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SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY?
INTRODUCTION

Vanishing curvature and torsion

R7 pr = 0uT%0p — 0,17 o + T7 0T, = T7 I, =0, (1)
T =T%w = 1%, =0, ()
and nonmetricity
Qpuv = Vp&uv = 0p8puv — F/\pugkv - FAPVgll)\ ) 3)
Q= 1@ + QWO + 100" 200 Qu=Qh. Qu=Q. @
Levi-Civita Riemann tensor and Ricci scalar
R v = VoL pp = VL7 + L7\LY, — L7l ()
L = 5 (@~ Qs — Q) ©)
R=Q+V, (0" -0" (7)

2Bahamonde et al. 2022
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SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY
FIELD EQUATIONS

The action reads
5 21? / dix /=g (A(®)Q — B(®)3" 0, 005® —2V(®)) + Su[3, V] . ®)

Metric field equation®

KT, =A(®)G, +2d“gfp )PO‘W(? ® — B($)9, 90,
+ g% (B(2)3*%0a 2050 +2V(@) ) , )
Scalar Field Equation
0 = 2000B(®) + j—ggaﬁa@aﬁ@ + j;lQ — 23}; , (10)
Connection Equation
0= ;jéQaK o j;“;la DK, + jgv K, . (11)

1 _ 1 1 1 5 1 s 1 5
Py = = (@urQ” +5%0Q0) = 1 Q% + [0 + (8 Qa s K = [ioug“‘ - Eéﬁgﬁ —Qu*? +55Q1° | (90 A)
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SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY
STATIC AND SPHERICALLY SYMMETRIC GEOMETRY

Connection*

» Two solution sets for a static and spherically symmetric connection with zero curvature and
torsion

» First solution set

* Three independent components I'?,,, I';,, I, and constraint for (I'?,)’

® Effectively reduces to GR

3dA,

» Second solution set

* Four independent components I pg, T, T7gg, T, and constraints for (I gg)’, (T gg)’
¢ Allows for solutions beyond GR

[2¢(k — 2c)T"gg + K] M<1>’(r) =0, (13)

1
2 dd

4D’ Ambrosio et al. 2022
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SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY
STATIC AND SPHERICALLY SYMMETRIC GEOMETRY

Connection, solution set 2 branch 2

0 0 0 0 0 0 0
0 I, 0 0 0r 0 0
p _ r rr

Ty (r,6) 0 0 Tty 0 0 0 Tlg 0
0 0 0 Tiysin?2(@)] |0 0 0 ITgysin?(0)
0 0 0 0 0 0 0 0

1 1
0 0 - 0 0 0 0 - 19)
0 - 0 0 0 0 0  cot(h)
0 0 —sin(0)cos(d)] |0 —g= cot(d) 0
with the relations AT art ,
T g0 e o Lo
= TVl — 1 = —T7gelt,, — =22 1

P ool =1, —3 ool = (15)

Metric
ds? = —gu(r)df? + g (r)dr? + r*dQ? . (16)

SOFIA VIDAL STELLAR STRUCTURE IN SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY 4/



SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY
STATIC AND SPHERICALLY SYMMETRIC FIELD EQUATIONS

Metric field equations

Bor (P 420+ (U0 8w ) dA (gl + 52— gm) A

—8rGp = 28 " 2T Qv de g% i
2
B2 P’ <r2 — (T"p9) grr> dA  (rgl — gn8u +gu) A
8rGp = — - T & T 2 +V
29 21" gagrr do r&rr&it
Bo? & (rT7 98 + 2rg1 + 2T gags) d.A
BrGp = 29 + 2rI" 001 gitt de v

(—2rgwgttg£2 + 18rr (84)” + 78uS,8h — 28m8ugh + Zgigir) A
418783
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SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY
STATIC AND SPHERICALLY SYMMETRIC FIELD EQUATIONS

Connection equation

2 (VZ - (Free)zgrr> o7 d2A(D)
Vzrrgggﬂ d(I)z

+ <272gﬂgtt‘1’” + 128, ®'g)y — Pgu®'gl, + 418mgu® — 2 (I 4p)” g2g1 D"

1 dA
_(rr 2 10t 32 ol _ r "Tp) | o——— ——
(T g0) g%r(p S — (IMo0)” grrgu®'g,, — 4T gegfrgﬁ@ (Igo) >rzpr09ggrgtt d®

Scalar field equation

V(@) | 2dB(®) | (2rgngn®” + rgn Py — 1gu g, + 48rgu®) B(®)  ,dA

°= de gy do 18281t ERFTS
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TOLMAN-OPPENHEIMER-VOLKOFF EQUATION5
MODIFIED GRAVITY THEORIES

» Modified gravity theory that can be written as

o(0) (G = Wi ) = W2y |

R 2
G = K2TH, = —T,“,JrWW,

where 2 = 87G and such that V uTog =0
» Perfect fluid
T = (p+p) uphy + P, U = -1,
» Static and spherically symmetric geometry uy = —,/gj.

5Wojnar and Velten 2016
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TOLMAN-OPPENHEIMER-VOLKOFF EQUATION
MODIFIED GRAVITY THEORIES

The components of the Ricci tensor read

8, 8h (gér g£t> 8 _ K g
Ry= -2 + ofr yoft) _ ol — +3p) gu + Wi + 25
i zgrr 4grr grr gtt rgrr 2 (p P) gtt " 2 ( )
8h _ & <g£r g&) 8 _ K g W
Ry=3--2=- |+ | -F=——(p— + W, — , 26
"= ogn g\ Tgu) gy 20T P8 WS (26)
r 8 :,,, 8 ;t ) 1 ,{2 2 w
Ryg=-1-—s—(-+|+—= 4+ Wop — —— . 27
o Zgrr ( 8 8tt rr 2 (p p) o 2 @7)
Combining these equations to
Ri . Ry . Ry 2GM(n)\ "
— — =1-——= 2
2gtt * zgrr * 12 - grr(r) < r 7 ( 8)
and using V Th, o = 0as well as the metric component relations in (27)
& _ 8rr — 1 i ’QngrrH ’ & _ 1 — 8rr n Hz?’ger (29)

gtt r g grr r g
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TOLMAN-OPPENHEIMER-VOLKOFF EQUATION
MODIFIED GRAVITY THEORIES

TOV equation
/ 3 -1
(7)== (e 2) () 05
g r g (o

oM r
2 Wrr W@O
T\ 2
rr

(30)
with effective energy density and pressure
o o(r)Wy(r) o o (r)We(r)
Q(T’) T IO(T) + Hzgtt(r) ’ H(T’) T P(”) + H2grr(r) ’ (31)
and mass dM(r) o
r) . L0(r
P drr o (32)
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TOLMAN-OPPENHEIMER-VOLKOFF EQUATION
SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY

Metric field equation

’%ZTMV = U(\I/i) (é/ﬂ/ - Wﬂl’) ’

2T = AG,, + 2$;pawaaq> — B0,®0, + % (Bg™ 0,900 +2v) |
such that o(¥?) = A(®) and
_ 1 dA leY 8uv af
W = - [20@13 s 0a® = B0, + 52 (Bg0,0050 +2V) | .

For the connection solution, set 2 branch 2, in a static and spherically symmetric geometry

_gu® | B® 4+ 21T + (T"90)° grr dA g1y
th(i’) = gwA { 5 + rzl'vae do + A ’
o | B 2 — (Freo)zgrr dA gV
Wi (r) = A { 2 T 2T pp de [ A
P (B (g, 1 1\dA| YV
W@g(i’)— _grr-A{ 2 +<2gtt+1“r99+r) d‘I)}_.A7
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TOLMAN-OPPENHEIMER-VOLKOFF EQUATION
SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY

"The effective energy density and pressure read

B @’ rB®’ r grl7p0\ dA )%
Q) =plr) - { G+ (24 o + 5 ) S b -

K21 r K2
B P’ rB®’ r grlp0\ dA V
() =pr) = K21 gy { 2 " <F799 r dof TR

and hence the mass equation is

dM(r) _ 4nr? [p(r) B {rB@’ N ( rr grrl“ree) dA} 3 V] ‘

dr A K21 2 I g r do K2
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TOLMAN-OPPENHEIMER-VOLKOFF EQUATION
SCALAR-TENSOR SYMMETRIC TELEPARALLEL GRAVITY

() -0 2) o) -2’
A ().

_ GM B(#)? 204l 2@’%) <1 - 2GM>_1
-2
X

8rr
+
pTP /fzg rr KZF’@Qg rr /ﬁzf’g rr
47 b B (%) LV /A . I7gp®' 24 o
AM 2k2g K2 KT o K272
d.A
d<I>

( (42)

/
P r

1
.A 2 Igg zgrr Fre@grr r2

LP rB<I>’2 r@’% (@' )2 dA dA o
.A Frgg /621’./4

1

- (

B Al 1 1\ (1
rrr%’ 72 rr
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