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Abstract

The twistor kinematic-energy model of the space-time and the kinemat-
ic-energy tensor as the energy-matter tensor in relativity are considered to
demonstrate the possible behavior of gravity as gravitational waves that derive
of mass-energy source in the space-time and whose contorted image is the
spectrum of the torsion field acting in the space-time. The energy of this field
is the energy of their second curvature. Likewise, it is assumed that the curva-
ture energy as spectral curvature in the twistor kinematic frame is the curva-
ture in twistor-spinor framework, which is the mean result of this work. This
demonstrates the lawfulness of the torsion as the indicium of the gravitational
waves in the space-time. A censorship to detect gravitational waves in the
space-time is designed using the curvature energy.

Keywords
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1. Introduction

The twistor kinematic energy model could establish to the future-null-infinity in

the space-time, a quasi-local matter model represented through gravitational

waves of cylindrical type considering the condition on the spinor fields respec-

tive, in the null-infinity. Here, is obtained the asymptotical flat space-time far

away of the mass-energy source.

We consider the Penrose’s definition of the kinematic twistor associated to a
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2-surface in a general curved space when the total momentum of energy and
angular momentum to a system in special relativity and in linearized general re-
lativity can be characterized geometrically. Of fact, the geometrical evidence of
torsion through a contorted surface is wanted.

We consider a source as total charge depending of k?, (Killing vector) of the
Minkowski space background, modeled this as M =S? ® c> ® M, which has an
important analytic system of twistor solution in the same space-time
M=S"®S". Then their system has a complex 4-dimensional solutions family
(2c?) and the family defines the 2-surface twistor space T (S) .

But, in a surface of arbitrary genus g, and of index 4(1 - g), the solution
is a general twistor solution, which can be given though a model problem be-

tween bosonic fields deduced of the dual problem given by the relation:
APE  =A TS (1)

to the energy-matter tensors T, and the integral solution given to the kine-

matic tensor A_,, through the energy-matter tensor,

1
A 7978 =—— R, f°do =T, k*do®, 2
apf L 471'G'£ abed o £ K do (2)

The exhibition of the kinematic tensor happens when the special surface in-
side space-time background M, results to be the product S*®S~, of the
twistor 2-surface "JF(Sl), and also (2) defines a kinematic twistor tensor A,
as element of this symmetrized product of two 2-surfaces
A, e (T(S)@T(S))*, which is a twistor space of (valence-2) and symmetric
dual twistor.

Proposition 1.1. The twistor kinematic tensor A_,, is an element in duality
of the energy-mass tensor T.

We observe the following figure establishing the duality signed in the proposi-
tion 1.1. (see Figure 1).

Proof. Their demonstration is given considering the relation
A 7S, =A,177s,,, where the second member can be had as a spinor using
the integral (2):

L

A, 2578 =
P 4nG

IRABcdwfwfdGCd, (3)

AMDB

Figure 1. Duality between tensors A and T,

apf?
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ApZiZ3 =

which, using the spinor framework [1] [2] inside the integral (3) we have:

1

RI{(%] _Wl)aﬁAwf +(¢11 +A—!//2)(a)10a); + a)11w§)+(¢21 —l//3)a)116();}d8, (4)

which is simplified using the spinor frame equations':
@ 7y + prry =i (Y, — 4y —A) @' +i(y, — ¢y ) @, (5)
O T+ Py = i('//3 _¢21)a)1 +i('//2 — ¢y _A)wol

to the integral

A 2775 = J(ﬁéﬁf + s )dS, (6)

i
47G
which establishes the required duality. 4
Of the integral involved in (6), we note that the twistor kinematic tensor
A
af?

and second fundamental forms of s.

depends of S, which has more mean, that is to say, depends on the first

This means the presence of curvature inside spinor terms in the integrating of
(6). This explains only the dependence of the energy due to curvature. Then to
spinor fields of the form (a)A T A,) , we have the quantity [1]:

A= | =N
X2=0"Tu 0" 1y, (7)

which is constant to constant curvature space. However, for a 2-surface in a
general space-time M, there is no reason to that (7) could be constant. Like-
wise, we have the following proposition:

Proposition 1.2. (7) is constant for every 2-surface twistor if and only if the
2-surface with their field (a)A,;rA,), is embedded in a conformally flat space-
time modulo certain genericity conditions.

Then in little words, the proposition 1.2. prepares a detection condition from
a contorted property of the 2-surface when is affected by the presence of a field
source. This in the conformally conditions detects curvature which is measured
and modeled in the spinor waves as is showed in Figure 1 in the 2-surface twis-
tor of the twistor kinematic tensor A ;. In our study of spectral curvature we
can define this measure as curvature energy obtained through twistor frame of
the energy-mass tensor, as in the integrals (3) and (6). These have involved a
curvature tensor, which has curvature energy as spinor field energy or spinor
wave, this last understood as energy manifestation in the kinematic tensor space
(r(s)®T(s))*.

Likewise, the curvature energy as spectral curvature in the twistor kinematic

frame is the curvature in twistor-spinor framework.

"The twistor equations to valence-2 on symmetric spinor «®, can be written as:

VA0® = e K9,
which has a 10-dimensional complex solutions space. Their solution space is spanned by fields
™, of the form a)l(Aa)zB ), (such and is showed in Figure 1), where each a)iA , satisfies the twistor
equation

Vie'=-ie" r,,

whose solutions defines a 4-dimensional complex vector space which is the twistor space T.
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Def. 1.1. A 2-surface S, is contorted if their embedding involves one com-
ponent of the twistor space T(S).

Remember that A ,, is the twistor kinematic tensor of the given source.
Due to that the twistor equations to spinor fields »"®, have a 10-dimensional

complex solution space, A_,, apparently has too much information in it. To

af?
curvature we want solutions provided of the energy-mass tensor. Then for sim-
plification and the spinor framework is obtained the linearized general relativity

context where the tensor T®°, must satisfy the equation
VeT® =0, ®)

thought out as a source for a linearized gravitational field. This will bring a li-
nearized Riemann tensor, which will be agreed to the spinor frame considering
the components f, =w,; €,5, which relates the spinor field @,;, with the
Killing vector k*, in the twistor equations to twistors of valence-2. Then using
divergence theorem when S, is a 2-surface on the 3-surface X, as given in (7)
surrounding the source, we have several censorship conditions designed through
dominating energy condition of curvature.

Then the energy of the twistor kinematic tensor that will the energy substan-
tive to measure curvature energy in the case of the twistor-spinor framework, is
given in energy domain My > A _,Z“1”Z >0.

The inequality written in the last paragraph conforms the inequalities family
of Hilbert type in twistor theory required to explain the range or domain of
energy where can be censed the existence of the massive object that will produce
the torsion of the space. Then of this torsion will be produced the gravitational
waves in the space-time far of the massive source, but whose asymptotic beha-
vior helps to the understanding the post-Newtonian limit after of the horizon
of events of the massive source, when the space-time tends to de Sitter Un-

iverse.

2. Curvature and Twistor-Spinor Framework

A result of the curvature digression as an observable of an object obtained
through integral transform on cycles is the following theorem.

Theorem 2. 1 (Y. Stropovsvky, F. Bulnes, I. Rabinovich). We consider the
embedding o :% —(T(S)®7(S))*. The space o(Z), is smoothly embed-
ded in the twistor space (1(S)®(S))*. Then their curvature energy is the
energy given in the interval M > AaﬁZ“Iﬁyzy >0.

Some considerations on the curvature of twistor-spinor framework in a com-
plex Riemannian manifold are necessary to clarify. After we realize the demon-
stration of the theorem 2. 1, which is the central goal of the chapter.

We consider the twistor fields W5, and ¥,ycp, satisfying the twistor
equations

VA pop =0, VA, o =0, 9)

ABCD

whose solutions are given by the twistor contour integrals
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0 0 0 0
W apep = 95 f(Z)dZ. (10)
o 2pst 000" 000" 00 00”
and
¥ pon = Cﬁ Tty Temyt(2)dz, (11)

8,27=S"

which could be deformed by the presence of an incurved section of the space
having the energy-stress-mass tensor condition given by Einstein in conformally.
Here f(z), is a function of homogeneous degree +2, and f(z), is a function
of homogeneous degree-6°.

We can consider the linearized gravity framework (which can be complex)
where we have the curvature, then considering the deforming contributions of

the contour integrals given on (10) and (11), we have:

Kipea =¥ apco Ean€op + Eas€cp Yamen: (12)
where W ,;cp €EapEcpy, 1S the anti-self-dual component and €,,ep Y apcep
is the self-dual part. Here W ,,-,, and 7 agcep, both symmetric if K, is
real, due that ¥ ,;-,, and ¥, cps are both complex conjugate.

The differential of the integrals (10) and (11) comes given as:

A'B

5z=e"" z,dmy, (13)

Likewise, f, and f, are representatives of cohomology. Here, we have the
spectral curvature considering their spectra in the twistor space
(T(S)@T(S))*. But is necessary consider all cases that are presented in the
complex Riemannian manifold M, to curvature study. Likewise in general
relativity, to the flat space we can consider the duality between the spaces CM,
and cp’, having a null separation dual to meeting lines (see Figure 2).

Also in deformation theory, the anti-self-dual complex space-time has corre-
spondence in duality with the general Ricci-flat space cp', where circles of the
deformed tube have images in a 7 - space. These deformed tubes could be geo-
metrical representations of 2-dimensional superstrings whose circles of their
diameter are points of the infinite line or = -space. Then the anti-self-dual
complex space-time and the Ricci-flat space are equivalent to the parallelism for

7, - spinors (locally), that is to say,

[V an Vg |7 =0, (14)

taking place a curvature classification due the products of the summation indices
[1]. Likewise, the curvature in ¥ ,;-,, represents the non-existence of holo-
morphic planes’® in the twistor space to the tube (twistor tube) <7, then is

required the twistor component due to the homogeneous degree-6, ¥,y cp,

’Left-handed graviton with f homogeneous with degree +2. And right-handed graviton

with f, homogeneous with degree 6.
Def. A p -plane is a holomorphic plane in the twistor space c7.
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Congruence of null lines
twisting in right-hand sense

N\ : /
¢~ Holomorphic BN /

\\ - pe %
Curve SPACE-TIME = — . String

PT- X , Congruence of null lines
TWISTOR SPACE twisting in a left-hand sense

Figure 2. Dualities between the twistor space elements and space-time elements [1].

which involves a torsion energy (second curvature energy) and the Ricci-flat
space condition.

The appearing necessity of torsion as special factor of curvature detection in
the deforming of the microscopic space-times in M, is a condition of existence
of curvature in these spaces. Likewise, in [2] is obtained a particular solution,
which could establish curvature in spinor-twistor terms through of the second
component of curvature given in (12).

Here the problem is to see the cause of second curvature to K_, ,, which are
the elements mentioned before.

Let M, a complex Riemannian manifold. We have the following natural
conjecture.

Conjecture 2.1. The curvature in spinor-twistor framework can be perceived
with the appearing of the torsion and the anti-self-dual fields.

Proof. We consider the complex Minkowski space M. Then their Weil cur-
vature is anti-self-dual given place to the « -planes where could to exist distor-
tion or twists. But this exists to a space-time referred to the group U, (4), in
gravity. Under these conditions the complex Minkowski space can present a tor-
sion as the candidate to produce distortions as second curvature in the space
M, (locally). But the spinor model of torsion can be writte as:

c_ ~cc
Sib' = Xan €aw + Zaw €ans (15)
where spinors y,p, and 7.y, are symmetric in AB, and A'B', respec-

tively and linearly independents. Likewise, re-written the spinor equation to tor-

sion (15), in the twistor-spinor framework we have*:

‘X, Ye %,(M), with connection v, we have the torsion expression [3]:
[X,Y] :VXY—VYX—ZS(X,Y),
If we consider the fields defined as X* =1"7z", and Y =p"z", then the twistor-spinor

model of torsion is given.
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7Y (V anTy ) = a7y =278 7 Fpmacs (16)

Then we must to do that the anti-self-dual complex space-time and the Ric-
ci-flat space are equivalent to the parallelism for 7z, -spinors (locally) that are
had with the formalisms (15) and (16). This condition is an integrability condi-
tion necessary to the existence of solutions to equation types as (14). Here arise
several tensors considering different spinor indices bracket products. Likewise,
the curvature tensor written through spinors tools, using the spinor Ricci identi-

ties stays as:
R bed = Papcp EamEcp + &A’B’C’D’ €ap€cp T Papep Eap€cp + d)A’B’CD €aBEcp’
+Aup ExpEcpEep AA'B' €apEcp€cp T Q(GACGBD + €ap€ac ) EapEcp (17)
+ Q(EA'CEB'D' + EA'D'EB’C’) €aBScp:
and the torsion through integrability condition (15):

[VC(A'VE’) =27 aw Vi ] 7 =g’ — ZQ”(A €p) C'+ Ayy7®, (18)

where is clear the appearing of torsion in the terms @y, 7" —2Q7, € C',
and the integrability condition to « -surfaces also is appeared considering
AN = =0. @

Then a total spinor field W, that detect distortions due to curvature exis-

tence in the microscopic level can be written as:

0
(j) 5 €ap Epc #AT + Cj) TN Ty Epg g A7, (19)
| 00™ 00 00" dw” |
where are perceived these distortions with right-handed gravity (see Figure 3).
Then we have the combining of two deformations with one component with
two interaction planes. Likewise, in both components are considered the spinor
fields W ,pp, and ¥ Apcn: Where the component ¥ Apcp: s really the
principal contribution of the distortions:

ABCD ABCD s TU'

(20)

But in the component Y ,;-, also happens certain distortion understood as

twistor waves with image in spinors, where to the twistor function f (Z),

degree +2 has the infinitesimal shunt to wave-spinor @" ="+ en”®

00®’
A ) A Of . . :
and 7, =xz,, with vector field 7 o’ 2 agreeing with the integral:
0 0
b4 =0—-—F7zdr,
ABCD qs8a1‘°‘ ow®

Then the field ¥y, is incorporated as was signed in (20) using this field
may be, with the differential form in major dimension. But necessarily has that
be incorporated in a 3-dimensional space which is inside an energy state space

which will give a censorship condition to the detection and measure of first and
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_| Distortion with Twistor Line Dual Twistor Line

2-dimensional projective /

PT o A
() (b)

Figure 3. (a) Distortions with right-handed gravity by spinor ¥, o +%¥ ;8.5 (b)
Distorted tube more right-handed gravity given by (19).

second curvature considering the twistor-spinor waves used in the field frame-
work.

Likewise, with this spirit of ideas, will be necessary incorporate a 3-forms of
Sparling type to use the adequate Hamiltonian vector density where their H
-space is equal to ASD space-time whose the non-linear graviton twistor space is

the space 7T, of twistor lines Z.

3. The Kinematic Tensor and the Dominating Energy
Condition to Torsion Indicium

Remember that the wanted positivity condition can be expressed as (using Her-

mitian matrix):
A 177 >0, 1)

VvZ%, a constant field, that is to say, the Hermitian matrix Aaﬁif, could be
positive semi-definite.

Likewise, considering that the exhibition of curvature energy can be written
through the energy densities obtained for twistor fields and their dual, the spinor

frame, we can write the dominating energy condition as the integral:

A, T7°7° =ﬁ [7* dz™ a6,
S

aff “a
i 1 , (22)
=— [ d7, adz, A0 -ZG, T 7 X,
vXP, aHamiltonian vector density:
XP =% G:bc 0° AOY A B", (23)

which is the 3-form mentioned in Table 1.

In the conformally flat space-time (Ricci-flat space) we have solutions to the
equation V4w’ =-ie* 7,,, and any 2-surface twistor arises by restriction of a
“4-space-time”such as in the FRW-cohomology®. Then the kinematic twistor is
again written in terms of the flux integrals.

Considering the scalar “observable” due the twistor kinematic tensor A,

given by, M,,, we have:

*Friedman-Robertson-Walker cohomology.
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Table 1. Differential forms to different objects in twistor-spinor theory.

Differential Forms

# . .
N-dimension
Physical Object ionin M.
ysical Objec al form Locally Expressionin M

1-form: e

1 Deformed Line 1(=52) 6z=1,72"'d7" =" n,x,
2-Dimensional Waving 2-form: 1
2 Space Lotan r= Elaﬁdza AdZ? =e** dx,, Adnx,
(for example Figure 4(b))) 2
9=Lc, 7°d7' ndZ' ndZ'
6
JH -Spaae 3-form: @ — 7047 AdZ2 AdZE — Z1dZ° AdZE AdZE
+Z°dZ° AdZ' AdZ° - Z°dZ° AdZH AdZ?
4-form: 1 ;
= 7% NdZP AdZ7 AdZ’

4 Spin Bundle 1 ¢ 24 Sm dzndz" ndZ nd

$=—do 0 2 3

4 =dZ’ AdZ' AdZ* AdZ
. . . Euler form:
5 Field Distorsion Y04 ¥ < 7 0
Components 0Z*

dan@=Y(a)g

(a) (b)

Figure 4. (a) Positive definite condition applied in the spinor ®,®,, and 7*7*, in
the 2-dimensional model of the space-time kinematic twistor. In the model (b); is in-
cluded the perturbations in the 7 -space, that is to say, is the 4/ -space model of the
twistor kinematic space.

1 _
M2 = > A AY, (24)
which can be written on a 3-surface as:
1 - B
M? = EAaﬁA“ﬂZ‘m 7 (25)

Likewise, we find that the 3-surface twistor equation has a complex 4-dimen-
sional family of solutions (a 3-surface twistor space T(Z)) if and only if X,
with their first and second fundamental forms are embedded in a conformally-
flat space-time (see Figure 5).

The nature of the T(Z), from a point of view of QFT, are fermionic
sources (currents) whose fermionic fields are Grassman numbers satisfying

anti-commutation relations where bosonic fields and currents commute.
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We consider the following main result, which is the culmination of this re-
search.

Theorem 3.1 (F. Bulnes, I. Verkelov, Y. Stropovsvky, I. Rabinovich). Spi-
nor wave $**, in the non-commutative ring algebra (Clifford algebra type) has as
Spec in the kinematic-twistor space-time as rotating embedding surfaces (wav-
ing) in the H -space givenby IT,,.

Proof. We consider the theorem 2.1, of the section 2, and considering the
proposition 1. 2, to the contorted 2-surfaces embedded with values in the H
-space as (T(S)®T(S))*, we demonstrate that the deformed category of the
moduli stack to the elements that acted in the space-time are the of non-com-
mutative algebra whose spectrum® (see the scheme of derived categories) is in
the corresponding twistor kinematic space-time. This proves the asseveration of
the theorem 3.1. The elements in the H -space are bosonic fields commutating
with currents. The waving is of type as Figure 6.

The moduli stack comes given by the gravitational waves given by the duali-
ties between spinors and kinematic tensors.

These are gravitational waves in the space-time, since come of the torsion
which is a second curvature, and by the arguments of fermion interactions and
fermionic sources (and particle helicities), these produce torsion from micro-
scopic level until the conforming of the macroscopic behaviour of the space-time
near of massive source.

Then the evolution of the space from the Big Bang until the Universe that we
know, have two periods of particles interacting, the first called leptogenesis
where the Universe conforms the base of the fermions in different types of neu-
trinos. Then these new fermionic interacting and due to the particle helicities

that go arising of the fermionic sources, generate the torsion modelled geomet-

FH-space
SPACE-TIME

/-

M -
Distorted Ball 0 N
by Gravity

s TOBTE)*

Appearing of twistor-
T(S) waves represented by
spinors of energy

Figure 5. The appearing of the twistor image due to the twistor kinematic tensor acting
on space-time from the twistor space T(X).

“Theorem (I. Verkelov, F. Bulnes) [4] [5]. Considering the functors @, ¥, with the before proper-

DgF
ties Moduli, < Alg')), the corresponding homotopy equivalence, and their canonical homotopy,
GW¥p

ot
likewise, the relation A Ig(a:é = Moduli, < Fun (Algi: , S), we have the following scheme

HOM, 0,0 (X, Spec(B)) = Hom,, ., (B.S).
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Gravitational Waves

Bosonic Fields and
. Currents Step

s

de Sitter Flat Space

i Torsion

M (T(S)YET(S))* Maxwell Fields Invariance

Figure 6. Bose-Einstein distribution to the gravitational waving evolution. The fermionic
sources happened before of the flatness of the space-time far of the massive object M
(yellow source). The torsion component creates the waving on space-time.

rically by the space T(X), then this produce a baryon-genesis whose action
on the space-time produce the initial condiment of matter-energy, which finally
gives the gravitational waves and after the bosonic fields and currents (see the

Figure 7).

4. Spectrum of Kinematic Tensor to Curvature and Design
Curvature Censorships to Quantum Gravity Sensors

Through consider the field study framework realized in this chapter we could
determine and design a censorship condition with possibilities to their applica-
tion in sensor technology [7].

In addition, we can consider the models of the space-time influenced for the
fields on each particle of this, that is to say, consider the light cone of each parti-
cle intersects with the infinity nullity of the gravitational field that creates the
deformation of the space-time [7].

In these intersections exist the detectable and measurable part that can be
measured through microscopic electromagnetic fields and for the other side, that
has the gravitational nature that provokes the curvature, generating enough
energy to be bounded by the cosmic censorship of Penrose [8].

But the proper movements of the space-time from the 3-invariance in 4-di-
mensional complex space-time, and the expansion of the space-time studied in
field theory frame considering gravitational fields, we can have the kinematic
models given by the spaces that are asymptotically de Sitter and anti-de Sitter [9]
[10]. These could give a fine censorship condition in the kinematic twistor mod-
els explained before.

Through a gauge field (electromagnetic type field as photons) acting on the
background radiation of the Minkowski space M, where the energy of the
matter will be related with this gauge field through equation
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Figure 7. The torsion is represented in the clear purple waving [6] in the space-time.

J* =k“T, (26)
(where k“) can represent the density of background radiation which establish-

es for the curved part of the space (that in this case has spherical symmetry) to-
gether with the energy and matter tensor that (see the Figure 8)

1
e J. Taﬁk“doﬁ > 'f J“do” > 21y (27)
YA By 32

Then of the dominating energy condition normed by the twistor kinematic
tensor given by the 3-dimensional ball affected (electromagnetic fields in
SU(Z), which is isomorphic to S’) by gravitation in the 4-dimensional space,
we can to have the image of the twistor space of sphere in (T(S)®T(S))*,

whose condition is had as:
167M?* > A, (28)

which is the Penrose censorship’ [11] for a singularity detected of spherical type
[12] [13] [14] [15]. But from this idea can be designed and developed a sensor
that use the torsion energy as second curvature energy. Because the fundamental
conclusion of the end of the Section 3, is that the torsion energy obtained by
movement of the 3-dimensional ball inside the H - space, is curvature energy

and thus gravitational energy.

5. Conclusion

Curvature energy as image of the twistor kinematic-energy tensor applied to
3-dimensional sphere as surface to the cosmic censorship and the obtaining of
curvature through gravitational waves can be very useful in quantum gravity
theory to creation of advanced sensor devices that can measure the deformation

{jg(l-vz IogQ)]z >4 [0,

52
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) 2

Figure 8. Degenerated neutrinos energy, which will be persistent to space-time back-
ground, being a strong indicium of the torsion (rest of the leptogenesis/baryongenesis
process. This low energy signed in the circle is the represented in the right extreme of the
inequality (27). Then gravitational waves appear.

on surfaces affected to micro-local level by the energy-matter-momentum tensor
variations. One of these variations is the torsion energy, which is the curvature
energy. Likewise, theoretically the integral representation given to the electrical
charge depending of the momenta, establishes through analysis realized in dual-
ity that the gravitational energy condition required is to detect curvature in
terms of energy. This is obtained with a censorship condition on cylindrical gra-
vitational waves. These gravitational waves are produced from a 3-dimensijonal
sphere located inside the background model of the space-time, whose values are
in the space (T(S)@T(S))*. This obeys to a topological space as complex
Riemannian manifold with local structure, which is isomorphic to a Hilbert
space to this dominated energy in the space. Then the energy condition in this
case is established for the existence of the sources, which is given by gravitational
waves (source detection). These gravitational waves are solutions of a twistor
equation whose spinor equivalent is the solution to the dominated energy by the
presence of matter of a massive object whose existence in the space-time is given
by this energy condition [13] [14]. This study is bounded to the curvature energy
extended to the field torsion, using the spinor technology to create waves from
field interactions. Studies realized on dilatons used as gauge particles to measure
gravitational distortions has been proposed in several works [6] [8]. The idea of
use fields to measure other fields is extended to other field formalisms consider-
ing tropical geometries in a complex Riemannian model of the space-time, that
they can be carried to the technological design of sensor devices to detect quan-
tum gravity [16]. The following step will be the application of the HH - states [7]
[16] to produce that technology.
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