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l. Introduction : | have submitted a proposal to DOE HEP to search for CP-violation (T-viola-
tion) in the charged lepton sector in the form of an electron electric dipole moment (EDM)
experiment. The proposed experiment will improve the best present limit by a factor of 250 (Fig.
1) or find CP-violation in the lepton sector. The proposal cost is $1.8 M, and results will be
obtained in three years.

Il. What an Electron EDM Experiment Contributes to High Energy Physics:

 Finding an EDM proves there is physics beyond the Standard Model (SM). Because the SM
predicts an unobservably small electron EDM (21C-m), mere observation of an electron
EDM is proof that the SM must be extended: there is no SM effect to first be subtracted out.
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* Improving the limit to the electron EDM provides information useful in limiting all theories
that reduce to the MSSM.

» The experiment is unique: there is no accelerator-based experiment that provides similar infor-
mation. The electron EDM is the most sensitive test of CP conservation (T conservation) in the
lepton sector (See Review of Particle Properties).

» The research is timely because there is a standing disagreement between theory and experiment
in the form of the baryon asymmetry which is not accounted for in the SM. As Sakharov
(Sakharov, 1967) pointed out, this asymmetry requires a large CP violation in an as yet undiscov-
ered massive patrticle.

» The experiment directly contributes to DOE Office of Science High Energy Physics Strategic
Plan -2004 (see below) and the HEP long range plan.

* Finding or further constraining an EDM in the lepton sector can be done in time to optimize
guark sector experiments to which HEP will commit substantial resources over the next decade.

* The research can be accomplished within the framework of limited budgets

DOE OFFICE OF SCIENCE STRATEGIC PLAN - 2004 HIGH ENERGY PHYSICS

Electron EDM Experiment's Contribution to
(six) “Key Indicators of Success”

Direct Contribution

“Progress in confirming the existence of new
supersymmetric (SUSY) particles or ruling out the
minimal SUSY Standard Model...”

Indirect Contributions

“Progress in discovering or ruling out the Standard
Model Higgs patrticle...”

“Progress in measuring the matter-antimatter
asymmetry in many particle decay modes with high
precision”

Electron EDM Contribution’s to “Strategic
Timeline for High Energy Physics”

Direct Contributions

“Using Super Neutrino Beam, begin measurements
of matter/antimatter asymmetry in lepton sector
(2021)”

“Discover supersymmetric particles or rule out
minimal supersymmetric Standard Model of new
physics (2020)

Indirect Contributions

“Discover or rule out Standard Model Higgs boson
...(2014)"

“Measure matter/antimatter asymmetry in quark
sector with high precision (2013)”

“Use results from Tevatron Run 2 at energy frontier
to discover or set better limits for Higgs boson,
supersymmetric particles, and extra dimensions
(2008)”



[l Examples: of how the electron EDM limit constrains specific models, compliments other
high energy physics experiments, and makes it easier to interpret any new CP violation observed
in other systems.

B decay - The electron EDM experimental limit (and neutron EDM limit) constrains CP odd
decays B -> g [Bailin and Khalil, 2001, Baek and Ko, 1999] an®i-B%armixing [Baek

and Ko, 1999], while other models require EDMs to be suppressed to allow new CP violation
in B physics [Cohen et al., 1997].

Higgs - The electron EDM experimental limit constrains new sources of CP violation in
Higgs decay [Choi et al., 2001; Hinchliffe and Kersting, 2000] and adjustment of various
models’ masses and couplings to cancel electron (and neutréf%igd EDMs can signifi-
cantly affect the Higgs production cross sections [Dedes and Moretii, 2000a; Dedes and
Moretii, 2000b]. Production of other heavy particles at future (linear) colliders are also con-
strained buy the upper limit to the electron EDM [Barger et al., 2001].

SUSY - SUSY contributions to the observed baryon asymmetry in the universe are con-
strained by the electron EDM experimental upper limit [Chang et al., 2002], as are T-odd, P-
even interactions [Kurylov et al., 2001]. The electron EDM Ilimit might also constrain the
range of masses of several SUSY patrticles [Brhlik et al., 1999; Choi et al., 2000].

Muons - The electron EDM experimental limit constrains SUSY contributions to the anoma-
lous magnetic moment of the muon [Ibrahim et al., 2001; Arnowitt et al., 2001]. The electron
EDM experimental limit may also constrain the muon EDM [Babu et al., 2000; Ibrahim and
Nath, 2001] and provides information about the mass scaling of the EDMs of heavier leptons
[Babu et al., 2001a; Godbole et al., 2000].

Neutron EDM - the ratio of possible electron and neutron EDMs vary widely with the mecha-
nism generating the EDM'’s [Barr and Segre, 1993; Bramon and Shabalin, 1997] allowing the
observation or the non-observation of an electron EDM to constrain the possible origin of a
neutron EDM.

IV Timeliness: Lastly, some may ask if, in a time of tight budgets, HEP should be considering

new experiments such as the one | have proposed? What better time is there to consider a project
that can be executed for one-tenth the cost of the average accelerator based experiment, delivers
results in half the time, and, independent of which model you prefer, yields useful information?

V. References

_ _ Arnowitt et al., 2001: R. Arnowitt, B. Dutta, and Y.
Abel et al., 2001: A. Abel, S. Khalil, and O. Lebedey, Santoso, “Supersymmetric phases, the electron

“EDM constraints in supersymmetric theories,” electric dipole moment and the muon magnetic
Nucl. Phys. B506,151 (2001), and references moment,” Phys. Rev. &, 113010 (2001)
therein. ’ ' Y '



Babu et al., 2000: K.S. Babu, B. Dutta, and R.N. Choi et al., 2000: S.Y. Choi, H.S. Song, and W.Y. Song,

Mohapatra, “Enhanced Electric Dipole Moment of “CP phases in correlated production and decay of
the Muon in the Presence of Large Neutrino Mix- neutralinos in the minimal supersymmetric standard
ing,” Phys. Rev. Lett85, 5064 (2000). model,” Phys. Rev. B1, 075004 (2000).

Babu et al., 2001a: K.S. Babu, S.M. Barr, and . Cohen et al., 1997: A.G. Cohen, D.B. Kaplan, F.
Dorsner, “Scaling of lepton dipole moments with Lepeintre, and A. E. Nelson, “B-Factory Physics
lepton mass,” Phys. Rev6, 053009 (2001). from Effective Supersymmetry,” Phys. Rev. L&8,

Baek and Ko, 1999: S. Baek and P. Ko, “Probing 2300 (1997).

Supersymmetry-Induced CP Violation at B Facto- Dedes and Moretti 2000a: A. Dedes, and S. Moretti,
ries,” Phys. Rev. LetB3, 488 (1999). “Effect of Large Supersymmetric Phases on Higgs

Balin and Khalil, 2001: D. Bailin and S. Khalil, “Flavor- ~ Production,” Phys. Rev. LeB4, 22 (2000).
Dependent Supersymmetric Phases and CP Asym-Dedes and Moretti 2000b: A. Dedes, and S. Moretti,
metry in B -> Xg Decays,” Phys. Rev. Legb6, “Effect of CP-violating phases on Higgs boson
4227 (2001). production at hadron colliders in the Minimal

Barger et al., 2001: V. Barger, T. Falk, T. Han, J. Jiang, SuPersymmetric Standard Model,” Nucl. Ph&78,

T. Li, and T. Plehn, “CP-violating phases in 29 (2000).
sypersymmetry, electric dipole moments and llinearGodbole et al., 2000: R.M. Godbole, S. Pakvasa, S.D.
colliders,” Phys. Rev. 84, 056007 (2001). Rindani, and X. Tata, “Fermion dipole moments in

Barr and Segré, 1993: S.M. Barr, and G. Segré, “Sponta- SUPersymmetric models with explicitly broken R
neous CP violation and supersymmetry,” Phys. Rev. Parity,” Phys. Rev. b1, 113003 (2000).
D48, 302 (1993). Hinchliffe and Kersting 2000: I. Hinchliffe and N.
Bernreuther and Suzuki, 1991: W. Bernreuther and M. Kersting, “Constraining CP violating phases of the
Suzuki, “The electric dipole moment of the elec- minimal supersymmetric standard model,” Phys.
tron,” Rev. Mod. Phys63, 313 (1991) Rev. 63, 015003 (2000).

Bramon and Shabalin 1997: A. Bramon and E. Shabaliiprahim etal., 1999; T. lbrahim, U. Chattopadhyay, and
“A relation between the electric dipole moment of P. Nath, “Constraints on explicit CP violation from
the neutron and the electron in two-Higgs-doublet  the Brookhaven muon g-2 experiment,” Phys. Rev.
models,” Phys. Lett. 804, 115 (1997) D64, 016010 (2001).

M. Brhlik et al., 1999: M. Brhlik, G.J. Good, and G.L. Kurylov etal., 2001: A. Kurylov, G.C. McLaughlin, and
Kane, “Electric dipole moments do not require the ~ M-J- Ramsey-Musolf, “Constraints on T-odd, P-even

CP-violating phases of supersymmetry to be small,” interactions from electric dipole moments, reexam-
Phys Rev. 9' 115004 (1999) ined, “ PhyS Rev. , 076007 (2001)

Chang et al., 2002: D. Chang, W.-F. Chang, and W-Y. Sakharov; 1967: A.D. Sakharov, “CP violation and
Keung, “Constraints from electric dipole moments ~ Paryonic asymmetry of the Universe,” Sm Zh. Eksp.
on chargino baryogenesis in the minimal supersym-  1€0r- Fiz.5, 32, (1967); (JETP Leth, 24 [1967]).
metric standard model,” Phys. Re\6@®116008
(2002).

Choi et al., 2001: S.Y. Choi, K. Hagiwara, and J.S. Lee,
“Higgs boson decays in the minimal supersymmetric
standard model with radiative Higgs sector CP
violation,” Phys. Rev. B4, 032004 (2001).



