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Viotivation

According to PDG, first row off CKIM matrix IS
2 sligmal away. from unitarity.

BINIC-ES6S recently reported that charged K. *
Branching frraction Is 6% higher than PDG;
thelr new \us.Is consistent with unitarity,

pUt not consistent with Vus firom K, decay.

Need to Improve K, semileptonic nieasurements.



Vethod! to Extract \/us
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G4 My,
L'ie3 = fgﬂz—rﬁ‘SEw(l + 0%) |Vaus|? | £2.(0)| I%

[z =B(KI3) /7, (zp from PDG)

Tormeasure the semileptonic branching
fractions, B(Ke3) and B(Ku3),

KTeV. measures the six largest BFs
which account for 99.93% of the
K, decay rate.
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To determine the six main branching fractions,
KTeV measures the following ratios of

partial decay rates:
T'ku3/Tkes = DK = nuTv) /T(Kp — nteTv)
Ly _o/Tkes = N(Kf — nta—=0)/T(K — nfeFv)
Tooo/Tkes = T(Kf — w0n%%x0) /T(K [ — nEeFv)

Iy /Tges = DKy — ntn™)/T(K — neTrv)
T'oo/Tooo = K, — »%70) /T(K; — 7%70=0)

Ke3+Ku3: 70% 3n: 30% 27 0.3%
Sample sizes: 10> to 10° :




KTeV Detector at Fermilab
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Ignore regenerator (Kg) beam

Track momentum resolution < 1% (above 8 GeV/c)
and momentum scale known to 0.01% using K—m*m"
Csl energy resolution < 1% (E, > 3 GeV)

and energy scale known to 0.1% using Ke3 electrorrs.



Particle ldentification
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BIRS Include Radiated Photons; !

KestKuspy M C generator (KLOR) written by

U. Chicago student T.Andre (advisor: J.Rosner).
Includes virtual and real photons.

KLOR: Kaon Leading Order Radiation

K+ o) MC generator uses PHOTOS.
K¢ -MC generator includes IB.

Radiation changes K ; acceptance by 3%o;
Effect on other modes Is < 0.5%



Radiative MC Check

data-IVIC
comparisen: of
lab’E, -~ (right) 1

and rad-BRs ab E, (Gev) " b€, (GeV)
agree well for-all
4 charged modes.
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Uncertainties on
Partial Width Ratios
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Partial Width Ratio Results

KTeV ratios
WITHh K 1
deneminator

disagree with
PDG.

Only I'py /T g0 e

1000 x T, /T,

agrees with PDG. — e
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KeV/ Branching Eractions
assuming 2B = 09993
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KTeV/PDG Ratios
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K/ Comparison with
Individual Experiments
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Aside: CPVielation: Parameter (.|
Determined firom
KleV/ Branching Fractions

KTeV 2w BIRS

K, and K K semileptonic
lifetimes BR: 0.12%
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Compare: Kie\V/ n. [ With previous
resultsiusing K, -Ks Interference
lindepenadent of KTeV-PDG
discrepancy in B(K, = mm) |
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Semileptonic Eerm Eactors
(tordetermine I, Integrals)

GZ M5

Cge3 = ﬁsﬂ'w(l + 0%) |Vus|? |f.2|_(0)|1§{

Parametrization:

F+(t) = f+(0) |1+ Aim

t
fo(t) = f4+(0) |1 + Anﬁ

w

where t = (P — Pw)2
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Semileptonic Eorm| Eactor:s:
Viethod

= (pK 4 pTC)Z a0
I

~KInEMatic ampiguity == tWwerpessilet-values
~leraveldEamnIguIty; CompULE “t' ™ using-omly
bramnsverse guantities:
Pk > P, = 0 (defines.transverse)
U, (Invariant under Ik hoest)
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Semileptonic Eerm Eactors:
L. and AL

significance !

| — Average




A, Comparisons for linear f.(t)

lgnore 2% order
termiin KTeV. to
compare with
Previous
measurements
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Lo Comparisons Withrr, = 0.080

Sandweiss 73 Li-polarization

B!

KTeV L, agrees genes |
W'th Only 2 Of 8 Donaldson 74 ELEEU
- Buchanan 75 r 5
PIEEVIOUS o
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Birulev 81

X9 gte
(see Our paper for | __[esise -
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[ Uncertaity from
Semileptonic Form Eactors

we Include: 0.7% uncertainty. from model
dependence (doubles errorl.

| (quadratic: y?/dof=62/64) _, _ 2o, y
l,.(pole model: y2/dof=66/65) S

Although KTeV form factors are much more
precise than PDG, KTeV I, uncertainty Is

comparable to PDG uncertainty based.on
linear FE model.

small effect on Iy, /i3 ratio.
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|_epton Universality: Trestwith
Semileptonic Branchingl Eractions
and Form Eactors

_ong-distance rad cor
ratio from KLOR is

Note that [I'y,s/T'keslirev
IS 5% lower than PDG



|_epton Universality: Trestwith
Semileptonic Branchingl Eractions
andl Eorm| Eactors

L_ong-distance rad cor
ratio from KLOR is

[Ff‘fﬁfi/ Ff‘fE3] pred —

[Tk u3/T Keslpred

(same test with PDG BR+FE = 1.0270 + 0.0182) =

= 0.9969 + 0.0048



Summary.efi Vus Changes;firom
KTeV

GZ’ M5

Loz = Lo KSEw (L + 0%) |Vaus|® | £2(0)| Ik
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\ *T'kes - §0OES UP by 5%
*T'ky3 -NO significant change

*]¢-goes down 1.7%
*|1 goes down 4.2%
(each includes -1%o shift from A°’)



Iheory Corrections

GLM?2 2
'ie3 = ﬁSEW(I + 0%) |Vas|® | £2.(0) | I

/4

short-distance
rad cor: 1.022

long-distance rad
cor from Andre,
0¢ =1.013
ot =1.019 -

|_eutwyler-Roos 84

f.(0)=0.961(8)

+ recent works ...




KaFeV/" IVus| Result

I, (0)=0.2165 £0.0012
= 012252 + 0.0006 ./
+ 0.0021,

11.(0), 7.}

1- ‘Vud‘z - ‘Vus‘z - ‘Vub‘z

= 0.0018 + 0.0019
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\US[.(0) Comparisens Wwith Data

PDG
E865 [10]




VUs|>.(0) Comparisens
Withrneory and |V, 4
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SummeaiRy. of Uncertainties on
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Conclusions

KTeV measurements result in +3% shift in [Vus|
compared to PDG (from K, decays);

KTeV-PDG difference in K, -[Vus| Is 5c !

Our [Vus| value is consistent with unitarity.

IVus| from K* : PDG and recent BNL-E865 result
are both consistent with KTeV |Vus| from K, .
Four of the six largest K, branching fractions differ
from PDG by 5-8% (also affects rare decays).
Our |n,_| value is 2.6% lower than PDG.
Improved form factors (FF) for Ke3 and Ku3
First detection of 2"d order term (A*’) in K¢3 FF.
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Ke\/ Publications on \Us
(see LANL archive)
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IVl Phys. Rev. ettt [June 1, 2004
K. BRS Phys. Rev. D June 1, 2004
KIS fiorm factors [ Phys. Rev. D June 1, 2004

Supporting Publication

K03 Radiation
(KLOR)

HEP archive

June d;, 2004
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