Generating functional for SU(2)_R × SU(2)_L × U(1)_V with virtual photons

J. Schweizer, ITP Bern, Frascati October 02

Effective Lagrangian One loop functional π − π scattering amplitude Summary and Outlook

To be submitted for publication, to Phys. Lett. B

Work done in collaboration with J. Gasser

Effective Lagrangian

• Integration variables: U ∈ SU(2), Aμ • External fields: vμ, aμ, p, s • Leading order

L(2) = F 2 4 ⟨dμU †dμU + χ†U + U †χ⟩ − 1 4 F μνFμν − 1 2 (∂μAμ)2 + C⟨QUQU †⟩ Ecker, Gasser, Pich & de Rafael 89 dμU = ∂μU − iAμ[Q, U] − iRμU + iULμ χ = 2Bdiag(mu, md) + . . . Q = e 3 diag(2, −1)

• Power counting: mq = O(p2), e = O(p)

Urech 95

• Pion masses at leading order

M 2+ = B(mu + md) + 2Ce2 F 2 M 20 = B(mu + md)

Equation of motion

• Field equations for pions Ū = exp i/F ϕ̄iτ i and photon field Āμ (□ + M 2i )ϕ̄i = 2BF pi + F ∂μaiμ + . . . □Āμ = jμ • Counting scheme aμ, p ∼ O(ϕ) vμ, s ∼ O(ϕ2) Gasser & Leutwyler 84

⇒ classical solutions ϕ̄ = O(ϕ), Āμ = O(ϕ2)

One loop functional

• Expansion around classical solutions Ū = u2 and Āμ U = u(1 + iξ − 12ξ2 + · · · )u, ξ = 1 F ξiτ i Aμ = Āμ + ϵμ • Collecting fluctuations ξi, ϵμ in real vector η = (ξ1, . . . , ξ3, ϵ1, . . . , ϵ4) • Euclidean action to O(ξ2, ϵ2, ϵξ) ∫ dxEL(2)E = ∫ dxEL̄(2)E + 12 ∫ dx ηDEη Urech 95 • Generating functional ZE = ZE(Ū, Āμ, vμ, aμ, s, p) ZEoneloop = 1 2 ln detDE. • Differential operator DE = D0 + δ

D0 = ( (−∂μ∂μ + M 2i )δik −∂μ∂μδσρ )

δ = δ(Ū, Āμ, vμ, aμ, s, p) → 0 if external fields are switched off

• Expansion in powers of δ

ZEoneloop = 12lndetD0 + 12⟨D−10 δ⟩ −14⟨D−10 δD−10 δ⟩ +16⟨D−10 δD−10 δD−10 δ⟩ + · · · • One loop diagrams (O(e4) neglected)

The dots denote polynomials in ϕ̄, Āμ and in the external fields • Explicit generating functional to one loop Z = Zoneloop + ∫ dx(L̄(2) + L̄(4))

• Counterterms at O(p4, e2p2) L(4) = Lp4 + Le2p2 Gasser & Leutwyler 84 Meissner, Müller & Steininger 97 Knecht & Urech 98 Kaiser 01

Illustration

Explicit one loop functional Zoneloop includes: • One loop graphs with two vertices

PSfrag replacements

PSfrag replacements

• Triangle vertex diagram PSfrag replacements

The cross stands for the vector current • What is not included: Loops containing two photon propagators

π − π scattering amplitude

• External fields vμ = aμ = 0, s = diag(mu, md) • Pseudoscalar four-point function: coefficient of pi^1, . . . , pi^4 in the expansion of Z = Z(ϕ̄, Āμ, p) in powers of ϕ • Scattering matrix element determined by onshell residue of the fourfold pole • Expansion in ϕ

Z = const + Z(2) + Z(4) + . . . • Rescaling ϕ̄ → ϕr such that

Z(2) = ∫ dx 1 2 ( ∂μϕir 2 − M 2π_iϕir 2 ) +Gπ_ipiϕir +· · · ⇒ physical pion masses M 2π_+, M 2π_0

Knecht & Urech 98 ⇒ matrix element ⟨0 | iq̄γ5τ iq |πk⟩ = δikGπ_i • We may identify ϕr with the extremum of Z(2) (□ + M 2π_i)ϕir = Gπ_ipi

• Scattering matrix element can be read off from terms of order ϕ4r

π+(p1)π−(p2) → π0(p3)π0(p4) scattering: �4(−p1, −p2, p3, p4) = G2π_+G2π_0 ⟨p3, p4out | p1, p2in⟩c (M 2π_+ − p21) . . . (M 2π_0 − p24) + . . . • Gπ_+ is infrared divergent Gπ_+ = Gπ + 2BF [ 2e2�IR(Mπ_+) + e2C 16π2F 4 l̄3 +e2 ∑ i dik̄i + O(e2mq) ]

Gπ pseudoscalar decay constant at e = 0 Gπ = 2BF 1 − M 2π_+ 32π2F 2 ( l̄3 − 2l̄4 ) + O(m2q )

Gasser & Leutwyler 84

• The π+π− → π0π0 scattering amplitude - extracted in this manner - agrees with the result of

Knecht & Urech 98

Summary and Outlook

• We constructed the explicit one loop functional for SU(2)R × SU(2)L × U(1)v with virtual photons

• This allows one to read off for instance the π − π amplitude and the vector form factor

• As a check we extracted the π+π− → π0π0 amplitude

• Extension to SU(3)R × SU(3)L in progress

⇒ will allow a ”simple” check of the π −K scattering amplitude available in the literature

Kubis, Meissner 02 Nehme, Talavera 02