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But more lmportantlg

In my view, Matt’s Frienclship has been a gentle
breeze that GlCStlﬂ9 sent my way to help me

find a trulg Fulﬁ”mgl e
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Outline

+ Personal road map: from black holes to fundamentals and bac\q

Einstein unfinished revolution.
* Analogue and Emergent gravitg

o The Harmonic Backgrouncl Paracligm: an alternative Paracligm to

describing gravitational Phc—:nomena

* A way out from black holes and their Problems’?
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Einstein unfinished revolution

« General Relativitg (GR) is fantastic in characterising gravitational etfects

outside |arge lumps of matter (133 GR | mean “Einstein egs. + energy condition”)

« Inside matter, GR isjust built as an etfective mac:roscopic (mean field) theory. It
s not so well testecl, but there are not goocl reasons to expec’t it to be

aclequate to describe conﬁgurations where gravitg does not Plag = signhqcant

role at the microscopic level

» On the other hancl) we should not exPec‘t GR to be aclecluate to describe

situations where gravitg P1895 a role in the very microscol:)ic interactions within

the material content




» We could maintain an effective spacetime Pic:ture, but then at Planckian

matter densities it is reasonable to exl:)ect that the eHective matter

violates some energy conditions (Gliner 1965)

» On the other lﬁancl, In many respects standard GR can be seen as a

refinement of Newton gravitational theorg. As such, it should keel:) some

of its Properties (omC course nobodg knows which ones, for certain)

* Among the ditferences between Newton’s and Einstein's gravitg there is

one that in my mind overshadows the rest: its clear breaking of the time-

: , i , : : ;
inversion sgmmetrg when horizons appear (leaving aside cosmologjcal

considerations)
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The most basic
gravitational

experience

Also in GR: there
is a white hole
solution for any

black hole

solution
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Three Potential mechanisms of communication

o Theories with (suPerluminal) clispersion: Analogue and ‘

Emergent gravity

« Semiclassical gravity (1.e. etective stress-energy clouds violating

energy conditions)

» Fundamental underlging causalitg beside the eHective causalitg

Proviclecl l:)ﬂ the GR metric (1.e. Bi—-metricitg and Potential
gravity’s switch off)
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Emergent gravitg from Galilean Phgsics

© Ubiquitous emergence of relativistic sgstcms in condensed-matter-

like sgstems

o The Problem: Einstein egs. from condensed-matter-like sgstems?

« Galilean structure as the siml:)lest fiducial space and time; an

organisation tool/ scagolding

* Asses the viability of emergence of gravitg from Galilean mang—i)ocﬂg

quantum sgstcms
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*» We have worked out completelg emergence o1C electromagnetism

and Partia”g, Yang——Mi”s) and linear gravity

ChHh R Carba”o~Rubio, LJ. Garay, New J.Phgs. 6 201 12 175028: C B R Carba”o~Rubio, B l:iliPPo, LJ. Garay,
JHEP 1610, 084 (2016); CB, R. Carballo-Rubio, LJ. Garay, G. Garcia-Moreno, APPI. Sciences 11 (2021) 18, 876%; CB, R.
Carba”o~Rubio, LJ. Garay, G. Garcia-Moreno, Phgs. Rev. DIO+ (2021) 2029017, CB. Gil Jannes, Gen. Rel. Grav. 56
(20247 10 16

Main ingreclients:

) Order parameters close to the vacuum (P and D condensation)

i) Emcrgence of Lorentz invariance from Fermi Points
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Main result: Lorentz invariance can lead to the emergence of gauge sgmmetries
Logic:
) Start from a theorg with all the Lorentz invariant terms (not gauge invariant)

1) lmpose what appears as a natural truncation of the space of solutions

i) Then, the truncated theorg l’lappens to be incﬂistinguishable from a gauge theorg




Harmonic Background Paradigm

it all started with the revision of a collateral debate. ..
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Visser-Bassett-1 iberati (VBL) (Nucl.

Phgs. B Proc.SuPPI. 88,267, 2000)

vs Gao-Wald controversy
(Class. Quant. Grav. 17,4999, 2000)

C an gravitg be described as a theorg
of deformed causalitg with

[g] < [n] ~
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+ VBL answer YES, under some conditions:

. Weak gravity g, =n,,+h,

|
2. Harmonic condition 0ﬂ(h”” — En””h) =10

A Absence of free incoming waves
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“I*h,, >0 It IM'T, >0 Background Null Energy Condition

o Null with respect the flat metric

——— T ow S A NI " v T N T I e e TN e TR~ = T 2 GO TR T ST I s I R . == N e
B AR vmmm« e ettt DR R TR e Ll Seane S ORI e a0 s T A SN S N S e . w
T SR S N e i - SR g > T % R - e aammate s o



+ Gao-Wald replg that cone hierarchg IS highlg gauge cle[:)enclent

and so of no Phgsical signhqcance

* Starting from one h,, one can generate ljl//w =h,, +2V,5, which

among other things can open up the causa| cones

S Theg are absolutelg correct on this. However, the VBL result can
also be correct and Phgsica”g relevant it interpretcd N a

ditferent Paracligm.
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Gravitational Paradigms

o GR s tgl:)icang discussed within the Geometrical Paracligm or
within the Field-theoretical Paracligm.

+ Since Rosen works in the 40’ it is known that gravity can
altemativelg be seen as a gauge theorg of a tensorial object M

over a flat backgrouncl

o This Paracligm s not as ditterent from the geometric Paracligm as
one might think




Harmonic backgrouncl Paradlgm

o We propose a third Paracllgm (to linear le\/el)
There is a genuine flat backgrouncl spacetime 77,,,

2. Gravity is a unique restricted tensorial quantity h,,,

1
V//t(h’u _E;TM h) =1

. There is not incoming waves of any sort at inﬁni’ty

4. There exists a cone hierarclﬁg 18] < [7]




» The restrictions on h,, are equivalent to select a unique flat

background geometrg

+ We are not consiclering these restrictions as a gauge ﬁxing, but
as proper Phgsical restrictions on what represents actua”g the

gravitational field

o Ouridea has strong resonances with Fock’s harmonic coordinate

system (The theory of gpace, time and gravitation [959)




» Inour Proposal evergthing s covariant, meaning that one can
use whatever system of coordinates one likes to describes the

Phgsics

o What we are eliminating s the identification of the group of
coordinate changes with a cignamical gauge group. This is

Possible once assumed the existence of a fundamental causaiitg

besides the etfective one
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Whg gravity s attractive in weak gravity situations?

o One caninvert the Iogical direction of the VBL result

+ Within the Harmonic backgrouncl Paracligm gravity can onlg act

Proclucing eHective causal cones inside the Minkowski ones

» Then, for consistency this implies that Lyl =0 (f’)ackgrouncl

null energy condition)

o The obstruction to exit the fundamental causality makes matter to

have a Positive energy content when no strong gravity IS Present
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Some additional observations

o Once the efHfective cones are well inside the Minkowskian there is

not reason whg etHective matter should be onlg attractive

o The relation Energy condition / causalitg s stablished onlg at

the linear le\/el, Precise|9 where the Procncs are rigorous

o The construction is compatible with the emission of GW: theg are

generatecl bﬂ sources inside space’time
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Some conceptual advantages:

* One to one identification between backgrouncl and etfective

spacetime& e 4 geoclesic of g corresponcls to a single curve iny

o There exists a proper stress~energy tensor for the gravitational

energy (there 1s not gauge invariance Problem)

+ The GR behaviouris less isolated in theorg space (e.g. Massive

ravities. Rosen gravity. ...)
24 : gravity,

e One can frame interesting novel extensions to the GR behaviour
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Extension to the full non-linear regime?

.
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o We need that the total SET integratecl in the Past Iight cone of

the flat metric is alwags Positive & semi~average backgrouncl null

energy condition)
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A way-out of Black holes and their Problems

Within the HBP it is not ditficult to consider a wa3~out to the

Pro,'jlems associated with gravitational co”apse
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Switch-oH of gravxtg In gravxtatlonal co”apse

° Co”apse could Proceecl with a
transient black hole to white hole

transition

* At some energy scale the order

Parameter re

dissolve leavi

'Dresenting gravitg might

ng the n causalitg

o After some bounces the geometrg

slﬁoulcl set’tle into an ultracoml:)act

object
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Semiclassical aPProach

o The Previous ideas do also have strong resonances with

semiclassical gravity analgses

o On the one hand, semiclassical gravity appears to support

ultracompact ste”ar conﬁgurations

o On the other hand, it appears to favor black-hole oscillations




Semiclassical stars

* Semiclassical gravitg allows

for static stellar

conﬁgurations arbitrarilg

surpassing the Buchdahl

compac’mess limit
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anti~traPPecl regions

E)oganov’s PhD +
Class.Quant.Grav. 43 (2026) 2, 025007

Barenboim et al) Phgs.Rev.Res. 6 (2024) 3.1 052055
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Conclusions and final remarks

o The Viabilitg ok a emergent gravity theorg s not rule out, quite
the OPPosite (work in Progress)

* A crucial ingredient s the emergent nature of diﬁceomorphisms

(this appears to bgl:)ass Weinberg~Witt<—:m theorem and other

obstacles)

° Phgsics stronglg linked to (global) | orentz invariance




We have cleared up the VBL y GaoWald Controvcrsgz both are correct

but starting from ditferent Paradigms for gravitational Phenomeﬂa

The standard field theoretic Paracligm does not give actual

Prominence to the backgrouncl metric

lnstead, We propose what we call the Harmonic backgrouncl Paradigm

A\ consequence of assuming this Paracligm s that matter has to be

attractive in standard weak-field situations
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» The Harmonic Backgrouncl Parac]igm s well suited to model
process such as a gravity switch-off at th matter densities.

o The existence of a more fundamental causality could avoid what

N my view is the main Problem of GR

® ltcan help making GR closer to Newtonian gravitg than it is
tgpica”g assumed
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