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Context and motivation

Search for new sources of CP-violation

Assuming CPT invariance: CP-violation = T-violation

In systems or processes without strangeness, the effects
due to the CKM CP-violation are strongly suppressed

(nEDM < 103133 ecm; correlations in beta decay <10-10)

Huge window to search for new physics!
(without being affected by SM backgrounds)

EDMs of guantum systems are very sensitive probes
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Symmetry properties of permanent EDMs

e observables - spin S, unit vector §
- magnetic dipole moment: U= US

- EDM for elementary QM system: d=d§

e classical dipole interaction
H=-(dE+puB)y=-(dE+ uB)-§

e transformations under T and P

B and § behave identically but not E and §

fd#0:Tand P are violated
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EDM measurements: achievements and plans

« upper limits have been obtained for:
e, 4, T, D, N, /1, atoms, molecules

* new projects and approaches are being considered for:
e, 4, n, d, radioactive nuclel, atoms

o very active field !
e complementary constraints (ex. SUSY phases)

Any new mechanism for CP violation in the light quark sector
has in particular to pass the neutron EDM test
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General principle to measure an EDM

Under electric field inversion:

vt =2 (u,B +d,E)
hv =2 (u,B—d,E)

hdv =4d,E
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The most sensitive spectrometer

Sussex-RAL-ILL at the PF2 UCN source at ILL-Grenoble
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Present nEDM limit

Ramsey resonance technique Correction to the neutron precession
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Our “phase 2” goal

- Install and use the most sensitive EDM spectrometer
existing so far (in vacuum-room-temperature)...

-...at the most intense UCN source in the world
(under construction)

— Move from ILL to PSI planned for end 2008
— Operate and measure at PSI : 2009-2010
— Sensitivity goal: 5x10?’ecm
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[

Ultra Cold Neutron Source

e 590 MeV, 2 mA, proton beam
e pulsed (1% duty cycle)
e target: Pb

e moderators: D,O (20-80 K)
e UCN source: SD, (30 |, 8K)

e storage volume: 2-3 m3

e expected density: o> 1000 /cm3

e start operation: autumn-winter 2008
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Spallation UCN source at PSI
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MC simulations and coatings

* required the inclusion of UCN physics into GEANT4 — P. Fierlinger and others, NIMA 552 (2005) 513
* MC simulation tested with UCN data from the Sussex-RAL-ILL spectrometer
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Magnetometry

» operate Cs and Hg magnetometers simultaneously
» use Cs-OPM to stabilize magnetic field
e control with ¥Hg precession

199Hg Allan variance
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Phase 3. measure with a new spectrometer
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Larger double chamber volume
Optimized for UCN beam at PSI
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| * Improved monitoring and stabilization
Bresdl 80D with Cs-OPM
« Additional co-magnetometer (He, Xe)
Sensitivity goal: 5x10-?%ecm
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