192 24. Cross-section formulae for specific processes

24.3. Two-photon process at e+e� colliders

When an e+ and an e� collide with energies E1 and E2, they emit dn1 and dn2 virtual photons with energies ω1 and ω2 and 4-momenta q1 and q2. In the equivalent photon approximation, the cross section for e+e� → e+e�X is related to the cross section for γγ → X by (Ref. 1)

dσe+_e�!_e+_e�_X (s) = dn1 dn2 dσγγ!X (W^2) (24.20)

where s = 4E1E2, W 2 = 4ω1ω2 and dni = α π [ 1 − ωi Ei + ω2i 2E2i − m2eω2i (−q2i )E2i ] dωi ωi d(−q2i ) (−q2i ) . (24.21)

After integration (including that over q2i in the region m2eω2i /Ei(Ei − ωi) ≤ −q2i ≤ (−q2)max), the cross section is

σe+_e�!_e+_e�_X (s) =^{α2}_{π2} ∫ 1 zth dz z [ f(z) ( ln (−q2)max m2ez − 1 )2

− 13 ( ln 1 z )3] σγγ!X^{(zs) ;} f(z) = ( 1 + 12 z )2 ln 1 z − 12 (1 − z)(3 + z) ;

z = W 2 s . (24.22)

The quantity (−q2)max depends on properties of the produced system X, in particular, (−q2)max ∼ m2ρ for hadron production (X = h) and (−q2)max ∼ W 2 for lepton pair production (X = ℓ+ℓ�, ℓ = e, μ, τ).

For production of a resonance of mass mR and spin J ≠ 1

σe+_e�!_e+_e�_R (s) = (2J + 1)^{8α2ΓR}!^{γγ}_{m3R} × [ f(m2R/s) ( ln sm2V m2em2R − 1 )2 − 1 3 ( ln s m2R )3] (24.23)

where mV is the mass that enters into the form factor of the γγ → R transition: mV ∼ mρ for R = π0, ρ0, ω, ϕ, . . ., mV ∼ mR for R = cc or bb resonances.