
Ibraheem Faisal Al-Yousef
201831580 HW. 10 PHYS441

Q 1:

GF

ℏ3c3
=

√
2

8

g2W
M 2

W c
4

Solving for MW :

MW c
2 =

(√
2g2Wℏ3c3

8GF

)1/2

Using Sol manual

gw =
ge

sin θw
; ge =

√
4πα

∴MW c
2 = 77.5 GeV

MZ =
MW

cos θw
= 88.4 GeV

%Error to experiment:

MW c
2 =⇒ 3.59%; MZc

2 =⇒ 3.05%

Q 2:

Sol. Man.
a):

From example 9.4, while switching 1 ↔ 3:

M =
g2z

8MZc2
[
v̄(1)γµ(1− γ5)v(3)

] [
ū(4)γµ(cV − cAγ

5)u(2)
]

(cV + cA)
2 ↔ (cV − cA)

2

Now Eqs 9.99 and 9.100:

dσ

dΩ
= 2

(
ℏc
π

)2(
gz

4MZc2

)4

E2

[
(cV − cA)

2 + (cV + cA)
2 cos4

θ

2

]

σ =
2

3π
(ℏc)2

(
gz

2MZc2

)4

E2
[
(c2V + c2A − cvcA)

]
b):

R ≡ c2V + c2A − cV cA
c2V + c2A + cV cA

Using Table 9.1 for cV&cA for neutrinos:

∴ R =
0.2514− 0.0186

0.2514 + 0.0186
= 0.862
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Q 3:

L =
[
iℏcψ̄γµ∂µ −mc2ψ̄ψ

]
−
(
qψ̄γµψ

)
Aµ

∂L
∂(∂µψ̄)

= 0;
∂L
∂ψ̄

= iℏcγµ∂µ −mc2ψ − qγµψAµ

∴ iℏcγµ(∂µψ)−mcψ = qγµψAµ

Similarly for ψ:
∂L

∂(∂µψ)
= iℏcψ̄γµ;

∂L
∂ψ

= −mc2ψ̄ − q

c
ψ̄γµAµ

∴ iℏc(∂µψ̄)γµ +mcψ̄ = −q
c
ψ̄γµAµ

Q 4:

a):

δL =
∂L
∂ϕi

δϕi +
∂L

∂(∂µϕi)
δ(∂µϕi)

Applying Euler-Lagrange:

δL = ∂µ

(
∂L

∂(∂µϕi)

)
δϕi +

∂L
∂(∂µϕi)

∂µ(δϕi) = ∂µ

(
∂L

∂(∂µϕi)
δϕi

)


