Canwemeasue the EDM of chargedparticles
directly?
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Oliv alion

Some theory on EDMs and measurement overview
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Dipole Momentan a Nut Shell

The electric and magnetic dipole moments are a measure of the
interaction between a particle and an electro-magnetic eld:

Dipole moments are aligned along the spin.

Can be related to each other as the real and imaginary part of a more
general dipole moment
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EDMsBreakP and T

Elementary particle can only have a permanent electric dipole moment
If both parity and time reversal symmetries are broken:
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To zeroth order, the Standard Model predicts EDMs to be zero for
fundamental particles and simple quantum systems
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EDM Landscape

particle limit [e  cm] system SM[e cm] New Physics [e cm]
electron Tl atom
muon rest frame E eld
tau
proton Hg atom
neutron ultra cold neutrons
Hg Hg atom
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TheEDM Hierarchy
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New PhysicsfromNuclearEDMs

Nuclear EDMs are sensitive to the EDMs of the constituents
(neutrons+protons) as well as to possible Cp-violating nuclear

Interactions.

New theories usually result in many new cp-violating phases and
coupling constants. Each measurement is typically sensitive to
one speci ¢ linear combination of them. Thus, we need many
Independent measurements.

The structure of small nuclei is suf ciently well understood to be
able to make r m predictions.

comparions between neutron and deuteron

from: C.-P. Liu, R.G.E. Timmermans, Phys.Rev. C70 (2004) 055501
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All precise measurements are made on neutral systems. The reason
for this is the electric force on a charged particle:

A Charge particles accelerates and leave the experiment (Lorentz
force)

A Charged constituents rearrange themselves to cancel external
electric eld (Schiff's theorem)

Store particles in a magnetic eld and use

the motional electric eld to turn the spin!
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Storage RIngs

Several techniques to measure EDMs of charged particles
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Spin precession for relativistic particle:

&
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Spin precession for relativistic particle:

&

KV’ Vienna February 23, 2005 — Gerco Onderwater, KVI — p.10/18




rom uit in

large systematic from geometry

For both:

sensitivity
no traps ....

e Ccm

J. Bailey et al., J. Phys. G : Nucl. Phys., Vol. 4, No. 3, 1978.

R. McNabb, http://www.arxiv.org/abs/hep-ex/0407008.
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Use electric eld to make a 0.001 -0.143
P 0.5 0.7 GeV/c
5 1.06
34 5.5
E 2 3.5 MV/m
EDM induced precession rate: B 0.25 021 T
4 13 m
10 10 S
e cm
Effective electric eld: for

problem: sensitivity to

F.J.M. Farley et al., A new method of measuring electric dipole moments in storage rings, Phys.Rev.Lett. 93 (2004) 052001

Y.K. Semertzidis et al., A New Method For A Sensitive Deuteron EDM Experiment, http://www.arxiv.org/abs/hep-ex/0308063
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leptons .

-emitter s (from |.B. Khriplovich):
Na, Co, Br, Rb, Ag* In* In*, Sn, Sb, I
, Xe, Cs, Cs, Cs, Cs, Cs, Cs, La, Th,
Tm, Lu, Ta, Au, Au, Hg, Fr, Fr, Fr, Am

Stable isotopes (from K. Jungmann):
H, Li, As, Sb, La, Yb

A technigue with a lot of potential!!
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c.f. Rabi oscillatory elds, but in the particle rest frame!!

Resonance for : :
Modulate using an RF-cavity in the ring ....
c.f.

Yuri Orlov, The Resonance Method of EDM Measurements in Storage Rings: Conceptual Design, ringEDM internal note 69, October 2004.
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Signal proportional to
use superconduction magnets for large
atlarge , MDM averages away faster
atlarge , smaller( m)

Signal proportional to
use moderate for reasonable RF
easier for small, but not too small
weaker resonances for

Method suitable for many nuclel:
, H, H, He (seem) possible

No rst order systematic errors (yet)

Systematics still under study, but no problems yet ...
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ONC IUSIONS

Excellent opportunities are presenting themselves ....

Vienna February 23, 2005 — Gerco Onderwater, KVI — p.16/18



Three approaches:

“paracitic': e cm
“frozen spin' e cm— e cm
‘resonance’ e cm

Excellent prospects to unravel CP-violation in strong interaction
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Further Reading

F.J.M. Farley, et al., "A new method of measuring electric dipole moments in
storage rings", http://www.arxiv.org/abs/hep-ex/0307006

Y.K. Semertzidis, et al., "A New Method for a Sensitive Deuteron EDM
Experiment", http://www.arxiv.org/abs/hep-ex/0308063

O. Lebedev, K.A. Olive, M. Pospelov, A. Ritz, "Probing CP Violation with the
Deuteron Electric Dipole Moment", http://www.arxiv.org/abs/hep-ph/0402023

C.-P. Liu, R.G.E. Timmermans " -and -odd two-nucleon interaction and the
deuteron electric dipole moment"”, http://www.arxiv.org/abs/nucl-th/0408060

Contact: Gerco Onderwater <onderwater@kvi.nl> T
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