V H Satheeshkumar

Department of Physics
Baylor University

Waco, Texas 76701

* based on my work with Doug Moore

February 25, 2013

«0O)>» «F)»r « > > Q>

it
a



PRELUDE

EQUIVALENCE PRINCIPLE

TiDAL FORCES
OUR RESULTS

SOME REMARKS

«0O0)>» «F»r «Z» « Q>



» Quantum Gravity

> ” Desert”

> FireWa”

» Dark Energy

(O T «

waQ



OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

FORESTING THE DESERT!

V H SATHEESHKUMAR BAYLOR UNIVERSITY
THEORETICAL LIMITS ON THE (NON-)EXISTENCE OF LORENTZ FRAME NEAR BLACK HOLE SINGULARITY



OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

It seems very unlikely that the usual incremental increase of
knowledge from a combination of theory and experiment will ever
get us where we want to go, that is, to the Planck scale. Under
this circumstance our best hope is an examination of fundamental
principles, paradoxes and contradictions, and the study of
gedanken experiments.

V H SATHEESHKUMAR BAYLOR UNIVERSITY

THEORETICAL LIMITS ON THE (NON-)EXISTENCE OF LORENTZ FRAME NEAR BLACK HOLE SINGULARITY



OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

GRAVITY AT HIGH ENERGIES

All tests of general relativity in the weak gravity field limit, like in
our solar system, fall directly along the lines of what Einstein
predicted. | wouldn't brag about it! But there is another regime —
which has yet to be tested, and which is the hardest to test — that
represents the strong gravitational field limit. And according to
Einstein, gravity is strongest near black holes. This makes black
holes the ultimate experimental testing grounds for Einstein’s
theory of general relativity.

The need to continue testing Einstein's theory of gravity may seem
superfluous
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS
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Fall 2011 - HEP Seminar
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SOME REMARKS

Symmetry
as a Guiding Principle to
Quantize Gravity
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INDIAN SCHOLAR DISCOVERED GRAVITY BEFORE
NEWTON!

SOME REMARKS
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In GR, the tidal force on body by a gravitating body is give by the
equation for geodesic deviation. Such an equation that is valid in
any coordinate system is given by

D2a

5o Ripad 5% =0.

(1)
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where

dt2

The tidal force experienced by a freely falling observer is given by

_ 2pé& §
= PR% ¢ (2)
Rﬁ‘ﬁ?S =R
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is the Riemann tensor in the tetrad frame.

(3)
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARK

THINK INSIDE THE BOX!
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We consider all the four possible asymptotically flat Black Hole
solutions in GR.

» Schwarzschild [1916]

» Reissner-Nordstrom [1918]
> Kerr [1963]

» Kerr-Newman [1965]
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The Schwarzschild metric in the usual coordinates is given by

2 op\ *
ds? = <1 - T“) 2dt? — <1 - T“) dr? — r?(d6? + sin62d¢?)

These lead to the following components of the mixed Riemann
tensor in the tetrad basis.
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

REISSNER-NORDSTROM BLACK HOLE

The Reissner-Nordstrom metric is given by

2 2 2 2\t
ds? — <1—”+"2)c2dt2—<1—”+"2) dr? (5)
r r r r
— r?(d6? + sinf?d¢?)

where ¢ = 4n£ C4 These lead to the following components of the
mixed R|emann tensor in the tetrad basis.
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g = (5 %)ed

V H SATHEESHKUMAR BAYLOR UNIVERSITY

THEORETICAL LIMITS ON THE (NON-)EXISTENCE OF LORENTZ FRAME NEAR BLACK HOLE SINGULARITY



The Kerr metric in the Boyer-Lindquist coordinates is given by

where

ds®

2
2 (cdt— asing?dg)” — P-dr? - p2de?

(r? 4 a%)?sin6? a 2
R G
p?> = r’+a*cos’6
A = r?—2ur+a’

22

(r* +a%)% — a*Asin? 6.
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

KERR BLACK HOLE

These lead to the following components of the mixed Riemann
tensor in the tetrad basis.

(17’252? - f)‘lf(:(r —3a°cos’ 6) [(r2+32)2+a4sin49 (9)
—2&)2(r2—i-az)sin2 9] ng?
d;f: - 5120 —3a’cos?0) [(r* +a%)? +a*sin* 6
—2a%(r? 4 a°)sin? 6] czéjé
d;fj - ‘p‘liorA(fZ—3a2C°S29) [A(r2+a%)? +a*Asin® 0
—2a°(r? 4 a°)?sin? 6] c2§‘73
V H SATHEESHKUMAR BAYLOR UNIVERSITY

THEORETICAL LIMITS ON THE (NON-)EXISTENCE OF LORENTZ FRAME NEAR BLACK HOLE SINGULARITY



In the Boyer-Lindquist coordinates, the Kerr-Newman metric is
given by

where

ds?

2
% (cdt—asindg)® — 2ar? - p2do?

R 2
——5C dt)
+ a2

_ (r?+a%)?sin6? < .

22

p2

= r?+a*cos’6
= r2—2,ur+az+q2
= (rP+a%)?—-a%Asin6.

The symbols have their usual meanings, g> = GQ?
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

KERR-NEWMAN BLACK HOLE

The tidal forces of a Kerr-Newman black hole are

d?¢t 1
g = o [2,ur(r2 —3a%cos? 0) —3¢* (r* — a° cos® 6)} (12)
[(r* +a%)% + a*sin* 0 — 22%(r? + 2%)sin? 0] 2¢7
d?¢® -1 P (7 — 22 cos?
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

For the most general (Kerr-Newman) black hole, the radial tidal
force is given by

B (= 3a2cos?0) 32 (2 — #cos?6) | (13
el W[,ur(r—acos )—3q° (r* —a°cos )}( )

[(r* +a%)? + a%sin* 0 — 22°(r? + %) sin? 0] c* &7

Let L be the length scale at which the tidal forces kick in

— = {2ur(r2 —3a%cos?0) —3¢* (r? — a®cos? 0) ] (14)
[(r* +a%) + a*sin* 0 — 22%(r* + 2°)sin” 6]

If / is the length scale of the theory, then for tidal forces not have
an effect on the experiment, we should have

I<<L
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

A NEW INEQUALITY!

>> [2;,Lr(r2 —3a’cos® 0) —3q¢° (r* — a*cos® 0) }
[(rP+2%)% +a%sin* 0 —22°(r* + 2%) sin? 0]
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For the Schwarzschild black hole

2GM 1
23 12
For I << L, this implies
3 _ 2GM/?
r->> 5
c

r3 . 2G
M2 c?
Looks a lot like AxAp>h
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

DEATH BY BLACK HOLE!

» Assuming that the limit of tolerance to stretching or
compression of a human body is an acceleration gradient of
~ 400 ms—2/m, for a human to survive the tidal forces at the

Schwarzschild radius requires a very massive black hole with
M > 10°Msy,,

» If you fell towards a supermassive black hole, with say
M = 10° Mgy,

> If you fell towards a “small” black hole, of mass say 10Msg,,,
you would be shredded by the tidal forces of the hole well
before you reached the event horizon.
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

For | = Ipy, our result says r3,, >>2u/3,.

Quantum Gravity effects become important when the curvature is
of the order of Planck’s scale.

48u?
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; 3 _ 2
This SaYS Iconventional — 4\/§,U/P,.

We are in total agreement with the accepted scale but only deeper
and more precise!

[rconventional = 1-5rour]
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» How good is the semi-classical approximation in the
Inflationary paradigm?

» Should one need Lorentz Invariance in a theory of Quantum

Gravity?

» How good are the Black Hole Thermodynamics results?
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OUTLINE PRELUDE EQUIVALENCE PRINCIPLE TIDAL FORCES OUR RESULTS SOME REMARKS

THANKS!

» | have been benefited by the discussions and the classes | took
with Dr. Gerald Cleaver, Dr. Anzhong Wang and Dr. B F L
Ward.

» We would also like to thank Dr. D Russell for letting us his
Astronomy Lab facilities.

» Thanks to Dr. J Dittmann and Dr. K Hatakayama for the
opportunity.

Thank You for coming!
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