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Outline

e xPT in the presence of an external tensor source
@ Tensor currents in QCD
@ Higher order terms
@ Reduction of the basis

9 Two point correlators (Preliminary)
@ Definitions
@ OPE vs Large-N¢

e Radiative pion decay
@ Beyond SM interactions
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

YPT formalism [Gasser & Leutwyler'84-85]

4 In the limit of zero quark masses (chiral limit), the QCD Lagrangian exhibits
a G = SU(n¢)L ® SU(n¢)r chiral symmetry
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

YPT formalism [Gasser & Leutwyler'84-85]

4 In the limit of zero quark masses (chiral limit), the QCD Lagrangian exhibits
a G = SU(n¢)L ® SU(n¢)r chiral symmetry

4 But QCD suffers spontaneous chiral symmetry breaking (SCSB)
G = SU(nf)L X SU(nf)R — SU(nf)v =H

4 Appearance in the spectrum of 8 massless bosons : «, K and n
4 Goldstone fields collected in a SU(3) matrix

.¢(x)}
u(x) = expli—=|,
() P [ V2F
e T K
d(x) = ™

K- —0

KO
K —\/gﬂs
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

YPT formalism [Gasser & Leutwyler'84-85]

4 In the limit of zero quark masses (chiral limit), the QCD Lagrangian exhibits
a G = SU(n¢)L ® SU(n¢)r chiral symmetry

4 But QCD suffers spontaneous chiral symmetry breaking (SCSB)

G = SU(nf)L X SU(nf)R — SU(nf)v =H

4 Appearance in the spectrum of 8 massless bosons : «, K and n
4 Goldstone fields collected in a SU(3) matrix

.¢(x)}
u(x) = expli—=|,
) P [ V2F
%wo+%ng 7t K+
o(x) = ™ —ﬁﬂ'o‘i‘%na
K- 0

K
K —\/gﬂs
transformmg under G as u

= h(g,x)u(x) g}
h(g,x) € H is the compensatmgfg %) (@.2)utx)g

R
~ FrdA
4 Useful to define U(x) = u(x)? transforming as U(x) — gr U(x) g/ ’
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xPT in the presence of an external tensor source 2nsor ntsin QCD
ler terms
uction of the basis

External field method [Leutwyler (1993)]

a

VEK) =300 % atx) s ALX) =0) 5 5900

S%(x) = a(x) A*a(x), P(x) =ig(x) A*sq(x),
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xPT in the presence of an external tensor source Tensor currents in QCD
ler terms
uction of the basis

External field method [Leutwyler (1993)]

a

VEK) =300 % atx) s ALX) =0) 5 5900

a

S%(x) = a(x) A*a(x), P(x) =ig(x) A*sq(x), TSI/(X):q(X)%UMVq(X)v

Extended QCD Lagrangian

L"QCD = L"%CD + Lext,
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

External field method [Leutwyler (1993)]

a

VEK) =300 % atx) s ALX) =0) 5 5900

a

S%(x) = a(x) A*a(x), P(x) =ig(x) A*sq(x), TSV(X):@(X)%UWQ(X%

Extended QCD Lagrangian

Locp = L%CD + Lext
Lex = Guu(v" +ysa)g — q(s —ivsp)a
= GryeraL + Qe f”dr — Gr(s +ip)aL — qu(s +ip)ar,
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

External field method [Leutwyler (1993)]

a

VEK) =300 % atx) s ALX) =0) 5 5900

S%(x) = a(x) A*a(x), P(x) =iq(x) A sa(x), T, (x) :ﬁ(x)/\jUWQ(X%

-

Extended QCD Lagrangian
Locp = LOQCD + Lext,
Lext = G’Yu(V” + ’YSa'u)q - q(s_i'YS p)q
= OryprdL + Guypf’dr — Gr(S +ip)dL — Gu(s +ip)dr,

|

building blocks X — h(g, ®)X h (g, ®)! [Ecker, Gasser, Pich & de

Rafael'89]

U, = i{uT(au—iru)u—u(au—ifu)uf} =iufD Uuf,
hwj = Vy,uy aF vuuu y

i = uFMut £ utFi¥u,

x+ = ufxut £uxfu.
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Resonances chiral theory (RxT) basics

RxT lagrangian [Ecker et al'89]
ta= Y {Lh+ Lh(s=1) + Lh(s=0) + £h}

R=V,AS,P
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xPT in the presence of an external tensor source Tensor currents in QCD
Highe r
Reduction of the basis

Resonances chiral theory (RxT) basics

RxT lagrangian [Ecker et al'89]

ER - Z {E kin |nt(s = 1) 4 Llnt(s = ) 4 Llnt
R=V,A,S,P
l:V v I(SV 7 7
Lin(s=1 V1 Vo [u, u’ A fH
,Cim(s = O) = Cq <SU“U“> + Cm <SX+> + |dm <PX7>
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Resonances chiral theory (RxT) basics

RxT lagrangian [Ecker et al'89]

te= 3 {Lh+ Lh(s=1) + Lhis=0) + £
R=V,AS,P
FV |G\/
Lin(s =1 = Vv, Yy 2 22 v [uf u A fH
Lin(s =0) = ¢4 (SUuU”) + m (Sx+) +idm (Px-)

The role of RxT: the missing link

QCD

{ E << M, = chiral symmetry xPT
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Resonances chiral theory (RxT) basics

RxT lagrangian [Ecker et al'89]

te= 3 {Lh+ Lh(s=1) + Lhis=0) + £
R=V,AS,P
FV |G\/
Lin(s =1 = Vv, Yy 2 22 v [uf u A fH
Lin(s =0) = ¢4 (SUuU”) + m (Sx+) +idm (Px-)

The role of RxT: the missing link

E << M, = chiral symmetry xPT
QCD E ~M, = large Nc ~» RxT { link between the two regimes!
E >> M, = perturbative QCD, OPE, asymptotic behaviours

~» Minimal hadronical ansétze — truncation co resonances (modelization)
~ Matching OPE < RyT (saturation) — determination of y LEC's F |aﬂA
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Outline

o xPT in the presence of an external tensor source
@ Tensor currents in QCD
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Transformation properties [O. Cata & V.M. '07]

a
We define i = 322 | = %4”. Due to the identity o s = L " "oy,

a=0 2
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Transformation properties [O. Cata & V.M. '07]

We define t* = 38 | ; t4”. Due to the identity " v5 = 5" a5,
Gow a4 = GLo™t],or + Gro™ twar,
T = pEAr, 4 P
= PIE, ~ O(p?),
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Transformation properties [O. Cata & V.M. '07]

a
We define t* = 38 | - 1. Due to the identity " 5 = Ler2P o5y,
Gow a4 = GLo™t],or + Gro™ twar,
= P, + PR,
= PEYE, ~O(pY),
PLr are chirality projectors P4** = L(grrgve — gvAghe 4 iemve),
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Transformation properties [O. Cata & V.M. '07]

a

We define t* = 38 | ol t4”. Due to the identity " v5 = 5" a5,
Gow a4 = GLo™t],or + Gro™ twar,
o= R, 4R,
= PIE, ~ O(p?),

PLr are chirality projectors P4** = L(grrgve — gvAghe 4 iemve),
>

Transformation properties and new building block

Ortuw g  G(x)
ty = 1l P ;
_t,u,l/ Q
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Higher order terms
Reduction of the basis

Transformation properties [O. Cata & V.M. '07]
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We define t* = 38 | ol t4”. Due to the identity " v5 = 5" a5,
Gow a4 = GLo™t],or + Gro™ twar,
o= R, 4R,
= PIE, ~ O(p?),
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>
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Transformation properties [O. Cata & V.M. '07]

a

We define t* = 38 | ol t4”. Due to the identity " v5 = 5" a5,
Gow a4 = GLo™t],or + Gro™ twar,
o= R, 4R,
= PIE, ~ O(p?),

PLr are chirality projectors P4** = L(grrgve — gvAghe 4 iemve),
>

Transformation properties and new building block

ORtuwg]  G(x)

ty = 1l P ;
_t,u,l/ Q
= uftul £ o) u,
Tricky relation among tensors : .
_ _ i A
WA, =0, L S U, =

\
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Lowest order Lagrangians of Y\PT and Ry T
Lagrangians [O. Cata & V.M.'07; Ecker & Zauner'07]
Lay = M fu) — M U) + ALY + Ag(th”)?,
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Lowest order Lagrangians of Y\PT and Ry T
Lagrangians [O. Cata & V.M.'07; Ecker & Zauner'07]
Ly = METw) — A u) + AEED) + A(th)2,
LoVATT)] = V2R my (Vo td” )
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Lowest order Lagrangians of Y\PT and Ry T
Lagrangians [O. Cata & V.M.'07; Ecker & Zauner'07]
A frun) — A UU) + AS(EEVE) + Aa(th”)?,

Lay =
LoVEATT)] = V2Ryrmy (Mt )
LZ[B(1+7)] = | \/EFBT mB<Buutﬁu> + —— <Bp,uf+a6> E‘waﬂ

+ 2 (B g o,
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Lowest order Lagrangians of Y\PT and Ry T
Lagrangians [O. Cata & V.M.'07; Ecker & Zauner'07]
A frun) — A UU) + AS(EEVE) + Aa(th”)?,

Lay =
LoVEATT)] = V2Ryrmy (Mt )
LZ[B(1+7)] = | \/EFBT mB<Buutﬁu> + —— <Bp,uf+a6> E‘waﬂ

+ 2 (B g o,

Upon functional integration and defining \j = A; — A

FyF FgF 2Fy1Gy 4Gy G
vivr _ofeFer \ _ 2PviGv | 46vGs )‘3:2<F§_F\§T>v

A= —
my mg my Mg
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Lowest order Lagrangians of Y\PT and Ry T
Lagrangians [O. Cata & V.M.'07; Ecker & Zauner'07]
A frun) — A UU) + AS(EEVE) + Aa(th”)?,

Lay =
LoVEATT)] = V2Ryrmy (Mt )
LZ[B(1+7)] = | \/EFBT mB<Buutﬁu> + —— <Bp,uf+a6> E‘waﬂ

Upon functional integration and defining \j = A; — A

FyF FgF 2Fy1Gy 4Gy G
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A= — ,
my mg my mg
© Matchingto OPE (VT) Ay = —Ror —= _Bef
Portolés’07]
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Lowest order Lagrangians of Y\PT and Ry T
Lagrangians [O. Cata & V.M.'07; Ecker & Zauner'07]
A frun) — A UU) + AS(EEVE) + Aa(th”)?,

Lay =
LoVEATT)] = V2Ryrmy (Mt )
LZ[B(1+7)] = | \/EFBT mB<Buutﬁu> + —— <Bp,uf+a6> E‘waﬂ

+ 2 (B g o,

Upon functional integration and defining \j = A; — A

FyF FgF 2Fy1Gy 4Gy G
vivr _ofeFer \ _ 2PviGv | 46vGs )‘3:2<F§_F\§T>v

A= — ,
my mg my mg
© Matchingto OPE (VT) Ay = —Ror —= _Bef
Portolés’07]

@ t" has anomalous dimension. One can define bot** which has not.
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Lowest order Lagrangians of Y\PT and Ry T
Lagrangians [O. Cata & V.M.'07; Ecker & Zauner'07]
A frun) — A UU) + AS(EEVE) + Aa(th”)?,

Lay =
LoVEATT)] = V2Ryrmy (Mt )
LZ[B(1+7)] = | \/EFBT mB<Buutﬁu> + —— <Bp,uf+a6> E‘waﬂ

+ 2 (B g o,

Upon functional integration and defining \j = A; — A

FyF FgF 2Fy1Gy 4Gy G
vivr _ofeFer \ _ 2PviGv | 46vGs )‘3:2<F§_F\§T>v

A= — ,
my mg my mg
© Matchingto OPE (VT) Ay = —Ror —= _Bef
Portolés’07]

@ t" has anomalous dimension. One can define bot** which has not.
© To avoid resonance contributions in L2) we impose t** ~ O(p?) F |aﬂA
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Lowest order Lagrangians of Y\PT and Ry T
Lagrangians [O. Cata & V.M.'07; Ecker & Zauner'07]

Lay = ME ) — At ) + AEEEL) + Aa(ty”)?,
LoVEATT)] = V2Ryrmy (Mt )
LZ[B(1+7)] = | \/EFBT mB<Buutﬁu> + —— <Bp,uf+a6> E‘waﬂ

+ 2 (B g o,

Upon functional integration and defining \j = A; — A

FyF FgF 2Fy1Gy | 4GyrG
Alz_VVT_ZBBT’)\ZZ Vb VT B7 )‘3:2<F§_F\§T>v
My Mg my Mg
; FyF « _ BoF
© Matching to OPE (VT) A= —Bbr - B
Portolés’07]

@ t" has anomalous dimension. One can define bot** which has not.

© To avoid resonance contributions in L) we impose t"” ~ O(p?) F |aﬂA
© Ssince there is no tensor term in £z no universal definition for bo
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Outline

o xPT in the presence of an external tensor source

@ Higher order terms
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Terms appearing at O(p°®)

General form of the terms

tuwtfuau®;  t Py tuthx;  tuwxutu?; t;wf”pf‘;; tuyt”ph“p;
tuh?Pupub;  ty,, h#ehy tutvPth; tufH7uqu®;  tHYx Uy, tuthPty
Vot VPRV, hiafy o Ntk Vo, Vptu h#Pu?;  VEL,, f7Puy;

Vat* Ut UgUluP Uy
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Terms appearing at O(p°®)

General form of the terms

tuwtfuau®;  t Py tuthx;  tuwxutu?; t;wf”pf‘;; tuyt”ph“p;
tuh?Pupub;  ty,, h#ehy tutvPth; tufH7uqu®;  tHYx Uy, tuthPty
Vot VPRV, hiafy o Ntk Vo, Vptu h#Pu?;  VEL,, f7Puy;

Vat* Ut UgUluP Uy

@ Since we can write e#**# = 2i (P{”’"’B - PF‘;"“’B) we have

af :
Cuzlaﬁti =-2i tZF/U/ 5
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Terms appearing at O(p°®)

General form of the terms

tuwtfuau®;  t Py tuthx;  tuwxutu?; t;wf”pf‘;; tuyt”ph“p;
tuh?Pupub;  ty,, h#ehy tutvPth; tufH7uqu®;  tHYx Uy, tuthPty
Vot VPRV, hiafy o Ntk Vo, Vptu h#Pu?;  VEL,, f7Puy;

Vat* Ut UgUluP Uy

@ Since we can write e#**# = 2i (P{”’"’B - PF‘;"“’B) we have

af :
Cuzlaﬁti =-2i tZF/U/ 5

@ And due to the Showten identity
gpweuvaﬁ _ gpuewaﬁ _ gpvewaﬁ _ gpaeuwﬁ _ gpﬁewaw =0 we have

Cuun[ftlgmyBA,Uaﬁ =3i tq:zyHByUaG 5
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Terms appearing at O(p°®)

General form of the terms

tuwtfuau®;  t Py tuthx;  tuwxutu?; t;wf”pf‘;; tuyt”ph“p;
tuh?Pupub;  ty,, h#ehy tutvPth; tufH7uqu®;  tHYx Uy, tuthPty
Vot VPRV, hiafy o Ntk Vo, Vptu h#Pu?;  VEL,, f7Puy;

Vat* Ut UgUluP Uy

@ Since we can write e#**# = 2i (P{”’"’B - PF‘;"“’B) we have

af :
C;Lz/aﬁti =-2i tZF/U/ 5

@ And due to the Showten identity
gpweuvaﬁ _ gpuewaﬁ _ gpvewaﬁ _ gpaeuwﬁ _ gpﬁewaw =0 we have

Cuun[ftlgmyBA,Uaﬁ =3i tIzyHBuUQB 5

So there is no genuine odd-intrinsic parity sector up to the O(p®) order. |—_Iavi A
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Outline

o xPT in the presence of an external tensor source

@ Reduction of the basis
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xPT in the presence of an external tensor source
Higher order terms
Reduction of the basis

Reduction techniques [Bijnens et al '99]
@ Partial integration (V,, A) B = —A(V,, B) leave the action invariant
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Reduction techniques [Bijnens et al '99]
@ Partial integration (V,, A) B = —A(V,, B) leave the action invariant

@ Lowest order equations of motion V,u* = %(% - X—)
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Reduction techniques [Bijnens et al '99]
@ Partial integration (V,, A) B = —A(V,, B) leave the action invariant

@ Lowest order equations of motion V,u* = %(M — X—)

N
© Bianchi identity _
v‘uf-H/a + vl/f+au + vaf-huV = IE ([f—MU7 ua] + [f—ua7 u,u] + [f—a‘ug uu])
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xPT in the presence of an external tensor source Tensor ntsin QCD
Higher order terms
Reduction of the basis

Reduction techniques [Bijnens et al '99]
@ Partial integration (V,, A) B = —A(V,, B) leave the action invariant

@ Lowest order equations of motion V,u* = %(M — X—)

Nt
© Bianchi identity _
v‘uf-H/a + vl/f+au + vaf-huV = IE ([f—MU7 ua] + [f—ua7 u,u,] + [f—a‘ug uu])

@ !Isolation of contact terms

FlaviA

Vicent Mateu Chiral Perturbation theory with tensor sources



xPT in the presence of an external tensor source Tensor ntsin QCD
Higher order terms
Reduction of the basis

Reduction techniques [Bijnens et al '99]
@ Partial integration (V,, A) B = —A(V,, B) leave the action invariant

@ Lowest order equations of motion V,u* = %(M — X—)

Nt
© Bianchi identity _
v‘uf-H/a + vl/f+au + vaf-huV = IE ([f—MU7 ua] + [f—ua7 u,u] + [f—a‘ug uu])

@ !Isolation of contact terms
© For two and three flavours, Cayley-Hamilton relations
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Reduction techniques [Bijnens et al '99]
@ Partial integration (V,, A) B = —A(V,, B) leave the action invariant

@ Lowest order equations of motion V,u* = %(M — X—)

N¢
© Bianchi identity
Vitiva + Vifrap + Vatiw = 5 ([, Ua] + [f-va, U] + [fap, u])
@ !Isolation of contact terms
© For two and three flavours, Cayley-Hamilton relations

¢ Caveat!!!! Ref. [Haefeli, Ivanov, Schmid and Ecker (2007)] the
steps described above do not ensure the minimality of the basis.
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Reduction techniques [Bijnens et al '99]
@ Partial integration (V,, A) B = —A(V,, B) leave the action invariant

@ Lowest order equations of motion V,u* = %(M — X—)

N
© Bianchi identity _
v‘uf-H/a + vl/f+au + vaf-huV = IE ([f—MU7 ua] + [f—ua7 u,u] + [f—a‘ug uu])

Q Isolation of contact terms

© For two and three flavours, Cayley-Hamilton relations
¢ Caveat!!!! Ref. [Haefeli, Ivanov, Schmid and Ecker (2007)] the
steps described above do not ensure the minimality of the basis.

4 Unfortunately they did not provide a systematic method to find a non
redundant set of operators.
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xPT in the presence of an external tensor source Tensor currents in QCD
Higher order terms
Reduction of the basis

Reduction techniques [Bijnens et al '99]
@ Partial integration (V,, A) B = —A(V,, B) leave the action invariant

© Lowest order equations of motion V,u* = z (% — X—)
© Bianchi identity
Vitiva + Vifrap + Vatiw = 5 ([, Ua] + [f-va, U] + [fap, u])
@ !Isolation of contact terms
© For two and three flavours, Cayley-Hamilton relations

¢ Caveat!!!! Ref. [Haefeli, Ivanov, Schmid and Ecker (2007)] the
steps described above do not ensure the minimality of the basis.

4 Unfortunately they did not provide a systematic method to find a non
redundant set of operators.
4 We believe our basis does not have further simplifications.
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xPT in the presence of an external tensor source Tensor ntsin QCD
Higher order terms
Reduction of the basis

Reduction techniques [Bijnens et al '99]
@ Partial integration (V,, A) B = —A(V,, B) leave the action invariant

© Lowest order equations of motion V,u* = z (% — X—)
© Bianchi identity
Vitiva + Vifrap + Vatiw = 5 ([, Ua] + [f-va, U] + [fap, u])
@ !Isolation of contact terms
© For two and three flavours, Cayley-Hamilton relations

¢ Caveat!!!! Ref. [Haefeli, Ivanov, Schmid and Ecker (2007)] the
steps described above do not ensure the minimality of the basis.

4 Unfortunately they did not provide a systematic method to find a non
redundant set of operators.
4 We believe our basis does not have further simplifications.
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e Two point correlators (Preliminary)
@ Definitions
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
s Large-N¢

Definitions [O. Cata & V.M. work in prep.]

Two point Green functions :

()& @=1 [ Pxe (o]T {VaVE(O)}|0) =5 (@ - g ) (@),
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
s Large-N¢

Definitions [O. Cata & V.M. work in prep.]

Two point Green functions :
()& @=1 [ Pxe (o]T {VaVE(O)}|0) =5 (@ - g ) (@),

(Mvr)ils, (Q):i/dDX e (0|T {VE2)TE,(0)}] 0) =is®(a?g™ — a*g)Nvr (4?),
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
s Large-N¢

Definitions [O. Cata & V.M. work in prep.]

Two point Green functions :
()& @=1 [ Pxe (o]T {VaVE(O)}|0) =5 (@ - g ) (@),
(M), (@=1 [ Pxe (0T {vaeaTE, )} 0) =ie(@g™ - 479" )ur (a2),

(M), (@)= |/de e (0|1 {T2,00T24(0)}0) =% [N (2R + 19 (62)Quvias]
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
s Large-N¢

Definitions [O. Cata & V.M. work in prep.]

Two point Green functions :
()& @=1 [ Pxe (o]T {VaVE(O)}|0) =5 (@ - g ) (@),
(M), (@=1 [ Pxe (0T {vaeaTE, )} 0) =ie(@g™ - 479" )ur (a2),
(M) 0 (@)= [ Px e (O[T {T2,60T25(0)}0) =% [N (@2)R i + N (6)Quvirs]
Longitudinal and transversal projectors :

Qmieh = grglg”* +9vq*g"? —g”q®g"? — qvq’gre,
RHviaB _Euwpaaﬁwgawqpq_r —_ Qw:aﬁ 4 q2 (guagVﬁ _ guﬁgm) .
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
s Large-N¢

Definitions [O. Cata & V.M. work in prep.]

Two point Green functions :
()& @=1 [ Pxe (o]T {VaVE(O)}|0) =5 (@ - g ) (@),
(M), (@=1 [ Pxe (0T {vaeaTE, )} 0) =ie(@g™ - 479" )ur (a2),
(M) 0 (@)= [ Px e (O[T {T2,60T25(0)}0) =% [N (@2)R i + N (6)Quvirs]
Longitudinal and transversal projectors :

Qmieh = grglg”* +9vq*g"? —g”q®g"? — qvq’gre,
RHviaB _Euwpaaﬁwgawqpq_r —_ Qw:aﬁ 4 q2 (guagVﬁ _ guﬁgm) .

M4 (g?) = N%(g?) — N (g?) is an order parameter of the chiral symmetry
breaking : no perturbative term in the chiral limit [Craigie & Stern'82]
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
s Large-N¢

Definitions [O. Cata & V.M. work in prep.]

Two point Green functions :
()& @=1 [ Pxe (o]T {VaVE(O)}|0) =5 (@ - g ) (@),
(M), (@=1 [ Pxe (0T {vaeaTE, )} 0) =ie(@g™ - 479" )ur (a2),
(M) 0 (@)= [ Px e (O[T {T2,60T25(0)}0) =% [N (@2)R i + N (6)Quvirs]
Longitudinal and transversal projectors :

Qmieh = grglg”* +9vq*g"? —g”q®g"? — qvq’gre,
RHviaB _Euwpaaﬁwgawqpq_r —_ Qw:aﬁ 4 q2 (guagVﬁ _ guﬁgm) .

M4 (g?) = N%(g?) — N (g?) is an order parameter of the chiral symmetry
breaking : no perturbative term in the chiral limit [Craigie & Stern'82]
FlaviA
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e Two point correlators (Preliminary)

@ OPE vs Large-N¢
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Definitions
OPE vs Large-N¢

Two point correlators (Preliminary)

OPE vs Large-Nc¢
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Two point correlators (Preliminary) ggllfm\i::j;ge N
-INC

OPE vs Large-Nc¢

N 1 —q? 5 1 (asGH*G,.)
MOPE (g2} — C |2 _jogf 290 ) L2 4 eSS 0um)
w (@) 2472 | & °9 w2 + 3 + 247 g4 ’
P D0, GHY 1)
I'IS?E(qZ) _ <q2> + %S< Hq4 ) 7
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
-INC

OPE vs Large-Nc¢

Ne [1 —2\ 5| 1 (asG*G)
MOPE(g2) — Nc |1 _joq( 297 2| 4 L (asGCHGuw)
w (@) 2472 | & °9 w2 + 3 + 247 g4 ’
opE 2y (DY) | gs (Yo, GHVep)
Nyr-(a%) = 9 + 3 e )
Ne [1 g2 2] 1 _
nR»Q OPE (42 — C Z “c G& GHva 6
(N57)°75 (a%) 282 |2 79\ 22 ) T 3| T eang (oG}, GM?) +0(a7°),
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
-INC

OPE vs Large-N¢

e = g1 (5 e e
nore(e?) = <1§Z}> +g§s<1["’u'£” w>7
(M@ = 1 s <_u_q?2> ’ % + gt (965,6") + 0@,
(NF)°PE(@?) = —q—leggcp %?2 [Craigie amd Stern (1982)]
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
-INC

OPE vs Large-Nc¢

e = g1 (5 e e
ngre@@®) = <iZ}> + %s @"ua?””w) 7
(NRQ)OPE (g2) = 42;2 % —log <_u—cf> + g + 64—71rq4 (aG2,GH2) + 0(q~9),
(MH)°FE(@®) =~ —q—legSZCF @?2 [Craigie and Stern (1982)]

Saturation with an infinite spectrum in the large-N¢

oo E2
, n t) = $7
an q2+m2 W() ;_q2+m2
F Myn > (F )2
M t) = Vn77 nR 2y _ )
v (1) ;fn_qz_i_m\zm Tr(a%) ; g2+ m2, '_A
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
-INC

Main results

@ Matching for (VV) and (TT) the parton log, fixes for highly excited
resonances the following quantities :

2 T 2 2
lim (FV") . lim (M) . lim (ﬁ) ~Lime=toior?
n—oo \ Myp n—oo \ Mynp n—oo \ Mpgp N n—oo 2
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Two point correlators (Preliminary) OPE vs Large-N
-INC

Main results

@ Matching for (VV) and (TT) the parton log, fixes for highly excited
resonances the following quantities :

2 T 2 2
lim (FV") . lim (M) . lim (ﬁ) ~Lime=toior?
n—oo \ Myp n—oo \ Mynp n—oo \ Mpgp N n—oo 2

@ ¢ parameter recently computed on the lattice for the p(770) meson :
&, = 0.72(2) to compare with (.o = 0.71
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Main results

@ Matching for (VV) and (TT) the parton log, fixes for highly excited
resonances the following quantities :

2 T 2 2
lim (FV") . lim (M) . lim (ﬁ) ~Lime=toior?
n—oo \ Myp n—oo \ Mynp n—oo \ Mpgp N n—oo 2

@ ¢ parameter recently computed on the lattice for the p(770) meson :
&, = 0.72(2) to compare with (.o = 0.71

@ Matching for (VT) yields limy o0 & ~ (—1)".
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
-INC

Main results

@ Matching for (VV) and (TT) the parton log, fixes for highly excited
resonances the following quantities :

2 T 2 2
lim (FV") . lim (M) . lim (ﬁ) ~Lime=toior?
n—oo \ Myp n—oo \ Mynp n—oo \ Mpgp N n—oo 2

@ ¢ parameter recently computed on the lattice for the p(770) meson :
&, = 0.72(2) to compare with (.o = 0.71

@ Matching for (VT) yields limy o0 & ~ (—1)".

@ The last two results are theorems in the large-Nc, no model
dependence.
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
-INC

Main results

@ Matching for (VV) and (TT) the parton log, fixes for highly excited
resonances the following quantities :

2 T 2 2
lim (FV") . lim (M) . lim (ﬁ) ~Lime=toior?
n—oo \ Myp n—oo \ Mynp n—oo \ Mpgp N n—oo 2

@ ¢ parameter recently computed on the lattice for the p(770) meson :
&, = 0.72(2) to compare with (.o = 0.71

@ Matching for (VT) yields limy o0 & ~ (—1)".

@ The last two results are theorems in the large-Nc, no model
dependence.

@ We believe that the sign alternation holds even for low n (supported by

sumrules).
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Definitions

Two point correlators (Preliminary) OPE vs Large-N
-INC

Main results

Matching for (VV) and (TT) the parton log, fixes for highly excited
resonances the following quantities :

2 T 2 2
lim (FV") . lim (M) . lim (ﬁ) ~Lime=toior?
n—oo \ Myp n—oo \ Mynp n—oo \ Mpgp N n—oo 2

@ ¢ parameter recently computed on the lattice for the p(770) meson :
&, = 0.72(2) to compare with (.o = 0.71

@ Matching for (VT) yields limy o0 & ~ (—1)".

@ The last two results are theorems in the large-Nc, no model
dependence.

@ We believe that the sign alternation holds even for low n (supported by
sumrules).

@ Comparison with lattice suggests that &, does not depend on n as I_— .
happens with Regge models. ,laﬂA
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Beyond SM interactions
Radiative pion decay

Outline

e Radiative pion decay
@ Beyond SM interactions
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Beyond SM interactions
Radiative pion decay

Putative tensor interaction

@ Amplitude 7t (r) — etwe y(p) splitinto M(mt — £Tv,v) = Mig + Msp
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Beyond SM interactions
Radiative pion decay

Putative tensor interaction

@ Amplitude 7t (r) — etwe y(p) splitinto M(mt — £Tv,v) = Mig + Msp
@ Discrepancies theory < experiment = interaction beyond SM

Ly :_G_\/;Vud Fr[Gowysal [£o™ (1 —s)ve] .
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Beyond SM interactions
Radiative pion decay

Putative tensor interaction

@ Amplitude 7t (r) — etwe y(p) splitinto M(mt — £Tv,v) = Mig + Msp
@ Discrepancies theory < experiment = interaction beyond SM

Ly :_G_\/;Vud Fr[Gowysal [£o™ (1 —s)ve] .

@ Upon hadronization gives two form factors only the first one considered for
RPD phenomenology

_ e
<'Y [Uouy vysd| 7"7> = - 5 fr (qz) (Puev — Prep)

e
T2 gr(@®) [e-a(p"a” —p“a*) +q-p(a’e” —q”e)],

FlaviA

Vicent Mateu Chiral Perturbation theory with tensor sources



Beyond SM interactions
Radiative pion decay

Putative tensor interaction

@ Amplitude 7t (r) — etwe y(p) splitinto M(mt — £Tv,v) = Mig + Msp
@ Discrepancies theory < experiment = interaction beyond SM

Ly :_G_\/;Vud Fr[Gowysal [£o™ (1 —s)ve] .

@ Upon hadronization gives two form factors only the first one considered for
RPD phenomenology

_ e
(vllopysdn™) = — 5 fr(a?) (Puev — Pren)
e
T2 gr(@®) [e-a(p"a” —p“a*) +q-p(a’e” —q”e)],

@ Can be determined with RxT and OPE matching.
[V.M. & J. Portolés arXiv:0705.2948 [hep-ph]]
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Beyond SM interactions
Radiative pion decay

Putative tensor interaction

@ Amplitude 7t (r) — etwe y(p) splitinto M(mt — £Tv,v) = Mig + Msp

@ Discrepancies theory < experiment = interaction beyond SM

Ly :_G_\/;Vud Fr[Gowysal [£o™ (1 —s)ve] .

@ Upon hadronization gives two form factors only the first one considered for
RPD phenomenology

_ e
(vllopysdn™) = — 5 fr(a?) (Puev — Pren)
e
T2 gr(@®) [e-a(p"a” —p“a*) +q-p(a’e” —q”e)],

@ Can be determined with RxT and OPE matching.
[V.M. & J. Portolés arXiv:0705.2948 [hep-ph]]

2V2BgF
@ At zero momentum transfer: | f{(0) = ————— ~ 0.24+0.04 i
ero momentum transfer : | fr (0) % + FJaﬂA
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Beyond SM interactions
Radiative pion decay

Hadronic determination

@ Two types of contributions. We need the odd-intrinsic sector VVP for
the second one [Ruiz-Femenia, Portolés & Pich’03]

s s
.

S @:{7/[/
[

L
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Beyond SM interactions
Radiative pion decay

Hadronic determination

@ Two types of contributions. We need the odd-intrinsic sector VVP for
the second one [Ruiz-Femenia, Portolés & Pich’03]

s s
.

S @:{7/[/
[

L

@ After demanding smooth behaviour at large g2 (Brodsky-Lepage) both
form factors completely determined

2V2Fyr By My

2 —
fT(q ) - 3F M\z/ — q2 ’
fr(a?)
2y _  _Hk
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Beyond SM interactions
Radiative pion decay

Hadronic determination

@ Two types of contributions. We need the odd-intrinsic sector VVP for
the second one [Ruiz-Femenia, Portolés & Pich’03]

s s
.

S @:{7/[/
[

L

@ After demanding smooth behaviour at large g2 (Brodsky-Lepage) both
form factors completely determined

2V2Fyr By My

2 —
fT(q ) - 3F M\z/ — q2 ’
fr(a?)
2y _  _Hk

@ Determination of New Physics coupling‘ Fr=(1+14)x 107" ‘
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Beyond SM interactions
Radiative pion decay

Hadronic determination

@ Two types of contributions. We need the odd-intrinsic sector VVP for
the second one [Ruiz-Femenia, Portolés & Pich’03]

s s
.

S @:{7/[/
[

L

@ After demanding smooth behaviour at large g2 (Brodsky-Lepage) both
form factors completely determined

2V2Fyr By My

2 —
fT(q ) - 3F M\z/ — q2 ’
fr(a?)
2y _  _Hk

@ Determination of New Physics coupling‘ Fr=(1+14)x 107" ‘

@ Compatible with zero and its order of magnitude is compatible with F |aﬂA
that dictated by SUSY e
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Beyond SM interactions
Radiative pion decay

Conclusions

@ We have built the most general Lagrangian invariant under chiral and
discrete symmetries up to the p® order with tensor sources
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Conclusions

@ We have built the most general Lagrangian invariant under chiral and
discrete symmetries up to the p® order with tensor sources

@ The standard procedure to reduce the basis has been followed
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Beyond SM interactions
Radiative pion decay

Conclusions

@ We have built the most general Lagrangian invariant under chiral and
discrete symmetries up to the p® order with tensor sources

@ The standard procedure to reduce the basis has been followed

@ However it seems that this is not enough to ensure minimality!
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Beyond SM interactions
Radiative pion decay

Conclusions

@ We have built the most general Lagrangian invariant under chiral and
discrete symmetries up to the p® order with tensor sources

@ The standard procedure to reduce the basis has been followed
@ However it seems that this is not enough to ensure minimality!

@ The chiral dimension of the tensor source assigned by consistency
arguments
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Beyond SM interactions
Radiative pion decay

Conclusions

@ We have built the most general Lagrangian invariant under chiral and
discrete symmetries up to the p® order with tensor sources

@ The standard procedure to reduce the basis has been followed
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discrete symmetries up to the p® order with tensor sources

@ The standard procedure to reduce the basis has been followed
@ However it seems that this is not enough to ensure minimality!

@ The chiral dimension of the tensor source assigned by consistency
arguments

@ Tensor currents encode valuable information concerning vector mesons
and b, mesons

@ Together with large-N¢ we find a sign alternation in the tensor decay
constant

@ Formalism has proven to be very useful for disentangling queries about

the SM %ﬂA
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