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Introduction

The spin 2 massless representation admits alternative field-theoretical descriptions
by the tensor with hook Young diagram:

T. Curtight (1985); C. M. Hull (2001), etc.
@ exist only in d > 5;

@ obstruct inclusion of interactions.

We propose another representation for the spin 2 by the third rank tensor with the
hook Young diagram exists in d > 3.

Spin 1 analogy:
@ dF =0 is a topological field theory;
@ 0F = dA is a gauge symmetry;
@ general solution F = dA is a pure gauge;

@ substituting F = dA into d * F = 0, we arrive at equations for A.
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Linearised Nordstrom gravity

Linearised Nordstrém equation:
(0,00 — O = — ——N, (1)

where A is the cosmological constant.

Gauge symmetry transformations:

Sh = O\HM —

1 N npua/\Haﬁ)\_‘_auHozﬁ,u_i_ayHozﬁu , 2
— 1B

with the gauge parameter H*** being the arbitrary tensor with Hook symmetry,
HE)A — HW/\7 H(prA) — 0,
This tensor is described by the Young diagram

wlv
A

Gauge transformations (2) are reducible.
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The complete sequence of gauge transformations:

1
(SHhM” — 8)\/'/’“//\ _ d 1na6(nuua/\Hoz,8/\ + auH(xﬁu + 8uHa,6y)7 (3)

1 1
5 HHJ/)\ =9 Hp,l/)\p = N 2 uyHaB)\p
_ nw\ HeBurp _ nAMHaBVp)) :
OH, H AL 1 — D, HHwAPL-pr k=2,....,d—2, (5)

with the gauge parameters being tensors with hook symmetry:
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Dual formulation for massless spin 2

Linearised Einstein gravity equations:
L, == (a *hyx + 0,0 by — Ohy, — 0,0, h)

1
— 5nw(a*aﬂfup — Oh) — My = 0.
General solution:
1
A = 9\ HMA — 1 (77‘“’8,\H>‘ + 0" H* + B“H”)

n 2N\ ( n /\)
@=2)(d=1) XXy + N XaX") .

Non-Lagrangian equations:

Ly == (888’)HVAP+888PH>\ — 00 Hyn)

1 1 (8)
2d (8 3 6)\/‘/ —UHVD(())\H ) 0.

Gauge transormations for (8) coincide with (4)—(5).
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DoF number count

The degree of freedom (DoF) number:

N =Yt =D 0" (0 + 1) (9)

m

where
@ t, is the number of equations of order n;

@ [/ is the number of gauge identities of total order n and the order of
reducibility m;

@ r" is the number of gauge symmetries of total order n and the order of
reducibility m.

D.S. Kaparulin, S.L. Lyakhovich, A.A. Sharapov, JHEP (2013)
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@ for linearised Nordstrom gravity in d = 4:
th=1, MN=20, rp=15 ri=4,
N=2-1-20+2-15-3-4=0; (10)

for arbitrary d:

oy e (1)
2= I T G d—n 1)

d—1

N=2- Z(_l)n(nnin;)r!(lc)/(il :i)i)! =0 (11)

n=1

@ for linearised Einstein gravity in d = 4:

N=3.9-4.4-1-15+2-4=4; (12)
for arbitrary d: N = d? — 3d.

Victoria A. Abakumova MISP 2022 7/8



Conclusion

@ The complete reducible gauge symmetry of the Nordstrom equation is found
at linearised level.

@ The third-order non-Lagrangian equations are proposed for the tensor with the
hook Young diagram, which describe irreducible spin 2 massless representation
inany d > 3.

@ Using the Stueckelberg method for reducible gauge symmetries, the Lagrangian
formulation is possible which simultaneously involves both metric and the
hook tensor. Imposing different gauges one can switch between these two
dual formulations.

V. Abakumova, S. Lyakhovich, Phys. Lett. B, 2021
@ The higher derivatives in field equations for hooks do not mean instability.

Various higher derivative theories with unbounded canonical energy are stable,
because there exist the other bounded conserved quantity.

V. Abakumova, D. Kaparulin, S. Lyakhovich, Phys. Rev. D, 2019
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