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SUMMARY:

 Hadronic decays of the t lepton
« Kuhn-Santamaria Model in TAUOLA
 Tools: yPT, Large N, Ry T

° T — (2K TC)_ V. (Gémez Dumm, Pich, Portolés, R. to appear)

e Conclusions
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HADRONIC DECAYS OF THE 1 LEPTON
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HADRONIC DECAYS OF THE 1 LEPTON
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KUHN-SANTAMARIA MODEL

(Kihn-Santamaria ‘90)

@ rTor XPT O(p*)

- (Sakurai '69, Kihn &
‘ Vector Meson Dominance Wagner ‘84, Pich '87)

KS<

‘ Asymptotic behaviour ruled by QCD
(Brodsky-Farrar '73, B-Lepage ‘80)

M.

(Gounaris-Sakurai ‘68)

? BWR(XZ) =

M. 2 — X2 —i/x? T (x2)
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TOOLS: EFFECTIVE FIELD THEORIES

Low energy expansion Intermediate region

(Gasser & Leutwyler '84, '85) @
(‘t Hooft '74, Witten ‘79)
.

oo # 0-width resonances
2,m2 2’m2 .
2 > ree level diagrams
(Z;:F) pM | Tree level diag
R

Matching the OPE
\
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TOOLS: EFFECTIVE FIELD THEORIES

Low energy expansion Intermediate region

- (‘t Hooft 74, Witten ‘79)

(Peris, Perrottet, de Rafael ‘98)

A co # 0-width resonances Only one nonet
,M ;1M :
D = P > { Tree level diagrams Off-shell width
(4rF)y Mg (Gémez-Dumm, Pich, Portolés ‘00)
Matching the OPE
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RyT APPLIED
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RyT APPLIED
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T > 2K )" v,

The phenomenological approach of KS-like works (Finkemeier and Mirkes '95,
‘96) does not include all possible contributions for the exchanged resonances
and depends noticeably on the excited resonance parameters.
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T > 2K )" v,

The phenomenological approach of KS-like works (Finkemeier and Mirkes 95,
‘96) does not include all possible contributions for the exchanged resonances
and depends noticeably on the excited resonance parameters.

CLEO (Liu '03, CLEO ‘04) could not fit their data using KS
expressions and reshaped the model violating the normalization of
the WZ term (i.e. low-energy QCD).
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T > 2K )" v,

BaBar has recently (BaBar ‘07) published very precise data on ete- —» KK n/n
using ISR events. Furthermore, their Dalitz-plot fit has allowed to separate
cleanly the 1=0,1 contributions.

Assuming CVC and comparing to ALEPH '99 allows to derive (I',/I'7) = 0.167+0.024
in t~ — (KK n)~ v_. Under CVC one can relate e*e- data to the t decay.

(Davier, Descotes-Genon, Hocker, Malaescu, Zhang ‘08)
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T > 2K )" v,

BaBar has recently (BaBar ‘07) published very precise data on ete- —» KK n/n
using ISR events. Furthermore, their Dalitz-plot fit has allowed to separate
cleanly the 1=0,1 contributions.

Assuming CVC and comparing to ALEPH '99 allows to derive (I',/I'7) = 0.167+0.024
in t~ — (KK n)~ v_. Under CVC one can relate e*e- data to the t decay.

(Davier, Descotes-Genon, Hocker, Malaescu, Zhang ‘08)

Assumptions of this procedure: SU(2) symmetry
K* >> p,m,0

Interferences are negligible
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BaBar has recently (BaBar ‘07) published very precise data on ete- —» KK n/n
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Interferences are negligible

Error of this simplification ~ 30 % both in KS approach and in ours
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T > 2K )" v,

BaBar has recently (BaBar ‘07) published very precise data on ete- —» KK n/n
using ISR events. Furthermore, their Dalitz-plot fit has allowed to separate
cleanly the 1=0,1 contributions.

Assuming CVC and comparing to ALEPH '99 allows to derive (I',/I'7) = 0.167+0.024
in t~ — (KK n)~ v_. Under CVC one can relate e*e- data to the t decay.

(Davier, Descotes-Genon, Hocker, Malaescu, Zhang ‘08)

Assumptions of this procedure: SU(2) symmetry ‘

Interferences are negligible

Error of this simplification ~ 30 % both in KS approach and in ours

(Apart from the error intrinsic to using Breit-Wigner function for resonance exchange)
TAU 08 HADRONIZATION OF QCD CURRENTS
BINP, Novosibirsk Pablo Roig (IFIC)



"> 2K )" v,
- (Gomez Dumm, Pich,

Our work: Portolés, R. to appear)
. Computation of the involved process within Ry T(23-8 =15 couplings).
. Brodsky-Lepage behaviour demanded to the Form Factors (15-9= 6 couplings).

. Computation and fit to Br(o—3w) completing (Pich, Portolés, Ruiz-Femenia ‘03).
Use of some constraints from this work for <VVP> (6-3= 3 couplings).

. Axial-form factor fixed by t—3n v_(3-1= 2 couplings). (Gomez-Dumm, Pich,
Portolés ‘04) (Cirigliano, Ecker, Eidemiiller, Pich, Portolés ‘04).

. Vector-form factor fixed thanks to br (t—K*K-rv ) and br(t—>K-K°_) (2-2= 0
couplings).
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"> 2K )" v,
- (Gomez Dumm, Pich,

Our work: Portolés, R. to appear)
1. Computation of the involved process within Ry T(23-8 =15 couplings).
2. Brodsky-Lepage behaviour demanded to the Form Factors (15-9= 6 couplings).

3. Computation and fit to Br(o—3w) completing (Pich, Portolés, Ruiz-Femenia ‘03).
Use of some constraints from this work for <VVP> (6-3= 3 couplings).

4. Axial-form factor fixed by t—=3n v_(3-1= 2 couplings). (Gébmez-Dumm, Pich,
Portolés ‘04) (Cirigliano, Ecker, Eidemiiller, Pich, Portolés ‘04).

5. Vector-form factor fixed thanks to br (t—>K*K-nv) and br(t—->K-K%?%_) (2-2= 0
couplings).

Hence, we predict: i) the spectra of the KKn modes
iy(I'y/I't) ~ 0.66
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(Goémez Dumm, Pich, Portolés, R. to appear)
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(Goémez Dumm, Pich, Portolés, R. to appear)
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CONCLUSIONS

Current analyses of t~— (3n~, K*K-n") v_data using TAUOLA have shown
theoretical inconsistencies. We would like to improve the hadronic matrix elements
in TAUOLA.

We have studied these decays within Ry T with a Large N.-inspired model guided
by QCD.

We have improved our off-shell a, width and revisited t=— 37~ v._.

Using the available experimental data, we have been able to predict the spectra of
all KKr charge channels.

Our expressions are easy to extend to the e*e- scattering below 2 GeV and thus
may be of use for PHOKHARA.

Our results have been implemented in SHERPA (LHC and TEVATRON) and may
be used by the B-factories.

LHC, BABAR, BELLE, BES-III...are promising facilities to test our predictions.

The future looks even more promising and exciting: V,, mgand, of course,

hadronization of QCD currents.
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K-S-like works & HADRONIZATION IN TAUOLA

(Finkemeier, Mirkes '95,’96)
(Finkemeier, Kihn, Mirkes ‘96)
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K-S-like works & HADRONIZATION IN TAUOLA

(Finkemeier, Mirkes '95,’96)
(Finkemeier, Kihn, Mirkes ‘96)

¢
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yPT: The low-enerqy

E :T Of QCD (Gasser & Leutwyler '84, '85)
LA T ;
> \/— T K
2 7 Goldstone
Hx)=| 71 ——2+TBG K" Bosons
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#(X)
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Resonances

+ Goldstone. [OOLS :

RyT (Ecker, Gasser, Pich, De Rafael ‘89)

Bosons (Ecker, Gasser, Leutwyler, Pich, De
Rafael ‘89)
p_o Y + K+
LA =L9 4 LN+ Ly + Lp+ Ly, NG r
G\/ u V = - _IO_O Y K™
£V 2\/’ Hv + > \/’ <VHVU u > ﬂV(X) P \/§+\/6
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Ly =Zi.0i Vo A ) = AV, A T ) o (Gomez Dumm, Pich, Portoles '04)
L(PI:_) :L( );((VVZW) + Lyge + Lip + Lippps VMD
P = O(V” )’ #¢)— Wpa< V VA 12U+ . 3 _
~ = Mv { } (Ruiz-Femenia, Pich,
Zdo (Vyv Vp(7 ¢) d /wpo- {th’vpa}vaua>+m POI’tO|eS 03)
Lo :Zio‘(vw,qﬁ):—‘* PRI T PR (Gémez Dumm, Pich,
= My My Portolés, R. to appear)
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TOOLS - RX.I (Ecker, Gasser, Pich, De Rafael ‘89)

(Ecker, Gasser, Leutwyler, Pich, De

Rafael ‘89) ,...
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PREVIOUS WORK : 1~ — (R m )" v,

Procedure and results

Fit to the spectrum and BR
[ALEPH, 1998] 7 —> 77 7'V,

input

[Gémez Dumm, Pich, Portolés, 2004]

- let+04 —
= Sedd - i 4
=) L 4 Un T
-Se+04 1 | 1 | || “Je+(4 1 l—'— 1
0 3 0

[CLEO-11,2000,(blue)] [OPAL,1997,(grey)]

TAU 08
BINP, Novosibirsk
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0,06
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— Fit (¢'/dof =63 /52) | _

|1
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Pablo
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Ao=11.9+0.4

IFIC - Instituto de Fisica Corpuscular
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OQURWORK : 1" > (Rt 1T)" V,

(Gémez Dumm, Pich, Portolés, R. to appear)

M =1.17GeV
a,
0.06 A,=0.10+0.03
i ALEPH i T
0.05 - — Ma]”NC= 1.0 GeV | Fixed: QCD prediction
for <VAP>

— 0.04 —

-2

| M,,; = (1.17 + 0.01) GeV

1 The only parameter
- of the fit!!

0.03 —

(1/T) dT7dQ° (GeV
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SU(2) AND INTERFERENCES

o(e'e” — KKn)i?ya(e%‘ —KK*z")=60(e'e” > K'K'7")
a(e+e‘ — K+K_7z_):0(e+e_ — KSKiﬂi)
(

20 ee —>KK7z)

K*
v u
K* 0
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K**
v u
K- Tt

TAU 08 HADRON|ZAT|ON OF QCD CURRENTS
BINP, Novosibirsk Pablo Roig (IFIC)



SU(2) AND INTERFERENCES

o(e'e” — KKn)i?ya(e%‘ —KK*z")=60(e'e” > K'K'7")
o(e'e” > K*K‘n‘): (e'e” > KK*z™)
(

ee —>KK7z)
o : :
’V“
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OFF-SHELL WIDTH OF MESON
RESONANCES

C(s)=—z a3ﬂ®(s—4mﬂ2)+%03K®(S—4mK2)

Fal (QZ) :l—wa137z (QZ)+1—walKR7z(Q2)+1-*al(K7z)0K0 (Q2)1

Falsyz (Q?) = 1 ( Q22 )” det(F]_'\/]_lu N Fz\/zu)'

48(27)°M .« \ M,
. . oM
RV, +FV,, ), F=F—=
( 1 "1lu 2 2,u) \/EFAQZ
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OQUTLOOK: t=—> (h; h, h; )" v,

Fa Py
C 3n V
< 2K T V v
" K 2w \/ \/ " Vus, Mg
2n M V
mKn VooV = Vg m,
3K v vV Ve mg
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