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Introduction

We show that ‘on-shell’ techniques are sufficient
to reproduce the physics of spontaneous symmetry
breaking and the Higgs mechanism, without refer-
ence to Lagrangians, quantum fields, and a scalar
field acquiring a vacuum expectation value.
In particular, we use helicity and spin spinors, along
with group factors (required by consistent factoriza-
tion) to specify three-particle amplitudes in the IR
and UV. We then discover familiar constraints by
demanding that high energy (HE) limit of the IR
amplitudes match onto UV amplitudes. This work
generalizes and extends that presented in Refs. [1, 2]

Scattering Amplitudes as Little
Group Tensors

A particle is labeled by its momentum, p, and rep-
resentation under global symmetry groups, σ, and
transforms under some representation of the little
group.

•For massless particles, the little group is
SO(2) = U(1), and its representations are
specified by its helicity, h. ‘Helicity spinors’
transform under the little group as,
|λ〉α→ w−1|λα〉 and |λ̃]α̇→ w|λ̃α̇] . (1)

•For massive particles, the little group is
SO(3) = SU(2), and its representations are
labeled by its spin, S. ‘Spin spinors’ transform
under the little group as,
|λ〉Iα→ (W−1)IJ|λ〉Jα and |λ̃]Iα→ W I

J|λ̃]Jα .
(2)

Scattering amplitudes,M, constructed from helicity
and spin spinors, are Lorentz invariant and under the
little group,
M(pa, ρa)→

∏
a

(Dρaρ′a(W ))M((Λp)a, ρ′a) (3)

where, for massless particles Dρaρ′a(W ) =
δσa,σ′aδha,h′aw

−2ha and ρa = (ha, σa), and for
massive particles Dρaρ′a(W ) = δσa,σ′aW

I1
I ′1
. . .W I2S

I ′2S
and ρa = ({I1, . . . , I2S}, σa).

The IR

There are dH massless adjoint gluons from the sym-
metry group H ⊂ G, with an associated Lie algebra
spanned by,
h = {X1, X2, . . . , Xα1, Xβ1, Xγ1, . . . , XdH} , (4)

such that
[Xα1, Xβ1] = hα1β1

γ1
Xγ1 . (5)

There are (dG − dH) massive vectors
arising from the ‘broken’ generators
{X (dH+1)0, . . . , Xα0, Xβ0, Xγ0, . . . , X (dG−dH)0}.
A general three massive vector amplitude,
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The UV

There are dG massless adjoint gluons from the sym-
metry group G = G1 × G2 × · · · × Gn. Each sub-
group Gi has an associated coupling gi, which we
use to rescale the generators giT̃ i = T i. The Lie
algebra is then spanned by,

g = {T 1, T 2, . . . , T a, T b, T c, . . . , T dG} , (7)
which follow the commutation relation

[T c, T b] = f cbdT
d . (8)

We have Nφ massless scalars, labeled by {I, J}.
Three particle amplitudes in the UV are,
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(9)

Matching the High Energy Limit of the IR onto UV

O ∈ SO(dG) matches a linear combination of adjoint labels in the UV to the IR. U ∈ SO(Nφ) matches a
linear combination of scalars in the UV to the longitudinal component of a massive vector in the IR.
Two massive vectors and one massless gluon:
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Three massive vectors:
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Results

From Eq. (10), we learn that, the coupling constants
and generators in the IR are related to those of the
UV via,

hαβγ = Oα
aO

β
bOγ

cf
abc

Xα = Oα
aT

a . (12)
From Eq. (11), we have that

hα0β0γ0

(
(mγ0)2 − (mα0)2 − (mβ0)2)

mα0mβ0

≡ Uα0I (Oγ0
aT

a)IJ U
β0J , (13)

which is solved by the ansatz
mα0Uα0I = (Xα0)IJVJ , (14)

for some dR = Nφ dimensional vector VJ . This is
the on-shell incarnation of the massive vector ‘eat-
ing’ the combination (T a)IJφJVI. Furthermore, for
massless vectors γ1,

mγ1 = 0⇒ (Xγ1)IJVJ = 0 (15)
which tell us massless particles in the IR correspond
to generators of unbroken symmetries. The mass
matrix, for massive vectors and massless gluons in
the IR are collectively given by,

(mα)2δαβ = V XαXβV (16)

Outlook

A similar analysis is executed for massive fermions
in the IR and massless fermions in the UV, which
requires the introduction of Yukawa couplings and
mass mixing matrices.
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