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* Why remeasure the Cabibbo angle?

« KTeV’s Determination of |V (sin 6,)
e Other Recent Measurements

e Conclusions
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Unitarity Tests of CKM Matrix
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For first row, PDG quotes 2.2 o deviation from unitarity:

1= (Voo + Vo +Vis|*) = 0.0043+0.0029  (PDG 2002)



2002 PDG |V | Evaluations

IV 4 = 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).

IV | = (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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KTeV Detector
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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.
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KTeV Particle Identification

Entries / 0.01

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

Entries / 0.04

Entries / 80 MeV

05 1 1.5 2 2.5 3 35 4 4.5 D
min Ku3 track-energy deposit in Csl (GeV)



Thousands of events / meter
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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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Determination of |n,_| Using B(K, > nn)
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Semileptonic Form Factor Measurements
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K, Form Factor Results

Chien 71 ] ; o Sandwaiss 73 L-polarization
Bisi 71 | 0
Clark 77 ! —o—
Buchanan 75 O | b e S S D__I,t___:pl__t _________________________________
. | alltZ plo
Blumenthal 75 ¢ Donaldson 74 —o-
Gjesdal 76 P—D—* Buchanan 75 | o—|
Hill 78 | s Hill 79 | —o—i
Engler 78 o Cho 80 ; ; o
Sitliev. 1 R Birulev 81 o
CPLEAROO —o— | | [ NasTea|
Pl PDG BR : —0—
KTEV 04 .
NA48 04 [y . .
| T | | oo
0.02 0.03 0.04 0.05 KTeV 04 .
+ 1 e 0.03 -0.02 -0.01 0 001 002 003 0.04 005 0.0

A, (for A,=0.030)



Consistency of Branching Fraction and Form Factor
Results with Lepton Universality
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Comparison of KTeV, NA48, KLOE, PDG K, Branching Fractions
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How could PDG averages be so far off?

Comparison with Individual Experiments
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*PDG fit combined different
width ratios from many (~40
experiments with constraint
that XI";=1/r.

oIt’s likely that many (most?)
experiments did not treat
radiation adequately,
particularly for electron
modes.

*These potentially large
correlated systematic errors
were not taken into account
In the PDG fit.



1.

T, = (50.724+0.14+0.33) ns

KLOE K, Lifetime Measurements

“Indirect method” — from branching fraction measurement.
Detector acceptance depends on t, . Comparison of
EZB(K =) + A,y With 1 can be used to determine

2. “Direct method” using using K, —>n1t%r®
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Charged Kaon Decays

*New measurement of semileptonic form factors from
ISTRA+

*New measurements of B(K*—nYe*v):

E865

[NA48 Average of
ISTRA+
| new results.
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... but, decay modes used as normalization for K*¥—mn%*v
have not been remeasured. == KLOE, NA48

eAlso, new measurement of K* lifetime is needed. = KLOE



Input to Calculate “Recent” [V /| (on next page)

B(K, e3): KTeV, KLOE, NA48

B(K,u3): KTeV, KLOE K®: KTeV quadratic FF
B(K.e3): KLOE (including 0.7% model dep.)
B(_KI;GL%:EESF,(?(’;'\;CSE’Q 'eSTRA+ K*: ISTRA+ quadratic FF

"L including 0.7% model dep.
1. KTeV, NA48 average ( J ’ )
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SEW (short-distance rad. corr) = 1.023 (Sirlin)

Long-distance radiative corrections: (Andre, Cirigliano et al.)
0¢=0.0104+ 0.002 (was ~2% from Ginsberg)
0*=0.019 £ 0.003
0¢,=0.0006 + 0.002

ds,=0.04610.04 (Cirigliano)
f.(0)=0.961 + 0.008 (Leutwyler — Roos) + recent calculations



Comparison with Unitarity
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IV, | £57 (0) =0.2173+0.0008

Uses updated |V 4| = 0.973940.0003
> (Hardy, Towner; Marciano,Sirlin
-- Kaon 2005)

J

Using f,(0)=0.961 £+ 0.008 (Leutwyler — Roo0s),

1- (V.

|V, |=0.2261+0.0021

(KTeV :|V,, |=0.2263+0.0022)

“+ \Vus\z + \VUb\Z) =0.0004+0.0011



Conclusions

* New K,; measurements result in +3% shift in |V | compared to

PDG (~5c shift), and are consistent with CKM unitarity
(depending on f,(0)):

1= (Voa " + Mo+ M, ) = 0.0004:+0.0011.

* Other methods (K ,/m,, ) give somewhat lower [V |; new
measurements of 0*—0* nuclear [3 decays in progress.

« 5-8% shifts observed in main K, branching fractions.

Value in repeating old measurements with modern, high
statistics experiments!
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EXTRA SLIDES



V| from K*—p*v and f /f_

(K> u'v) V2 2 M, _Mfl[
7T

M(z" > p'v) Vg f2MZ-M;

1-2(c.-¢)

Marciano, 2004
Using B(K*—u*v)=0.6366+0.009+0.00015 (KLOE)
F/f _=1.210 £0.014 (MILC)

C.—Cy = 3.0£0.75 (Finkemeier; Knecht et al., Cirigliano et al.)

IV, [=0.2223 + 0.0026

m=p 1 (Vo[ + Mo+, [ | = 0.0023:+0.0015
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