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String theory
Contains massive as well as massless
HS fields

some symmetries are broken
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Motivation

Nonlinear theory of massless HS
fields
String theory [Vasiliev ’90]

Contains massive as well as massless Contains an infinite tower of massless
HS fields HS fields

some symmetries are broken unbroken HS symmetries

unfolded formalism
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Motivation

Nonlinear theory of massless HS
fields
String theory [Vasiliev ’90]

Contains massive as well as massless Contains an infinite tower of massless
HS fields HS fields

some symmetries are broken unbroken HS symmetries

unfolded formalism

Is there any relation between these two theories?

Spontaneous breakdown mechanism for HS symmetries gives rise to a
theory of massive HS fields.
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Introduction. Massive spin-s fields

Equations of motions
(0"0n + M) bayz,...0, = 0,

8”gz§,,a3_,_as = 07

¢nna3u.as =0.

[Dirac ’36]

These EOM can be derived for s > 1 from a Lagrangian without
introducing new degrees of freedom by adding auxiliary fields that are
expressed in terms of (derivatives of) the dynamical fields by virtue of
equations of motion.

[Fierz and Pauli ’39]

D.S. Ponomarev (LPI) Unfolded Formulation for Massive HS Fields QUARKS 2010

4/16



Generalize metric formulation of gravity
[Singh and Hagen ’74]
[Zinoviev ’01]

8uv — Darap...as, auxiliary fields
Generalize Cartan formulation of gravity
Ru?, wy P — w, Aty MF3m1b g iliary fields
[Zinoviev ’08]
a
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Introduction.

Unfolded dynamics approach

R(x) & dWe (x) + GH(W(x)), (1)

WA E S e W W,
n=1
sLGH (W)

GP (W) ST

0, (2)

where W© are differential forms, o enumerates various forms, R% are
generalized curvatures.

R*(x) = 0. (3)

Gauge transformations

56LGa(W)'

WS =de® — ¢ e
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Introduction. Background gravitational field

Background Minkowski or (A)dS geometry

T2=h+w?, AR’ =0,
R?P = dw?® + WP AwSP — N2RPAKRP =0

with A2 > 0 for AdS, A2 < 0 for dS and \?> = 0 for Minkowski space.
h? — background vielbein,
w?P — background connection.
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Unfolding of massless HS fields

Unfolded EOM for massless field of spin-s in (A)dS and Minkowski spaces

[Lopatin and Vasiliev ’88].

Fields

s—1
aj...as—1,b1...b .
Wat--ds=1,01--21 - ] _forms: /

k
Cal“‘ak’bl“'bs, 0-forms: S ,

Traceless 2-row Young diagrams

Young symmetry condition: wiar--aiob)by..by 0,
tracelessness:  W/aak:€ bsbr — .

k> 1.
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Equations of motion
2

R TS S
[k

LT
== I ==

_DC‘—' |+al(h)
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Equations of motion

IS=SI= =

h)+03_(h)
IS=Sl ===
Ilsk k]

2 (W SR T 2 (¢
= DC‘—' + ol (h)

o e =

2(h)Wa1 as—1,b1...bjy1 F(s — 1,14 1)h, W3 1,b1...bm

m
[}
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Combining massless fields to obtain a massive field

1. cells in the second row

A
LA
L

O A A

0 3 6 L Y
L
o
el
o
o
e

5
_O — | —

T
=

irst row

O ————O——O—

" denote 1-forms and “o” denote 0-ferms.
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[D.P. and Vasiliev ’10].
Fields

Unfolded EOM for massive field of spin-s in (A)dS and Minkowski spaces
Wal...ak,bl...b,’

k
1-forms: }l, k<s—-1, [<k,
k
Caabebr 0 forms: ?, 1<s, k>I.
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Equations

Ry =dW + 0(1)(h)W + K,(h)C,
Gauge transformations

R]_ = dC+a(0)(h)C+aW.

OW = d + o (h)E,

60C =—-af



Equations

Ry = dW + 0(1)(h)W + F\‘,(h)C,

R]_ = dC+0(0)(h)C+aW.

Gauge transformations

SW = d€ + o(q)(h)E, 5C = —af
aWal...ak,bl...b, — Of(k, /) Wal...ak,bl...b,’
K)];2_(h)cal"'ak’b1"'bk _ A(k, k)hchdCal"’ak_lc,bl"'bk_ld.
] [ =
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Compatibility conditions

OzO'(l) = O'(O)Oé,

ar = D* + (0(g))?,

ka = D? + (0(1))2,
Field redefinition ambiguities

0'(1).‘-6 = HO’(O).

W=pgyW, C=ppC, W=W+sC



Action

Gauge invariance:
dR=0, = 65=0 for S=fF(R).

The extra field decoupling condition

5S 5S
swaam =% 122 Sea@am

0, g=>2,

The massless decomposition condition.
Decomposition of kinetic term.
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The scalar product

...ax,b1...b .ak,b o
<,(/}E)}ak 1. I|¢31 ksD1-. >_
I
=/611.../deo5
Final action

I
0 haz...ax, by b/¢{q}332 o by by

S=> (R|R2) = Y (RulrRy).
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e We found the explicit form of (Stueckelberg) gauge invariant

linearized curvatures for symmetric massive HS fields in d-dimensional
Minkowski and (A)dS space.
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Conclusion

@ We found the explicit form of (Stueckelberg) gauge invariant
linearized curvatures for symmetric massive HS fields in d-dimensional
Minkowski and (A)dS space.

@ In terms of these curvatures we constructed the manifestly gauge
invariant action as well as full unfolded field equations for free
symmetric massive HS fields.
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Conclusion

@ We found the explicit form of (Stueckelberg) gauge invariant
linearized curvatures for symmetric massive HS fields in d-dimensional
Minkowski and (A)dS space.

@ In terms of these curvatures we constructed the manifestly gauge
invariant action as well as full unfolded field equations for free
symmetric massive HS fields.

@ Good starting point for investigation of unfolded equations for general
massive mixed symmetry fields.
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Conclusion

@ We found the explicit form of (Stueckelberg) gauge invariant
linearized curvatures for symmetric massive HS fields in d-dimensional
Minkowski and (A)dS space.

@ In terms of these curvatures we constructed the manifestly gauge
invariant action as well as full unfolded field equations for free
symmetric massive HS fields.

@ Good starting point for investigation of unfolded equations for general
massive mixed symmetry fields.

@ Nice background for establishment of Nonlinear massive HS theory.
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