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What are the physical implications of a 
permanent deformation of the geometry?
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5) Weyl–Cosserat Elasticity and Gravitational Memory: An 
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6) Difference between Torsion of Einstein Cartan and 

effective torsion in Weyl Cosserat
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1) Gravitational wave in elastic 
regime
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Displacement of test masses 
following the GW theory

Ligo Interferometer 
strain measured

Strains measured by Ligo/Virgo eg GW150914

Gravitational Wave and its measured strains of space 

lengthening and shortening of space

Δ𝐿

𝐿
(𝑡)Test machine: 

Interferometer 
LIGO/VIRGO= strain 
gauge

Physical phenomena: Black 
holes coalescence

Light browse 
vacuum tube 
until to reach 
mirror and 
come back 
creating 
interferences 
on reception 
mirror => h

Ligo/Virgo interferometer =strain gauge
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Transverse Elastic Regime
• Propagation of the GW along z-direction

– Independent transverse (x,y) planes

– Strains concentrated in these planes xy

– TT gauge: pure transverse shear
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Effective Approach :Analogy of the elastic medium 
: State of the art :Einstein -  Hooke’s law as a 

model of space-time behaviour -
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Hooke  Law

E=Y of vacuum 
(Young’s modulus) 
(1/K)

Stress (T)

Strains  (D(g)

=Y

Elastic behaviour proven 
with A. Eddington 1919

D(g) = K .T

T. Damour book  (If Einstein was told me)

State of the art
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Analogy of the elastic medium in weak 
field: strains/stress of the vacuum= sheets

ℎ =2

Independent successive plans

Analogy between metric 
perturbation and strain tensor 
in weak Gravitational field

𝑔 =  + ℎMetric of the space time

But to have an elastic  medium need 
to reconnect the sheets together

Possible by going to 
plastic regime, defect 

theory , burger vectors, 
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Proposed solution: reconstitute a medium (gluing 
of the sheets) via addition of geometric torsion in 

GR => image crystallography defect theory
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Riemann curvature 
corrected with
 geometric torsion

With defects

Geometric torsion to 
connect the sheets 
(image of the defect 
theory in crystallography

D. Izabel  Thesis 2025
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GR modification : Einstein-
Cartan  approach with 

Torsion Field added 



2) Gravitational wave and memory 
effect in modern physics
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It’s remain residual strains in the Riemann 
Geometry (in classical GR) after the passage 

of a Gravitational wave!=> Effective 
approach, Plasticity of the space time



2.1) The measurements and associated physical 
facts
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A memory effect is effectively 
measured

GDR-GDM 23 June 2026 INSA Lyon 12



The memory effect is effectively 
measured
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It’s verry small but 
not 0 this memory



A memory effect is predicted by 
physicists
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Now there is a storage of permanent strains …in geometry or in Elasther???



2.2 The physical theory of the memory effect: 
Bondy  Sachs metric
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Bondi-Sachs coordinates used for GW 
+memory effect by physicists
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The Bondi-Sachs metric

Different terms of the metric Classical metric → snapshot 
Bondi–Sachs → movie with a beginning
and an end



Physics – metric – geometric view
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Tables of corespondances

Bondy  Sachs metric / perturbation metrics
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2 memory effects 
predicted in classical GR:
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In the transverse planes

Displacements



3) The problematic of the memory 
effect with the analogy of the 

elastic medium
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Why Plasticity Is Required

• Elastic response would relax to zero the 
strains

– Memory effects are irreversible

– Plastic spacetime behavior
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Fondamental

Effective



Why can a gravitational wave leave a permanent trace (memory) in a Riemannian spacetime 
within classical general relativity, that is, in the absence of any torsion field?
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Memory effect 
transverse in 

GW and 
described in 
classical GR

Displacement as permanent 
residual strain

Torsion 
field 

Einstein 
Cartan  

modified GR  
with torsion 
field added

Apparent paradox in classical GR

Riemann tensor

Remains Weyl  C

Cosserat-
like 

effective 
description

Integration 
on time 

- /+ =>
 

Effective 
(emergent) 
torsion-like 

behavior 
after time 
integration

Ricci =0 
in 

vacuum

Mechanical behaviour like plasticity without GR modifications

Fondamental interpretation

Effective interpretation

Plasticity

How to explain that?

Electric E

Magnetic 
H

Edge 
defect

Screw 
defect

Holonomy
Memory 

effect 
 

Displacement 
 

Spin 
 

Spin as permanent residual 
angular rotation

Plasticity

Defect theory

classical GR, GW Two polarisations
 h+ hx

Elasticity
Continuum mechanics 

(Hooke’s law)
Strains
Stress

Effective interpretationHow to explain that? What is it that is deforming?

Bianchi condition



4) Gravitational wave and memory 
effect=> possible connection with 

mechanics in plasticity
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Gravitational Memory as Elastic–
Plastic Spacetime

• Gravitational waves: transverse elastic shear

– Gravitational memory: 

Analogy with permanent (plastic) deformation

– Two distinct memory effects: 

displacement (edge) and spin (screw)
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Edge Spin



Displacement memory and 
effective edge dislocation
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Hypothesis in an 
effective 
medium in 
plasticity state

We define burger vector and edge 
dislocation  in Bondi/Sachs metric



Fact: mathematical analogy between 
the edge Burger vector and memory 

displacement
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Fondamental

Effective



Spin memory and the screw 
dislocation
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Hypothesis in
an effective 
medium in 
plasticity state

We define burger vector 
and screw dislocation  in 

Bondi/Sachs metric



Fact: mathematical analogy between screw 
dislocation and spin memory
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Fondamental

Effective



Proposed solution

5) Weyl–Cosserat Elasticity and 
Gravitational Memory: An 

Effective Microstructured Model 
of Spacetime
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Weyl Tensor in Vacuum

• Ricci-flat spacetime: Rabcd = Cabcd

– Gravitational waves entirely encoded in Weyl tensor

In vacuum , Ricci tensor =0, 
remain Weyl tensor
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Riemann=Weyl (vacuum strain)+Ricci ((loaded strains)



The Weyl tensor
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Equivalent 
electric field

Equivalent 
magnetic field
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Weyl tensor stress tensor

Similar structure between The Weyl 
tensor/stress tensor 

Same 
structure



Practically the components of the 
Weyl tensor
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Electric and Magnetic Weyl Parts

• Electric part (tidal shear): 

Eij = Ci0j0

• Magnetic part (frame dragging):  

Hij = (1/2) εikl Cklj0

Weyl tensor can be split in equivalent electric and magnetic tensor
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ua is a 4-velocity field, that is a field of vectors tangent to the worldlines of observers



The structure of electric and magnetic 
field are similar to Cijkl used in 

mechanics 

Weyl electric and 
magnetic parts

Continuum mechanics

The Weyl tensor in general relativity (in a vacuum) and the Cijkl stiffness tensor in continuum mechanics have exactly the same 

mathematical structure: they are self-adjoint operators acting on a 6-dimensional space.

While strain in elasticity arises from first derivatives of the displacement field, the Weyl tensor encodes second-order geometric 

deformations of spacetime.
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FondamentalEffective

Similar tensorial 
structure

Space strain from displacement field 

Electric part (tidal deformation)

Magnetic part (frame-dragging / rotational effects)



Maxwell-like Weyl Equations
• In vacuum Time evolution from Bianchi identities

in vacuum curvature conservation applied
at the Weyl tensor:we calculate

– Ėij = curl(Hij)

– Ḣij = − curl(Eij)

Equivalent Maxwell equation
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(.) = Projected covariant derivative along the 4-velocity 𝑢𝑎

Projected covariant derivative along the 4-velocity 𝑢^𝑎



Gravitational Memory Effects

• Memory = permanent metric change after 
wave passage

– Two independent but related effects

– Both arise from time-integrated Weyl curvature
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Fondamental

Electric part of 
Weyl
Magnetic part 
of Weyl



Displacement Memory
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Connection between Electric Weyl 
equivalent tensor and Displacement 

Memory (Edge-Type)
• Permanent elongation / shortening of 

transverse distances

Connected with a 
permanent displacement

Electric part of Weyl 
tensor
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Fondamental



Derivation of 
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Classical GR

Gauge 
condition
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How to connect Weyl with burger vector ? 



Edge Dislocation Interpretation
• Burgers vector lies in the transverse plane

– Exact analogue of an edge dislocation

– Generated by « electric part » of Weyl Tensor
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Effective

Fondamental
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Where is the correspondance with displacement
memory?



Spin Memory
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Spin Memory (Screw-Type)

• Permanent relative rotation between 
worldlines

– Generated by « magnetic part » of the Weyl 
tensor
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Fondamental



Screw Dislocation Interpretation
• Tangential Burgers vector around propagation 

axis
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Fondamental
Effective



Both displacement and spin memory connected 
in effective Cosserat medium: birth of effective 

torsion in classical GR
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Link with Cosserat (Micropolar) 
Medium
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Effective



Connexion between 𝑖𝑗and burger 

vector and Weyl 
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Effective

Connection with burger vector 
version memory effect

Memory effect in 
displacement

GWCosserat medium



Cosserat / coframe
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Explanation effective torsion from 
coframe
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So similar to Cartan 
Torsion but without 
additional field



Effective Torsion from Memory: 
residual rotation when integration on 

a loop : holonomy
• Memory induces permanent coframe change 

– Effective torsion:  

– Topological, non-propagating torsion, not Einstein 
Cartan torsion
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Effective



6) Difference between Torsion of 
Einstein Cartan and effective 

torsion in Weyl Cosserat
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Physical Picture
• Gravitational waves: elastic response

– Memory effects: plastic scars of spacetime

– Edge = elongation, Screw = spin

Einstein-Cartan describes a new fundamental spacetime, already “filled” with 

torsion/defects.

I start with classical general relativity, without torsion, and after the passage of a 

gravitational wave through an effective elastoplastic medium,I end up with something 

resembling an Einstein-Cartan type torsion field, but without having modified general 

relativity itself.

New field added at 
GR

GW creates local residual 
permanent defects that 

recreates torsion
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Fundamental Einstein-Cartan

The Einstein Cartan Torsion is a fundamental 
field.

- It is present before any wave.
- It is the direct source of quantum spin.
- It is part of the field equations.
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Effective Torsion link with spin 
memory

The Effective torsion:
- appears after the fact 
- only exists if a wave has passed
- is calculated from the integrated Weyl
It:
- does not propagate
- is not independent
- is not an Einstein source
 It is: effective, emergent, topological
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So we can have equivalent plasticity 
without Cartan torsion without additional 

spin field with classical GR



7) Weyl–Cosserat Elasticity and 
Gravitational Memory:Potential 
consequences on fundamental 

physics
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Open questions?

Are we sure that there are only 2 memory 
effects at the fundamental level?

What is the message of the effective level?
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A third defect longitudinal not studied 
in physic at this day

In defect theory, there are 3 effects: edge and 
screw dislocations in planes, but also 
longitudinal dislocations with the Franck 
vector
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Effective



The Franck vector and speculative 
longitudinal memory effect
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Fondamental

Effective



Point of view of the Physicist: possible 
longitudinal memory effect
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LISA
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Laser Interferometer Space Antenna



How Lisa work

• Each satellite send a laser beam and measure 
phase shift (Wave length known) => extract ΔL

• We extract the strains in 3 directions as a 
rosette gauge
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Reconstruction of the strain tensor
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Results of classical GR linearized
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LISA (3 values 
of teta )

Pure shear

Pure 
lengthening 
and 
shortening

In transversal planes

Ligo /LISA Arm measure 



If GR is complete: no residual effect
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New 
physics if:



If medium 3D with longitudinal strains 
and associated polarisation

• If it is not possible to reconnect the displacements 
observed with only h+ and hx so  hL should be 
necessary
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Answer with LISA

69GDR-GDM 23 June 2026 INSA Lyon



Range of measurement with LISA of 
the memory effect
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8) Conclusion
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Gravitation carries within itself a hidden electromagnetic−like structure

Defects (Burgers vector, torsion) are the integrated traces of this structure



Conclusion

Gravitational waves do not produce only elastic deformations.
While gravitational waves are usually described as transverse elastic shear 
waves, the existence of gravitational memory demonstrates that they also leave 
permanent residual deformations. These non-relaxing deformations cannot 
be described within a purely elastic framework and are naturally interpreted as 
plastic deformations of spacetime at an effective level.

Within classical Riemannian geometry, Weyl curvature encodes edge- and 
screw-type defects.
In vacuum general relativity, all radiative and memory effects are carried by the 
Weyl tensor. Its decomposition into electric and magnetic parts encodes, 
respectively, permanent elongation/shortening (displacement memory) and 
permanent rotation (spin memory). These two memory effects correspond 
precisely at the effective level to edge-type and screw-type defects, 
analogous to dislocations in an elastic medium that has undergone local 
plasticity.

1

2
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Space time is yielded

We can have yield in classical GR: No need addition torsion field



Conclusion

This naturally leads at the effective level to a Cosserat (micropolar) 
mechanical description.
Classical Cauchy elasticity cannot account for independent rotational degrees of 
freedom. A Cosserat continuum, which includes both translations and 
micro-rotations, provides the natural mechanical framework to describe edge 
and screw dislocations and the associated plastic deformation of the medium 
on an effective point of view. Spacetime equipped with gravitational memory 
behaves effectively as such a Cosserat-type medium.

The accumulation of local spin memory induces an effective or equivalent 
Einstein–Cartan–type torsion, without introducing new fields.
The time-integrated spin memory corresponds to accumulated microscopic 
rotations of Cosserat type. Their non-integrability generates a geometric 
torsion with exactly the mathematical structure of Einstein–Cartan torsion. 
However, this torsion is effective, emergent, and post-radiative: it is not a 
fundamental field, does not propagate, does not couple to quantum spin, and 
does not modify Einstein’s equations. General relativity remains strictly classical.

3

4
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The corresponding medium is a Cosserat medium

Accumulation of local spin create an equivalent torsion



Conclusion

The analogy further suggests on an effective point of view the possibility 
of longitudinal plastic defects.
In real plastic media, transverse dislocations are generically accompanied by 
longitudinal reconstruction effects. By analogy, the edge and screw memory 
defects in transverse planes naturally motivate the consideration of 
longitudinal plastic deformations of spacetime, providing a consistent 
three-dimensional completion of the defect picture. This extension is physically 
motivated and compatible with recent studies of longitudinal memory effects.

All such defects must be extremely small and non-propagating, in 
agreement with observations.
Current interferometric observations (LIGO/Virgo/KAGRA) show no detectable 
deviation from classical general relativity in wave propagation. This imposes 
that the effective torsion and associated plastic defects generated by 
gravitational memory are necessarily very weak, localized, and topological, 
leaving GR phenomenology unchanged at observable scales.

5

6
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If we push the analogy, possible longitudinal defect too => new 
memory effect?

Defects remain small



Discussion with NASA
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Synthesis

Cosserat quantity Gravitational analogue Interpretation 

βᵢⱼ (distortion) ΔEᵢⱼ = ∫ Eᵢⱼ dt Accumulated tidal shear (integrated electric Weyl tensor) 

κᵢⱼ (wryness) ΔHᵢⱼ = ∫ Hᵢⱼ dt Accumulated frame-dragging (integrated magnetic Weyl tensor) 

αᵢⱼ = curl βᵢⱼ (dislocation density) curl(ΔEᵢⱼ) Memory-induced defect density 

bᵢ = ∮ βᵢⱼ dxʲ ∮ Δhᵢⱼᵀᵀ dxʲ Displacement memory (edge dislocation analogue) 

φᵢ (micro-rotation) τ_H ∫ Hᵢⱼ xʲ dt Spin memory (screw-type rotational mismatch) 

Tₑffᵃ = d(Δeᵃ) Topological effective torsion Non-propagating torsion remnant produced by memory 

Plastic strain Δhᵢⱼᵀᵀ Permanent metric change after the wave 
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The granularity of the vacuum is not 

postulated: it is revealed by gravitational 

memory as an effective topological defect of 

the Weyl field.



Publications 

77

D.Izabel (2026) Weyl–Cosserat Elasticity and Gravitational Memory: An 
Effective Microstructured Model of Spacetime, European Physical journal 
plus Volume 141 article number, (2026)
 

Effective Defect edge and screw are 
already included in Riemann tensor in 
vacuum via Weyl tensor. It’s an image 
of the displacement and spin memory
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DOI.org/10.1140/epjp/s13360-026-07691-9



Weyl–Cosserat Correspondence
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Reconstructed 3D Spacetime

• Transverse planes plastically deformed

– Micro-rotations reconnect planes

– Effective 3D spacetime with defects
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Weyl/Cosserat/defect theory
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Weyl/Cosserat/defect theory
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    Defects  (Burgers vector, torsion) are the integrated traces of this structure


    Gravitation  carries within itself a hidden electromagnetic−like structure


     i j


   u a


   g    =      +  h   


      


   h    =


    Δ L L ( t )

