Cosmology and Inflation

with torsion and nonmetricity
Metric Affine Gravity

GeomGravX 29/06/2026

Ilaria Andrei

University of Tartu & al

Margus Saal Z/ _|!!_| g

Damianos Josifidis G 12 &
ZTag TR

Laur Jarv



1) Metric Affine Gravity (MAG)

2) Cosmology in MAG

3) Inflation in MAG



1) Metric Affine Gravity (MAG)
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What lagrangian?

Lg = R’[r[g]]



General relativity

Stress - energy tensor
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Metric affine gravity

- ol . .
Non Riemannian
geometry



Metric affine gravity
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Curvature R

+
Nonmetricity Q
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Torsion S



Metric affine gravity
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What lagrangian?

‘C’g — R[g7 r]

Rlg,T] = R[g] + (Q..) + (S.)



Metric affine gravity
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Stress - energy tensor

Tob = 42 v—glu)
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2) Cosmology in MAG



Standard cosmological model

ACDM model



Standard cosmological model

ACDM model

Matter + CDM + A
GR as theory of gravity
CP = homogeneity and isotropy

o
o
o
@ 6 free parameters
o Flat universe

°

Inflation

Going beyond ACDM implies breaking one or more
of the above points!
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General relativity

L = R[Mgll + Lnle]

l

5,L =0



Friedmann equations

3H?> =kp

Perfect

fluid

2H +3H2 = —kwp
p+3H(1+w)p=0

p=wp



pEV3e(1+w)p¥2=0

(1 IRALT (io+ ) (t— t0)>2
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2H +3(1+w)H?>=0

H(t) = Ho

1+37H°(1+ ) (t - 1)



Metric affine gravity

L= Rlg, T+ Ln[g,T]

T

§,L =0 5L =0



Modified Friedmann equations

perfect fluid

+
hypermomentum

3H? = kp + Kpy,
2H + 3H? = —Kkp — Kkps

p+3H(p+ p) = —pn — 3H (pn + pn)
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Modified Friedmann equations

3H? = kp + Kkph ol T2, 5]
2H + 3H? = —kp — Kps
p+3H(p+ p) = —pn — 3H (o + pn) Prlo, 21, 22|
p=wWp

— PtPy

Ph = Wh Pk Weff = or
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pEV3E(14+w)p¥2=0 2H+3(1+w)H2=0

w— W, W —> Weff

pEV3(1+w,)p¥?=0 2H + 3 (14 wegt) H2 =0
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pEV3k(1+w,)p¥?=0 2H + 3 (1 + Wegt) H2 = 0

How the energy How the universe
density dilutes expands
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Only SPIN o

Oocb\/ﬁ

wW,=wd=xb

Weff = 22Wi 3
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3H
1+7°(1+weff)(t— to)

New possibilities to model
cosmological dynamics!
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3) Inflation in MAG
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Metric theory

L= A(}) R+ K(¢)0,00"d + V()

28



Metric theory

L= A(}) R+ K(¢)0,00"d + V()

l

L =R+ K(¢)d00¢ + V(¢)

conformal
transformations

oo 3(0A(0))? | K(g)
k(o) =2 5A(¢)2 + o) = standard

29



Metric theory

L =R+ K(¢)D00"¢+ V(§)

_ 3(0A0)7

K(¢) = 0

2 KkA(9p)? A(9)

!

(o)

— standard

field
ridefinition

30



Metric affine gravity

L= A(¢) R+ K(¢)0,060"¢ + V()
+Ci (QF, ") 049 + ci(QS) + ai(QQ) + b;(SS)
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Metric affine gravity

+Ci (Q", 5") 0,6 + ci(QS) + ai(QQ) + b;(SS)

|

L =R+ K(¢)8,00"¢+ V(9)

L= A(¢) R+ K(¢)0,060"¢ + V()

Sr(L) =0
+ conformal
transformations
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Metric affine gravity

L= A(¢) R+ K(¢)0,060"¢ + V()
+Ci (Q", 5") 0,6 + ci(QS) + ai(QQ) + b;(SS)

l

L =R+ K(¢).00"¢+ V(¢)

ko) — (v
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Metric affine gravity

L= A(¢) R+ K(¢) 000" + V(0)
+Ci (QF, ") 049 + ci(QS) + ai(QQ) + b;(SS)
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Metric affine gravity

L= A(¢) R+ K(¢)0,00"0 + V(0)
+Ci (Q", 5") 0,6 + ci(QS) + ai(QQ) + b;(SS)

— standard
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Metric affine gravity

L =
+Gi (Q*,5") 0,9 + + a;(QQ) + bi(SS)
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Metric affine gravity

L —
+G (Q*,5") 0,0 + ci(QS) + + bi(SS)
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Metric affine gravity

L= A(9) R+ K(¢) 8,00"¢ + V(¢)
+G (Q", $") 0utp + ci(QS) + 2i(QQ) + bi(55)

- standard
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Metric affine gravity

L= A(¢9) R+ K(¢)0,00"¢ + V()
+Ci (Q", 5") 0,6 + ci(QS) + ai(QQ) + b;i(SS)

— NOT standard
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Metric affine gravity

L= A(¢) R+ K(¢)0,060"¢ + V()
+Ci (QF, ") 049 + ci(QS) + ai(QQ) + b;(SS)

fo) — ()

NOT ALWAYS !
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Why do we need V(p)? l I

1
e Slow roll parameters ¢[V(¢)], n[V(o)]

|

e Tensor to scalar ratio r

e Scalar tilt n,
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Thank
you AA

Cosmology:
e Phys.Rev.D 111 (2025) 6, 064063

e ].Phys.Conf.Ser. 3177 (2026) 1, 012033

Inflation:

e soon in arXiv
(theory and comparison with data)
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I also have been victim

of academic harassment

43



Slg, I, ®] =
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& = eabca Sbca

Q,u = ga)\ Qua)\

Se = Sap”

Qu = go&\ ro/\,u
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Metric affine gravity

Eg[g, r] - £/\/l[g7 r7 ¢M]

/\

5o(Lg+ L) =0  6(Ly+ L)

N

D Constrains!!!




Why we need to go beyond ACDM?

@ Hj tension

@ Sg tension

@ Dark energy

@ Dark matter

=== DESI BAO
DESI BAO + CMB
1o ~.__ EEl DESI BAO + PantheonPlus
\ DESI BAO + Union3
- DESI BAO + DESY5

-10 —05 0.0

w(z) = wo + Wati;

DESI — wp # —1,w, #0
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Modified Friedmann equations assumptions:

o Cosmological principle

e Projective invariance

e Parity even
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Cosmological principle

® (@ — 3dofs

¢ S 2dofs

® A —5dofs

o Ve uid

e FLRW metric

e Perfect fluid
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Projective invariance

A A A
FW —> FW -+ 5M€V
L, = R[l] =  NA,=0

® A — 4 dofs ® Q@ — 2dofs
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Parity even

Eg — R[F]

® A — 3dofs

L, even

S — 1 dof
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Assumptions for the lagrangian
for inflation studies?

None of the above!
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