
Physics 56400 Assignment #5 – Due November 21st  

 

1. The general expressions for 𝑐𝑉
𝑓

 and 𝑐𝐴
𝑓

 are 

𝑐𝑉
𝑓

= 𝐼3
𝑓

− 2𝑄𝑓 sin2 𝜃𝑊 

𝑐𝐴
𝑓

= 𝐼3
𝑓

 

𝑐𝐿
𝑓

= 𝑐𝑉
𝑓

+ 𝑐𝐴
𝑓

 

𝑐𝑅
𝑓

= 𝑐𝑉
𝑓

− 𝑐𝐴
𝑓

 

where 𝐼3
𝑓

 is the third component of the weak isospin and 𝑄𝑓 is the charge 

of the fermion in units where 𝑄𝑒 = −1.  Complete the entries, both 

symbolically and numerically, in the following table of couplings for quarks 

and leptons in the Standard Model using sin2 𝜃𝑊 = 0.231: 

 

𝒇 𝑸𝒇 𝑰𝟑
𝑓

 𝒄𝑽
𝒇

 𝒄𝑨
𝒇

 𝒄𝑳
𝒇
 𝒄𝑹

𝒇
 

𝜈𝑒 , 𝜈𝜇 , 𝜈𝜏       

𝑒−, 𝜇−, 𝜏−       
𝑢, 𝑐, 𝑡       
𝑑, 𝑠, 𝑏       

 

 

2. Show that when √𝑠 = 𝑀𝑍, the total cross section for 𝑒+𝑒− → 𝑓𝑓,̅ where 

𝑓 ≠ 𝑒, can be written 

𝜎𝑓𝑓̅ =
12𝜋Γ𝑒Γ𝑓

𝑀𝑍
2Γ𝑍

2  

where 

Γ𝑓 = 𝑁𝑐  
𝐺𝐹𝑀𝑍

3

6𝜋√2
( (𝑐𝑉

𝑓
)

2
+ (𝑐𝐴

𝑓
)

2
) 

 

and calculate the peak cross section for 𝑒+𝑒− → 𝜇+𝜇−, 𝑒+𝑒− → 𝑏�̅�, and 

𝑒+𝑒− → 𝑐𝑐̅.  Also, explain why this expression is not expected to be valid 

for 𝑓 = 𝑒. 

 

  



3. Using the expressions 

𝑑𝜎

𝑑𝛺
(𝑒𝐿

−𝑒𝑅
+ → 𝑓𝐿𝑓�̅�) =

𝑁𝑐𝛼2

4𝑠
(1 + cos 𝜃)2|1 + 𝑟𝑐𝐿

𝑒𝑐𝐿
𝑓

|
2
 

𝑑𝜎

𝑑𝛺
(𝑒𝐿

−𝑒𝑅
+ → 𝑓𝑅𝑓�̅�) =

𝑁𝑐𝛼2

4𝑠
(1 − cos 𝜃)2|1 + 𝑟𝑐𝐿

𝑒𝑐𝑅
𝑓

|
2
 

𝑑𝜎

𝑑𝛺
(𝑒𝑅

−𝑒𝐿
+ → 𝑓𝐿𝑓�̅�) =

𝑁𝑐𝛼2

4𝑠
(1 − cos 𝜃)2|1 + 𝑟𝑐𝑅

𝑒𝑐𝐿
𝑓

|
2

 

𝑑𝜎

𝑑𝛺
(𝑒𝑅

−𝑒𝐿
+ → 𝑓𝑅𝑓�̅�) =

𝑁𝑐𝛼2

4𝑠
(1 + cos 𝜃)2|1 + 𝑟𝑐𝑅

𝑒𝑐𝑅
𝑓

|
2

 

𝑟 =
√2𝑀𝑍

2𝐺𝐹

𝑠 − 𝑀𝑍
2 + 𝑖Γ𝑍𝑀𝑍

 (
𝑠

𝑒2
) 

find an expression for 𝐴𝐹𝐵 for fermions 𝑓 ≠ 𝑒.  Prepare three graphs 

showing 𝐴𝐹𝐵 as a function of √𝑠 for 50 < √𝑠 < 200 GeV for the following 

processes: 

𝑒+𝑒− → 𝜇+𝜇− 

𝑒+𝑒− → 𝑏�̅� 

𝑒+𝑒− → 𝑐𝑐̅ 

assuming that sin2 𝜃𝑊 = 0.231. 

 


