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I would like to consider the question:

what happens when we put together gravity 

and SM as field theories?

A mandatory issue to consider is that of anomalies, so I 

would like more specifically to answer the question:

what do anomalies have to say about the interaction 

between gravity and SM? Is there anything useful that 

we can learn from it?

the answer is: YES



Summary: first half

• Anomalies: chiral and trace

• Consistent and covariant anomalies

• Trace anomalies: odd and even parity

• Basic subdivision: O and NO anomalies

• Obstructions (i.e. non-existence of 

propagators) and family’s index theorem

• NO anomalies (propagators exist)

Partial conclusion of the analysis: the MSM does 

have O anomalies that need to be canceled



Summary: second half

• A  L-R symmetric model

• Connection with cosmology – dark 

matter

• Conformal invariance

• Trace anomalies and WZ terms

• Renormalization and unitarity

L.B. Fermions and anomalies in FTs, Springer 2023

L.B. and S. Giaccari,  Arxiv:2412.07470

L.B. Arxiv:2510.25217





Gauge anomalies in 

chiral theories

(well-known things…)





















Trace anomalies













Relevant

diagrams









Ambiguities in trace anomaly calculations

The true reason for these contradictory results is due 

to the ambiguities in the (perturbative) calculation of 

the trace anomaly

There are four sources of ambiguity:

1) The divergent integrals

2) The very definition of trace anomaly

3) The cohomological ambiguity (Weyl + 

diffeomorphisms) 

4) The `new’ ambiguity











Trace anomaly in chiral theories 

with non-pertubative methods.

Idea: use Bardeen’s method also for trace 

anomalies











There are plenty of different anomalies: gauge and 

trace,  even- and odd-parity, consistent and covariant.

• Are they all on the same footing and of the same 

importance?

• Why some are dangerous and other are not?

• Do they have to be cancelled?

The methods considered so far do not allow us to 

answer these questions! 

We need the family’s index theorem







Here is the conundrum: anomalies are dangerous when 

they prevent the existence of the fermion propagators.

I call type O the anomalies whose family’s index is 

nonvanishing

I call type NO all the others

The family’s index of a self-adjoint operator vanishes 

identically. 

Examples: the Dirac operator for Dirac fermions; the 

Maxwell operator (after gauge fixing)….





Thus we have to find all the type O 

anomalies in the SM coupled to gravity 

and make sure that they vanish.

They are:

- chiral gauge anomalies (they vanish)

- gravitational anomalies (absent)

- mixed gauge-gravity anomalies

- chiral trace anomalies









Summary: second half

• A  L-R symmetric model

• Axial-complex analysis

• Conformal invariance

• Trace anomalies: even parity

• WZ terms

• Renormalization and unitarity

• Connection with cosmology

















The left sector of T represents the SM. So, what is the 

right sector? 

-it interact weakly with the left sector (only through the 

weak and gravitational force)

-It has a structure similar to the left sector, but an 

independent evolution.

cold dark matter (CDM), it may be made of baryonic c 
CDM may be made of the SM baryons, like MACHOs (massive 

astrophysical compact halo objects) or primordial black holes. The 

non-baryonic dark matter might be made of particles: massive 

neutrinos, axions, or weakly interacting particles present in 

supersymmetric models: neutralinos (a mixture of supersymmetric 

partners), fotinos, Binos,... popularly denoted by the acronim WIMPs. 

WIMPS may achieve the miracle of Ωdm =0.25.

The right sector may represent dark matter



Standard model and Weyl invariance 

In the above theory the fermion action, the gauge actions and 

the Yukawa couplings are conformal invariant. 

The scalar actions and the EH action are not conformal 

invariant. 

It is possible to render the whole action conformal invariant 

by introducing a scalar field, φ, the dilaton.









Why Weyl invariance?

Two main reasons:

- the cosmological constant problem

- renormalization and unitarity

+
- a philosophical prejudice: the apeiron of Anaximander















But the problem of Skylla and Charybdis 

does not exist if you can fly

Conformal symmetry, hopefully, makes 

you fly



Conformal invariance can be implemented in a classical field 

theory by simply adding a scalar field.

At quantum level we meet the issue of conformal (trace) 

anomalies. This raises two problems:

- Finding all of them

- Cancelling them

- We know that odd-parity anomalies do cancel

- Even parity anomalies are not dangerous, but  if we want to 

preserve Weyl invariance we must cancel them.





How do we cancel even trace anomalies?

- The first mechanism (anomaly polynomial          

vanishes identically) is not available

- The second mechanism (vanishing overlap of 

various species) is extremely unlikely

- We are left with the WZ terms.





There is no need to introduce new fields:

just replace σ with -φ





Therefore in any classically conformal invariant theory, 

where Weyl invariance is broken at one-loop by trace 

anomalies, we can restore invariance by adding suitable 

WZ terms. 

For our SM+Gravity theory there may be 

problems with unitarity: the spectrum very likely 

contains ghost particles (negative norm states)

Pottel-Sibold (2023-2024), Oda-Saake (2020), Oda

(2022-2024) 

However conformal anomalies and WZ terms 

might solve this problems
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