday 310%°ecm 610%®ecm

k) @e = narrow@




Current status of EDM s

<«—— d(muon) < 7x10°
d ecm
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