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Two motivationsto measure EDMs

EDM violates T symmetry

EDM iseffectively zero in standard model
but
big enough to measure in non-standard models
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CP from particles to atoms (main connections)
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TheMercury EDM experiment
University of Washington, Seattle

Nuclear spin polarised **®Hg vapor in adouble cell

%

AW

w, measured optically




Difference of precession frequencies gives **®Hg EDM
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x E = 9kV/cm
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2 B=15ml
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“é) - Tcoherence ~100s
I

40
Run number

Hg edm result:
Phys. Rev. Lett. 86, 2505 (2001)

Ayl < 2.1 10*° ecm



The Neutron EDM

Rutherford-Appleton Laboratory

Sussex University

ILL

e Ultracold neutronsin a bottle
precess at frequency (mB = d _E)/%

 ReverseE tomeasured,



E=45kV/cm
B=1nT
T ~130s

coherence

Neutron edm result:
Phys. Rev. Lett. 82, 904 (1999)

d |< 6.3 10%° ecm




Neutron: longer range plans

New moderators using or solid deuterium

* Deuterium (PSI, TU-Munich)
Outside the deuterium
Higher neutron density
Bigger volume (fast moderation)

Aiming at 102’ e.cm over next decade



Implications of n and Hg for the theta parameter

QP/Strong inter action induces neutron EDM {(BZ?:/\Ziher
Pospelov
p- d, ® 101 g
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\ {Henley& Haxton
_ Pospelov
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| mplications of
sk 0 Hgand n squark &

4 \
gaugino for SUSY gauglno
quark eectric dipole moments quark color dipole moments
1 I 1 AC I
Edq (Frmsrmlgs) Edq (gs Grmsrmlgs)
P phase from soft breaking

naturally ~a/p

d d ~ (IOOp faCtOr) R Sinnaturally O(1)

scale of SUSY breaking naturally ~200 GeV @

L> d, g g~ 1 102 cm naturaly

N

n and Hg experiments give d,<2” 10% ] p<3 10377
dg<5710% L~ 300 times less]
di<3” 10°% o
d((:j<3' 10- 26 y L >5TeV 7




CP from particles to atoms (main connections)
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And now for thedectron...........



The Thallium EDM experiment
Berkeley

1st huge problem:

motional interactionm. v" E

The solution:
add 2 more Tl beams going down

2hd huge problem:
stray static magnetic fields

The solution:
Add 4 Na beams for magnetometry

4 Tl atomic beams




A beautiful feature of the method

(Sandars)
amplification
' de S _
|nteraction energy
-d, .S

atom containing electron



Final Tl result: PRL 88, 071805 (2002)

E =123 kV/cm Effective field = 72 MV/cm

B=38nmT

T =24 ms

coherence

el ectron edm result:

g )
@9-4 10 @ doJ< 1.6 1027 e.cm




Theoretical consequences of electron EDM

No direct contamination from q problem

- apure new physics search

selectron , .
7T J de~ (loop) 12 SINJ cp

SUSY dectron edm ~57 104 cm

Once again, natural SUSY istoo big by 300

i <3 10872 L >5TeV ??



Thefuturefor electron EDM experiments

polar molecules

The SUSSEX experiment uses ytter bium fluoride molecules



irsh advantage of YbED Hugeeffective field hE

-

Parpia
Quiney
Kozlov

Titov

13 GV/cm-—

(in Tl experiment hE was 72 MV/cm)



No couplings ~ E . v to motional magnetic field

electron spin s iscoupled to internuclear axis

and internuclear axisiscoupled to /CE?\

\ <s’ E>=0 —» nomotional systematic error



The Sussex molecular beam [ 24N
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Part of the optlcal setup




Detector count rate

Measuring the edm

VN

_4dhETH S | \ b df = 4dhET/R

N

By B
Applied magnetic field



Projectionsfor thefuture

240 0% cold Y bF
result beam

background  150kHz 640kHz 40kHz

fringe height 1.5 kHz 10 kHz

coherence time 1.5ms 1ms 1s

d.inlday 310%°ecm 610%®ecm

L-) @e = narrow@




Current status of EDM s

<«——d(muon) G 7010
d ecm
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Conclusion

« CPviolation
e particle physics beyond the standard model

e matter/antimatter asymmetry of the universe








