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u} Ozs(mz) from |AS| =0 decays
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outline

B Inclusive T decays (in a nut shell)

2
as(mz) from |AS| =0
B as(m;) from|AS] decays General discussion. (b-factories

have contributed and can

AS| =1
m Vus from |AS[ =1 decays contribute a lot.)

B Decayr — Kgﬂ'_VTZ form factors «—> V,, from K3 decays

Results from an analysis of the Belle spectrum

B Data from b-factories:

— B Several decays with |AS| = 1were measured:
T— Ker v, T oK T, K K K",

Cs.

[ m Spectral functions for |[AS| = 0 still to be done.
Indirect contributions from b-fac.: e.g.ee” — KT K 7"
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inclusive tau decays in a nut shell

['|7 — hadrons v, |
- I — e vy vy]

— RT,V + R’T,A + R’T,S

hadrons

- 0.010

Viyad + V,sS

B Related to the correlators

I (q) = /d4:v e (0|T{Ju () 1, (0)"}) WW{

via (optical theorem)

T

@5 i ) TmIT® + ImH<0>]
m

T

B Imaginary parts of the correlators can be determined from experiment
(ALEPH, OPAL) _ eV, _ ' - — QCD prediction

Parton model

oI, nn_no, (KK-bar(m))~ |
—— QCD prediction
parton model
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inclusive tau decays in a nut shell

Decomposmon of the correlators
qMQV - ,MVS) H(l)( ) dudv H(O)(S)

—" Cauchy s theorem

1

~

da:w( ) ImII(z s9) = 6mi 7{ w(z)I(x sg)

o=1

~

I(xso) = T (2 50) — (1 + 22) 122110 (2 s0)

R corresponds to w, = (1 — z)%(1 + 2z) and sg = m?

T
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inclusive tau decays in a nut shell

Decomposmon of the correlators
qMQV - ,MVS) H(l)( ) dudv H(O)(S)

—" Cauchy s theorem
1

da:w( ) ImII(z s9) = 6mi 7{ w(z)II(z so)
A

o=1

I(xso) = T (2 50) — (1 + 22) 122110 (2 s0)
2

R corresponds to w, = (1 — z)?(1 + 2z) and so = m?

A

Diogo Boito
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inclusive tau decays in a nut shell

wrnl| [y [1(s) = Hope(s) + Apvs(s)

() (g
ke = Y b

B OPE

B Perturbative contribution

B R e 0 Mk

1-loop 2-loop 2-loop 1992
OF OF

D=2n
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inclusive tau decays in a nut shell

wrnl| [y [1(s) = Hope(s) + Apvs(s)

(1) (5
MG = Y hp o

B OPE

B Perturbative contribution

WGWW WW@W wm@w 3Ioop (4 Ioop)_|_(5nlce)\(;vp)-|—

1-loop 2-loop 2-loop 1992 2008
Qs Qs (~20,000 diags.)

D=2n
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inclusive tau decays in a nut shell

MM<

. OPE HE)JPZE(S) —
B Perturbative contribution
new
w@v\ M\@M M@W 3 |00p (4 |00p)_|_(5 IOOp)—'—

1-loop 2-loop 2-loop 1992 2008
Qg s (~20,000 diags.)

D=2n

Long-standing controversy: RG improvement (Contour Improved vs Fixed Order)
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inclusive tau decays in a nut shell

MM<

. OPE HE)JPZE(S) —
B Perturbative contribution
new
w@v\ M\@M M/@W 3 |OOp (4 |00p)_|_(5 IOOp)—'—

1-loop 2-loop 2-loop 1992 2008
Qg s (~20,000 diags.)

D=2n

Long-standing controversy: RG improvement (Contour Improved vs Fixed Order)

B Higher dimensions in the OPE (mass corrections and QCD condensates)

B Duality Violations (DVs) [almost always disregarded]

Ansatz with parameters fitted to data (for Vand A)

Corrects the OPE near the real axis
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m With C

SuperB Elba 31 May 2011 Diogo Boito



m-) with DVs

T

B Fits to moments of OPAL data (problem with ALEPH correlations [see arXiv: 1011.4426])

| T — T T T 1 T T ]
Fit OPAL data -
(vector)

——

4.6
4.4
4.2

4
3.8

With DVs
3.6

3.4

Without DVS

2.5 3

3.2

ek

Prellmlnary 0 Coherence between truncation of the
o9 (m 2) = 0.307(18)gta | OPE and the weight function

o1 (thanks to DVs)
\Oz ( 7_) — 0-322(25)stat
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Vus from inclusive tau decays

B Construct the following quantity »
[’UJ] — RT’V+A

T p—

OR

that vanishes in SU(3) limit (no perturbative contribution). Contributions coming from quark
mass differences. One has (taking 1 s from other measurements):

(~ ™
Vil = ga
us RT,V—|—A 5R
_ T,th

Vial?
\| | Vaud] )

Tension (~30) among results from tau and kaon decays. Reason?
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Vus from inclusive tau decays

B Construct the following quantity
R[’w] R[w]
[w] . V+A o 7,8
B Vus|?
that vanishes in SU(3) limit (no perturbative contribution). Contributions coming from quark
mass differences. One has (taking 1 s from other measurements):

OR

T

[ —~ 7 - N
’V ‘2 _ ~ §R_7-7§ ~
us o RT,V—|—A 5R
— T,th

Vial?
\| | Vaud] )

Tension (~30) among results from tau and kaon decays. Reason?

W R,y = 3.479(11), Viuq is very well known: U(RT,VM) ~ 0.3%

|Vud|2

.’jﬁ;s\; 0.1615(40) Dominant uncertainty (result with input from b-factories).

Smaller value leads to smaller V, . . b-factories
branching ratios systematically smaller.

B §R,:n, = 0.216(16) Small impact on the final uncertainty of V,,,

B Stability with respect to so ?
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Vus from inclusive tau decays

B Construct the following quantity »
[w] — RT’V+A

T p—

OR

that vanishes in SU(3) limit (no perturbative contribution). Contributions coming from quark
mass differences. One has (taking 1 s from other measurements):

[ —~ 7 - N
’V ‘2 _ ~ §R_7-7§ ~
us o RT,V—|—A 5R
— T,th

Vial?
\| | Vaud] )

Tension (~30) among results from tau and kaon decays. Reason?

W R,y = 3.479(11), Viuq is very well known: U(RT,VM) ~ 0.3%

|Vud|2

[see M. Antonelli’s talk]
.’\RT,S\; 0.1615(40) Dominant uncertainty (result with input from b-factories).

Smaller value leads to smaller V, . . b-factories
branching ratios systematically smaller.

B §R,:n, = 0.216(16) Small impact on the final uncertainty of V,,,

B Stability with respect to so ?
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[7‘ — ng— VTJ

B Spectra from b-factories

B Results from our fits to Belle data
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strangeness changing form factors

m K5: the main route towards | Vus| KO o v

o~

m Form factors: Parametrization in terms of f+ and fo
A A
(™ (k)57 ul K°(p)) = t f(®)+ (0 = k)= fo(t

vector f. (0) — £, (O) scalar

| (3) (R)ChPT, DR, Latt.

fr(t) = fi(t)/f+(0) == Energy dependence
m Phase space integrals
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strangeness changing form factors

(5) — (o + B 257 s

Crossed channel

ﬂ

T decays
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strangeness changing form factors

(5) — (o + B 257 s

Crossed channel

ﬂ

T decays
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strangeness changing form factors

Description of f1 (s) with three subtractions

2 3 "R /

S 1 s S ds’  4(s")
alm%+§a2m§r+? s s — 5 — i€

_ Sth -
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strangeness changing form factors

Description of f1 (s) with three subtractions

_ e ™ -
Scut\

~ S 1,,32 57 ‘]C/ds’ d(s")

f+(s) = exp {1 m2 ’rﬁ_l__ \

\g’3 s’ — s — 1€
Sth
\

\
\

\
Cut-off to check

the stability

B \We employ a phase with two resonances

m Parameters of the fit: AL, AL, mq, 1, mg, 'y, y

- Resonance parameters
Taylor coefficients
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fit with constrains from K5 decays [see M. Antonelli’s talk]

BELLE

Data from:
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N x 10° = 25.49 - - (0.06)

Scut

KTeV

KLOE

NA48

ISTRA+

Antonelli et al. 10
Moussallam *08
Jamin et al. 08
Boito et al. > 09
This work
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12.22 4 (0.10)¢at = (0.10)

Scut

KLOE

NA48

KTeV

Antonell1 et al. > 10
Moussallam ’08
Jamin et al. ’08
Boito et al. > 09
This work
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phase-space integrals (needed for V, s extraction from K;3)

(mK —mW)Q

1 2 B 2
I = dt )32 (1 4+ =L ¢
ko= [ 40 (+2t)( " !

2
my

At) =142 /m5 +r2 =272 —2r2t/m% — 2t/m%

: This Work : K, disp. ] K, quad.
Irco, _()15466(18)§ 0.15476(18)  0.15457(20)
I 10.10276(10): 0.10253(16

Average of K3 analyses

0.10559(17

): (16)
It  0.15903(18)¢  0.15922(18)
) (17)

T+ §0.10575(11):

® K3 quad.

This work

] ] ] ] ] ] ] ]
0.1543 . 0.1548 0.10234 . 0.10284 0.1588 0.1593 0.1054
1) 1K) 1(KE3)
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results on K dynamics

: LASS —e—
T ¢ = (892) 4+ = Estabrooks et al. —=—

89203:|: (O-lg)stat :|: (0'44)Sys ) | .- ) | : 0 ll.ll 1I.2I S 1I.4I

1.3
my. [GeV]

T T T 1
— & PDG

Belle 2007

Jamin et al. 2008

= This work
I [ [ [ I [ [ [ I

891 892 893
Mxgg2) [MeV]
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comment

B /n principle, one can obtainV,, s from the fitto T — Kdn v,

m With Belle spectrum the uncertainty is too large

m We fix in the fit f(0)|V,al?

2=78.1/81
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Lconclusionj
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conclusion

B With hadronic tau decay data from b-factories one can improve

= Vus (direct and indirect through form factors)

B 77ls (notcovered here)
B O

B /K dynamics (resonance masses, phase shifts, threshold parameters...)
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