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Unitarity Tests of CKM Matrix
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Uncertainty on ; V;;
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For first row, PDG quotes 2.2 o deviation from unitarity:

1~ (Vaa | +Ves| +MV,o[*) = 0.0043+0.0019  (PDG 2002)



PDG |V | Evaluations

V4l =0.9734 £ 0.0008 from 0*—0* nuclear 3 decays, neutron decay
IV, =0.2196 + 0.0023 from K*, K® decays to mev (ruv not used by

PDG because of large uncertainties in form factor measurements).
(Also possible to extract |V | using hyperons or taus.)

V| = (3.6 £ 0.7) x 10-3 from semileptonic B decay

2003 K* measurement from BNL E865 consistent with unitarity.

mmm)> Interesting to revisit K, measurements (PDG fit values based
on averages of many old experiments with large errors)



Determination of |V | In Semileptonic K Decays
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2003: BNL E865 Measurement of B(K*—mr%e*v)

*Using 70,000 K*_; decays normalized to K*—>ntr?, K*—nuty,
K* >, they found B(K*,;) 5% higher than PDG.

*Result consistent with CKM unitarity at 1% level.

*Assumes other K* branching ratios are correct; B(K*.;) Is only 5%.
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New Measurements in 2004

« KTeV measured 6 largest K, branching fractions and K,
semileptonic form factors.

* NA48 measured K, —»mrev/charged fraction and K_; FF.

« KLOE measured main K, branching fractions and K, lifetime
(preliminary)

e Also, new K*_; measurement from NA48, new K* FF results
from ISTRA+.



KTeV Experiment: Designed to measure Re(e/e)
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To determine the semileptonic widths, KTeV measures the following
5 ratios:

e

These six decay modes account for 99.93% of K, decays, so ratios
may be combined to determine branching fractions.

Fua ! Thes =T(K, = 771 v) IT(K | — 77€™y)
[, /T ;=T(K =77 2°)IT(K - z*e*v)
Cooo / Ties =T (K, = 2°72°72°) IT(K, — 7€)
[, IT,=T(K > 7z'77)IT(K_—> 7 e*v)
[y /Ty =T (K, = 2°72°)IT(K, = 7°72°7°)

0.9993

1+ FK,U3 4 rooo 4 F+—o 4 F+— 4 Foo
1_1Ke3 1_wKe3 1_wKe3 1_wKe3 1_‘Ke3

E.g., BKeB =




KTeV Branching Fraction Analysis

Entries / 0.01

Simple event reconstruction
and selection may be used to
distinguish different decay
modes with very little
background (<0.1%).
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Thousands of events / meter

E:‘-D'_
40 -

20

20 1

101

130 140 150

z vertex (m)

1.04 - (bﬂ
1.02
BRI
QQBé Slope: |
096 (087 +120)x10m
o KTeV:
0 1.02 .
s | :
R | lI L Comparison of data
20987 giope: J | and Monte Carlo decay
0.96 4 (-2:30 +1.30) x 10~/m - L i
“M‘ vertex distributions
é Sip || ||

el

{ Slope:

] @237+1
N 1 1 I 1 1 1

.33) x 107*/m
1 I 1 1 1 1 I

130

140 150
z vertex (m)



Data — MC Comparison for Radiative Photon Candidates
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KTeV Measured Partial Width Ratios
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Comparison of KTeV and PDG Branching Fractions
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Comparison with Individual Experiments
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Determination of |n,_| Using B(K, > nn)
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Semileptonic Form Factor Measurements
GIM} : \
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|, depends on the two independent semileptonic FFs: f,(t), T (t)

(to determine |, integrals)

I

-Phase space, no form foctor
— Phase space, with form factor
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i.(t)=110)

fo (t) — f+ (O)

KTeV Form Factor Results
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First and Second Order Fits to K—mev
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Consistency of Branching Fraction and Form Factor
Results with Lepton Universality
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NA48 Experiment: Designed to measure Re(e’%)
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NAA48: Electron-Pion Separation:
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KLOE Experiment: ete —¢—>K*K-, K Kqg

“Ideal’” experiment for
branching ratio measurements:
can tag one kaon and measure
: absolute branching fractions
Y using accompanying kaon.

N

Preliminary Results:

B(K, —>mev) = 0.3985 + 0.0035
B(K, —>muv) = 0.2702 + 0.0025
B(K, -0 = 0.2010 + 0.0022

i rint) - :
| BKowwn?) =0.1268+0.0011




New Measurement of K Lifetime from KLOE using K, ->n%z%n®
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Comparison KTeV, NA48, KLOE, PDG Branching Fractions
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Experimental Input to |V |

r —GéMis 1+ 5V |° £2(0)1°
Source of Source of Source of
Result B(K€3) form factor |lifetime
BNL-|V,| K. BNL+PDG PDG PDG
KTeV-|V | K| . KTeV KTeV PDG
KTeV-Vl K3 KTeV KTeV PDG
NA48-|V | K, .5 |Na48+KTeV+PDG NA48 PDG
KLOE |V KLOE KTeV KLOE
K g, K' (e, ) (prelim) (KLOE later?) (prelim)




Theory Input to |V

_GIM;
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r Sew (1+ 3¢ ) V| £2(0) 1

e Sgy (Short-distance rad. corr) = 1.022 (Sirlin)
 Long-distance radiative corrections: (Andre, etc.)
0¢=0.013 £ 0.003
o4=0.019 + 0.003

* f.(0)=0.961 + 0.008 (Leutwyler — Roos) + recent calculations



Comparison with Unitarity
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Conclusions

Very large shifts observed in main K, branching fractions
branching fractions differ from PDG by 5-8%.

New measurements result in +3% shift in |V compared to PDG
(from K decays); KTeV-PDG difference is 5c.

Recent K, and K+ results are consistent with CKM unitarity at
1 o level.

V. |=0.2262+0.0023
1= (Vo + M| + V[ ) = 0.0023+0.0018

Value in repeating old measurements with modern, high statistics
experiments.
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