Quasinormal modes in teleparallel gravity

59. Winter School of Theoretical Physics and third COST Action CA18108 Training School " Gravity —
Classical, Quantum and Phenomenology” 12-21 February 2023, Wojanéw, Poland

Vasiliki Karanasou (University of Tartu)

Vasiliki Karanasou
University of Tartu, Estonia

(vasiliki.karanasou®@ut.ee)

15 February 2023

Quasinormal modes in teleparallel gravity 15 February 2023

1/15



Gravitational waves and quasinormal modes

Normal modes: Classical oscillating system where energy is conserved.

oo
x(t,x) = Z ane'“ntxn(x)

Quasinormal modes: The system loses energy and the oscillations decay in time.

Detection of gravitational waves in 2015. 1

Three stages for the GW signal:
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1B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration), " Observation of Gravitational Waves from a

Binary Black Hole Merger”, Phys. Rev. Lett. 116, 061102 (2016)
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Black hole perturbations in GR 2

Einstein equations

In vacuum:

Schwarzschild background

2M

ds? = —(1 - —
r

2M
Ydt? 4+ (1 — ==)"1dr? + r?(d6? + sin*0d$?)
r

Small perturbation of the metric
Buv = g;tu + huu
Perturbed Christoffel symbols
_ 1 _ _
F”uy = F”m, + (5Fpm,, (SFP;“, =5 " (Vuhup +Vohuy —Vohu)

Perturbed Ricci tensor

Ruv = Ruv + 0Ruu, | 6Ru =V ,01,, —V,6T°,

2T. Regge and J. A. Wheeler, " Stability of a Schwarzschild Singularity”, Phys. Rev. 108, 1063-1069 (1957)
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Metric perturbation hy,

o Sperically symmetric backgound
v' Decomposition into separate functions of (t, r) and (0, ¢).
Spatial part: Harmonic time dependence F(t,r) = F(r)e~wt
Angular part: Spherical harmonics Yj, = Yin(0,¢) (/1=0,1,2,... =1 < m<)

0, . OYim 1 9%Y,
=1 9 (sind FVm (1 4+ 1) Yy, 8
96" 56 )t 26 o2 I+ 1) (8)

VY

v' We can set m = 0.

o Invariance under spatial rotations (0, ¢) — (7 — 0,7 + ¢)

huy =

9

<<un
<<un
4-4<<
4-<<

Factor (—1)(+1) for axial parity and (—1)/ for polar parity.
o Regge-Wheeler gauge

Axial: € = (0,0,A(t, r)e?®dp)Y)m, Polar: &% = (Mo(t, r), Mi(t, r), Ma(t, r)v*2dp) Yim
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B(r)Ho(t, r)
plpolar) _ Sym
[ Sym
Sym

b = hif;;ial) 4 h(:vslar)

0 —ho(t, r)ﬁ3¢
0 —hy(t, 1) 5h5 0
1 52 0
Sym (e (kg 08, — <58
Sym Sym
Hy(t, r) co(t, r)dg
Hy(t,
Con .09
Sym 2(K(r) + G(t, )dgg)
Sym Sym

Harmonic time dependence, m = 0, Regge-Wheeler gauge —

94)

co(t, )dg
c(t, g

Y,
126, NXgep M

2si?0(K(t, r) + G(t, Nt(dgg — Wog)

0 0 0 ho(r)sinddy
(axial) _ | O 0 0  hy(r)sinfdg | —iwt
h=10 o o 0 & Vim
Sym Ssym 0 0
B(r)Ho(r)  Hi(r) 0 0
Ha(r)
h<p,fla’) _ Sym 52(,) R 0 0 e—iwt Yim
m 0 0 r K(r) 0
0 0 0 r2sin0K(r)
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Non-trivial field equations

Axial SRy =B LTy LM
xial 3 = B—— + —hy + —h; =0
3 o B0 2
s iw dhy  2iw n+1 2 W?
Rig= —— — —hg + - — - —|h =0
B8 o B 2 2 g )"
s d?hg dhy 1+1)  4M 2iwB )
Ry3 = B—— + iwB— — ) b+ 2k =0 15
03 2 dr r2 3 )0 .t
Polar
s dK  I(1+1) r—3M
Ro1 = — 5L =0
dr 2iwr? 2B
dHy 2M
8Rpp = B—— + —Hj +iw(K+H) =0
dr 2
s dH dK 2M
Rip =B— — B— +iwHj + —H=0
dr dr 2
dHq 2MB dK 2B dH 2 2 2 I(1+1)B
SRy = 2iwB—— — — + — — +2iw@r = 3M)r'H; —2w°K - |w + ——— |H=0
dr 2 dr rodr r2
> d2H 5 d dHy  2B(2r —3M) dK 2 dH  2iwM s I+1)B
SRy =B —— —2B° —— 4 2iwB— — — H — (w® = —="—)H=0
dr? dr 2 dr rodr 2 2
o d?K dK dH w2
5Ryy = rPB—— + (4r — 6M)— — 2rB— — 2iwrHy + (24 —— — I(I+1) | K —2H =0 (16)
dr2 dr dr B
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Metric affine theories of gravity
An alternative to dark matter and dark energy.

Metric gu., and affine connection I"’W

Curvature
R'Lrtjpd = 8Pr'uu0' - 80'ryi/p + rMTprTua - ry:rarTup

Torsion

B Kk K
TH,, =Tl —TH,,

Non-metricity.
Quvp =Vpu8up =0y —T7,,80p —T7,,800

In GR: The gravitational field is mediated by the curvature
Rll‘/po‘ # 07 Tuup = 07 Qp,up =0
In Metric Teleparallel Gravity: The gravitational field is mediated by the torsion

T“Vp #0, RMupU =0, Quup =0
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Metric Teleparallel Gravity
Fundamental variables: Tetrad 9"” , inverse e, and spin connection wABH

a _ pa _ A _ AQ c
0 70de“, e, = e oy, wBufl\Ca,,‘/\b

0° eb =65, 0e7 =4
Buv = Nab0 MG v, &' = nab e b
Connection
e, = ef(0,0% +w,0%)
Weitzenbock gauge wABu =0
FPW = efayeau
Irreducible decomposition of torsion

2 1 .
Topw = g(tp;w — tovpu) + g(gﬂuuv — 8pvlt) + €ppvra

1
w=Th,, an= g Crveo T°7 tuwp = Ty + E(gp(uuu) — guvip)
Gravitational Lagrangian
Le = aubuy + caata, + e tPH t,

Field equations
Enw =87Tuw
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Most general spherically symmetric background metric 3

goo=C2—C? gu=C}—C} gn=C3+C? gs=(C2+ C3)sin0,
go1=g1w0=GG-GG

Schwarzschild metric

C
G=,/c-r, q:%', G=1\/r-CQ GG=aG
where C]_,..., C6 = C(r) and F = \/@

Non-trivial background field equations
Eoo = Eio=Enn = Exo = Es3 =Ex3=0

_ 20ca F2
9t C

dG
Cr=1/r?-C, GCo= rT: -G

En (rFGCsy +2C2)(rFCsy —2C3) =0

where
Branch 1: G5 = +r

Branch 2: G =+F, G = ...
Branch 3: Cs = rcosa with a # nr

(31)

(32)

(33)

(34)

(35)

3M. Hohmann et al., "Modified teleparallel theories of gravity in symmetric spacetimes”, Phys. Rev. D 100, 084002 (2019)
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Perturbations in metric teleparallel gravity *
Small perturbation of the tetrad _
0% = 0% + 7%
Decomposition into symmetric and antisymmetric part
Tuy = hMU + apv, huy = 27’(,“,), auy = 27'““,]
Perturbed connection
rﬂ,uu = l:p,uu + érppyv 5rp/,uj = épnﬁuﬂeu
Perturbed torsion
T’Zuj = —I_—ZV + 67—71,1/7 5T‘sz = gpn(?[,uhu]n - 6[,u,al/];q)
Perturbed vector, axial and tensor irreducible components
uy = iy + duy
a, = a, + day,
tuvp = {HVP + 0tuwp

Perturbed field equations _
E,u,l/ = E,uu + 6Ep.u =0

Decomposition in symmetric and antisymmetric parts

OB, = 0By + 0Bjpu)

(36)

(37)

(38)

(39)

(40)
(41)
(42)
(43)

(44)

“Helen Asukiila, " Quasinormal modes of Schwarzschild black holes in 1-parameter New General Relativity” (2021) (Master

Thesis, Institute of Physics, University of Tartu)
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Tetrad perturbation 7,

The symmetric part h,, is the same as in GR.
A = aEf:la/) + aLplf)lar) (45)

0 0 0 ao(r)sinfdy

(axialy _ | O 0 0 a1(r)sinfdy it
A= o 0 0  —ax(r)sinfdy € Yim (46)
ASym  ASym  ASym 0
0 Ao(r) Ai(r)ds O
(polar) __ | ASym 0 Az(r)ag 0 —iwt
Qv "= ASym  ASym 0 of€ Yim (47)
ASym ASym 0 0
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Non-trivial perturbed field equations (Branch 1: Cs = r)

Axial
0Rp3 =0
0F(03) = 013 =0 {6R13 =0
§E(23) =0Ry3 =0
(5E[03] = (5E[13] = (5E[23] =0 — ap,a1,a = F(ho7 h1)
Polar
6E(01) = (S 01 = 0
6E(02) = (S 02 =0
0E(12) =6R12 =0
6E(00) = 6 00 — 0
§Eq1) = 6Ri1 =0
5E(22) 6R» =0
6E(33) 0R33 =0
2 2
S6iy =~ S5~ Ao+ 5 (o - )] =0
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Summary

QNM in GR for a Schwarzschild background at linear order.

QNM in Metric TG for a Schwarschild background at linear order for the simplest branch Cs = r.

For the symmetric part in TG, we obtain the same QNM as in GR.
The axial antisymmetric part in TG is fully determined by the symmetric one. No extra modes.

For the polar antisymmetric part in TG, we need extra constraints.
In GR and TG for the branch Cs = r, the axial and polar parts do not mix.

Future work paths
o Study of the other branches
@ Non-Schwarzschild spacetimes
o f(T) gravity
o Higher order perturbations
e Symmetric TG, f(Q) gravity
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Thank you!
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