Not ToE
What if...?
Questions

Towards an Action Principle Unifying

the Standard Model and Gravity in d = 4
2601.19734 with P. Alvarez and C. Quinzacara

N\ UNIVERSIDAD Fernando Izaurieta @
%) SAN SEBASTIAN CEFNQRSO

llumina el futuro . . » .. . pe ESTUDIOS
Universidad San Sebastidn, Concepcién, Chile CIENTIFICOS

The Sixth Zeldovich Meeting,
ICRAnet Headquarters, Pescara
July 13th, 2026

Fernando Izaurieta - fernando.izaurieta@uss.cl Geom. Unification d = 4: ArXiv: 2601.19734



Not ToE
What if. .. ?
Questions

“One Ring to rule them all, One Ring to find them,
One Ring to bring them all and in the darkness bind them.”

12N Ge

Fernando Izaurieta - fernando.izaurieta@uss.cl Geom. Unification d = 4: ArXiv: 2601.19734



Not ToE
What if...?
Questions

Towards an Action Principle Unifying

the Standard Model and Gravity in d = 4
2601.19734 with P. Alvarez and C. Quinzacara

N\ UNIVERSIDAD Fernando Izaurieta @
%) SAN SEBASTIAN CEFNQRSO

llumina el futuro . . » .. . pe ESTUDIOS
Universidad San Sebastidn, Concepcién, Chile CIENTIFICOS

The Sixth Zeldovich Meeting,
ICRAnet Headquarters, Pescara
July 13th, 2026

Fernando Izaurieta - fernando.izaurieta@uss.cl Geom. Unification d = 4: ArXiv: 2601.19734



Not ToE
What if...?
Questions

- How not to build a Theory of Everyfhingq

T IV O vaar

2601.19734 with P. Alvarez and C. Quinzacara

UNIVERSIDAD Fernando Izaurieta @

SAN SEBASTIAN CECs

llumina el futuro . . . pE ESTUDIOS
Universidad San Sebastidn, Concepcién, Chile CIENTIFICOS

The Sixth Zeldovich Meeting,
ICRAnet Headquarters, Pescara
July 13th, 2026

Fernando Izaurieta - fernando.izaurieta@uss.cl Geom. Unification d = 4: ArXiv: 2601.19734



Not ToE
What if. .. ?
Questions

Contents

#' How not to build a Theory of Everything in d = 4

® Whatif...?

& Questions

Fernando Izaurieta - fernando.izaurieta@uss.cl Geom. Unification d = 4: ArXiv: 2601.19734



Contents

# How not to build a Theory of Everything in d = 4

® Whatif...?

£ Questions

«O>» «F»r « >

«E»

12N Ge



Not ToE
What if. .. ?

Questions

Feynman’s dad game: Look at it as a Martian!

Let us look at all known physics as if we don’t know anything!
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‘Lalmost everything — _(
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ks \2 ) 4

FA W FA™ + iy" Dy — ®gyy — D,O'DFO — V (D)
Does it look as a coherent whole?
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Neither Unification nor QG — Should you print that into a T-shirt?
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2 s v
Linear contraction A constants @ Fields in multiplet reps
in gauge curvature
1))
almost everythmg

R A ——FAWFA’“'+z¢y"D”w ®Yyy — D, DD - V (D)
K4
Quadratic

in gauge curvature

Scalar G
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Challenge:
Is it possible to write all of that as a coherent whole in d = 47?7
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1
LY = ~5(F A+F)

Unify everything in a single gauge principle? What about Yang-Mills gravity?
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AdS algebra-valued connection 1-form:

1 1
A= Ewab;ﬂab + Yea]P’
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AdS algebra-valued gauge curvature 2-form

IF:dA+%[A,A],

1 1 1
= 5 (Rab + l—zea A eb) q]]ab + 7Ta]P>a,
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Lym = _EGF A #IF)

£ QF (MD) 5 QP (M@)
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* = (e)

e =

First crack: The gauge invariance is spoiled!

-DAi = 6(x) 0.
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It almost works!

L9 (w,0) =

17 —€apeaRC N Nl +

1
814eabcde Ae’ nef Ae? + —RP ARy, —

ﬁT AxT,.
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It almost works!
4 b d
'52{1)\/[ (w, e) = 4_lzeab0dRa ANeS Ae +

81

2 ARBB

1
€apea® N e® Nef Ne + ZRab A *Ryp — —2T“ AxT,

d+d=#0.
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What about fermions?
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“Plurality is not to be posited without necessity.”
—William of Ockham (1287 — 1347)
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A

Ockham’s razor-mania:
ab 1 a
= 5(1) Jab + —e Pa

l

AdS

+o+ ATy + — (QP3/2) — P3/2)Q).
2\ﬁ( o —¥6)Q)
Internal

Super
What if the only ingredient is a gauge connection 1-form in d = 4?

Clifford rep., osp (n|4) or su (2, 2|n)
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3 1
— =1+ =
2 2
Add the constraint

Vi) = ¢y, ¢ =e'Ty.
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It almost works!

3!
4) _ 4
Lym v Vigldx (111/2

(- - 1
El(lr//r lel’—le//r '71’)_15?‘//'// +

- 3 -
+l V"'V + l—3Vngsz,//) + torsion terms.

2R8B80
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MacDowell-Mansouri gravity

* — Kk

1
*(eq N ep) = #(€a A €5) = 3 Eancae” e

d
*Ryp = EeabcdRC >
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1
R™ A xRy — R A %Ryp = = €peaR™ A R

Does it work too well?
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Unconventional SUSY (Super-MacDowell-Mansouri 2005.04178)

Lysusy = (F A @F).

Does it work too well?
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What if the Yang-Mills term is only the first one from a series?
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Ingredients:

e fu AT 5 O
e x: QP - Qd_p’

6 ¢=¢eT, =e" =2e*P, (The ¢“ is already inside the Hodge, so it comes for free!
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LD = (Wo A +Wo) + (W A W) + (Wy A xWa) + -+ -

W, =W, (IF, ¢)
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Such series is not infinite in d = 4!

LY = Qg (FAFy+ 2 (¢ AF A= F AP+ 2 (¢ AF A (FAg2))+

+ A1) ([¢. F1 A+ [ 41y + Ay {[¢%. F| A+ [ ¢7]).
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Such series is not infinite in d = 4!

.....

L=2FAF) + 4 GAFAF AR+ L (2 AFA«(FAg))+
+ Ap1) [¢. F1 A+ [F. ¢1) + Ay ([¢2. F| A+ [ £7]).
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Unless you choose the coeficients in a particular way!

LSL):%[—(JFA*F>+<¢AFA*(]FA¢)>+%<¢2AFA*(F/\¢2))+

+§ (<[¢, F] A +[F, ¢]) + %<[¢2,F] A x[F, ¢2]>)

mm
A s A s
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LY = —¢ R + le“ A | AR + lec Al |+
LL ~ g Cabed 2 2
i 71
_Z—S(Vlﬁ A¢+ 215/2(ﬂ¢ )/\(¢F5/\Vtﬂ]+
1

(Fint A *[F;n¢) + curvature A matter + torsion A matter

+ torsion A xtorsion-terms. + torsion A xmatter

d>=0.
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& . = ‘ s path to the One Ring or to Mount Doom?
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Fernando Izaurieta - fernando.izaurieta@uss.cl Geom. Unification d = 4: ArXiv: 2601.19734



Not ToE
What if...?
Questions

| 1 | . _
A = Ewabu]]ab + YedIP’a T +AATA + 2—\/2 (Q‘P(3/2) - ‘P(3/2)Q).

AdS

Internal
Super

We got surprisingly far with surprinsingly little!
Why this naive “unification” works so well?

Do we need only a single ingredient for a unified theory of everything in d = 4?
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e v %
e e e e )

# Focus on Ostragradsky stability in grav sector?
(Reproduce 80’s Sezgin + van Nieuwenhuizen!)

£ Worth it? Nonminimal couplings?

& SUSY-Wave operators?
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» Is there an underlying math structure (invariant tensor)? Symmetry?
Why torsion is always in the way?
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» Higgs as paraparticles? Work in progress.
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» Torsion + Non minimal couplings = Dark Matter and Dark Energy?
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LY = 1[ (FAF)+ (¢ AFA*F AP+~ (¢ AT A (FAF))+

Q‘ (<[¢ F1A = [F, ¢y + — <[¢ F|nx[F.¢ D)l
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Grazie mille!
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LY = \lgldx? (

WR—F

gvz“b (Rap — Roa) —

t3p Lae 32
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