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� Appearance in the spectrum of 8 massless bosons : π, K and η
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@
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2
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C
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A
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transforming under G as u(x) → gL u(x) h−1(g, x) = h(g, x) u(x) g†
R

h(g, x) ∈ H is the compensating field
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transforming under G as u(x) → gL u(x) h−1(g, x) = h(g, x) u(x) g†
R

h(g, x) ∈ H is the compensating field

� Useful to define U(x) = u(x)2 transforming as U(x) → gR U(x) g†
L
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External field method [Leutwyler (1993)]

QCD currents

V a
µ(x) = q̄(x)

λa

2
γµq(x) , Aa

µ(x) = q̄(x)
λa

2
γµγ5q(x) ,

Sa(x) = q̄(x) λa q(x) , Pa(x) = i q̄(x) λa γ5q(x),
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Extended QCD Lagrangian

LQCD = L0
QCD + Lext ,
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Extended QCD Lagrangian

LQCD = L0
QCD + Lext ,

Lext = q̄ γµ(vµ + γ5 aµ)q − q̄(s − i γ5 p) q

= q̄R γµ rµ qL + q̄L γµ ℓ
µ qR − q̄R(s + i p)qL − q̄L(s + i p)qR ,

building blocks X → h(g,Φ)X h (g,Φ)† [Ecker, Gasser, Pich & de
Rafael’89]

uµ = i
n

u†(∂µ − irµ)u − u(∂µ − iℓµ)u†
o

≡ iu† DµU u† ,

hµν = ∇µuν + ∇νuµ ,

fµν
± = u Fµν

L u† ± u† Fµν
R u ,

χ± = u† χ u† ± u χ† u .
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Resonances chiral theory (RχT) basics

RχT lagrangian [Ecker et al’89]

LR =
X

R=V ,A,S,P

n

LR
kin + L1

int(s = 1) + L1
int(s = 0) + L2

int

o
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The role of RχT: the missing link

QCD

8

<

:

E << Mρ =⇒ chiral symmetry χPT
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Transformation properties [O. Catà & V.M. ’07]
External tensor source : chiral partner splitting

We define t̄µν =
P8

a=0

λa

2
t̄µν
a . Due to the identity σµν γ5 = i

2 εµνλρ σλρ ,
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External tensor source : chiral partner splitting

We define t̄µν =
P8

a=0

λa

2
t̄µν
a . Due to the identity σµν γ5 = i

2 εµνλρ σλρ ,

q̄ σµν t̄µν q = q̄L σ
µν t†µν qR + q̄R σ

µν tµν qL ,

t̄µν = Pµνλρ
L tλρ + Pµνλρ

R t†
λρ
,

tµν = Pµνλρ
L t̄λρ ∼ O(p2) ,
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PL R are chirality projectors Pµνλρ
R = 1
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We define t̄µν =
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Transformation properties and new building block

tµν =

8

<

:

gR tµνg†
L G(x)

t†µν P
−tµν Q

,
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External tensor source : chiral partner splitting

We define t̄µν =
P8

a=0

λa

2
t̄µν
a . Due to the identity σµν γ5 = i

2 εµνλρ σλρ ,

q̄ σµν t̄µν q = q̄L σ
µν t†µν qR + q̄R σ

µν tµν qL ,

t̄µν = Pµνλρ
L tλρ + Pµνλρ

R t†
λρ
,

tµν = Pµνλρ
L t̄λρ ∼ O(p2) ,

PL R are chirality projectors Pµνλρ
R = 1

4 (gµλ gνρ − gνλ gµρ + i εµνλρ) ,

Transformation properties and new building block

tµν =

8

<

:

gR tµνg†
L G(x)

t†µν P
−tµν Q

,

tµν
± = u† tµν u† ± u (t†)µν u ,

Tricky relation among tensors :

tµν t†µν = 0 , tµν
+ t+

µν = tµν
− t−µν , tµν

+ t−µν = tµν
− t+

µν .
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Lowest order Lagrangians of χPT and RχT
Lagrangians [O. Catà & V.M.’07; Ecker & Zauner’07]

L(4)
.
= Λ1〈tµν

+ f+µν〉 − i Λ2〈tµν
+ uµuν〉 + Λ3〈tµν

+ t+µν 〉 + Λ4〈tµν
+ 〉2 ,
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Lowest order Lagrangians of χPT and RχT
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L(4)
.
= Λ1〈tµν

+ f+µν〉 − i Λ2〈tµν
+ uµuν〉 + Λ3〈tµν

+ t+µν 〉 + Λ4〈tµν
+ 〉2 ,

L2[V (1−−)]
.
=

√
2FVT mV 〈Vµν tµν

+ , 〉
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Lowest order Lagrangians of χPT and RχT
Lagrangians [O. Catà & V.M.’07; Ecker & Zauner’07]

L(4)
.
= Λ1〈tµν

+ f+µν〉 − i Λ2〈tµν
+ uµuν〉 + Λ3〈tµν

+ t+µν 〉 + Λ4〈tµν
+ 〉2 ,

L2[V (1−−)]
.
=

√
2FVT mV 〈Vµν tµν

+ , 〉

L2[B(1+−)] = i
√

2 FBT mB〈Bµν tµν
− 〉 +

FB

4
√

2

˙

Bµν f+αβ

¸

εµναβ

+
GB√

2

˙

Bµν uαuβ

¸

εµναβ ,
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Lowest order Lagrangians of χPT and RχT
Lagrangians [O. Catà & V.M.’07; Ecker & Zauner’07]

L(4)
.
= Λ1〈tµν

+ f+µν〉 − i Λ2〈tµν
+ uµuν〉 + Λ3〈tµν

+ t+µν 〉 + Λ4〈tµν
+ 〉2 ,

L2[V (1−−)]
.
=

√
2FVT mV 〈Vµν tµν

+ , 〉

L2[B(1+−)] = i
√

2 FBT mB〈Bµν tµν
− 〉 +

FB

4
√

2

˙

Bµν f+αβ

¸

εµναβ

+
GB√

2

˙

Bµν uαuβ

¸

εµναβ ,

Upon functional integration and defining λi ≡ Λi − Λ̃i

λ1 = −FV FVT

mV
− 2

FBFBT

mB
, λ2 =

2 FVT GV

mV
+

4 GVT GB

mB
, λ3 = 2

“

F 2
B − F 2

VT

”

,
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L(4)
.
= Λ1〈tµν

+ f+µν〉 − i Λ2〈tµν
+ uµuν〉 + Λ3〈tµν

+ t+µν 〉 + Λ4〈tµν
+ 〉2 ,

L2[V (1−−)]
.
=

√
2FVT mV 〈Vµν tµν

+ , 〉

L2[B(1+−)] = i
√

2 FBT mB〈Bµν tµν
− 〉 +

FB

4
√

2

˙

Bµν f+αβ

¸

εµναβ

+
GB√

2

˙

Bµν uαuβ

¸

εµναβ ,

Upon functional integration and defining λi ≡ Λi − Λ̃i

λ1 = −FV FVT

mV
− 2

FBFBT

mB
, λ2 =

2 FVT GV

mV
+

4 GVT GB

mB
, λ3 = 2

“

F 2
B − F 2

VT

”

,

1 Matching to OPE 〈VT 〉 Λ1 = − FV FVT
mV

=∗ − B0F2

m2
V

[V.M. &

Portolés’07]
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L(4)
.
= Λ1〈tµν

+ f+µν〉 − i Λ2〈tµν
+ uµuν〉 + Λ3〈tµν

+ t+µν 〉 + Λ4〈tµν
+ 〉2 ,

L2[V (1−−)]
.
=

√
2FVT mV 〈Vµν tµν

+ , 〉

L2[B(1+−)] = i
√

2 FBT mB〈Bµν tµν
− 〉 +

FB

4
√

2

˙

Bµν f+αβ

¸

εµναβ

+
GB√

2

˙

Bµν uαuβ

¸

εµναβ ,

Upon functional integration and defining λi ≡ Λi − Λ̃i

λ1 = −FV FVT

mV
− 2

FBFBT

mB
, λ2 =

2 FVT GV

mV
+

4 GVT GB

mB
, λ3 = 2

“

F 2
B − F 2

VT

”

,

1 Matching to OPE 〈VT 〉 Λ1 = − FV FVT
mV

=∗ − B0F2

m2
V

[V.M. &

Portolés’07]

2 tµν has anomalous dimension. One can define b0tµν which has not.
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L(4)
.
= Λ1〈tµν

+ f+µν〉 − i Λ2〈tµν
+ uµuν〉 + Λ3〈tµν

+ t+µν 〉 + Λ4〈tµν
+ 〉2 ,

L2[V (1−−)]
.
=

√
2FVT mV 〈Vµν tµν

+ , 〉

L2[B(1+−)] = i
√

2 FBT mB〈Bµν tµν
− 〉 +

FB

4
√

2

˙

Bµν f+αβ

¸

εµναβ

+
GB√

2

˙

Bµν uαuβ

¸

εµναβ ,

Upon functional integration and defining λi ≡ Λi − Λ̃i

λ1 = −FV FVT

mV
− 2

FBFBT

mB
, λ2 =

2 FVT GV

mV
+

4 GVT GB

mB
, λ3 = 2

“

F 2
B − F 2

VT

”

,

1 Matching to OPE 〈VT 〉 Λ1 = − FV FVT
mV

=∗ − B0F2

m2
V

[V.M. &

Portolés’07]

2 tµν has anomalous dimension. One can define b0tµν which has not.
3 To avoid resonance contributions in L(2) we impose tµν ∼ O(p2)
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Lowest order Lagrangians of χPT and RχT
Lagrangians [O. Catà & V.M.’07; Ecker & Zauner’07]

L(4)
.
= Λ1〈tµν

+ f+µν〉 − i Λ2〈tµν
+ uµuν〉 + Λ3〈tµν

+ t+µν 〉 + Λ4〈tµν
+ 〉2 ,

L2[V (1−−)]
.
=

√
2FVT mV 〈Vµν tµν

+ , 〉

L2[B(1+−)] = i
√

2 FBT mB〈Bµν tµν
− 〉 +

FB

4
√

2

˙

Bµν f+αβ

¸

εµναβ

+
GB√

2

˙

Bµν uαuβ

¸

εµναβ ,

Upon functional integration and defining λi ≡ Λi − Λ̃i

λ1 = −FV FVT

mV
− 2

FBFBT

mB
, λ2 =

2 FVT GV

mV
+

4 GVT GB

mB
, λ3 = 2

“

F 2
B − F 2

VT

”

,

1 Matching to OPE 〈VT 〉 Λ1 = − FV FVT
mV

=∗ − B0F2

m2
V

[V.M. &

Portolés’07]

2 tµν has anomalous dimension. One can define b0tµν which has not.
3 To avoid resonance contributions in L(2) we impose tµν ∼ O(p2)

4 Since there is no tensor term in L(2) no universal definition for b0
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Two point correlators (Preliminary)

Radiative pion decay

Tensor currents in QCD
Higher order terms
Reduction of the basis

Terms appearing at O(p6)

General form of the terms

tµν tµνuαuα; tµν fµνχ; tµν tµνχ; tµνχuµuν ; tµν fµρfν
ρ; tµν tνρhµ

ρ;

tµνhνρuρuµ; tµν hµαhν
α; tµν tνρfµ

ρ; tµν fµν uαuα; tµνχµuν ; tµν tµρtνρ;

∇ρtµν∇ρtµν ; tµνhµαfν
α; ∇µtµν∇αfαν ; ∇ρtµνhµρuν ; ∇µtµν fνρuρ;

∇λtµν tµνuλ tµν uαuµuνuα;
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Terms appearing at O(p6)

General form of the terms

tµν tµνuαuα; tµν fµνχ; tµν tµνχ; tµνχuµuν ; tµν fµρfν
ρ; tµν tνρhµ

ρ;

tµνhνρuρuµ; tµν hµαhν
α; tµν tνρfµ

ρ; tµν fµν uαuα; tµνχµuν ; tµν tµρtνρ;

∇ρtµν∇ρtµν ; tµνhµαfν
α; ∇µtµν∇αfαν ; ∇ρtµνhµρuν ; ∇µtµν fνρuρ;

∇λtµν tµνuλ tµν uαuµuνuα;

Since we can write εµναβ = 2i
“

Pµναβ
L − Pµναβ

R

”

we have

ǫµναβ tαβ
± = −2 i t∓µν ,
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∇λtµν tµνuλ tµν uαuµuνuα;

Since we can write εµναβ = 2i
“

Pµναβ
L − Pµναβ

R

”

we have

ǫµναβ tαβ
± = −2 i t∓µν ,

And due to the Showten identity
gργǫµναβ − gρµǫγναβ − gρνǫµγαβ − gραǫµνγβ − gρβǫµναγ = 0 we have

ǫµναβ tµγ
± B ναβ

γ = 3i t∓αβB ναβ
ν ,
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∇λtµν tµνuλ tµν uαuµuνuα;

Since we can write εµναβ = 2i
“

Pµναβ
L − Pµναβ

R

”

we have

ǫµναβ tαβ
± = −2 i t∓µν ,

And due to the Showten identity
gργǫµναβ − gρµǫγναβ − gρνǫµγαβ − gραǫµνγβ − gρβǫµναγ = 0 we have

ǫµναβ tµγ
± B ναβ

γ = 3i t∓αβB ναβ
ν ,

So there is no genuine odd-intrinsic parity sector up to the O(p8) order.
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Reduction techniques [Bijnens et al ’99]
1 Partial integration (∇µ A) B = −A (∇µ B) leave the action invariant
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Reduction of the basis

Reduction techniques [Bijnens et al ’99]
1 Partial integration (∇µ A) B = −A (∇µ B) leave the action invariant

2 Lowest order equations of motion ∇µuµ = 1
2i

“

〈χ
−

〉
nf

− χ−
”
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Reduction techniques [Bijnens et al ’99]
1 Partial integration (∇µ A) B = −A (∇µ B) leave the action invariant

2 Lowest order equations of motion ∇µuµ = 1
2i

“

〈χ
−

〉
nf

− χ−
”

3 Bianchi identity
∇µf+να + ∇ν f+αµ + ∇αf+µν = i

2 ([f−µν , uα] + [f−να, uµ] + [f−αµ, uν ])
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1 Partial integration (∇µ A) B = −A (∇µ B) leave the action invariant

2 Lowest order equations of motion ∇µuµ = 1
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−
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3 Bianchi identity
∇µf+να + ∇ν f+αµ + ∇αf+µν = i

2 ([f−µν , uα] + [f−να, uµ] + [f−αµ, uν ])

4 Isolation of contact terms
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4 Isolation of contact terms
5 For two and three flavours, Cayley-Hamilton relations
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Reduction techniques [Bijnens et al ’99]
1 Partial integration (∇µ A) B = −A (∇µ B) leave the action invariant

2 Lowest order equations of motion ∇µuµ = 1
2i

“

〈χ
−

〉
nf

− χ−
”

3 Bianchi identity
∇µf+να + ∇ν f+αµ + ∇αf+µν = i

2 ([f−µν , uα] + [f−να, uµ] + [f−αµ, uν ])

4 Isolation of contact terms
5 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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2i

“

〈χ
−

〉
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− χ−
”

3 Bianchi identity
∇µf+να + ∇ν f+αµ + ∇αf+µν = i

2 ([f−µν , uα] + [f−να, uµ] + [f−αµ, uν ])

4 Isolation of contact terms
5 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.

� Unfortunately they did not provide a systematic method to find a non
redundant set of operators.
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−
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3 Bianchi identity
∇µf+να + ∇ν f+αµ + ∇αf+µν = i

2 ([f−µν , uα] + [f−να, uµ] + [f−αµ, uν ])

4 Isolation of contact terms
5 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.

� Unfortunately they did not provide a systematic method to find a non
redundant set of operators.
� We believe our basis does not have further simplifications.
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� We believe our basis does not have further simplifications.

independent operators

8

<

:

nf 120
nf = 3 113
nf = 2 78
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χPT in the presence of an external tensor source
Two point correlators (Preliminary)

Radiative pion decay

Definitions
OPE vs Large-NC

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

Two point Green functions :

(ΠVV )ab
µν (q)= i

Z

dDx eiq·x
D

0
˛

˛

˛T
n

V a
µ(x)V b

ν (0)
o˛

˛

˛ 0
E

=δab(qµqν − q2gµν)ΠVV (q2) ,
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Definitions [O. Catà & V.M. work in prep.]

Two point Green functions :

(ΠVV )ab
µν (q)= i

Z

dDx eiq·x
D

0
˛

˛

˛T
n

V a
µ(x)V b

ν (0)
o˛

˛

˛ 0
E

=δab(qµqν − q2gµν)ΠVV (q2) ,

(ΠVT )ab
µ,νρ (q)= i

Z

dDx eiq·x
D

0
˛

˛

˛
T
n

V a
µ(x)T b

νρ(0)
o˛

˛

˛
0
E

= iδab(qρgµν − qνgµρ)ΠVT (q2) ,
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˛
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Longitudinal and transversal projectors :

Qµν;αβ = qµqβgνα + qνqαgµβ − qµqαgνβ − qνqβgµα ,

Rµν;αβ = −εµνσρεαβγτ gσγqρqτ = Qµν;αβ + q2
“

gµαgνβ − gµβgνα
”

.
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Longitudinal and transversal projectors :

Qµν;αβ = qµqβgνα + qνqαgµβ − qµqαgνβ − qνqβgµα ,

Rµν;αβ = −εµνσρεαβγτ gσγqρqτ = Qµν;αβ + q2
“

gµαgνβ − gµβgνα
”

.

Π∆
TT (q2) ≡ ΠR

TT (q2) − ΠQ
TT (q2) is an order parameter of the chiral symmetry

breaking : no perturbative term in the chiral limit [Craigie & Stern’82]
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˛
0
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Longitudinal and transversal projectors :

Qµν;αβ = qµqβgνα + qνqαgµβ − qµqαgνβ − qνqβgµα ,

Rµν;αβ = −εµνσρεαβγτ gσγqρqτ = Qµν;αβ + q2
“

gµαgνβ − gµβgνα
”

.

Π∆
TT (q2) ≡ ΠR

TT (q2) − ΠQ
TT (q2) is an order parameter of the chiral symmetry

breaking : no perturbative term in the chiral limit [Craigie & Stern’82]

VT is also order parameter of the chiral symmetry breaking
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Tensor currents in QCD
Higher order terms
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OPE vs Large-NC

3 Radiative pion decay
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Radiative pion decay

Definitions
OPE vs Large-NC

OPE vs Large-NC

ΠOPE
VV (q2) =

NC

24π2

"

1

ǫ̂
− log

 

−q2

µ2

!

+
5

3

#

+
1

24π

〈αsGµνGµν〉
q4

,
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#
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ΠOPE
VT (q2) =

〈ψ̄ψ〉
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3

〈ψ̄σµνGµνψ〉
q4
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TT )OPE (q2) =

NC

48π2

"

1

ǫ̂
− log

 

−q2

µ2

!

+
2

3

#

+
1

64πq4

˙

αGa
µνGµνa¸+ O(q−6) ,
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OPE vs Large-NC
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˙
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(Π∆
TT )OPE (q2) ≈ − 1

q6
g2

s CF

˙

ψ̄ψ
¸2

NC
.[Craigie amd Stern (1982)]
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+
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,
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"

1
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!

+
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3

#

+
1
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˙
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µνGµνa¸+ O(q−6) ,

(Π∆
TT )OPE (q2) ≈ − 1

q6
g2

s CF

˙

ψ̄ψ
¸2

NC
.[Craigie amd Stern (1982)]

Saturation with an infinite spectrum in the large-NC

ΠQ
TT (q2) =

∞
X

n

ξ2
n

F 2
Vn

−q2 + m2
Vn

, ΠVV (t) =
∞
X

n

F 2
Vn

−q2 + m2
Vn

,

ΠVT (t) =

∞
X

n

ξn
F 2

VnmVn

−q2 + m2
Vn

, ΠR
TT (q2) =

∞
X

n

(F T
Bn)

2

−q2 + m2
Bn

.
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χPT in the presence of an external tensor source
Two point correlators (Preliminary)

Radiative pion decay

Definitions
OPE vs Large-NC

Main results

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

lim
n→∞

„

FVn

mVn

«2

, lim
n→∞

„

F T
Vn

mVn

«2

, lim
n→∞

„

FBn

mBn

«2

∼ 1
n

, lim
n→∞

ξ
2
n =

1
2
≃ 0.712
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Matching for 〈VV 〉 and 〈TT 〉 the parton log, fixes for highly excited
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«2
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„

F T
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mVn

«2

, lim
n→∞

„

FBn

mBn

«2

∼ 1
n

, lim
n→∞

ξ
2
n =

1
2
≃ 0.712

ξ parameter recently computed on the lattice for the ρ(770) meson :
ξρ = 0.72(2) to compare with ξ∞ = 0.71
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„

FBn
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∼ 1
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, lim
n→∞

ξ
2
n =

1
2
≃ 0.712

ξ parameter recently computed on the lattice for the ρ(770) meson :
ξρ = 0.72(2) to compare with ξ∞ = 0.71

Matching for 〈VT 〉 yields limn→∞ ξn ∼ (−1)n.
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∼ 1
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ξ
2
n =

1
2
≃ 0.712

ξ parameter recently computed on the lattice for the ρ(770) meson :
ξρ = 0.72(2) to compare with ξ∞ = 0.71

Matching for 〈VT 〉 yields limn→∞ ξn ∼ (−1)n.

The last two results are theorems in the large-NC, no model
dependence.
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2
n =
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2
≃ 0.712

ξ parameter recently computed on the lattice for the ρ(770) meson :
ξρ = 0.72(2) to compare with ξ∞ = 0.71

Matching for 〈VT 〉 yields limn→∞ ξn ∼ (−1)n.

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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OPE vs Large-NC

Main results

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

lim
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, lim
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∼ 1
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2
n =

1
2
≃ 0.712

ξ parameter recently computed on the lattice for the ρ(770) meson :
ξρ = 0.72(2) to compare with ξ∞ = 0.71

Matching for 〈VT 〉 yields limn→∞ ξn ∼ (−1)n.

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 ξn does not depend on n as
happens with Regge models.
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Radiative pion decay
Beyond SM interactions

Outline

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

2 Two point correlators (Preliminary)
Definitions
OPE vs Large-NC

3 Radiative pion decay
Beyond SM interactions
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Two point correlators (Preliminary)

Radiative pion decay
Beyond SM interactions

Putative tensor interaction

Amplitude π+(r) → e+νe γ(p) split into M(π+ → ℓ+νℓ γ) = MIB + MSD
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Radiative pion decay
Beyond SM interactions

Putative tensor interaction

Amplitude π+(r) → e+νe γ(p) split into M(π+ → ℓ+νℓ γ) = MIB + MSD

Discrepancies theory ↔ experiment ⇒ interaction beyond SM

LT = −GF√
2

Vud FT [ q̄ σµν γ5 q ]
ˆ

ℓ̄ σµν (1 − γ5) νℓ

˜

.
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Radiative pion decay
Beyond SM interactions

Putative tensor interaction

Amplitude π+(r) → e+νe γ(p) split into M(π+ → ℓ+νℓ γ) = MIB + MSD

Discrepancies theory ↔ experiment ⇒ interaction beyond SM

LT = −GF√
2

Vud FT [ q̄ σµν γ5 q ]
ˆ

ℓ̄ σµν (1 − γ5) νℓ

˜

.

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

˙

γ |ū σµν γ5 d | π−¸ = − e

2
fT (q2) (pµǫν − pνǫµ)

− e

2
gT (q2) [ ǫ · q (pµqν − pνqµ) + q · p (qµǫν − qνǫµ)] ,
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Radiative pion decay
Beyond SM interactions

Putative tensor interaction

Amplitude π+(r) → e+νe γ(p) split into M(π+ → ℓ+νℓ γ) = MIB + MSD

Discrepancies theory ↔ experiment ⇒ interaction beyond SM

LT = −GF√
2

Vud FT [ q̄ σµν γ5 q ]
ˆ

ℓ̄ σµν (1 − γ5) νℓ

˜

.

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

˙

γ |ū σµν γ5 d | π−¸ = − e

2
fT (q2) (pµǫν − pνǫµ)

− e

2
gT (q2) [ ǫ · q (pµqν − pνqµ) + q · p (qµǫν − qνǫµ)] ,

Can be determined with RχT and OPE matching.
[V.M. & J. Portolés arXiv:0705.2948 [hep-ph]]
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Putative tensor interaction

Amplitude π+(r) → e+νe γ(p) split into M(π+ → ℓ+νℓ γ) = MIB + MSD

Discrepancies theory ↔ experiment ⇒ interaction beyond SM

LT = −GF√
2

Vud FT [ q̄ σµν γ5 q ]
ˆ

ℓ̄ σµν (1 − γ5) νℓ

˜

.

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

˙

γ |ū σµν γ5 d | π−¸ = − e

2
fT (q2) (pµǫν − pνǫµ)

− e

2
gT (q2) [ ǫ · q (pµqν − pνqµ) + q · p (qµǫν − qνǫµ)] ,

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

At zero momentum transfer : fT (0) =
2
√

2 B0 F

3 M2
V

∼ 0.24 ± 0.04
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Two point correlators (Preliminary)

Radiative pion decay
Beyond SM interactions

Hadronic determination

Two types of contributions. We need the odd-intrinsic sector VVP for
the second one [Ruiz-Femenía, Portolés & Pich’03]
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Radiative pion decay
Beyond SM interactions

Hadronic determination

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

After demanding smooth behaviour at large q2 (Brodsky-Lepage) both
form factors completely determined

fT (q2) =
2
√

2 FVT FV

3 F

MV

M2
V − q2

,

gT (q2) = − fT (q2)

M2
V

.
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Radiative pion decay
Beyond SM interactions

Hadronic determination

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

After demanding smooth behaviour at large q2 (Brodsky-Lepage) both
form factors completely determined

fT (q2) =
2
√

2 FVT FV

3 F

MV

M2
V − q2

,

gT (q2) = − fT (q2)

M2
V

.

Determination of New Physics coupling FT = (1 ± 14) × 10−4
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Radiative pion decay
Beyond SM interactions

Hadronic determination

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

After demanding smooth behaviour at large q2 (Brodsky-Lepage) both
form factors completely determined

fT (q2) =
2
√

2 FVT FV

3 F

MV

M2
V − q2

,

gT (q2) = − fT (q2)

M2
V

.

Determination of New Physics coupling FT = (1 ± 14) × 10−4

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

Conclusions

We have built the most general Lagrangian invariant under chiral and
discrete symmetries up to the p6 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 p6 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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Conclusions

We have built the most general Lagrangian invariant under chiral and
discrete symmetries up to the p6 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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Tensor currents encode valuable information concerning vector mesons
and b1 mesons

Together with large-NC we find a sign alternation in the tensor decay
constant

Formalism has proven to be very useful for disentangling queries about
the SM
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