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Abstract

We investigate torsion-driven cosmological dynamics within the framework of Einstein-Cartan
gravity using the De Donder-Weyl Hamiltonian formalism, where the tetrad and Lorentz connection
act as independent variables and the Hamiltonian includes quadratic Riemann Cartan corrections.
Embedding this theory in an FLRW background, we derive the corresponding torsion-modified Fried-
mann equations and analyze their solutions across radiation and matter-dominated epochs. The
commonly assumed power law form a(t) = βtα is shown to generate multiple solution branches,
many of which can be considered to be “unphysical”, atleast to hold true globally, for all times. A

hybrid solution, a(t) = CtαeDtβ emerges in the special case g1 = 0, where the quadratic Riemann-
Cartan term vanishes. For g1 ̸= 0, the equations become nonlinear, precluding closed-form analytic
solutions. These findings highlight the limitations of the power-law approximation and identify the
restricted conditions under which torsion can coherently drive cosmic expansion.

1 Introduction

General relativity (GR) [1–8] remains the cornerstone of modern cosmology [9–11], successfully describ-
ing gravitational dynamics across a vast range of scales. However, GR assumes a purely Riemannian
spacetime, curved but torsion free. The Einstein-Cartan (EC) theory [12–25] generalizes this picture 1

by admitting an antisymmetric component of the connection, representing torsion, which couples to the
intrinsic spin of matter [24,29]. In such a Riemann-Cartan geometry, both curvature and torsion coexist,
leading to a richer and a potentially more complete description of spacetime dynamics, especially in the
high-energy regimes of the early universe.

Modern torsion cosmology [25, 30–39] has two attractive phenomenological features. First, the intrinsic
spin-torsion coupling in Einstein-Cartan theories produces a gravitational repulsion at very high den-
sities which can avert the initial singularity and give a non singular bounce [22, 40, 41], providing an
alternative to inflationary cosmology 2. Second, when torsion is promoted to a dynamical field (for ex-
ample by including kinetic or quadratic curvature terms) it can produce late-time acceleration or mimic
a cosmological constant like component without invoking an explicit Λ. These possibilities have been
explored recently in quadratic gauge gravity and De Donder Weyl approaches [43–54], where torsion-
driven dynamics may both replace Λ and leave distinct imprints on the expansion history.

These models often yield modified Friedmann equations, where torsion acts as an effective source term

∗shahaarav103@zohomail.in
†khlopov@apc.in2p3.fr
‡morrowindman1@mail.ru
1There have been various extensions to General relativity, see for example [16,26–28].
2See [42] for more information on how Einstein-Cartan theories provide an alternative to inflationary behavior.
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influencing the cosmic expansion rate [34, 55–58]. Earlier analyses typically focused on the radiation-
dominated epoch, assuming that the scale factor follows a simple power-law evolution of the form
a(t) = βtα. This assumption simplifies the field equations and provides analytic tractability, but it
also implies different distinct branches of solutions, each of which have a different α and C.

In the present work, we revisit the cosmological implications of Einstein-Cartan gravity through the
De Donder Weyl Hamiltonian formalism [43–54], a first-order, covariant approach that treats the tetrad
and Lorentz connection as independent dynamical variables [48,59]. This formalism introduces canonical
momentum fields associated with spacetime geometry and leads naturally to a quadratic Riemann-Cartan
Hamiltonian density, incorporating both curvature and torsion contributions. The resulting equations
generalize Einstein’s field equations and give rise to a self-consistent framework for studying torsion-
induced expansion.

We apply this formalism to a Friedmann-Lemaitre-Robertson–Walker (FLRW) universe [9–11], embed-
ding torsion into a homogeneous and isotropic background. Within this setting, we derive extended
Friedmann equations that explicitly depend on the deformation parameters of the theory. We first re-
cover known results for the radiation-dominated era [56], but crucially extend the analysis to the matter-
dominated epoch, where torsion modifies the scaling behavior of the scale factor in nontrivial ways. Our
results demonstrate that, in addition to the conventional power-law solutions, the field equations admit
a class of hybrid solutions of the form

a(t) = Ctαexp(Ktβ), (1)

where K is a function of the torsion of the universe and vanishes in a torsion less universe.

These solutions interpolate between decelerated and accelerated expansion, revealing richer cosmological
dynamics than previously recognized. The various branches of the pure-power law form a(t) = βtα don’t
coincide with observations and lead to different physical predictions like the critical density of a matter
source during Big-Bang Nucleosynthesis (BBN) [60–65].

The paper is organized as follows. In Sec.2, we outline the De Donder–Weyl Hamiltonian formalism
for Einstein–Cartan gravity and derive the corresponding field equations. Sec.3 embeds this framework
into a cosmological background, yielding the torsion-modified Friedmann equations and then goes on
to study cosmological phases like radiation domination (RDE) and matter domination (MDE). Finally,
Sec.4 summarizes the key results and discusses potential extensions toward early universe dynamics and
observational constraints.

2 Setting up torsion driven expansion

We begin by formulating Einstein-Cartan theory within the De-Donder-Weyl-Hamiltonian formalism
[43–54], a covariant first-order generalization of canonical dynamics to field theory originally developed
by De Donder [43] and Weyl [44], and later expanded into modern covariant Hamiltonian and gauge
formulations [46–54]. In this framework, spacetime geometry is described by two independent dynam-
ical variables- the Lorentz (or spin connection) ωi

jα and the tetrad field eijα- as in the Poincaré gauge
treatments of gravity [16, 23, 26]. Greek indices refer to the coordinate frame and Latin indices to the
local Lorentz frame. Throughout this work we adopt natural units h̄ = c = 1 and the metric signature
(+,−,−,−).

Unlike the Arnowitt Deser Misner (ADM) decomposition of canonical GR [1, 2], the DW approach
treats all spacetime directions symmetrically and introduces polymomenta, tensorial generalizations of
canonical momenta, conjugate to the derivatives of the dynamical fields [47–49]. For gravity, the poly-
momenta kiµν and qijµν encode the “momentum content” of spacetime geometry, endowing curvature and
torsion with independent kinetic degrees of freedom [49, 53, 55].This framework thus provides a natu-
ral setting to investigate the dynamical role of torsion in cosmology, extending earlier Einstein–Cartan
analyses [12–25, 32] and modern quadratic-gravity approaches where torsion can influence the cosmic
expansion rate [35,37,57,58].

The DW Hamiltonian density is constructed as a scalar function of the polymomenta and the tetrad,
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extending the linear Einstein-Hilbert term by quadratic invariants built from curvature and torsion
[49, 54, 57]. A dimensionless coupling g1 controls the strength of the quadratic Riemann–Cartan term,
while g2, g3, g4 parameterize geometric and matter couplings. The resulting formulation remains mani-
festly covariant and yields field equations that reduce to standard Einstein–Cartan gravity in the linear
limit but include higher-order geometric corrections analogous to those appearing in quadratic gauge
theories of gravity [34,37,56]

In the DW approach one introduces an open cover of the spacetime manifold M and a local orthonormal
basis on each patch, spanned by a set of vierbeins (tetrads)

ea = eµa∂µ, a = 1, ..., 4, (2)

which relate the coordinate and Lorentz frames [3, 17, 24].The metric tensor is then expressed through
the tetrads as

gµν = eiµe
ν
νηij , (3)

where ηij denotes the Minkowski metric. This relation encodes how the local inertial structure of space-
time is projected into curved geometry [1, 7, 27].

The affine connection Γλ
µν decomposes into the spin connection and the tetrad according to

Γλ
µν = −eiµ

(
∂eλi
∂xν

− ωk
iνe

λ
k

)
. (4)

where the antisymmetry of the spin connection, ω(ij)α, ensures metric compatibility [15, 22]. The affine
connection is decomposed here in terms of the spin connection and the tetrad, revealing how local Lorentz
rotations are coupled to coordinate changes.

The DW Hamiltonian (scalar) density, HGr, of spacetime dynamics extends the linear Einstein-Hilbert
ansatz by quadratic terms built from the momentum fields endowing the spacetime with kinetic energy
and thus, inertia [54,57], fundamentally modifying its dynamics. We now set

H = HGr + Hmatter, (5)

with a quadratic linear ansatz HGr = H(q2e4, qe2, k2e4, ϵ).

In explicit form [55,56],

HGr =
1

4g1ϵ
qmαβ
l qlξλm ηknηije

k
αe

n
ξ e

i
βe

j
λ−g2q

mαβ
l elαe

n
βηmn+

1

2g3ϵ
kαβl kξλm ηlmηknηijηknηije

k
αe

n
ξ e

i
βe

j
λ+g4ϵ, (6)

where ϵ = det(eiµ) =
√−gµν . Hmatter involves the coupling of matter fields to curved spacetime. The cou-

pling constants g1,g2,g3, and g4 have dimensions [g1] = 1, [g2] = L−2, [g3] = L−2 and [g4] = L−4 [57, 58].
Eqn.(6) shows that the first term, proportional to g1, encodes the quadratic Riemann–Cartan contribu-
tion, while the remaining terms correspond to geometric, torsional, and vacuum energy contributions
respectively.

The gauging process then results in the action integral

S =

∫
V

d4xL

=

∫
V

d4x
1

2

[
kµνi

(
∂eiµ
∂xν

− ∂eiν
∂xµ

+ ωi
jνe

j
µ − ωi

jµ

)

+
1

2
qjµνi

(
∂ωi

jµ

∂xν
−

∂ωi
jν

∂xµ
+ ωi

jνe
j
µ − ωi

jµe
j
ν

)
−HGr + Lmatter

]
,

(7)

which serves as the starting point for deriving the canonical field equations of Einstein–Cartan gravity
within the DW framework [54,56,61].
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Variation of equation (7) with respect to qjµνi gives

∂HGr

∂qjµνi

=
1

2

(
∂ωi

jµ

∂xν
−

∂ωi
jν

∂xµ
+ ωi

nνω
n
jµ − ωi

nµω
n
jν

)
=

1

2
Ri

jνµ, (8)

linking the polymomenta qijµν to the the Riemann–Cartan curvature tensor. Curvature thus appears as
a dynamical variable conjugate to the spin connection [49,54].

Now, we will invoke torison as an additional structure to the underlying geometry. Such a structure
extends the affine connection from the Christoffel symbol

{
λ
µν

}
to

Γλ
µν =

{
λ
µν

}
+ Kλ

µν , (9)

where the contortion tensor Kλµν is built from Cartan’s torsion tensor [12–16,29]

Sλ
µν =

1

2
(Γλ

µν − Γλ
νµ), (10)

and can be written as
Kλµν = Sλµν − Sλνµ + Sνµλ = −Kµλν . (11)

These expressions introduce torsion explicitly as the antisymmetric part of the affine connection and
relate it to the contortion tensor, which quantifies deviations from Levi-Civita geometry.

From eqn.(4), it follows that

Si
µν =

∂eiµ
∂xν

−
∂eiµ
∂xν

+ ωi
jνe

j
µ − ωi

jµe
j
ν . (12)

Varying eqn.(7) with respect to the field kµνi then yields

∂HGr

∂kµνi
=

1

g3ϵ
kiµν = Si

µν , (13)

confirming that torsion acts as the canonical momentum of spacetime within this formalism,an interpre-
tation emphasized in the covariant gauge gravity analyses of Struckmeier [52–54]. Furthermore, eqn.(13)
establishes that the polymomentum kiµν is directly proportional to the torsion tensor Si

µν , confirming
that torsion represents the canonical momentum of spacetime within this formalism.

Finally, the DW framework leads to a consistency (or zero energy) equation that extends Einstein’s
field equations to include torsion and quadratic Riemann Cartan effects [57,58]:

Θν
µ + T ν

µ = 0, (14)

with

Θν
µ =

1√
−g

eiµ
∂HGr

∂eiν
, (15)

T ν
µ =

1√
−g

eiµ
∂Hmatter

∂eiν
. (16)

The “consistency equation” generalizes Einstein’s equations by including the energy–momentum tensor
of spacetime geometry (Θν

µ) alongside that of matter (T ν
µ ), implementing a zero total energy condition.

In analogy to the energy momentum tensor of matter Tµν , we interpret Θµν as the energy momen-
tum tensor of spacetime [24,54]. The trace of the consistency equation (14) is found to be

ρm +
−3Ḣ − 6H2 + 2Λ0 + 3s20(1 − 8πGg3)

4πG
− 3k

4πGa2
= 0. (17)

Calculating Θν
µ using eqn.(6), we have

Θµν = −g1Q
µν + 2g1g2(Gµν + 3g2g

µν) + 2g3(SξαµSν
ξα − 1

2
SµαβSν

αβ − 1

4
gµνSχαβS

χαβ) + g4g
µν , (18)
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where

Gµν = R(µν) − 1

2
gµνR, (19)

is the Einstein tensor and

Qµν = RαβγµRν
αβγ − 1

4
gµνRαβγξRαβγξ, (20)

is the trace-free, (symmetric) quadratic Riemann-Cartan concomitant [37, 57]. In eqn.18, Θµν is ex-
panded explicitly, showing separate contributions from the Einstein tensor, quadratic Riemann–Cartan
term, torsion terms, and vacuum energy. This reveals how each coupling constant modifies the dynamics.

The constancy equation now reads

(21)
g1

(
RαβγµRν

αβγ − 1

4
gµνRαβγξRαβγξ

)
− 1

8πG

(
R(µν) − 1

2
gµνR + gµνΛ0

)
− 2g3

(
SξαµSν

ξα − 1

2
SµαβSν

αβ − 1

4
gµνSξαβS

ξαβ

)
= T (µν).

Eqn.(21) represents the fully generalized field equation of Einstein Cartan gravity with quadratic cor-
rections, the core dynamical equation of the model.

Here the coupling constants g2 and g4 have been expressed in terms of the gravitational coupling constant
G and a constant vacuum energy term as:

g1g2 =
1

16πG
=

M2
Pl

2
, (22)

6g1g
2
2 + g4 =

Λ0

8πG
= M2

pΛ0, (23)

where MPl =
√

1
8πG is the reduced Planck mass [9–11].

Combining eqns.(54) and (23) yields

Λ0 = 3g2 + 8πGg4 =
1

M2
Pl

(
3M2

Pl

2g1
+ g4

)
. (24)

The parameter g1 is the deformation parameter of the theory as it determines the relative strength of

the quadratic Riemann-] Cartan extension of Einstein’s gravity. The coupling constant g2 =
M2

p

2g1
is thus

proportional to the inverse of that deformation parameter. Setting Λ0 = 0 as per the zero energy universe
condition relates the coupling constants g1 and g2 to the vacuum energy density g4:

g1 = −3M4
Pl

2g4
; g2 = − g4

3M2
Pl

. (25)

These relations express the coupling constants g1, g2, g3, g4 in terms of Newton’s constant and the cos-
mological term, clarifying how g1 acts as a deformation parameter measuring deviation from standard
GR [37,57,58].

With the general framework in place, we now turn to its cosmological realization by applying it to
an FLRW universe [9–11].

3 Embedding Einstein-Cartan theory to Cosmology

To explore the cosmological consequences of the De Donder–Weyl (DW) formulation of Einstein–Cartan
(EC) gravity, we now embed the theory into a homogeneous and isotropic background described by the
Friedmann Lemâıtre Robertson Walker (FLRW ) metric [9–11]:

ds2 = dt2 − a2(t)

[
dr2

1 −K0r2
+ r2(dθ2 + sin2θdϕ2)

]
. (26)
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Substituting this metric into the generalized field eqn.(21) yields the extended Friedmann equations
derived in recent analyses of quadratic Einstein–Cartan and covariant canonical gauge gravity [55,56]:

−8πGg1

[(
ȧ2 + K0

a

)2

− ä2

]
+ ȧ2 + K0 −

1

3
Λ0a

2 + B(a, s0) =
8πG

3
a2ρ, (27)

aä + ȧ2 + K0 −
2

3
Λ0a

2 + (8πGg3 − 1)
s20
6
a2 =

4πG

3
a2ρ, (28)

where B(a, s0) collects the torsion contributions:

B(a, s0) = 8πG

[
s20
6

(
−s20

6
a2 + 5ȧ2 + 2K0

)
− 1

6

(
ṡ20a

2 + 2ṡ0s0ȧa
)]

+ (8πGg3 − 1)
s20
6
a2. (29)

Here s0 is the timelike component of the vector sσ defined by [57,58]

sσ =
1√
3!
ϵαuνσSαµν , (30)

which, owning to homogeneity and isotropy [22,29,37],

sσ = (s0, 0, 0, 0). (31)

Eqns.(27) and (28) represent the generalized Friedmann equations including quadratic Riemann Cartan
corrections.

Following the ΛCDM model, we introduce the cosmological parameters

Ωm,Ωr,ΩΛ = Λ0/3H2
0 ,ΩK = −K0/H

2
0 , (32)

where the matter and radiation densities evolve as [9–11]

ρm(a) = ρcrΩma−3, (33)

ρr = ρcrΩra
−4, (34)

where the critical density ρcr is defined by

ρcr =
3H2

0

8πG
= 3M2

pH
2
0 . (35)

Using these definitions, eqns.(27) and (28) can be expressed in dimensionless form, convenient for nu-
merical or analytic analysis [57]

ȧ2 + V (a) = Ωk, (36)

äa + ȧ2 − 2Mȧ2 − ΩK + (Ωs − 1)s2a2 = 0, (37)

where the auxilary qunatities are

M(a) =
1

4
Ωma−3 + ΩΛ, (38a)

Ωg =
1

32πGH2
0g1

, (38b)

Ωs = 8πGg3, (38c)

s =
s0√
3!H0

, (38d)

V (a) = V0(a) + Vgeo(a) + Vtor(a), (38e)

V0(a) = −Ωma−1 − Ωra
−2 − ΩΛa

2, (38f)

Vgeo(a, s) = − M

Ωg −M

(
3

4
Ωma−1 + Ωra

−2

)
, (38g)

Vtor = − 1

Ωg −M

[
1

4
(ṡa + ȧs)2 − s2ȧ2 − Ωs

2
s2ȧ2

(
ȧ2

a2

)]
+ (Ωs − 1)s2a2. (38h)
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Here, the dot derivative denotes derivative with respect to τ = tH0.

The potential functions V0, Vgeo, Vtor isolate, respectively, the standard cosmological contribution, the
geometric correction due to the quadratic Riemann Cartan term, and the torsional correction associ-
ated with g3 [57,58]. This formulation reveals that torsion modifies the expansion history both directly,
through s2 explicit terms, and indirectly via its coupling to the curvature dependent potential Vgeo.

After inflation, the Universe evolves through three major epochs: radiation domination (RDE), mat-
ter domination (MDE), and dark-energy domination (ΛDE) [9–11]. In the following, we analyze in detail
the first two stages, focusing on how torsion and the quadratic Riemann Cartan corrections modify the
standard power law evolution of the scale factor.

During the radiation era, the energy density is dominated by relativistic species with ρ ∝ a−4 and
the cosmological constant and matter components can be neglected [9–11]. Assuming spatial flatness
K0 = 0, we adopt the commonly used power-law ansatz

a = βtα, (39)

where H = ȧ
a and Ḣ = − α

t2 . Substituting this into the trace of the consistency equation(17) yields an
analytic form for the torsion amplitude s0 [57, 58]:

s0 = ±

√
α(2α− 1)

1 − 8πGg3

1

t
. (40)

Eqn.(40) shows that torsion decays inversely with time, and vanishes in the limit g3 → ∞, corresponding
to torsionless GR.

Inserting this expression into the Friedmann equations gives [56]

ρr,0
β4t4α

+
C1(α)

t2
− g1

C2(α)

t4
= 0, (41)

where

C1(α) =
3α(α− 1)

8πG
, (42)

encodes the Einstein–Hilbert contribution and the quadratic torsion tensor Wµν , while

C2(α) =
3α(2α− 1)

(1 − 8πGg3)2
[
(α + 1)(3α + 1) − 8πGg3(5α2 − 1) − 64π2G2g23α

]
, (43)

captures the quadratic Riemann–Cartan correction.

Eqn.(41) holds as a polynomial equation for a range of small times (where radiation domination per-
sists). Hence, the respective coefficient for exponents of time have to vanish 3. This leaves the admissible
exponents

α ∈ {1,
1

2
}. (44)

For the case α = 1
2 , we have s0 = 0 and C2 = 0. Furthermore,

C1

(
1

2

)
=

−3

32πG
, (45)

and thus, by equation (41); we have

β4 =
32πGρr,0

3
. (46)

Hence, in the α = 1
2 case, the expansion of the universe is given by that standard Λ CDM expression

a =

(
32πG

3
ρr,0

)1/4 √
t. (47)

3See for example [56] for a more detailed treatment on the radiation dominated phase of such a setup.
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For the last case α = 1 we have

s0 = ± 1√
1 − 8πGg3

1

t
, (48)

C1(1) = 0, (49)

C2(1) =
24 − 96πGg3(1 + 2πGg3)

(1 − 8πGg3)2
. (50)

Finally, we get

β4 =
ρr,0

g1C2(1)
, (51)

and

a =

(
ρr,0

g1C2(1)

)1/4

t. (52)

These two branches illustrate how the power-law assumption yields discrete expansion behaviors rather
than a continuous family of solutions. Only one branch (α = 1

2 ) reproduces the observed early-Universe
scaling, while the second produces nonstandard cosmologies inconsistent with current constraints on
radiation-era expansion and big-bang nucleosynthesis (BBN) [62–67].

During matter domination, non relativistic matter dominates the energy density (ρm ∝ a−3), while
radiation and Λ can be neglected [9–11]. Using the same ansatz α = βtα and assuming K0 = 0, eqn.(41)
gives

s0 = ±

√
α(2α− 1) − 4πβGρm,0t2−3α

1 − 8πGg3

1

t
, (53)

showing that torsion now depends on the evolving matter density. Substituting into the Friedmann
equation leads to

(54)

ρm,0β
−3t−3α +

3[−α2 + α− 4πGβ−3ρm,0t
2−3α]

8πG

1

t2

+ g1

−α2

t2

(
−2α

1

t2
+

5

t2

(
α(2α− 1) − 4πβGρm,0t

2−3α

1 − 8πGg3

))

+
α2

t4
− 2H

α(2α− 1) − 4πβ−3Gρm,0t
2−3α

1 − 8πGg3

1

t2

− 4Hπβ(2 − 3α)Gρm,0t
−3α

1 − 8πGg3
+

(
−

√
α(2α− 1) − 4πβ−3Gρm,0t2−3α

1 − 8πGg3

1

t2

− 2πβ−3Gρm,0(2 − 3α)t−3α√
(1 − 8πGg3)(α(2α− 1) − 4πβGρm,0t2−3α)

)2

+

(
α(2α− 1) − 4πβ−3Gρm,0t

2−3α

1 − 8πGg3

)2
1

t4

 = 0.

Requiring that coefficients of different powers of t vanish simultaneously yields the consistent exponent

α =
2

3
, (55)

which reproduces the standard ΛCDM matter domination era scaling a ∝ t3/2.

Using eqn.(52) then gives us

(56)

ρm,0β
−3t−2 +

3
[
2
9 − 4πGβ−3ρm,0

]
8πG

t−2 + g1

[
− 4

9t2

(
−4

3

1

t2
+

5

t2

( 2
9 − 4πβGρm,0

1 − 8πGg3

))

− 4

9t4
− 4

3

2
9 − 4πβ−3Gρm,0

1 − 8πGg3

1

t3
+

4
9 − 4πβ−3Gρm,0

1 − 8πGg3

1

t4
+

( 4
9 − 4πβ−3Gρm,0

1 − 8πGg3

)2
1

t4

]
= 0.
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From which, we infer

β = (18πGρm,0)
1/3

. (57)

Furthermore, g3 can take on the values

g3 =
−13 ±

√
33

8πG(−9 ±
√

33)
, (58)

or,
g3 = 0. (59)

This means that in the case α = 2
3 , the expansion of the universe is described by

a = (18πGρm,0)
1/3

t2/3. (60)

This branch coincides with the standard matter-dominated evolution, showing that GR like expansion
can re-emerge for specific discrete choices of g3.

Interestingly, in the torsionless limit g3 → ∞, an additional consistent branch appears with α = 4
3 ,

corresponding to a faster-than-standard expansion: The Friedmann equation (54) now reads

(61)ρm,0β
−3t−2 +

− 4
3 − 12πGβ−3ρm,0t

−2

8πG
t−2 + g1

16

27t4
= 0.

This means that
β = (6πρm,0G)

1/3
, (62)

g1 =

(
3

4

)3

; (63)

and hence,

a =

(
9

2
πρm,0G

)1/3

t4/3. (64)

Such a regime corresponds to a purely quadratic–geometric phase where the Riemann–Cartan correc-
tions dominate the expansion rate. Similar high g1 behaviors have been observed in numerical studies of
torsion driven cosmologies [57,58].

Summarizing, the matter era equations admit 4 discrete branches of solutions :-

• g1 = 0, g3 = ∞(s0 = 0), a ∝ t2/3

• g3 = −13+
√
33

8πG(−9+
√
33)

, a ∝ t2/3

• g3 = −13−
√
33

8πG(−9−
√
33)

, a ∝ t2/3

• g1 =
(
3
4

)3
, g3 = ∞(s0 = 0), a ∝ t4/3.

This means that if you take the standard ΛCDM model and then increase g1 to
(
3
4

)3
then, the time

dependence of the scale factor a totally changes from a ∝ t2/3 to a ∝ t4/3. While, if g3 = −13±
√
33

8πG(−9±
√
33)

,

the value of g1 doesn’t affect the dynamics of the scale factor a. This particular highly discrete behavior
is very counter intuitive and nonphysical and leads us to think that the power law ansatz may not hold
true and that torsion and quadratic Riemann Cartan terms contribute in a different manner than merely
changing α (the exponent of time in the closed form expression of the scale factor a).

One can see that you get a completely different behavior of physical observables which do not coin-
cide with their observed values even on the radiation dominated epoch. For example, one arrives at a
completely different physics than the ΛCDM model when one studies big bang nucleosynthesesis [60–65]
like we shall show below.

Let us consider the particular case of α = 1 in the radiation dominated epoch. Then, H = 1
t =

9



1
a

(
ρr,0

g1C2(1)

)1/4
∝ T

(
ρr,0

g1C2(1)

)1/4
.

Recall that by statistical mechanics, we have [9–11]

ρ = ρr,0a
−4 =

π2

30
g∗T

4, (65)

during BBN [60–65]. Using eqn.(65), we find

a−1 =

(
π2g∗

30ρr,0

)1/4

T. (66)

This means that

H =

(
π2g∗

30g1C2(1)

)1/4

T. (67)

The normalized relic abundance of a particle species X is then

ΩX =
ρX,0

ρcrit,0
=

H(MX)

M2
X

T 3
0

3M2
PIH

2
0

xf

< σv >

g∗S(T )

g∗S(MX)
=

(
π2g∗

30g1C2(1)

)1/4
T 3
0

3M2
PIMXH2

0

xf

< σv >

g∗S(T )

g∗S(MX)
,

(68)
which numerically gives

ΩX ∼ 0.2
1

(g∗(MX))3/4(g2C2(1))1/4
MPl

MX

10−8GeV −2

< σv >
∼ 0.2

1

(g∗(MX))3/4(g2C2(1))1/4
MPl

MX

10−8GeV −2

< σv >
.

(69)
We immediately notice a peculiar ∝ 1

MX
scaling which is completely different form the prediction of

standard ΛCDM cosmology. Furthermore, ΩX is proportional to 1

g
1/4
1

and hence would quite larger than

the observed value.

The radiation- and matter-era analyses show that imposing the power-law ansatz

a(t) = βtα (70)

forces the Hubble parameter into the universal form

H =
ȧ

a
=

α

t
∝ 1

t
(71)

This behavior for standard ΛCDM , but becomes excessively restrictive in the torsionful Einstein Car-
tan DW system. In particular, when g1 ̸= 0 the quadratic Riemann Cartan term generates nonlinear
couplings between a(t), ȧ(t), and the torsion amplitude s0(t). These nonlinearities introduce explicit
time dependence in the effective expansion rate that cannot be absorbed into the simple form H ∝ 1/t.
This is precisely why the power-law ansatz yields only a handful of discrete and often unphysical branches.

To reveal the true structure of the dynamics, we therefore turn to the special case g1 = 0. When
the quadratic Riemann–Cartan term is removed, the equations become analytically tractable, and a
more flexible hybrid solution naturally emerges:

a(t) = Ctαexp(Dtβ) (72)

which no longer enforces the H ∝ 1/t behavior. This solution captures the genuine torsion-driven mod-
ification to the expansion history.

In the radition dominated era, the above ansatz turn into

a(t) = Ct1/2e−2A
√
t, (73)

while, in the matter dominated era, we have

a(t) = Ct2/3e3Bt1/3 . (74)

10



Here,

A(s0) =
3 −

√
9 + 32t2s20(1 − 8πGg3)

8
√
t

, (75)

and

B(s0) = t−2/3

{
−1

6
+

√
1

36
+

1

2

[
(1 − 8πGg3)s0 −

4

27
t−2

]}
. (76)

Note that A and B both vanish in the usual ΛCDM model [9–11]. Now, A and B both should be time
independent according to the assumptions we made to arrive at this solution. This means Ȧ and Ḃ
both vanish at all times. This in turn constraints s0 to satisfy a differential equation. For the radiation
dominated phase, that differential equation is given by

−3
√

9 + 32t2s20(1 − 8πGg3) + 9 − 32t2s20(s0 + 2ṡ0t)(1 − 8πGg3) = 0. (77)

While, for the matter dominated phase, the differential equation is given by

−

√
1

6
+

1

2

[
(1 − 8πGg3)s0 −

4

27
t−2

]
+

1

36
+

1

2

[
(1 − 8πGg3)(s0 + 3ṡ0t) −

16

27
t−2

]
= 0. (78)

Analytically solving the Friedmann equations in this model in a general case (g1 ̸= 0) is almost impossible
(apart from the trivial solutions a = βtα we find in the κ = 0 case) due to the non-linearity of s0 which
appears in the term coupled to g1.

To connect the model with observation, consider the temperature evolution during the radiation era,
derived from eqn.(66):

T =

(
90

32π3Gg∗

)1/4

t−1/2e−2A
√
t. (79)

At the surface of last scattering [66–69], corresponding to t ≃ 3.6×105yrs to t ≃ 4.0×105yrs, we equate
the temperature predicted by the CMB [70–74] to estimate bounds on A:

0 > A > −6.5 × 10−4(yr)−1/2. (80)

The torsion s0 corresponding to A = 6.5 × 10−4yr−1/2 at t = 400, 000yrs is then

s0 = 1.19 × 10−11(yr)−1. (81)

These limits indicate that any residual torsion today must be exceedingly small, though non-zero torsion
in the early universe could still produce measurable imprints on cosmological observables.

4 Conclusions

In this work, we have investigated the cosmological implications of Einstein Cartan gravity formulated
within the De Donder-Weyl Hamiltonian framework [44–56], where the tetrad and Lorentz connection
are treated as independent dynamical variables [17, 24, 27]. Embedding this formulation into a homoge-
neous and isotropic FLRW background [9–11] led to a set of torsion-modified Friedmann equations that
exhibit rich and nontrivial dynamics across cosmic epochs [37,54,57,58].

We began by revisiting the radiation-dominated era and then extended the analysis to the matter dom-
inated epoch, applying the same power law ansatz a(t) = βtα [57, 58]. This extension revealed an even
more discrete structure of allowed solutions, where only a small subset of branches reproduce the stan-
dard ΛCDM behavior [9–11]. Specifically, the familiar α = 1

2 (radiation) and α = 2
3 (matter) solutions

remain physically consistent, while other branches with different α values correspond to entirely dif-
ferent cosmological regimes, characterized by modified scaling of the Hubble parameter, altered critical
densities, and predictions for Big Bang Nucleosynthesis that are incompatible with observation [62–67].
This reinforces our conclusion that a simple power-law evolution of the scale factor is not a correct or
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complete description in the presence of torsion [57,58].

For g1 = 0 where the quadratic Riemann Cartan term vanishes, we identified hybrid solutions of the
form

a(t) = CeD(t,s0)t
β

, (82)

consistent with mixed exponential power expansions previously reported in quadratic torsion cosmolo-
gies [37,57,58] When g1 ̸= 0, the equations become nonlinear, precluding closed-form analytic solutions;
however, torsion-induced terms then contribute higher-order corrections that significantly influence early-
universe dynamics [54,57,58,60,61].

It is worth emphasizing that inflation was not included in this study. In torsionful cosmologies, the
intrinsic spin–torsion coupling naturally avoids the initial singularity and provides an alternative mech-
anism for early accelerated expansion, leading instead to a nonsingular Big Bounce model [12–18,22,23,
25–27, 32, 37]. In this picture, cosmic acceleration emerges as a geometric consequence of torsion rather
than as an effect of an external inflaton field [54,57,58,60,68,69].

Looking ahead, a comprehensive numerical analysis of the full torsion-modified Friedmann system is
essential to explore the nonlinear regime and the parameter space of g1 and g3. In future work, we
plan to study cosmological phases where the scale factor follows a generalized power-law ansatz in the
presence of dynamical torsion, a scenario which may exhibit qualitatively new behaviors, including self-
consistent acceleration and torsion-driven alternatives to dynamical dark energy [34,41,56–58]. Exploring
this regime could reveal new signatures of torsion in the late-time universe, potentially linking geomet-
ric effects to dark-energy phenomenology and observational probes such as the CMB and large-scale
structure [65–74].
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[38] I. L. Shapiro and J. Solà. Bounds on torsion from precision tests. Phys. Lett. B, 680:515–519, 2009.

[39] D. Puetzfeld and Y. N. Obukhov. Equations of motion in gravity theories with nonminimal coupling:
A covariant multipolar approach. Phys. Rev. D, 78:084034, 2008.

[40] N. J. Pop lawski. Nonsingular, big-bounce cosmology from spinor–torsion coupling. Phys. Rev. D,
85:107502, 2012. arXiv:1111.4595.

[41] K. Bolejko, O. S. S. Hernández, and D. J. Schwarz. Cosmological signatures of torsion and how to
distinguish torsion from the dark sector. arXiv preprint, 2020. arXiv:2003.06528.

[42] N. J. Pop lawski. Cosmology with torsion: An alternative to cosmic inflation. Phys. Lett. B, 694:181–
185, 2010. arXiv:1007.0587.
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