New Results from a Search for the Permanent Electric
Dipole Moment (EDM) of 1°°Hg
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Time reversal symmetry (CP) violation

CP violation
in K & B mesons

T violation in

Electric Dipole Moments

VAPOR CELL FOR THE ELECTRIC DIPOLE MOMENT SEARCH




Reasons to Expect more CP Violation

A The observed matteantimatter asymmetry:
CP violation in the SM is too small to account for
Baryogenesis

A The Strong CP problem:
Why isqocpso small?

A The Standard Model is incomplete:
Extensions to the SM, such as SUSY, introduce new
phases that lead to new sources of CP violation often
10° times larger than the SM for EDMs.



Three Types of EDM Searches

Neutron (Initiated 50 years ago): |d(n)| A 2.9 x 1026 e cm (90% CL)

A Ramsey spectroscopy of Ultracold Neutrons in a Storage Cell
(University of Sussex, Institute Lauangevin)
A Neutrons in superfluid He bath (Los Alamos, Yale)

Electron(High z systems; e.g. Cs, TI): d(e)| A 1.6 x 1027 e cm (90% CL)
A YbF (Imperial College)
A PbO (Yale)
A Trapped diatomic molecules, neutrals and ions (Oklahoma, Boulder)
A Trapped atoms (Cs) in optical lattices (Penn St, Austin)
A Electrons in solids (Amherst, Yale, Indiana)

Nuclear EDMg.g. Hg, Xe, Ra): 1d(199Hg)| A 3.1 x 1022 e cm (95% CL)
A 4-Cell'®*Hg Magnetometer (Seattle)
A LowTc, SQUHbased liquid2®Xe NMR (Princeton)

A Optically trapped?®Ra (Argonne)



Complementarity of EDM searches

Constrained Minimal SUSY
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Sources for CP Violationit¥Hg

199Hg Atomic EDM — Semileptonic interactions, £ G, G

| Atomic Physics | —  Hyperfine Coupling, d(e)

199Hg Schiff Moment —  Nucleon EDMsi(n), d(p)
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Limits on EDMs of Diamagnetic Atoms (Seattle)
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Shielding Reduces the Effect
of the Nuclear Dipole

2
datom x dnuc lzz (E)

Ao

0] 10-3




Earth-Size 1°°Hg Atom
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Deviation from perfect sphere

© 10 fm bump of g=e at the North
Pole



Measuring an EDM via Larmor Precession
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Requires magnetic field stability of 10Gauss




4-Cell,1*Hg Magnetometer
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Cancels up to 2"d order gradient noise

Other cell combinations useful for
systematics
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Schematic of Apparatus



