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Status
of
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u

s
2

1)
V

u
s

from
K

l3
decays

2)
V

u
s

from
F

K
/F

π
ratio

3)
V

u
s

from
hadronic

τ
decays

4)
V

u
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decays
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V
u

s
from

K
l
3
decays

3

Theoretically,the
K

l3 -decay
rate

is
given

by:

Γ
[K
→

π
lν

e (γ
)]
=

G
2F
M

5K

192π
3

C
2K

S
E

W
I
K
({λ
})|V

u
s | 2f

2+
(0)

w
here

w
ith

t
=
(p−

p
′)

2:

〈π
−
(p

′)|s̄γ
μ u
|K

0(p)〉
=
(p+

p
′)

μ f
+
(t)+

(p−
p

′)
μ f
−
(t)

The
largesttheoreticaluncertainty

resides
in

the
hadronic

form
factor

f
+
(0).

⇒
Firstdeterm

ine:
|V

u
s |f

+
(0)

R
ecentnew

m
easurem

ents
by

E
865,K

TeV
,N

A
48

and
K

LO
E

:

|V
u
s |f

+
(0)

=
0.2169(9)

(P
D

G
06)

|V
u
s |f

+
(0)

=
0.21673(46)

(FLAV
IA

netK
W

G
06)
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K
π
form

factors
4

K
indly

provided
by

M
atthew

M
oulson;U

pdate
from

C
K

M
06.

f
+
(t)

=
f
+
(0) [

1+
λ
′+

t

M
2π

+
λ
′
′

+

t
2

2
M

4π

+
... ]
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K
π
form

factors
5

K
indly

provided
by

M
atthew

M
oulson;U

pdate
from

C
K

M
06.
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K
π
form

factors
6

K
indly

provided
by

M
atthew

M
oulson;U

pdate
from

C
K

M
06.
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K
π
form

factors
7

A
description

ofthe
K

π
vectorform

factorcan
be

obtained
w

ithin
chiralperturbation

theory
w

ith
resonances

(R
χ

P
T):

(M
J,P

ich,Portolés
2006)

F
K

π
+
(s)

=
M

2K
∗ e

32
R

e[ H̃
K

π
(s)+

H̃
K

η (s)]

M
2K

∗ −
s−

iM
K

∗Γ
K

∗(s)
.

w
hereΓ

K
∗(s)

=
G

2V
M

K
∗s

64π
F

4π

[σ
3K

π (s)+
σ

3K
η (s)].

The
param

eters
ofthis

m
odel,nam

ely
M

K
∗

and
G

V
,can

be
fitted

from
experim

entaldata
for

p-w
ave

K
π

scattering.

A
lso

a
second

resonance
contribution

can
easily

be
included.
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K
π
form

factors
8

A
s

a
prediction

ofthe
m

odel,w
e

obtain
the

slope
and

the
curvature

ofthe
vectorform

factor
F

K
π

+
(s):

λ
′+
=
25.6

·10
−

3
,

λ
′
′

+
=
1.31

·10
−

3
,

to
be

com
pared

w
ith

the
experim

entalresult:

λ
′+
=
(24.8±

1.1)
·10

−
3
,

λ
′
′

+
=
(1.61±

0.45)
·10

−
3
.

Likew
ise,the

scalarform
factor

F
K

π
0
(s)

can
be

obtained
from

a
dispersion

relation
analysis

ofS
-w

ave
K

π
scattering

data.
(M

J,O
ller,P

ich
2002/04/06)

H
ere,the

respective
resultis:

λ
0
=
(14.7±

0.4)
·10

−
3
⇔

λ
ex

p
0

=
(13.3±

1.4)
·10

−
3
.
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V
u

s
from

K
l
3
decays

9

K
indly

provided
by

Jorge
Portolés.

⇒
f

+
(0)

=
0.966(5)

⇒
|V

u
s |=

0.2244(13)
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V
u

s
from

F
K

/
F

π
10

From
the

leptonic
decays

Γ
[K
→

lν
l (γ
)]/Γ

[π
→

lν
l (γ
)],

one
can

predict:
(M

arciano
2004)

|V
u
s |

|V
u
d |

F
K

F
π

=
0.27618

±
0.00048

.

Togetherw
ith

the
recentlattice

result
(M

ILC
2006)

F
K

F
π

=
1.208(2)(

+
7

−
14 )

and
V

u
d
=
0.97377(27)

(nuclear
β

-decay)
this

leads
to:

|V
u
s |
=
0.2226

(
+

26
−

14 )

U
nitarity

and
V

u
d

im
ply:

F
K

/F
π
=
1.182(6)!

LR
84:1.22(1)
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V
u

s
from

τ
decays

11

C
onsiderthe

physicalquantity
R

τ :
(B

raaten,N
arison,P

ich
(1992))

R
τ
≡
Γ
(τ
−
→
h
ad
ron

s
ν

τ (γ
))

Γ
(τ
−
→

e
−
ν̄

e ν
τ (γ

))
=
3.640±

0.010
.

R
τ

is
related

to
the

Q
C

D
correlators

Π
T

,L
(z):

(z
≡

s/M
2τ )

R
τ
=
12π

1∫0

d
z(1−

z)
2 [(1+

2z)Im
Π

T(z)+
Im
Π

L
(z) ]

,

w
ith

the
appropriate

com
binations

Π
J(z)

=
|V

u
d | 2 [Π

V
,J

u
d
+
Π

A
,J

u
d ]+

|V
u
s | 2 [Π

V
,J

u
s
+
Π

A
,J

u
s ]

.
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V
u

s
from

τ
decays

12

A
dditionalinform

ation
can

be
inferred

from
the

m
om

ents

R
k
l

τ
≡

1∫0

d
z
(1−

z)
kz

l
d
R

τ

d
z
=

R
k
l

τ
,N

S
+

R
k
l

τ
,S

.

Theoretically,R
k
l

τ
can

be
expressed

as:

R
k
l

τ
=

N
c
S

E
W {

(|V
u
d | 2+

|V
u
s | 2) [1+

δ
k
l(0) ]

+ ∑D
≥

2 [|V
u
d | 2δ

k
l(D

)
u
d

+
|V

u
s | 2δ

k
l(D

)
u
s

] }
.

δ
k
l(D

)
u
d

and
δ

k
l(D

)
u
s

are
corrections

in
the

O
peratorP

roduct
E

xpansion,the
m

ostim
portantones

being
∼

m
2s

and
m

s 〈q̄q〉.
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V
u

s
from

τ
decays

13

The
sensitivity

to
the

strange
quark

m
ass

can
be

enhanced
by

considering
the

flavourS
U

(3)-breaking
difference:

(P
ich,P

rades;A
LE

P
H

(1998))

δR
k
l

τ
≡

R
k
l

τ
,N

S

|V
u
d | 2
−

R
k
l

τ
,S

|V
u
s | 2

=
3
S

E
W ∑D

≥
2 (

δ
k
l(D

)
u
d
−

δ
k
l(D

)
u
s

)
.

Flavourindependentuncertainties
drop

outin
the

difference.

In
previous

analyses
a

sizeable
partofthe

theoreticalerror
w

as
due

to
large

α
s

corrections
in

the
longitudinalcontribution.

This
uncertainty

could
be

greatly
reduced

by
replacing

badly
behaved

scalar/pseudoscalarcorrelators
w

ith
phenom

enology.
(G

ám
iz,M

.J.,P
ich,P

rades,S
chw

ab
(2003/04))
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Strange
quark

m
ass

14

60
70

80
90

100
110

120
130

140
m

s (2 G
eV

) M
eV

S
calar S

R
 [Jam

in 06]
P

seudoscalar S
R

 [Jam
in 06]

e
+e

- S
R

 [N
arison 05]

τ S
R

 [G
am

iz 05]
Lattice [M

ILC
/H

P
Q

C
D

 06]
Lattice [C

P
-P

A
C

S
/JLQ

C
D

 06]
Lattice [Q

C
D

S
F/U

K
Q

C
D

 05]
Lattice [S

P
Q

C
D R

 05]
Lattice [A

lpha 05]

A
verage

⇒
Average:

m
s (2

G
eV
)
=
94±

6
M

eV
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V
u

s
from

τ
decays

15

G
iven

m
s ,w

e
are

in
a

position
to

predictδR
k
l

τ
from

theory.
Theoretically,the

uncertainty
is

sm
allestforthe

(0,0)
m

om
ent:

P
heno

m
2s

δR
τ
,th
=
0.155

+
0.078

+
0.003

=
0.236

±
0.028

.

Letus
now

reconsiderthe
equation

for
δR

τ :

|V
u
s |
= √√√√

R
τ
,S

R
τ
,N

S
/|V

u
d | 2
−

δR
τ
,th

︸
︷︷

︸
≈
3.658

Thus
the

theoretically
derived

quantity
δR

τ
,th

only
gives

a
sm

allcorrection
to

experim
entally

m
easured

quantities.
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V
u

s
from

τ
decays

16

Togetherw
ith

the
experim

entalresults
R

τ
,N

S
=
3.469±

0.014
as

w
ellas

R
τ
,S
=
0.1677±

0.0050,V
u
s

can
be

determ
ined:

|V
u
s |=

0.2214±
0.0033

ex
p ±
0.0010

th
=

0.2214±
0.0034

The
uncertainty

on
V

u
s

is
dom

inated
by

the
experim

entalerror
on

R
τ
,S .The

theoreticalerrorby
the

perturbative
expansion.

In
the

nearfuture,itshould
be

possible
to

reduce
the

uncertainty
w

ith
the

τ-data
sets

from
B

A
B

A
R

and
B

E
LLE

.

Ifthe
experim

entalvalue
B
(τ
→

K
ν

τ )
=
(0.686±

0.023)%
is

replaced
by

the
theoreticalprediction

(0.715±
0.004)%

based
on

K
μ
2

decays,one
finds

|V
u
s |=

0.2225±
0.0034

.
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C
onclusions

17

|V
u
s |(K

l3 )
=
0.2244(13)

|V
u
s |(

F
K

F
π )
=
0.2226

(
+

26
−

14 )

|V
u
s |(τ

)
=
0.2225(34)

|V
u
s |(H

y
p
)
=
0.226(5)

⇒
Average:

|V
u
s |=

0.2240(11)

U
nitarity

relation:
|V

u
d | 2+

|V
u
s | 2+

|V
u
b | 2

=
1−

δ.

⇒
δ
=
(1.58

±
0.72)·10

−
3

≈
2.2

σ
difference.

O
rvice

versa:
|V

u
s |U

n
it =

0.2275(12)
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