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Theoretical Motivation:
K(ﬂ — pteT

e lepton flavor violation:

— conservation not derived from gauge invariance

— non-zero neutrino masses imply B(K} — pe) ~ 1072
e allowed for in many extensions to Standard Model:

— right-left symmetry (B, ~ 10719)

— supersymmetry (B, < 10714

— technicolor (B, > 10717

— compositeness (B, > 107)
e previous experimental limit: (BNL E791)
B(K) — pe) < 3.3 x 107H

e high-sensitivity searches probe high mass scales:
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Theoretical Motivation:
KP — ptp™

¢ led in part to GIM mechanism invoking charm quark

¢ residual rate dominated by
absorptive two-photon
intermediate state, giving
“Unitarity Bound”

P(KY — vy = pp)
I'(K} — ~v)

B(K} — pp)yy = x B(K] = vv)

= (7.0740.18) x 107
e total decay rate from dispersive, absorptive parts:
B(K} = ptp”) = |ReAl” + |ImA)?
=> ReA = Asp+ Arp
e short-distance dispersive contribution:
[Aspl® ~ |ReVVul® = Re(V;Via) = —A’N%(1 - p)
e current world average: (PDG)

B(K? - up) < (7.2£0.5) x 107°



Theoretical Motivation: K(ﬂ —~eTe”

e short-distance physics is GIM and helicity suppressed:

B(KE — 66)51) -~ B(K+ — eI/) "y (me
B(K} = pp)sp  B(K+ — uv) my,

2
) ~ 2.4 x 107°

e absorptive contribution also contains helicity suppressed
“Unitarity Bound”: (8, = \/1 — 4m3/m%)

2
B(K] = vy — ee) _ (&)2& (lni—féﬁ '2%)

B(K} = vy — )~ \my) B, (lnii,;&f
—Bu

B(K] = vy —ee) ~ 3 x 1072
o A;p similarly enhanced over Agp
e recent Standard Model predictions: (xPT)
B(K} = e*e™) = (9.0 0.5) x 10712

— Valencia, Nucl. Phys. B517, 339 (1998).
— Dumm and Pich, Phys. Rev. Lett. 80, 4633 (1998).

® previous experimental limit: (BNL E791)
B(K] — ee) < 4.1 x 1071



BNL E871: Collaboration

M. Bachman, P. de Cecco, D. Connor, N. Kanematsu, R. Lee,
W. R. Molzon

University of California, Irvine

P. D. Rubin

University of Richmond

C. Arroyo, K. M. Ecklund, K. Hartman, M. Hebert, G. M.
Irwin, M. Pommot-Maia, S. G. Wojcicki

Stanford University

D. Ambrose, S. Graessle, G. W. Hoffmann, K. Lang, J.
McDonough, A. Milder, P. J. Riley, J. L. Ritchie, V. I.
Vassilakopoulos, C. B. Ware, S. Worm

University of Texas, Austin

M. Eckhause, A. D. Hancock, C. H. Hoff, J. R. Kane, Y.
Kuang, R. D. Martin, R. E. Welsh, E. Wolin

College of William and Mary




BNL E871: Overview

10 meters

¢ upgrade to BNL E791: (1988-1990)

— K} — p*e¥ (not observed) B, < 3.3 x 107
- KE —ete” (not observed) B,. < 4.1 x 1071
— K9 — ptyu~ (707 events) B,, = (6.86 £ 0.37) x 10~9

¢ AGS booster addition (15 x 102 protons on target)
e neutral beam stop
e straw drift chambers

¢ paralle! hardware trigger



BNL E871: Apparatus
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Beam Plug and Detector Rates
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Dilepton Kaon Decays:
Normalization and Backgrounds

e measure branching ratio with respect to K?— w¥7~:

B(Kg — £+€_) ( N ) (Amr)
B(K$ —»antn=) \P- N/ \ A

e backgrounds from semileptonic (K¢3) decays:

— K3 (39%): K? — ne¥v, 7 — pv

— K3 (27%): K} = n*pFv, 7 — pv

e select two-body decays through transverse momentum (pr)

My

e dilepton invariant mass cut excludes most background:

m? = mi +mj+ 2(E1E> — p1 - P2)

2 _ .2 2 2
= mmax—-mK+m# m,

Background | Signal | m22* (GeV/c?) |
K3 i 0.489
pe 0.478
(s 0.506
Kea ee 0.478
e 0.489
T 0.517




Spectrometer Resolution

e single-wire DC resolutions of 120-160 um
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Event Reconstruction

event and track quality cuts via 2

decay vertex cuts:
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Electron Identification: PBG
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Muon Identification:
Hodoscope and Rangefinder
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BNL E871: K§ — nt7T
Normalization

o K3 background removed with electron veto

e remaining K3 background easily simulated, subtracted:
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e measured ~ 800k events after hardware/software prescale

of 2000



K{ — pu~ (Minimal Cuts)
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K% — ptu~ Strategy
e blind analysis through hidden prescale:

B(K} — pp) _( Ny, ) Anx 1 ( 1
B(KE—+71'7T)— P Npx) \Apu) \e8 gPID """

pp

e measure correction terms within ~ 0.1-0.2%

e loose kinematic, PID cuts give high efficiency, low system-
atics

e dominant backgrounds:

— pile-up (suppressed with extra-track cut)

— K3 (removed with electron veto)
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K% — uTp~ Results
(Preliminary)

e background subtraction:
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e branching ratio:

B(K}] — pu)
B(K{ — 7m)

= (3.50 +£0.11) x 107°

e using measured value for K} — 777
B(K? — ntn™) = (2.067 £0.35) x 107
branching fraction becomes: (preliminary)

B(KY — ptyu™) = (7.23£0.22) x 107



K — pTeT Strategy

e perform blind analysis:

— exclude signal region from view
(490 < mye < 505 MeV/c?, pr < 10 MeV/c)

— determine, fix cuts before revealing signal

e specific background cuts:

— large scatters from vacuum window (pﬂn cut)

— accidental, pile-up events (extra track cut)

No Scatter
A4 Electron Scatter
1 Accidentals

¢ Data

Events / (2.5 MeV/c?)

M, (MeV/c?)

e predicted background: 0.1 events



K — uTeT Results
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e no candidate events observed

e branching fraction: (90% CL)
B(K? o pFe) < 4.8 x 10712



K{ — ete™ Strategy

e blind analysis and cuts similar to K? — ue
e additional physics backgrounds:

— K9 — eery (Beey 2 9 x 1079)
— K9 — eeee (Bye ~ 4 x 107%)

e 4e events suppressed with stub cut
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e predicted total background after cuts: 0.2 events




K% — eTe” Results
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e observe four candidate events

e using measured value for K 9 mtm~, branching fraction
becomes:

B(K? = e*e™) = 87151 x 107
e consistent with Standard Model prediction:

B(K? — e*e”) = (9.0 0.5) x 107"



K{ - eTe” Example Event
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BNL E871: Summary of Results

o K¢ — pu*et
— no candidate events observed
— branching fraction: (90% CL)
B(K? — pFe™) < 4.8 x 107
— most sensitive search to date
e KP — ptyu~
— over 6200 candidate events observed
— branching fraction: (preliminary)

B(K? = ptp™) = (7.23+£0.22) x 10~°

— will reduce uncertainty by over 3
e K? —»ete”
— four candidate events observed
— branching fraction:
B(K? 5 ete™) = 87751 x 1077

— smallest branching fraction ever measured



