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Conformal symmetry and scale invariance

▶ For a unitary and renormalizable QFT:

Conformal invariance ≡ classical scale invariance

▶ Cl. scale invariance ≡ no dimensionful couplings
at tree level in the Lagrangian L

No (m2
i , . . .), Yes (yi , λi , gi , . . .) ∈ L

▶ Extensions via (gauged) scalars [Hel+17]
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Effective potential & contributions

▶ tree level contribution

V (0) =
1

N

∑
i ,j ,k,l

λijkl ϕiϕjϕkϕl

▶ 1-loop contributions
(
MS

)
[Qui99]

V (1) =
1

64π2

∑
i

(−1)2sini m
4
i

(
ln

[
m2

i

µ̄2

]
− ci

)
▶ field dependent masses mi depend on the particle

content (spin)

▶ m2
i ∝ λi and m2

j ∝ g2
j

⇒ V (0) ∝ λi and V (1) ∝ λ2
i , g

4
j
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Gap-equations

▶ Generalized sph. coordinates for ϕ⃗ via one radial
(φ) and n − 1 angular (ϑ⃗) coordinates

▶ scale invariance: m2
i (φ, ϑ⃗, µ̄) = φ2 m̂2

i (ϑ⃗, µ̄)

▶ Symmetry breaking or criticality equations:

radial : 0
!
= κ(ϑ⃗0;φ0) + A(ϑ⃗0;φ0) +

1

2
B(ϑ⃗0;φ0)

angular : 0
!
= ∇⃗ϑ

[
κ(ϑ⃗;φ0) + A(ϑ⃗;φ0)

]
ϑ⃗=ϑ⃗0

⇒ f
(
λi (µ̄), ϑ⃗

)
!
= 0

⇒ Set the dimensionless coupling at, e.g. MPl and use
RG-flow to evolve until both criticality equations are
fulfilled
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Two scalars, one gauged U(1)

▶ radial : κ+ A+ 1
2
B

!
= 0

▶ κ = λ sin4 ϑ+ λp sin
2 ϑ cos2 ϑ+ λs cos

4 ϑ

▶ A,B ∝ m4
i ∝ λ2

i , g
4

▶ λp(φ0) > 0: no cancellations on tree-level
⇒ 1-loop gauge vs. scalar tree-level

▶ λp(φ0) < 0: cancellations on tree-level
⇒ allows for ”pure” scalar breaking

⇒ λp(φ0) ≷ 0 is important for classification
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Two scalars, one gauged

▶ L = (Dµϕ)
† (Dµϕ) + 1

2
∂µS ∂µS − V

(
ϕ†, ϕ, S

)
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Gildener Weinberg approximation
▶ reduces n-fields ϕ⃗ = (ϕ1, . . . ϕn)

T to Φ⃗flat = n⃗φ

▶ condition: tree-level flat direction [GW76]

▶ direct (tree-level potential): scalar contributions
indirect (RG-running): all particle content

⇒ misses features of SSB:

Figure: Two scalars ϕ1, ϕ2, with U1(1)×U2(1) and q1 = q2,
λ1,0 = λ2,0 and g1,0 = g2,0 = 1 and λp,0 > 0.
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Scale Hierarchies

▶ RG-running generates separation between ren. scale
Λ and scale of SSB φ0

▶ Simplest example shows the ”naive” λp dependency

Figure: Two scalars ϕ1, ϕ2 with U1(1)× U2(1) and
λ1,0 = 0.2, λ2,0 = 0.4, g1,0 = g2,0 = 0.8.

▶ Conformal sym. is anomalous, i.e. regulator breaks
scale inv. explicitly
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Scale Hierarchies

▶ RG-running generates separation between ren. scale
Λ and scale of SSB φ0

▶ Simplest example shows the ”naive” λp dependency

Figure: Two scalars ϕ1, ϕ2 with U1(1)× U2(1) and
λ1,0 = 0.2, λ2,0 = 0.4, g1,0 = g2,0 = 0.8.

▶ Conformal sym. is anomalous, i.e. regulator breaks
scale inv. explicitly
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Summary & outlook

▶ Cl. scale invariant (conformal symmetric) model
with dynamical scale generation via SSB

▶ Multiscalar Coleman-Weinberg (without
approximations)

⇒ all features of SSB

▶ Incorporates the full RG-running

▶ Gap equations allow for intuitive description of SSB
w.r.t. λi ,0, gi ,0

▶ Can relate 1-loop mass hierarchies (somewhat)
analytically to λp,0

▶ A lot more to understand for more complex cases
. . .

Thank you for your attention!
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Backup: Probing via Inflation

▶ Including gravity ⇒ Inflation potential with 2
external scalars

from 2012.09706, by Kubo, Kuntz, Lindner,
Rezacek, Saake, Trautner.

https://arxiv.org/abs/2012.09706
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