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This contribution amounts to (514.1+£2.2,,, £3.1,,5) ¥
10719 the most precise result vet from a single experi-
ment. This result brings the contribution estimated from
BaBar 1205.2228 hep-ex  allete™ — w7w (v) data combined in better agreement
with the 7 estimate. When adding all other Standard
Model contributions to the present 27 result, in particu-
lar using all available BABAR data on multihadronic pro-
cesses, the predicted muon magnetic anomaly 1s found to
be (11 659 186.5+5.4) x 10719, which is smaller than the
direct measurement at BNL by 2.7¢. Adding all previous
27 data increases the deviation to 3.60.
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MOTIVATION

* Low energies (Flavour factories):
Hadronic tau decays

o M2 c R(s)
a,, Ao(M,?)  Aaiy (M) = - ( “—) Re [ ds———

™ s(s — M2 — i)

M

2 % CC & NC Universality
SeeN\a }}Q BaBar ‘11

Resonance Dynamics (NP QCD)
T hadronic width = a(m_2)—a.(M,?) Rodrigo, Pich, Santamaria 98

Baikov, Chetyrkin, Kuhn '08; Davier, Descotes-Genon, Malaescu, Zhang ’08;
Boito et. al.’11, '12

ms(mrz) & Vus Gamiz, Jamin, Pich, Prades, Schwab '02,/04
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MOTIVATION

* High energies (LHC):
5 gies (LHC) Search of the scalar sector of the SM, origin of EWSB

Hadronic tau decays
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* High energies (LHC):
'8 gies (LHC) Search of the scalar sector of the SM, origin of EWSB

Hadronic tau decays
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MOTIVATION

See last TAUOLA Workshop (Krakow, May 2012) devoted talks
http://indico.cern.ch/conferenceDisplay.py?confld=188018
* High energies (LHC):

. Search of the scalar sector of the SM, origin of EWSB
Hadronic tau decays

In the interesting low-E region the di-t decay channel can give valuable information

¢ X BR [pb]
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THEORETICAL SETTING
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TR L = T T T

Gasser, EI- Lol | """'l.:. i

Leutwyler ‘85 1 0 10

—> Atvery low energies, xPT is the EFT of QCD
Only light quarks (u, d, s). In the massless limit & = 5U(ns)r @ SU(ns)n
Spontaneous Symmetry Breaking SU(3),@SU(3)r = SU(3)v
Approximately massless pGbs ==, 7", i, K=, K", K©

Small masses (m<Mp,Mal) by explicit Symmetry Breaking

Pablo Roig New Hadronic Form Factors in Tauola



THEORETICAL SETTING
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THEORETICAL SETTING
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Hadronization in 2m_<E< M.

—> Atvery low energies, xPT is the EFT of QCDU I ....1|EGEV. w .....1|DE

— > At larger energies the expansion breaks down and new dofs are needed

‘ ( *
@tHooft 74 (P, K" a,ag

TR L = T T T

l RYT Eckeret. al. ‘89
Simple description at LO Preserves yPT results at low energies
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THEORY AT WORK
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THEORY AT WORK
(7 (pr )7 (pa) [dy#ul0) = VE(pr- — px

Different approaches to deal with the diverse energy regimes

* For E<|\/|p — ¥ PT up to O(p®) Gasser, Leutwyler’ss, Bijnens, Colangelo, Talavera ‘98, Bijnens, Talavera’02
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THEORY AT WORK
(7 (pe- )7 (peo)[dy"ul0) = V2(pr- — ps j:"‘

Different approaches to deal with the diverse energy regimes

* For E<|\/|p — ¢ PT up to O(p®) Gasser, Leutwyler’85, Bijnens, Colangelo, Talavera ‘98, Bijnens, Talavera’02

Guerrero, Pich ‘97
* For M, < E<'1 GeV— Match yPT results to VMD using an Omnés solution for dispersion relation.

Omnés solution for dispersion relation pich, Portolés 01

Unitarization approach Trocéniz, Ynduréin ‘01, Oller, Oser, Palomar ‘01
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Different approaches to deal with the diverse energy regimes

* For E<|\/|p — xPT up to O(p®) Gasser, Leutwyler’85, Bijnens, Colangelo, Talavera ‘98, Bijnens, Talavera’02

Guerrero, Pich ‘97
*For M, <E<1 GeV— Match % PT results to VMD using an Omnés solution for dispersion relation.

Omnés solution for dispersion relation pich, Portolés 01

Unitarization approach Trocéniz, Yndurain ‘01, Oller, Oser, Palomar ‘01

*1 GeV < E< 2 GeV — Include p’ through Schwinger-Dyson-like resummation.

Sanz-Cillero, Pich ‘03
Tower of resonances based on dual QCD

Dominguez 01, Bruch, Khodjamiriam, Kuhn ‘05
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THEORY AT WORK
T (Px :|rr[]|L;;rnjn|Eﬁ-"*'re 0) = vﬁ{pﬂ — Pao ] Guerrero, Pich ’97
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THEORY AT WORK
T (Px ::rr[]nlg;;njn|ﬁﬁ-"*'re 0) = vﬁ[pﬁ — Pao :: Guerrero, Pich ’97

e

Antisymmetric tensor formalism
for spin-one resonances

Ecker et al. To avoid double counting
Phys.Lett.B223:425,1989

Nucl.Phys.B321:311,1989
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THEORY AT WORK
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THEORETICAL SETTING:
PT, Large N, Ry T

Gasser, Leutwyler, ‘84, ‘85
* QCD has a well-defined expansion at low-energies that allows to build an EFT: ¢PT.
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PT, Large N, Ry T

Gasser, Leutwyler, ‘84, ‘85
* QCD has a well-defined expansion at low-energies that allows to build an EFT: ¢PT.

* The energy of the hadronic system in semileptonic tau decays is not small enough through all
phase space to allow for the low-energy expansion done by ¥PT. Colangelo, Finkemeier, Urech ‘96
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Gasser, Leutwyler, ‘84, ‘85
* QCD has a well-defined expansion at low-energies that allows to build an EFT: ¢PT.

* The energy of the hadronic system in semileptonic tau decays is not small enough through all
phase space to allow for the low-energy expansion done by ¥PT. Colangelo, Finkemeier, Urech ‘96

* Alternative expansion parameter to extend PT to higher energies:1/N_ ‘t Hooft 74, Witten ‘79

* LO in 1/N_-expansion = o0 number of stable resonances. Tree level exchanges.
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THEORETICAL SETTING:
PT, Large N, Ry T

Gasser, Leutwyler, ‘84, ‘85
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* The energy of the hadronic system in semileptonic tau decays is not small enough through all
phase space to allow for the low-energy expansion done by ¥PT. Colangelo, Finkemeier, Urech ‘96

* Alternative expansion parameter to extend ¢ PT to higher energies:1/N_ ‘t Hooft ‘74, Witten 79
* LO in 1/N_-expansion = o0 number of stable resonances. Tree level exchanges.
* However: - We cut the o spectrum of states (Nature).

- QFT-based off-shell width for resonances within RYT. Gémez-Dumm, Pich, Portolés ‘00
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* Alternative expansion parameter to extend ¢ PT to higher energies:1/N_ ‘t Hooft ‘74, Witten 79
* LO in 1/N_-expansion = o0 number of stable resonances. Tree level exchanges.
* However: - We cut the o spectrum of states (Nature).

- QFT-based off-shell width for resonances within RYT. Gémez-Dumm, Pich, Portolés ‘00

Ecker, Gasser, Pich, De Rafael ‘89 Ecker, Gasser, Leutwyler, Pich, De Rafael ‘89
* Finally, QCD high-energy behaviour imposed to the Green functions or form factors.

Ruiz-Femenia, Pich, Portolés ‘03 Cirigliano, Ecker,Eidemdiller, Pich, Portolés ‘04

Cirigliano, Ecker, Eidemdiller, Kaiser, Pich, Portolés ‘05, ‘06
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THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was

* Tauolais the standard library for MC generation of tau lepton decays. Jadach, Kuhn, Was '90
Jadach, Was, Decker, Kuhn ‘93

* Originally it included the hadronic currents at O(p?) in % PT. Kuhn, Santamaria '90
Decker, Mirkes, Sauer, Was ‘92

e Such approach was successful with LEP-I data.

Golonka, Kersevan, Pierzchala, Richter-Was, Was, Worek ‘03
* Later on, departures from data lead to private versions of the code.
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THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was

* Tauolais the standard library for MC generation of tau lepton decays. Jadach, Kuhn, Was '90
Jadach, Was, Decker, Kuhn ‘93

* Originally it included the hadronic currents at O(p?) in % PT. Kuhn, Santamaria '90
Decker, Mirkes, Sauer, Was ‘92

e Such approach was successful with LEP-I data.

Golonka, Kersevan, Pierzchala, Richter-Was, Was, Worek ‘03
* Later on, departures from data lead to private versions of the code.

The parametrizations used by experimental collaborations (based on 1997-1998 data):
1. Alain Weinstein : http://www.cithep.caltech.edu/~ajw/korb_doc.html#files (cleo version)

2. B. Bloch, private communication (aleph version ) MOST USED NOWADAY'S
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THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was

* Tauolais the standard library for MC generation of tau lepton decays. Jadach, Kuhn, Was '90
Jadach, Was, Decker, Kuhn ‘93

* Originally it included the hadronic currents at O(p?) in % PT. Kuhn, Santamaria '90
Decker, Mirkes, Sauer, Was ‘92

e Such approach was successful with LEP-I data.
Golonka, Kersevan, Pierzchala, Richter-Was, Was, Worek ‘03

* Later on, departures from data lead to private versions of the code.

* We plan to implement the most important hadronic currents for tau decay at (least at) O(p?)
in xPT in a consistent way from a Lagrangian approach (RyT).

 88% of tau hadronic width is covered: (mw, K), 2r, 2K, K=, 37, KK®t
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THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was

* Tauolais the standard library for MC generation of tau lepton decays. Jadach, Kuhn, Was '90
Jadach, Was, Decker, Kuhn ‘93

* Originally it included the hadronic currents at O(p?) in % PT. Kuhn, Santamaria '90
Decker, Mirkes, Sauer, Was ‘92

e Such approach was successful with LEP-I data.

Golonka, Kersevan, Pierzchala, Richter-Was, Was, Worek ‘03
* Later on, departures from data lead to private versions of the code.

* We plan to implement the most important hadronic currents for tau decay at (least at) O(p?)
in xPT in a consistent way from a Lagrangian approach (RyT).

 88% of tau hadronic width is covered: (wt, K), 2r, 2K, K=, 37, KKnt

/

See Guo, Roig, ‘10 for the radiative decays and the definition of the one-meson decay width
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THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was

* Tauolais the standard library for MC generation of tau lepton decays. Jadach, Kuhn, Was '90
Jadach, Was, Decker, Kuhn ‘93

* Originally it included the hadronic currents at O(p?) in % PT. Kuhn, Santamaria '90
Decker, Mirkes, Sauer, Was ‘92

e Such approach was successful with LEP-I data.

Golonka, Kersevan, Pierzchala, Richter-Was, Was, Worek ‘03
* Later on, departures from data lead to private versions of the code.

* We plan to implement the most important hadronic currents for tau decay at (least at) O(p?)
in xPT in a consistent way from a Lagrangian approach (RyT).

 88% of tau hadronic width is covered: (wt, K), 2r, 2K, K=, 37, KKnt

/ Is this important?

See Guo, Roig, ‘10 for the radiative decays and the definition of the one-meson decay width
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THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was _ ,
Private old version

T —> TV
2.5e-13 , | AL, | | /1
o 1@; s AT FPH data 7
yi —— Our expression
2e-13 . —£ ----- K5 model (original) —
[ S ES model (version in TAUOLA
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Shekhovtsova, Przedzinski, Roig, Was
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THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was
T — NNV, c(ete” — ')

.

Chiral dynamics is important
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THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was

* Tauolais the standard library for MC generation of tau lepton decays. Jadach, Kuhn, Was '90
Jadach, Was, Decker, Kuhn ‘93

* Originally it included the hadronic currents at O(p?) in % PT. Kuhn, Santamaria '90
Decker, Mirkes, Sauer, Was ‘92

e Such approach was successful with LEP-I data.

Golonka, Kersevan, Pierzchala, Richter-Was, Was, Worek ‘03
* Later on, departures from data lead to private versions of the code.

* We plan to implement the most important hadronic currents for tau decay at (least at) O(p?)
in xPT in a consistent way from a Lagrangian approach (RyT).

 88% of tau hadronic width is covered: (mw, K), 2r, 2K, K=, 37, KK®t

Common work with experimentalists: I. Nugent (BaBar), D. Epifanov, V. Cherepanov (Belle),...
— parameter’s fit
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Released version: http://annapurna.ifij.edu.pl/~wasm/RChL/RChL.htm

THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was

* Tauolais the standard library for MC generation of tau lepton decays. Jadach, Kuhn, Was '90
Jadach, Was, Decker, Kuhn ‘93

* Originally it included the hadronic currents at O(p?) in % PT. Kuhn, Santamaria '90
Decker, Mirkes, Sauer, Was ‘92

e Such approach was successful with LEP-I data.

Golonka, Kersevan, Pierzchala, Richter-Was, Was, Worek ‘03
* Later on, departures from data lead to private versions of the code.

* We plan to implement the most important hadronic currents for tau decay at (least at) O(p?)
in xPT in a consistent way from a Lagrangian approach (RyT).

 88% of tau hadronic width is covered: (mw, K), 2r, 2K, K=, 37, KK®t

Common work with experimentalists: I. Nugent (BaBar), D. Epifanov, V. Cherepanov (Belle),...
— parameter’s fit
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http://annapurna.ifj.edu.pl/~wasm/RChL/RChL.htm

NEW HADRONIC FORM FACTORS

T, =<Hadrons|(V-A), e« |0>=Z (Lorentz Structure)'F,(Q?,s;)

Two mesons hy(py), h,(p,):  J* = Nl(p - Pﬂ P +p3} s = (prtp2)”

(T ~,)

Three mesons hy(py), hy(p,), ha(ps): 7 =N {T#[es(p2 — pajn“@ ca(ps — p1 }“@ ca(p1 — p2)" F3]
i

—I—H@ WCE e upaPTIJQEJ@-

T;.,e.u = gpu_gqu:’fgz q” = [pl + P2 + p?-::'“

q* = (p1 +p2 +pa)* s1 = (pa + pa)? so = (p1 + p3)? sz = (p1 +m)*

More mesons ~ 4w (Fischer, Wess and Wagner ‘80; Bondar et. al. ‘02)
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NEW HADRONIC FORM FACTORS
7 (P )7 (o) [dy ul0) = V2(pr- — pro Z:*'

VD "hrﬁ
, = — Guerrero, Pich 97

2Lg( ) S . 0 1 .
F(s)hPL — 14 2897 o [A{ m2 /s, m2/1i?) + =A(m% /s, m%/ i??]
o, g 5 8mp 5 1 —_—
A(m% /s, m3/p*) = In (mfp_;' ,ug) + TP - —; + o} In (;‘Z __F 1) op = 1,!,-’}1 —dm% /s
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NEW HADRONIC FORM FACTORS
7 (P )7 (o) [dy ul0) = V2(pr- — pro Z:

VD "hrﬁ
, = — Guerrero, Pich 97

q 2Lg( ) s . o 1 _ |
F(s)2hh =1+=— 5 — [Ai m2 s, m2 /1) + =A(m2 /s, m%/ 1 3]
[ JO(p4) f‘j‘ ° {L’}Gﬁ—ﬂfﬁ My [ 5, M/} ) 9 ( K8 My 1

™

, R 2 5 op+ 1 —
A(m% /s, m3/p*) = In (mfp_;' ,ug) + — =40} 111( i ) op = %,-’fl —dmp/s

ChPT+VMD

‘_hrﬁ 5 ; 1 ; .
P (2 o 202 A2 A2 fe o2 A2
‘ M2 s ~ 96 72 {Ag s, mg /M) + gﬂi M | 5. m_;{a.f_lfp]}
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NEW HADRONIC FORM FACTORS

ChPT+VMD Guerrero, Pich 97
= 41-3_3 . — UG,.-EfE . ”1 .i'-l'?ﬂ_.:-' 1 o :I —l— 5_‘ |I~ ir?zj j.-”j

Unitarity+HAnaliticity Omnés, ‘58

\ 4
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NEW HADRONIC FORM FACTORS

ChPT+VMD Guerrero, Pich '97
F(s ‘hrj 5 Al 2 2.’1{2* J-Jl 2 0 2 1{2
(s) = T 0672 f2 | (my /s, my/MJ) + 5- (My /s, my /! P]
- P L= .;I_I_ )

Unitarity+HAnaliticity Omnés, ‘58
O(p?) result for 8, (s)
v

MZ —5 1 5 .
o . . T I N T R SO N RN B SR B R
_ T s P {W[%‘fﬁ“wﬁ” ma (M) + Q'At‘mff“m’ mic /M)
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NEW HADRONIC FORM FACTORS

ChPT+VMD Guerrero, Pich '97
F(s ‘hrj 5 Al 2 2.’1{2* J-Jl 2 0 2 1{2
(s) = T 0672 f2 | (my /s, my/MJ) + 5- (My /s, my /! P]
- P L= .;I_I_ )

Unitarity+HAnaliticity Omnés, ‘58
O(p?) result for 8, (s)

v
M? —§ 1 - .
[ = —F o _Efﬂig ls.m2 /M2 + = A(m2 /s, m% [ M?)
M2 — s : Q62 f2 (T /8, Mo M )+ 5 AT /5 i [
‘1.! S N ¥ J. 7
Guerrero, Pich '97 [',(s)|= = {fj'[s —dm?) o 4+ =0(s — dm3,) o3 }
c , fe ? M, s .. ) 1 . 5, o
Gomez-Dumm, Pich, Portolés “00 = ——£f_Im [A(-rrzifi-mf”x_.’kfﬁ] + .—_ﬁlt\mﬁ{;s:-m_?{_;'ﬂfj]]
v 96 f2 2
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NEW HADRONIC FORM FACTORS

ChPT+VMD Guerrero, Pich '97
F(s ‘hrj 5 Al 2. 2 .*hrﬂ‘ J-Jl 2 g 2 1{2
(s) = 2= 00n zfz Almz/s,myfM7) 5- (My /s, my /! P]
- P ==

Unitarity+HAnaliticity Omnés, ‘58
O(p?) result for 8, (s)

v
M? _s 1. o, ]}
Fon S B B S T A 2 g 2 /aq2
F(s)= _UE — exp {Dh“ 27 qu my /s, my [M2)+ Q_Atxmf{;t g [ M)
L M, s _ T o g
Guerrero, Pich '97 [o(s)|= o6 fﬁ {fj'[;» —4dm_ ) JW—I—aﬂ(a —'—lmH]e:T_;{}
o . ., U ; ._ 1 . o
Gémez-Dumm, Pich, Portolés 00 iy Im [4(??1?;5:-mf”x_.’kfﬁ] + E_ﬁlt\mﬁ{;s:-mi_;‘ﬂt[j]]
v

UE 1 A2 fo 2 g2
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NEW HADRONIC FORM FACTORS

Starting point Guerrero, Pich 97
Match y PT results to VMD using an Omnés solution for dispersion relation

M2 L 2 2 g2
= - ?U T 0s) "{]{ zfz lRCrl(m /s,ms ;U )+ ER-C‘A(???H,;&:m,r{,-’-up,?]
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NEW HADRONIC FORM FACTORS

Starting point Guerrero, Pich 97
Match y PT results to VMD using an Omnés solution for dispersion relation

M2 L 2 2 g2
= - ?U T 0s) "{]{ zfz lRCrl(m /s,ms ;U )+ ER-C‘A(???H,;&:m,r{,-’-up,?]

* xPT up to O(p*) and leading O(p°®) * SU(2)
contributions Guerrero’98 * Analiticity and unitarity constraints (NNLO)
* Right fall-off at high energies

V

‘ Idea: Follow the approach of Jamin, Pich, Portolés 06 including excited resonances while
retaining (some of) these nice properties
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NEW HADRONIC FORM FACTORS

Starting point Guerrero, Pich 97
Match y PT results to VMD using an Omnés solution for dispersion relation

M? Y N T ATy
: M? —s-?ﬂfpr”ptsl EKP{ Efﬂ [RM iz /s, miy /M) + gHed(mi -‘”’m“f*'j‘uf”]

vV
* xPT up to O(p*) and leading O(p°®) * SU(2)
contributions Guerrero’98 * Analiticity and unitarity constraints (NNLO)
* Right fall-off at high energies
2||||||||||||||||||||||\|||||||||||||||||||_ -\IIIIIIIIIIIII\IIIIIIIIIIIIII\lIIII
1,5:— _: 150 —
.
o - . S
N - . D 100 |-
0 s J z
= - 1 -
?B C - )
S o[- 7
SE -
_1:_ : 0 III--I-Illlllll\llllllllIIII|III\|IIII
1 | 1 11 | 111 I 111 | 1 11 | 1 11 | 111 I 111 | 111 | 1 11 I 1 11 I 1 ] 400 500 600 700 800 200 1000 1100 1200
—400 -200 0 200 400 600 acc 1000 1200 1400 1600 '\/S (MEV)

s/V|s| (MeV}
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NEW HADRONIC FORM FACTORS

Starting point Guerrero, Pich 97
Match y PT results to VMD using an Omnés solution for dispersion relation
F(s) = UE e ReA U il_‘i{‘ A(m2 /s, m? f".lf??]
(s5) = 0 exp zfz e (m /s, m JM2) + SR KOS My M,

UE

+ s(ye'®t 4 fetPz) —8
Our formula = Uz—n—ﬂ.f T_(s) '-”KI? W (Red, (s) + Redg(s)/2)
25 il

Roig ‘11 . ey
v g1 —8&l g (M)
0 Vg v o v e ll b y sy 1;;‘ Redx(s)
Mo = 8 — 1 ol o8] . ,.::-"Jﬂ' lJ o )
dset®z —sl o (.-‘IJEHJ
ex ReA, (s
1|.|!r .l.-—.’;—-i"ll.l.ir .'.IF "'"."'.l p[;l 1|.|ir J;C:'-Sl‘ll.lirz.l.';l L J
* xPT up to O(p*) and leading O(p®)  Analiticity and unitarity constraints (NNLO)
contributions Guerrero’98 * (Phenomenological) contribution of p’ + p”
* Right fall-off at high energies
* SU(2)
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NEW HADRONIC FORM FACTORS

Starting point Guerrero, Pich 97
Match y PT results to VMD using an Omnés solution for dispersion relation
F(s) = UE e ReA U il_‘i{‘ A(m2 /s, m? f".lf??]
(s5) = 0 exp zfz e (m /s, m JM2) + SR KOS My M,

UE

+ s(ye'®t 4 fetPz) —8
Our formula = Uz—n—ﬂ.f T_(s) '-”KI? W (Red, (s) + Redg(s)/2)
25 il

Roig ‘11 . ey
v g1 —8&l g (M)
— — —eXp | — 3’93‘,.”2"1?&6.&#{.@}
_'1|.ETP,. — 5 — E:\fp-']__'p.' L&) al:lfp,.ﬂ'ﬁ L.-lfp,. )
dset®z —sl o (.-‘IJEHJ
£ ReA, (s
1|.|!r .l.-—.’;—-i"ll.l.ir .'.IF "'"."'.l p[;l 1|.|ir J;C:'-Sl‘ll.lirz.l.';l L J
* xPT up to O(p*) and leading O(p®)  Analiticity and unitarity constraints (NNLO)
contributions Guerrero’98 * (Phenomenological) contribution of p’ + p”
* Right fall-off at high energies o . . .
« SU(2) This is what is included in TAUOLA right now
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NEW HADRONIC FORM FACTORS

Roig ‘11 ~ | [ |

Fyl

0.01

] ] ]
0 1 2 3
L 2,
E™ (GeV)

::: T | IHI—. : :II |: _II_:I:I:l :I |F-\- i il {} :.' ‘H"II’E:_II-:'—, _ _Ii'.-ll—_: : l'l:
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NEW HARRQNIGC.EQRIVL.FACTORS

_'rllfz —I— .'l:-:l:'ﬂ-\.t-:-ili:li _|_ 5E_-:‘:'-¢-2':| _
— e f )
Ourformula = _-UE Y NP eXp [—{E 77 | (ReA_ (s)+ Redy(s)) ;—‘J]

Roig ‘11 . -
~y gE =8l (M%) L
— : exp . ReAr(s]

_'rllf'f,. — 5 — E.:rllfp-']_—"a.'l;-'él;l Tl_:rllfj,ﬂ'?r LJIE,.:I

5-.: Stz _-":"r.p"-'(_'qlf'fu:l L
[y -ReA_(s)] .
T =5 M T (s) Y [:T_ﬂ.fj”r:rfr{ﬂfﬁ”;l )
vy = —F,Gy,/F?  §= _FIG"/F? F,-, Gy + F.GYy + FIGY. + ... = F?
LoV(177) P~ .II-"irJ ) II .II.-'
oy 2 2 3

Pablo Roig (IFAE, Barcelona) 11th Radio MonteCarLow Meeting: Frascati, 16-17 April



NEW HARRQNIGC.EQRIVL.FACTORS

+ s(yet®t 4+ 5&1";‘1“:1 —
exX]p W FF—I L’;J—Fmt {HL’-'-JI EJ

_-UE
Our formula = 5 - .
_."llfp — 5 — J;r'.fp]__'plk.-}'},l
ql_.lqt:?'i"i'i _"'"].-",gll |:-_'I1|_|ir3.- J
I ..- - r 'ﬂ '_';1-'r|-l.$'.
=P [:.—Mj,ggg_-ug, y

Roig ‘11
MZ —s—iMyT (s

5-.: f;':;'l':'i _-":"r.p"-' Liqlf'f.l.-J L
[y -Red (5] .
T =5 M T (s) Y [:T_ﬂ.fj”r:rfr{ﬂfﬁ”;l )

fH' ;FQ F‘ GT‘» 1 F{ ('nr F w = F‘Z

(_}E_ Ti.l"

@

—> Easy to implement for two meson modes. For three meson modes a number of new
couplings (involving new operator structures) appear. At which stage shall we include them?

- — r e 2
;= _FL.’(T 1;_.* II,-"III_F

|"'H_|
Iu]

Iu]

-IE_)“-I:-].

1th Radio MonteCarLow Meeting: Frascati, 16-17 April
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NEW HADRONIC FORM FACTORS

Similar philosophy for other two meson tau decay modes

F}:.:g[ s) = Vv UH( ) exp [Z EFEif?g@?’pﬁ' ReApq(s }]
Pl

;UE | .
_ jfﬁ — 8 — .'E--'?LIPFP[SII exXp

EHJ- 22 [Rt"“l |: —|— RE"-L!{[ ]]

Guerrero, Pich ‘97, Arganda, Herrero, Portolés

A T2 .
Fh'_[c,.} J\.ﬂrh'; +'Hr = B VS {1ER{’[”h',r-:.sj+f-f&',i':.ﬂ_
oY MZ, —s5— i Myl e 5) ﬂjri.l; — s —1M --el“ (5)

Jamin, Pich, Portolés ‘06

Myeq® [ .q, m3 m2 ) [ mZ m?
Fi-(q%) = ———5 [AY? | L. =25, —F ) 0(¢% — thris) + X2 (1, —5, L | 0(¢° — thry,

2 2 E
) mi- — ms me
(™ (p)|5 7" u| K (k) = [H- +p)t — KTL%' —p)t +Hfj—u~ —p)* Folq?)

Jamin, Oller, Pich 01, ‘06

Pablo Roig
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NEW HADRONIC FORM FACTORS

Similar philosophy for other two meson tau decay modes

4

%102
Zl'_
10'
10° By
. MZ. +7s v s sReliie (o1 i (o)
FE7(s) Mpe T 7 B f - o3 Re[Hicr (s)+Hicy (5)]
T . .:11’“_.}'__ — &5 — Ilii.!h-l].—\h-ll[lq]l _'IIII_T}L.‘.I — 5 — Il._"ijrh-l-'rh'__-' [:r'l]
Jamin, Pich, Portolés ‘06 2 2 2 2 2
’ ’ My mi- M= . ms. M,
Ti-(4°) = lgg‘ﬁgq [Jﬁ ’ (1 - q_;) 0(q° — thriz) + AY? (1. q;. q;) 0(q —rhrh”)]

Jamin, Oller, Pich 01, ‘06
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NEW HADRONIC FORM FACTORS

F. (a2 = F—i—,ﬂ(ﬂ'z} With new improvements a|5.0 Boito, Escribano, Jamin ‘08
+olg") = ——— |
1 F.(0) Exact analiticity and unitarity
@ _ mis — kg Aga(0) + 75 Vs
D=, “ies ) D(myear, vpear )
D(mp, ) = m: —s— kpReAgr(s) — impyn(s),
2
. 3 1 ()¢ m
L 5 Op.ls 1927 FFg i Ky _ K+
TE=\S) = 7K> KnlS) KK+ = K Fer0) =

_ . — : SR T,
M. T (M Tica(mic )® mgcs mgee — KARR(0)

my + mﬁ]i) (l (Mg — Mg )?

o [ (
Okr(s) = v’ (1 - -
=

)6‘[5 — (mg +my)?)

=

ﬂ‘!’f}(S‘} — I'm lﬂ{’i?{s)] I-'IRE [E{JQ(S}

3 Seut Wl ]
3 5 0 8
F%(s) =exp{ms+&--35?+— ds'— [_ ) - }

T
Sthr

Other approaches: Jamin, Pich, Portolés '06, ‘08
Boito, Escribano, Jamin ‘06
Moussallam ‘07

. Bernard, Boito, Passemar ‘11 . .
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NEW HADRONIC FORM FACTORS

F—I—,ﬂr-:{!'zjl With new improvements a|5.0 Boito, Escribano, Jamin ‘08
F_(0) Exact analiticity and unitarity

D=, “ies ) D(mpeer, Vpesr )
D{mn, n) ma — 8 — knReAgr(s) — impyn(s),

F+,D{fi’ﬂ]'

YK i: 5 :3

Tkr(S)

10* =T ————
3 3 ] i fh 3
579(s) = Im [R[9(s)| /Re | F/9(s M | :
(5) v (8)] v (8)] 3 / Fit to Belle 07
3 pScut PQ (o 107 ¢ / 3
3 5 0 5 / ]
F%(s) = exp{ais + ass® + — ds'— (5) : & \"% :
I (s —s—ie) | s "y
Lhr 5102 | gt m-**-*ﬁ 1 E
ZLE _'/. T +.f+1.++f+++#+ 3
Other approaches: Jamin, Pich, Portolés ‘06, ‘08 [ ‘H’ ""Ft#f{w f
Boito, Escribano, Jamin ‘06 0kl " THH\ E
Moussallam ‘07 . \ ” ﬂm}m
100 b i
) Bernard, Boito, Passemar ‘11 ' ' —! — U
Pablo R0|g 06 08 1 12 14 16 18

. 3 .
S U‘;{ﬂ(b]

TK= KiKs =

1927 FFye e

2 3 ;.2 ° 2
Mycs Tgop M TRl

#

]3

[ My + 1y )? Mg — My )2
v,(l_( i+ J)(l_( K ,
s s

T = '

e 2
F.f{«.rr“-” o Mgs
+ W=

mi. — kAg.(0)

)6‘[5 — (mg +my)?)




NEW HADRONIC FORM FACTORS

‘g2 . . : . o
j:_ D'L"]'E:' — F+,GU1‘ ]I With new improvements a|5.0 Boito, Escribano, Jamin ‘08
+ F. (0) Exact analiticity and unitarity
@ M — ks Agr(0) + s VS
D=, “ies ) D(myear, vpear )
D(mp, ) = m: —s— kpReAgr(s) — impyn(s),
a2
N 5 U?{W(S] ; . ]_DQ?TFFK VK F‘I{W[[H _ mf{*_
/K=\S) = YK*—=5— =3 ;3 KR+ = 5 3 , + ‘ M3 — kAp-(0)
Mcs Tron ( Mes TRl M ) Mg K* AR\
. / my +my)? My — My )2 ‘
TExls) = v’ (l— (MK - ) ) (l— (i uk )6‘[5— (MK —|—-m,,,rj|2}
S 5
PO PQ po, 1 We will include also the
= 2 Ny . / i Q - )
077 (s) = Im [Fi' {3)] [ Re lFi' (8)] dispersive approach for other
3 Seut PO _
e 5 ot (s two-meson decay channels
F%(s) = exp{ais + ass® + — ds'— (5) :
T Js,, §(s" — 5 — ie)

Other approaches: Jamin, Pich, Portolés '06, ‘08
Boito, Escribano, Jamin ‘06
Moussallam ‘07

. Bernard, Boito, Passemar ‘11 . .
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NEW HADRONIC FORM FACTORS

With new improvements also
Exact analiticity and unitarity

- 3 Seut s PO o

o o o 5 § 0" *(8)

ﬂ! E"}I,rt_i::' _ Ir'ﬁ"i lF&f ':1?{ '5,]:| JII.-‘ ;EE lF: f..}lrS;I S Fl:_ {J[S] = exXp {I‘:llf; + {]'_352 — (lSF Srﬂ( — I:_ !EJ }
\ = 3 il [ = =

Belle data
GS Belle
—— Matched expression

;}
=
N |/
(7 (pr- )7°(pro)[dy*ul0) = V2(pr- — pu j:"“'
| 1 | | | | |
0 1 > 3
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NEW HADRONIC FORM FACTORS

With new improvements also
Exact analiticity and unitarity

1 3 Seut PO
. . o | e P P 5 0 |:-E )
3P9(s) = I'm lj-"{’. ':3(5-}] /Re [F:.‘:“ ()| —— Fy, "][5] = exp 1S + ags® + — ds’ e
\ : . il ""r.FH"‘ 1'5.‘ I:".I?‘ — o !{-J
| ' | ! | ' | ' | ' | ' ' | ' |
i Belle data | Belle data
GS Belle GS Belle

P,

—— Matched expression

—— Matched expression

0,05

Pablo Roig
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NEW HADRONIC FORM FACTORS

With new improvements also
Exact analiticity and unitarity

679 (s) = Im lﬂ{ﬂ'{'ﬁ]] /Re lF Vs —— B(s) = ‘TKP{

IFl

Pablo Roig

s (C

IF I

Er I:E':
Y15 + ka8~ + —

il

3

/Fr_ ut
Sthr

ﬂ'f’i? I:E.' 1.'

7
" 83(s' — s — ie) }

—— Matched expression

Belle data
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NEW HADRONIC FORM FACTORS

T — NNV,

= =
)
|
" A

Phys.Lett.B685:158-164,2010 ;
Gomez-Dumm, Roig, Pich, Portolés ‘09 (b)

O+

VPFPP

S

Gomez-Dumm, Roig, Pich, Portolés ‘
Phys.Rev.D81:034031,2010 a)

e

i)
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NEW HADRONIC FORM FACTORS

T —> TNV,

Only one independent (relevant) form factor ~ Only axial-vector current
(,3< T & ) T
Phys.Lett.B685:158-164,2010 . .
Gomez-Dumm, Roig, Pich, Portolés ‘09 (a) (B)

[shl g

(d) (€) ; 4
1 _Z , Oyprp + Z’G‘i P ’Clm - E@D‘i"" + Z@‘”'

Three mdependent (relevant) FFs T —> KK7mv. Both axial-vector and vector current

Gomez-Dumm, Roig, Pich, Portolés ‘ E E L i i
Phys.Rev.D81:034031,2010
% @—4§< b, : <
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NEW HADRONIC FORM FACTORS

Phys.Rev.D69:073002,2004
GAOmez-Dumm, Pich, Portolés ‘03

Phys.Lett.B685:158-164,2010
Gomez-Dumm, Roig, Pich, Portolés ‘09

Fy, = £(FX+FY+ F™), i=1.2 F(Q% s,t) = (@ t, )
_ 2/2
X(O2 < t) — _2¥°
J!T:'l [Q :"—:?I'-:| -?)F
_ V2 By Gy 35 2Gy 200 — 25 —u U— 8
RO s 1) = — | — = : _
F(@,s.0) TF L__.ug. (Fy l) ( sz T r__.ug.)]
AF Gy Q* , 35 20° +s—u U—s
-)2 s 1 _ . ! " _ 2 . AR, b 2 5
Q1) = —do x4 X 4 A
Hl:x"l.-.r] AGQ-‘J ‘AQ‘J_‘_A ;
- ¥ F My
22 F4 Gy 22 My
Relations from short-distance QCD: Fy Gy = F? 9Co — Fo V2 _ 9
J 2 _p? _ 2 Vo IV TV ATV
VoA 2V2F, 2V2 My My
F2 M} = F3 Mj G
dhg = N4 N = A1
- V2 My My

Pablo Roig
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NEW HADRONIC FORM FACTORS

Gomez-Dumm, Roig, Pich, Portolés ‘09

7 N
s Y
ay / '-

I'a,(Q%): ® < %

[, (Q%) = TT(Q%)6(Q*—9ImZ) + I'E(Q%)8(Q% — (2mk +ma)?) .

-8 M? 2
o L B - a ) Ky o Kox
r4(Q") = s (Q; —1) /f_mw TERe T
= -\."_"“ ‘q_' a_l .
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NEW HADRONIC FORM FACTORS

Gomez-Dumm, Roig, Pich, Portolés ‘09

Fa 1 ( QZ) . .-">:: : E‘:\ >< ><

(Q* = (2mpk +my)?) .

&

L (Q%) = T5(Q%)6(QF - 9m2) + IE(QY) 0

]-_,WEH' I:ffjgﬁ:l _ -5 _‘ll-{jl 1 ? ds dt T?T,K;.e. .T:Ir,ff*
T 1922w FIM,, |\ Q2 J T e
1 1 1 By
> - + -
M2 —q* —iM,T,(q?) L4+ By | M7 —q* —iM,L,(q°) ;Uj, — g% —iM Ty (q?)
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NEW HADRONIC FORM FACTORS

Gomez-Dumm, Roig, Pich, Portolés ‘09

Fa,(Q) % %

(Q* = (2mpk +my)?) .

&

L (Q%) = T5(Q%)6(QF - 9m2) + IE(QY) 0

]-_,WEH' I:ffjgﬁ:l _ -5 _‘ll-{jl 1 ? ds dt T?T,K;.e. .T:Ir,ff*
T 1922w FIM,, |\ Q2 J T e
1 1 1 By
> - + -
M2 —q* —iM,T,(q?) L4+ By | M7 —q* —iM,L,(q°) ;Uj, — g% —iM Ty (q?)

Inclusion from a Lagrangian would imply 3 coups. instead of Bp,
FVI’ GVI’ FAI
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NEW HADRONIC FORM FACTORS

Gomez-Dumm, Roig, Pich, Portolés ‘09

Pablo Roig

dl'.-'dt;}zﬁ (GeV : )

2.5e-13

2e-13

1.5e-13

le-13

Se-14

;
:

F

——

? T}}}
\
i

X

'.. Y
L)
L)

ATEPH data .
set 1 (p” included)

Set 2 (p” not mcluded) —

New Hadronic Form Factors in Tauola



NEW HADRONIC FORM FACTORS

Additional high-energy constraints are found on the KKnt channels:

Cp — €3 + Oy U,

'I||_[ .|r'-'|_'-1|-|r1'
Cy — O — Cy -Elf'ng, TG Ty
U6 = -..ﬁ]rj
1 N, M2
a3 1022 B2
o+ 292 — 03 U,
_"II..(' .1I.|r'|,'
2T 1Ae B

*We do not have any hint on the value of two of the odd-intrinsic parity couplings.
* Up to now, excited resonances have not been implemented.
* Through the framework provided by TAUOLA, with the new currents from Ry T installed, it will

be much easier to learn about the unknown couplings and to estimate properly the size of the
excited resonances contribution.
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NEW HADRONIC FORM FACTORS

Additional high-energy constraints are found on the KKnt channels:

€y — €3 + Cy U

'I||_[ .|r'-'|_'-1|-|r1'
Cy — O — Cy -Elf'ng, TG Ty
U6 = -..ﬁ]r:
1 N, M2
= 10072 F2°
o+ 292 — ga U,
_"II..,:' .1I.|r'|,'
TNV Eol

*We do not have any hint on the value of two of the odd-intrinsic parity couplings.
* Up to now, excited resonances have not been implemented.

* Through the framework provided by TAUOLA, with the new currents from Ry T installed, it will
be much easier to learn about the unknown couplings and to estimate properly the size of the
excited resonances contribution.

Essential to study the most relevant channels in unified framework for signal/background
splitting and data analysis: New TAUOLA currents.
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COMPARISONS

MC-Tester Davidson, Golonka, Przedzinski, Was 08

3
x103
. =800
2000 4700
41500 3600
. =500
1000 =400
] =300
500 =200
. 100
PRI T P I P ...I...I..._{I saa by b o by oy bow oy o by by gy 1y gy .I...:ﬂ
0 02040608 1 1.2 1.4 16 1.8 2 0 02040608 1 1.2 1.4 16 1.8 2

Figure 6: 7 — 7 71, and 7 — K~ K", decays: Comparison of distributions for TAUDLA

cleo current [21] and for our new current. On the left-hand side, plot of 7~ 7" invariant
mass is shown and on the right-hand side K~ K2 are for new current, red (darker grey) are
for TAUOLA cleo.

Shekhovtsova, Przedzinski, Roig, Was '12
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COMPARISONS

MC-Tester Davidson, Golonka, Przedzinski, Was 08

}-:1[}3 2103
] =900
—Emn =800
=500 =700
S400 =600
E 3500
—300 2400
=200 =300
3 =200
{100 =100
0 02040608 1T 12141618 2 0 02040608 1 1214 16 1.8

Figure 2. The 7 — 777 7 1, decay: comparison of distributions for TAUOLA cleo cur-
rent [21] and for our new current. On the left-hand side, the plot of 7t7~7~ invariant
mass is shown and on the right-hand side 777~ invariant mass is given. Green histograms
(light grey) are for the new ¢urrent, red (darker grey) are for TAUOLA cleo. Distributions

for the 7 — 7~ 77, decay|coincide with the ones for 7 — 7f7 7 1,

Shekhovtsova, Przedzinski, Roig, Was '12

http://annapurna.ifj.edu.pl/~wasm/RChL/RChL.htm
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BABAR data: lan M. Nugent, (Victoria U.)

SLAC-R-936, Dec16, 2009. Ph.D. Thesis CO M P A R I S O N S

MC-Tester Davidson, GolonkaxPrzedzinski, Was ‘08 Shekhovtsova, Przedzinski, Roig, Was "12
ru.1--.--\-.---42.5_- .
2 [ * Unfolded Data - BaBar Thesis: SLAC T ﬁ || - Unfolded Data - BaBar/Thesis: SLAC-R-238 i
‘:; T —TAUDLA T (i} H—TAUDLA / i
@ '_—TAU OLA - New Model _' E :_—TAUDLA - New Model _'
= 0.08 1 2 2 ]
Z 0.06] . 150t ]
*E - . i ]
© = 0.04F s 1 .
— : : 'I T
= . 1 i ]
= EI.I)Z_— ] 0.5[7 ]
I 1 L l || 1 ] : 1 1 I 1 1 1 1 I 1 1 1 1 I 1 :
005 1 15 095 1 15
M(r ) (GeV) M(rn*) (GeV)

Figure 8: Invariant mass distribution of the 7¥7~ pair in 7 — 777 71, decay. Lighter
grey histogram is from our model. darker grey is from default parametrization of TAUOLA
cleo. The unfolded BaBar data are taken from Ref. [57] . The plot on the left-hand side
corresponds to the differential decay distribution, and the one on the right-hand side to
plot ratios between Monte Carlo results and data. Courtesy of Ian Nugent.

http://annapurna.ifj.edu.pl/~wasm/RChL/RChL.htm
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COMPARISONS

MC-Tester Davidson, Golonka, Przedzinski, Was 08
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Figure 3: The 7 — K7K 7m v, decay: comparison of distributions for TAUOLA cleo
current [21] and for our new current. On the left-hand side, plot of K™K 7~ invariant
mass is shown and on the right-hand side K7~ invariant mass is given. Green histograms
(light grey) are for the new current, red (darker grey) are for TAUOLA cleo.

l

Shekhovtsova, Przedzinski, Roig, Was '12

http://annapurna.ifj.edu.pl/~wasm/RChL/RChL.htm

Pablo Roig New Hadronic Form Factors in Tauola



COMPARISONS

MC-Tester Davidson, Golonka, Przedzinski, Was 08
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CONCLUSIONS

Shekhovtsova, Przedzinski, Roig, Was '12
Hadronic currents for the modes: nn%, (Kwt), K'KO, (mnr), (KK)m, K'KOn® - from Ry T have been
implemented in TAUOLA (88% of hadronic decays of the tau lepton). They are ready for precise
confrontation with data amassed at Belle and BaBar (and future Belle Il & Frascati superB data).
Collaboration with experimentalists is essential for the success of the project.

In order to obtain the maximum possible information from experiments, the theory input to the
MC has to be as accurate as possible with known properties respected (yPT results at low
energies, smooth behaviour of FF at short distances, unitarity, analiticity,...). That is why our
effort is and will be worth.

There are improvements to be done in all modes...
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Ongoing/Future improvements

» * Resummation in the two meson modes. € below 3%.

» *FSlin three meson modes. Relevant in dI'/ds (~ 10%).

*SU(3) breaking terms in the Lagrangian. (KKr, ~ 30%)

» *Spin zero resonance contributions. ()

Moussallam
Eur.Phys.).C53:401-412,2008
» *Excited resonance contribution in KKmt channels.

Bijnens, Colangelo, Talavera

» » Complete O(p®) PT, i.e. NNLO, in wxt channels. JHEP 9805:014.1998

Lopez Castro et. al. Phys.Rev.D74:071301,2006

» *SU(2) breaking in mx channels. Cirigliano, Ecker, Neufeld
Phys.Lett.B513:361-370,2001 JHEP 0208:002,2002

*Some important remaining modes: ntnnrw, Knw, SFF in Kt ...

*Remaining two meson modes: mn),Kn) Jamin, Oller, Pich ‘01,06

L2
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SKIPPED SLIDES



Pablo Roig
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Form factors in two meson t decays

¢ 0
d=m, K
e
V=p, K* 3
¢
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Form factors in two meson t decays

¢ 0
d=m, K
e
V=p, K* 3
¢

Antisymmetric tensor formalism
for spin-one resonances

Ecker et al. To avoid double counting
Phys.Lett.B223:425,1989

Nucl.Phys.B321:311,1989
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Discussion on the errors

* g(1/N_)~1/3?
‘t Hooft ‘74, Witten ‘79
Nucl.Phys.B72:461,1974 Nucl.Phys.B160:57,1979
Nucl.Phys.B75:461,1974
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Discussion on the errors

*g(1/N)~1/3?
‘t Hooft ‘74, Witten ‘79
Nucl.Phys.B72:461,1974 Nucl.Phys.B160:57,1979
Nucl.Phys.B75:461,1974

—~ We cannot specify the expansion parameter (~ 1/N)
Ecker et al. '88, ‘89

QED: a=e?/(4n)?%; %PT: (p,m)?/(4nF,M,)?% RyT: (~ 1/N )
Gasser, Leutwyler ‘83,84
Annals Phys.158:142,1984  Nucl.Phys.B250:465,1985
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Discussion on the errors

* g(1/N_)~1/3?
‘t Hooft ‘74, Witten ‘79
Nucl.Phys.B72:461,1974 Nucl.Phys.B160:57,1979
Nucl.Phys.B75:461,1974

—~ We cannot specify the expansion parameter (~ 1/N)
Ecker et al. '88, ‘89

QED: a=e?/(4n)?%; %PT: (p,m)?/(4nF,M,)?% RyT: (~ 1/N )
Gasser, Leutwyler ‘83,84
LO in 1/N QCD Annals Phys.158:142,1984  Nucl.Phys.B250:465,1985
Cc
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Discussion on the errors

*g(1/N)~1/3?
‘t Hooft ‘74, Witten ‘79
Nucl.Phys.B72:461,1974 Nucl.Phys.B160:57,1979
Nucl.Phys.B75:461,1974

—~ We cannot specify the expansion parameter (~ 1/N)
Ecker et al. '88, ‘89

QED: a=e?/(4n)?%; %PT: (p,m)?/(4nF,M,)?% RyT: (~ 1/N )
Gasser, Leutwyler ‘83,84
Annals Phys.158:142,1984  Nucl.Phys.B250:465,1985
—~ Good convergence for the xPT O(p*) coups. within a modelization of NLO in 1/N,

Pich, Rosell, Sanz Cillero ‘04,06,,08,10 Portolés, Rosell, Ruiz-Femenia ‘06
JHEP 0408:042,2004 JHEP 0701:039,2007 JHEP 0807:014,2008 JHEP 1102:109,2011 Phys.Rev.D75:114011,2007
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Discussion on the errors

*g(1/N)~1/3?
‘t Hooft ‘74, Witten ‘79
Nucl.Phys.B72:461,1974 Nucl.Phys.B160:57,1979
Nucl.Phys.B75:461,1974

—~ We cannot specify the expansion parameter (~ 1/N)
Ecker et al. '88, ‘89

QED: a=e?/(4n)?; xPT: (p,m)?/(4nF,M,)? RyT: (~ 1/N.)
Gasser, Leutwyler ‘83,84
Annals Phys.158:142,1984  Nucl.Phys.B250:465,1985

—~ Good convergence for the xPT O(p*) coups. within a modelization of NLO in 1/N,
Pich, Rosell, Sanz Cillero ‘04,06,,08,10 Portolés, Rosell, Ruiz-Femenia ‘06
JHEP 0408:042,2004 JHEP 0701:039,2007 JHEP 0807:014,2008 JHEP 1102:109,2011 Phys.Rev.D75:114011,2007

> Good description of the data
Jamin, Pich, Portolés ‘06, ‘08 Boito, Escribano, Jamin ‘07 Gémez-Dumm, Roig, Pich, Portolés ‘09

Phys.Lett.B664:78-83,2008 Eur.Phys.).C59:821-829,2009 Phys.Lett.B685:158-164,2010
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Discussion on the errors

*g(1/N_)<1/3
‘t Hooft ‘74, Witten ‘79
Nucl.Phys.B72:461,1974 Nucl.Phys.B160:57,1979
Nucl.Phys.B75:461,1974

—~ We cannot specify the expansion parameter (~ 1/N)
Ecker et al. '88, ‘89

QED: a=e?/(4n)?; xPT: (p,m)?/(4nF,M,)? RyT: (~ 1/N.)
Gasser, Leutwyler ‘83,84
Annals Phys.158:142,1984  Nucl.Phys.B250:465,1985

—~ Good convergence for the xPT O(p*) coups. within a modelization of NLO in 1/N,
Pich, Rosell, Sanz Cillero ‘04,06,,08,10 Portolés, Rosell, Ruiz-Femenia ‘06 >
JHEP 0408:042,2004 JHEP 0701:039,2007 JHEP 0807:014,2008 JHEP 1102:109,2011 Phys.Rev.D75:114011,2007

> Good description of the data
Jamin, Pich, Portolés ‘06, ‘08 Boito, Escribano, Jamin ‘07 Gémez-Dumm, Roig, Pich, Portolés ‘09

Phys.Lett.B664:78-83,2008 Eur.Phys.).C59:821-829,2009 Phys.Lett.B685:158-164,2010
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Discussion on the errors

*g(1/N )<1/3
* Resummation in the two meson modes

j r . 'I. / _|r —
'FJ:L-‘L'J[-*L".] — FH ””'LH]' exXp Z .H"If;::];-riﬁ QF:H{ :lILJ[ ""]
P.Q

MZ
_“r.f — 5 — .."_'J'-IIL']._IIL' [":]
In this way (exponentiation of Re A,(s)) unitarity is violated at O(p°®), i.e. NNLO

F(s)VMD —
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Discussion on the errors

*g(1/N )<1/3
* Resummation in the two meson modes

- VMDD _\ oo PQ
FJQ[H]_F (s) exp ;Z:uﬂm;.,;.gﬁ EF’R{ Apgl(s)

MZ
JIE — & — E:Jqlfll_'].—lll_' [‘:]
In this way (exponentiation of Re A,(s)) unitarity is violated at O(p°®), i.e. NNLO

F(s)VMD _

— ——

: M2
F'I-'lz-":__:l e .
Jql.{ll__ |:].+T]la- ﬂl'rllh_}pm—_mq]uf][ ]i|
Alternatively:
— PO o P _ PQ . -
Exact Unitarity 07%(s) = Im [F '[*]} / Re [Fr (s }'}

H But PO 4

PO 2 5 0" \s :I
Fy, %(s) = exp{ais + ags” + — ds' =5 -
m ¥ ik 5 ['q — & = FE]

Tiny differences in observables between both approaches
Jamin, Pich, Portolés ‘06, ‘08 Boito, Escribano, Jamin ‘07

_

Pablo Roig New Hadronic Form Factors in Tauola



Discussion on the errors
*g(1/N )<1/3
* Resummation in the two meson modes. € below 3%.

*FSI in three meson modes. Relevant in dI'/ds (~ 10%).
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Discussion on the errors
*g(1/N )<1/3
* Resummation in the two meson modes. € below 3%.

*FSI in three meson modes. Relevant in dI'/ds (~ 10%).

Thorough treatment requires considering inhomogeneities (angular averages of the form
factors) —Very time consuming. Alternative simplifying procedure:
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Discussion on the errors
*g(1/N )<1/3
* Resummation in the two meson modes. € below 3%.

*FSI in three meson modes. Relevant in dI'/ds (~ 10%).

Thorough treatment requires considering inhomogeneities (angular averages of the form
factors) —Very time consuming. Alternative simplifying procedure: 31 FSI ~ X(27 FSI)

Fjl-ilhi-ﬂ[i_:l _ FJHIE”:””:“[.E'] 4 R?EHIEI]

_F_|_ _ -F_?.- 4 F-l{i n Fiu’.‘f-f 4 v-"ﬁ [RECHI["\-? L I[THH]] 4 RE&:—LI[H] " RZEH”] .

Fo = —(FY+FF+FF) — [Rye(s) + B&™(t)] + V2 [R5(s) + R5™(t)]
Isidori, Maiani, Nicolacci, Pacetti ‘ - - ) ) . o
JHEP 0605 (2006) 049~ Tol*) = {W tor@— Mp) + Oz — Mp)7] ¢ el

Schenk Nucl.Phys. B363 (1991) 97-116

Colangelo, Gasser, Leutywler tand;(r) = o, (z) Eq[!] + quz +Clgt + Déqﬁ]
Nucl.Phys. B603 (2001) 125-179 r — I

We have to check if this approach is enough to confront the data successfully.
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Discussion on the errors
*g(1/N )<1/3
* Resummation in the two meson modes. ¢ below 3%.
*FSI in three meson modes. Relevant in dI'/ds (~ 10%).
*SU(3) breaking terms in the Lagrangian.
*Spin zero resonance contributions.
*Excited resonance contribution in KKrt channels.
» Complete O(p®) ¢ PT, i.e. NNLO, in wxt channels.
*SU(2) breaking in T channels.

*Some important remaining modes: nnnw, K, ...
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Discussion on the errors
*g(1/N )<1/3
* Resummation in the two meson modes. ¢ below 3%.
*FSI in three meson modes. Relevant in dI'/ds (~ 10%).
*SU(3) breaking terms in the Lagrangian. (KKr, ~ 30%)
*Spin zero resonance contributions.
*Excited resonance contribution in KKrt channels.
» Complete O(p®) ¢ PT, i.e. NNLO, in wxt channels.
*SU(2) breaking in T channels.

*Some important remaining modes: nnnw, K, ...
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Discussion on the errors
*g(1/N )<1/3

* Resummation in the two meson modes. ¢ below 3%.

*FSI in three meson modes. Relevant in dI'/ds (~ 10%).

*SU(3) breaking terms in the Lagrangian. (KKx, ~ 30%)

*Spin zero resonance contributions. (nmn)

*Excited resonance contribution in KKt channels.
» Complete O(p®) ¢ PT, i.e. NNLO, in wxt channels.
*SU(2) breaking in T channels.

*Some important remaining modes: ntnnrw, Knm, SFF in Kt ...
Jamin, Oller, Pich ‘01,06

Nucl.Phys.B622:279-308,2002 Phys.Rev.D74:074009,2006
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MOTIVATION

* High energies (LHC):
5 gies (LHC) Search of the scalar sector of the SM, origin of EWSB

Hadronic tau decays

Tevatron Run Il Preliminary, L <10 fb™
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MOTIVATION

* High energies (LHC):
5 gies (LHC) Search of the scalar sector of the SM, origin of EWSB

Hadronic tau decays

= 10€ | . | —=
2  F Ns=T7TeV sM Je
I iy
"
X 1 E_ WW — Ev qa _§ ;
© B ' 3
1016 WW = I'Viv N
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* High energies (LHC):
Hadronic tau decays

—_
[0s]

MOTIVATION

ATLAS ‘10 fa‘l 0
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Search of the scalar sector of the SM, origin of EWSB

ATLAS
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* High energies (LHC):
Hadronic tau decays

85% CL Limit on a/a,,,
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MOTIVATION

95% CL Limit on a/a,,,

Search of the scalar sector of the SM, origin of EWSB
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* High energies (LHC):
Hadronic tau decays

MOTIVATION

Search of the scalar sector of the SM, origin of EWSB
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