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COUPLED-CHANNEL FORMALISM

As discussed in [1]: Main tension between ππ data sets is absorbed in inelastic
parameters

⇒ those parameters belong to exclusive channels – what happens if we build them
in explicitly?

Idea: Do different ππ data sets agree better with the other exclusive channels?
We construct three different channel structures:
• pseudoscalar + pseudoscalar (ππ,KK̄) [PP ]

• vector + pseudoscalar (ρη,ωπ,KK̄∗) [V P ]

• axial vector + pseudoscalar (a1π) [AP ]

COMPONENTS [2]

The S-, M-, and T -matrices:

out〈q1q2, b| S − 1 |p1p2, a〉in = i(2π)4δ4(p1 + p2 − q1 − q2)Mba ,

M(s)ab = ξa(s) T (s)ab ξb(s) ,

with

ρ(s) = phase space factor,
ξ(s) = β(s)B(s) = centrifugal barrier factor,
β(s) = interaction structure function,
B(s) = taming factor.

We are using the two-potential formalism and divide T into resonant and non-resonant
(background) parts

Tab = T B
ab + T R

ab

BACKGROUND POTENTIAL

As background we use a contact interaction term

VB(s) = f0 =⇒ TB = (1− VBΠ)
−1 VB

The loop integral of two non-interacting particles is dispersively defined as

Π(s) = Π(s0) +
s− s0
2πi

∫ ∞

sthr

ds′

s′ − s0

disc
(
Π(s′)

)
s′ − s

with disc
(
Π(s)

)
= 2iξ(s)ρ(s)ξ(s) .

Two particle interaction is dressed by the background interaction

γ†
in = 1 + ΠTB , γout = 1 + TBΠ ,

with disc
(
γ(s)

)
= 2iM∗

B(s)ρ(s)γ(s) .

RESONANCE POTENTIAL

The resonance interaction is defined via

VR(s) = −gTGR(s)g , Gkl
R (s) =

δkl
s−m2

k

=⇒ TR = γout (1− VRΣ)
−1 VRγ

†
in

Σ(s)ij = Σ(s0)ij +
s− s0
2πi

∫ ∞

s

ds′

s′ − s0

disc
(
Σ(s′)

)
ij

s′ − s

with disc
(
Σ(s)

)
= 2iξ(s)γ(s)∗ρ(s)ξ(s)γ(s).

FORM FACTOR AND OBSERVABLES

F = γout (1− VRΣ)P with Pi =
∑
R

αRgRi
s−m2

R

F =

(1+TBΠ+TRΠ)︷ ︸︸ ︷ + TB + TR


P︷ ︸︸ ︷( )

= + TB + TR

CHANNELS

PP channel:
〈P (q1)P̄ (q2)| jµ(0) |0〉 = (q1 − q2)

µF V
P (s) ,

βPP (s)
2 =

1

3
(q1 − q2)

µgµν(q1 − q2)
ν ,

βPP (s) =

√
s− 4M 2

P

3
.

V P channel:
〈P (q0)V (qV , λ)| jµ(0) |0〉 = εµναβnλ

νq0αkβfV P (s) ,

βV P (s)
2 =

1

3

∑
λ

(
εµναβnλ

νq0αkβ
)∗
gµρ
(
εργηδnλ

γq0ηkδ
)
,

βV P (s) =

√
(s− (MP +MV )2)(s− (MP −MV )2)

6
.

AP channel:

〈a1(q1, λ)π(q2)| jµ(0) |0〉 = nλ
ν (T

µν
1 F1(s) + T µν

2 F2(s)) [3]

Definition of structure function more involved

Resonances in loop
ρη, K∗K̄ and a1π channel have resonances (R) with non-negligible width. In con-
struction of Πi we use spectral density to smear out discontinuity

ΠRP (s) =
s− s0
π

∫ ∞

(
√
sdecay+mP )2

∫ (
√
s′−mP )

2

sdecay
ρ(s′,m2

R,m
2
P )ξ

2
RP (s

′,m2
R,m

2
P )σR(m

2
R)dm

2
R

(s′ − s)(s′ − s0)
ds′

Loops have complicated analytic structure [4]

Effective 4π
We use the decay chain a1π → ρππ → 4π

• decouple structures into two different channels via change of basis

• have to take care of symmetry factors and charge states
→ simulated different interference effects in charged and partially charged final

states

• smearing out complicated: pole positon of a1 not well-known
→ use τ -decay data for fit of spectral density of a1

PRELIMINARY RESULTS
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