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Antisymmetric tensor formalism
for spin-one resonances

Ecker et al. To avoid double counting
Phys.Lett.B223:425,1989
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Short-distance constraints
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Short-distance constraints
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Phys.Lett.B412:382-388,1997

Guerrero, Pich
—There are several ways of resumming FSI: Omnes exponentiation of Re A,4(s), dispersion

relations, etc... Nuovo Cim.8:316-326,1958
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Starting point Guerrero, Pich 97
Match y PT results to VMD using an Omnés solution for dispersion relation
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(1 (0 )7 (pe0) [dy*ul0) = V2(pr- — pu j:}-

Starting point Guerrero, Pich 97
Match y PT 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
* 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

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
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Match y PT results to VMD using an Omnés solution for dispersion relation
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* 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
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Form factors in two meson t decays

(7 (pr- )7 (peo)[dy*u0) = V2(pr- — pro j:*"

Starting point Guerrero, Pich 97
Match y PT results to VMD using an Omnés solution for dispersion relation
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* 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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* Right fall-off at high energies o o ] .
. SU(2) This is what is included in TAUOLA right now

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



Form factors in two meson 1 decays
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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 which stage shall we include them?
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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, F(0)#1 due to SU(3) breaking).

I

*An alternative procedure for resummation is described at ‘Ongoing/Future improvements
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T —> KKmv,

DR
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Form factors in three meson t decays

, T —> ATV ,
Only one independent (relevant) form factor ¢ ~ Only axial-vector current

Lo S =S

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

S S =

c)
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Form factors in three meson t decays

Only one independent (relevant) form factor

(%< ]!

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

Three independent (relevant) FFs

Gomez-Dumm, Roig, Pich, Portolés ‘09
Phys.Rev.D81:034031,2010

i) £)

Pablo Roig (IFAE, Barcelona)

ATV,

~ Only axial-vector current

T —> KKmtv,

i) b)

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

i=1 i=1

Both axial-vector and vector current

-

c)

f)
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Form factors in three meson t decays

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

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

Fy, = £(FX+FY+ F™), i=1.2 F(Q% s,t) = (@ t, )
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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
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Form factors in three meson t decays

T —> ATV,

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

T —> ATV,

Gomez-Dumm, Roig, Pich, Portolés ‘09

I'a 1(Q2) : ) R >< ><

[, (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

T —> ATV,

Gomez-Dumm, Roig, Pich, Portolés ‘09

I'a 1(Q2) : ) R >< ><

[, (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 {3,
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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%/(4m)?; yPT: (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)?; yPT: (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?/(4m)?; yPT: (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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Pablo Roig (IFAE, Barcelona)

Discussion on the errors

*g(1/N,) = 1/3?
e 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

- VMD; \ v PQ
Fpo(s) = F¥MP(s) exp g_xjf},}JjGG QF?m Apg(s)

MZ
_Iln_!r.:;1 — & — .."_'1_“']__'1' [‘:]
In this way (exponentiation of Re A,(s)) unitarity is violated at O(p°®), i.e. NNLO

F(s)VMD _

— ——

: M2
Fy(s) = -
_'1|I||__ |:].+T]la- HI"I'J-:’.:-;I’JJ:!';._—IH:!'J”".][ ]i|
Alternatively:
— PO o P _ PQ . -
Exact Unitarity 07%(s) = Im [F '[*]} / Re [Fr (s }'}

3 Bt W e

PG 9 8 0 (s
Fy "'Jl[:::) = exXp { @15 + ass” + — ds’ =7 —
- T S sMs" — s — 1g)

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%).
*SU(3) breaking terms in the Lagrangian.

*Spin zero resonance contributions.

*Excited resonance contribution in KKnt channels.

* Complete O(p®) xPT, i.e. NNLO, in ww channels.
*SU(2) breaking in ©r 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 KKnt channels.
* Complete O(p®) xPT, i.e. NNLO, in ww channels.
*SU(2) breaking in ©r channels.

*Some important remaining modes: nnnw, K=, ...

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



Discussion on the errors
« 5(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. (nnn)

*Excited resonance contribution in KKm channels.
* Complete O(p®) xPT, i.e. NNLO, in ww channels.
*SU(2) breaking in ©r channels.

*Some important remaining modes: ntnnn, Knw, SFF in Kmt ...
Jamin, Oller, Pich ‘01,06

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

*g(1/N,) = 1/3?

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

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

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

Eur.P :401-412,2008

» *Spin zero resonance contributions. (nnm)

» *Excited resonance contribution in KKwt channels.

Bijnens, Colangelo, Talavera

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

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

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

» *Remaining two meson modes: tn¢),Kn¢)
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Ongoing/Futuredimnrovements

Let’s hope we
can make it and
d iscuss it T e T s e 'A’A:’“i

eIo, Talaera
4,1998

r, Neufeld

5:361-370,2001
08:002,2002

*Some importa er, Pich ‘01,06

*Remaining two mesot
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