FY3464 Quantum Field Theory 1 Final exam 04.06.2015

NTNU Trondheim, Institutt for fysikk

Examination for Y3464 Quantum Field Theory I
Contact: Michael Kachelrief3, tel. 99890701
Allowed tools: mathematical tables

1. Spin zero.
Consider a real, scalar field ¢ with mass m and a quartic self-interaction proportional to

A in d = 4 space-time dimensions. (4 pts)
a.) Write down the Lagrange density ., explain your choice of signs and pre-factors (when
physically relevant). (4 pts)

b.) Determine the mass dimension of all quantities in the Lagrange density .. (6 pts)
c.) Draw the Feynman diagrams for ¢¢ — ¢¢ scattering at O(\?), determine the symmetry
factor of these diagrams, and write down the expression for the Feynman amplitude iA of
this process in momentum space. (8 pts)
d.) The one loop correction to the scalar propagator is

1
p2 —m?2 — %AF(O) +ie’

G (p) = (1)

Calculate the self-energy or mass correction dm? = %AF(O) in dimensional regularisation
(DR). You should end up with something of the form (10 pts)
dm? = Am?[a/e + b+ cln(u?/m?)]. (2)

e.) What is your interpretation of the dependence of §m? on the parameter p in Eq. (2)?
[max. 50 words or one formula without explicit calculation is enough] (4 pts)

2. Spin one-half. Consider a theory of two Weyl fields, a left-chiral field ¢, and a
right-chiral field ¢, with kinetic energy

Ly = i9ho"d, 05 + 10} 50,61 (3)
a.) Add a Dirac mass term Zp. (3 pts)
b.) Find the transformation property of % and Zp under parity, Px = —x. (4 pts)
c.) Add a coupling %, to the photon A* such that the coupling constant is dimensionless.

(4 pts)

3. Spin one.
Consider a massless spin-one particle, e.g. the photon A* with Lagrange density
1 1 1
L =Ly — —(0"A))? = —= F,, F"™ — —(0"A,)*. 4
§= Lo = 5O A =~ B = 5 (0°A,) )
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where F),, = 0,A, — 0,A,.

a.) List the symmetries of %, and of L. (5 pts)
b.) Derive the corresponding propagator D,, (k). [You don’t have to care how the pole is
handled.] (10 pts)
c.) Write down the generating functionals for disconnected and connected Green functions
of this theory. (4 pts)
d.) How does one obtain connected Green functions from the generating functional? (3
pts)

e.) What are the two main changes in .4, and in Z.g — %, in case of a non-abelian theory?
[max. 50 words] (4 pts)

Some formulas

The Pauli matrices are

(1) () ee(ih) o

They satisfy oo’ = §7 + ic¥*o*. Combining the Pauli matrices with the unit matrix, we
can construct the two 4-vectors o# = (1,0) and o = (1, —0).
The Gamma matrices satisfy the Clifford algebra

{7 =29 (6)

and are in the Weyl or chiral representation given by

0 1
7021@7—1:(1 0)7 (7)

fyi:ai®i73:<_00_i ‘6) (8)
75:1®73=(_01 (1’) (9)

Vi =3(L-W =P and yr=1(1+7") = Pey. (10)
o = S,y (1)
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F — ’YOFT’YO

! dz
ab :/0 laz+b(1 —2)]*

1 & s(k2m2
T [ e
/ drexp(—2?/2) = V2r
[ =1— %lnf+ O(e?).

['(z) = / dte 't**

0

Fn+1)=n!
(="

I(—n+e¢)= o

1 1
viln+ ) =14+=-+...+——7,
2 n
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