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Linearized Gravity:

This presentation is centered around work done in [1].

Noether’s theorem utilizes symmetries of the coordinates and fields:
* GR has no well-defined group of finite global coordinate symmetries
* Minkowski spacetime has the 10-parameter Poincaré group
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The linearization of the vacuum Einstein-Hilbert action around a flat Minkowski
background. This linearization is:

Guv =~ MNuv T+ eh,uy

[1] Taylor, L. B., & Baker, M. R. (2024). The general set of Noetherian energy-momentum tensors in linearized gravity: mathematical
framework. Physica Scripta, 99(3), 035258.



Q1: Noether Current Q2: Noether Identity Recent Work

Non-Uniqueness Problem in Linearized Gravity:

Energy-momentum tensors are foundational objects:
* Uniquely defined in standard theories
* Not uniquely defined for linearized gravity
* Uniqueness related to the gauge invariance of the action

Numerous distinct energy-momentum expressions [2]:
* Infinitely many with super-potential improvement method

Padmanabhan explicitly discusses this non-uniqueness [3]:
* [s it possible to recover Einstein-Hilbert action from a linear theory

[2] Baker, M. R. (2021). Canonical Noether and the energy—-momentum non-uniqueness problem in linearized gravity. Classical and
Quantum Gravity, 38(9), 095007.
[3] Padmanabhan, T. (2008). From gravitons to gravity: Myths and reality. International Journal of Modern Physics D, 17(03n04), 367-398.
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Noether’'s Theorem:

Symmetries Conservation Laws

Connected

6, 6N 0,T" =0

The Noether identity is derived from asserting invariance of the action under
infinitesimal changes in the symmetries.

E“§hyy + 0,J° = 0
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Noetherian Energy-Momentum Tensors:

Q1: Derivable from
Noether current
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Q2: Satisfies the
Noether Identity

E“?0hye + 0,J7 =0
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Noether Current Internal Freedoms:

1) Generalized Lagrangian density,

£ = C103hyu,0° "™ + C205hi0° !, + C305h""0,,hY, + C103h 8" by, + C50,h,30" hH*

+ D1hyu0" 0" Wy + D3hy0"0sh*® + Dshy, 0705k + Dyht0°0shY, + Dsh(y0"0" hy,

2) Generalized field transformations,

5hwg = Blc‘?“hwaa -+ Bgao‘hwaw -+ Bg@o‘hwaag —+ B48wh(wao‘

+ B505huaa® + BeOuhgas + BrOshgay, + BsNwed“haya’ + Bonwe.0“hla,
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Noether Current:
5L 5. 5.L
P — PA | h o, Oh,, — Oh o
T = Loz, 8(8phw)5 8(9,0chun) I 9 a(apaghw)]

Each term’s coefficient is a function of uppercase coefficients {B, C, D}.

We are left with a system of equations of these coefficients for each of the 42 unique
terms of the form (dhdh) and (hddh).

TP = b100h"*0sh* + b30yhP*0%h + b30ah *Osh™ + -
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Noether |dentity:

We Have: We Want:
* The most general field transformations * Aset of restrictions on the general field
(symmetries). transformations.

* The most general Lagrangian density * Noetheridentity to be satisfied for
which yield the spin-2 EOM. transformations that correspond to the

energy-momentum tensors.
* General system of coefficients that

relates each term to the symmetries * Remaining energy-momentum tensors
and Lagrangian density. with these restrictions applied.
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Noether ldentity Satisfied:

We applied a direct naive approach to the Noether identity:
wo
E“Shy, +0,J° =0

From this we see the only symmetry is the canonical:

oh,, = —0%h, ,a,

Further questions that we can ask:
Can we apply a less naive approach where terms can split contribution to
EOM, energy-momentum tensors, or total divergences of the EOM, (On-
Shell equivalence)?
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Recent work uses the Bessel-Hagen method for the the Fierz-Pauli action [4]:

* Forelectromagnetism, this method provides a direct Noetherian
derivation of the gauge invariant energy-momentum tensor

* They discuss analogue choices for Fierz-Pauli and limitations

For Fierz-Pauli action there is no single gauge invariant local tensor [9]

This work illustrates the effects of a lack of gauge invariance in the larger
question of uniqueness.

[4] Hobson, M., Barker, W., & Lasenby, A. (2026). Bessel-Hagen currents for the Fierz-Pauli action. arXiv preprint arXiv:2605.19719.
[5] Magnano, G., & Sokolowski, L. M. (2002). Symmetry properties under arbitrary field redefinitions of the metric energy-momentum

tensor in classical field theories and gravity. Classical and Quantum Gravity, 19(2), 223-236.
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Conclusion:

* There exists a non-uniqueness problem for energy-momentum tensors in
linearized gravity.

* We work in linearized gravity, to address non-uniqueness with Noether’s
theorem.

* There are open questions about the Noetherian energy-momentum tensors
from how the Noether identity must be satisfied, and the Bessel-Hagen
method.
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