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Quantum Gravity Challenge

QG effects should matter at ultrahigh energies of Planck scale

h
m% = EC mp ~ 1019GeV

To proceed conjecture that the regime of ultra high (transPlanckian)
energies exhibits some high symmetries.

Starting point: spin s free Fronsdal HS gauge fields  dpn;..ny = (5,60, n,

In 60th it was argued (Weinberg, Coleman-Mandula) that
HS symmetries cannot be realized in a non-trivial local field theory

iIn Minkowski space For a review: Bekaert, Boulanger, Sundell (2010)

Green light: (A)dS background with A =0  Fradkin, MV, 1987
In agreement with no-go statements the limit A — 0 is singular
1
Non-analiticity in A via dimensionless combination /\_58% Fradkin, MV 1987
Background HS gauge fields contribute to higher-derivative terms in

the evolution equations: no geodesic motion in presence of HS fields



Space-Time and Spin
Space-time M is where symmetry G = O(d — 1,2) acts

Spin s: different G-modules V; where fields ¢“(z) are valued.
Vs, contain ground (primary) fields ¢“(z) along with their derivatives
Ony - - - On, () (descendants)

HS vertices contain higher derivatives Bengtsson, Bengtsson, Brink (1983),

Berends, Burgers and H. Van Dam (1984), (1985), Fradkin, MV; Metsaev,...

HS symmetries Fradkin, MV 1986 are infinite dimensional extesions of G

Infinite towers of spins = infinite towers of derivatives.

How (non)local is HS gauge theory?



Locality and Non-Locality

Equations of motion in perturbatively local field theory EAO,SO(a, $») =20
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EA0,80(87 ¢) — Z AO Al AZ(SC)) S1y:-- Sl)anl I 8’nk¢811 s ¢Sll
k=0,l=1
have a finite # of non-zero coefficients o' at any order .
Ag... A

so IS the spin of the field on which the linearized equation is imposed

HS theory involves infinite towers of Fronsdal fields of all spins.
Zf Z{f may take an infinite # of values.
It makes sense to distinguish between Gelfond, MV 2018

local: finite number of derivatives at any order

nl M

AO (80,81, “ e Sl) =0 at k > kma,x(l)
spin-local: finite number of derivatives for any finite subset of fields

nl M

AO (80,81, SO, .. -Sl) =0 atk> kmax(So, S1,82,... Sl)

non-local: infinite number of derivatives for a finite subset of fields at

some order.



Compact Spin-Locality

The simplest option: replacement of the class of local field theories
with the finite # of fields by spin-local models with infinite # of fields.

Spin-local-compact vertices in addition obey

ny...ng

— 0
aAOAl...Al(‘SO’Sl"“ S+ tp,...,81) =0 tp >ty Vk

non-compact otherwise.

Compactness is in the space of spins, not in space-time
Both types of vertices in HS theory:

Cubic HS vertices w x w built from HS gauge potentials are spin-local-

compact: spins sg, s, so obey the triangle inequalities sg < s1 + so etc.

Vertices associated with the conserved currents built from gauge invari-
ant field strength are spin-local non-compact. These include conserved

currents of any integer sg built from two spin-zero fields (s; = so = 0).



Field Redefinitions

A local theory remains local under perturbatively local field redefinitions
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with a finite # of non-zero coefficients at any order.
Which field redefinitions leave vertices spin-local?
General spin-local field redefinitions do not work since contributions of

all spin s, redefined fields may develop non-locality
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Spin-local-compact field redefinitions in spin-local theories:

proper substitute since summation over sy, is finite.

One of the central problems in HS theory is to find a field frame making
it (spin-)local. Given non-locally looking field theory, the essential

question is whether or not it is spin-local in some other variables.



HS Multiplets

Infinite set of spins s =0,1/2,1,3/2,2...

and C with all n > 0 and m > 0.

w . . . .

Generating functions w(Y|x) and C(Y|x): unrestricted functions of com-

muting spinor variables Y = (ya, yg)
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A(Y|$> — Z —Aal...an dl...dmyal Tt y@ngal s gam
nm—0 2n!Im!
Gauge one-forms Dot - om Lo lom n+m=2(s—1)

s=1: w(x)=dx"wn(x)

s =2: waﬂ-(x) : waa(T) (D(w(a:)
s=3/2: walz), we(x)

Frame-like fields: |n — m| =0 (bosons) or |n —m| =1 fermions
Auxiliary Lorentz-like fields: |n — m| =2 (bosons)

Extra fields: |n —m| > 2 and zero-forms C(Y|z): higher derivatives



Free Field Unfolded Massless Equations

T he full unfolded system for free massless bosonic fields is 1989
- 2 2
* Rq (y, = —|nH - C'(0, H C(y,0
1(y,9 | z) 4<n P, (0,7 |z)+7 e (y Iw)>
*x DoC(y,5|x) =0

_ _ 0 0
Ri(y,y | ) = D§w(y,j|2)  Dg':=D" - aﬁ(*yo‘— T oy B)

~ : B 32 9
Dy = DL 4 ¢ (yayﬁ- + aa_@.) DL —d, — (waﬁya L+ 5085, )
y@0y

HOYP = eo‘deﬁé‘, FdB = eaé‘eO‘B

*x iImplies that higher-order terms in y and y describe higher-derivative

descendants of the primary HS fields



Zero-Form Sector

Equations on the gauge invariant zero-forms C
0 1 : :
CY; Klz) = ), S Coran oo (@)Y Ly Oy ALy

n,m=0

decompose into independent subsystems associated with different spins

Spin-s zero-forms are C,. ., a;..a, (%) With
n—m = +2s
Perturbative unfolded equations

d.C = oc_C + lower-derivative and nonlinear terms

. 2
ap_ 9 -, o2 =0

o_ .= e

imply that higher-order terms in y and y in C(y,y|x) describe higher-

derivative descendants of the primaries C(y,0|z) and C(0,y|x). Generally,

Cay...an é1...am () coNtain ”gm — {s} space-time derivatives of the spin-s

dynamical fields. Presence of zero-forms C in the HS vertices may

induce infinite towers of derivatives and, hence, non-locality.



HS Vertices

The problem: consistent non-linear corrections 1988 in the local frame

drw=-wsrw+ T (w,w,(C)+ T (w,w,C,C)+ ...,

d,C = —[w,Cl« + T (w,C,C) 4+ ...

The vertices can be put into the form
T(d,d,...) = F(Q, P"™; Q/, P"Yd (Y1) ... ®(Ya)ly:=0

with ® = w, C and some non-polynomial functions F(Q*, P": QJ, Pk) of

the Lorentz-covariant combinations

Q= y® 0 pij —

9 99
7 oy Ay dyja

Q=" ——, = s
Oy;“ y;* 0Yj,

T he fundamental problem: find a proper class of functions F(Qi, prm. Qj,

guaranteeing spin-locality (minimal non-locality) of the HS theory



Spinor Spin-Locality

Polynomiality of F(Q?, P¥, QJ, Pk) in either P¥ or P Vi, j associated with
C
Restriction to the fixed spin relates the degrees in P% and Pkl since

n—m = +2s

Non-linear corrections can affect the relation between spinor and space-
time spin-locality making obscure the space-time interpretation of the
locality analysis in the spinor space.

This does not happen for projectively-compact spin-local vertices with
F(Q', PY,Q7, PFy = QuG(Q', PY,Q7, Py + QuG(Q", PY,Q7, PM)

Q. and Q. being associated with the one-forms w among o.



Projectiely-Compact Spin-Local Vertices

Using background frame eO‘B HS equations can be represented as

LC(y, 9) = e**(0eaF T (0, D) +yadaF T (y, D +5a0aF T (v, ) FvaiiaF (v, 7)
Generally, nonlinear corrections can contribute to any of FYH,

The contribution to FT1 can be singled out by the projector
o

aead’

A spin-local vertex Y is called projectively compact if MY is spin-

nées .= N, 1N 1y g® Ny :=y*0a, Nj:=7*8;

local-compact. In particular, if ndesy = 0.

The contribution of the projectively-compact spin-local vertices can
affect the expressions of the descendants in terms of derivatives of the
ground fields only by spin-local-compact terms that preserve space-time

locality of the vertex associated with the spin-local spinor vertex.



Projectiely-Compact Spin-Local Vertices in d.C

The d,.C vertex iIs 2017

T =7"Tyle,C) + Ti7(e, O)

1 512y 1 = = _, _.
Typle,C) = Enexp(%P ! )/O dre(y, (1-71)01—702)C(7y,y, K)C(—(1-7)y,y, K) ,

1_ , 1 _ _ _
T7(e, C) = S eXDZ(Pl’Q)/O dre((1-7)p1—7p2,9)C(y, 7y, K)C(y, —(1-7)y, K),
where e(a,a) = e*“aqa,, .
Being non-polynomial either in P12 or in P2 7 is spin-local

Since Y contains either eo‘dya or eadgd,

niesy =0 = T is projectively-compact spin-local

PCSL vertices contain the minimal possible humber of derivatives.



One-Form Sector

In the sector of one-forms

0.
1 A : :
wY|x) = W o ()Yt YOyt g
(Ylz) m%::o S T T i i (DY YTy

spin-s fields are the degree s — 1 homogeneous monomials in Y
Wy ..o ,ap. 6o (T) WIth 4+ m = 2(s — 1).
Dynamical HS fields, that contain Fronsdal fields, are those with n = m

for bosons and |n — m| =1 for fermions. Other components contain

#(0) = 5 (In —ml - 2{s}) (1)

Important consequence: spin-s components of w(Y) contain at most

s — 1 derivatives of the spin-s Fronsdal field.



Decendants

Interpretation of the components w,, ., a;..4, deP€Nds on whether
n>morn<m. At n > m every next component with n > m IS expressed

via the space-time derivatives of the previous one

Dru(y,7) — ePougpw(y, ) +...=0,  n>m

Ellipses denotes the lower-derivative terms as well as the |lhs of the

Fronsdal equations or Bianchi identities. Analogously, at m > n

DLw(y,g) — eaByaggw(y,g) +...=0, m>n

These equations can be put into the form

Dluy, §) — ¢%( Py daijy + P-yady Jw(u, ) + ... = 0

with projectors
Pyw(y,y) =w(y,y) n=>m, Piw(y,y) =0 n<m

Pw(y,y) =w(y,y) m=n, P w(y,y) =0 m<n



Equation Decomposition

Representing w(y,y) In the form

(.U(’y, g) — ead <aa5a§2++(y7 g)_l_yagon_—'_(y? §)+8a§a§2+_(y, g)_l_yagagz__(ya g))
one can check that
- B 1 B _ L _ o
e*Pdgyaw(y,y) = 5((Ng+2)H“5ya(35§2 Ty, D)+ (v, 9)) - Ny AP 5,9,
. _ _ 1 . ._ _ _ _ - _ _
P 0agaw(y, §) = 5((Ny+2)H“5ya(%Q+ (v, )+ (9, 1) )~ NgH*P 90,05
Suppose that the vertex is PCSL i.e., restriction of the non-linear
corrections to the HS equations to the projected terms
e <P+8Q§B+P_ya55>w(y,g) Is spin-local-compact. Then expressions for
the components of w(y, y) associated with higher space-time derivatives
of the Fronsdal fields will differ from those in the free theory by spin-

local-compact terms that do not spoil space-time spin-locality.



Projectively-Compact Spin-Local Vertices in d,w

The vertices of the form

P (N +2)H (gads " (0.9 + yas (0. 1)) - NEY5,5,27 (0. 7))

P_((N + 2B (3.3,0 (0. ) + 1Ty 0.9) — NH 0,097 (4.9)
do not affect the expressions for the one-form descendant fields via
derivatives of the primaries hence being projectively-compact. In that

case, spinor spin-locality of the next-order vertex implies its space-time

spin-locality.

Remarkably, the cubic vertices found in Gelfond, MV 2017 do indeed have
such a form. Moreover, they only contain the y,y-independent terms
with non-zero Q= or Q.

This implies that they have the minimal number of derivatives.



Holographic Higher Spins

Klebanov-Polyakov conjecture: HS theory in AdS, is holographically

dual to 3d vector model of scalar fields ¢ (: =1...N).

Sleight and Taronna argued 2017 that a HS theory resulting from holo-

graphic analysis based on the is essentially non-local

Since HS holography is a weak-weak duality, it should be possible to
test it.

No locality analysis of the full HS theory in AdS, has been done except
for that of the Lebedev group Didenko, Gelfond, Korybut, MV 2017-2022

What has been shown so far indicates that HS theory is spin-local?!

Suggests gauged version of the KP conjecture with conformal HS

boundary theory mMmv 2012



Conclusion

Concepts of compact and projectively compact vertices are introduced.

These apply to various versions of HS theories.

For projectively-compact vertices spin-locality in the spinor space and

space-time are equivalent.

PCSL vertices are conjectured to form a proper class of solutions of the
non-linear HS equations that guarantee spin-locality of the HS theory

at higher orders.

The new approach is designed to figure out the actual level of

(potential) non-locality of the HS theory.

T he analysis of HS gauge theory has a potential to affect the paradigm
of the holographic corresondence replacing the gauge-gravity corre-

spondence by the conformal gravity - gravity correspondence.



