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This note follows very closely the derivation of App. B of the QFT book by Cheng & Li.

1 General Feynman rules

Consider the Lagrangian

L(w) = 56i(x) Py (x)d;(w) + X (2) Vi (2)x5 (20 (2) Xij (@) (2) + L1, x, X ¥, ¥ ](2) - (1.1)

where ¢; (x;) denotes a set of real (complex) boson fields that may be scalar or vector fields and
¢; the set of fermion fields. The indices %, j stand for any spinor, Lorentz, gauge, etc. index. P,
V, and X are matrix operators that may contain derivatives and have an inverse. X and V are
taken to be hermitian while P is real and symmetric:

vi=v, X'=x, PT=p (1.2)
The ie is assumed to be included in those operator.

1.1 Propagators
Define the inverses of P, X,V as

Z Vii(a =020 (x — ) (1.3)

Z Xij(x = 6;0W (z —y) (1.4)

Z . =66 (z —y) (1.5)
and the Fourier transform

Vit = [ e (1.6

X5t = [ ke k5 (17)

P = | [;j e~k B (1) (18)



The momentum space Feynman propagators are given by 17_17 X - P

k
jomees i ARy = [ et O T6u(2)05 (0)]]0) = ilP (k)]
G Bt ARy = [ e OTIG ) O]0) = 7 ()]
G Selh)y = [ e O, 0))0) = i (k)

1.2 Vertices

Consider a general term in L;

ﬁ] :/d4 I d4 To... ail__,Z-m_,,l-nmip,__iq___(m; L1...Zm.- Ty .. (Ep e ZL'q .. )
Vi (21) - i, (Tm) -+ i, () - X?p (xp) .. Xi, (7q) ... (1.10)

We define the Fourier transform as

d*ky d* ks e Nk (o _
ail,izm(x;wlvx2"') :/ (27r)4 (27T)4 "'ezkl(x 1) +ikz(@—w2) .. Oéi1,i2.‘.(k17k72'-~) (1'11)

& contains a factor ik;, for every derivative 0/ 8:3? acting on a field at ;. The vertex is finally
given by

I(ky kg, ) =i Y Y Y Y (DA kke..)  (112)
{1..m—1} {m..n—1} {n...p—1} {p...q—1} {q... }

The sums are on all possible permutations of indices and momenta among identical particles. A
factor (—1) appears for every permutation of two identical fermion fields Momenta are taken to
flow inward. Anti-particle fields 1) and x* correspond to lines with an arrow pointing outwards,
as in the figure below.
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2 Examples

2.1 ¢* theory

This is a simple example. We write the interaction term as

f%cb‘l(x) = f% /d4 z1. .. d* 20 (@ — 2)6W (@ — 22)6W (& — 25)6W (2 — x4)
X ¢(x1)p(22)(23)p(24) (2.1)
Thus A
a(x;21 ... 24) = —$6(4)(x — 1) ... 6W (2 —1y) (2.2)
and A
alky... k) = 1 (2.3)
The vertex is
I(ky .. ka) =i > @k, ko, ks, ka) (2.4)
1,2,3,4
iy (=A/4) = —iX. (2.5)
1,2,3,4

2.2 Derivatively coupled scalars

Consider a Lagrangian with two scalar particles s and ¢, with coupling

Lr=1(0.0) (2.6)

Ny
d* zy d* zp d* $39T6(4)(I —21)0W (2 — 22)0W (z — 3)
g 0

X @@Cf?(xl)ff)(@)s(%) (2.7)
Fhen d* T d* To da* T3 gt
0= [ Gyt e i (28)
and
alky, ko, ks) = gAiikmikZ,, = —klAkQ . (2.9)
The vertex is therefore
I=iY alks ko ks) = —QiklAkQ , (2.10)

1,2

where the momenta are inward, as in the figure:
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If the momenta flow outwards, just put a minus sign in front.
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