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Summary

Talk based on A microscopic analogue of the BMS group, JHEP 2023,
136 and yet unpublished results.

Subject of the talk: Gauge groups for light cone bundle.

Main result: New symmetry groups appear as gauge groups for this
bundle.

Result 0: Light cone bundle is a Carrollian fiber bundle.

Result 1: Carrollian gauge groups are non-trivially represented
Lorentz groups.

Result 2: Ambiguity in those representations.

Result 3: A BMS-like group uBMS is conformal Carrollian gauge
group.
Result 4: uBMS parametrizes ambiguity from above.
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Initial Motivation: Study of cosmological singularities

» Study of Kasner, Schwarzschild and FLRW singularities.

» Two aims:
1. Completeness behaviour!of quantum fields induced by classical
background? = Publication in preparation.
2. Geometric foundations of dimensional reduction and asymptotic
silence in the vicinity of cosmological singularities?

'cf. Hofmann and Schneider (arXiv:1504.05580, 1611.07981), Ashtekar
and Schneider (arXiv:2107.08506).
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Dimensional reduction and asymptotic silence

» Dimensional reduction: Evidence from various approaches to
quantum gravity, that spacetime behaves effectively lower
dimensional on microscopic scales. E.g.:

» Spectral dimension in CDT (Ambjgrn et al. 2005).
» Spectral and walk dimension in Asymptotic Safety (Reuter et al.
2011).

» Asymptotic silence: Light cones collapse to lines, and nearby points

become causally disconnected. E.g.:
» Short distance Wheeler-de Witt (cf. Helfer et al. 1988).
» Raychaudhuri equation and 2D dilaton gravity (cf. Carlip 2011).

» Further reading: Carlip 2017 (arXiv:1705.05417) and references
therein.
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The case of singularities:

» Evidence for dimensional reduction:
» Heat-Kernel in Kasner spacetimes (Carlip 2017, Futamase 1984).
» Kernel of Schrodinger ground state functional in Schwarzschild

spacetimes (Hofmann et al. 2015).
» Geodesics in Kasner spacetimes (cf. Carlip 2017, A. Harvey 1989).

» Evidence for asymptotic silence:

» BKL conjecture (BKL 1980)
» Particle horizons and ultralocal EFE in the vicinity of singularities:

» General considerations (Uggla et al. 2003).
» Gowdy spacetimes (Andersson et al. 2005).
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Questions regarding the classical geometry of
singularities

Questions:

» How to characterize dimensional reduction and asymptotic silence
invariantly in the vicinity of cosmological singularities from the
perspective of differential geometry?

» How are dimensional reduction and asymptotic silence related to
each other in this picture?

Motivation:
» Singularities as probes for gravity’s strong field regime.

» Precise geometric understanding maybe transferable to other cases.
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Geodesics at FRW singularities

> ds? = a(n)?(—dn? + dz? + dy? + dz?) with a(n) — 0 for n — 0.

» Solve geodesic equations for a(n) = agn® and ¢ > 0.
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Geodesics at FRW singularities

Pirsa: 23110076 Page 11/65



Geodesics at FRW singularities

» Invariant statement:

dzt . dz
+1,P =.

— 5P — AR o, P
d)\ V[O-J ]

0.7
dA
with

A¥ o, P] — 1
asn—0

» As a sidenote, there are some subtleties:

» Invariant for diffeomorphisms that respect the boundary at n = 0.
» For general diffeomorphisms: Depends on asymptotics as n — 0.
= Still some work to do ... . I'm on it!

= Carrollian physics at singularities? (Cf. case of horizons, e.g.
Donnay et al. 2020, Freidel et al. 2022.)
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Geodesics at FRW singularities
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