Jefferson Lab Personal note 06 June 2011

Error calculations of A_{zz} and b^d_1

P. Solvignon Jefferson Lab, Newport News, VA 23606

E-mail solvigno@jlab.org

From section 6 of Hoodbhoy, Jaffe and Manihar (Nuc. Phys. B312, p571-588, 1989), we have:

dσ^H_‖ dxdy = K [ xF_1(x) + (2 3 − H^2 ) xb_1(x) ] (1) dσ^H_⊥ dxdy = K [ xF_1(x) − (1 3 − 1 2 H^2 ) xb_1(x) ] (2)

with K =^{e4ME}_{2πQ4} [1 + (1 − y)^2].

For simplicity, I will use σ_‖ for^{dσH‖}_{dxdy} and σ_⊥ for^{dσH⊥}_{dxdy} .

From Jaffe’s email, we now know that H^2 = (P + 2)/3, where P is the polarization of the target. This is where is my doubt. From the paper and Jaffe’s email, they define H as the polarization along the beam. So my understanding is that P = P_z and it is the vector polarization.

The tensor polarization can be extracted from P_z as follows:

P_{zz} = 2 − √ 4 − 3P^2_z (3)

The tensor asymmetry A_{zz} depends on b_1 and F_1:

b_1 F_1 = − 3 2 A_{zz} (4)

Working with the equations of σ_‖ and σ_⊥, we can isolate A_{zz}:

σ_‖ − σ_⊥ σ_‖ + 2σ_⊥ = 1 4 P_zA_{zz} (5)

Calculation of A_{zz} statistical error

(δA_{zz} )^2 = ( δA_{zz} δσ_‖

)_2 (δσ_‖)^2 + ( δA_{zz} δσ_⊥

)_2 (δσ_⊥)^2 (6)

δA_{zz} δσ_‖ = 4 P_z [ −(σ_‖ − σ_⊥) (σ_‖ + 2σ_⊥)^2 + 1 σ_‖ + 2σ_⊥ ] (7) = 4 P_z

3σ_⊥ (σ_‖ + 2σ_⊥)^2 (8) δA_{zz} δσ_⊥ = 4 P_z [ −2(σ_‖ − σ_⊥) (σ_‖ + 2σ_⊥)^2 − 1 σ_‖ + 2σ_⊥ ] (9) = 4 P_z

−3σ_‖ (σ_‖ + 2σ_⊥)^2

(10)

(δA_{zz} )^2 = ( 4 P_z

)_2[

9σ^2_⊥δσ^2_‖ + 9σ^2_‖ δσ^2_⊥ (σ_‖ + 2σ_⊥)^4 ] (11)

The parallel and perpendicular cross sections have the same kinematical weight K. Since b_1 is very small compared to F_1 (or A_{zz} is very small), we can make the assumption σ_‖ ≈ σ_⊥ ≡ σ and δσ_‖ ≈ δσ_⊥ ≡ δσ.

(δA_{zz})^2 =

9 × 16

P^2_z

2σ^2δσ^2 (3σ)^4 = 32 9P^2_z δσ^2 σ^2

(12)

δA_{zz} = 4 √ 2 3P_z δσ σ = 4 √ 2 3P_z 1 √ N (13)

I get N from the unpolarized cross sections. Then I calculate the rates and the time.

N = 32 9 1 P^2_z (δA^{meas}_{zz} )^2

(14)

To get the rates as a function of the theoretical tensor asymmetry, we need to apply the dilution factors:

A^{meas}_{zz} = fP_{zz}A_{zz} (15)

N = 32 9 1 P^2_z (fP_{zz}δA_{zz})^2

(16)

We need N/2 events in parallel and perpendicular kinematics. If I had a pure deuterium target, the time need will be: T = N R_D = 32 9 1 R_DP^2_z (fP_{zz}δA_{zz})^2

(17)

Now the deuterium rates are estimated from the unpolarized deuteron cross section σ_D:

R_D = σ_D dp dΩ L = σ_D dp dΩ ρ_D I e (18)

with ρ_D = ρ_{LiD} · f_{LiD} · P F_{LiD}, where f_{LiD} is the dilution and P F_{LiD} is the packing fraction.