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1)  Anomaly of the scale symmetry

2)  Un-doing Coleman-Weinberg dimensional transmutation

3)  Quantum scale symmetry

4)  Scale symmetric Standard Model

Plan
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„Unnaturally” small.

Forbid dimensionful 
parameters altogether.

Mass parameter in the SM 
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Higgs mass via Higgs portal:
new scalar field     with a VEV
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Higgs mass via Higgs portal:
new scalar field     with a VEV

3

„Unnaturally” small.

Forbid dimensionful 
parameters altogether.

Mass parameter in the SM 

Global symmetry wrt. dilatations:

The symmetry is 
anomalous!
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Anomaly of the scale symmetry 

A symmetric action

Noether current
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Anomaly of the scale symmetry 

A symmetric action

Noether current

trace of the 
E-M tensor
trace of the 
E-M tensor
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Anomaly of the scale symmetry 

A symmetric action

Noether current

Homogeneity of the potential?
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(matter-related)
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Anomaly of the scale symmetry 

(matter-related)
scale anomaly

g
μν

= g
μν

(x) ,   gravitational anomaly

not discussed here ...

Dimensional transmutation by Coleman and Weinberg:

5

Insertion of 
composite 
operators
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Un-doing the CW dim. transmutation with nonrenorm. interactions
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ren. scale charged 
under dilatations !
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Un-doing the CW dim. transmutation with nonrenorm. interactions
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For consistency add also:

ren. scale charged 
under dilatations !

Un-doing the CW dim. transmutation with nonrenorm. interactions
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● regularized

● nonrenormalizable

● homogenous:
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● regularized

● nonrenormalizable

● homogenous:

Does adding
nonrenormalizable interactions 
work this way at
all loop orders
and beyond the effective potential?

Yes!  Here’s why...

7

Un-doing the CW dim. transmutation with nonrenorm. interactions

scale symmetry
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Dim-Reg

e.g.

Consider evanescent interactions,                  :

8
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Dim-Reg

Conjecture 1.

change of the renormalization schemeevanescent interactions   =

e.g.

produces new finite corrections and poles in 

but not new overlapping divergencies new terms can be subtracktet away

(MS with evanescent interactions   =   new corrections and running wrt MS without evanescent int.) 

Consider evanescent interactions,                  :

8

Un-doing the CW dim. transmutation with nonrenorm. interactions
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Recall calculation of the β functions,

             schematically:

Dim-Reg
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Un-doing the CW dim. transmutation with nonrenorm. interactions
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Conjecture 2.

One can choose 

Recall calculation of the β functions,

             schematically:

Dim-Reg

and consider also the nonrenorm. part:

hence normally:

where

as long as

without modifying the         functions.  
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Conjecture 2.

One can choose 

Recall calculation of the β functions,

             schematically:

Dim-Reg

and consider also the nonrenorm. part:

hence normally:

where

as long as

without modifying the         functions.  

 Henceforth take 

9

Un-doing the CW dim. transmutation with nonrenorm. interactions
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Dim-Reg

Conclusion:

where

analytic near

10

Un-doing the CW dim. transmutation with nonrenorm. interactions

 is perfectly allowed.
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Dim-Reg

Conclusion:

where

analytic near

10

Un-doing the CW dim. transmutation with nonrenorm. interactions

 is perfectly allowed. The broken phase succesfully mimicks an ordinary model. E.g.: 
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Dim-Reg

 is perfectly allowed. The broken phase succesfully mimicks an ordinary model. E.g.: 

Conclusion:

where

analytic near

nonrenormalizable series with
some evanescent coefficients (conjecture 1.)

n-independent
(conjecture 2.) 

similarly for gauge theories:

10

Un-doing the CW dim. transmutation with nonrenorm. interactions
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Quantum scale symmetric effective lagrangian 

No scale anomaly in

renormalizable,
classicaly scale-invariant

„dynamical” 
regulator
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Quantum scale symmetric effective lagrangian 

No scale anomaly in

renormalizable,
classicaly scale-invariantgo to broken phase

compute loop corrections (in momentum expansion) & RGE functions  β, γ  

● Homogenous function (no mass-parameters, only vev’s)

●                 sym.

● Satisfies Callan-Symanzik eq.

„dynamical” 
regulator

11

→ unbroken scale 
transformations

to all orders

Insertion of
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Quantum scale symmetric effective lagrangian 

RG-improvement:

to avoid large logs.

Choose

Spontanous scale-symmetry breaking:

flat direction in un
br

ok
en

un
st

ab
le

renormalization condition,
similar to choosing C.C.

● Hierarchy of scales via aligning the flat direction             

● New perspective on naturalness: is this alignement stable wrt. embedding in a UV completion?

12
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Quantum scale symmetric SM +    

(electroweak vacuum electroweak flat direction)
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Quantum scale symmetric SM +    

(electroweak vacuum electroweak flat direction)

EW
flat-dir.

● unstable

(c
a

rt
oo

n)

● unbounded below

V
eff

 is:
Tunneling via 2-dim instanton 
(Coleman’s bounce), in the 
presence of nonrerm. terms.

(Even stronger) motivation to 
stabilise the V

eff
 completely:
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Summary

1) You may use a field as the scale μ
  in Dim-Reg to preserve scale symmetry at the quantum level.

2) The price to pay: infinitely many nonpolynomial       operators
  and corresponding couplings: nonrenormalizability.

3) Minimal subtraction scheme involves evanescent interactions.

4) Presence of a flat direction ← tuning.

5) Naturalness: aligning the flat direction perpendicular to Higgs

6) Instability = unboundedness below
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  in Dim-Reg to preserve scale symmetry at the quantum level.

2) The price to pay: infinitely many nonpolynomial       operators
  and corresponding couplings: nonrenormalizability.

3) Minimal subtraction scheme involves evanescent interactions.

4) Presence of a flat direction ← tuning.

5) Naturalness: aligning the flat direction perpendicular to Higgs

6) Instability = unboundedness below
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Thank You!
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