Probing with Neutrinos

Seonho Choi

School of Physics Seoul National University

October 14, 2004

Cross Section

For the process of AB → CD in the center-of-mass frame dσ dΩ | | cm = 1 64π^2s p_f p_i

|M|^2

M is the invariant amplitude calculated from the corresponding Feynman diagram

PSfrag replacements

Particle/Anti-particle

A particle moving in the opposite direction in time = anti-particle PSfrag replacements =

PSfrag replacements

PSfrag replacements =

PSfrag replacements

Crossing Symmetry

From the invariant amplitude M(p_A, p_B , p_C , p_D) for the following process

PSfrag replacements

we can easily get M for other processes such as

AD̄ → B̄C exchange of B and D AC̄ → B̄D exchange of B and C

In Detail

PSfrag replacements

M(p_A, −p_D, p_C , −p_B )

PSfrag replacements

M(p_A, −p_C , p_B , −p_D)

Back to Neutrino Scattering

ν_e + e^− → ν_e + e^−

PSfrag replacements

|M|^2 = 16G^2s^2 with s = (p + k)^2 Cross section is given by dσ dΩ (ν_ee^−) = 1 64π^2s

|M|^2 =

G^2s 4π^2

Crossing Both Neutrinos

ν_e + e^− → ν_e + e^−

PSfrag replacements

|M|^2 = 16G^2t^2 with t = (p − k^′)^2 |M|^2 = 4G^2s^2(1 + cos θ)^2 Cross section dσ dΩ (ν_ee^−) = 1 64π^2s

|M|^2 =

G^2s 16π^2

(1 + cos θ)^2

Neutrino Scattering On the Quarks

Changing target to quarks dσ dΩ (ν_ed → e^−u) =

G^2s 4π^2 dσ dΩ (ν_eu → e^+d) =

G^2s 16π^2

(1 + cos θ)^2

Using Chage Conjugation and Parity dσ dΩ (ν_ed → e^+u) =

G^2s 4π^2 dσ dΩ (ν_eu → e^−d) =

G^2s 16π^2

(1 + cos θ)^2

Using Invariant Variables

Using dimensionless variable y (also Lorentz invariant)

1 − y ≡ p · k^′ p · k ≃ 1 2 (1 + cos θ)

dσ dy (ν_ed → e^−u) = dσ dy (ν_ed → e^+u) =

G^2xs π dσ dy (ν_eu → e^+d) = dσ dy (ν_eu → e^−d) =

G^2xs π (1 − y)^2

Neutrino-Nucleus

Using isoscalar target (equal number of p and n)

d^p(x) + d^n(x) = d(x) + u(x) ≡ Q(x) ū^p(x) + ū^n(x) = ū(x) + d̄(x) ≡ Q(x)

dσ dxdy

(ν_μN → μ^−X) =

G^2xs 2π (Q(x) + (1 − y)^2Q(x)) dσ dxdy

(ν̄_μN → μ^+X) =

G^2xs 2π (Q(x) + (1 − y)^2Q(x))

Electron-Nucleus

For the same isoscalar target dσ dxdy

(eN → eX) =

2πα^2 Q^4 xs [ 1 + (1 − y)^2 ] 5 18 [ Q(x) + Q̄(x) ]

If Q(x) = 0 dσ dy (ν) ∼ c, dσ dy (ν) ∼ c(1 − y)^2

After integration, σ(ν̄) σ(ν) = 1 3