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1. Introduction and Motivation




1.1 Hadronic t-decays

* 1 the only lepton heavy enough |m_=1.777 GeV

hadrons

-

to decay into

Hadrons

* Very rich phenomenology but
— Precise measurements needed
— Have the hadronic uncertainties under control

) Tests of QCD and EW interactions
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1.2 Hadronic T-decays as a QCD laboratory

Hadrons

——

[Bethke, EPJC09]

s a Deep Inelastic Scattering
oe ¢'& Annihilation
o® Heavy Quarkonia

0.2+

=
iy

0.1}

=QCD o,(Mz)=0.1184 £ 0.0007
100

1 10 Q[GeV]
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1.3 Hadronic T-decays to probe new physics

Hadrons

I

SUSY loops

Z', Charged Higgs,
: : Right-Handed

L — -1 Currents,....
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2. Hadronic t-decays as a QCD laboratory




2.1

Introduction

« |R

T

F(z-‘ —>Vv, + hadrons)

1"(2" —> Vre_l—/e)

—) Experimentally R =

naive QCD prediction

* In tau decays mixing between

Perturbative QCD

Non-perturbative QCD:
resonance structure

« Decomposition as a function of

observed and separated final states

Rz' = Rz',V + RT,A + RT,S

Emilie Passemar

B
£ =3.6291+0.0086

LsF E} . T Vv, (ALEPH)
F I 1 T — Vv, (OPAL)
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2.2 ‘Theoretical Method

« Optical theorem:

' IMIT*"(q)

I

r—v,+had ~ Im

=) T*()=i[d'xe” <0\T {3437 (@)}[0}

« Lorentz decomposition: H””(q):(-gw q2+q”qv) I1'(9%)+9*q” I1°(q°)

m? 2
=) RT(mf)=12zSEWI$(1—i2J [(1+2SZJlmH(l)(s+ie)+|m1'1(°)(s+ia)]
0

m

T

m

T T

I (s) =V,

2
(T, () +1152,,,(5))

2
(T (5)+T1G0a(5)) + Ve

Emilie Passemar SuperB Physics Meeting, Frascati, Dec. 11 2011 9




2.3 Cotrelators Braaten, Narison, Pich’92

Analyticity: 1 analytic in the entire tImee)
complex plane except for s real positive |

=) Cauchy theorem:

i]gds. 9(s) Iml'I(s)=—i. 4‘3 ds g(s) TI(s)
Ty 27Z'|‘

si=So

2
— [R.(m?)=6izs,, |S|=ms$(1-i2) [(1+2%JH“)(S)+H(°)(S)]

T

Sufficient high energy for Operator Product Expansion
Kinematic factor ==) decreases the weight close to the real axis where
1 has a cut
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2.4 Operator Product Expansion Braaten, Narison. Pich’92

h 1 () AL separation scale
1")(s) = (=5)°7 Z C™(s.1) (Op (1)) between short and
L o 7 ) long distances
/ \
Wilson coefficients Operators

 D=0: Perturbative contributions

 D=2: Quark mass corrections

* D=4: Non perturbative physics operators, <%GG>, <quiqi>
+ D=6: 4 quarks operators, (q,T',q;q,[,0)

« D>8: Neglected terms, supposed to be small...

= Ry (s)=2V™

“S,, (1+5(°)+ > 653) similar for R_ A(s,) and R ¢(s,)

D=24.
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2.4 Operator Product Expansion

* [Reven(s) =N Se V| (1+6, +6,)

Braaten, Narison, Pich’92

S.y =1.0201(3)  Marciano &Sirlin’88, Braaten & Li’90, Erler’'04
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2.4 Operator Product Expansion

Braaten, Narison, Pich’92

* Rr,V+A(SO) = N¢ Sew ’\/ud‘z (1+5P +5NP)

A
Sgy =1.0201(3)  Marciano &Sirlin’88, Braaten & Li'90, Erler’'04

* Perturbative part (m,=0)

d 1 a.(-s)Y
—S—H(O+1) S)=—— K S\ T/
ds 5) Ar? nz:j ”( ]

K,=K, =1, K,=1.63982, K, =6.37101

7T K, =49.07570 Baikov, Chetyrkin, Kiihn'08

—

—

5, =) K,A'(as)=a,+5.20a’+26 a’ +127 a} +...
n=1

. n _ 1 ax _ 3 _ 4 as(—s) n T 4
with Alas)=—— X=1X(1 2X+2x X)( 0 )

5, ~20%
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2.4 Operator Product Expansion Braaten, Narison. Pich’92

2
* Rr,V+A(SO) = NC;EW ’\/ud‘ (1+§P +5NP)
Sgy =1.0201(3)  Marciano &Sirlin’88, Braaten & Li'90, Erler’'04

« Non perturbative part

+ 1 C n O n 2 v
— -1 _ 2 3 C2n<02n>__ C6<06>_ C8<08>
> 5NP_2ﬂi |X|=1dx(1 3X°+2X )nzz(_xmz)n =-3 e 2 me +..

Suppression by mf” and additionnal chiral suppression for |C, (O,

) [0y =—0.0059£0.0014| fitted from data Davier et al'08
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2.5 Extraction of Og

« Use moments: weighted distribution to estimate the non-perturbative
contributions

k I
me s | dR
Rkl l— Z',V/A
TV/A ‘! ( T J (mf) dS

Strong correlations!
—) Use V+Awhere the non-

37IIII|IIII IIII|II\

. ﬂﬁ . T > (V,A)v, (ALEPH)
! U 1 T —(V,A) v, (OPAL)

L L] .
perturbative contribution is -~ 2 — B 1 . S;E,r? [ﬁf,'cf;'f’”
supposed to be small S 450 0

*t ] g I
« Data from ALEPH and OPAL R ¥ e ii
* Analysis from Davier et al’08 F

— ALEPH data 0 At
— Improved BRs from BaBar and Belle

Moments (k,l)= (0,0), (1,0), (1,1), (1,2), (1,3)
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2.6 Test of QCD

045 ——— ; Davier et al’08
{'}G\ ) e NLO
0.4 @ & . o N’LO
o . < ()
g~ & & ewo o (M?) =0.344+0.009
0.35 = o & —
- g
03| = 2 o 3 2 g
= |4 A 3 @
2" 025 @ o | ‘© es = 2
%) G ‘o = T )
02| °F AN e &3 ;
2 6 S AN o, (M2)=0.1212:£0.0011
0.15 o I ] /A o +I$
- ) - . [#]
01l 3 Sp—bbX, ¥ gy to be compared to
013 < o (M2)  =0.1190:+0.0027
- _ Q , % Z width
= 012 }‘ 1 . } !
= - -0 ¢ i ]
| = Tt The most precise test of
0.11 DIS (eii; F) iIc freedom!
(1.8-152] I asymptotic rreedom!
1 10 1{}2
uscale (GeV)
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2.7 Extraction of ag: Other analyses

) New analyses going on Boito et al'11, Gonzalez-Alonso, Pich, E.P.

Emilie Passemar

SuperB Physics Meeting, Frascati, Dec. 11 2011

Pich Tau’10

Reference | Method |8, __a(m) __o(m) _
Baikov et al CIPT, FOPT 0.1998 (43) 0.332 (16) 0.1202 (19)
Davier et al CIPT 0.2066 (70) 0.344 (09) 0.1212 (11)
Beneke-Jamin  BSR + FOPT 0.2042 (50) 0.316 (06) 0.1180 (08)
Maltman-Yavin PWM + CIPT 0.321 (13) 0.1187 (16)
Menke CIPT, FOPT 0.2042 (50) 0.342 (11) 0.1213 (12)
Narison CIPT, FOPT 0.324 (08) 0.1192 (10)

Caprini-Fischer BSR + CIPTm 0.2042 (50) 0.321 (10)

Cvetic et al Bexp + CIPT 0.2040 (40) 0.341 (08) 0.1211 (10)
Pich CIPT 0.2038 (40) 0.342 (12) 0.1213 (14)
Boito et al CIPT+DV 0.322 (19) 0.1187 (32)
Boito et al FOPT+DV 0.307 (19) 0.1169 (25)
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2.7 Extraction of ag: Other analyses

« Theoretically:
— Estimate of the perturbative part: CIPT vs. FOPT
— Choice of the moments=—) correlations!
— Inputs for gluon condensate, higher order operators...
— Duality violations

« Experimentally:

— Data from ALEPH and OPAL.: unfolding? Correlations point by
point?

— Difficulty to separate V and A =) Use BaBar and Belle

— Improved BRs from BaBar and Belle

=) New data from BaBar, Belle, SuperB

Emilie Passemar SuperB Physics Meeting, Frascati, Dec. 11 2011

18



2.7 Extraction of ag: Other analyses

Emilie Passemar

0.37

0.36 |
0.35 }
0.34 F
0.33 F
0.32 F
0.31 F

03 F

0.29 }

0.28
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2.7 Extraction of ag: Other analyses

(Xs(mz)

« Extraction of o from hadronic Tt decays very competitive!

0.126

0.124 f

0.122 k

0.12

0.118

0.116 F

0.114 f

0.112

* |f new data room for improvement!
— Study of duality violation effects
— Higher order condensates
— New physics?

Emilie Passemar
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3. Hadronic t-decays as a probe of electroweak
interactions




3.1 New Physics in R_

« Models with modifications of the couplings:
— Right-handed currents Bernard, Oertel, E.P., Stern’07

2
(IO (5)+T1,4(5))

() (8)+T1 0 (9) +V.,e

g

H(J)(S) _ ’\/ud

2 2 2 2
() f ey _ I\ g eff J) eff J) eff J) eff J)
I1 (S) - ’\/ud l_‘[ud AVAY; (S) + ‘ d l_‘[ud,AA(S) + ’\/us l_‘[us,,W (S) + ‘ S Hus,AA(S)
5 ( ) ( )
% Sew | 1+89+ S 1+6 + S
::> R, _ > D=2.4. < —(1—4z ) > D=24. <
ns
2
R Vil S, [ 1+69 + o' 1+6 + o'
\ D=2,4.. Y, \ D=2,4.. )
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3.1 New Physics in R,

« Models with modifications of the couplings:
— Tensor & scalar interactions ex: leptoquarks
Cirigliano, Filipuzzi, Gonzalez-Alonso, E.P. in progress

« But also charged Higgs, little Higgs, SUSY ...
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3.1 New Physics in R_

« Disentangle New Physics from QCD effects:
— Take QCD observables from other sources or more data

a — - I
Inputs for &,(M,), <—SGG>’ Myas <qiqi>’ <qir1qjquzqi>
T
Lattice QCD, SCET, moments...

— Experimental separation V/A very important
) only data from OPAL, need more data

0.03

Possible constraint on NP parameters 0.02
Ex: RHCs 001 |

Bernard, Oertel, E.P., Stern’07 0

En 5

-0.01

-0.02
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03 0.32 0.34
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3.2 Extraction of V

Experimental processes

Parameters extracted

Low Energy/QCD inputs

Form factors

K|3: K-> T“VT f+(0) VuS f (qZ), fo(qZ)
Kio/T K = tv /Ty, F/F, Vis/Vig F/F Vg
T — S Iinclusive V,s OFr mg SU(3) breaking
T — Kv absolute Fk Vis Fx
T > Kv/ Ty, F/F, Vis/Vig F/Fo Vg
Form factors
T— K'TCVT f_,_(O) Vus f+ (qZ), fo(qZ)
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Inclusive T decays

T O e S A R e |
D>2

—) Use instead

kI R;(I\/+A Rkl kKI(D) _ gkI(D)
OR; = ~ I\ICSEW Zl:gud _5us :I

i
|Vud | |Vus | D22

m; (m?)

ki

© ORI m24—=5A, (as)| = m, and/or |V,

. Akl known to order O( ag): Gamiz, Jamin, Pich, Prades,Schwab’03,05

— transverse contribution (J=0+1) computed from theory

— longitudinal contribution (J=0) divergent ==) determined from data
Phenomenological model (pion, kaon poles + Krt scattering)
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Inclusive T decays

JRSgh computed from phenomenology

T data: R}, =0.1615(40) and R, . =3.479(11)
PDG 10: |V,,|=0.97425(22)

SRY, =0| =) |M,|=0.210(3)

Gamiz, Jamin, Pich, Prades,Schwab’02,’03

SR®, =0.216(16) =

V,,|=0.2164+0.0027,, +0.0005,,

dominated by experimental uncertainties

V. from Ki,: |Vus| =0.2254+0.0013| dominated by uncertainty on f,(0)

f, (0)|V,|=0.2163+0.0005

and f.(0)=0.959+0.005

Flavianet Kaon WG’10 RBC-UKQCD'09 27



Inclusive T decays

ROO
o Ml = I T data: RY, =0.1615(40) and RY,,, = 3.479(11)
TV+A _5ROO
Y PDG 10: V4| =0.97425(22)

SRY, =0| =) |M,|=0.210(3)

00
- OR’, computed from phenomenology = o
v Gamiz, Jamin, Pich, Prades,Schwab’02,03

SRY, =0.216(16) =) ||V,,|=0.2164+0.0027,,, +0.0005,,

dominated by experimental uncertainties

-V, from unitarity: |Vus| =0.2255+0.0010, 3c away!
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Inclusive T decays

Possible normalization problem:

Smaller T - K branching ratios =) smaller R, s ) smaller

00 _
R%|  =0.1686(47)

V|, =0-2214+0.0031,, +0.0005,,

Missing modes at B factories?

Vv

us

:> ROO

new

= 0.1615(40)

—> |Vl =0.2164£0.0027,,

+0.0005,

Spectral moment analysis

Maltman et al'09  |Vus| = 0.2179

0.2180(32)(15)

0.2188(29)(22)
(34)(11)

0.2160(26)(8)

w10 )
wap)
wio)
w (00))

— — — p—

T + electroproduction data =)

V.| =0.2208(27)(28)(5)(2)

Emilie Passemar SuperB Physics Meeting, Frascati, Dec. 11 2011
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Exclusive decays: T — KTTV_decays >./\/\/~<

Bernard, Boito, E.P., in progress

r, =SeM:c s
327

o

o> Ky,

|,§(1+5EM )
N\

N\
~0.1% level expected

m? Neglected at this stage
T _ Z.
e _."(mK+m )? Lo F( +( ). 1 O(S)) Work in progress by F. Flores

« Form factors described using a dispersive approach
3 (S S) dsl ¢+,0(S.)
f+,o(s)=exp[Pn1(s)+ Isth (s'-5)" s'—s—ie 7/ .

0. o (S): phase of the form factor _
— S<S. ¢ 0(s)=5K”(5) Sth_(mK+mﬂ)

_ s> s:: ; ¢:O(s) unknown =) @, ((S) =@, o (S) =77 /
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Exclusive decay: T — KTTV_decays

Bernard, Boito, E.P., in progress
10000 1 I 1 I 1 I 1 I 1 I

F bvents — Full fit :

- =+ Vector .
1000 - -=+ Scalar ~

: Belle data| 3
100

kel ; e ) [H
.’-. HH”‘\ :
g

1 1.2
E [GeV]
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Exclusive decay: T — KTTV_decays

Bernard, Boito, E.P., in progress

« Use of the vector parametrization of [Boito, Escribano & Jamin’09,’10] but fit
now the scalar form factor

T — Kru, T — Krv- & Ky
InC 0.244 4 0.030 0.204 4 0.008
Ay % 103 17.45+2.71 13.85 4 0.82
m« MeV] || 892.04 £ 0.20 891.97 4 0.20
[« [MeV] 46.06 £ 0.43 46.26 =4 0.42
M e 1308 + 37 1291 4 31
[y 238 £ 16 234 £ 15
3 —0.029 £ 0.010 | —0.028 £ 0.009
N, x 107 24.96 4= 1.47 24.26 4 1.08
N x 107 1.20 £ 0.04 1.19 4 0.03
T 0.7833 4 0.0545 | 0.7655 4 0.0416
fo(0)Viue 1 0.2113 £0.0081 | 0.2134 4 0.0061
\?/d.o.f 58.5/62 60.4/65

Emilie Passemar

SuperB Physics Meeting, Frascati, Dec. 11 2011

Only statistical
errors but the
dominant ones !
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0.21 0.22 0.23 0.24 0.25
1 I 1 I 1 I 1 I
From Unitarity Kaon and hyperon decays
K, decays (+f (0)) Flavianet
o K decays (+f /f ) Kaon WG'10
I S | Hyperon decays
___________________________________ tdecays |
—=— T -> s inclusive )
| 3 I 7 -> Kv absolute \ BaBar & Belle
HFAG
0 © branching fraction ratio
T->Kv/t->nv D
| = I Our preliminary result
T -> I-‘{rn-'_. decays (4 f,'iW: FLAG)
I | I | I | I |
0.21 0.22 0.23 0.24 0.25
us

Emilie Passemar SuperB Physics Meeting, Frascati, Dec. 11 2011 33



V. from Tau decays

Problem inclusive versus exclusive:
— Take the K;; Br and predict the T — Kntv_ Br

Gemr CT2Spw (Husl e (]))QIE’ (1+6 M T 95U )2‘

]-—‘lT—}K‘JTIJ«,- _ 4873
. G2.m3 ~ (U —
FR —mlyy 1‘52«:*5} ' rbE“f (llus‘ KO U)) IK (J. + (SEBI + SU(z})

—) BR(7 — Km,) =

(
2
8?’?1 C SEW Wr 17 (l + Oy + OSU{E)) Tr BR(K,s)
mic Ck Sewxk Ik (l + Ofint + (jgf{z}) K

BR(7™ — Kgnv,) = BR(7~ — K~ 7°1,) = (0.43814 £ 0.01348)%

BR(z™ > Krv,)=(0.404£0.002,, +0.013,, )%| Belle 07

To be compared with

(BR(z > Kav,),,, =(0.427+0.024)%)

— New Physics?

34
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3.3 T — Kmv,_ CP violating asymmetry

« CP violating asymmetry ‘K0>_ p‘ K0>+q Ro>
%=

1"(2'+ —)7L'+Kgl—/r)—l_‘(2'_ —)ﬂ‘ngT) ‘KE>= p‘ Ko>_q RO>

(s > 7'Kve)+T(r > 2Ky,

<KL|KS>=|p|2—|q|2 =2Re(8K)

=|p[ -|a|* |=(0.33+0.00)%| in the Standard Model Bigi & Sanda05

* Experimental measurement: | Ay, = (-O.4Si 0.24 . * O.llsyst)%

BaBar’11
—) |~30 | fromthe SM!
 New physics: Charged Higgs, leptoguarks or others?
Emilie Passemar SuperB Physics Meeting, Frascati, Dec. 11 2011
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3.3 T — Kmv,_ CP violating asymmetry

« Analysis of the angular CP violating asymmetry

dl"(z" — Kzv ) ,
2 =| A(q®)-B(q?) (3cos’w—1)(3cos®> B-1) || f. (s
dg“d cos@ d cos B I: (@°)=-B( )( v )( p ):“ ()
+m?| fo(s)‘2 —C(q*)cosy cos BRe( f,(s) T, (5))
BN
— AQ?), B(Q?), C(Q?) kinematic functions CP violating term
_ S-P interference
— Angles:

In hadronic rest frame

In KTt rest frame
« [3: angle between kaon and e*e- CMS frame

« Y. angle between T and CMS frame

In T rest frame

* 0: angle between t direction in CMS and
direction of Kr system (dependence with V') ym




3.3 T — Kmv,_ CP violating asymmetry

« Analysis in the framework of multiple Higgs models

dl"(z" — Kzv ) ,
B 2y —1 2 g_1)||f
dg“d cos@ d cos B I: A@")-B(@) (3COS v )(BCOS P ):“ )
+ mz‘ fo(s)‘2 —C(qg®)cosy cos B Re( f.(s) fo*(s))
BN
— AQ?), B(Q?), C(Q?) kinematic functions CP violating term

— form factors

S-P interference

(Kz| sy,u [0) [(pK P,),+ K”(pK+p)] .

A T
=(Pe+pa), fofs)

with s=g°=(p,+p,) vector scalar

Emilie Passemar SuperB Physics Meeting, Frascati, Dec. 11 2011
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3.3 T — Kmv,_ CP violating asymmetry

« Analysis in the framework of multiple Higgs models

dl"(z" — Km/,)

- [ At B (2cos”y—1)(cas* A1) 1,

dg’dcos@ dcos B
+m? ‘ fo(s)‘2 —C(9?)cosy cos 8 Re( f.(s) fo*(s))
S
— AQ?), B(Q?), C(Q?) kinematic functions CP violating term

S-P interference
— form factors:

Charged Higgs contribution

o~ ~ ~ u
W< H <]
S S
_ 772 S Khiin & Mirkes’05
f,(s)= fy(s)+ m—rz f,(s) with fH (s)= m —m, fo(s) .




3.3 T — Kmv,_ CP violating asymmetry

« Analysis in the framework of multiple Higgs models

dF(z" — Km/,) , , : 2 :
745030 dcos ﬂ=[A(q )—B(q?) (3cos’w—1)(3cos* £-1) || 1, (5)
+m?| fo(s)‘2 —C(q*)cosy cos BRe( f,(s) T, (5))
=
— AQ?), B(Q%), C(Q?) kinematic functions CP violating term

S-P interference

— Experimental measurement requires precise hadronic
parametrization of the form factors f,(s), f,(s)

» Use integrated t — Knv_invariant mass I'__,_ (dispersive method!)
» FB asymmetries |:> disentangle vector and scalar form factors

_ dI'(cos@)—dI(-cos8)
® " dr(cos@)+dT(-cosh)
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3.3 T — Kmv,_ CP violating asymmetry

* Measured CP violating parameter Ve
dl"(‘z'+ — Kgifv,) dl"(z'_ — ngz‘v,)
dsd cos@d cos S dsd cos@d cos S

A=

* In NP scenarios with charged Higgs

: Im( f,(s) £ (s))

T

A =C (s)Im(n,

cos fcos¥Y

Bishchofberger Tau2010

 Measurement: 3 0%_ (Belle preliminary)

Imns|<0.19 —) ||Imzg|<0.026

CLEO 02 Belle’11

Constraints on the couplings and M,

% 10 20 30 40 Sa & 706 &0 90 160
Emilie Passemar \Im(XZ*)



4. Conclusion and outlook




4.1 Conclusion and Outlook

Hadronic t-decays very interesting to study

* Very precise determination of olg

But error assignment and treatment of the NP part and new data
needed

« Test of electroweak couplings very promising

— New physics in R_: analyses in progress but it would be nice to
have more data and a precise separation between V and A.
Hadronic uncertainties have to be under control

— Extraction of V : the T could give a very precise determination of
V¢ but difference between inclusive/exclusive modes:
Data normalization, unmeasured modes? New Physics?
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4.2 Conclusion and Outlook

Hadronic t-decays very interesting to study

* Very precise determination of olg

But error assignment and treatment of the NP part and new data
needed

« Test of electroweak couplings very promising

— CP violating asymmetry: very interesting measurements to
constrain new physics:

Experimentally: BaBar & Belle agreement?

Theoretically: Hadronic form factors precisely described
) measurement of A_; would help!
Model of new physics to investigate

—) With SuperB and B & Tau-Charm factories very interesting
prospects!

« -2 not covered, sorry! =) SuperB collaboration meeting
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5. Back-up




Exclusive decays: T — Kv_decays vs. T — KV_/T — TV,

9\ 2
G5 f2 |V |Pmir ms.
. B(T_ N K_VT) _ FJK ’u8| T'T 1 — }; SEW
167h m=

CB(r = Kv) Vel f3 (1= m/m2)?
Bir— =) [Vadl £2 (1—m2/m2)?

(1—90rp)
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2.3 Measurements

_ 1"(2" —v_h (;/))

"R F(z"—>vre'1_/e(;/))

T

Decomposition as a function of observed and separated final states

Rz' = Rz',V + Rz',A + RT,S
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2.3 Measurements

_ 1"(2" —v_h (;/))

"R 1"(2"—>vre'1_/e(y))

T

Decomposition as a function of observed and separated final states

R =R, +R ,+R ¢ 3 e
_ 25F E]’
Rr,v > |T —)V7+ms=0 : [
(even number of pions) °F ﬂ
i

R,a=> 7 5v +h,

(odd number of pions)

RT,S 1’._ — Vr + I’\/+A,s=1

. T 5 Vv, (ALEPH)
1 T — Vv, (OPAL)
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2.3 Measurements

I"(z" >V, h_‘ (}/))
F(z" —> Ve Ve (y))

IR

T

Decomposition as a function of observed and separated final states

Rz' = RT,V + Rz',A + RT,S

RT’V > T _)Vz'+h/,s=0

(even number of pions)

R, A => |05V +h,

(odd number of pions)

RT,S 1’._ — Vr + I’\/+A,s=1

Emilie Passemar

a,(s)

1.4_"'

1.2

02F

15
08 |
06 [

04 F

Cr
ALEPH -

r —— QCD prediction
I Parton model __ [mod08l 4
- « T AV,
= n2n°, 2n "
. 0 (5n)
i 1 (KK-barr)™ 7

3.5
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2.3 Measurements

_ 1"(2" —v_h (}/))

"R 1"(2"—>vre'1_/e(y))

T

Decomposition as a function of observed and separated final states

R =R, +R ,+R IR
z O 7. A 7S 6 . . TS, ALEPH -
- 1 Kn 1
_ sE A E
Rev = 72V +ho 5 - Eii + K™ (MC) ]
(even number of pions) [ - = K4n (MC) B
g — K5z (MC)
_ + 3 R
Rz',A —> T _)Vz'+hA,s=O 5 :
(odd number of pions) 2r
: — 1 :_ 1
R’Z‘,S T — Vr + Iﬂk/+A,s=1 C j
—l L1 I|I 11
% o5
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2.3 Measurements

_ 1"(2" —v_h (;/))

"R F(z"—>vre'1_/e(;/))

T

Decomposition as a function of observed and separated final states

Rz' = RT,V + RT,A + Rz',S

RT,V — T —> v, + h/,s=0 Rr,A —> T > V. + hA,s=o

(even number of pions) (odd number of pions)

RZ',S : T > Vr + h/+A,s=1

m m

T T T

m2 2
« Theoretically Rr(mf)=127zSEWj%(1—i2J [(1+2i2)|m1'[(1)(s+i3)+ImH(O)(s+ie)}
0

=) Compute the correlators: not known, non perturbative QCD
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d 1
—s — I1@Y(s) = K. a(—s)"
ds ( ) ?rz ; il ( )

dx .

R T R T 23T :  — oy ( |
—‘(1—2.1 +2x" —x ) a (—xm;) a, + --- : a =a.(m. )/

The dominant
corrections come from
the contour integration

1.6398 6.3710 49.0757
3.5628 19.9949 78.0029

52023 263659  127.079
Large running of a_, along the circle s=m2? e* , o¢ec [0,2n]

Hadronic T decays A_Pich - TAU 2010
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f dx 3 4 2\H n -
- ( ':i-\' T (1-2x+2x" —x")a, (—xm)" = a; + - : a =a,(m,)/x

Experimentally a_=0.11

(divergent series)

The difference between FOPT and CIPT grows at higher orders
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A(”) (ar) -

1

27l

dx

Hl—(l—2x+2x3—x4)a(—3)n = a” + ---
=L x

Uncertainty only related to the unknown K., (nz5) coefficients

AO)(a)
0.14828
0.15103
0.15093
0.15058
0.16115

Hadronic T decays

Emilie Passemar

0.01925
0.01905
0.01882
0.01865
0.02431

0.00225
0.00209
0.00202
0.00198
0.00290

0.00024
0.00020
0.00019
0.00018
0.00015

1.20578
1.20537
1.20389
1.20273
1.22665

A.Pich - TAU 2010
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(Beneke — Jamin)

Large higher-order K, corrections could cancel the g, ones

Happens in the “large-B,” approximation (UV renormalon chain)

D =4 corrections very suppressed in R,

n =2 IR renormalons can do the job (K,=-9,)

No sign of renormalon behaviour in known coefficients

n=-1,2,3 renormalons + linear polynomial

S unknown constants fitted to K, (2<n<5). K5=283 assumed

Borel summation: large renormalon contributions. Smaller og

Same result with Modified (conformal mapping) CIPT (Fischer - Caprini)

(Descotes-Genon — Malaescu)
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R, = N, ‘“STEW (1+5P+5NP)

Davier et al ‘08 -0.0059 =0.0014 ALEPH data
ALEPH ‘05 -0.0043 =£0.0019

OPAL 99 -0.0024 = 0.0025

CLEO ‘95

Maltman-Yavin ‘08 0.012+0.018 Phenom. analysis
Braaten et al ‘92 -0.009 £ 0.005 Theory estimate

Beneke-Jamin ‘08 -0.007 = 0.003 Theory estimate

Op = 0.2066 + 0.0070

Small “Duality violations” —OPE uncertainties— (Cata — Golterman — Peris ‘08)

Spy = 27 55|x1=1 dx (1-x)* (1+2x) [ TI® (xm?) -G (xm?) |

Hadronic T decays A_Pich - TAU 2010
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2.6 Extraction of Og

« Data from ALEPH and OPAL

* Analysis from Davier et al’'08 ALEPH data + Improved BRs from BaBar and
Belle and moments (k,l)= (0,0), (1,0), (1,1), (1,2), (1,3)

1

0.8

0.6

w(s)

0.4

0.2
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3.3 T— Kntv, CP asymmetries

« CP violating asymmetry
1"(2'+—)n'*Kgl_/T)—l"(z'_—)ﬂ‘ngr) K3)=p|K")+g Ro>
(7" > z*Kiv:)+T (" > 77K, ) [KE)= p|K?)-q[K")

=| p|2 -|q|2 ~(0.33£0.01)%| in the Standard Model Bigi & Sanda’'05

« Experimental measurement requires precise hadronic parametrization
of the form factors f_(s), f,(s)

— Use integrated T — Knv_invariantmass I'__
— FB asymmetries =) disentangle vector and scalar form factors

_ dI'(cos@)—dr(-cosd)
® " dI'(cos@)+dr'(-cos6)

(dispersive method!)
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3.2 T— Kntv_CP asymmetries

e Constraint on models with 3 charged Higgs

MM

; X*Z
(VR
T mrt Z
Imzp|<0026] = [I(XZ%)] <0.15 Mig
mn,|<O0. |
! 1 GeV?/cA
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