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Kaon Decay Modes analyzed by E787
CKM Matrix (V4 Extraction)

¢ K" — x'vi (Phys.Rev.Lett. 84 (2000) 3768-3770)
PR=15x W™

o k' — x 7"vr (Phys.Rev. D63 (2001) 032004)
BR < 4.3 x 1077 (90% CL)

Chiral Perturbation Theory
Phase-11 (1995-1998)

o K" — u'vy (Phys.Rev.Lett. 85 (2000) 2256-2259)
BR(SD*) = (1.33+0.12+ 0.18) x 10~°

o K" — 72" (Phys.Rev.Lett. 85 (2000) 4856-4859)
BR(DFE) = (4.7+0.8+0.3) x 10°°

Phase-1 (1989-1991)

e K" —¢'wpu' pu (Phys.Rev. D58 (1998) 012003)
BR < 5.0 x 1077 (90% CL)

o K" — n'pu"p  (Phys.Rev.Lett, 79 (1997) 4756-4759)
BR = (504+0.440.7+0.6) x 10°%

o K" — n'~yy (Phys.Rev.Lett. 79 (1997) 4079-4082)
BR(100 < P.+MeV/e < 180) = (6.0 £ 1.5+ 0.7) x 107



V;4 Extraction

Kt

H. = "yfjg,Hiﬁ?—ﬂ;‘-“ﬂ‘fﬂ-ffx;xf; + ViVia X (z) )(3d)v—a(Fpn)y - o

e Hadronic matrix element
= Extracted from Br(K+ — n’e*v)and Br(K* — n*n-etv)

¢ Dominated by Short distance contributions.
BRIK'* = 7*wp) =435 x 107" x ((1.3T=p)* +n?) = (08240.32) x 10"

BRIK* — 77" w#) = Tx 107" x (13T =p) ' +9¥) = (1 =2) x 10"

K'+n*vv & the Bjorken Triangle
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BNL-E787 Experiment

e 24 GeV Proton Beam by AGS (duty cycle = 44%)
15 Tera (% 10'*) protons/spill in Beam Line.

e Kaon Production at Platinum Target

e Two DC Separators in Transportation Beam Line
— K7 : %" =4:]

e (i Mega kaons/spill at the Entrance of E787 Spectrometer

Barrel e

** Veto — 50 cm

Stopped K Momentum 4x Coverage
Range of y-veto
Kinetic Energy

v-Clustering for K+ — 70w



Backgrounds against K — #twp
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Background Rejection
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Reliable Background Control

dackground Probability Funetion Method with Bifurcation

¢ naccounted Rare Process

('heck the Outside of Signal Region by Loosening the Function

e Quality of Signal Candidate Event
Evaluate Background Probability by tightening the Function

lwo Independent Cuts with Large Rejections
ex. K* — nt 7"

l l

Kinematics ent Photon Veto cut

‘\'B(}' - ‘Y.'\'H”UH,('/(Ri'”flRf'Hfj}

A= Sigmal Rn'?on
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Ra=
e &
cut2 N“ B/R,

¢ Background Function by Loosening/Tightening Cutl or Cut2

cut1

¢ Acceptance Function from Monitor-Trigger Data
at the Same Cut Positions



Estimation of K, Background Level

K* < #*v¥ Trigger Data

Setup Culs
ta reject all the BO except K,y

K3 events in the momentum, Eventa failed by Photon Veto Cats
range and kinetic energy peak {Events with Photon Activities)

i R s i
g2 Select Events in the Signal
. by momentum, r and

[ -r_..‘ "

026 230
P (MeV/e) E (MeV)
Rejection Branch Normalization Branch

e Photon Veto Function - Time Windows and Energy Thresholds

e Kinematics Function - K5 Side of Momentum. Range and
Kinetic Energy



Summary of Background Estimations

Background | Estimation
Ko 0.02440.006
K2 0.02840.009
Single Beam | 0.00540.004
Double Beam | 0.01640.015
CEX 0.01040.007
Total 0.08340.019

Cross Check by using Events in the Outside
of the Signal Region

cutl

ax, k2 119535

eshmilion 09 @ S
dbservalion 2 9 &

cut2

- Compare Estimations with Observations.
«— Consistent with each other.
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Against Ko Data Against K5 Data
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Against Beam Background

e [Kaon decay time = 23.9ns
e No hits at the kaon decay time in the beam instruments.



Background Probability

cutl

A— cut2

- The candidate event survives in the Golden Begion
(10 times tighter cut).
- Relative Acceptance of 33% is retained in this region.

Ky 0.001640.0004
K 2 0.00154+0.0005
Single Beam | 0.001640.0012
Double Beam | 0,000940.0008
CEX 0.000940.0006
Total 0.00650.0017 |
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Sensitivity

Year 1995 1996 1997 1
Beam Momentum (MeV /c) 790 730 710 |
_ _==—@J_*——_=
Irigger 0.180 0.180 0.178 0.
Phase space & Solid angle 0.365 0.363 0.375 0.
Nuel. Int. & Decay-in-flight 0.514 0.512 0.507 0.
Reconstruction Efficiency 0.951 0.960 0.948 0.
Beam and Target analysis (0.434 0.455 0.430 0.
Accidental Loss 0.780 0.787 0.773 0.
Kinematics 0.848 0.758 0.756
7 — u — e decay chain 0.294 0.327 0.310
T - 2 Efficiency 0.933 0.888 0.889 0,
Efficiency of K* Stops in TG 0.790 0.840 0.826 0,
Total Acceptance 0.00199 | 0.00213| 0.00183| 0.00
+0.00011 | £0.00007 | 40.00008 | 4-0.0¢
K triggers (x10'%) 1.526 1.122

= Single Event Sensitivity =

(1 524 0.04 ﬁlﬂ) X lﬂ_1ﬂ

Branching Ratio (Based on one signal event)

BR(K™*

with 687 Confidence Level Interval
e Consistent with SM expectation (0.82 4+ 0.32) x 107"
o Viy Range : 0.0024 < |V,y| < 0.038

-7 tw) = 152+3 48 x 1010



Kt = 2#t20%w

Backgrounds
K* — n*tx® 0.044 4 0.009
K* = utn% 0.024 + 0.012
K+ — ata (IB) |< 0.01 (90% CL)
K* — n*x% (DE) 0.0007
Total 0.068 4+ 0.021
Signal Region

90 MeV /e < Py < 188 MeV/c and 135 MeV < E.o < 180 MeV
= No Events Observed,
=% BR(K* — n*n"wp) < 4.3 x 107* (90% CL)

=" Enevgy (MeV)
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Conclusion
K = ntww
¢ Analyzed 3.2 x 10" Kaon triggers (1995-1997)

¢ BG Estimation in the Signal Region :  0.08340.019 events
Funetional Control with Bifurcation was adopted.
Cross Checks of the estimations were performed.

¢ One Candidate Event is Observed.
This Events remains in the Golden Region .

o Obtained BR(K*' — n'wp) = 15234 x 1019
Consistent with SM prediction

K* = n*x"vw
¢ Analyzed 1.3 x 10° Kaon triggers (1995)
e Zero events were observed.

o Obtained BR(K' — n'n"ww) < 4.3 x 10°° (90% CL)
No Deviation from SM.

Future Prospect (K+ — zwp)

e 1998 Data Set : Now Being Analyzed
The amount is comparable to 1995-97 data set.

o FE049 is going to Start.
Aiming to Collect 7-10 signals.



