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Examination for FY3464 Quantum Field Theory I

Contat: Mihael Kahelrie�, tel. 99890701

Allowed tools: mathematial tables

1. The ��

3

theory.

Consider the theory of a massive real salar �eld � and a ��

3

self-interation in d = 6

dimensions.

a.) Write down the Lagrange density L and explain your hoie of signs and pre-fators.

. (6 pts)

b.) Write down the orresponding generating funtional for disonneted and onneted

Green funtions. How does one obtain onneted Green funtions? (3 pts)

.) Determine the dimension of the �eld � and of the oupling �. (3 pts)

d.) Draw the Feynman diagram(s) and write down the analytial expression for the self-

energy i� (i.e. the loop orretion for the free propgator) at order O(�

2

) in momentum

spae. (4 pts)

e.) Determine the symmetry fator of i�. (3 pts)

f.) Calulate the self-energy i� using dimensional regularisation, split the result into a

divergent pole term and a �nite remainder. (14 pts)

2. Fermions.

a.) De�ne left- and right-hiral �elds  

L

and  

R

as eigenfuntions of 

5

. Express

L =

�

 i�= �m

�

  

in terms of  

L

and  

R

. (7 pts)

b.) Give an operator whih ommutes with the (free Dira) Hamiltonian and an be used

to lassify the spin states of a fermion. Explain its meaning. (You don't have to alulate

the ommutator.) (3 pts)

3. Sattering.

Derive the optial theorem

2=T

ii

=

X

n

T

�

in

T

ni

:

Give a physial interpretation of this relation (less than 100 words). (7 pts)

4. Gauge invariane.

Consider a loal gauge transformation

U(x) = exp[ig

m

X

a=1

#

a

(x)T

a

℄
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whih hanges a vetor of fermion �elds  with omponents f 

1

; : : : ;  

k

g as

 (x)!  

0

(x) = U(x) (x) :

a.) Assume that U are elements of the non-abelian gauge group SU(n) and that

f 

1

; : : : ;  

5

g transform with the fundamental representation. What are then the values

of n and m? What is the physial interpretation of m? (5 pts)

b.) Derive the transformation law of A

�

= A

a

�

T

a

under a gauge transformation. One way

to do this is to require that i) the ovariant derivatives transform in the same way as  ,

D

�

 (x)! [D

�

 (x)℄

0

= U(x)[D

�

 (x)℄ :

and ii) that the gauge �eld should ompensate the di�erene between the normal and the

ovariant derivative, (8 pts)

D

�

 (x) = [�

�

+ igA

�

(x)℄ (x) :

.) The non-abelian �eld-strength F

��

= F

a

��

T

a

transforms under a loal gauge transfor-

mation U(x) as (2 pts)

2 F

��

! F

0

��

= F

��

2 F

��

! F

0

��

= U(x)F

��

U

y

(x)

2 F

��

! F

0

��

= U(x)F

��

U

y

(x) +

i

g

(�

�

U(x))�

�

U

y

(x)

2 F

��

! F

0

��

= F

��

+ [D

�

; A

�

℄
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Some formulas

f

�

; 

�

g = 2�

��

: (1)



5

� 

5

� i

0



1



2



3

(2)

�

��

=

i

2

[

�

; 

�

℄ (3)

� = 

0

�

y



0

(4)

1

ab

=

Z

1

0

dz

[az + b(1� z)℄

2

: (5)

I(!; �) =

Z

d

2!

k

(2�)

2!

1

[k

2

+ 2pk +M

2

+ i"℄

�

= i

(��)

!

(2�)

2!

�(�� !)

�(�)

1

[M

2

� p

2

+ i"℄

��!

: (6)

f

�"=2

= 1�

"

2

ln f +O("

2

) : (7)

�(n+ 1) = n! (8)

�(�n + ") =

(�1)

n

n!

�

1

"

+  (n + 1) +O(")

�

; (9)

 (n+ 1) = 1 +

1

2

+ : : :+

1

n

�  ; (10)

�

d f

�

e

� � i�

f

p

f f

i

p

2

�m

2

+ i"
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