
FY3464 Quantum Field Theory 1 Final exam 22.05.2018

NTNU Trondheim, Institutt for fysikk

Examination for FY3464 Quantum Field Theory I

Conta
t: Mi
hael Ka
helrie�, tel. 99890701

Allowed tools: mathemati
al tables

1. Mis
ellaneous and quiz

(Several answers 
ould be 
orre
t.)

a.) Write down A

�

for (4 pts)

A = �u(p

2

)


�

u(p

1

)

b.) Cal
ulate (4 pts)

tr[


�
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�




�

℄:


.) The 
ovariant derivative of a Yang-Mills theory transforms under a lo
al gauge trans-

formation U(x) as: (1 pt)

2 D! D

0
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2 D! D

0
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0
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y
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0
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i

g
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�

U(x))U

y
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d.) The �eld strength of a Yang-Mills theory transforms under a lo
al gauge transformation

U(x) as: (1 pt)

2 F(x)! F

0

(x) = F(x)

2 F(x)! F

0

(x) = U(x)F(x)

2 F(x)! F

0
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(x)

2 F(x)! F

0

(x) = U(x)F(x)U

y
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�

U(x))U
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(x)

2. S
alar �eld.

Consider a real, s
alar �eld � with mass m and self-intera
tion g�

3

.

a.) Write down the Lagrange density L , explain your 
hoi
e of signs and pre-fa
tors (when

physi
ally relevant). (6 pts)

b.) Write down the generating fun
tional for 
onne
ted Green fun
tion. (4 pts)


.) Determine the mass dimension in d = 4 spa
e-time dimensions of all quantities in the

Lagrange density L . (6 pts)

d.) Draw the divergent one-loop diagrams and determine their super�
ial degree of diver-

gen
e D (in d = 4 spa
e-time dimensions). (6 pts)
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e.) Determine the number d of spa
e-time dimension for whi
h the theory is renormalis-

able. (6

pts)

3. Fermion with Yukawa intera
tion.

Consider a fermion  with massm intera
ting with real s
alar �eld � with massM through

a Yukawa intera
tion,

L = �ig

�

 


5

 � :

a.) Determine the global symmetries of this Lagrangian for m =M = 0 and the resulting

Noether 
harges.

b.) Cal
ulate the self-energy �(p=) of a fermion with momentum p using dimensional

regularisation. Express �(p=) as

�(p=) =

A

"

+B ln(D=�

2

)℄ : (1)

d.) What is your interpretation of the fun
tional form of A?

s.) What is your interpretation on the dependen
e of the self-energy the parameter �?

[max. 50 words or one formula without expli
it 
al
ulation is enough℄ (6 pts)

4. Spin-1 �elds.

a.) Use the tensor method to determine the propagator D

��

(k) of a massive spin-1

�eld des
ribed by the Pro
a equation (6 pts)

(�

��

2� �

�

�

�

)A

�

+m

2

A

�

= 0 :

b) Give one argument why this method does not work for m = 0. (3 pts)
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Feynman rules and useful formulas
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=
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2
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=
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I
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I(!; 2) = i

1
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1
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2
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Z

1

�1

dx exp(�x

2

=2) =

p
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f
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�(z) =
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1

0

dt e

�t

t
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�(n+ 1) = n! (13)

�(�n + ") =

(�1)

n

n!

�

1

"
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1

(n + 1) +O(")

�
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1

(n+ 1) = 1 +

1

2

+ : : :+

1

n

� 
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