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Introduction
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Unfolded Equations
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Quantization

General solutions of Equations of Motion
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For even M, bX(¢) is even and f£(¢) is odd



Definite Frequency Unfolded Equations
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distinguish between the positive— and negative—frequencies:

CE(YIX) = 35 [ dMecH(©) exptih 465X AP + Y Bep),
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Unfolding versus Quantization



Siegel Space

Complex coordinates
zAB — xAB | ;XAB — pnzAB | ;qzAB,

The real part of 248 is xX4B |
the imaginary part X4B = 3zAPB is positive definite:
Upper Siegel half-space 9, .

The variables Y4 = Y4 4+ ;Y4 extend Siegel space to
Fock-Siegel space.



CT|2) = [dMe cT (&) expi(héasp 2P + £497)

is holomorphic in 248 and Y4 in the upper Fock-Siegel space

97 x RM for not too bad ¢1(¢).
C~(V|Z) = [ dMe (&) exp —i(hgatpZ P + £4V) .

is antiholomorphic in 248 and p4

ct|z) = = (V2)



CT(Y|Z) and C~(Y|Z) satisfy the

Definite Frequency Unfolded Equations
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that uplift the massless field equations for (negative)positive
frequencies to the full Fock-Siegel space. The (anti)holomor
properties reconstruct C* in terms of their boundary values

CE(Y|X) at M;; x RM,



Periodic solutions of HS equations
A positive-frequency solution of the Unfolded Equations
periodic under
yA_>yA_|_nA7 nAezM
has the form

CTI2)= Y cFexpi(h24B@2rny)(2nng) + 27noY%).
nAezM



Theta functions as solutions of HS equations

For c;z" =1, h= %77_1

CTY2)=0,2)= Y expin(Z*nsng +2n0%).
nAezM

Complexified space-time coordinates zZAB - theta function

period matrix

0y +mZ, Z2) = exp (—inZ8Bm ymp — 2itm 4, V) (Y, Z), m,

HS theory and the theory of theta functions are based on
the Sp(2M) symmetry and its Weyl-Heisenberg extension
which is the HS symmetry



Theta functions with characteristics
0[41(Y, 2) =exp (irZ2Ba a4+ 2ira YA+ 2ira b))  0(Y 4+ Za+ b, Z)
(b4, a, € RM)

that also solve Unfolded Equations, result from the action of the HS

symmetry

50(V|2) = 0(VB + kB — 2u2BCj512) exp (jah™t + jaV? — 248 45B)

with j4 = 2imau, kP = b8 and p = ;= on the theta functions.

Theta functions: most symmetric solutions of HS field
equations
12 € Sp(2M|Z) is a leftover symmetry

Reduction of the theta-function solution to Minkowski space gives so-

lutions of 4d massless field equations



Higher spin currents in Minkowskl space

T he infinite set of conformal HS symmetries suggests the
existence of the corresponding conserved HS currents.

Closed three—form Gelfond, Skvortsov, MV (2006)
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Bilinear currents in M,

2M—form

@2M(g) = (AWan (Wpd 248 —ay )™ oW, ¥|2)

Is closed provided that g(W,)Y|Z) is holomorphic and satisfies the

Current Equations:

0 0
(53 + Wagym)s0¥ 12 =0
Regular solutions of the current equations form a commmutative algebra

R

nOW, V|2) =e(Wya, Y© — 268 Wp)

with arbitrary regular ¢(W,)).

Singular solutions S form a R-module, i.e., although it may not be
possible to multiply singular solutions with themselves, they can be

multiplied by regular ones.



The closed form = gives rise to nontrivial conserved currents for

gW, Y IZ) =nayW, Y IZ2)fW, VI|Z),

where n(W, YV |Z) € R and

fOV,»,12) = @m™M2 [ dMuexp (~iWeuC) T, ¥ |2),
>MU)

The Current Equations for f(W, YV |Z) translate to the following
rank 2 Unfolded Equations for the generalized stress tensor

{ o _in 0 0
9zAB ~ " 5y(AguB)
This is solved by

}T(u, Y|2) = 0.

TU,V|Z)=CTU-Y|Z)C U+ V|Z)

provided that ¢t (U/|2) and C~(U|Z) satisfy the equations
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From M, to Minkowski space

In terms of two-component complex spinors

zAB _ (Za57 Zozo/, Zo/ﬁ’) — (onﬁ + ’L'Xaﬁ, Xaa’ + iono/, Xo/ﬂ’ + iXa’ﬂ’) 7

VA = (YY), WA= WEwY), Ut = U u).

xof = xoB xof = xba’ - xeB = x'F xal = xpe

Y

Let the integration cycle X8 be

¥8 = 53(299) x o1 (298, 290 V) x R4 (W),
where 03(20‘5') iIs a three-dimensional surface in the complexified Minkows
space and o1(228, 228" V) is a one-dimensional cycle in the complexified
spinning space.
To reduce integration over 03(20‘5/) x o1 to non-zero integration over a

space surface 03(20‘5’) iIn Minkowski space the current should have a

singularity inside o1.



An elementary calculation then shows

0= / d*W A dZ 0 N A2 A dZP N ANV, Y |2) g0V, V| 2) Wa Wy,
8
where

AW, Y|Z) = (WMWI/ ZH — WM/WV/ Z’ulyl + Wy YH — W,u’ y,u/>

That A(W,Y |Z) solves the current equation and is independent of zof

allows to introduce a singularity free of the Minkowski coordinates
zap'
g, Y|2) = AT W, Y12) n(W, V| 2) fOWV, V| 2),

where n(W, YV |Z) is a polynomial parameter, while f(W, Y |Z) is Fourier
transform of the stress tensor T, . (U, V|Z).



The idea is to choose a cycle o1 so that
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28
gives the residue in A(W,Y|Z) leading to
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This gives the conserved charge in Minkowski space

/d3 X P s 9 _xAB 9 T(U,0|X)|
auPauA ' \oUC’ dUB ’ U=0
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The doubling of variables W,)Y allows us to introduce singularities
(fluxes) in the complexified spinning variables W,y 2o8 za'8' peeded

to reproduce HS currents in Minkowski space-time .



Conclusions

Unfolded dynamics and quantum mechanics

Unfolded HS dynamics and theta functions

HS currents in Minkowski space are supported by fluxes in

the spinning space

Application: D-functions and integral evolution formula



