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21 December 2022 to 2 January 2023

Conference venue: OAC conference center, Kolymbari, Crete, Greece. The conference will take place in Crete in physical form, however participation is also
possible via internet

Egypt timezone

"Second MODE Workshop on leferentlable Programmlng for Experlment De5|gn" followmg after ICNFP2022 (https //|nd|co cern.ch/event/1145124/)
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Physical Problem

Possible unification of GR with QM requires
guantization of GR and also gravitization of QM
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General Relativity Quantum Mechanics

(roughed at some scale) (smoothed at some scale)
Spacetime discretization, Gravitational field impacts,
Measurement uncertainty, Generalized nhoncommutitavity,
Noncommutative relations, Relativity principle,
Generalized Riemann manifold Isotropy & Lorentz covariance
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A minimum measurable length sets limits on space contlnmty
At low scales, GR coordinates would not be arbitrary smooth.

Quantizing GR allows Gravitating QM allows
corrections at low scale corrections at large scale




n-Re

























..................................................................................................................

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""



Generalized Manifo













Affine Connection

a geometric —object connecting TqM

nearby tangent (curved) /spaces, Lyt )%%\:\f‘m
l.e., permitting differentiability of _ APt B
the /tangent vector /fields or Vi) - L ol

assuring them restrict dependence ]
on/manifold in a fixed vector space, :
a/ function assigning to each
tangent vector and each vector
field a covariant derivative or a
new tangent vector.

In differential geometry, the generic form of AC reads
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Affine Connection

GR assumes torsion-free and metric compatibility.

The latter implies linear independence of partial derivative tangent
vectors and a flat space that can be found locally-in a suitable frame
(like’'Mikowski space),
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Christoffel symbol Levi—Civita connection Covariant derivative of metric
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Affine Connection/Parallel Transport
With guv = 9w + (—|g|ﬁ0312,)|53|2 9uv or .":r}gv — (]- T "-LF- |$‘2) QIH.I.J'
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Quantum-induced corrections are linearly factorized to classical AC.

«_The covariant derivatives are rates of change of tangent vector
fields with normal component subtracted, i.e., parallel transport.

« Vanishing covariant derivatives of a vector means that the vector
is parallel transported, i.e., keeping-it-as constant as possible
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Quantum-induced corrections are linearly factorized to classical AC.
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Affine Connection/Parallel Transport
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Quantum-induced corrections increase with |x|*



Riemann Curvature Tensor

The coefficients of the Riemann curvature tensor can be
constructed from the Levi-Civita connections

R = Tovp—Tauw + Touls — T3, 15,

B B,
This expression holds for all connections regardless their
metric compatibility or torsion-free property,
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Riemann Curvature Tensor

Thus, we can straightforwardly derive
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Riemann Curvature Tensor

The eminent ingredients added by the quantization Z |Z|? can be illustrated in an example of 2-sphere with
radius » = 1. The complementary geometric structure likely reveals supplementary insights to be discovered.
The Cartesian coordinates could be expressed by polar coordinates; radius r, inclination u!, and azimuth u?
as x = cos(u?)sin(u!), y = sin(u?)sin(u'), and z = cos(u?).

Therefore, we just need to determine the components of the unquantized metric tensor
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and coefficients of the unquantized ¢

[y =0, Th=0,
', =0, T%, = cot(ul),

I’él =0, I’%l — cnt{ulj,

rL = %sin(ﬂulj, r2, =0.

Then, the corresponding coefficients of Riemann curvature tensor are given as
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Riemann Curvature Tensor
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Ricci Curvature Tensor

While the Riemann curvature tensor confirms whether a vector is
twisted when it is parallel transported around a small loop in curved
space, the Ricci curvature tensor, which is the only possible
contraction of Riemann tensor, tracks the volume change along the
geodesics, and therefore represents how quickly a volume is
changing along the geodesics. Hence, Ricci curvature tensor
represents gravity in the general theory of relativity.
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Ricci Scalar

The Ricci scalar gives how the volume in curved space deviates from
its equivalent flat—space size and can be contracted from Ricci

curvature tensor
QﬁpﬂT”Rfrﬁpv — Q’BURJB:,— = RE = K.

Therefore, the quantized Ricei scalar apparently reads

R = 3% Ra
..2
(1+ T |£%)
L+27E3) TIE2 4 o o 1w o 2T |5 4 e vr oA v
Gronpp ¢ Telh ~Talh) + 5 T35, — TATS, |

For Eisphere with unit radius, the quantized Ricci scalar is evaluated as
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Ricci Scalar
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Einstein Tensor

The Einstein tensor is constructed as

1
Gﬁy m— Rﬁ'y — 2 gﬁ!; R.

Accordingly, ﬁpy, Guw, and R result in a quantized version of the Einstein tensor
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Einstein Tensor

Without g contributions
With g contributions




Einstein Tensor

In freely falling frames, in which the covariant derivatives are the same for all observers, V? G g» and
Levi-Civita connections I'y,, and '}, all vanish so that
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Because g;;,5 = 15,5 = 0, Eq. (54) vanishes as well. This leads to

VPG, = 0,

i.e., the divergence of both quantized and unquantized Einstein tensors vanish,

Ve Ga, = V2 Gy, = 0.






Summary
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Einstein
Tensor

Covariant
Derivative

Summary

Gp =

-

V8 Gsy

1425 ||

1+ .7 |52

(1+27

G gw

%) 7 |3

1+ 7 |32)°

2.7 |#|?

H ]_"F
(1+ T |%2)° [( Al

:vﬁ(

1+ 27 |i|?

1+ 7 g2 °

)|

[(Fﬁpf‘gv — It T

B Pivrgp)

ovL5u)

1

T &z

1

- igﬁl-’gap (FﬁFFEP - Fﬁprgp

— =95,9° (T%,T%, - Fipfﬁp)} -

1+ 7 |z)?

}2 Gﬁv} ﬂz‘j1ﬁ: I::"I

)






	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

