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First gravity model chosen with non-metricity scalar is f(Q) = m@Q"™. This mimics general relativity for

m =n = 1. n > 1 is able to reproduce early inflation. For 0 < n < 1, however, gravity gets weaken and can
— N7 be interpreted as the effect of a repulsive force, i.e., the late-time cosmic acceleration is made after. This

Qa/“’ = Va8uv —[6h(x){xw + = + h(x) — 1}] - model can predict gravitational waves to propagate with the speed of light which is supported by GW170817

z(w + 1)
3 —4x — 3h(x)

N((h(z)) =R (z)-z2' — 2/ = h'(z) -3z [ + 2{xzw +x + h(z)} —w — 1]

event.

= —gt¥ A OHv e . . ey i
Q=-9 (P ;U'QA ) : R E S U LTS & D I SC U SS I O N In the second model, f(Q) = €"? in Bianchi-I cosmology provides a minimal, purely geometric mecha-
nism for explaining the universe’s anisotropic origin and accelerated fate, all within a unified, covariant and

This non-metricity scalar @ plays almost a similar role as the Ricci scalar R plays in GR.
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cosmology pattern and value of C% for model-I: f(Q) = mQ™.
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While working with the tensor perturbation, the tensor modes propagate with the speed :

Hypothesis: The early universe was not isotropic. We need a theory that

allows for initial anisotropy that naturally heals over time. a ) fQ 1
The Laboratory: Bianchi-l Anisotropy

To stress-test f(Q) gravity, we place itin a
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upcoming survey data. treatment to confirm stability.

The expression for the tensor propagation speed.

universe that expands at different rates in AT to i3 References
different directions. 3 —(n) ~ - AN
digs (.,'2 e jQ T (n) U‘J nn dt [1] N. Aghanim et al., “Planck 2018 results. vi. cosmological parameters,” Astron. Astrophys, vol. 641,
. ) o AR p p ] Jitis . A6, 2020.
Metric Equation: fo +2Qfoq i B L0t
3 ) [2] A. G. Riess, S. Casertano, W. Yuan, L. M. Macri, and D. Scolnic, “A comprehensive measurement of
ds? = —dt® + E a% (t) (dx‘)2 - - = Type of e > the local value of the hubble constant with 1 km s™! mpc™! uncertainty from the hubble space telescope
i=1 Crit. Exist- Eigenvalues etk Stability Ct Cosmology and the shQOes team.” The Astrophysical Journal, vol. 934, no. 1, p. L7. 2022.
. o ti 7 Point ence oint 3] P. Collaboration, N. Aghanim, Y. Akrami, et al., “Planck 2018 results. i. overview and the cosmological
o: The deviation from perfect spherical P J : %
expansion. r— 0 Y _3(“; il 1) H\'[)OI‘I)OHC Stable node for (l(l) == (lg(.’H"t legacy of planck.” Astronomy & Astrophysics, vol. 641, p. A1, 2020.
e If 02 = 0 - Standard Isotropic Universe (FLRW) A o 1 - 1 (i.e., de [4] H. K. Eriksen, F. K. Hansen, A. J. Banday, K. M. Gérski, and P. B. Lilje, “Asymmetries in the cosmic
o If 0_2 > 0 - Anisotropic Universe and —b ('*' ?é 3 ) w > — Sitl(?l‘) microwave background anisotropy field,” The Astrophysical Journal, vol. 605, no. 1. p. 14, 2004.
Saddle Point for [5] A. Kovides, I. Szapudi, B. R. Granett, Z. Frei, J. Silk, W. Burgett, S. Cole, P. W. Draper, D. J. Farrow.
Research Question: S | : ’1 N. Kaiser, et al., “Supervoid origin of the cold spot in the cosmic microwave background.” Proceedings
Does f(Q) gravity force o — 0 over time? N 1+2nQ of the International Astronomical Union. vol. 10, no. S306. pp. 269 272, 2014.
g AL = ~enter vz 4 6] A. Paliathanasis and G. Leon, “Bianchi i spacetimes in f(q)-gravity,” arXiv preprint arXiv:2406.045623,
. kyneihalic Center Manifold with A Paliatl 1G. L Biancl (@) X X
Mapping the Phase Space ‘ e 2024. 24 pages, no figures.
We track cosmic evolution usin M (“" =~1) forw= -1 1 [7] G. Murtaza, S. Chakraborty, and A. De, “A generic dynamical system formulation for bianchi-i cos-
Sfacleiohless i/ari bleSI LUrter tghe x (Matter) o mology with isotropic fluid in f(g) gravity,” arXiv preprint arXiv:2504.21757, 2025.
el 2 z~1 r—1 Vw 0 and 6w - g Fully degenerate a(t) = ageo? e . S R sy s RS eso e o - e B
constraintz +-y + 2 = 1. hyperbolic . [8] S. Rathore and S. S. Singh, “Stability aspects of an Irs bianchi type-i cosmological model in f(q) gravity,
’ (i TN, 1 General Relativity and Gravitation, vol. 56, no. 25, 2024.
[ UrPStab'e Node: The R‘epeller (Vw) forw =0 Sitter) [9] M. Hohmann, “General covariant symmetric teleparallel cosmology,” Physical Review D, vol. 104,
(Big Bang / Early Inflation) anstable for no. 12, p. 124077, 2021.
@) saddle Point: The Transition w>0 [10] C. G. Béhmer, E. Jensko, and R. Lazkoz, “Cosmological dynamical systems in modified gravity.” The
(Matter/Radiation dominated eras) Center Manifold Furopean Physical Journal C, vol. 82, no. 6, p. 500, 2022.
forw <0
@ Stable Node: The Attractor . .
(Late-time de Sitter acceleration) . . ; : . . s . i Gra\"ty Heals the Unlvel"se
Table 2: Critical points with existence conditions, eigenvalues, type of critical points, stability,
cosmology pattern and value of C7 for model-1I: f(Q) = exp{nQ}.
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The stability occurs when C? > 0, if n > 0 and the no ghost condition holds if n > 0.
Define the dimensionless variables as, Constrained by the relation ; ;
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6foH" 12foH" 6H= non-metricity drive it toward the ordered cosmos we inhabit. ’
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