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We reformulate the Palatini action for general relativity in terms of moving frames that exhibit local
Galilean covariance in a large speed of light expansion. For this, we express the action in terms of variables
that are adapted to a Galilean subgroup of the GLðn;RÞ structure group of a general frame bundle. This
leads to a novel Palatini-type formulation of general relativity that provides a natural starting point for a
first-order nonrelativistic expansion. In doing so, we show how a comparison of Lorentzian and Newton-
Cartan metric compatibility explains the appearance of torsion in the nonrelativistic expansion.
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I. INTRODUCTION

In recent years the study of nonrelativistic approxima-
tions to general relativity (GR) has gained renewed interest.
As an important development, a geometric description of
the nonrelativistic expansion of general relativity in inverse
powers of the speed of light c was obtained in Refs. [1–3],
building on earlier work [4,5]. To a large extent, this
progress was made possible by new insights [6–8] in
Newton-Cartan geometry [9,10], which takes the place
of the Lorentzian geometry of GR at leading order in the
nonrelativistic expansion. The resulting geometric non-
relativistic expansion of gravity can be carried out on the
level of the action, which means that it can be applied to
any astrophysical setting where velocities are small. In
particular, the 1=c2 expansion of GR holds the prospect of
being related to a covariant and off shell formulation of
the post-Newtonian expansion, since the leading term has
been shown to reproduce the 1PN approximation [5]. More
generally, covariant theories of gravity involving Newton-
Cartan-type geometries prominently appear in recent
developments in nonrelativistic field theory [11–14], non-
relativistic string theory and limits of the AdS=CFT

correspondence [15–17], along with many other areas that
exhibit nonrelativistic physics.
In this work,we focus on the 1=c2 expansion of GR,which

has been shown to lead to amodification of the original notion
of Newton-Cartan (NC) geometry, known as type II torsional
Newton-Cartan (TNC) geometry [2,3], as the correct frame-
work for a covariant action of nonrelativistic gravity. When
coupled to a point particle, the equations of motion of this
action lead to the Poisson equation ofNewtonian gravity in an
arbitrary frame. In addition, for appropriate matter sources,
the theory generalizes Newtonian gravity since it includes
the effects of gravitational time dilation due to strong
gravitational fields [1,3,18]. When time is absolute, type II
TNC geometry reproduces the usual NC geometry.
To set the stage, we briefly review the nonrelativistic

expansion of GR in powers of 1=c2 following Ref. [3].
We can make the factors of c in the metric explicit by
introducing the “prenonrelativistic” (PNR) parametrization

gμν ¼ −c2TμTν þ Πμν; gμν ¼ −
1

c2
VμVν þ Πμν: ð1Þ

The resulting PNR variables ðTμ;ΠμνÞ and ðVμ;ΠμνÞ are all
of order Oðc0Þ. They satisfy the orthogonality and com-
pleteness relations

VμTμ ¼ −1; TμΠμν ¼ 0; VμΠμν ¼ 0; ð2aÞ
δμν ¼ −VμTν þ ΠμρΠρν; ð2bÞ

which imply in particular thatΠμν has rank n − 1, where n is
the spacetime dimension. Assuming analyticity, they can be
expanded in powers of 1=c2, which leads to
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Tμ ¼ τμ þ
1

c2
mμ þOð1=c4Þ; ð3aÞ

Πμν ¼ hμν þ
1

c2
Φμν þOð1=c4Þ: ð3bÞ

Likewise, Vμ ¼ vμ þOðc−2Þ and Πμν ¼ hμν þOðc−2Þ.
The PNR variables transform under local Lorentz trans-
formations, which reduce to Galilean transformations in the
1=c2 expansion. Under these Galilean transformations,
ðτμ; hμνÞ are invariant, while ðvμ; hμνÞ transform.
Before expanding in powers of 1=c2, the prenonrelativ-

istic variables simply provide a parametrization of the
Lorentzian metric through Equation (1). Upon expanding,
however, the resulting leading-order fields τμ and hμν define
a NC geometry, which is modified into a type II TNC
geometry by adding the subleading fields mμ and Φμν. As
such, the PNR parametrization (1) is a convenient way of
recasting the Lorentzian metric variables of GR in such a
way that the appropriate nonrelativistic geometry appears
naturally in the expansion.
Next, we rewrite the Einstein-Hilbert action of GR,

SEH ¼ c3

16πGN

Z
M
L0
EH

ffiffiffiffiffiffi
−g

p
dnx; L0

EH ¼ R; ð4Þ

in terms of the PNR variables (1). Here, R is the Ricci scalar
of the Levi-Civita connection, which is the unique torsion-
free connection that preserves the Lorentzian metric gμν
under parallel transport, as is convenient for describing the
degrees of freedom of GR. However, to obtain a connection
that is compatible with the nonrelativistic geometry arising
from the expansion (3), it is convenient to instead use the
PNR connection

Cρ
μν ¼ −Vρ∂μTν þ Πρσ∂ðμΠνÞσ −

1

2
Πρσ∂σΠμν; ð5Þ

which leads to a covariant derivative under which Tμ and
Πμν are covariantly constant. This has the consequence that
the Newton-Cartan structure ðτμ; hμνÞ arising from these
variables at leading order in the 1=c2 expansion is cova-
riantly constant with respect to the covariant derivative
coming from the leading-order term in the expansion of
Cρ
μν. Note that the connection (5) has nonzero torsion.
Up to a total derivative, the Einstein-Hilbert Lagrangian

then takes the form

L0
EH ¼ c2

4
ΠμνΠρσTμρTνσ þ Πμν R

ðCÞ
μν −

1

c2
VμVν R

ðCÞ
μν; ð6Þ

where Tμν ¼ ðdTÞμν ¼ ∂μTν − ∂νTμ and R
ðCÞ

μν is the Ricci
tensor corresponding to the connection (5). Note that

ffiffiffiffiffiffi−gp
is of order c, so the leading term in the action (4) is Oðc6Þ.
The parametrization (6) is the starting point for the large
speed of light expansion performed in Refs. [2,3]. So far,
the resulting expansion of the action has been carried out up
to second subleading order,

L0
EH ¼ c2L0

LO þ L0
NLO þ 1

c2
L0
NNLO þOð1=c4Þ: ð7Þ

The leading-order term in the expansion, coming from the
first term in Eq. (6), imposes a particular constraint on the
torsion of the geometry, as we will see below. The next-to-
next-to-leading-order equations of motion (which include
the equations of motion of the preceding orders [19])
describe a type II torsional Newton-Cartan theory of
gravity. This theory reproduces Newtonian gravity and
generalizes it to include strong gravity. However, carrying
out the expansion to higher orders becomes increasingly
cumbersome in a second-order formulation.
In this paper, our aim is to introduce the prenonrelativ-

istic form of the first-order Palatini action of GR, which
aides the computation of the 1=c2 expansion at higher
orders. In addition, it is expected to simplify the study of a
wide range of physical applications, for example by making
the construction of boundary charges more accessible (see
for example [20]), enabling the coupling to fermion fields,
and simplifying Kaluza-Klein reductions.
Furthermore, we provide a new perspective on the

geometric interpretation of the PNR parametrization using
moving frames, which clarifies the appearance of torsion
and the local Galilean symmetries associated to Newton-
Cartan geometry. By embedding both the local Lorentz
symmetry of GR and the local Galilean symmetry of NC
geometry inside the GLðn;RÞ frame bundle and its
associated general (linear) affine connections, we can
translate between the corresponding notions of torsion
and metric-compatibility. This affine perspective also
naturally connects to the “triality” between the usual metric
formulation of GR and its equivalent formulations in terms
of torsion or nonmetricity [21,22].

II. AFFINE AND LORENTZIAN CONNECTIONS

In the following, we will frequently use moving frames,
which are also commonly known as vielbeine, to describe
the geometry of the tangent bundle. For a spacetime M,
we denote by

EA ¼ EA
μdxμ; ΘA ¼ Θμ

A∂μ; EAðΘBÞ ¼ δAB; ð8Þ
a set of vielbeine and their duals, where A ¼ 0;…; n − 1
are tangent spacetime indices. Additionally, we introduce a
connection ΩA

B ¼ Ωμ
A
Bdx

μ and its associated covariant
derivative D, which acts on frame tensors as

DXA
B ¼ dXA

B þ ΩA
C ∧ XC

B −ΩC
B ∧ XA

C: ð9Þ
At this point, we take ΩA

B to be a general (linear) affine
connection, which takes values in the Lie algebra glðn;RÞ.
The torsion two-form TA of the connection is given by

TA ¼ dEA þ ΩA
B ∧ EB: ð10Þ

Additionally, under local GLðn;RÞ transformations ΛA
B,

the connection and a frame tensor XA
B transform as
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δΩA
B ¼ −dΛA

B þ ΛA
CΩC

B − ΛC
BΩA

C; ð11Þ
δXA

B ¼ ΛA
CXC

B − ΛC
BXA

C: ð12Þ
Finally, the frame bundle connection ΩA

B can be related to
an affine connection Γρ

μν acting on tensor products of the
tangent and cotangent bundle by requiring the vielbeine to
be parallel with respect to the sum of these connections,

0 ¼ ∂μEA
ν − Γρ

μνEA
ρ þ Ωμ

A
BE

B
ν : ð13Þ

This relation is also known as the “vielbein postulate.”
So far, none of the above requires the existence of a

metric. Introducing a Minkowski metric ηAB on the frame
bundle breaks the GLðn;RÞ transformations of a general
frame bundle down to the SOð1; n − 1Þ Lorentz trans-
formations that leave it invariant. The Lorentz algebra also
corresponds to the local symmetries of the associated
Lorentzian tangent bundle metric

gμν ¼ ηABEA
μEB

ν : ð14Þ
The metric ηAB may not be covariantly constant for a
general affine connection, which we can measure using

QAB ¼ −DηAB=2 ¼ ðΩAB þ ΩBAÞ=2 ¼ ΩðABÞ: ð15Þ
We therefore refer to QAB as the Lorentzian nonmetricity
tensor. Note that we have lowered one of the indices on the
connection using ηAB, which allows us to consider its (anti)
symmetrization, so that we can split

ΩAB ¼ Ω½AB� þQAB; ð16Þ
TA ¼ dEA þΩ½AB� ∧ EB þQAB ∧ EB: ð17Þ

We can then use the torsion equation (17) to solve for Ω½AB�
in terms of the nonmetricity QAB and torsion TA,

ΩAB ¼ ωAB þ KAB þ LAB: ð18Þ
This expresses a general glðn;RÞ connection ΩA

B in terms
of the Levi-Civita connection, which we denote by

ωAB ¼ dE½AðΘB�;ΘCÞEC −
1

2
dECðΘA;ΘBÞEC; ð19Þ

as well as the contorsion KAB and disformation LAB,

KABðΘCÞ ¼
1

2
TCðΘA;ΘBÞ − T ½AðΘB�;ΘCÞ; ð20Þ

LABðΘCÞ ¼
1

2
QABðΘCÞ −QCðAðΘBÞÞ: ð21Þ

Setting TA ¼ 0 and QAB ¼ 0, the decomposition (18)
implies the well-known fact that the Levi-Civita connection
ωAB is the unique torsion-free connection that preserves the
Lorentzian metric ηAB.
Following Eq. (16), we have thus seen that introducing a

frame metric such as ηAB naturally splits an affine con-
nectionΩA

B into a partΩ½AB� that preserves the metric and a
part QAB ¼ ΩðABÞ that does not. We will consider the

Galilean version of this decomposition of a general glðn;RÞ
connection below.

III. PALATINI ACTION AND SHIFT

We now turn to general relativity, where our starting
point is the frame formulation of the Palatini action,

SPal½E;Ω� ¼
1

2κc

Z
M
ηAB � ðEA ∧ ECÞ ∧ RB

C; ð22Þ

with κ ¼ 8πGNc−4. This action contains both the vielbeine
EA and a glðn;RÞ connection ΩA

B as variables. The latter
appears through the curvature two-form

RA
B ¼ dΩA

B þ ΩA
C ∧ ΩC

B: ð23Þ
Furthermore, the Hodge dual � leads to a (n − 2)-form

�ðEA ∧ ECÞ ¼ ηAD1ηCD2

ðn − 2Þ! ϵD1���Dn
ED3 ∧ � � � ∧ EDn; ð24Þ

so that the total integrand of the action (22) is an n-form.
Here, ϵA1���An

is the fully antisymmetric symbol.
Although the Palatini action is formulated using the

Minkowski metric ηAB, we actually do not need to assume
that the connection variable ΩA

B is metric compatible or
torsionless. Starting from a fully general glðn;RÞ connec-
tion ΩA

B, its equations of motion lead to

ΩAB ¼ ωAB þ ηABZ: ð25Þ
The one-form Z is arbitrary but drops out of the action upon
substituting the solution, and we can remove this ambiguity
using a Lagrange multiplier for a constraint, see for
example [23,24]. Out of all possible glðn;RÞ connections,
the Palatini action then uniquely selects the Levi-Civita
connection (19). Substituting this solution in the action
reproduces the Einstein-Hilbert action (4).
Our goal is now to identify a first-order formulation of

the PNR parametrization of the Einstein-Hilbert action (6)
in terms of the adapted connection Cρ

μν (5). This can easily
be achieved using the linear field redefinition

ΩA
B ¼ Ω̃A

B þ SAB; ð26Þ
where the “shift” parameter SAB is a particular function of
the vielbeine and their derivatives. The on shell value of the
new connection variable Ω̃A

B is then given by

Ω̃A
Bjon shell ¼ ωA

B − SAB: ð27Þ
As a result, even though the Palatini action (22) implies that
the on shell value of ΩA

B corresponds to the Levi-Civita
connection, an alternative connection can be obtained on
shell from Ω̃A

B using a suitable shift SAB.
In the action (22), the field redefinition (26) leads to

S½E; Ω̃� ¼ 1

2κc

Z
M
ηAB � ðEA ∧ ECÞ

∧ ðR̃B
C þ SBD ∧ SDC þ D̃SBCÞ: ð28Þ
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This “shifted” action now depends on Ω̃A
B and its asso-

ciated covariant derivative D̃. Through the field redefinition
(26), it is equivalent to the Palatini action (22). In the
following, we will identify a suitable shift SAB to obtain the
frame equivalent of the desired PNR connection (5). To
show that the resulting action (28) is equivalent to the PNR
parametrization (6) of the Einstein-Hilbert action, it is
useful to rewrite it as

S½E; Ω̃� ¼ 1

2κc

Z
M
ηAB � ðEA ∧ ECÞ ∧ ðR̃B

C − SBD ∧ SDCÞ

þ d½SAB � ðEA ∧ EBÞ� þ SAB ∧ D � ðEA ∧ EBÞ
þ �ðEA ∧ ECÞ ∧ ðΩAB þΩBAÞ ∧ SBC: ð29Þ

Here, we have introduced a boundary term and reinstated
the covariant derivative D with respect to the original
connection ΩA

B. On shell, the latter is the Levi-Civita
connection, which implies DEA ¼ 0 and QAB ¼ 0, so that
integrating out the connection leads to

S½E� ¼ 1

2κc

Z
M
ηAB � ðEA ∧ ECÞ ∧ ½R̃B

C − SBD ∧ SDC�:

ð30Þ
Up to a boundary term, this action is equivalent to the
Einstein-Hilbert Lagrangian of GR, for any choice of the
shift parameter SAB.

IV. GALILEAN CONNECTION AND ACTION

Just like how the Minkowski frame bundle metric ηAB
is associated to the Lorentzian tangent bundle metric gμν
through Eq. (14), we can associate two GLðn;RÞ tensors

tA; πAB; ð31Þ
satisfying tAπAB ¼ 0, to the PNR variables Tμ and Πμν

defined in Eq. (1). Whereas the Minkowski metric ηAB is
fixed by the Lorentz subalgebra of glðn;RÞ, the tensors (31)
are left invariant by the Galilean algebra, which consists of
spatial rotations and boosts with arbitrary velocity. We also
introduce the dual tensors tA and πAB such that we have the
orthogonality and completeness relations

tAtA ¼ −1; tAπAB ¼ tAπAB ¼ 0; ð32aÞ
δAB ¼ −tAtB þ πACπCB; ð32bÞ

corresponding to the same relations for the metric variables
in Eq. (2).
However, following the “prenonrelativistic” decomposi-

tion (1) of the Lorentzian metric gμν ¼ ηABEA
μEB

ν , we can
decompose the Minkowski metric as

ηAB ¼ −tAtB þ πAB; ηAB ¼ −tAtB þ πAB; ð33Þ
where we identify

tAEA
μ ¼ cTμ; πABΘA

μΘB
μ ¼ Πμν; ð34aÞ

tAΘμ
A ¼ −Vμ=c; πABΘμ

AΘν
B ¼ Πμν: ð34bÞ

The frame tensors tA and πAB (and hence also Tμ and Πμν)
can be shown to be invariant under local Galilean trans-
formations, but their duals tA and πAB (and hence also Vμ

and Πμν) are not invariant.
We now want to recast the Palatini action (22) in terms

of the PNR Galilean variables defined above. Before
expanding in powers of 1=c2, the action and the frames
are invariant under the Lorentz algebra, and this Galilean
description is somewhat unnatural. However, as outlined in
Sec. I, by rewriting the action for GR in this way, we are
preparing ourselves for a covariant description of the
nonrelativistic Newton-Cartan geometry and its Galilei
symmetry that appears in the expansion.
Our main task now is to introduce a suitable Galilean

connection, corresponding to the frame version of the Cρ
μν

connection (5) that was mentioned in Sec. I, and to identify
its associated shift SAB. The resulting connection is
compatible with the Galilean metric structure (31) and
has only the minimal amount of torsion required for a
Galilean connection, as detailed below.
First, in analogy with the Lorentzian definition (15), we

define the Galilean nonmetricities as

Q
ðGÞ

A ¼ −DtA ¼ tBΩB
A; ð35aÞ

Q
ðGÞ

BV ¼ DπAB=2 ¼ ðπACΩB
C þ πCBΩA

CÞ=2: ð35bÞ
It is useful to split the tangent space index A ¼ ð0; aÞ into
space and time components, so that we can write the
Galilean tensors (31) as

tA ¼ δ0A; πAB ¼ δAaδ
B
bδ

ab; ð36Þ
EA ¼ ðcT; EaÞ; ΘA ¼ ð−V=c;ΘaÞ: ð37Þ

The nonzero components of the nonmetricities (35) are

Q
ðGÞ

¼ Ω0
0; Q

ðGÞ
a ¼ c−1Ω0

a; Q
ðGÞ

ab ¼ ΩðabÞ: ð38Þ
Here and in the following, we have introduced the
appropriate factors of c so that the resulting objects such

as Q
ðGÞ

a are Oðc0Þ. Any connection for which all these
components vanish is compatible with the Galilean PNR
structure, and will therefore lead to a Newton-Cartan
metric-compatible connection upon expansion.
Note that we can raise and lower spatial indices using δab

and δab. Together with (38), this allows us to split a general
glðn;RÞ connection into

Ω½ab�; Ωa
0; Q

ðGÞ
ab; Q

ðGÞ
; Q

ðGÞ
a; ð39Þ
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in analogy with the Lorentzian decomposition (16). The
torsion equations (10) then take the form

T0 ¼ cdT þ cQ
ðGÞ

a ∧ Ea þ cQ
ðGÞ ∧ T;

Ta ¼ dEa þ Ω½ab� ∧ Eb þ cΩa
0 ∧ T þ Q

ðGÞ
ab ∧ Eb: ð40Þ

For Galilean connections with vanishing nonmetricity, the
time component of the torsion T0 ¼ cdT is fixed indepen-
dent of the remaining connection components [25]. This
torsion is generically nonzero, and requiring that it vanishes
would mean that the 1=c2 expansion of the geometry does
not accommodate time dilation.
Instead, we allow the time component of the torsion

T0 ¼ cdT to be nonzero and only require that the spatial
torsion Ta vanishes. As is known from a tangent bundle
perspective [8], this combination of torsion constraints and
Galilean metric compatibility does not fully fix the con-
nection. Here, we choose to use the connection

Ω½ab� ¼dE½aðΘb�;ΘcÞEc−dE½aðΘb�;VÞT−
1

2
dEcðΘa;ΘbÞEc;

ð41aÞ

Ωa ¼ cΩa
0 ¼

1

2
½dEaðΘc; VÞ þ dEcðΘa; VÞ�Ec: ð41bÞ

This is the frame equivalent of the Cρ
μν connection (5) that

naturally appears in the prenonrelativistic decomposition of
the Levi-Civita connection [3], as can be seen using the
vielbein postulate (13). From an algebraic perspective,
the connections (41) correspond to spatial rotations and
Galilean boosts, see the Supplemental Material [27].
The Galilean connection (41) can be obtained as the on

shell value (27) for Ω̃A
B, using the shift

Sab ¼
c2

2
dTðΘa;ΘbÞT; ð42aÞ

Sa0 ¼
c
2
dTðΘa;ΘcÞEc − cdTðΘa; VÞT; ð42bÞ

S0b ¼
c
2
dTðΘb;ΘcÞEc − cdTðΘb; VÞT

þ 1

2c
½dEbðΘc; VÞ þ dEcðΘb; VÞ�Ec: ð42cÞ

We can now work out the terms in the second-order
action (30) explicitly in terms of Galilean-covariant objects.
First, we have

− ηAB � ðEA ∧ ECÞ ∧ SBD ∧ SDC

¼ δabδcd
c2

4
dTðΘa;ΘcÞdTðΘb;ΘdÞ; ð43Þ

which is equivalent to the leading term in the Lagrangian (6).
The connection (41) is metric compatible, which means that
all nonmetricities (38) vanish. As a result, the components of
its curvature (23) are given by

Ra
b ¼ dΩa

b þΩa
c ∧ Ωc

b; ð44aÞ
Ra ¼ cRa

0 ¼ dΩa þΩa
b ∧ Ωb: ð44bÞ

The combination of these curvatures that enters in the action
is invariant under local Lorentz transformations before
expanding in powers of 1=c2, and after expanding it is
invariant under local Galilean boosts at each order.
We can now write the action with on shell connection

(30) in a Galilean-covariant way as

S ¼ 1

2κ

Z
M

�
c2

4
dTðΘa;ΘbÞdTðΘa;ΘbÞ

þ Ra
bðΘa;ΘbÞ − 1

c2
RaðV;ΘaÞ

�
Ednx; ð45Þ

with E ¼ detðTμ; Ea
μÞ. This action is still Lorentz invariant,

but it is constructed using Galilean building blocks. It
precisely reproduces the PNR form of the Einstein-Hilbert
Lagrangian (6). Given the shift (42), the equivalent decom-
position of the off shell action (29) in terms of a Galilean-
compatible covariant derivative and nonmetricity can then
be used for the nonrelativistic expansion of general
relativity in the first-order formulation.

V. DISCUSSION AND OUTLOOK

Through an appropriate field redefinition, we have
obtained an alternative formulation of the Palatini action,
whose equations of motion give rise to a connection that is
adapted to the Galilean-covariant Newton-Cartan structure
that arises in a nonrelativistic 1=c2 expansion of GR. By
identifying the Lorentzian and Galilean nonmetricity asso-
ciated to a general affine connection, we also see how our
field redefinition naturally leads to nonzero torsion. After
substituting the connection, the resulting action is equiv-
alent to GR. As such, we can reproduce the geometric, off
shell nonrelativistic expansion of GR that was recently
developed in a second-order formulation [2,3], and our
first-order approach will allow it to be extended to higher
orders in a more tractable manner. Importantly, our first-
order description is expected to be essential in establishing
the connection between the 1=c2 expansion of GR and the
Post-Newtonian (PN) approximation (as shown to 1PN
order in [5]). Furthermore, the expansion can also be
applied to a wide range problems in astrophysics where
velocities are low. We also expect that this action will be of
use in computing conserved boundary charges, since this is
typically more accessible in a first-order formulation.
Additionally, we can apply our procedure to the ultra-

relativistic c → 0 limit, where the Galilean local symmetry
is replaced by the Carroll algebra [28,29]. The resulting
expansion in powers of c2 gives a novel approach to Carroll
geometry (together with its subleading corrections), which
is connected to the geometry of null surfaces in GR [30]
and is therefore potentially relevant to the dynamics of
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black hole horizons [31] and the holographic description of
asymptotically flat space at null infinity [32,33]. This
geometry is constructed using the Carroll-invariant tensors
tA and πAB, which have an opposite index structure
compared to their Galilei counterparts. In this sense, the
Carrollian notion of metric compatibility is the dual of the
Galilean case considered above, see also Ref. [34]. We will
address the ultrarelativistic expansion of our novel action
and the corresponding geometry in more detail in upcom-
ing work [35]. Different approaches to frame and/or first-
order formulations of nonrelativistic and ultrarelativistic
limits and expansions of gravity have previously been
considered in Refs. [29,36,37].
Finally, our field redefinition procedure can also be used

to obtain Palatini-type actions for GR whose equation of
motion lead to a connection with vanishing Riemann tensor
but nontrivial torsion or nonmetricity. This corresponds to

the teleparallel or symmetric teleparallel formulation of
GR, respectively, see also [38].
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