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Higher-spin problem

Sus = / S 00k 65+ Y an65D..D65D-.Dé5, DDy + O(6*)

51,52,53

Quadratic action
Fronsdal, Fang and Fronsdal:

5¢m1~-ms = D(I‘I'I1€mz..m5)7 gmngkl¢mnk/... =0

Cubic action

Bengtssonz, Brink; Berends, Burgers, van Dam; Metsaev; Fradkin, Vasiliev; many more
s1+ 52+ 53— 2min(s;)) < N(D) <51+ s + 53

No go: Minkowski— AdS— higher-spin symmetry
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Higher-spin holography

Klebanov, Polyakov; (Sezgin, Sundell; Leigh, Petkou)

SHs

= O(N)-model
z—0

3pt test (Giombi, Yin): OK
Maldacena, Zhiboedov:

. 1.
(Jsy Jsydsy) = sin® ¢(Js, Js, Jsy )b + COS® (s Sy s ) + 5 sin 20/(Js; I, Jes ) o

In the bulk (Tatarenko, Vasiliev)
Holographic reconstruction (Sleight, Taronna):

(Jsy Joy Jsy) = S
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Locality problem

Quartic reconstruction

Bekaert, Erdmenger, Ponomarev, Sleight:

(Joy Joy sy Jes) — SE (nonlocal)
Sleight, Taronna: A type of the nonlocality is
- (2
Gelfond: Direct calculation from Vasiliev equations

(moderate nonlocality)
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Locality: state of the art

® HS theory in four dimensions
HS4 = hol @ ahol @ mixed

Hol: local up to quite higher orders (V.D., Gelfond, Korybut, Vasiliev)
® Hol: generating equations; all-order locality (VV.D.)
® Mixed: Moderate nonlocality at quartic order (Gelfond)

® Bosonic HS theory in any dimension: generating equations; all-order locality at the
unconstrained level (V.D., Korybut)
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Vasiliev’s unfolded approach

Stick to the frame-like formalism instead of the metric-like one:

w(Ylx) = dx*w,(Y|x) - potentials
C(Y|x) - curvatures

¢al ..as

I

Y7 are the auxiliary generating variables
Nonlinear HS equations of motion:
dw=—-w*w+V(w,w,C)+ ..+ V(w,w,C..C),
dC = —-w*xC+ Cx7(w)+ T(w,C,C) + ... + T(w, C..C).

Consistency
>=0 — V(w,w,C.C), T(w,C..C) (Vertices)

w—w+ fy(w,C..C), C— C+fc(C..C) (field redefinition)
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e * — associative HS algebra (spanned by Y's)
_ iby-dy
F(Y)xg(Y) =f(Y)e'"g(Y)
® | ower order vertices

V(Q,Q,C) —  Free equations (Q-vacuum)
wrw, wxC—Cxm(w), V(Quw,C), T(QC,C) — Cubicint.

® d-dimensional off-shell bosonic HS algebra:

W51 b(n) _ gyhals—1), b(n) _ ole]e \7 O<n<s—1
" [ ] [ ] B o
Ca(m),b(s) _ oo e ’ m>s
[ I ]

Y= (ya,y?), a=12, a=0.d—1

(f*g)(y,i):/f(y+u,i+ﬁ)g(y+v,i+\7)e"“V+"ﬁ‘7
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Generating interactions (unconstrained)

Off-shell form Y = (y,y)

dw=—-w*w+V(w,w,C)+ ..+ V(w,w,C..C),
dC = —w*xC+ Cx7(w)+T(w,C,C)+ ... + T(w, C..C).

mf(y,¥) = f(=y.y)
Vasiliev's trick:
w— W(z; Y|x) == w(Y]|x) + Wi(z; Y|x) + Wa(z; Y|x) + ...,
dW+ WsxW =0

star product is extended to (z, Y) — space
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Generating system

V.D.'22; V.D., Korybut'23:
star product:

(fxg)(zY)= /f(z+u',y+u;y)*g(z_ v,y + V_|_V/;y)eiuv+iu'v/7
Equations:

dXW+ W*W:O’

dC+(W(z y,¥y)x C — C*W(z —y,y )) L

1
/\:dzo‘za/ dr7C(—7z,y)e iTzy
0
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Comrarison with Vasiliev

Vasiliev equations:

dW+WsxW=0,

B+ WxB—-Bxn(W)=0,

W + {W,A}. + dA =0,
d,AN+AxA=idz"dz, Bxr, r=e?
d;B+AxB—Bxn(N)=0.

star product:

(f*g)(Z; Y):/f(z+uaY+u?Y)*g(Z—V,y—|—v;y)ei“V,
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Perturbative series

Canonical embedding:
W=w(Yx)+WO(z, Y[x)+ WOz, Y|x)+..., W0 Y|x)=0, Vn>1

Vertices:

=0

V(w,w, C") = — (Z W) s py(m )

k+m=n
T(wa Cn) == (W(n)(z,l .y7 Y) * C - C * W(n)(Z/, _y7 y')> 4

=—y
Source prescription (VD, Gelfond, Korybut, Vasiliev)
w1,9) = o0 (yars Jolrod)| | = e uty)| L =i
3% ¥5=0 ¥5=0 y},
C(y y) = exp yai C(yp y’) — e*f}/apﬂ C(}/p y’) pOl = /ﬁ
’ oy @7 lyp=0 VI dyP
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Master field W:

k n—k
n —~ =
W(z;Y) = ZW(k‘”)(z;y]t; p1..pn)(C...Cw C...C)
k=0 yhyP=0
k n—k
—~
(C.CwCT.C)= -« C(ypk,y) *w(yf,y) X c(ypkﬂ,y) _—
Vertices
k n—k
~
c") oyt
T(w, kZ (vIt: pr--pn) ( o
k1 szkl n*k2
— N S
V(w,w, C") = Z \ULkl’kQ](y\tl, t2ip1..pn) (C...C w C...Cw C...C) )
0<ki<hkp<n yiye=0

12/25



W calculation

Iterative equations
d, WO L twm AL, + (dN) ") =0, WO = u(Y]x)

Standard homotopy solution
1
WD = AW AL, A(f(z) dz%) = 2 / drfa(r2)
0

In terms of sources

Wk = A[WKIn=1) s A — A5 Wk=Lin=1)] -k € [0, n]
W0I0) — g—ivt

1 .
N(ziylp) = dz" z, /O do o eV — Nz Y) = /\’(Z:ylp)C<y”,Y> JP—0
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Vertex T

dédn o~ VPa(€)—itPa(n)+i(ty)-SH)

T(w, C") = Oyt pr, ..y pn) = (—)kH(ty)”l/D[k]

n k n n
C) = ZCSPS? Sr[1k] = _Zfs"‘ Z 55"‘2(5/’771' —51'77:')
s=1 s=1

s=k+1 i<j

W_ Jat..+&=1, §=0,
" iell, k—1],

ni&iv1 — Mip18 <0,

nii+1 — Ni+1&i

’
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Vertex T

n

\n— d?ud®v
T €)= (3 e [ e

k=0

k n
x (H % C(&y + v, y)) * (y02)""w(SKly + u.§) » ( IT *cgy+ W»Y))

i=1 j=k+1
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Geometric interpretation

New variables
i

xo =0, XiZZfs,

s=1

i
yo=0, yi=)_ns
s=1

X >%, Yi>Vj, [>]
X,'S]., Yi§17 XnZYn:]-
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Geometric interpretation

w-left case:

. 1
. niiv1 —Miv1§ >0, i=1,...,n—1; 55,[,0] = Area

y
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Geometric interpretation

w-right case:

ol ni§iv1 —Miv1§ <0, i=1,...,n—1; =5 =~ Area
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Geometric interpretation

w in the k-th position:

<0, i€e[l, k—1], 1
,DLk] _ ni&it1 — Ni+18i l [ ] 75,11( — Area—Area
771§I+1 77!+1€1 =0 , 1€ [k + 1, n— 1] . 2
¥
1

Q
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Vertex dualities

Key property of the vertex T:

T(w, C™) =0
y=0

Integrability constraint d?> = 0 mixes vertices T and V

waC*C_w*TwCCyzooy Vwa*C_w*TCwCyzooa
VCWW *C—Cx W(wac) yéo 07 —Wwx* TCCW - TwCC * F(w) yéo 07
~T cwc ¥ m(w) = Cx1(Vucw) "= 0, — Tecw *m(w) — Cx1(Vews) '= 0.

In terms of sources:

lU[lo’O](—P2|t1, tr; p1) = ¢[20](t1|f2; pp) = WOyt p) = 00 (4|t p, —y)
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Vertex dualities

Lower-order example:

Viwe ¢ Veww

| ]

Toce «—— Tecw

21/25



Vertex dualities

General case:

Vrflﬁ V;[}=k+1] o N v!:a—k,ra]
" / (n+1—k]
TEH'l Tn—l
..J[‘ﬁ‘—l,n] V?[:{—Z,u—l: o V{[}}:n—k—l]
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Interaction structure

Locality
Vertices T are spin-local:

T, )~ [T T w [ e[l To o[ [Je]s e[ To[1]

Finite number of contractions for fixed legs s;
Vertices V are spin ultra-local:

V(w,w, C"(0,Y))

Proliferated form and projectively-compact spin locality

; —N—
dXCs"=ZZT’ wh, Co .. CM), CG=C—=Cla. s CP=CE k>0

i=0 fA,§

i+1
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Conclusion

e All 'off-shell’ bosonic HS vertices are manifestly found

® \ertices appear to be space-time spin local and minimal
e Condition T(w, C") - 0 results in a net of vertex duality relations
y:
® Precise form of the HS vertices reveals an interesting geometric structure: the
integration phase space contains convex/concave polygons generalizing the Moyal
star product geometric representation

e All-order exact unfolded equation for the Weyl module descendent C is a
polynomial in C
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