Study of K^+ ! π^+e^+e^− and

K+ ! π^+μ^+μ^− decays

in E865 at the AGS Hong Ma Brookhaven National Laboratory ICHEP 98, Vancouver July 23, 1998

• Physics • The detector • Measurements. • Summary

Theoretical models of K^+ ! π^+l^+l^−

• Short Distance Contributions:

• Chiral Perturbation Theory [O(p^4)]

, ...

• Vector Meson Dominance Model

History of measurements of

K+ ! π^+e^+e^− and K^+ ! π^+μ^+μ^− decays K+ → π+e+e� K+ → π+μ+μ� Events Br. Ratio Events Br. Ratio ×10�^7 ×10�^8 1975 (Bloch) 2.7 ± 0.5

1989 (E787) 3 < 23

1991 (E777)† 500 2.74 ± 0.23

1995 (E851)† 800 2.87 ± 0.35 (unpublished) 1997 (E787) 200 5.0 ± 1.0

1998 (E865) 10,000 400 † Form Factor Measured

Chiral Perturbation Theory of O(p4) and Previous Data

dΓ dMee = 16MeeΓ̄p^3_π|Φ_+(Mee)|^2/M^5_K Φ_+(Mee) = (ΦK(Mee) + Φπ(Mee) + w_+) (Ecker, Pich and de Rafeal, Nucl Phys B291(1987)692 )

The E865 Collaboration

D.Lazarus, L.Leipuner, H.Ma, P.Rehak Brookhaven National Laboratory

G.S.Atoyan, V.V.Issakov, A.A.Poblaguev, V.Postoev, A.Proskurjakov Institute for Nuclear Research, Moscow

J.Egger, W.D.Herold, H.Kaspar Paul Scherrer Institute

W.Menzel, H.Weyer University of Basel

B.Bassalleck, S.Eilerts, H.Fischer, J.Lowe, D.Wolfe University of New Mexico

R.Appel, D.N.Brown, N.Cheung, C. Felder, M.Gach, D.E.Kraus, P. Lichard, A. Sher, J.A.Thompson University of Pittsburgh

S.Pislak, P. Robmann, P.Truoel University of Zurich

D.Bergman, S.Dhawan, H.Do, J.Lozano, W. Majid, M.Zeller Yale University

K+ ! π^+e^+e^−

Chiral Perturbation Theory of O(p4) and Present K+ ! π+e+e^− Data

The E865 K^+ → π^+e^+e� data is inconsistent with the O(p^4)chiral perturbation theory calculation.

The new calculation by Donoghue and Gabbiani includes some corrections.

K+ ! π^+μ^+μ^− Event Selection.

• Trigger requirement:

Three charged clusters in calorimeter One muon on each side of the muon system.

• Event Reconstruction:

Three charged tracks with a good vertex

π+μ+μ� particle ID

Total Likelihood based on track χ^2, vertex quality, and beam phase space.

• Background: K+ → π+π+π� with π� → μ�ν Background estimated by extrapolating from below Kaon mass. Signal/Background > 10

• Check muon acceptance with K^+ → π^0μ^+ν .

K+ ! π^+μ^+μ^−

A form factor with λ = 0.2 is favored.

E865: Angular distribution of K^+ → π^+l^+l�

cos(θ) distribution compared to MC of pure vector coupling for

K+ → π+e+e� (left) and K+ → π+μ+μ� (right)

• For vector interaction: d2N dEπdcosθ ∼ p3_π ( 1 − 4m^2_l m2_{ll} )_{1/2} [ 1 − ( 1 − 4m^2_l m2_{ll} ) cos2θ ] |f( m2_{ll} M2_K )|^2

• Constraint on scalar and tensor interactions.

Summary

• E865 at the AGS has collected a sample of ∼ 10000 K^+ → π^+e^+e� and 400 K^+ → π^+μ^+μ� events.

• The preliminary analysis shows that the decays can be described by a vector interaction. The q2 dependence of the form factor is large, λ = 0.20 ± 0.02.

• The Chiral Perturbation Theory of O(p^4)can not fit both the branching ratio and lepton pair mass spectrum simultaneously.

• An analysis of combining K^+ → π^+e^+e� and K^+ →

π+μ+μ� is under way.