
FNAL E871 FNAL E871 -- HyperCPHyperCP

Lake Louise Winter InstituteLake Louise Winter Institute

Christopher White



HyperCP HyperCP CollaborationCollaboration

J. Felix
Universidad deUniversidad de GuanajuatoGuanajuato, Mexico, Mexico

C. James and J. Volk
FermilabFermilab

N. Leros and J.-P. Perroud
UniversiteUniversite de Lausanne, Switzerlandde Lausanne, Switzerland

M. Jenkins and K. Clark
University of South AlabamaUniversity of South Alabama

A. Chan, Y.C. Chen, C. Ho, and P.K. Teng
AcademiaAcademia SinicaSinica, Taiwan, Taiwan

H.R. Gustafson, M.J. Longo, F. Lopez, H. Park
University of MichiganUniversity of Michigan

W.S. Choong, Y. Fu, G. Gidal, P. Gu, T. Jones, K.B. Luk, B. Turko, and P. Zyla
Lawrence Berkeley Lab and U. of Cal, BerkeleyLawrence Berkeley Lab and U. of Cal, Berkeley

E.C. Dukes, C. Durandet, R. Godang, T. Holmstrom, M. Huang, L.C. Lu, and K.S. Nelson
University of VirginiaUniversity of Virginia

R.A. Burnstein, A. Chakravorty, D.M. Kaplan, L.M. Lederman, W. Luebke, D. Rajaram, H.A. Rubin,
N. Solomey, Y. Torun, C.G. White, and S.L. White
Illinois Institute of TechnologyIllinois Institute of Technology



Physics GoalsPhysics Goals

Primary Goal:
A search for exotic sources of CP violation in hyperon decays.

Secondary Goals:
Ø Search for rare and forbidden hyperon and charged kaon decays:

• Lepton number nonconservation in Ξ− −> p µ− µ−

• Flavor changing neutral currents in hyperon and charged kaon decays:
Κ+/− −> π+/− µ+ µ− and  Σ+ −> p+ µ+ µ− and  Ω decays

Ø Measure various hyperon production and decay properties:
• Hyperon production cross sections
• Hyperon polarization
• Measurements of β decay parameter
• Measurements of α decay parameter



TheoryTheory
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HyperCP HyperCP MeasurementMeasurement
Λ/Λ’s of known polarization can be produced through the decay of unpolarized Ξ−/Ξ+’s.

If the Ξ is produced unpolarized - which can simply be done by targeting at 0 degrees
the Λ is found in a helicity state:

If CP is good, the slopes of the proton and antiproton cosθ distributions are identical…



PhenomenologyPhenomenology
CP violation in Ξ and Λ decays is manifestly direct with ∆S = 1.
Three ingredients are needed to get a non-zero asymmetry:

1. At least two channels in the final state: the S-and P-wave amplitudes.
2. The CP violating weak phases must be different in the two channels.
3. Their must be unequal final-state scattering phase shifts in the two channels.

AΛ = (αΛ + αΛ)/(αΛ − αΛ) = -tan (δP - δS) sin (φP - φS)
AΞ = (αΞ + αΞ)/(αΞ − αΞ) = -tan (δP - δS) sin (φP - φS)

strong phases   weak phases

Beware of theorist's predictions. Calculations are notoriously difficult…

“Given our crude estimate of the hadronic matrix elements involved, all our numerical results 
should be viewed with caution.’’ He and Valencia, PRD52 (1995) 5257.

Ø Standard Model predictions for the asymmetry range from about 10-4 to 10-5

Ø Hyperon CP violation not the same as kaon CP violation!

Ø Some super-symmetric models allow asymmetries as large as 10-3
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Experimental SituationExperimental Situation



HyperCP HyperCP ApparatusApparatus



Data SummaryData Summary

In 12 months of data taking we 
recorded one the largest data 
sample ever by a particle physics 
experiment: 231 billion events, 
29,401 tapes, and 119.5 TB data.



Hybrid MC MethodHybrid MC Method
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ConclusionsConclusions
• HyperCP has amassed by far the largest data sample ever recorded, with which a rich 

program of charged hyperon and kaon physics is in progress.

• We find no evidence of CP violation in Ξ and Λ decays, with two independent analyses
δAΞΛ = (1.5 ± 5.1 ± 4.5)x10-4

δAΞΛ = (7 ± 12 ± 6.2)x10-4

• We will be able to push our limit to δAΞΛ ~ 2x10-4 which is two orders of magnitude better 
than the present limit, assaulting CP violation from a different direction than the kaon and 
B experiments.

• We have the first evidence of parity violation in Ω−
�ΛK− decays.

• We are breaking new ground with our unique program of searches for rare and forbidden
hyperon decays.

• Our K±
�π± µ+ µ− branching ratio result is consistent with Chiral Perturbation theory

and favors the BNL-865 result.


