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VVususff++(0) & (0) & VVusus/V/Vudud
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in SM, universality of weak coupling dictates

GGCKMCKM
22= (|V= (|Vudud||

22 + + |V|Vusus||
22)) GG22F F (from (from µ µ lifetime) = (glifetime) = (gww/M/Mww))

22 [Vub negligible]

we can test for possible breaking of the conditions

CKM CKM unitarityunitarity (|V(|Vudud||
22 + + |V|Vusus||

22)) = 1                = 1                UniversalityUniversality GGCKMCKM
22 = (|V= (|Vudud||

22 + + |V|Vusus||
22)) GG22F F 

Interest for Vus meaurement with kaons

GGCKMCKM = 1.16XX(= 1.16XX(0404) x10) x10--55 GeVGeV--22 � VVusus at 0.5%at 0.5% makes CKM unitarity test with kaons
competitive to Electro-Weak precision test [ [ GGe.we.w..= 1.1655(12)x10= 1.1655(12)x10--55 GeVGeV--22]]

reference value Greference value GFF = 1.166371(6)x10= 1.166371(6)x10--55 GeVGeV--22 (from (from µµ lifetime)lifetime)
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Vus from semileptonic kaon decays
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measurements since  ‘04
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KL Branching Ratios
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KL Branching Ratios
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Results of fit to KL BR’s, τ
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BR(KS → πeν) and KS lifetime
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Recent results on K± BR’s
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K± lifetime
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Results of fit to K± BR’s, τ
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Kl3 form factor slopes
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Results on Ke3 form factor slopes
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Ke3 slopes comparison

slopes fromslopes from

significance of  significance of  λλ’’’’++ > 4> 4σσ

good  agreement with the pole good  agreement with the pole parametrizationparametrization as expected from as expected from dispertiondispertion
relations  (Stern et al., relations  (Stern et al., PichPich et al.) et al.) 
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Results on Kµ3 form factor slopes
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Kl3 slopes comparison

e3 e3 –– µµ3 averages from3 averages from
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Kl3 – beyond quadratic parametrization (I)

the Callan-Treiman relation fixes the value of                             at t=∆Kπ= mK
2-mπ

2)0()(
~
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00 += ftftf

where ∆CT = -3.5 x 10-3

because of the strong correlation between λ0’ and λ0’’ , use of the linear rather than the
quadratic parametrization gives  λλ00 ~ ~ λλ00’’ + 3.5 + 3.5 λλ00’’’’
to clarify this � is necessary a ff parametrization with t and t2 terms butbut one parameterone parameter

recent parametrization from Stern & coll.Stern & coll. (PLB638 (PLB638 --2006)2006) allows such constraint to be 
exploited � a dispersion relation for lnf0(t) is subtracted at t=0 and t=∆Kπ, giving

~

such that                           , G(t) is derived from Kπ scattering data

as suggested bySternStern & coll.& coll. a good approximation is given by  
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similar  parametrization is obtained for f+(t) 
~

P. de Simone                                  11/16/2007        17



Kl3 – beyond quadratic parametrization (II)

ff++(0) = 0.961(5)   RBC/UKQCD  07(0) = 0.961(5)   RBC/UKQCD  07
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from Callan-Treaman relation  we can give an evaluation of f+(0) given
ffKK/f/fππ = 1.189(7) HPUKQCD 07= 1.189(7) HPUKQCD 07



Results of fit to the slopes
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Vusf+(0) from Kl3 data

ff++(0) = 0.961(5) from UKQCD/RBC  (0) = 0.961(5) from UKQCD/RBC  ’’0707
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Vus/Vud & BR(K+→ µ+ν(γ))
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Vus – Vud plane
ff++(0) = 0.961(5) from UKQCD/RBC  (0) = 0.961(5) from UKQCD/RBC  ’’0707
||VVusus| = 0.22535(116) from K| = 0.22535(116) from Kl3           l3           

fit results, no constraintfit results, no constraint

fit results, fit results, unitarityunitarity constraintconstraint

agreement with agreement with unitarityunitarity 11σσ

ffKK/f/fππ = 1.189(7) from UKQCD  = 1.189(7) from UKQCD  ’’0707
||VVusus/V/Vudud| = 0.2321(13) from K| = 0.2321(13) from Kl2          l2          
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Unitarity test of CKM: GF universality
comparison between weak couplings from K decays (GCKM) and from τµ (GF) 

GF
2 ≡ GCKM

2 = (|Vud|
2 + |Vus|

2) GF
2

GF = 1.166371(6) x 10-5  GeV-2

GCKM = 1.16581(39) x 10-5  GeV-2
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constraints on NP models, e.g. SO(10) Zχ boson [Marciano] 

++GGFF = G= GCKMCKM [1[1--.007 x 8/3 x ln(.007 x 8/3 x ln(MMZZχχ/M/MWW)/()/(MMZZχχ
22/M/MWW

22--1)]1)]

implies  MZχ> 1.4 TeV @ 95% CL

P. de Simone                                  11/16/2007        23      



Kµ2:  sensitivity to charged Higgs
helicity suppressed decays can be sensitive to H+ exchange,  Γ(K → µν) 

M = K,π

[[HouHou, , IsidoriIsidori, , 
ParadisiParadisi]]

K
LO

E

excluded
@95% CL

BaBarBaBar
BelleBelle

ta
n

ta
n ββ

charged Higgs mass (GeV)charged Higgs mass (GeV)

SM prediction, SM prediction, Vus from Kl3 decays,
Vud from β-decays and πµ2 

sizable effects in sizable effects in ΓΓ(K (K →→ µνµν) only) only

BR(K+ → µν(γ)) = 0.6353(77)

MeasurementMeasurement

KLOE  KLOE  BR(K+ → µν(γ)) = 0.6366(17)

compare sensitivity with  B → τν
(BaBar Belle average)
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LF violation testLF violation test
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Lepton universality from Kl3
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Lepton universality from RK = Ke2/Kµ2

extremely well known within SM     RR
KK
SMSM = ( 2.477 = ( 2.477 ±±±±±±±± 0.001)x100.001)x10--55

in MSSM, LFV could give up to % deviations [[MasieroMasiero, , ParadisiParadisi, , PetronzioPetronzio] ] 

NP dominated by contribution ofNP dominated by contribution of eeννττ

with effective coupling with effective coupling 

1% effect (1% effect (∆∆RR
31 31 ~ 5x10~ 5x10--44, , tantanββ ~ 40, ~ 40, mmHH++~ 500 ~ 500 GeVGeV) not unnatural) not unnatural

present accuracy on Rpresent accuracy on RKK @ 6% (PDG06) @ 6% (PDG06) �� new precise measurements @ < 1%new precise measurements @ < 1%
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RK = Ke2/Kµ2 : new results
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RK = Ke2/Kµ2 : new results
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BR(Ke2)/BR(Kµ2) = 2.457(32) x 10
-5

ta
n

ta
n ββ

MMH+H+ (GeV)(GeV)

sensitivity shown as  95% C.L. excluded 95% C.L. excluded 
regionsregions in the tanβ – MH+ plane, for fixed 
values of the 1-3 slepton-mass matrix 
element, ∆13 = 10

-3,0.5x10-3,10-4



Conclusions
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VVusus ff++(0)  is known at  ~0.2% (0)  is known at  ~0.2% 

improved accuracy expected on  τ’KL, BR(KSe3)  (KLOE x 4 data)
complete the measurements of the dominant BR(K±) decays  (KLOE)
constant improvements from lattice determinations of f+(0) and fK/fπ

� average value neededaverage value needed
Callan-Treiman constrain between λ0, fK/fπ and f+(0) � new precise new precise 

experimental determinations of experimental determinations of λλ0 0 (KLOE and NA48 on K(KLOE and NA48 on K±±,,KKLL) in ) in 
progressprogress

new measurements from NA48 @ 2.5% and KLOE @ 2.7%
NA48 collected more than 100K evts � 0.3%
KLOE aims to reach 1%

Lepton universality from KLepton universality from Ke2e2/K/Kµµ22
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KL → π+π-
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What’s new since KAON ‘07
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New preliminary BR(ππ0) with correlation to BR(µν)

Updated (final) values for Kµ3 form-factor slopes

K± BR measurements from Chiang ’72 eliminated from fit

Use Kaon ’07 values for ∆EM, with correlations

Use Kaon ’07 value for |Vud|

Use preliminary UKQCD/RBC result for f+(0)

Use new UKQCD/HPQCD result for fK/fπ

Updated comparisons with PDG 2007

KLOE

Others



Evolution of KL BR’s
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Evolution of K± BR’s
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SU(2) and EM corrections
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Vusf+(0): K
± vs KL,S
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Evaluations of f+(0)
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ff++(0)(0)


