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Form factors in two meson t decays
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Form factors in two meson t decays
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Form factors in two meson t decays

= &L @ <

Short-distance constraints

_ 1+F‘Fi\ e ° F(s) >0, fors—wo = K Gy /f? =
Vo g
U

—F

M2 — s 2 PQ s, .
b -'”';' 1+ Z!".t’,} -'H"'m.:;p Gme e -qf’ﬂ-"":'“f] -

, ,. o . Sm? 5 op+1 —_—
A(m%/s,mp/p?) = In (mf‘;._;' ;12) + ﬁp -3 +0p In ( Z ) op = y“fl —4dm3 /s
5 ' Tp — 1

Pablo Roig (UNAM, México D.F.) Theoretical uncertainty in RChL hadronic currents



Form factors in two meson t decays
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Guerrero, Pich
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relations, etc...
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Form factors in two meson t decays
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Form factors in two meson t decays

ChPT+VMD Guerrero, Pich 97
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Form factors in two meson t decays

ChPT+VMD Guerrero, Pich 97
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Form factors in two meson t decays

ChPT+VMD Guerrero, Pich '97
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Form factors in two meson t decays

Starting point Guerrero, Pich '97
Match yPT results to VMD using an Omnés solution for dispersion relation
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Form factors in two meson t decays

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

M? —s o i1 L 2 .2 g2
— £ 17 — |ReA(m2/s. m2/M?*) + =ReA(my /s, my /M }]
_.ug—s_;-t_.uprptslmp{%wﬂ f;f! eAlm /s ma/M,) T3 K/ 5T

2 Phys.Rev.D57:4136-4141,1998
* ¥PT up to O(p*) and leading O(p°®) * SU(2)

contributions Guerrero 98 * Analiticity and unitarity constraints (NNLO)
* Right fall-off at high energies

Phys.Lett.B640:176-181,2006
‘ Idea: Follow the approach of Jamin, Pich, Portolés 06 including excited resonances while

retaining (some of) these nice properties
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Form factors in two meson t decays

Guerrero, Pich ‘97
Match yPT results to VMD using an Omnés solution for dispersion relation

M2 L 2 2 g2
: TR VAP J"”{ =y ReA(m2 /s, m2 /M) + ReA(m/s,mic/ M)

~+vPT up to O(p*) and leading O(p®) *SU(2)
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Form factors in two meson t decays

Starting point Guerrero, Pich 97
Match yPT results to VMD using an Omnés solution for dispersion relation
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Form factors in two meson t decays

Starting point Guerrero, Pich 97
Match yPT results to VMD using an Omnés solution for dispersion relation
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e SU(2) This is what is included in TAUOLA right now
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Form factors in two meson t decays
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Form factors in two meson t decays

On the inclusion of excited resonances
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Form factors in two meson t decays

On the inclusion of excited resonances
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— > Easy to implement for two meson modes. For three meson modes a number of new
couplings (involving new operator structures) appear. At what stage shall we include them?
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Form factors in two meson t decays

(See talk by Sergi Gonzalez-Solis)

Kn (Escribano et. al. ’13)
* The procedure for other two meson decay channels is analogous (Although reIevant in
some decay channels).
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Form factors in two meson t decays

* The procedure for other two meson decay channels is analogous (Although SFF relevant in
some decay channels).

I

*An alternative procedure for resummation is described at ‘Ongoing/Future improvements

— 2
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High-E constraints in two meson t decays

* The RyT form factors must satisfy the QCD high-energy behaviour in this limit.

» To be satisfied at LO in 1/N (o= # of states). However, phenomenology suggests that

the effect of higher orders and excitations on these constraints is pretty small:
Guerrero-Pich ‘97

~ e F?
T FL.G,=F? _FRGy=F2_ _:F‘ V _ _ -
Z Ne = oo Lo 2M2 22 7.2-107
Jamin et. al. ’06, ‘08, ‘10
Kn Gy FvGy _
y— YV 1 —s =0 & ~=-0.05+0.02
Kn F? F? Ne — oo

Escribano et. al. ‘13

(See talk by Sergi Gonzalez-Solis)

Error of neglecting heavier resonances and higher orders contribution < 5%
in two meson modes (assumably higher in many meson modes because richer dynamics)
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Form factors in three meson t decays

T = KKmv,

DR
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Form factors in three meson t decays

T =2 TNV, _
Only one independent (relevant) form factor ~ Only axial-vector current

Three independent (relevant) FFs T — KKmv.  Both axial-vector and vector current

< < <<

c)

— X —=<
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Form factors in three meson t decays

_ T = TRV _
Only one independent (relevant) form factor t ~ Only axial-vector current
(’E‘< ™ e _ ™
Phys.Lett.B685:158-164,2010 (a) (B)

Gomez-Dumm, Roig, Pich, Portolés ‘09

(€] | . ) 4 )
L3" = Z] AiPup + Z@f}{'w-

i=1 i=1

Both axial-vector and vector current

Gomez-Dumm, Roig, Pich, Portolés ‘09

i) b o)
Phys.Rev.D81:034031,2010

e

d) £) f)
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Form factors in three meson t decays

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

Phys.Lett.B685:158-164,2010
Gomez-Dumm, Roig, Pich, Portolés ‘09
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- ¥ 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
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F} My = F3 M3 o
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Form factors in three meson t decays

Gomez-Dumm, Roig, Pich, Portolés ‘09
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Form factors in three meson t decays

Gomez-Dumm, Roig, Pich, Portolés ‘09

Ta,(Q): ® & X %

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

]-_,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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Form factors in three meson t decays

Gomez-Dumm, Roig, Pich, Portolés ‘09

Ta,(Q): ® & X %

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

]-_,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,
FV’, GV’, FAI
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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

Pablo Roig (UNAM, México D.F.) Theoretical uncertainty in RChL hadronic currents



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?/(4m)?; xPT: (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?/(4m)?; xPT: (p,m)?/(4nF,M,)% RyT: (~ 1/N,)
Gasser, Leutwyler ‘83,84
LO in l/N QcD Annals Phys.158:142,1984  Nucl.Phys.B250:465,1985
C
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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?/(4m)?; 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 yPT 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

Pablo Roig (UNAM, México D.F.) Theoretical uncertainty in RChL hadronic currents



Discussion on the errors
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‘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?/(4m)?; 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 yPT 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
GOomez-Dumm & Roig ’12, ‘13 Escribano, Gonzalez-Solis, Roig ‘13

Phys.Rev. D86 (2012) 076009  Eur. Phys. J. C (2013) 73: 2528
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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?/(4m)?; 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 yPT 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

GOomez-Dumm & Roig ’12, ‘13 Escribano, Gonzalez-Solis, Roig ‘13

Phys.Rev. D86 (2012) 076009  Eur. Phys. J. C (2013) 73: 2528 -
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Discussion on the errors

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

Wy — VMDD oy oy PQ T
.!I'.f_'ull-_g[.-."'l.] —_ ..[I = | {.?'LI} Z .III.'?':.-:'|-"||-:'|F;GH£1!"':'I? 1]!';_2[ "1]
P
F(s)VMD — M

— _1_{;:' e |.'._':1II'|_'I1|I_' [.,1]
In this way (exponentiation of Re A,(s)) unitarity is violated at O(p°®), i.e. NNLO
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Discussion on the errors

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

Fﬁu (s) = Fi-,wﬂ{ﬁ} exp Z 'Tfiﬂji'gﬁ_éj?’m Apgls)
P.Q

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 }'}

3 But -Pf}
1”{" 7 S ‘.;j [ 3 )
Fy "’JI[:::) = exXp { @15 + ass” + — ds’ 3 —
T S sMs" — s — 1g)

Tiny differences in observables between both approaches
Jamin, Pich, Portolés ‘06, ‘08 Boito, Escribano, Jamin ‘07; Dumm, Roig '13; Escribano, Gonzalez-Solis, Roig ‘13
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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: 37 FSI ~ 2(27 FSI)

FF“HI[.E':I _ FJHIE”:””:“[.E'] 4 R?CHIIZ.E']

_F_|_ _ -F.?.- _|_F-I{£ n Fiﬁj'-f_|_ v-"ﬁ [RECHI["\-? L I[THH]] 4 RE&:—LI[H] " RZEH”] .
Fo = —(F}+F?+F™) - [Ry*(s) + B (1)] + V2 [R5™\(s) + R5™™\(t)]
Isidori, Maiani, Nicolacci, Pacetti - .
N U '!_ A2y [Fe _ AT2 342 RLES
JHEP 0605 (2006) 049 Tt0(z) = {,_:;2 + i@~ Mp) +Ol(z— Mp,) ]

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

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

As temporary solution we have used a phenomenological parametrization (see Olga’s talk)
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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 t channels.
*SU(2) breaking in tt 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. (KK, ~ 30%)
*Spin zero resonance contributions.
*Excited resonance contribution in KKrt channels.
* Complete O(p®) ¥PT, i.e. NNLO, in t channels.
*SU(2) breaking in tt 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%.

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

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

*Spin zero resonance contributions. (nrn)
*Excited resonance contribution in KKt channels.

* Complete O(p®) ¥PT, i.e. NNLO, in mxt channels.
Lopez Castro et. al. Phys.Rev.D74:071301,2006 Cirigliano, Ecker, Neufeld

*SU(2) breaking in mmt channels. Phys.Lett.B513:361-370,2001
JHEP 0208:002,2002

*Some important remaining modes: i, Knmw, SFF in K7t ...
Jamin, Oller, Pich ‘01,06

Nucl.Phys.B622:279-308,2002 Phys.Rev.D74:074009,2006
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Ongoing/Future improvements

(through common work with experimentalists: D. Epifanov, I. Nugent, ...)
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Ongoing/Future improvements

(through common work with experimentalists: D. Epifanov, I. Nugent, ...)
*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. (KKm, ~ 30%)

Moussallam

Eur.P :401-412,2008

» *Spin zero resonance contributions. (nnr)

» *Excited resonance contribution in KK7t channels.

Bijnens, Colangelo, Talavera

» * Complete O(p®) yPT, i.e. NNLO, in rt channels. JHEP 9805:014,1998
Lopez Castro et. al. Phys.Rev.D74:071301,2006 Cirigliano, Ecker, Neufeld

*SU(2) breaking in tt channels. Phys.Lett.B513:361-370,2001
JHEP 0208:002,2002

*Some important remaining modes: i, K, SFF in K7t ... Jamin, Oller, Pich ‘01,06

Escribano, Gonzdlez-Solis, Roig ‘13

» *Remaining two meson modes: tn¢),Kn")
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Stubbornly
Testing QCD

© Mike Pennington, 1981
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