
Loriano Bonora,  
SISSA, Trieste

What comes beyond the standard models

Bled, July 5-11, 2021

A YM-like theory

with infinite many fields



in coll. with 

Predrag Dominis Prester

Maro Cvitan

Stefano Giaccari

Tamara  Štemberga

ArXiv: 1802.02968, 1811.04847, 1812.05030, 2011.00734, 2103.10105, and 

more to come



We have indications that quantum gravitational effects 
need a theory with infinite many fields (Camanho-
Edelstein-Maldacena-Zhiboedov, 2014). See also 
H.Steinacker, 2019

Are string theories the only ones that can satisfy all the 
consistency requirements or are there others?
And, in case, how are they related to string theories?

Can they exhibit a critical dimension?

Or the good UV convergence properties of string theories?



This talk is about an attempt to construct theories with 

infinite many massless local fields that comprise 

matter and gravity

•  Worldline quantization

•  HS Yang-Mills-like theories

•  Absence of ghosts

•  Locality and non-locality

•  No-go theorems: comments



How can we construct other 

candidate theories?



For HS theories, see:

Fradlin, Vasiliev, Prokushkin, Metsaev, Ponomarev, 
Skvortsov, Bekaert, Young, Mourad, Francia, Iazeolla, 
Sagnotti, Campoleoni, Fredenhagen, Fotopoulos, 
Tsulaia, Taronna,…

Their ambition is to construct sensible HS theories 
and, to a certain extent, they have succeeded (3d, 
4d AdS…)



Our approach: worldline quantization

Strassler, Segal, Bastianelli, Bonezzi, Boulanger, Corradini, Latini, Bekaert, 
Joung, Mourad  …

In simple words: quantize a particle worldline Xᵐ with the Weyl 
quantization method  and interpret a field  as a function of the 
quantum Xᵐ  (in analogy with  SFT where string fields are functions 
of first quantized string)



















































A summary about (quantum) HS-YM theories

• They contain Maxwell (or non Abelian YM) and gravity

• There are precise recipes to compute any physical  amplitude

• No ghosts

• They are gauge theories with two types of gauge symmetries

• They are non-local with a ‘controlled’ non-locality (non-locality       

disappears when fixing the gauge symmetry)

• They are supersymmetrizable



In summary: we can construct a theory 

for massless spin fields that are 

covariant under HS gauge 

transformation, which is ghost-free, in 

any  dimension Minkowski spacetime!

This seems to contradict well-known no-

go theorems concerning HS: an 

interacting massless HS theory in 

Minkowski spacetime cannot exist!



The no-go theorems:

• some no-go theorems are S-matrix statements

• some concern theories with a finite number of fields

• most concern theories with minimal coupling to gravity

• HS gauge transformations are different 

• others are based on the Fronsdal equations

• they assume (non-perturbative) locality

Weinberg, Coleman, Mandula, Witten, Benincasa, Cachazo, Porrati, Bekaert, 

Boulanger, Leclercq, Conde, Young, Mkrtchyan, Ponomarev, Skvortsov, 

Metsaev,….



HS YM-like theories do not match some of these features 

(in particular locality)!

It is however necessary to show that they are consistent 

theories.

The first requirement is absence of ghosts: ok!

Other problems: • they are non-local

• have high IR singularities

• can they be made local (with     

addition of auxiliary fields)?



In (temporary) conclusion: 

There are serious problems to 

be tackled with HS-YM 

models….

….but they are worth studying



What could all this be related to?

String field theory may be the favorite 
playground to answer this question.

The first analogy which comes to mind 
is tensionless strings.











• Tensionless strings are non-interacting

• They reproduce Fronsdal-type equations

• They do  not seem to be related to HS YM-like theories
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