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This talk is about:

•  Conserved correlators in FT

•  Effective actions

•  Higher spin fields 

•  Fronsdal equations

•  L∞ symmetry

•  Application to SFT



First,  some examples, in 3d:

spin 1



Also: Vuorio, Giombi, Minwalla, Prakash, Trivedi, Yin, Wadia,….











spin 2







A. D. Sakharov (1968)



Spin 3 and higher















So what’s going on?

In the effective action of a massive 3d fermion we have 
found all the local action for spin 1, 2, 3: YM, CS, EH, 
Fronsdal, Pope-Townsend,….

Is there more?

Yes. Fortunately we can compute the effective action of a 
3d fermion exactly for any current.









So far we have considered only 3d examples, but the 
previous analysis holds in every dimension.

We have calculated explicitly all types of 2pt 
correlators (also mixed ones) for d=3,4,5,6,7,8 for spin 
s=1,2,3,4,5, both for a scalar and fermion model, and 
also obtained formulas in any dimension. 



d>3







Important remark!    

We have seen eom’s for various spins 
appearing in the IR of 2pt correlators
(or, equivalently, of the quadratic EA). But 
in fact the EA is entirely based on the 
corresponding differential operator.



You can find plenty of complete formulas in 
ArXiv:1609.020088, 1709:01738
(miracles of Mathematica)

These results can be cast in a 
more ‘geometrical’ form…







Tadpoles and seagull terms









In view of these results the first consideration 
is: HS’s theories are among us, they are 
natural developments of ordinary theories. 
They are nothing exotic.



For HS theories, see:

Vasiliev, Prokushkin, Metsaev,… 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…)



Provisional conclusion:

Free field theories  generate one-loop effective actions 
which contain information (action, eom,…) about a very 
large spectrum  of (if not all) local field theories  physicists 
have been able to invent.



But  the higher spin theories so far are in 
linearized form. Is the correspondence 
only valid for free higher spin theories?

The answer is: no! The correspondence 
may extend also to interactions.

Let us consider some examples



interaction









However it is clear that we cannot 

proceed by trial and error… it’s too 

complicated!

We have to find a systematic way, a 

method to construct HS theories from 

EA’s. 



Another 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









Advantages and disadvantages of the two methods  

The WLQ method gives directly conserved currents and symmetry 
transformation properties. On the other hand the latter are rigidly 
defined. The technology of perturbative evaluation is not yet well 
explored.

The Feynman diagram technique  does not determine the 
conserved currents and symmetry properties, but leaves it to us to 
construct them. On the other hand it has more freedom and its 
technology is well developed.



At this point there is an important new entry:

the L∞ symmetry













The L∞ symmetry is characteristic of many 

theories:

• Gauge FT’s

• CS theories

• Double FT

• Closed SFT…     and now….

• Worldline QFT’s



We have indications that in order to describe 
quantum gravitational effect we need a theory with 
infinite many fields. (Camanho-Edelstein-Maldacena-
Zhiboedov, 2014)

What this theory is, string theory, HS theories, … at 
present we don’t know…

A guiding tool could be the L∞ symmetry



From the previous results it seems that it is sort of 
incomplete to consider an ordinary field theory (with 
one single field) in isolation, because its quantization 
calls immediately for an infinite set of other fields.

It would seem that for a theory to be complete it 
must contain all the fields it is able to excite upon 
quantization (involutive). Is this possible or is there 
an unsurmountable duality between matter and 
gauge fields? 



String field theory may be the favorite 
playground to answer the previous 
questions.

So let us try to apply these ideas to SFT.

















Concluding:

• there are indications that the so obtained 

effective action contains to open-closed SFT.

• do the additional poles suggest a larger 

theory?



Thanks


