Free theory = kinetic + opt. mass term

Overview of the fields in QFT - Part | (FK8017 HT15)

Real scalar field

Field: ¢(z) e R
Symmetry: O(1) (no continuous
symmetries)

Complex scalar field

Field dofs: ¢(z),¢f(x) € C
Symmetry: U(1) ~ SO(2) = mass
degeneracy of the real doublet

Complex field from a real doublet ¢, ZQ:
olr) = L5 (61 () + ia())
¢! (z) = J5(¢1(x) — iga())

Spinor field
Two-component (Weyl) spinor field
Field dofs: y,(z) € C?+he
Symmetry: O(1)

Bispinor field
Four-component spinor field
Field dofs: (), %4 (z) € C?+he
Symmetry: U(1) ~ SO(2) = mass
degeneracy of the 2-spinor doublet

»

Bispinor from a 2-spinor doublet x14, X2aV5
Xa(@) = 75 (X1a() + iX2a(2))
Ya(r) = %(Xla(l‘) — ix24())

Real vector field

Field: A,(z) € R*
Gauge symmetry (if free)

Complex vector field

Field dofs: A, (z), AL(m) eCt
Gauge symmetry (if free)

Symmetrized (hermitian) kinetic term:
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Optional quadratic terms (mass

and gauge fixing):

kinetic term (L=LT) (kinetic term (L=LT) kinetic term (alt) (L=L")| |kinetic term (alt) (L=LT) kinetic term (L= E)\ kinetic term (L=LT)
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EoM based kinetic term: )L
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L

~

-
mass term
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p
mass term

-m?¢'¢

mass term
— 5 (MX"Xa + M*XaX")

—5m(X“Xa +XaX*)  form=m"

mass term
- (leXa + m*iaga)

_m(waXa + Ya@a)

for m = m*

-
mass term

+ zm? A, A*
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-
mass term

+ m? ALA“

(gauge fixing term

- %Q (8MAM)2

(gauge fixing term

— ((0,A™)(9,A")

Possible self-interaction terms:

cubic term (cubic term

— qind’ | —nel(e' +9)¢
quartic term | (quartic term

— ¢ —A(¢l9)”

Free-field examples (with propagators):

mixed term

mixed terms (+hc)

—(A],A)(9,A")

—(4,4")(8,4%)
(quartic term )
B (AuAM)Q

-
quartic term

— (A} A¥)?

| theories.

(Note: The self-interaction terms for vector fields lead to incon-
sistencies unless their coupling constants are precisely chosen on
the basis of a special type of symmetry, which must involve sev-
eral vector fields. This symmetry underlies the non-Ahelian gauge

1. The Lagrangian must be real modulo total derivative (required by CPT invariance).

2. All the added terms must be Lorentz-invariant.
3. All the added terms must be of dimension less or equal M%.

Prescription for building a consistent Lagrangian:

Hence, ignoring all the constants, the dimension of any term must be at most M? since the

N.b. Any interaction of higher dimension than M* leads to a nonrenormalizable theory.
dimension of a Lagrangian density is M*.

N

Massive neutral spin-0

£=4o(-0-m)9

(Massive charged spin-0 / KGF
L=

¢'(-0—m?)¢

Meson propagator:

1
iAp(k) = —
iAr (k) k2 —m?2 4 iet

. J .

(Meson propagator:

i1Ap(k) =

i
k2 —m?2 +iet

(L # L)
L= WM(W"@# - m)\I/M

Majorana Lagrangian

Dirac Lagrangian (L #LT)
L = V(iy*9, — m)¥

LT =i, (y" —m)¥

L' =Rel =1Tiy"'d , 0 — mTV

(Dirac fermion propagator:

, i(v*p, +m)
S = ——
15e(p) p? —m? +iet

(Massless neutral spin-1 (Maxwell)

£ = 14*(guD = (1= ()8,0,) A

L

Massive neutral spin-1 (Proca)

2

£ =340 (g0 +m2) - 9,9, ) 4"

(Photon propagator:
—i(g™ — S=LfrLy
1(g c k*k )

(Massive vector propagator:
_i(gtv — _pppr
1(g — Ktk )

D" (k) = k2 —m?2 +iet

N

STV (LY

L D" (k) = k? 4 iet
¢ =1: Feynman gauge (£ = (71 =1)
¢ — oo : Landau gauge (¢ = (71 =0)

M3/2, [F,,] = M?.

M [0u] = (8] = [Au] = MY, [¥] = [xa]

[5] = M°, [£]

Stiickelberg Lagrangian

L= —§F P + (0, +mA,) 049+ mAY)
Gauge-fixing ¢ = 0, yields the Proca action.

Yukawa coupling

—g UV ¢

Scalar QED

+e potpt A,
+e (¢Tp) (A, A*)
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[ (Spinor) QED

L

(Spinor) QED
—eUyrU A, —e Uyt A, |
(Yukawa coupling Scalar QED )
—g UV ¢ +e oot A,
+e (¢19)(A,A")

Legend:

guv © Minkowski metric, diag(1, -1, -1, —1)

vy ... : (World) tensor indices
@, B3, ... : Four-component (Dirac) spinor indices
a,b,...,a,b, ... : Two-component (Weyl) spinor indices

aa

&m = O'gaa#, 5

._ =paa
=ot%0,



