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PERSPECTIVES

In order to obtain more realistic values, the scale
must be expanded, as is the case with baryon
acoustic oscillations (BAO).

W. Watson, et. al, 2013. Statistics of extreme objects in the Juropa Hubble
Volume simulation.
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Casimir: Related to vacuum energy.
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Dynamical systems

ACDM

Einstein - De Sitter

Casimir

1-form couplings with
[%j-:;cr)\r?belian > external fields

J. P. B. Almeida, et. al, 2020. Arbitrarily coupled p-forms in cosmological
backgrounds.

J. P. B. Almeida, et. al., 2019. Anisotropic 2-form dark energy.

A. Guarnizo, et. al., 2020. Dynamical analysis of cosmological models
with non-abelian gauge vector fields.

47


https://doi.org/10.1088/1361-6382/ab5f3c
https://doi.org/10.1088/1361-6382/ab5f3c
https://doi.org/10.1016/j.physletb.2019.05.008
https://doi.org/10.1103/physrevd.102.083507
https://doi.org/10.1103/physrevd.102.083507

Present —» @

0.8;

0.6;

a(t)

0.4

0.2

a(t)

1.0

0.0:

— Casimir
—— Einstein-De Sitter
— ACDM

2-form
M
1-form

Conformal transformation

/\—/I accelerated

/0-04'
LSS

10

15

20

expansion

48



P(k) [Mpc/h]

Observational regime

10%+

102 4

101 4

100 4

10-14

Casimir
LCDM

EdS
OneForm
TwoForm
NonAbelian
Pk1D

— Pk3D

107t 10°

—— Casimir
—— LCDM
v,
10 —— EdS
—— Pk1D
=
o
s
— 1
3 10
<
[
100_
107 10°

computational runtime of 2—6 months

49



< ——

1 o S 1 VvV
VM H CVBMp H
" a i .
3y = e

" 3H?M},

= Qpr =X+ Y2+ ¥+ Q.

then, the autonomous system is,

3 9 9 9 1 1 \/6 9
X' = 5X (X -Y'+3—-1- 59(1) - gﬂr) + (AY? = 2u9))

1
Y’ = 5Y (3X% — 3Y% 4357 4+ 8 - VEAX + Q) + 2. )

1
¥ =23 (X7 -3y 4+ 352 — 3+ Qu) + Q) +290),

Ay = Uy (3X2 =3V 4357 + 45— 1+ 260X +00) + 9, ),
Q=0 (BX*=3Y*+352 -1+ Q) + Q).

With the parameters

)=
p=>5
20 =5.5-10".

J. P. B. Almeida, et. al, 2020. Arbitrarily coupled p-forms in cosmological backgrounds.



https://doi.org/10.1088/1361-6382/ab5f3c

1
b — V(gb) — E (¢)Haﬂ7Haﬁ7 + Pf(Z)] )

then, the autonomous system is,

3 1 1 V6

1
Ty = %2 (3:1:% — 3234+ 3%2 43 — V6Ax; — Qp + Qr) )

()‘x% - NQB) s

1
Y = =% (32} — 323 +3%% -3 - Qp+Q,) — 2Qp,

2
_ ’B:QB(3x§-3x§+322+42+1+x/6ux1—QB+Q,,),
H=o6, Y= =0, (327 =323+ 35— 1-Qp+9Q,),

(o ; 7
pp = ./( )(:— 1un+ﬂ’)“;’g.

B With the parameters
i -y A =2, xy=1-10"" Q, = 0.999961,
U VoHMp T BHM s T p=>55, Qp=1-10"1, 2 =4.5-107,
S0 =1t —a 02— O zy=1-10"13,

J. P. B. Almeida, et. al., 2019. Anisotropic 2-form dark energy.



https://doi.org/10.1016/j.physletb.2019.05.008

2
aF;u/ 96 (F;wFa) o _m2AaAa ’

prs o at it

then, the autonomous system is,
1492 —w?+2? (1—1202%) + 2r

q= ;
2
, % + 8?2’ + x (1 — 12az4)
v 1+ dazt ’
2x
y’=y(—1+1+7>,
1 o 1 g0 , @ ,
xr = — = —, w=w(q+—), w' =0 — massless,
V2MpaH V2Mpa?H’ , z
1 mo | ;,_ xQZ zi '
— orrs e — e r —1+q)%.
\/_"'[P atl V2Mpa With the initial conditions
= 1 =22 + 2+ w? + 402!, a= Mixg a=10",  w;=3-10",  2;=3-10"%,
y; = 1073, z=11-10°,  Q, = 0.99998,
20 = 1.74-10%

A. Guarnizo, et. al., 2020. Dynamical analysis of cosmological models with non-abelian gauge vector fields.



https://doi.org/10.1103/physrevd.102.083507

Probability distribution
— 1-form
0.12
0.10 0.050
0.025
0.08 -
B -11
>
= 0.0050
> 0.06 1
0.0025 1
—26-24
0.04 1
0.021
0.00 -
-20 -10 0 10

x (Mpc)

20



Probability distribution

x (Mpc)

| —— Non-Abelian
0.050
0.0251

| 0.004

0.0025 -

10.0020 ]

0.0015 % : g-€02

20
-20 -10 0 10 20




Probability distribution
QLID 4 === 2-form
0.050 -
0.10 0.025 -
0.08 1
" 0.004
g 0.06 10.0025 -
= 0.0020 -
0.0015 ¥4 : 0002
0.04 1 —22.5-20 0.0 2.5
0.02 -
0.00 1 JUL
-20 ~10 0 10

x (Mpc)

20




