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Unsolved Problems
@00

Galaxy Rotation Curves and Dark Matter Halos
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From A.V. Zasov, A.S. Saburova, A.V. Khoperskov, S.A.
Khoperskov, Dark Matter in Galaxies (2017)
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Unsolved Problems
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Supermassive Black Hole Formation

GROWING THE FIRST SUPERMASSIVE BLACK HOLES
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Astronomy: Roen Kelly, after Smith & Bromm, 2019.
See Regan et al., MNRAS, Volume 486, Issue 3, July 2019, Pades
3892-3906 f e
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Unsolved Problems
[ofe] ]

Tangherlini Source to Schwarzschild Solution

F. Tangherlini, Nonclassical Structure of the Energy-Momentum
Tensor of a Point Mass Source for the Schwarzschild Field (1961)
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Projectively Invariant Tensors in Thomas-Whitehead Gravity
©0000000

Thomas-Whitehead Gravity

See PhysResD.103.044060 (2021)

Stw =Spen + Spaa
1
Sy = — ZHO/ddx\/g]IC + Joc/\g/ddx\/\gyKbchde @

 deC / ox /191 (K2eak ™ — 4K apk® + K2)

With fundamental fields (gap, Dap, M?pc).
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Projectively Invariant Tensors in Thomas-Whitehead Gravity
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Projective Invariant Tensor Form

Va:
ﬁagbc =0 (5)
N 1 :
[Ehe = Ega' (ObGic + 9cGbi — Dighc) (6)
Va:
rgc - Iﬁabc + Cabc (7)
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Projectively Invariant Tensors in Thomas-Whitehead Gravity
00@00000

Projective Invariant Tensor Form

Va :
Mpe = Mpe — 5a(b Ve) (8)
= N — 0%pQ0) (9)
1 1 m
Ve = gc — Qg, gc:—mac|0g\/@7 ac:—mr em (10)
Poe = Dpe — Opre + Mpetre + apac (11)
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Projectively Invariant Tensors in Thomas-Whitehead Gravity
00000000

Projective Invariant Tensor Form

Pab = Pab — VaVb — Valp (12)
R%ped = Thid.c] + T bjal Zejm (13)
= Rcq + 0%V Vb + 0%V Vb — 0%V [ Vy] (14)

- - 1
Rap = Racd = EF”(ab) +(d - 1)v(avb) +(d —1) vawp (15)
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Projectively Invariant Tensors in Thomas-Whitehead Gravity
00000000

Projective Invariant Tensor Form

K2bed = R%cd + 6%cPajps  Kbed = 9aKboad = VicPapp  (17)
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Projectively Invariant Tensors in Thomas-Whitehead Gravity
0000000

= 0 Field Equations

0S
(5Ca

1
mn b 1
Ea d+1 0 (19)
= 1

E.,mn — E.nM vy [ mn </C + ) 4]Cmn] \Vl e (mn)i

a a a|9 4doro (20)
)\ P/‘aK(mn)l
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Projectively Invariant Tensors in Thomas-Whitehead Gravity
00000000

0S ; ;
5 = 0 Field Equations

0P,

da-1

okt~ 41

9%+ (d —1)g®K —2(2d —3) K% (21)

L
The UNversiry
OFlowa

Tyler C. Grover | Diffeomorphisms & Geometry Group | U. lowa PPC 2022 WUSTL



Projectively Invariant Tensors in Thomas-Whitehead Gravity
0000000@

= 0 Field Equations

0S
0Gab

_ 1_ _
Roq — §Rgpq = £0©pg + NoGpq

’
Ls=—5—(d=1)P+ CoAZ Koy KO (22)
0

— ¢ (icabcd/cabcd Ak 4 /cz)

2JpCA2 -
ﬁvalcabchde - ﬁs

d—1/- 1 -
Omn = — <Pmn - Pgmn> — dmn
K0 2

+ 2docA2 (chdKnCd + 2Kbchb°,,> +2dgC (8/Cmb}Cb,, - 2/c1cm,,)

+ 2JOC (’Cmbchand - KamchanCd - 2’Cal'ﬂ)cmlcabt:'n>

(DN2\
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Stationary Geometry
9000000

Stationary Spherical Symmetric Geometry

Lx9ab =0

X"OmGab + (0aX™) gmb + (OpX™) Gam = 0 (24)
LxPap =0
;CX Cabc - 0

XT9mC%g + (IpX™) Cpg + (9cX™) CPpe — (mX?3) Cpe = 0 (26)
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Stationary Geometry
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Stationary Spherically Symmetric Ansatz

{gtt(r)> gtr(r)’ grr(r)a ggg(l’)}

{Pu(r), Pu(r), Pu(r), Poo(r)}

{C'u(r), Cu(r), C're(r), Clo(r), Cu(r), CTur(r), C'r(r), Coo(r)}
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Stationary Geometry
[e]e] lelelele]

Static Spherically Symmetric Solution Ansatz to TW

Gravity

Measure ds® = g»dx3dx? is invariant under t — —t.

{gtl‘(r)7 grr(r)v g@G(r)}
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Stationary Geometry
[e]e]e] lelele]

Static Spherically Symmetric Ansatz

For the static condition on P, and C?,; we consider allowing only
the components that allow for the geodesics on the spacetime to
be invariant under t — —t.

x| e BP0 2 (1) o
du? by du ~  x\adu) du
a2\ dx@ax?

FT A T T &
{Pu(r), Pr(r), Poo(r)}
{Cu(r), C"r(r), Coo(r)}
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Stationary Geometry
[e]e]e]e] Tele]

Rotating Stationary Spherically Symmetric Solution

Ansatz to TW Gravity

Just as with the spherically symmetric spacetime, we can enforce
the rotating condition by ensuring the geodesics on the spacetime
satisfy the rotating condition, (¢, $) — (—t, —¢). Likewise, the P,

field has nonvanishing components:

{gn(l’, 9)7 gl‘¢(ra 0)7 gfl’(ra 9)7 g@G(rv 9)7 g¢¢(r7 9)}

{Pu(r,0), Pis(r,0), Pu(r,0), Pro(r,0), Poo(r,0), Pss(r,0)}

{Cttr(ﬂ 9)7 Cl{9(r7 9)7 Cﬁqﬁ(ra 0)7 Cé¢(r7 0)}
{Cl{;‘(r7 9)7 Cl(qﬁ(r? 0)’ Cll:r(rv 0)) ;Q(ra 9)7 Cé@(ra 9)7 C(gjqﬁ(r) 9\11
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Summary

Stationary Geometry
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GROWING THE FIRST SUPERMASSIVE BLACK HOLES
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Stationary Geometry
000000e

Thank You!

Any Questions?
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