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Other approaches to Locapty as rlgbt.
solution to Vasiliev egs.
interaction of HS fields
- 7 See 2205.01567, 2206.15385,
hep-th /0405069

Vasiliev generating
system

dpw =—w*xw+...
deC = [Ciw]s + ...

2308.16281

Free massless HS dynamics

Shift symmetry
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Fronsdal fields are packed in one-forms dz*wya;...amn,d;...dm (€) and zero-forms
Cay...an,éy...com () which are themselves packed in generating functions w and C

w,2) = > detwua; . an.b.am (@YY GO GO mn = 2(s — 1),

n,m

C(Y7 :U) = Z Calu.an,dl...dm (:U)yal . -yangdl . -gdm§ ‘m - ’VZ| = 2s.

n,m

Linear equations on zero-forms with stripped Ys read

a4.4a£,d.4.dﬁ

L
D/BBCQ.A.a,d“.ol ~C
Nonlinear terms in interraction

dyC + [w,Cle = Y(w,C,C) + ...

YT(w,C, Oy, = F (1 + #eP . ) (1 + i#gdB +.. ) Ca..a,a...aCs. g4 4

Finite amount of contraction in either dotted or undotted indicies = Spin-Locality. For
lowest order verticies spin-locality implies space-time locality however higher order
correction might drastically change (1). Nonetheless there is additional stronger
requirement called projective-compactness which implies spacetime locality in any order
(M.A.Vasiliev 2208.02004).
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Spin-locality and Z-dominance

Solving equations of the Vasiliev generating system, i.e. equations of the form
dz®n = J(Pr—1,Prn_2,...)

one can systematically obtain higher order corrections to interaction vertices which acquire
the following form (schematically)

1 5 «@
T(w,C,...,0) = Z/ dT ... T2V T (T2 4. )C(T2z4...)...C(Tz+...) =
0
_ /d’T&(T)eiTZ”ya""“ w(Ted  )O(Tz4..) . C(Te+...).
If equations were solved "properly"one obtains Z-dominated nonlocality

T(w,C,...,C) =

1 iT2ay*+iT OmaOn® +...
:Z/ aT...c —— (T2 4. )O(T24..) . O(T2+..)
0
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Spin-locality and Z-dominance

However Z-dominated nonlocalities might not lead to spin-local vertices

1 iT 2oy +1T OmaOn™ +...
Z/ dT...e " W(Tz4+..)C(Tz+..)...0(Tz+...) =
0
- / AT5(T)wC™ + / ATS(T) (OO )wC™ + / ATS(T) (O )2wC™ + ..

All (anti)holomorphic vertices of the third order in C' with Z-dominated nonlocalities were
found in 2009.02811 (V.Didenko, O.Gelfond, AK, M.Vasiliev). Despite the possible
obstruction manifestly spin-local vertices were indeed extracted from them in 2101.01683
(O.Gelfond, AK). Perhaps some sort of symmetry is responsible for truncation!
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Combined all the contribution to the holomorphic third order vertex can written in
the remarkable factorized form

1 ] N
T(y,t,p;) = / Zp11%(y,t,pjl p) ® / AT (1 = T)za e 727"«
0

w(yw)C(y1) ... Clys)

y=0

. . 6 z z z
t=—iz—, pi=—iz—, P.(t,pjlp) =pit+pip1+...p5p3,Py=...,Pr=....

% (y, t,ps| p) : ZRk P y,tp;)exp{—iyapya—itaPta},
/@p::/dnp.

ﬁ /d2u d*ve™ ¢y +u)T(z —v,y) .

«Half-product»

d(y) ®T(2,y) :=

“ is a polynomial in each

Function I1* does not contain any nonlocalities! 7
argument.
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Z-dominated nonlocality comes after half-product computation

1 _ .
/@pHa(y,t,pﬂp)@/ dT(l_T)Zaesza(y—Pz) _
0
1
— 4T [ 90 oxp {iToaly = P)" — TP, il = Ty P ..}
0 N———

Generating system guarantees that Y (y,t,p;) is z-independent

9 £ v L Lo T iTeaera | _
aza</-@pﬂ (y,t,pglp)®/0 AT —=Tzse =0

In terms of half-product this condition can be rewritten as

1 ] o
/Qpﬂﬁ(y,t,pjlp)(y—PzM@/ AT Tzae' T2 W=F2)" — ¢,
0

Since it is true for all z it should be true in particular for z = 0 which turns into
y-independence condition

0

/0 dT/@pT(y_Pz)ﬁnﬁ((l_T)(y_PZ)+Pth7pJ|p) =0.

oy«
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Scenario for obtaining manifestly Z-independent
expression

If one manages to rewrite left part of half-product in the form

1% (y, t, p;| p) = (y — P.)°TI(y,t,pj| p),

then after simple algebra it is possible to integrate by parts and bring the
expression to the form

1
1-—- - «
[ 206 Prnweplpe [ a7 T rm e -
0

:i/@pn@,t,mp).

Le. one needs to «divide» II?(y, ¢, p;| p) over (y — P,)".
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Division formula

Consider an identity which rests on Schouten identity and partial integration

1 0
1, (y. t.p;] p) = (y—Pz)o/ € TP (E(y — P2) + Pa,t, 0] p) +
0

Ay — P.)B
9 1
+ @/0 dé (y — P.)PTIg (E(y — P2) + P, t,pj p) -
It turns out that

1 e] 1 1-7 , _pye
/%(y*Pz)a/ d¢ ﬁﬂﬁ(ﬁ(nyz)Jer,t,pjlp)@/ AT —Tza e T2 (=P)% =
0 Y 0 T

1 . o
:/%Ha(y,t,pjlp)éﬁ/ AT (1= T)zg e T 7ay=F=)"
0

1 ) o
/@pna(yat7p]|p)®/ dT(l—T)Za GZTZD‘(yipz)
0

z2=0

Ly
—ifa / de -2 1P (¢(y — Po) + Partyp;
/ P deg 7 (E(y — P2 il )
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Shift symmetry
For C? holomorphic vertices one can see
Yoo (y,t,p1+ a,pa —a) = e FIY oo (y, ¢, p1, o).
Analogous property is valid for cubic vertices
Tes(y,t,p1 +a,p2 — a,ps +a) = e T Y q(y, 1, p1,p2, ps) .

To see that such property indeed take place note that under above transformation
derivatives effectively transform as

P.(t,p1 + a,p2 — a,p3 + a) = P:(t,p1,p2,p3),

Py(t,p1 +a,p2 — a,p3 +a) = a+ Py(t,p1,p2,p3),
Pi(p1 +a,p2 — a,p3 +a) = a+ Pe(p1,p2,p3),
m(y,t,p1 +a,p2 — a,ps + a) = 7(y,t,p1,p2,p3) -
From all above properties it follows that left part of half-product transforms as
Mo (y,p1 + a,p2 — a,ps + a) = €T T, (y, p1,pa, p3) ,

which eventually leads to the shift symmetry of the cubic vertex.
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Reminder equals zero

Recall the division formula (§ was changed to (1 — 7))

1
o
T,y t.p51p) = (y — Pz>a/0 AT 53T (L= T)(y = P2) + Pty )+
8 1
+ @/0 AT (y — P.)P T (1 = T)(y — P2) + Pert, ;1 p) -

and z-indepedence condition (y-independence)

a 1
@/0 dT/@pfr(y—Pz)ﬂHB((l Ty~ P) + Partips|p) = 0.

Introduce two auxilary functions

1
f(t,pi) ::/@p/o dTT(y—Pz)ﬁl'[[;((l—T)(y—Pz)+Pz,t,pi),

1
By, t,pi) = /@p/o AT (y — P)PTa (1 = T)(y — P2) + Portypi)

which are different only in measure in 7.
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Due to shift symmetry one can deduce that # and 2 are related by differential equation

0 . 0
L+ W+ A)*— ) Z(y, t,p) = Z(t,p), Ao := |ta+i(—1)7T — ).
oy™ 8pj

Generic solution has the form
Z(y,t,p) = %o(y,t,p) + Z(¢t,p) .

Solutions to homogeneous equation Z#( are pathological, i.e. they are either not compatible
with Lorentz symmetry or non analytic =

Z(y,t,p) = Z(t,p).
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Spin locality
After integration over all ps division formula turns into

L 0
/@pﬂa(y,t,pjlp) = /%(y —&)a/o dT@HB((l = T)(y = P:) + P=,t, 5] ) ,
where Lh.s. is local by assumption. R.h.s. is a combination of two distinctive parts
1 1o}
ya/@p/ AT 17 (1= T)(y = P=) + P, t,p510) -
0 Y
1 0
= [ FoPea [ AT S0 (= Ty - P + Pt o),
0 dyP

the first term here is simply ya Y (y, t,p).

/pr"ﬂa(y,t,pylp /jpyaPza/O deHﬁ((l—T)(y P.) + Pz,t,pjlp) .

Hence the only non local contribution might be proportional to yq
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Term that causes problems can be rewritten in the corresponding way and initial equations
turns into

/Qpl_[ (y,t,pjlp) = /Qppza/ d7T 1_T)aﬁHB(TP27t pjlp)+
+ya/@p/0 de 95T1° (€y, £, p; | p)—
1 1
,ya/@pfo dg/o AT (1 = TP ((1 = T)éy + TP, t,pj| p) —

1 1
~ [ 70 [ e [ a7 (1= TR P)0n0s 1 (0= Theu+ TPetpsl ). )
Hence
_ 1 1
T(y,t,pj)=i/@p/0 ds/o AT (1= TosTP (1 = Ty + TPortpslp)  (3)

is spin local by virtue of spin locality of the others. However it is not exactly the vertex.
Vertex is given by

1
Ttny) =i [ Zp [ 4T (0= T)00° (1= Thy + TPostop ). (4)
Connection between T and T
- 1 o _
Y(y, t,p;) =/0 d¢ Y€y, t,pj), YT(y,t,pj) = (y 5t 1) Y(y,t,p5)- (5)
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Conclusion (Results and open questions)

Shift symmetry of the holomorphic vertices was discovered
TWC"L (ya t,Pl +a,p2 —a, ) = eiaa(y+t) TWC" (ya t7p1ap2a ) .

This property was also found in the vertices that comes from generating
system developed by Didenko (2209.01966). Counterpart for mixed
vertices is not developed yet

@ Shift symmetry turns to be the missing assumption for the proof of the
Z-dominance conjecture.

o Effective method to obtain manifestly spin local vertices form
Z-dominated is still lacking

@ What is the realtion between shift symmetry and compact spin locality?

@ How shift symmetry restrics differential homotopy?
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