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MOTIVATION

* Low energies (Flavour factories):
Hadronic tau decays

(B) 51 400 fl_-:l.lr% = R(s)
auﬂ A(X(MZZ) ‘ﬂnila.d I--':”i,:' = — ( ETTK) RE?L,-I ds

“s(s — M2 — i)
Davier, Eidelman, Hocker and Zhang '02,'03
Hagiwara, Martin, Nomura and Teubner '02,/03,'06
Jegerlehner 07
Jegerlehner and Nyffeler ’09
Davier et. al. ‘10, ‘10
Hagiwara, Liao, Martin, Nomura and Teubner '11
BaBar Coll. ‘12

CC & NC Universality

}}Q BaBar ‘11

Resonance Dynamics (NP QCD)

T hadronic width = a,(m_?)—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

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

o X BR [pb]

10¢ I | - m,, = 125 GeV CMS Preliminary
- Ns=7TeV SM 13 Combined (68%) \s=7TeV
I ok . L=4.6-4.8 fb'
1= .y - e -~ Single channel
= WW - Fvag e
L i H— bb =
1071 E WW — [V _
=LK _ ||‘ N . Polarization, CP 4 _, -
— 11qq 7
1 Although better at LC
1 0-2 E_ ZZ — |+|_V\" E H - Y.{ __._
3l ZZ — T il H s WW —
107¢ o l=e,u e
- \ V= VeV Ve ] Hos -
/\ZNH—>|+|'bE g = udscb - L Sl RN
101400 260 360 460 56 -1-05 0 05 1 15 2 25 3 35 4
Best fit o/c,,
M, [GeV]
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THEORETICAL SETTING
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THEORETICAL SETTING

L "
...............-_._._,-’\v_r\__‘U_,-'“-..vﬁw Coe _ o N
1 q ‘-——____________ I ]
EW QCD . 03 | ]
\ | |
Y Y —
Controlled Problem 2T 49 -

/ : '
[ ¢ o,

Hadronization in 2m_<E< M_ “r

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
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THEORETICAL SETTING
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Hadronization in 2m_<E< M.

Gassen 0 I Lol L1 IIIHI|° 1
Leutwyler ‘85 1 10 cev 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 SU3)@SU(3r = SU (3
e, K, I*T\!D .m

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

Approximately massless pGbs
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THEORETICAL SETTING

"..........-_._,-’\v_r\h_,.-"—bﬁ1 Coe _ S e
1 q "‘————___________ |
EW QCD h, 03 | ]
\ | |
! Y
Controlled Problem 02 r P .

/ [ o )
0.1 - e

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

......-......--.... T r:lll
_ r -
.-‘ ' .. :
\ EW Ad{. | }
Y |
Controlled e
G =

M =5 Ve T (v )7 (L= 7e)u(@)T,

T =<Hadrons | (V-A)u eiSaw | 0>=Z. (Lorentz Structur e
(T (Pr-) I'::'I:_!I;':EI ) |s__.?“_._.-" u|0) ,u,.-'ﬁ::!,}: — P ::_I.c
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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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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 — 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

Pablo Roig New Hadronic Form Factors in Tauola



THEORY AT WORK
(77 (pe- )7 (pro) [dr*ul0) = VE(pr- — prs 3”1

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

ﬁf’ = T{m;u“ + X+/ CX

| o Gy
LoV = — (V.. f2"Y + — (V. [u*, u¥])}
o[V B 2,2 s 22" Y
. i . ' i T Y 3 Y L oP TLIR S I g
u, = i{ul (8 —irg)u—u(fy —ily)u'} I3 ukp ul & ul Fgpu
uf(’;:] = exp {?ﬁ}-—'} '[I:'l:;l'-j o —2 Z Ay Yo = T —%;TD + %}?’i KD
Ve a=l K K" —%m
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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
(7 (P :|rr[]|L;;rnjn|Eﬁ-"*'re 0) = vﬁ{pﬂ — Pao ] Guerrero, Pich ’97

ﬁf’ = T{m;u“ + X+/ CX

| Foo Gy
LoV = — (V.. f2"Y + — (V. [u*, u¥])}
V) 2v2 wlhs 2v2 " M Y
. ;i . ' ;i . 1 i Hy ot 4 ot PR
w, = i {:!tT (G —iry)u—u(dy —il,)u'} I wky ul £ ulFgu
u(p) = exp {éﬁF} d(x) = 72 Y Aae = m _%WD + ﬁ"’?‘i K"
Ve a=l K K" —%m

Short-distance constraints

) (7o) -1 DO Fis) 0, for s = FyGy/f? = 1
B 2 M2 —s |

e U

V MD _ -'ﬂ*'fﬁ
' ﬂ«f PE — 5
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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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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.

* 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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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.

* 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
* 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.
* 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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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.

* 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

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

Pablo Roig New Hadronic Form Factors in Tauola



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

Pablo Roig New Hadronic Form Factors in Tauola



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 yPT 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 yPT 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 yPT 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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Pablo Roig

THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was

T — MATV,

® ATEPH data
—— Owur expression
----- KS model

Low-energy limit of our form factors
Low-energy limit of KS form factors
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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
! E s 0
< 13e-13 - 1 L] _
- | X
g i 0
S le-13p 1':‘@( —
I
E x
Se-14 — §: It —
I ] E-.t*
5 ;E Ee |
0L sosasF | ! | x‘.gﬁ'%z&”f
0 1 2 3
Q (GeV')
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THE PROJECT

Shekhovtsova, Przedzinski, Roig, Was

o(ete —m'm)

200 I I

BaBar data

L ]
2  KLOE data
0(134) % % ?
S With F ., 2
With F +F, . % ,%' S N
L et

With F_ +F, +F, 5 Ao
= With Fop #F P gty jff Phs L

< 100 - 4 EL —
o

0.3 04 0.5
E (GeV)

Pablo Roig New Hadronic Form Factors in Tauola



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 yPT 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
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Decker, Mirkes, Sauer, Was ‘92
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in yPT 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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— 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

Pablo Roig New Hadronic Form Factors in Tauola
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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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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

Pablo Roig New Hadronic Form Factors in Tauola



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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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 HADRONIC FORM FACTORS

On the inclusion of excited resonances

M?2 + s(ye'®t + fei¥?) —8
_ p ' /e
Ourformula = MZ — s — ML (s) exXp [“3 2p2 (ReA;(s) + Redg(s)/ EJ]

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 HADRONIC FORM FACTORS

On the inclusion of excited resonances

+ s(yet Pt 4 fetr) —8
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 . .
Pablo Roig New Hadronic Form Factors in Tauola



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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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

s (GeVH)
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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
S Belle

1.2

1.3

s (GeV)

1.4

1.5

1.6
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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)

New Hadronic Form Factors in Tauola

Pablo Roig



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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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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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 .

Pablo Roig New Hadronic Form Factors in Tauola
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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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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

Pablo Roig New Hadronic Form Factors in Tauola
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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) —
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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.

Pablo Roig New Hadronic Form Factors in Tauola



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.

Pablo Roig New Hadronic Form Factors in Tauola
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Structure of new-currents/RChL-currents
d codes fOI‘ currents

* frho pif pipi0 mode

e fkkO.f kkO mode

o fkpipl.f kpi modes

* f3pi_rcht.f 3 pion modes Added to \tauola

o fkkpi.f KKpi modes | I
version

e fkkOpiO.f KKOpiO mode RO YRR

* library of functions used in the currents

e funct_rpt.f Width of resonances etc

» code for al width as function of g2
» /tabler/al/dalwid_tot _rhol gauss.f
 wid_al fit.f linear interpolation

* numerical values of fit parameters, dipswitches
* value_parameter.f

tests of MIC results (for separate modes)
/cross-check/check_analyticity_and_numer_integr

Every directories with own README
Pablo Roig New Hadronic Form Factors in Tauola
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DIPSWITCH PARAMETERS

Pablo Roig

new-currents/RChL-currents/value_parameter.f

DIPSWITCH VALUE MEANING MODE

FFVEC 0, 1* FSI OFF, ON* PIPIO, KPI, KKO
FFKPIVEC 0, 1* FSI GS, EXPON KPI

FFKKVEC 0*,1 RHOPR OFF*,0ON | KKO

Input: parameters from fit etc.

* default value

New Hadronic Form Factors in Tauola
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Parameters to fit

new-currents/RChL-currents/value_parameter.f

1. Non - model parameters
(non resonance + narrow resonances)

PDG values

| Parameter | Var. name | Default |
. MTAU 1.777
My, MNUTA 0.001
cosfoanibbe | set in TAUOLA init. 0.975
e set in TAUOLA init. | 1.166375- 10~°
Mgt mpic 0.13957018
Mo mpiz 0.1349766
My, meta 0.547
Mg+ mkc 0.493677
Mo mkz 0.497648
M, mom 0.78194
I, gom 0.00843
M, mphi 1.019
I, gphi 0.0042

2. Parameters from vector currents (with F¢) in KKt modes

3. Model (resonance) parameters (two mesons and axial-vector current for three mesons)

depend on the mode and dipswitches !!!

3.1. Model couplings, mixings and interferences

3.2. Masses, widths of resonances

Numerical benchmarks of formfactor implementation: a, width

Pablo Roig

checks for every channel
New Hadronic Form Factors in Tauola



Comparison between CLEO and TAUOLA2011

x10* x10°
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_ 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

Dat :
ata — User Program - Analysis

Storage

Send Receive Send particle
wt=1.0 weights 4-vectors

Tauola

(Reweighting mode)

Receive ‘Yes’ e

Send formf
recalculation
information

Send charge
and channel ID

No Receive
Recalculated
formf

Can
calculate
formf?

Formf recalculation
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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...

Pablo Roig New Hadronic Form Factors in Tauola



~ TAUOLA2012,
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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Final words

* Historically, TAUOLA has benefited from feedback with experimental Colls. only when the
experiments were closed and the lack of human power was pressing (as it is now the case with
BaBar and it was before with CLEO and ALEPH).
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* Ad-hoc modifications of the currents by the Collaborations is not satisfactory but it can give
valuable insight into the theoretical improvements needed.

* The published information is not enough: We need full correlation matrices and all recorded
information concerning multi-dimensional distributions. TAUOLA was created to handle with
that. This should be available to the public in ASCII files (ROOT or PYTHON may be obsolete in
2030!1).
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Final words

* Historically, TAUOLA has benefited from feedback with experimental Colls. only when the
experiments were closed and the lack of human power was pressing (as it is now the case with
BaBar and it was before with CLEO and ALEPH).

* This caused a delay of 5-10 years in the upgrades of the currents.

* Ad-hoc modifications of the currents by the Collaborations is not satisfactory but it can give
valuable insight into the theoretical improvements needed.

* The published information is not enough: We need full correlation matrices and all recorded
information concerning multi-dimensional distributions. TAUOLA was created to handle with
that. This should be available to the public in ASCII files (ROOT or PYTHON may be obsolete in
2030!1).

We have learnt Tt Physics thanks to LEP experiments, CLEO, BaBar and Belle.
Have we learnt something about how to exploit the synergies of

experimentalists, theorists and Monte Carlo builders?

The super-B Collaboration in the Cabibbo Lab is an
ideal opportunity to show that we indeed have.

Roig New Hadronic Form Factors in Tauola



SKIPPED SLIDES



Pablo Roig
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new-currents/RChL-currents/value_parameter.f

1. Non - model parameters
(non resonance + narrow resonance)

PDG values

2. Parameters from vector currents (with F¢) in KKpi modes

cy =

1 — cy — 5 + 2cq

g1 + 292 — g3

— U

1 — €2 + 3

2
\ PPP

dy =
— 0,

92 =

Z

Ne

\-]P

Ey My

Parameters to fit

06 72

JN:I—C .I’

V2 F?
M3

10272 F2

.‘\T

;'1» [ Vv

1921272 Ky

E:

| Parameter | Var. name | Default
1, MTAU 1.777
My, MNUTA 0.001
co500abibhe | Set in TAUOLA init. 0.975
Gr set in TAUOLA init. | 1.166375- 107"
- mpic (1.13957018
Mo mpiz 0.1349766
My, meta 0.547
g+ mkc 0.493677
Mo mkz 0.497648
M, mom 0.78194
Iy gom 0.00843
M, mphi 1.019
Iy gphi 0.0042
Voo
1= N{--— e Py pgan}
4
RR i
di’ g'I L“Q Z }‘ O\AP + Z d O\,xp
i=1

o Correct high energy behaviour of vector form factor

Iuv(q £ sz

=TT

dlly H? (s,t,Q%) =

i

(QQQ;W -

Qlu Qv ) HV (QZ)

294 + g5 = —0.60 £ 0.02

P. Roig talk for errors/uncertainity



3. Model (resonance) parameters (two mesons and axial-vector current for three meson)

p? p

L, M,, M, M, R, G, F, A, T, Ty,

Moy My, 7¢.s 7y O

depend on the mode and dipswicthes !!!

31 . MOdeI constants Parameter | Var. name Default [suggested range)
F fpi_rpt 0.0924 [0.0920, 0.0924]
_ Fx fk_rpt 1.198F [0.04F, 1.2F]
1. Fixed Fand F, (FIXED!I!) Fy fv_rpt 0.18 0.12,0.24]
Gy gv_Tpt F2/Fy 0.z2F?/Fy, LoxF? |/ Fy
_ _ _ Fa fa_rpt 0.149 [0.10, 0.20]
2. Correct high energy behaviour of pion FF 5, beta_rho ~0.25 (—0.36, —0.18]
., 9 Vicr gamma rcht —0.043 (—0.033, —0.053]
Gy = I'* /Iy vke | gamma rcht —0.039 —0.023, —0.055)
by THETA 35.26° (159, 507]
3. F,,F, fitAleph 3 pion spectrum Y coef ga 0.14199 0.077,0.099]
0 coef de —0.12623 [—0.035, =0.012]
_ 1 phi_1 —0.17377 0.5, 0.7]
4. beta_rho, gamma_rcht fit to Belle spectrum b phi_2 0.27632 0.5, 1.1]

(P;ep—ph/ N

4. ideal mixing angle for THETA 6y = tan™'(1/v/2) (FIXED!!!)




3.2. Masses, widths of resonances

‘ Parameter ‘ Var. name Default [suggested range] ‘
M, mro 0.77554 [0.770,0.777] ~
. M, mro 0.775 0. TTU 0.777]
3 pions, Aleph Mg, mma 1 1.12 [1.00, 1.24] \
M,y mrhol 1.453 [1.44,1.48] ——> 2 pionsl A|eph fit
M, mrho1l 1.465 [1.44, 1.48]
PDG r, grhot 0.50155 0.32,0.39)
r, grhot 0.4 [0.32, 0.39]
3 mesons M, mrho2 1.8105 [1.68, 1.78]
L, grho2 0.4178 [0.08, 0.20]
1 coef ga 0.14199 [0.077, 0.099]
) coef_de —0.12623 —0.035, —0.012]
o) phi_1 —0.17377 [0.5,0.7]
b9 phi_2 0.27632 0.5, 1.1]
My mksp 0.89166 0.891. 0.892]
PDG { M g+ mksO 0.8961 [0.895, 0.897]
KKpi —> M- mkst 0.8953 [0.8951, 0.8955]
M mkst (Mgt + Mpo0) /2 \
M g mkst 0.94341 [0.9427,0.9442]
k- gamma_kst 0.0475 [0.047, 0.048]
e gamma_kst 0.06672 [0.0655, 0.0677] .
k-, | gamma kstpr 0.206 0.155,0.255 Kpi modes
g gamma kstpr 0.240 [0.120, 0.380] fit to Belle
Micsr mkstpr 1.307 [1.270, 1.350]
e mkstpr 1.374 [1.330, 1.450]

non-physical values for masses for GS in Kpi modes

Difference between (exact) models ~4%,
between GS and exponention ~15%




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

Numerical benchmarks of formfactor implementation:

1. al width istabulated to avoid problem with triple integration:
Cross check with linear interpolation

2. Check of every channel:  /cross-check/check analyticity and _numer_integr
semi-analytical result (Gauss integration): comparison with linear interpolated spectrum
ratio MC/semi-analytical of differential width (qq)

comparison of analytical integration and MC for total width
2 pion, 2 Kaon with physical mass of pions, Kaons

others

My = (Mmgo+2-mg+)/3 mg = (mgo+mg+)/2

Anexample: threepions ( _ . . )

- F; =F Fgyes = 0 to check phase space
- F, =physical, F =0

F. = physical
linear interpolation ~ 0.1% for whole spectrum except for ends
MC (6e6): (2.1013 0.016%)-10~13GeV; semi-analyt(2.1007 0.02% %)-10~1°GeV




Comparison of semi-analytical integration and MC

i Vel ”2 1 Q/d dt | W, +1 142 i (W4 + Wg)
@« _ sdt [T 9 T T
3 pseUdoscaIarS dq? 128(27)5 M, F2 SAT 3 U’? A B
Wp = A=y [stu + (m%{,n —mZ)(q* — mi . )s + -m.%(w(‘?? 2 — A g? — m ,r-:fni] |57,
Wgq = q2|F4|2 . Wy = —(TL"'PlpFl V P’FQ +V ng TLlJ_,JFl + 12,_51:‘2 +V 3J_,JF3) .

— N2 s,m?) F /\1/2(??1;(” m%(,r )]2}

2
{2 T ey
Analytical , GeVv Monte Carlo , GeV

q — T t1(s)
f dsdt = / . / dt
'm,K — S

Two pions dg’ 384 7°

i
dr  GpV,|'m [ J

pipi0 (5.2431+0.02%)-1071° (5.2441+0.005%)-1071°

KKO (2.0863+0.02%)-10713 (2.0864+0.005%)-10715

KpiO (2.5193+0.02%)-10714 (2.5197+0.008%)-10~14 n

pipipi (2.1007+0.02%)-1013 (2.1013+0.016%)-10713

K-pi-K+ (3.737940.024%)-10~15 (3.738310.02%)-10 13 = :K
KOpi-KO (3.7385+0.024%)-10715 (3.7383+0.02%)-10713

KpiOKO (2.7370£0.02%)-10713 (2.7367+0.02%)-10713




Numerical results

Channel Width, [GeV]

PDG Equal masses Phase space

with masses
Y o (5.778 £0.35%) - 10713 | (5.2283 £ 0.005%) - 1071 | (5.2441 £ 0.005%) - 10~13
K (9.72 £3.5% )-1071 | (8.3981 £ 0.005%) - 1071 | (8.5810 & 0.005%) - 1071
7 K (1.9 +£5% )-107" | (1.6798 &+ 0.006%) - 10~ | (1.6512 4+ 0.006%) - 10~
K™K (3.60 £ 10% )-107" | (2.0864 4 0.007%) - 107" | (2.0864 & 0.007%) - 107
TTw (2.11 £0.8% )- 1071 | (2.1013 £ 0.016%) - - 7(2 0800 £ 0.017%) - 10713
0707 | (210 £1.2% ) - 1071 | (2.1013 £ 0.016%7 - (2.1256 & 0.017%) - 10713
K7 K| (317 £4% )-107% | (3.7379 024%) - (3.8460 4 0.024%) - 10~
K7~ KO | (3.9 £24% )-10715 37385+ 0.024%) - 1071 | (3.5917 £ 0.024%) - 10715
K=7°K° | (3.60 £12.6% )),97“/ (2.7367 £ 0.025%) - 1071 | (2.7711 £ 0.024%) - 1071
only p with p’(parameters from pion mode)  (2.6502 £ 0.008%) - 107 GeV

FSI effects

No. | Channel Width [GeV] Width [GeV]
1. e 5.2441 - 1072 +0.005% | 4.0642- 1071 £ 0.005%
2. | 7K~ 8.5810- 107 4+ 0.005% | 7.4275- 10~ + 0.005%
3. | 7K"Y 1.6512- 1074 4 0.006% | 1.4276- 10~ £+ 0.006%
4. | K-K° 2.0864 - 10715 +0.007% | 1.2201-107 £0.007%

Fsl

No FSI

14% — 32%

FFVEC = 1 (FSI), O (no FSI)




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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> Good description of the data
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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

_
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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%).
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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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