Gravitational waves in teleparallel theories of gravity

Manuel Hohmann
(with Martin Kr88ak, Christian Pfeifer, Jackson Levi Said, Ulbossyn Ualikhanova)

Laboratory of Theoretical Physics - Institute of Physics - University of Tartu
Center of Excellence “The Dark Side of the Universe”

T T 6 E

2 g
%\ -1 ;; m L European Union Investing
European Regional in your future

Development Fund

Tartu cosmology workshop - 6. June 2018

Manuel Hohmann (University of Tartu) Waves in teleparallel gravity Tartu - 6. June 2018



@ Introduction
© Waves in torsion gravity
e Waves in non-metricity gravity

e Conclusion

Manuel Hohmann (University of Tartu) Waves in teleparallel gravity Tartu - 6. June 2018 2/20



@ Introduction

Manuel Hohmann (University of Waves in teleparallel gravity Tartu - 6. June 2018 3/20



@ Open questions in cosmology and gravity:
@ Accelerating phases in the history of the Universe?
o Relation between gravity and gauge theories?
e How to quantize gravity?
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e Based on tetrad and flat spin connection.
Describes gravity as gauge theory of the translation group.
First order action, second order field equations.
Spin connection as Lorentz gauge degree of freedom.
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@ Open questions in cosmology and gravity:

@ Accelerating phases in the history of the Universe?

o Relation between gravity and gauge theories?

e How to quantize gravity?
@ Teleparallel gravity woler s1:

e Based on tetrad and flat spin connection.
Describes gravity as gauge theory of the translation group.
First order action, second order field equations.
Spin connection as Lorentz gauge degree of freedom.
@ Symmetric teleparallel gravity mester. vo 99
Based on metric and flat, symmetric connection.
Describes gravity as non-metricity of the connection.
First order action, second order field equations.
Contains diffeomorphisms as gauge group.

@ Gravity formulated as gauge theories.
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Overview of geometries
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Newman-Penrose formalism

@ Complex double null basis of the tangent bundle:

|=0t+0z, n ; — =
t 4 2 \/é \/é
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Newman-Penrose formalism

@ Complex double null basis of the tangent bundle:

8; - 82 8)( + Iay — ax - Iay
I=0t+0,, n= , m=—F—2= m= i
t 4 2 \/é \/é
@ Consider plane null wave with k, = —w/, and u =t — z:
h,lW _ leeikux“ _ uyeiwu.
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Newman-Penrose formalism

@ Complex double null basis of the tangent bundle:

8{ - az 8)( + Iay — 3)( - Iay
I=0t+0,, n= , m=—F—2= m= i
t 4 2 \/E \/é
@ Consider plane null wave with k, = —w/, and u =t — z:
hﬂV _ leeikux“ _ uyeiwu.
@ Riemann tensor determined by “electric” components:
1 1. 1 1.
V= —éRnlnl = ﬁh//, V3 = —EF”nlnm = Zh/m,
1. 1.
V4 = —Rpmnm = éhrﬁﬁva P22 = —Rpmnm = Ehmﬁr-
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Polarisations of gravitational waves
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© Waves in torsion gravity
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Field content and geometry

@ Fundamental fields in the gravity sector:
o Coframe field 62 = 02, dx*.
o Flat spin connection &2, = &2, dx*.
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Field content and geometry

@ Fundamental fields in the gravity sector:
o Coframe field 62 = 02, dx*.
o Flat spin connection &2, = &2, dx*.

@ Derived quantities:
o Frame field e, = .0, with 1,6° = 5.
e Metric g, = 1ap02,6°,.
e Volume form 0d*x = 6% A 6" A 62 A 63.
e Levi-Civita connection

o

1
Wap = —§(LebLeCd93 + te,te,d0p — Le,Le,d0c)0° .

o Torsion T2 = d62 + 3, A 6°.
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Field content and geometry

@ Fundamental fields in the gravity sector:
o Coframe field 62 = 02, dx*.
o Flat spin connection &2, = &2, dx*.

@ Derived quantities:
o Frame field e, = .0, with 1,6° = 5.
e Metric g, = 1ap02,6°,.
e Volume form 0d*x = 6% A 6" A 62 A 63.
e Levi-Civita connection

o

1
Wap = —§(LebLeCd93 + te,te,d0p — Le,Le,d0c)0° .

o Torsion T2 = d62 + 3, A 6°.
@ Gauge fixing
@ Perform local Lorentz transformation:

9@ = /\abeb7 U.J/ab — /\ac‘:}CdAbd + /\acd/\bc )

= Weitzenbdck gauge: set w3 = 0.
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Most general action and corresponding field equations

@ Most general action:

S= 21112 / d*xe(ci THr Tuwp+CTHPT,,, +c3TH,,T,"") .
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Most general action and corresponding field equations

@ Most general action:
1
S= 5.2 / d*xe(cy TH? Tuwp+CTHPT,,, +c3TH,,T,"") .

@ Linearized vacuum field equations:

8y (F1P7 4+ BHP7) = 0.
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Most general action and corresponding field equations

@ Most general action:
1
S= 5.2 / d*xe(cy TH? Tuwp+CTHPT,,, +c3TH,,T,"") .

@ Linearized vacuum field equations:
0, (F*P7 + B*7) =0.

@ Field tensors:
e Symmetric perturbation part:

FrPe = (2¢1 4 C2) (0° P — 0P M) + €3 [(07 ¢ o — O™ )*F — (0P 9% o — Oa @™’ )NH7] .
o Antisymmetric perturbation part:

BHP? = (2¢1 — &) (0°@*P — 0Pa"*?) + (2¢, + ¢3)0"a’” .
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Newman-Penrose decomposition

Field equations expressed in Newman-Penrose basis

0 = Enn = (201 + G2 + €3)036m + 2C30mm + (201 + C2 + €3)038n ,
0 = Emn = (2¢1 + C2)36m + (2¢1 — C2)3am,

0 = Emn = (261 + C2) O3 + (261 — C2)Dami

0 = Enm = —C304360im — (262 + C3)05aim,

0 = Epm = —C305¢im — (262 + C3)03aim

0 = Emm = —C3059u,

0= Ep=(2¢1 + C2)050u , -
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Gravitational wave polarisations

ci =sinfcos ¢
C> = sinfdsing
Cc3 = cosd

B N,
[ N
W il
IR

a5
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e Waves in non-metricity gravity
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Field content and geometry

@ Fundamental fields in the gravity sector:
e Metric g, .

X
e Flat, symmetric affine connection I'*,,,.
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Field content and geometry

@ Fundamental fields in the gravity sector:
e Metric g, .

X
e Flat, symmetric affine connection I'*,,,.
@ Derived quantities:

e Volume form /— det gd*x.
e Levi-Civita connection

o 1
rp;u/ = égpa(augau + avguo - 8aguu) .

X
e Non-metricity Q... = V, 0,
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Field content and geometry

@ Fundamental fields in the gravity sector:
e Metric g, .

X
e Flat, symmetric affine connection I'*,,,.

@ Derived quantities:

e Volume form /— det gd*x.
e Levi-Civita connection

o 1
rp;u/ = égpa(augau + 6Vguo - 8aguu) .

X
e Non-metricity Q,.. = V, 9,0
@ Gauge fixing
@ Perform local coordinate transformation:

, 0x* oxP X, x> OxP ox'P x| D?x*  ox'P

HY T 9xI QXY o » = axim axv oxy P + OX'OX" Ox

X
= Coincident gauge: set”,, =0 = Q.. = 0,9,
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Most general action and corresponding field equations

@ Most general action:

C ~
-/ 9 [0 + Q%)+ 0aQ G+ ], Q + B (@G +37,Q))]
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Most general action and corresponding field equations

@ Most general action:
C ~
/d4 C1 Qauy-f—CzQu v) + Q¢ QMV+C45(#Q ) 55 (QagMVJréf‘qu))}

@ Linearized field equations:

0 = 2¢110"7 0005 hu + €21 (000uhsy + 000y hsy) + 231,10 0000 hre,
+ C477wg(auawhr/a + 81,8th0-) + CSnuunw’ynagaaawha'y + CSﬁwoauathg .
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Most general action and corresponding field equations

@ Most general action:
C ~
/d4 C1 Qauy-f—CzQu v) + Q¢ QMV+C45(#Q ) 55 (QagMVJréf‘qu))}

@ Linearized field equations:

0 =2¢11"" 0005 hy 4+ €21 (0a0uhey + 000y hsy) + 2031101 000y hre,
+ C477wg(auawhr/a + ayawh,ua) + CSnuunw’ynagaaawha'y + CSﬁwaauathg .

@ Terms involving ¢y and ¢z do not contribute for a null wave OJh,, = 0.
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Newman-Penrose formalism

Field equations expressed in Newman-Penrose basis

0 = Enn = —2(Cohin + Cahny + Cshp — cshmm) ,
0=Emn=Em=—(c2+ C4)F’Im7

0 = Epn = Eni = —(C2 + Ca) by,

0~ Fam — P — S

0= Ey=Ep=—(co+ca)hy.
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Gravitational wave polarisations

C> = sinf cos ¢
¢4 = sinfdsing
Cs = cos

B N,
[ N
W il
IR

~lg
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Outline

e Conclusion
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@ Teleparallel gravity:
o Fields are tetrad and flat spin connection.
o Only torsion, no curvature or non-metricity.
o Most general theory needs 3 parameters at linearized level.
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@ Teleparallel gravity:

o Fields are tetrad and flat spin connection.

o Only torsion, no curvature or non-metricity.

o Most general theory needs 3 parameters at linearized level.
@ Symmetric teleparallel gravity:

o Fields are metric and flat, symmetric affine connection.

e Only non-metricity, no curvature or torsion.

o Most general theory needs 5 parameters at linearized level.
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@ Teleparallel gravity:

o Fields are tetrad and flat spin connection.

o Only torsion, no curvature or non-metricity.

o Most general theory needs 3 parameters at linearized level.
@ Symmetric teleparallel gravity:

o Fields are metric and flat, symmetric affine connection.

@ Only non-metricity, no curvature or torsion.

o Most general theory needs 5 parameters at linearized level.
@ Results:

o Gravitational waves propagate at the speed of light (not shown in this talk).
o Polarisation classes N», N3, lll5, llg: tensor modes always exist, maybe more.
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