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1. Introduction

At present, the first-row constraifi,q|2 -+ [Vus|2 -+ [Vub|? (with |Vyp|? negligible) offers the
most precise test of CKM unitarity. Up until 2002 (and for the 2004 PDG edjfl{), the evaluation
of Vys from olderK — rilv (K3) data gave 2.8 hint of unitarity violation in the first-row test. The
2003 measurement of BER%) by BNL E865 [2] gave a value fojs consistent with unitarity.
In the period 2004-2006, many new measurements of branching ratigs l{fB&mes (r), and
form-factor slopesX) were announced by KLOE, KTeV, ISTRA+ and NA48. Compared to old
determinations, all of these new measurements are based on much high@csstatisreover,
the radiative corrections are applied consistently. The 2006 PDG revigw,g includes many,
but not all, of these important developmerfis [3]. | present an up-toedaleation that includes
preliminary results presented at this conference. The combination ofiegreal results has been
carried out by M. Moulson for the FlaviaNet Working Group on Kaonayese and has been first
presented at 2006 CKM Workshop in Nagojp [4].

Vus is related to the kaon semileptonic decay rate through the following equation:

CZGEMR

K o SewlVusI £ ()Pl (1) (1+ 288"+ 288M), (L1)

r(Kiz) =

whereK = K% K*,| = e u andCz is a Clebsch-Gordan coefficient, equal #2%and 1 fork* and
KO, respectively. In the above expression, the decay WidH)3) is experimentally determined
by measuring the kaon lifetime and the semileptonic BRs. A well determined treath#re
radiative decays is required in order to use the measured BR in the sigmidsl; usually, most
recent experiments publish values of BR totally inclusive of radiation. Bldednic matrix element
(form factor) for theK — 1T transition is parameterized in terms of its value at zero momentum
transfer for neutral kaon decayf,(0) = fforr (0), which is determined from theory. Form factor
dependence on the momentum is described by one or more slope parameteich are measured
from the decay spectra, and is integrated over the decay phase gpdueg,rise to thely;(A)
integral in equatiofi I}1. On top of that, some higher order correctionstbawe computed from
theory: Sew = 1.0232 is the universal short-distance electroweak correcigh?” andAEM are
U (2)—breaking and long-distance electromagnetic corrections, which depethé &aon charge
and on the lepton flavor.

In the following sectionf 2 f 4 most recent measurements§foKs andK* BRs and lifetimes
will be firstly reviewed and the updated averages will be presented; tios&cthe measurement
of the form factor slopes and the evaluation of the phase space integitdi® wummarized; in
sections[]6 anf] 7 the extraction gg will be finally addressed.

2. K| branchingratios and lifetime

Many new measurements Kf BRs were performed during the last three years, which con-
tributed to clarify theK, experimental picture with respect to the 2004 PDG compilafipn [5]. The
KTeV experiment has measured accurately five ratids ofnain decay widths from independent
samples of 19— 10° events collected with a single trigger. They obtaf} [F1Ky3)/T (Kes) =
0.664Q26), I (1" m 1°) /T (Keg) = 0.307818), I (117 117) /T (Kez) = 0.00485628), I' (2r°) /T (31°) =
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0.00444625), andr (3m°) /T (Ke3) = 0.478255). The six decay modes involved cover 99.93% of
K. width, so KTeV combines the ratios to extract the BRs. The measured ragossad in-
stead in the present evaluation to perform a global fiKtdBRs and lifetime, with correlations
provided by the experiment. The NA48 experiment has measured the rdtig décays normal-
ized to final states with two charged tracks, obtained from a sample af1® events. They
find [B] I' (Kes)/I" (2 track = 0.497835), and using BR(2 track) 1.0048— BR(31), they evalu-
ate BRKe3). The measured ratio is used in the present fit@lecay modes. Moreover, the NA48
experiment has produced also a preliminary result for the fiq — 3°) /T (Ks — 21°) [].
UsingT (Ks — 21°) as external input, they obtain BR_ — 3m°) /1. = 3.79558) MHz, which is
used in the global fit as well. The KLOE experiment has measured the &o&Rs for the four
main K. decay channels from a sample of 230° ¢ — KgK_ events with &Ks — " m~ decay
reconstructed in the apparatus. The results depend df thietime through the geometrical ac-
ceptance of the apparatus @BR/BR = 0.67d1_/1.. Using as reference valuxéo) =5154 ns
they get [1p] BR?) (Ke3) = 0.404921), BRO) (K ;3) = 0.272616), BR(? (31°) = 0.201824), and
BRO (rrtm n®) = 0.127615). In their paper, they constrain the BR sum to one, and solve_for
by using the above relation; in this way they improve the measurement ercorEdo the global
K. fit the reference values have been used instead, accounting for lifetipemdence and other
experimental correlations. KLOE has provided also an independenuneeasnt ofr., obtained
by fitting the proper decay time distribution f&if — 37° events, for which the reconstruction ef-
ficiency is high and uniform over a fiducial volume©f0.4A,.. They find [I1]7. = 50.92(30) ns.
All of the results discussed above, plus few more which are describeefirf4}, are used in
a PDG-like fit to evaluate th&, main decay channels and lifetime. The only constraint used in
this fit isZ(BR) = 1. The fit converges succesfully wigt /ndf = 20.2/11 (Prob= 4.3%), and the
results are reported in talfle 1. Figlite 1 shows a comparison betweéousr®DG averages and

BR(Ke3) BR(K,3) BR(3°) BR(rr" it 11°)
Value 0.40563(74) 0.27047(71) 0.19507(86) 0.12542(57)
Scale factor 1.1 1.1 1.2 1.1
BR(T 1) BR(2°) BR(yy) T
Value 1.996667) x 1073 | 8.644(42) x 1074 | 5.470(40) x 10~* | 51.173(200) ns
Scale factor 1.1 1.3 1.1 1.1

Table 1: K. BRs and lifetime from a fit to recent data.

the present results fd€es, K3, 3n® and it decay channels. Differences between this fit and
2006 PDG edition[]6] are minor, while a substantial difference is obsemtiadrespect to the 2004
PDG review [[], due to a completely renewed set of measurements.

3. Ksbranchingratiosand lifetime

Present knowledge dfs main BRs is dominated by two recent KLOE results Ky and
21 events, based on a sample 02 ¥ 10° ¢ — KsK, events. They measufgKes) /I (T 1) =
10.19(13) x 10~ [[4], andT (1" ) /I (2r°) = 2.254954) [[3]. These two ratios completely
determine the value d€s main BRs, and as far as the valuevgf is concerned we use BRg3) =
7.046(91) x 1074,
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BR(Kes) % BR(K,3) % BR(3) % BR(T" ) 1073
PDG 04 - e N N
PDG '06 - . . .
This fit . . . .
38 40 42 26 27 28 19 20 21 22 2 2.2

Figure 1. BR evolution for some representatie channelsKes, K3, 30, andmrt .

The value oKs lifetime used in the present determinatior{\4fs| f + (0) is 1s= 0.089585) ns,
which is taken from PDG fit t€P parameters[[6]. This result is highly constrained by measure-
ments from NA48 [16] and KTeM[17].

4. K* branching ratiosand lifetime

Most of the present experimental efforts focus on charged kacaydeand particularly on
K,jg decays. The NA48 experiment has published recently (and updates abtiference) pre-
cise measurements B{K3) /I (= n°), obtained with simultaneou$*K~ beams. The; sam-
ples amount to 306- 50 x 10° events forK~ andK™, respectively, and the final accuracy is lim-
ited by statistics. They find [LEI[A9] (Kg)/I (77°1°) = 0.247Q(9)(4), andT (K ) /I (1t 1°) =
0.16376)(3), where the first error is statistical and the second one refers to systesffatits.
The Kgz ratio has been measured recently also by the ISTRA+ Collaboration, usiagple of
2.2 x 10° K decays. Their resulfTROT; (Kg) /I (m n°) = 0.24494)(14), is in good agreement
with the NA48 one. The three ratios presented above are used in the fiflédraBRs and lifetime.
The last contribution is from the KLOE experiment, which has presenteésatdhference{[31] the
absolute measurement of B{ﬁ) with ~ 1% total error. This result is achieved by selecting-
K*K~ events in which one of the two kaons decaysitov or = 1i° final state, giving both a nor-
malization for BR evaluation and a tag for the signal search. Ulsﬁ?’\g: 12.385(25) ns [6] in order
to account for acceptance dependence from kaon lifetime, they obtafi(BR) = 0.0496553),
and BF%O)(K;LS) = 0.0323339). The error matrix and the lifetime dependence are provided by the
experiment, in order to use these measurements in a global fit.

As far as thek* lifetime is concerned, the world averadé [6] is very precise, but ptesen
poor consistency between measurements performed with different taesnspme confirmation
is therefore needed. The KLOE experiment has presented two neweimdieqt determination
of 1, at this conference [22]. The first measurememt= 12.367(44)(65) ns, is obtained from
the kaon track decay length; the second ane= 12.391(49)(25) ns, is obtained from the kaon
decay time irkK* — 7t ° decays. The combined resultis = 12.384(48) ns, which is in perfect
agreement with PDG average.

When combining experimental results #6f decays, it is not possible to rest on recent data
only, like for K_. Indeed, whiIeK,§ have been measured recently by NA48, ISTRA+, KLOE
and E865, for channels like™ ° and ™ ™ 17 the BR determination is still based essentially on
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measurements by Chiang '12]23], which are provided without accoufuimgdiative corrections
and correlations between channels. The results of a fit to the availabldd#igreliminary and
published, are reported in tatple 2. The fit quality is very pa@dy 6d f = 52/25, Probk=0.11%), due
to the above mentioned tension between the old lifetime measurements, and tincBsistency
between KLOE and NA48 results cb(ﬁ decays. Figur§]2 shows a comparison between previous

BR(u*Vv) BR(rtt 1°) BR(rtt it 117) BR(Ke3)
Value 0.63545(132)| 0.20656(100)| 0.055962(303)| 0.050758(290)
Scale factor 1.2 1.3 1.3
BR(K3) BR(rtt i°m°) T4
Value 0.033656(280) 0.017614(226) 12.3840(193) ns
Scale factor 1.7 1.1 1.7

Table 2: K* BRs and lifetime from a fit to the whole available data.

PDG averages and the present resultsKTgr Kus, u*v, andrrt° decay channels. Differences
between 2006 PDG compilatioi [6] and the present fit are appreciabl&ttaeincluding 2007
results ork;5 decays.

BR(K3) % BR(K,3) % BR(u*V) % BR(rt* 1°) %
PDG 04 o - . .
PDG '06 —— —e— - -
This fit - - - -
48 5 52 32 3.4 63 64 20 21 22
Figure 2: BR evolution for some representatie” channelsKZ;, K u3’ pu*v, andret P,

5. Form factor slopes and deter mination of K3 decay phase space

SinceK — mis a 0 — 0 transition, only the vector part of the weak current has a nonvan-
ishing contribution. The matrix element can be expressed as

(MIyIK) = [(P+P)ufs(t) +(P—p)uf-(1)] (5.1)

whereP, p, are the kaon, pion momenta, and (P — p)? is the onlyL-invariant variable. The term
proportional tof _ (t) is only relevant folK ;3 decays, since it is multiplied by the lepton mass. It is
customary to expand the vector form facfar(t) as

2
Fo(t) = ,.(0) |14+ A/ mz+1’\” (#) +] (5.2)

wherem s the mass of the charged pion, and only linear and quadratic terms aredethirthe
above expression, the form factor at zero momentum trarfsféd), is evaluated from theory, while
the form factor slopes)’ , A/ are experimentally determined from semileptonic decay spectra. A
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scalar form factorfp(t) is introduced in the parametrization &f(t), defined asf_(t) = (fo(t) —
f.(t))(MZ —m?)/t with fo(0) = f,(0). As in the case of the vector form factor, the scalar form
factor is expanded in powers of momentum transfer

fo(t) = fo(0) [1+/\0 % +} , (5.3)

where only the linear term is retained.

New precise determinations #f , A}, andAg have been published during the last three years

by KTeV [28], NA48 [2T][28] and KLOE [2P][30] orK_I3 decays, and by ISTRA{ [P4][R5] on
K~13 decays. All of these results are reported in t@ble 3KigrandK; decays separately. The

Ke3 form-factor slopes Ku3 form-factor slopes
AL x 100 A7 x10° AL x10% A7 x10°  Agx 10
ISTRA+[P4] 24.9(1.7) 1.9(0.9) ISTRA+[P3] 23.0(6.4) 2.3(2.3) 17.1(2.2)
KTeV[Eg] 21.7(2.0) 2.9(0.8) KTeV[pq] 17.0(3.7) 4.4(1.5) 12.8(1.8)
NA48 [27] 28.0(2.4) 0.4(0.9)] NA48[Rg] 20.5(3.3) 2.6(1.3) 9.5(1.4)
KLOE[RY] 25.5(1.8) 1.4(0.8)| KLOE prel. [B0] 25.6(1.8) 1.4(0.8) 15.6(2.6)

Table 3: Current data orK;3 form-factor slopes; ISTRA+ results are rescaled(%/mno)z; KLOE
preliminary result orK ;3 is obtained from a combined fit #3 andK 3 spectra.

experimental picture fakes decays is summarized in figure 3, where tisecbntours measured by
each experiment in th&| -A” plane are reported. The compatibility between the four experiments
is excellent, the average slopes beidg= 25.15(0.87) x 103 andA/ = 1.57(0.38) x 103, with
x%/ndf =5.3/6 (Prob= 51%). The average correlation between slopgs(i,,A”) = —0.941,

and it determines the angular inclination of the ellipses, which is only margindigtafl by

the measurement systematic error. Integrating these slope parametetseodecay spectrum,
the following values for the phase space integrals are obtaih¢¢®e3) = 0.1546521), and

I (K*e3) = 0.1590122). The average slopes resulting from a global fiktg andK,3 areA’, =
24.82(1.10) x 1073, A7 = 1.64(0.44) x 103, andAo = 13.38(1.19) x 103, with x?/ndf = 53/13
(Prob= 10"%). The compatibility between measurements is very poor, and the inconsistency is
parametrized by large scale factors (1.4, 1.3, and 1.2foR/, andAo, respectively), which pro-
duce larger errors ok, andA/ respect to the ones obtained frég data alone. Such an inconsis-
tency is entirely due to the value of the scalar slope measured by NA48, avitlént by looking

at figure[#, where the averal§g contours for the single experiments are shown. Moreover, exclud-
ing the NA48K ;3 result from the slope fit one gexd/ndf =12.2/10 (Probk= 27.1%). The phase
space integrals for the four decay modes di@ e3) = 0.1545429), | (K*e3) = 0.1588930),

I (K%u3) = 0.1020931), andl (K*u3) = 0.1050432). These integrals are computed without ex-
cluding any experimental result, and they will be used to evaliatef , (0). TheKes values differ

by less than one per mill respect to the ones finfit. The K, 3 integrals change by.6% if the
NA48 result is excluded from the fit, but this would shift the final averigeV,s| f(0) only by
0.08%.
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A x10%

20 25 30

AL x10°

Figure 3: 1o contours measured in thé -AY plane forKe decays by KTeV (red), KLOE (blue), ISTRA+
(purple), and NA48 (green); yellow ellipse represents trexage result.

Al x10° AL x 103
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Figure 4: 1o contours measured in the_-A, Ag-A/, andAg-A/. planes forK 3 decays by KTeV (red),
KLOE (blue), ISTRA+ (purple), and NA48 (green); yellow elies represent the average results.

6. Extraction of |Vyg| f1(0)

U (2)—breaking andEM corrections which are used to extrdiis| f-(0) are summarized in
table[4. ThelU(2)—breaking correction is evaluated with ChPTQ@¢p?), as described in[31].
The long distanc&EM corrections to the full inclusive decay rate are evaluated with ChPT to
O(e?p?) [BI], and using low-energy constants from R¢F][33]. The quotedite have been eval-
uated recently[[32], and include for the first time tigs channels for both neutral and charged
kaons. Using all of the experimental and theoretical inputs discussed,ahe values gl f (0)
have been evaluated faf e3, K u3, Kse3, K*e3, andK*u3 decay modes, as shown in ta-
ble B and figurg]5. The five decay modes agree well within the quotedseand average to
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Mode | A? ARM
K%3 0 0.57(15)%
KOu3 0 0.80(15)%

K*e3 | 2.36(22)%| 0.08(15)%
K*u3 | 2.36(22)%| -0.12(15)%

Table 4: Summary ofJ (2)—breaking andEM corrections.

Approx. contrib. to % err
Mode | |Wug/f+(0) | % err| BR T A Ik(A)

K.e3 | 0.21627(60)| 0.28 | 0.09 0.19 0.15 0.09
K u3 | 0.21678(67)| 0.31 | 0.10 0.18 0.15 0.15
Kse3 | 0.21544(144) 0.67 | 0.65 0.03 0.15 0.10
K*e3 | 0.21725(89)| 0.41 | 0.29 0.09 0.26 0.10
K*u3 | 0.21800(114) 0.52 | 0.42 0.09 0.26 0.15

Table 5: Values of|V,g| f1(0) extracted fronK 3 decay rates; all sources contributing to the total fraetion
error are reported separately.

Vus| f1(0) = 0.2166347), with x2/ndf = 2.62/4 (Prob= 62%). To evaluate the reliability of the
S (2)—breaking correction, a comparison is made between separate avefdygsfa(0) for

the neutral and the charged channels, which &2&6B§52) and 02174(086), respectively: they
agree within 11o. Alternatively, an experimental estimate A)ZJ @ is obtained by comparing
the neutral result with the charged one evaluated without correctingX(2) —breaking: we get

Aip(z) = 2.84(40)%, which is good agreement with the value estimated from theory.

0.22

0.218 ++ _______________ + ______

0216 b * .......................................

0.214

K. e3 K p3 K<e3 Kfe3  K*u3

Figure5: Values of|V4 1 (0) extracted fronK3 decay rates; the average between decay modes is indicated
by a continuous line, dashed lines representing thédnd.

7. Determination of [Vygd and CKM unitarity test

In the previous section a determination [¥fs| f; (0) from K3 decays has been presented,
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with ~ 2 x 1073 fractional accuracy. Assuming fdr, (0) the standard Leutwyler-Roos evalu-
ation [34], f.(0) = 0.961(8), we get|V,s = 0.225419). To test the CKM unitarity, we use
Vg = 0.9737226) [BH], which is an average from*0— O nuclear beta decays, and includes
a recent evaluation of electroweak radiative corrections. Combining thessults we get

V2 +VZ4—1=-0.001110), (7.1)

which is consistent with unitarity te- 1. A value ofV,s can also be obtained from a comparison
of the radiative inclusive decay rateskt — u*v(y) andm™ — p*v(y) combined with a lattice
calculation offy / f,; via [38]

F(K* — pFv(y) M fZme(1—mg/mg)?
F(mt — pv(y)  Mud?f2mp(1—m? /m2)2

x 0.9930(35), (7.2)

with the uncertainty on the multiplicative factor coming from the electroweak tigdi@orrections.
To solve equatiof 7.2 fovus/Vud, we use BRK® — p*v) = 0.636617) from KLOE [B7], and
the preliminary lattice resulfy / fr = 1.2082)(*{,), from the MILC Collaboration[[38]. From
the above results we g¥ts/Vug = 0.2286{f%). This ratio can be used in a fit together with the
measurements &f,s andVyq, as shown in figur§] 6. Results of this fit afgy = 0.9737226), and
Vys = 0.224516), with x?/ndf = 0.73/1 (Prob= 39%). If we add the constraint of unitarity we
getVyq = 0.9739821), andVys = 0.22669), with x2/ndf = 3.6/2 (Prob= 17%), which is again
compatible with unitarity at & level.

0.23
Wus |
|~ fit with unitarity
0.225 F f't’ \
i
Vus/Vud II
VoMo unitarity
07— o095 oos

Vud

Figure 6: Results of fits tdVyd|, |Vus|, and|Vus|/|Vudl-
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