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Abstract: In  this  study,  we  investigate  the  possibilities  of  generating  baryon  number  asymmetry  under  thermal
equilibrium within the frameworks of teleparallel and symmetric teleparallel gravities. Through the derivative coup-
lings of the torsion scalar and the non-metricity scalar to baryons, baryon number asymmetry is produced in the radi-
ation dominated epoch. For gravitational baryogenesis mechanisms in these two frameworks, the produced baryon-
to-entropy ratio is too small to be consistent with observations. However, the gravitational leptogenesis models with-
in both frameworks have the potential to explain the observed baryon-antibaryon asymmetry.
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I.  INTRODUCTION

nB/nγ = (6.12±0.04)×10−10

nB/s
nB/s ≃ 8.7×10−11

s ≃ 7.04nγ

All  current  observations  suggest  that  our  universe
contains an excess of matter over antimatter. The Planck
result  [1]  showed  that  the  left  baryon-to-photon  ratio  is

 [2]. For  theoretical  discus-
sions, it  is more convenient to use the baryon-to-entropy
ratio  to quantify this asymmetry, which is approxim-
ately  as calculated  from  the  observa-
tional  result,  as  at  present.  The  origin  of  this
baryon number  asymmetry  remains  unexplained  in  cos-
mology. Conventionally,  it  was  argued  that  this  asym-
metry was generated dynamically from an initial symmet-
ric baryon phase at the following conditions [3]: (1) bary-
on number non-conserving interactions, (2) C and CP vi-
olations, (3) a departure from thermal equilibrium.

However, if  the CPT symmetry is violated, the bary-
on  number  asymmetry  could  be  generated  in  thermal
equilibrium [4]. For example, in Refs. [5-7], an effective
interaction, 

Lin =
c

M∗
∂µϕJµB , (1)

M∗

between the dynamic dark energy (quintessence) and ba-
ryons  was  introduced,  which  considers  a  dimensionless
coupling constant c and a  cut-off  mass scale .  As the
universe expands, the background evolution of the scalar
field ϕ breaks the Lorentz and CPT symmetries spontan-
eously, providing  an  effective  chemical  potential  for  ba-

ryons and the opposite for antibaryons: 

c
M∗
∂µϕJµB→

c
M∗
ϕ̇nB =

c
M∗
ϕ̇(nb−nb̄) ,

µb =
c

M∗
ϕ̇ = −µb̄ . (2)

This  creates  a  difference  between  the  distribution
functions of baryons and antibaryons in thermal equilibri-
um, producing an excess of baryons over antibaryons [8]: 

nB =
gbT 3

6

[
µb

T
+O

(
µb

T

)3
]
≃ c
ϕ̇T 2

3M∗
, (3)

gb = 2
s = (2π2/45)g∗sT 3

where  is the internal degrees of freedom of the ba-
ryon.  In  terms  of  the  entropy  density ,
the baryon-to-entropy ratio is written as 

nB

s
=

15c
2π2

ϕ̇

g∗sM∗T
. (4)

g∗s

g∗s = 106.75

The parameter  denotes the total number of relativistic
degrees of freedom in the universe and decreases slightly
with  cosmic  expansion  and  cooling  [8].  In  the  standard
model  of  particle  physics,  in the  early  uni-
verse during radiation domination, i.e., after reheating but
well before the electroweak phase transition. Please note
that to generate the baryon number asymmetry (4),  there
should be baryon number violating interactions in thermal
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Lin ∼ ∂µϕJµB→−ϕ∇µJ
µ
B = 0

TD

equilibrium, otherwise the coupling introduced in Eq. (1)
does  not  make  sense,  as  after
removing a total derivative term. During this early stage,
with B-violating processes in thermal equilibrium, the ba-
ryon-to-entropy ratio  (4)  changes  as  the  universe  ex-
pands.  This  occurs  until  the  temperature  of  the  universe
cools  to  when  the B-violating  interactions  decouple
from the thermal bath, after which the baryon-to-entropy
ratio  remains  unchanged.  Therefore,  the  relic  baryon
number asymmetry observed today should be 

nB

s

∣∣∣∣∣
TD

=
15c
2π2

ϕ̇

g∗sM∗T

∣∣∣∣∣∣
TD

. (5)

In  such  mechanisms,  the  scalar  field ϕ in the  coup-
ling (1)  is  not  necessarily  dark  energy  and  can  be  re-
placed by other  cosmic scalar  fields.  In  Ref.  [9], the  au-
thors proposed the following interaction, 

Lin =
1

M2
∗
∂µRJµB , (6)

between the curvature scalar and baryons. As a result, the
baryon-to-entropy ratio is 

nB

s
∼ Ṙ

M2
∗T
. (7)

R = 8πGT µµ = 8πG(1−3w)ρ Ṙ
w = 1/3

Ṙ

T µµ , 0
w = 0

∂µRJµB ∂µ f (R)JµB f (R)

As this baryon number asymmetry is generated by the
derivative of the curvature, which accounts for the gravit-
ation, this type of baryogenesis model is termed “gravita-
tional baryogenesis. ”  Unfortunately,  within  the  frame-
work  of  general  relativity  (GR),  the  Einstein  equation
gives: , so that R and  vanish
in the radiation dominated epoch as , and no bary-
on  number  asymmetry  can  be  produced.  To  circumvent
this  problem, various methods to  obtain a  non-vanishing

 have been considered in Ref. [9], such as including sig-
nificant trace anomaly effects in the radiation dominated
time ,  baryon  number  asymmetry  produced  in  the
reheating  period,  during  which  the  universe  has ,
and  so  on.  Later,  gravitational  baryogenesis  has  been
realized using other modifications, such as considering a
gravity  theory  different  from  GR  [10],  or  replacing  the
coupling  with  [11], where  is a non-
linear function of the curvature scalar.

In this study, we are interested in gravitational baryo-
genesis  within  the  frameworks  of  teleparallel  gravity
(TG) [12] and symmetric teleparallel gravity (STG) [13].
These  frameworks  provide  gravity  models  in  non-
Riemannian systems.  Both TG and STG can be equival-
ent to GR but are formulated in flat spacetime where the
curvature vanishes. In the TG model, gravity is attributed
to the spacetime torsion, while in the STG model, gravity

B−L

is identified  with  non-metricity.  Within  the  GR equival-
ent TG model and the GR equivalent STG model, we will
first  consider  the  baryogenesis  induced  by  derivative
couplings to the baryon current. These couplings are sim-
ilar  to  Eq.  (6)  except  the  curvature  scalar  is  replaced  by
the torsion  scalar  and  the  non-metricity  scalar,  respect-
ively.  We  show  that  in  these  baryogenesis  models,  the
produced  baryon-to-entropy  ratios  are  too  small  to  be
consistent with the observed value. Subsequently, we em-
ploy gravitational leptogenesis, in which the torsion scal-
ar and the non-metricity scalar are coupled derivatively to
the current of . With appropriate cut-off scales, these
gravitational leptogenesis  models  can  generate  the  re-
quired  baryon  number  asymmetry.  We  would  like  to
point  out  that  the  gravitational  baryogenesis  within  the
framework of  TG has been also studied in Refs.  [14-16]
in various ways. Gravitational leptogenesis from gravita-
tional  waves  in  inflation  models  was  proposed  in  Ref.
[17]. In the following sections we expand on our investig-
ation  and  demonstrations.  In  sections  II  and  III  we  start
with brief introductions of TG and STG. Readers who are
not  familiar  with  these  models  may  learn  more  details
from reviews on these subjects, e.g., Ref. [18].

µ,ν,σ, ... = 0,1,2,3
i, j,k, ... = 1,2,3

A,B,C, ... = 0,1,2,3

a,b,c, ... = 1,2,3

We  use  the  convention  of  most  negative  signatures
for the metric. The spacetime tensor indices are represen-
ted  in  Greek  letters ,  and  their  spatial
components  are  denoted  in  Latin  letters .
The tensor indices in the local Minkowski spacetime are
represented  in  capital  Latin  letters ,
and the corresponding spatial components are denoted in
small Latin letters . 

II.  GRAVITATIONAL LEPTOGENESIS WITHIN
TELEPARALLEL GRAVITY

gµν Γ̂
ρ
µν

The  TG  theory  can  be  considered  as  a  constrained
metric-affine theory.  It  is  formulated  in  a  spacetime  en-
dowed  with  a  metric  and  an  affine  connection ,
which are  constrained by the  vanishing of  curvature  and
the metric compatibility, 

R̂ρσµν ≡ ∂µΓ̂ρνσ−∂νΓ̂ρµσ+ Γ̂ρµαΓ̂ανσ− Γ̂
ρ
ναΓ̂
α
µσ = 0 ,

∇̂ρgµν = ∂ρgµν− Γ̂λρµgλν− Γ̂λρνgµλ = 0 . (8)

T ρµν = 2Γ̂ρ[µν]

gµν = ηABeA
µe

B
ν Γ̂

µ
ρσ =

e µA (∂ρeA
σ+ω

A
Bρe

B
σ)

Without curvature in this theory, gravity is described with
spacetime torsion. The torsion tensor is defined as the an-
tisymmetric part of the affine connection: . In
terms  of  the  language  of  tetrad  and  spin  connection  and
the  general  relations:  and 

, one finds that
 

T ρµν = 2e ρA (∂[µeA
ν]+ω

A
B[µe

B
ν]) , (9)
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and  the  spin  connection  under  the  constraints  of  Eq.  (8)
can be expressed as, 

ωA
Bµ =

(
Λ−1

)A

C
∂µΛ

C
B , (10)

ΛA
B

ηABΛ
A
CΛ

B
D = ηCD

where  is an  element  of  an  arbitrary  Lorentz  trans-
formation matrix  which  is  position  dependent  and  satis-
fies the relation  for any spacetime point.

The  TG  model  we  are  most  concerned  with  is  the
teleparallel  equivalent  of  general  relativity  (TEGR),  in
which the action for gravity is 

S g =
M2

p

2

∫
d4x ∥e∥T , (11)

Mp = 1/
√

8πG
∥e∥ = √−g T

where  is  the  reduced  Planck  mass,
 is  the  determinant  of  the  tetrad,  and  is  the

torsion scalar, defined as 

T = −TµT µ+
1
4
TαβµT αβµ+

1
2
TαβµT βαµ , (12)

Tµ = T αµαwith  being  the  torsion  vector.  This  action  is
diffeomorphism  invariant  and  identical  to  the  Einstein-
Hilbert action up to a boundary term, 

S g = −
M2

p

2

∫
d4x
√−g[R(e)+2∇µT µ] , (13)

R(e)

∇µ

ωA
Bν = 0

where  the  curvature  scalar  is  defined  by  the  Levi-
Civita  connection and considered to be fully constructed
from the metric,  and in turn from the tetrad. The covari-
ant  derivative  is  also  associated  with  the  Levi-Civita
connection. The boundary term does not affect the equa-
tion of motion, so the TEGR model is equivalent to GR.
In addition, it can also be considered as a pure tetrad the-
ory. The  spin  connection  only  contributes  to  the  bound-
ary term, so it represents pure gauge in the TEGR action
(11),  and  in  practice,  we  may  fix  a  spin  connection  (as
long as it satisfies Eq. (10)) that does not affect the equa-
tion  of  motion.  The  simplest  choice  is  to  use  of  the
Weitzenböck  connection, ,  which  is  frequently
adopted in the literature. Using the Weitzenböck connec-
tion, the torsion two form is simply expressed as 

T A
µν = eA

ρT
ρ
µν = ∂µe

A
ν−∂νeA

µ . (14)

It deserves stressing that in a general TG theory, fix-
ing  a  spin  connection  usually  means  breaking  the  local
Lorentz  symmetry,  but  this  is  not  the  case  in  the  TEGR

eA
µ→ ΛA

B(x)eB
µ

eA
µ

ΛA
B

model (11) as the spin connection in this model only con-
tributes  the  boundary  term  as  shown  in  its  equivalent
form,  Eq.  (13).  One  can  straightforwardly  prove  that,
when taking the Weitzenböck connection, the action (11)
is  unchanged  under  the  local  Lorentz  transformation,

,  up to a  boundary term. However,  for  the
modified TEGR models, taking the Weitzenböck connec-
tion indeed breaks the local Lorentz symmetry; see Refs.
[19-22]  for  recent  discussions.  To  avoid  such  explicit
Lorentz  violation,  it  is  better  to  keep  the  general  form
(10)  for  the  spin  connection  and treat  both  the  tetrad 
and the Lorentz matrix element  in Eq. (10) as funda-
mental variables.

Lin ∼ ∂µTJµB

Ṫ

T = −R−2∇µT µ −R −2∇µT µ
T

µb

Within the  framework  of  TEGR,  a  gravitational  ba-
ryogenesis  model  similar  to  that  in  Ref.  [9] can  be  con-
structed by considering the derivative coupling of the tor-
sion scalar to the baryon current, . This gives
the baryon an effective chemical potential,  which is pro-
portional to , and the standard cosmology is unchanged,
as  TEGR  is  equivalent  to  GR1).  The  key  point  is  that

 differs from  by the term , so
that  and its  time  derivative  do  not  vanish  in  the  radi-
ation dominated epoch. This means the effective chemic-
al  potential  for  the baryon is  non-vanishing,  which is
then expected to generate a net baryon number according
to Eq. (3).

In  this  section we consider  the  full  action containing
this derivative coupling, 

S =
∫

d4x
√−g

 M2
p

2
T+

1
M2
∗
∂µTJµ

+S m . (15)

S m

Other matter  and  non-gravitational  interactions,  in-
cluding  baryon  number  non-conserving  interactions,  are
described by .  All  matter  is  assumed to  couple  to  the
metric (or  the  tetrad)  minimally  aside  from  the  intro-
duced derivative coupling. As the derivative coupling de-
pends  on  the  torsion  scalar,  which  accounts  for  gravity,
this model is also classified as a modified TEGR model.

eA
µ ΛA

B

The equations of motion follow from the variation of
the action with respect to  and  separately:
 

1− 2θ
M2
∗M2

p

Gµν+
θ

M2
∗M2

p
Tgµν− 2

M2
∗M2

p
S µνσ∂σθ =

1
M2

p
T µν ,

(16)
 

S [µν]σ∂σθ = 0 , (17)

θ ≡ ∇µJµ Gµν

T µν = −(2/
√−g)(δS m/δgµν)

where ,  is  the  Einstein  tensor,
 is  the  energy-momentum
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S µρσ = (1/2)T µρσ−T [ρσ]µ+2gµ[ρT σ]tensor of matter, and 
is the  so-called  superpotential  in  TG  theory  and  is  anti-
symmetric under the interchange of its last two indices.

ds2 = dt2−a2(t)dx⃗2 T

eA
µ = diag{1,a,a,a}

Jµ = JµB
θ = ṅB+3HnB

S [µν]0 = 0
S i j0 ∝ δi j

Now,  we  apply  these  equations  to  the  spatially-flat
Friedmann-Robertson-Walker  (FRW)  universe  with

 to obtain the values of  and its time
derivative. Given the FRW metric, we can always choose
the  tetrad  as . Then,  the  spin  connec-
tion  will  be  solved  through equations  (16)  and  (17).  We
first consider the case in which the current in the derivat-
ive  coupling  is  the  baryon  current ,  so

 only  depends  on  time but  does  not  vanish
during the baryogenesis  process (in the radiation domin-
ated  epoch)  due  to  the  baryon  number  violation.  With
these,  equations  (16)  and (17)  require  that  and

, which in turn give the following constraints on
the spin connections:
 

ωa
b jδ

j
aδ

b
i = 0, ωa

0i ∝ δai . (18)

The next step is to find the Lorentz matrix elements Λ
to satisfy  the  above  constraints  according  to  the  expres-
sion of the spin connection (10). In the homogeneous and
isotropic spacetime, it is natural to consider the homogen-
eous Λs as the solution to the equations. Indeed, if all the
Lorentz matrix elements in Eq. (10) only rely on the time,
then the  constraints  in  Eq.  (18)  are  satisfied  automatic-
ally. These considerations lead to the following result:
 

T =−R−2∇µT µ = −R−2(∂0+3H)
(
3H− 1

a
ωa

0iδ
i
a

)
−2∂i

(
1
a
ω0

a0δ
a
i

)
= −6H2 . (19)

Ṫ = −12HḢ
µb = Ṫ/M2

∗

This result means that the torsion scalar does not van-
ish during the radiation dominated epoch, and its time de-
rivative  provides an  effective  chemical  po-
tential  for  baryons, ,  which  then  induces  the
baryon number asymmetry:
 

nB

s
=

15
2π2

Ṫ

g∗sM2
∗T
= −90
π2

HḢ
g∗sM2

∗T
=

180
π2

H3

g∗sM2
∗T
, (20)

Ḣ = −2H2

H ≃ g1/2
∗ T 2/(3Mp) g∗

g∗s

in the last step we have employed the relation 
in the radiation dominated epoch. From standard big bang
cosmology,  it  is  well  known  that  the  Hubble  rate  in  the
radiation dominated epoch is , where 
denotes  the  total  degrees  of  freedom  that  contributes  to
the  radiation  density,  which  is  equal  to  in  the  very
early universe. Hence, the baryon number asymmetry is
 

nB

s

∣∣∣∣∣
TD

=
20
3π2 g1/2

∗
T 5

D

M3
pM2
∗
≃ 0.5×10−54

( TD

GeV

)3 ( TD

M∗

)2

. (21)

g∗ = 106.75 Mp ≃ 2.4×1018 GeV

TD ∼ 100
M∗

10−48

f (T)
∂µ f (T)JµB

In the second step of the above equation, we have em-
ployed  and  . The  de-
coupling  temperature  of  the  baryon  number  non-con-
serving  interaction  is  approximately  GeV  [23]
and the cut-off scale  should be no less than this. Con-
sidering  this,  one  can  evaluate  that  the  produced  baryon
number  asymmetry  is  at  most  on  the  order  of ,
which  is  too  small  to  be  consistent  with  observations.
This disappointing consequence has been also obtained in
Ref.  [14], in  which  the  authors  then  turned  to  the  modi-
fied TEGR gravity, i.e., the  model, replacing the ori-
ginal  derivative  coupling  with .  We  would  like
to point out that within the framework of the TEGR mod-
el there is another way to circumvent this difficulty: grav-
itational leptogenesis.

B−L

B−L

Jµ JµB−L
B−L

B−L

In  the  leptogenesis  scenario  [24-27],  there  should  be
 violating processes at high energy scales, and these

can be realized purely by lepton number violations. In our
gravitational leptogenesis model, in addition to the 
violating interactions in thermal equilibrium, we identify
the  current  in  the  action  (15)  with .  This  means
that  the  torsion  scalar  couples  derivatively  to  the 
current  instead  of  the  baryon  current.  Through  similar
calculations,  we  obtain  the  thermally  produced 
asymmetry:
 

nB−L

s

∣∣∣∣∣
TD

=
20
3π2 g1/2

∗
T 5

D

M3
pM2
∗
≃ 0.5×10−54

( TD

GeV

)3 ( TD

M∗

)2

,

(22)

TD B−L

nB−L/s
B+L

B−L

100 GeV < T < 1012

B−L

where  is the decoupling temperature of the  viol-
ating interaction  and  can  be  much  higher  than  the  elec-
troweak  scale.  At  a  later  time,  the  previously  produced

 asymmetry will  not  be  washed  out  by  the  elec-
troweak  Sphaleron  processes,  which  violate  but
conserve  and  are  in  thermal  equilibrium  when  the
temperature  of  the  universe  is  in  the  range  of

 GeV  [23]. Furthermore,  the  elec-
troweak  Sphaleron  processes  will  partially  convert  the

 asymmetry to  the baryon number and lepton num-
ber asymmetries, respectively [28]:
 

nB

s
= cs

nB−L

s
,

nL

s
= (cs−1)

nB−L

s
, (23)

cs = (8N f +4)/(22N f +13) N f

N f = 3 cs ≃ 0.35
where  and  is the number of
generations. In the standard model,  and ,
so the final baryon number asymmetry in this model is
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nB

s
≃ 0.18×10−54

( TD

GeV

)3 ( TD

M∗

)2

. (24)

TD M∗
nB/s ∼ 8.7×10−11

TD 0.78×1015 TD

nB−L/s
TD

H(TD) ≃ g1/2
∗ T 2

D/(3Mp) ∼ 1012

Numerically,  if  is  close to , the current obser-
vational  result, , requires  the  decoup-
ling temperature  to be  GeV. However, 
should  be  lower  than  the  inflation  scale,  otherwise  the
produced asymmetry  would be diluted during in-
flation.  One  may  evaluate  that  the  Hubble  rate  at  as

 GeV,  which  is  lower  than
the energy scale of the inflation process in the single field
inflation models. 

III.  GRAVITATIONAL LEPTOGENESIS WITHIN
SYMMETRIC TELEPARALLEL GRAVITY

gµν
Γλµν

Now we turn  to  the  gravitational  leptogenesis  model
within  the  framework of  STG,  which has  not  previously
been  discussed.  The  STG  theory  can  also  be  considered
as a constrained metric-affine theory. It is formulated in a
spacetime  with  a  metric  and  an  affine  connection

,  with  the  latter  leading  to  zero  curvature  and  zero
torsion, 

R̂ρσµν ≡ ∂µΓ̂ρνσ−∂νΓ̂ρµσ+ Γ̂ρµαΓ̂ανσ− Γ̂
ρ
ναΓ̂
α
µσ = 0 ,

T ρµν = 2Γ̂ρ[µν] = 0 . (25)

With  these  constraints,  the  affine  connection  can  be
expressed generally as 

Γ̂λµν(x) =
∂xλ

∂yβ
∂µ∂νyβ , (26)

yβ(x)with  being four functions. These functions define a
special coordinate system in which the affine connection
vanishes. One may use the y-coordinate system to do the
remaining calculations.  This  is  a  gauge choice,  with  this
“coincident  gauge” being adopted extensively  in  studies
on STG theories in the literature. However, taking the co-
incident gauge will  break the diffeomorphism invariance
explicitly, which we try to avoid in this study. Therefore,
we will keep the general form (26) for the affine connec-
tion.  The  gravity  in  the  STG  theory  is  identical  to  the
non-metricity.  As  standard,  the  non-metricity  tensor  is
defined as 

Qαµν ≡ ∇̂αgµν = ∂αgµν− Γ̂λαµgλν− Γ̂λανgµλ , (27)

which measures the failure of the affine connection to be
metric-compatible.  The  STG  Equivalent  of  GR  (STGR)
model has the following action, 

S g =
M2

p

2

∫
d4x
√−gQ ≡

M2
p

2

∫
d4x
√−g

×
[
1
4

QαµνQαµν−
1
2

QαµνQµνα−
1
4

QαQα+
1
2

Q̃αQα

]
,

(28)

Q Qα, Q̃α

Qα = gσλQασλ, Q̃α = gσλQσαλ
Q = −R−∇µ(Qµ− Q̃µ)

where  is a non-metricity scalar and the vectors 
are  two  different  traces  of  the  non-metricity  tensor,  i.e.,

.  In  terms  of  the  constraints
(25), one can easily determine that ,
so that the STGR action (28) is equal to the Einstein-Hil-
bert action up to a boundary term, 

S g = −
M2

p

2

∫
d4x
√−g

[
R+∇µ(Qµ− Q̃µ)

]
. (29)

Hence, the STGR model is equivalent to GR.
By  introducing  the  derivative  coupling  of  the  non-

metricity scalar, the full action we consider is 

S =
∫

d4x
√−g

 M2
p

2
Q+

1
M2
∗
∂µQJµ

+S m . (30)

The equation of motion via the variation with the met-
ric is 

1− 2θ
M2
∗M2

p

Gµν+
θ

M2
∗M2

p
Qgµν+

1
M2
∗M2

p
Pαµν∂αθ =

1
M2

p
T µν ,

(31)

θ ≡ ∇µJµ ṅ+3Hn

Pαµν = Qαµν−2Q(µν)α− (Qα− Q̃α)gµν+gα(µQν)

yν

where again we have , which is equal to 
in  the  FRW  universe.  The  superpotential  is  defined  as

,  which  is
symmetric  under  the  interchange of  the  last  two indices.
Besides the metric,  the four functions  from which the
affine connection  is  constructed  are  independent  vari-
ables in  this  model.  The  corresponding  equation  of  mo-
tion is 

∇̂α∇̂µ(
√−gPαµνθ) = 0 . (32)

Q

ξµ

LξΓλµν = 0

Similarly,  the  aim of  this  section  is  to  determine  the
value  of  and  its  time  derivative  by  solving  the  above
equations in the FRW universe. As the space of the FRW
universe is  homogeneous and isotropic,  it  has  six spatial
Killing  vectors .  It  is  reasonable  to  require  the  affine
connection  is  also  uniformly  distributed  in  the  universe,
so that  its  Lie  derivatives  along  the  Killing  vectors  van-
ish: .  With  this  symmetry  requirement,  the
non-vanished  components  of  the  affine  connection  have
the following forms [29]: 
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Γ̂0
00 =K1(t), Γ̂0

11 = Γ̂
0
22 = Γ̂

0
33 =K2(t),

Γ̂1
01 = Γ̂

2
02 = Γ̂

3
03 =K3(t) , (33)

K1(t),K2(t),K3(t)where  are three uniform functions. The
zero curvature condition requires that 

K3(K1−K3)−K̇3 = 0 , K1K2+ K̇2 = 0 , K2K3 = 0 . (34)

K2 = 0 K3 = 0
K2 = 0

Now, we discuss the cases of  and  sep-
arately. In the first case, , one can obtain the non-
metricity scalar  and  the  simple  form  of  constraint  equa-
tion (32) as follows: 

Q = 3(−2H2+3HK3+ K̇3) , K3(θ̈+3Hθ̇) = 0 . (35)

θ = ṅ+3Hn

θ̈+3Hθ̇
K3 = 0

Q = −6H2

As mentioned,  does not vanish due to the
non-conservation of  the corresponding quantum number.
Its  change  with  time  depends  on  the  specific  particle
physics  model  and  the  quantum number  violation.  So  in
general, we cannot expect a vanishing . Then, the
constraint equation (32) requires that , and we ob-
tain .

K3 = 0In  the  second  case ,  we  get  the  non-metricity
scalar and the form of constraint equation (32) as follows: 

Q = 3(−2H2+HK2/a2+ K̇2/a2) , K2(θ̈−2K1θ̇+Hθ̇) = 0 .
(36)

θ̈−2K1θ̇+Hθ̇ = 0
K2 = 0

Q = −6H2

Similarly we cannot expect  in gen-
eral,  and  we  can  only  have .  So  we  again  obtain

.
Q = −6H2In all, we obtain  for the model (30) within

the  STG  theory  framework.  Then,  we  have  the  same
premise regarding the baryon number asymmetry as  that
we have discussed within the TG theory framework in the

(1/M2
∗ )∂µQJµ JµB

10−48

f (Q)
∂µQJµB ∂µ f (Q)JµB

B−L

Q
(1/M2

∗ )∂µQJµB−L B−L

previous section. If the current in the derivative coupling
 is the baryon current , the produced bary-

on number asymmetry is as low as  and is not con-
sistent with current observations. To solve this,  one may
consider  the  modified  STGR  model,  such  as  the 
model,  or  by changing the coupling  to .
In  this  study,  we  prefer  the  gravitational  leptogenesis
mechanism, i.e.,  besides assuming the existence of 
violating processes  in  the  very  early  universe,  the  intro-
duced  derivative  coupling  of  should  be

.  Consequently,  we  have  the  asym-
metry 

nB−L

s

∣∣∣∣∣
TD

≃ 0.5×10−54
( TD

GeV

)3 ( TD

M∗

)2

, (37)

nB/s ≃
0.18×10−54(TD/GeV)3(TD/M∗)2

B−L
TD ∼ M∗ ∼ 1015

nB/s ∼ 10−10

and  a  similar  order  asymmetry  for  baryons: 
.  With  the  decoupling

temperature  of  violating  interactions
 GeV, the  required  baryon-to-entropy  ra-

tio  can be obtained. 

IV.  CONCLUSION

In this study, we investigated the gravitational baryo-
genesis  and  leptogenesis  models  within  the  frameworks
of  teleparallel  gravity  (TG)  and  symmetric  teleparallel
gravity (STG).  Both  the  TG  and  STG  theories  can  in-
clude models equivalent to GR, i.e., TEGR and STGR re-
spectively, but account for gravitational phenomena from
different viewpoints. By introducing the derivative coup-
lings of the torsion scalar (in TEGR) or the non-metricity
scalar (in  STGR)  to  baryons,  the  baryon  number  asym-
metry can be produced in thermal equilibrium. In the case
of baryogenesis,  the  produced  baryon  number  asym-
metry  is  too  small  to  be  consistent  with  observations.
However,  as  we  have  shown,  the  leptogenesis  scenario
works for these cases.
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