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SUMMARY:

 Hadronic decays of the t lepton
 Tools: yPT, RyT, Large N, (inspired)

(Gomez Dumm, Pich,

* Previous wWork: T~ —= (T T 71)” V. poroes 04)

o T (2K ﬂ;)— V. (Gomez Dumm, Pich, Portolés, R. '07 to appear)

e OQutlook : |t~ — (h;h,hs) ~ v,

T = 2Kn)y v in RxT
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HADRONIC DECAYS OF THE 1 LEPTON

M = GT;VCKM U_(Vz)7ﬂ(1 - 75)U(T)Tﬂ

T =<Hadrons]|(V-A), eSe|0>=

=X,(Lorentz Structure) F,(Q3,s;) g
o

G.’ (n+1) v :
dF:mFZ“/CKM |2 d(D ! LﬂvTﬂT

T
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TOOLS: EFFECTIVE FIELD THEORIES

Low energy expansion Intermediate region

(Gasser & Leutwyler '84, '85)

ﬂ Hooft '74, Witten ‘79)

-

oo # 0-width resonances
p2 m2 p2 m2
— =, < Tree level diagrams
(4nF)" M,
Matching the OPE
\
EUrOF] 07 T = (2K m)-v_ in RyT
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yPT

p2,m2 p2’m2

TOOLS : YPT (Gasser & Leutwyler '84, '85)

(47F)" " (M)’

(Gasser,
Leutwyler
'84, '85)
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R _%+% o |SU3), ®SU(3); = SU(3),
K- R _%
u(x) = exr{%j, u, =i[u'(@,—ir Ju—u(@,—il u'|

7=2B,(s+ip), x. =u"pu' tuyu

f* =uF“u"+u'F"u t
" X — h(g,0) X h(g,0)

L( );{ :7<uﬂuﬂ +Z+>

1 = LU U+ 4 LU U () 4+ L)+ =il (FL2u 0 )+

Lz in the odd-intrinsic parity sector

T = 2Kn)y v in RxT
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TOOLS : RyT

P W ¥ *+
| =2 K
LA =1 LM+ L+ L+ L 2 /6 P
il Gy oy V 0= o P @ g
L, = 2\/’ /Jv + )+ \/’<V/1vu u’) !1"( )= P \/E \/6
* et 20)
uv . . . K - K 0 _ e}
2\/_<Awf_ ) Antisymmetric tensor formalism N3

o = Z&Oi Vo A 0) = ALY, AT T2+

(Ecker, Gasser, Pich, De Rafael ‘89)

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

Y%

(Gomez Dumm, Pich, Portolés '04)

P:_ .
L™ )R :L()(WZW)+L\/JP+L\/VP+L\/PPP’

7

VMD

Ly = Z MI o} (V#w J",0%p) =

i=1 \% V

Zd O'(V,, V0 0) = 65 (V4 V7V U7) .

Lyppp = Z%OI (Vngo) =

\ \
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(VU )

S T ey e

(Ruiz-Femenia, Pich,
Portolés '03)

(Gomez Dumm, Pich,
Portolés, R. '07 to appear)
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TOOLS : RyT

(P =+) 1@ kin )
L RZT_L z+L V,A+LV+LA+LVAP7

V V 0)

K N (CY y
- FAy+ L0y U a K ——
L\/ 2\/§<V,uv+ >+\/§<V/WUU> A % (P
F
L, =—A(A, T ) a K @
22
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Lyp = 2 A0V, A, 0) = AV, A T )+ | | |
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L(PIZ_)R;(T =L );((WZW) + Lysp + Love + Lypeps Vv P
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Ly = 3-8 OV, 11,0%9) =S, (V™ E o0y v E
= MV H MV H
. N vV oV
Ly = 24OV, 0) = A, (VA V7V U) +. 0 | | |
i=1
V
- g i g4 v oo B k
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HADRONIC DECAYS OF THE 1 LEPTON

G, _ ) ° p;
M = ﬁVCKM (v, )y (Q-ys)u(r)T,

= h(p)h,(p,)h;(ps)v,

(P + P+ Py)" =Q%, V,, =(9W ——Q“?”J(pz -p)" V,, =(9W ——Q“?”J(pg— p,)"
Q Q
hl

Tﬂ :VlﬂF1 +V2ﬂF2 +QﬂFP + igwpa P P, P F

dl' G.* [Veey [
— dsdt f (1 1,1
dQ°® _1L28(27z)5|\/|j”J (0 1 1>

(Kihn, Santamaria '90)(KS)

(Gomez-Cadenas, Gonzalez-Garcia, Pich '90) (GGP)

(Finkemeier, Mirkes ‘96)(FM)

T — (2K n)- v in RT
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HADRONIC DECAYS OF THE t LEPTON

¢ ¢
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PREVIOUSWORK : 1T > (mn Tt ) '

Procedure and results

[ALEPH, 1998]

Fit to the spectrum and BR

T >y,

input

(GeVie P

' (GeVho

:

|

»—‘\v\-t
-+

g

-le+04

-2e+04

2et04

let(4 —

[CLEO-11,2000,(blue)] [OPAL,1997,(grey)]
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0,04 —

dN/ 0,05

(1/N)

[Gémez Dumm, Pich, Portolés, 2004]

—  Fit (/dof = 65/ 52)

O’ (Gevh

-——

a7,
Structure Functions

output

o AIEPHdata(mmm)

PDGO06

L1

= (1.204 £ 0.007) GeV
T,,(M,,) = (0.48 % 0.02) GeV

Implemented in SHERPA

T = 2Kn)y v in RxT
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T > (nnR) Vv,

hg??

(Gomez-Dumm, (Clrlgllanc.)., VAP
Pich, Portolés '04) 12 < > 1/8 Ecker,Eidemiiller,

Pich, Portolés '04)
T D> (MRT) V.

4e-13 : | | |

— A,=12
— A, =18

dTQ*(GeV™)

Q' (GeVH)

, T = 2Kn)y v in RxT
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T > @nn) Vv,

m m
/1 T ﬂ. K
o I Ay

T > @Rn) Vv,

4e-13 T T T I

— k0:l2 4
— 7%0: 1/8 le-13
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Q'(Gev)
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T > @nn) Vv,

2

m m
Ay —= Ay —
<l g

T 2> (R R)” Vv,
rer=2.11(02)-10"% GeV
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dI/dQ*Gev™

T 2K )" v,

[*P=3.47(23)-10% GeV

Q'(Gev)
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T > @nn) Vv,
Ao~ 1/8

le-13 —

dT/dQ*(Gev™)

LA
P
—_
I
|

, T = 2Kn)y v in RxT
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T 2> (A7)~ Vv,

7“0 — 1/8 Varying M_; and_l“al

— M_,=125GeV, T  =0250 GeV
— M, =127GeV, '  =0275GeV
— M_,=123GeV, '  =0.225GeV
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T 2K )" v

T —>(KK73') V_ within Resonance Chiral Theory
[Gémez Dumm, Pich, Portolés, Roig, coming soon] No experimental contrast

- Analysis of both axial-vector and vector form factors [CL 1,2004]

- Required Brodsky-Lepage behaviour : constraints on Normalization of form

unknown couplings of the Lagrangian factors violating chiral
symmetry at leading order

- Implemented in SHERPA [

Free

Cypes =C, +C, +8C, —C,
Cy2350 U193s C4s G4y U5

dy,, =9, +8d,—d,

Cips =C, —C, + G5

Cizs6 = C, = C, — C5 + 2C;
O3 =0, +20, — 0,

T = 2Kn)y v in RxT
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T 2K )" v

T —>(KK7E')_ V. within Resonance Chiral Theory

[Gémez Dumm, Pich, Portolés, Roig, coming soon] No experimental contrast

- Analysis of both axial-vector and vector form factors [CL 1,2004]

- Required Brodsky-Lepage behaviour : constraints on Normalization of form

unknown couplings of the Lagrangian factors violating chiral
symmetry at leading order

- Implemented in SHERPA [

ree
Cypes =C, +C, +8C, —C,
C
d123 =0, +8d2 — ds 2
Cps =C —C, + G

Ciosg =C —C, =G5 + 2C6 <VVVP> WO —>TTTTT

Ji23=0; + 292 — 03 (Ruiz-Femenia, 29, + 9: = -0.48
Pich, Portolés '03)

T = 2Kn)y v in RxT
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T 2K )" v

T —>(KK7E')_ V. within Resonance Chiral Theory

[Gomez Dumm, Pich, Portolés, Roig, coming soon]

- Analysis of both axial-vector and vector form factors

- Required Brodsky-Lepage behaviour : constraints on
unknown couplings of the Lagrangian

No experimental contrast

[Wm

Normalization of form
factors violating chiral
symmetry at leading order

- Implemented in SHERPA [
Contributions to the decay width

EuroFlavour '07
FlaviAnet

Axial- Vector €
Vector
Ourresult| ~ 37 0 ~ 63 % Cs y
CLEO-II ~ 50 % ~50 %
[GGP,QO] ~10 % ~ 90 % <VVP> (D % TTTT T
(Ruiz-Femenia, 29, + 0. = -0.48
(FM.96] | ~80% | ~40% [ pich Pportolés '03) v

T = 2Kn)y v in RxT
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Different predictions for the K Kz~ channels

yPT at O(p?) yPT at O(p?)
Ny/N, FA A Ry Iy Ty

CLEO'04  ~15 ves @
mewr 3 @ @ @ @

(Gomez-Cadenas, ‘ ‘
Gonzélez-Garcia, ~° - -

Pich *90)

(Finkemeier, - 04 ‘ ‘ @
Mirkes ‘96) ad-hoc

, T = 2Kn)y v in RxT
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T—> 2K )" v,

Axial vector current contribution: Dependence on A

KKt~
T | T T |

i — A 0= 1/8 | 7

2615 — — A 0= 1/6 | 5

I A 0= 1/12]

= 1,5e-15 _
-

S I |
g

5 leisk —

5e-16 | -

15 2 25 3

T = 2Kn)y v in RxT
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T 2K )" v
Vector current contribution: Dependence on c,
KKt~

4e-15—

)

- 3e-151

2e-15—

dT/dQ*(GeV

le-15—

T = 2Kn)y v in RxT
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T 2K )" v
Vector current contribution: Dependence on g,
KKt~

4e-15|— ! ! ]

Je-15—

(GeV™)

o, 2e-15—

dI/dQ

le-15—

0
1.5

, T = 2Kn)y v in RxT
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T 2K )" v

“BEST" FITS
KK KK

4e-15 I

4e-15—
3e-15—

-.E 3e-15— - "E
2 - o 2e 15
] ]
5 2e15— - 5

le-15—
le-15—

, T = 2Kn)y v in RxT
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T 2K )" v

< | “BEST" FITS
K-KO70

4e-15 T I

4e-15—
3e-15—

W
n
[

(GeVv™)

- e 2e-15—

dI/dQ

2e-15—

dT/dQ* (Gev'™)

le-15—

Our Hadronic matrix
elements

T = 2Kn)y v in RxT
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T 2K )" v

KK n~ o KK
| “BEST" FITS
T -
4e-15— . r - 15
i T
:FEJ il _— :FE' 2e-15—
" 1:5 ’ Q’ (Ge‘l\fz) - | ’ 0 ; Q (Gevh
|C4| = 0.057 + 0.005 M, = 1.25 + 0.03 GeV
g,=-0.48+0.24 | (Mal) =0.25 + 0.03 GeV

, T = 2Kn)y v in RxT
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T 2K )" v

KK—mt~ . KK
l 1 BESlT“ E_Ils S

I
T
tr — I B 3e-15—
i — T
-.E Je-15— —_ -.E 1
o 15 é | 2,5 | 3 o
: Q’ (GeV) :
_ - _ _
F(T —> K"K 7 VT):l,?irO-l FV(T —>(2K7z) Vf):1,7i1-0
F(T_ N K_KOEOVT) o3 FA(T_ —> (2K7z)_vf) o

, T = 2Kn)y v in RxT
EuroFlavour 07 Pablo Roig Garcés
FlaviAnet Instituto de Fisica Corpuscular



OUTLOOK: == (h, h, h, ) v,

_n

>
-

<
<

31 Vv
2K 1 Vv vV
K2n vV vV
2nn v
mKn v vV B
3K v Vv Vv V. (D > KK)

T = 2Kn)y v in RxT
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CONCLUSIONS

e Current analyses of t-— (3, KK 1) v_data using TAUOLA
have shown noticeable 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 revisited t~— 37 v_ obtaining a better parameterization

« Within the 2K 7t channels we have found more br to the channels
containing w

« We have found Vector Current dominance on the 2K 7 channels

e Our results have been implemented in SHERPA (LHC and
TEVATRON) and will be used by BELLE.

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

 The future looks even more promising and exciting: V,; mg, m,,
and, of course, hadronization of QCD currents.

T = 2Kn)y v in RxT
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K K7z~ Channels within Ry T

Vector form factor

Experiment »
'=3.47(23)-10"15 GeV
le-17 —
vector,:  (This work) -
s I.c-lﬁg— =
<)
r~1.97-107 GeV 2 el i
vector,: le-20 ;— =
(Ruiz-Femenia, Pich, Portolés ‘03) E
le-21

['~4.96-10Y GeV

T = 2Kn)y v in RxT
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T 2K )" v

T —>(KK7E')_ V. within Resonance Chiral Theory

[Gomez Dumm, Pich, Portolés, Roig, coming soon]

- Analysis of both axial-vector and vector form factors

- Required Brodsky-Lepage behaviour : constraints on

unknown couplings of the Lagrangian

- Implemented in SHERPA [

70

60 —

50—

/20 MeV
=
[=]
I

events

%)
(=]
I

20 —

— Axial-vector contribution
—— Vector contribution
— All contributions

EuroFlavour '07
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1.4
Q) *(GeV)

1,8

Events/20 MeV

No experimental contrast

[wll]

Normalization of form
factors violating chiral
symmetry at leading order

240 : . : . BOO— : ISEIE 1203:-30?
i { @1 L (b) |
160+ 4001 T
sof 200 1
{] . L i = H | D e B I
1.2 1.4 1.6 1.8 0.6 0.8 1.0 1.2
K™ x~K* mass (GeVic?) K'n— mass (GeVic?)
2000 " (o]
« [ata
Fit
—--Wass-Zumino
1007 [ ™ ] e Axial Vector
—— Backgrounds
ol o o .
0.9 1.1 1.3 1.5
K™K* mass {GeV/c?)

T = 2Kn)y v in RxT
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T 2K )" v

T —>(KK7E')_ V. within Resonance Chiral Theory

[Gémez Dumm, Pich, Portolés, Roig, coming soon] No experimental contrast
- Analysis of both axial-vector and vector form factors [CL |,2004]
- Required Brodsky-Lepage behaviour : constraints on Normalization of form
unknown couplings of the Lagrangian factors violating chiral
symmetry at leading order

- Implemented in SHERPA [

70 ‘ T ‘

— Axial-vector contribution
60 — |—— Vector contribution
— All contributions

Experiment| # of © pairs
] LEP ~3-105
] CLEO ~1-107
1 BABAR ~3-108
. BELLE | ~5.10°
- LHC ~1-1012

— i I i —
1,2 1.4 1.6 1,8
Q) *(GeV)

50—

/20 MeV
=
[=]
\

N
ever
%)
(=]
T T

20 —

, T = 2Kn)y v in RxT
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Chiral Resonance Theory + Large-N,

P P
ay
Tensor formalism
for spin=1 mesons :
| ’L:R;;T = (;52) + Ly, + L, + Lyyp
o _ F e i
L)) = 'l <-uﬂ-w = Z+> Bz = Z/pﬁ. (;;:A H)
F it iG i i = [MAW L3
L= 55 Val) g (V) 4 [V dn] 1)
r 5 unknown
A uv
Ly W5 <Aﬂvf— > couplings

IFIC - Instituto de Fisica Corpuscular

, T = 2Kn)y v in RxT
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Asymptotic behaviour of ImIT A

[18%

[Floratos, Narison, de Rafael,1979]

A'|0) —> Constant

(QCD. > —)

A, |N) (N

Ik — ;ZI dp8? (q—py)(0
N

M Asymptotic behaviour of Form Factors (QCD)
f(A4) =0 , 1=1,2

3 unknown couplings

M Feynman diagrams : 1 only coupling ?\,0

B = J,
(I r“l

a,(1260) — M,

~

4 parameters <

M- o
a ’
T = 2Kn)y v in RxT
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> KK~ v CLEO VERSION

(F. Liu ‘03, CLEO-III '04)
F = «/ BW
\% 2 / 2F3 Z

MV,A2
MV,A2 — X i\/;Fv,A(X)

BW, ,(x=5,,Q%) =

T = 2Kn)y v in RxT
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> KK~ v CLEO VERSION

(F. Liu ‘03, CLEO-IIl '04)

T = 2Kn)y v in RxT
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> KK~ v CLEO VERSION
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(F. Liu ‘03, CLEO-IIl '04)

1.80+0.53

T = 2Kn)y v in RxT
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Kihn & Santamaria Model

[Kihn, Santamaria, 1990] C%)

[ PT o)V YPT O(p*)

Vector meson dominance

KS < Asymptotic behaviour ruled by QCD \

o
M, —s—1 5 T.(s)

=)

BW,

Example : Vector form factor of the pion

l+a BW,
1+«

B I”Tf;( J+ S BW, +y BW, +...

E,(s) =
v(#) 1+ f+y+ ...

T = 2Kn)y v in RxT
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SHERPA
(Simulation of High Energy Reactions of PArticles)

Institute for Theoretical Physics at TU Dresden (Germany)
and I3P Durham (UK)

*Group Leader : Frank Krauss

eTevatron + LHC

http://www.physik.tu-dresden.de/~krauss/hep
http://www.sherpa-mc.de/

Insertion of our matrix elements for hadronic tau decays

T = 2Kn)y v in RxT
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