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Motivations 
• Higher Spin (HS) Theory has a long history ~ 80 years 

 
o had to overcome important conceptual issues (interaction problem) 

o study of these fundamental problems may have at least academic interest 

 

• since the early 50’s HS particles have been observed in Nature as hadron resonances 
with s ≤ 11/2   

 

 
 

• HS fields constitute a major (infinite-dimensional) subsector of String Theory 

 
o they are in charge of a soft UV behavior or even finiteness of String Theory 

 

• AdS/CFT correspondence 

 
o tensionless string v.s. 4D free SYM (…Sundborg, Witten, Sezgin & Sundell, Bianchi et. al,…) 

 

o non- susy duality between 𝐴𝑑𝑆4 massless HS and 3d CFT models 
     (Sezgin & Sundell, Klebanov & Polyakov  2002, …,Petkou 2003,…, Giombi & Yin 2009-2011) 

 
o HS gravity 𝐴𝑑𝑆3/𝐶𝐹𝑇2 duality (…, Gaberdiel & Gopakumar 2010,…  ) 
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Plan of the talk 
• Short history 

 

• Overview of the main problem – consistent HS 

interactions 

 

• Way to solve the interaction problem 
o group-theoretical and geometrical foundation of HS theory 

o Vasiliev construction of non-linear Higher-Spin systems 

 

• Higher spins, strings and AdS/CFT 
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• First appearance of higher-spin fields 
 

o in 1932 Majorana proposed a field equation which describes infinite tower 

of HS fields with inverse mass-spin dependence 

 

 
 

o in 1936 Dirac considered (non-Lagrangian) equations for a single free field 

of an arbitrary (half)-integer spin 

 

 

 

 

 

 

o in 1939 Fierz and Pauli addressed the problem of coupling HS fields with s>1 

to an electro-magnetic field – first serious problem of HS theory 

Historical remarks 
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Historical remarks 
• 1939 Fierz-Pauli construction 

o problem with the introduction of the minimal EM coupling into the Dirac eqs. 

 

 

o Reason:  non-Lagrangian form of the higher-spin Dirac eqs. 

o Cure: lift the system to a Lagrangian and introduce EM coupling therein 

o a # of auxiliary fields of lower spins is required 

o Fierz & Pauli considered in detail only the cases of s=2 and 3/2, massive and 
massless. For arbitrary s they gave only a general prescription of how to 
construct a Lagrangian realized by Singh & Hagen in 1974 for massive fields. 
Lagrangians for m=0 HS fields were constructed by Fronsdal & Fang in 1978  
 

• F&P spin 3/2 Lagrangian description requires an auxiliary spinor field 

 

 

• Fierz & Pauli noticed fermionic gauge symmetry of the massless 3/2 field 

 

 

• In 1939 Fierz & Pauli were about to discover supergravity (and susy) if 
they decided to couple spin-3/2 field to gravity 
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Fierz & Pauli, Proc. R. Soc. Lon. 1939, p. 226 

It took more than 30 years to gain understanding of the spin-3/2 gauge symmetry which 
resulted in the construction of Supergravity 
 
• D. Volkov & V. Soroka, Higgs Effect for Goldstone Particles with Spin 1/2,  JETP Letters, 18, 312, 1973 
      (supersymmetry is non-linearly realized) 
 
• D. Z. Freedman, P. van Nieuwenhuizen & S. Ferrara, Progress Toward a Theory of Supergravity,           

     Phys. Rev. D 13, 3214, 1976 
 

• S. Deser & B. Zumino, Consistent Supergravity, Phys. Lett. B 62, 335, 1976 
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Problems of consistent interactions of HS fields 

• No-go theorems regarding S-matrix amplitudes of interacting 

massless HS particles in D>3 

 

o 1964, Weinberg – non gauge invariant behavior of amplitudes describing 

the emission of soft massless HS particles (no long-range HS interactions) 

o 1967, Coleman-Mandula theorem – the S-matrix does not allow for HS 

symmetries 

o 1980, Weinber & Witten – matrix elements of the energy-momentum 

between two massless HS states should vanish 

o Later refinements of these and other theorems: Haag, Lopuszanski & 

Sohnius ‘75, …, Benincasa & Cachazo ’07, Porrati ’08,… 

 

• Claim incompatibility of interactions of massless HS fields with general 

consistency requirements of the relativistic scattering theory 

 

• 1979, Aragone & Deser – minimal Lagrangian coupling of massless HS 

fields to gravity is incompatible with HS gauge symmetry  
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Limitations of the no-go theorems 
• Assumption of flat (Minkowski space) vacuum 

 

• Conventional  minimal (e.g. gravity) interactions with not more than 2 derivatives 
 

• Finite number of fields involved 
 

If any or all of these assumptions are relaxed, the no-go theorems can be circumvented 
(for a review see Bekaert, Boulanger & Sundell, arXiv 1007.0435) 

 

Examples:  

 -Cubic HS vertices with higher (> s) derivatives do exist in Minkowski and (A)dS spaces 

   (Bengtsson, Bengtsson & Brink ‘83, Berends, Burgers & van Dam ‘85,..., Fradkin & Vasiliev ‘87, …, Metsaev ‘05, …) 

 -String theory on a flat background gives rise to a consistent theory of an infinite number 
of interacting massive HS fields 

 

o HS vertices from string theory (e.g. Sagnotti & Taronna ’10, Taronna ‘11) 

 

Questions:  Whether simpler interacting HS systems exist, e.g. with M=0?  

       Whether String Theory can be considered as a spontaneously  broken phase of a more 
fundamental HS gauge theory?  
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Gauge Theory of massless HS fields 

 • Fradkin & Vasiliev 1987: coupling of massless HS fields to gravity and 

among themselves is possible in backgrounds with non-zero 

cosmological constant  (e.g. in (A)dS) 
 

   consistency requires: higher-derivative terms and an infinite # of fields 

   - flat limit of these theories is singular 

 

 

 

 

• simplest case: symmetric HS fields 

(first Regge trajectory in String Theory) 
 

• mixed-symmetry HS fields in D>4 

      (not to be discussed) 
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Gauge Theory of massless HS fields 

 
• Lagrangian description of free massless symmetric HS fields 

1978, Fronsdal (bosons), Fang & Fronsdal (fermions) 

 

- Abelian gauge symmetry: 
 

- traceless conditions:  
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Free Lagrangian: n
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Other formulations of free HS field theory 

• Unconstrained formulations 

o with the use of auxiliary fields (Buchbinder, Pashnev, Tsulaia, Bekaert, 

Sagnotti, Francia, Galajinsky,…) 

o non-local formulation with the use of HS curvatures (Francia & Sagnotti) 

 

• BRST construction a la String Field Theory (…Pashnev, Tsulaia, Burdik, 

Buchbinder, Bekaert, Krykhtin, Reshetnyak, Grigoriev, Barnich… ) 

 

• “Kaluza-Klein-like” formulation in tensorial spaces (Fronsdal, Bandos, 

Lukierski, D.S., Vasiliev, Gelfond, Plyushchay, Tsulaia, Pasti , Tonin, de Azcarraga, 

Bekaert, Ivanov… ) 

 

• Frame-like formulation (Vasiliev ‘80, …) 
 

     turned out to be the most suitable for the development of interacting 

HS theory 
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Frame-like formulation and 

geometry of HS fields 

• “Frame-like” indicates that this formulation is analogous to the 

Cartan-Weyl formulation of gravity in terms of the frame field, or 

vielbein, and spin connection (naturally based on the diff. form  formalism) 

 

 

• Fronsdal formulation is “metric-like”. It generalizes the Einstein 

formulation of General Relativity 

 

 

• Understanding the group-theoretical structure and geometry 

underlying a theory is crucial for its development (e.g. GR and YM) 
 

For HS fields this should give us a clue to the structure of their interactions 
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HS geometry in the metric-like formulation 
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HS geometry in the frame-like formulation 

spin-2: 

gauge invariant 
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HS geometry in the frame-like formulation 

Higher-spin 
curvatures: 
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Higher spin fields in AdS 

Notice the proliferation of indices and quantities required for the description of higher-s fields 
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Free higher spin fields in AdS 

AdS HS connection: 
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Towards the construction of interacting 

HS systems 

Gauge transformations and algebra 

111111111111 ...,......,...
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spin-2: ABBABABA TTxD ,,,

0

,           )(  

non-Abelianization leads to SO(2,D-1):  BDACCDABCDAB TTTTT ],[        0 ],[

For s>2 non-Abelianization results in an infinite-dimensional HS algebra: 

)1,2(         ],[ 242 21212121
  DSOTTTTT ssssssss

The simplest HS algebra contains only even spins s=2n.  Corresonding minimal HS theory  
in 𝐴𝑑𝑆4 is (conjectured to be) dual to the 3d O(N) vector model  
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Towards the construction of interacting 

HS systems 
Going  out into ‘hyperspace’ to accomodate an infinite number of  gauge parameters and fields  
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Non-linear HS field equations 

(Vasiliev ’88-’03, Sezgin & Sundell, ….) 

Gauge transformations and curvature: 
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HS fields and AdS/CFT correspondence 

• String AdS/CFT correspondence is a weak-strong coupling duality 

 

 

• Classical (super)gravity approximation is valid when 𝑔𝑠𝑡𝑟 → 0, 𝑁 → ∞, 𝑇 → ∞, λ → ∞   

                            weakly coupled bulk theory – strongly coupled CFT 
 

• Most calculations on the bulk side are in this limit 
 

• If we are interested in the correspondence with a weakly coupled CFT λ → 0                

     - we should deal with a string on a highly curved AdS  𝑅 → 0 

     - or consider a tensionless string limit 𝑇 → 0 in which HS string states become massless 

                                            (…,Sundborg, Witten, Sezgin & Sundell ’00-’02,…) 
 

• In free 4d SYM theory there is a closed subsector of states corresponding to twist two operators (∆-
s=2). It should correspond to a massless HS field system in AdS5 which form a closed subsector of the 
full tensionless string (somewhat analogous to supergravity limit).  (Sezgin & Sundell ’01). 

        The full free SYM theory also exhibits a Vasiliev-type HS symmetry  (Sezgin & Sundell ‘02, Bianchi et al 
                         ’03-’05) 

• Is there simpler free CFT at large 𝑁 whose dual is a massless HS theory on AdS? 

                    (Sezgin & Sundell, Klebanov & Polyakov 2002) 
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Free 3d O(N) vector model vs HS theory on 𝐴𝑑𝑆4 

Free O(N) model: ),...,2,1(     
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Evidence: three point functions in the CFT match Vasiliev’s cubic couplings 
                                 (…Petkou, Sezgin & Sundell,…, Giombi & Yin) 

Evaluate Vasiliev eqs. to 2nd order: ...'''
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Other HS AdS/CFT instances 
• Interacting 3d O(N) vector model 
      at  IR critical point and large N 
      (Klebanov & Polyakov 2002) 
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dual to the minimal (s=0,2,4,…) HS theory in 𝐴𝑑𝑆4  
with a different boundary condition on the bulk scalar field 𝜑0(x)  

HS gauge symmetries are broken by the boundary conditions: )( 1
Ns OJ 

supports interesting issue: in the bulk the HS symmetry may be broken through 
loop effects and the HS fields acquire mass 
(Girardello, Porati & Zaffaroni ‘02, Manvelyan, Mkrtchyan & Ruhl ‘08, Giombi & Yin ‘11) 

• Higher-spin  𝐴𝑑𝑆3/ 𝐶𝐹𝑇2 correspondence – has specific features 
      (Gaberdiel & Gopakumar, Henneaux & Rey, Campoleoni et.al. ’10, …) 

 

• massless 3d HS theories do not have propagating local d.o.f. 
                 (Blencowe+ Bergshoeff & Stelle) 

• involve finite # of HS fields described by SL(N;R) x SL(N;R) CS field theories s ≤ 𝑁 
 

• 2d CFT duals are interacting  SU(N) coset WZW models with 𝑊𝑁 symmetry in 
large N limit 
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Other aspects of HS (A)dS/CFT 

• Higher spin realization of the dS/CFT correspondence 

      (Anninos, Hartman & Strominger ‘11) 

 

• General aspects of HS holography 
 

o Koch, Jevicki, Jin & Rodrigues, ‘10-11 
 

o Douglas, Mazzucato & Razamat ’10 
 

o Maldacena &  Zhiboedov ‘11 

 

• · · · · · 

 

 

 
 

 

24 



Other trends and questions in HS theory 

• Looking for exact solutions of non-linear HS equations  

        (Vasiliev et. al., Sezgin & Sundell+Iazeolla,…) 
 

o Black holes in 4d HS theory (Didenko, Matveev & Vasiliev ‘08-09) 

o New black holes in 3d SL(N;R) x SL(N;R) higher spin theories carrying HS charges 

(Gutperle & Kraus + Ammon & Perlmutter 2011) 
 

• Looking for a complete action principal which would produce Vasiliev eqs. 

o 1987 Fradkin-Vasiliev action contains only cubic couplings and no scalars 

o Recent proposal by Boulanger & Sundell 2010 
 

• Understanding the quantum theory of HS fields 

o knowledge of the action and progress in AdS/CFT may be of great help 
 

• HS gauge symmetry breaking and mass generation 

o Whether string theory is a broken phase of an underlying gauge HS theory?  
 

• Mixing of space-time and HS symmetries may claim a revision of our view on space-

time in terms of Riemann geometry (generalizing that of string theory) 
 

o can this give us more hints of what Quantum Gravity is? 
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Спасибо!  

Thank you! 
Grazie! 

… 
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