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RESUMEN

En trabajos anteriores, este autor ha procurado formalizar matematicamente y proponer las leyes
relativas a la Teoria Cudntica de Campos Relativistas o Curvos, cuya finalidad, es reconciliar la
relatividad general y la mecénica cuantica. Para abonar atin mas a la consecucion del objetivo antes
referido, es indispensable acudir a la quimica cudntica, y muy concretamente a las métricas de Born-
Oppenheimer y Hartree-Fock, en la medida en que, la primera desarrolla un escenario relativista a escala
atomica y molecular en tanto que la segunda explica perfectamente las trayectorias orbitales
moleculares, las cuales, en términos generales, son conceptos de muchisima utilidad para la TCCR toda
vez que coadyuvan, por extrapolacion, a configurar desde la quimica cuantica, el modelo de deformacion
del espacio — tiempo cuantico, por accion gravitacional de las particulas subatomicas estrella u oscuras,
o0 por interaccion de éstas, con los campos supergravitonico o gravitonico, segin sea el caso, esto es, por

interaccion con el graviton o el gravitino o supergraviton, segin corresponda.
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ABSTRACT

In previous works, this author has tried to mathematically formalize and propose the laws related to the
Quantum Theory of Relativistic or Curved Fields, whose purpose is to reconcile general relativity and
quantum mechanics. To further contribute to the achievement of the aforementioned objective, it is
essential to resort to quantum chemistry, and very specifically to the Born-Oppenheimer and Hartree-
Fock metrics, insofar as the former develops a relativistic scenario at the atomic and molecular scale
while the latter perfectly explains the molecular orbital trajectories, which, in general terms, they are
very useful concepts for TCCR since they contribute, by extrapolation, to configure from quantum
chemistry, the model of deformation of quantum space-time, by gravitational action of star or dark
subatomic particles, or by interaction of these, with supergravitonic or gravitonic fields, as the case may

be. that is, by interaction with the graviton or the gravitino or supergraviton, as appropriate.
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INTRODUCCION.
En sentido estricto, la aproximacion de Born-Oppenheimer, propone un factor que viene a ser
determinante para la TCCR, y es, la incidencia del nucleo respecto del electron, esto es, que el primero,
al ser mas denso que el segundo, es decir, que al tener mayor masa, repercute en el movimiento y por
ende, en la velocidad del electron, razon por la cual, el nlcleo se acopla al electrén y viceversa,
comportandose el nucleo, de forma estatica en tanto que el electron, actuia como una nube de carga,
leyendo la posicion estatica del niicleo en el campo. Es en este contexto, a proposito del diferencial de
masas, que la TCCR cobra mayor rigor matematico en razon a la interaccion de la particula estrella u
oscura con las particulas orbitales o repercutidas.
Ahora bien, la aproximacién de Hartree-Fock, también resulta vinculante a la TCCR, en la medida en
que, en quimica cuantica, determina los orbitales moleculares, premisa superior que a escala subatomica,
aplica, a proposito de la existencia de campos cudnticos curvos o deformados por la gravedad, en los
que, los orbitales de las particulas subatomicas se ven metamorfoseados, para lo cual, extrapolaremos
las ecuaciones de multideterminantal de Slater.
Entiéndase que las particulas oscuras o estrella, muestran estados fundamentales pues accionan
gravedad, en tanto que, las particulas orbitales o repercutidas, muestran estados excitados por influjo
gravitacional, a propdsito de las bases formales de la TCCR propuestas por este autor en trabajos previos.
La gravedad y supergravedad a escala cudntica son en si, interacciones normales o extremas, segun sea
el caso, entre uno y varios cuerpos subatomicos a razon de sus centros de masa — energia.
RESULTADOS Y DISCUSION.
Aproximacion de Hartree-Fock para campos cuanticos relativistas o curvos. Modelo Matematico.
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U [ K fp(EL ()~ fp(E-()

2/ o \/so(k)2+(%m1)2

f@ | f[ o

. f %(fﬁ(&_(k)) + fp(E-(K)))

mq = my,

(dg,my) = (dap, mar)

(do, m1) = (dp, 0)

(4,m®) with m® > 0

G (g’ m; ). ie.. G(dar,mar; ) = ming (d”, m{"; )
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wyv

Tr{yHfs} = Z Z (yHFS)W.

A UEA
Mulliken __ HF
Pa - Z (v S)uu
UHEA
QIIXIulliken — ZA _ pIIXIulliken
p( ’) f XH(X’)XV(X’)
= | dx’ dx’
v = [ Lt
N

(x| Pulxv) =Z (Xu®i | xvi) Z Ya¥ (xuxp | XvXs)

i=1

N
Y x) = Z ¢i(X)p; (x') = Z Xu ()Y Xy (X"
i=1 ﬂ,V

]/HF(X X') HF

g Y, .
nx) = -G = - > 20O T ()
wy

{

Bl = = ) vl up 1 ov)
0,0

ifr=s<N
otherwise

_ N (1
VA = (o 1777195) =

HFS]/HF

14 = yHF

(@o|H|D) = 0,




N
=) fexo
i=1

EHF * (q)HFlI:I(O)lCDHF)
Eyr = <CDHF|I:I|CDHF)
= (q)HFlI:I(O)chHF) + (CDHF”:I — ﬁ(0)|¢HF) = E(l)

N
AO|ye) = EO|dye) where EO = " ¢,

i=1

5

I
M=
Mm

|
N| =
(Ng
-~
;.:
5
INGE

((iIAlD) + €;).

i=1 i,j=1 l 1

IPPF = Effi ' — Efp ~ —€;,
EANF = B — Eff' ~ —¢,.

_ (¥a+1y2(Ma(o)  foriodd
i) = {ll’i/z (B (o) for i even

N/2 N/2

ERHF—ZZ uilhkp) + > (2lbaby 1 wa)) = Wiy 19,91)

i,j=1
ei(r) = fi(r) = (h + Dy + Dy )i (r)

p(r’)
r'|
1y (r,r")

u(nr) = =3 Ir—r'|

vu(r) = fd’

N/2
Py = > e o) =2 ) piwiE)
g i=1
N/2

p() = ) po) =2 ) [ =y (rr)
o i=1
$2=5-5=) 500 -5(5))
Lj
= . [8:(@5(7) + 8,05, () + 52(005,(3))]
Lj

=S (5 o0807) # $-008.() + $6005.(01)|
ij

|®) = |10, ... ¥w 20 YujaeaBy o YN B).




U U .
52=§(S+S_+S_S+)+SZZ

Yy, = %(XA(rl)XB(rZ) + xa(r)xp (H))
(a(0'1)ﬁ(0'2) - 05(0'2).3(0'1))
lPEIL = %(XA(rl)XB(rZ) — xa(r)xp (H))
(a(0'1)ﬁ(0'2) + 05(0'2).3(0'1))

= ((0.)*1A1(0.)?) = 2(oylhlay) + (0,0, | 0,0,,)
V ={((c,)?A |(ag)2> = (040, | 040,)
Ey = Erur = 2(0g|h|ag) + (0404 | 040,)
(Alh14) — (A]h1B)
1-s
(oyoy | oy0y) = +s)2 [(AA | AA) + (AA | BB) —

2(1
4(AA | AB) — 2(AB | AB)],

(O-uliilo-u) =

(04041 040,,) = [(AA | AA) + (AA | BB)].

1
2(1 —s2)
|PF!) = cos (@) |(ag)2> + sin (a)|(0,)?)
f dxf dx'w(x, x)|Y(x,x)|? >0

hy = (¢k|fl|¢k)
1
Wi, = Ef dxf dx’ | (X (X") — P (X) P (X *w(x,x")

N
2,V
kl=1
N-1

N

1

+5 Z Wii + hyyq + Z Win+1
=1 =1

Nlb—k

(Oyp|H|Pyp) = Z hy +

>

Ez

N
ex = (Prlfldi) = hy + Z Wy -
=1

N-1

(BIAND)= (@iap A1 Pye) + hys —hy + ) (Winar = Win)
=1
= (Oypl A Pyp) + eyt — ey — Wi

< (PyplH|Pyp) — Wy nt1




N
wlwy= > viw; =v'w
2
(F19)= [ drrmgm
=" 1606 (e,
ij

Sij= (i | )

=117 =D 1806 isly 1 1)
Lj
Z (S™ii{e; | f)
J
1= 10fe
k
fi=> 5 ™ylg;1f)
J

(bi | @) = Sij = by

‘LL1> — Ul)a
(u1|v)
u9) = [v9) — u),
2) 2) (i u1>| 1)
(u1|vs) u2|v3)
|u3> |U3> o <u1 %1) |‘U31> T <’U$Q|’U$Q> |‘UBQ>
& (uiln) B m
|tn) = |vn) Z(u |u)|u% = (1 Z (u; [vn)
i—1 7| Y1 i=1 z

u= ) (s,




u) = ) o)),

I t=@ =)™

discrete, |¢;) continuous, |r)
completeness Z lp; W] =1 f dr|r)(r| = 1

L
orthonormality (¢; | ;) =6;; (rlr)=6(r—r")

16 = 1lgy) = f dxIr)(r | ¢o) = f dr|r);(r),
) == 16 1) =) 160gi (@),

(b:10];)= f dr f dr'{, 1 EXEIOIE) (" | ;)
- f dr f dr' g} (O)(r|01r'yp; ()

(r|D1oc|r’) = Vi (1, 1) = V3o (X)8(r — 1°)
|k|?
(K|pIK') = k6(k — K') and (k|T|Kk') = —6(k k")
(rlplr’) =iV 6(r—r") = -iV.6(r—r’')
. 1 1
(r|T|r")y = —EVf,S(r -r') = EVF -V8(r—r')

S(r—r") f dkelk (r-1')

~ @en?
Ui (1,0, ) = Ne P/ 2pt L2251 (0) Y™ (6, $),
(~27+ 5 a0 = L,
2 r 2
Fp(p) = Nyp'*1e™PM(l + 1 F in, 21 + 2, £2ip),

ll;nlm(rr 9' ¢) = Fnl(p)Ylm(er p)-

L= > WainMuinl + [ a1 )" ) in-
Lm

nlm

discrete part continuous part

2 2 2 2
—arg a—Prg — ~—HUR —pT,
e~ %ae~PTs = g HRaBePTP




_aA+ BB

p=a+p, P
p
ap
M=?. Rap = |A = B|

l = ifoo dte_rcztz
Tc \/E —00
1 2
E,(x) =f det?ne*t
0

E = T[y] + V[p] + W[P].

fdx::Zfdr

N
1
T =f dx; -+ dxyWP* (x4, X5, ""XN)Z - EV%‘P(xl,xz, v Xy)
i=1
1
=_EJ‘ dX1 e dXNl'p*(Xl,Xz, ...,XN)Vgllp(Xl,Xz, ...,XN) + -+

1
- Ef Xm dXNqJ*(XllXZﬁ "'IXN)V%NqJ(Xll X2, e ;XN)

N
= 5_[ dX1 dXNl‘p*(Xll XZ! ﬁXN)Vgqu(Xll Xz, B XN)
1
_ 2
= —Ef dX1 [vrly(xl’x:’l)]xllle

y(x4,Xx1):= Nf dx, -+ dxyW(xq, Xy, ..., Xy) X

W (X1, X2, ., Xy)

y(r,r'):= Z y(ro,r'o)

1 1
T == | AV em =5 [ Al Ty,

p(xy) 1= Nf dx, - Xy |W(Xq, Xz, .., Xy) |

P(XIIXZ) = N(N - l)f dX3 "'XNll'P(Xl,Xz, ...,XN)lz

Vipl = | drope)

1
wik) =3 [ dn | dewn - rDp@,)

[(x1X,,X5%7): = N(N — 1)f dx; -+ dxyWP(Xq, X5, X3, ..., Xy ) X

P*(x1, X5, X3, e, Xy )




P(x1,X5) = T'(X1X2,X2X;)
y(Xy,X1) = ﬁf dx,I'(x1X7, X2X1)
p(xX) =y(x,Xx) = ﬁ] dx'T'(xx’,x'x)
irsle[E] = —

Egs = min E[TT].

N-representable I’

E[y] = Tr{L[} =f dxlf dleA,F(xlxz,x’zxi)]

! !
X1 =X1;X=X

1

[=——F7— <—%(V§1 +VE) +v(r) + v(r2)> +

2(N-1) Ity —rp|

E[T] E[T]

A
4/ i1 111

['1212 I'1212

Aw=pw [ dr
v(r) — ¥ — p(r).

(T+V, +W)¥ = E, W
(T+V, + W)Y = E,¥
N
By = E)¥ = (1 = 15)¥ = > (1) = v, ()

=1

N
2 (v1(r;) — v,(r;)) = E; — E, = constant
i=1

Ey = (PT + V) + W|¥y)
<(lP2|T +V + W lP2>= (WL T + Vy + WIW,) + (W, |V — V5| W)

=+ [ drp) @ - v

E, < Ey + f drp () (v (r) — v ()




E,+E, <E, +E,

HK-L  HKAI
v(r) < ¥ < p(),

0lp] = (¥[o]101%[o])
Elp] = (VI Ip]) = Fanlp] + [ drp(ryv(e)
Fuxlpl: = (P[pIT + W|¥[p])

DY) = () (X) = f dx'v (% X )P (x")

(P|V|¥) =f dxf dx'v(x’, X))y (x,x")

gFel.

'Y.V T, 0

Missing regions of y
from FCI caclulations
%fugmwﬁ+?+me

=Qpﬁgywﬁ+me+fdm@w@ﬁ




Fiulpl: = min(@|T + W|'¥)

J' dr, p(r)p(ry)

Ir; — 1y

Whylp]:= J.

3
Tre[p]: = CTFJ drp(r)5/3, Crp: = 1—0(37T2)2/3

E[p] = Etelp]: = Trelp] + VIp] + Wylp].

lpk (l‘) — Q—1/2 eik~r

2mn;

ki=Ti—xyznl—0+1 +2,.
k) = ! k|?
et =5 1K
z Q Z L—co Q dk
=>3 - —3f :
Ny, Ny, Ny (27‘[) kaxky k2 (27[)

Ti[p): = gnin (¥I71%,)

d1(x1) P2 (x1) ... Py(xq)
W (x, _i ¢1(X2) ¢2('X2) ¢N(:X2)_

e, Xy) =
VN1 : : . :
d1(xy) P2 (Xy) o dn(Xp)

N
VXY =) G (x).
i=1

N
1
Bl 8Y =5 [ TR = =5 @710
i=1

Lp [{d)' ¢*}: Us, E]: = Ts[{(l)l ¢*}]_Z Eji((¢i | ¢]> - 6ij) +

ij

| arum (Z $e(ro)l? - p(r))

N
_ 59
= [ axy, (5"’ ®) 6¢l( MTCRA (X))

i=1

SL,

N
1
= =SV = ) 606 + v (o).
=1

RTHORE




(—%vz + vs(r)) $i(x) = ZN: ¢ (X)¢€ji-
j=1

N N
.1 1
T, = EZ (Vpi | Vepy) = —5; (V2 | o).

N

(—%Vz + vs(r)> Pi(x) = Z €ij$; (%)

j=1
1
(—EVZ + vs(r)) P (X) = &P (x)

_ _ (Y@+1y2(a(o)  fork odd
Pul) = Gxlro) = {wk/z (OF(@)  forkeven

N/2

B ) =2 ) i)
i=1

[ a

Ts[p] = Lp [{e; (o], (»b: [p]}' vs[p], G[p]]

SWy
Sp(r)

p(r)

6Ty [ 9L, §¢p;(x") aL, do; (x")
5p(0) Zf o (a¢i(x'>p 5p(0) T 2476N|, Sp () >+
, OLp 6175(1") aLp 66ij aLp _

J ar (), 3o+ L dey| 5ote) ' apmy], T A

Elp] = Flp] + V[p] = Ts[p] + VIp] + Flp] — Ts[p],

=:Enxc[p]
Exclpl: = Enxclp] — Wulp] = Tlp] — Ts[p] + Wiclp]
=:T[p]
f drép(r) =0
O6F O6F 6F
0 =06F = f drSp(r) 6p(r) = c= 5o () = 5p(0) + v(r)
oo SE 6T o)+ S Eyixe
~ 8p(r)  Sp(r) 8p(r)

Us[p](r) = v(r) + vu[p](r) + vyc[p](r),

W, ' OExc
vylp](r): = 5 i =f dr’ p(r)

r W’ch[P](r)i =500

6p(r)




P(ry,
W=_J' drlJ. d2 (ry, ry)

-1l
p(l‘|l‘ )_zp(rvrref)
ref’: p(rref)
_ 1 p(l‘ | rref)p(rref)
B 2 .f er drref |l‘ - rrefl

| Trep) p(Trer) — p(X)p(Crer)
[T — regl
Pxc (I‘ | rref)
|I‘ — Iref |

Pxc(T | Tre):= p(r | Trep) — p(r) = ((’—I:)f) p(r)

1 o(r
VVXCI =W — Wy= Ef dl'J. drref

1
= Ef dl‘f drrefp(rref)

f drpy(r | rpe) = —1

1
Py(ry,1r2) = p(ry)p(ry) — 2 |Ys(l'1,l'2)|2-

1 h’s(r rref)l

(rlrep:=
Px ref 2 p (rref)

Pxc (T | Tre) =: px (T | Treg) + pe(r | Trep).
f drlf dr,P(r;,1,) = N(N — 1),
Pk, X2) = px1)P0K) — G o)1
Pry 1) = p()oe) — 3 sy 1)
Px(r | Trer) = —p(1)/2

Ep = (B H;|W2) = (PoIT + Vy + AW [W)).

9E
=¥ )Ll m) (Hellman-Feynman)

A

(‘P)L| |‘p,1) + (P W 9))
fd (r)avl() f fdzpzl(rbrz)

Ir; — rp

P_(rlr 1'2)

1
=f drp(r) (v1(r) — v (1)) +§f dl'1f dr,

Ir; — ry




1
13(1‘1'1'2):=J dAP,(ry, 1)
0

P(rlr rZ)

1
EHXC=T_TS+WHXC=§-[ dl‘lj drz |r1—r2|

£, = 1f dl‘1f dr, P(r;, 1) _P(r1)P(r2).

Ir; — 1y

P (l‘, l'ref) _

p (rref) P(l')-

Pxc(T | Trep): =

1
px(r | l'ref) = —Ep(l‘).

1
E Ry_ =C —
ur(Ry—g — ) 2Rin
] N 1 ) 5¢
¢ = lim Egup(R) = 2(A|h|A) +E(AA | AA) = {*—2¢ + e

p_)l(‘(]:)A(r | l'ref): = ﬁ)lg:EG(p(rref)r |l‘ - rrefl)-

J1(7) _ sin (y) — ycos (¥)
y y3

k3
YsHEG(kF'Tu) = H_Z](kFﬁz)J(Y) =

WPALp] = Gy f drp(D)*/3,C,: = %(_)

3
WX (o] = S aW P[]




j AXpPME | Treg) =~ fo dx(q())2.

YHEG (kp,1y,) = dkelk T2

43 g,
f dxel*® = 218 (k),

s:= |Vpl|/(2krp)

—_ A . =
p)?cE (I‘ | rref)- - p}l({cE

G(p(rref): |Vp(rref)|: |l‘ - rrefl);
1 N
0= ) VhiP.
i=1

_ (1) — tw (©)

a(r) THEG(r) ’
1|V 2
() =g et

3
THEG(r) = Crpp(r)%/3; Crp = E(37T2)2/3

N

1
70 = Y &g = v (Dpx) + 7 72p(0)

i=1




B D T

g UK Il = =

[
A.«E 1 _ kv <Q4xm MO_. n_v M_
Qo.— Ly _ kv <Q4xm




E)I?C3PW91 =E)YCW5 + aO(E)((ExaCt _ E)\(TWNS) 4
ax(E)](BSB _ E)\(/WNS) + aC(Eg’W91 _ EXWNS),

egomo = —lo = Eq(N) — Eo(N — 1).
p(r — c0) ~ e=/2h7
PYr(r = 00) ~ e V2T

Flp] = minTr{{'(T + W)}
I'-sp

B) = Jcos? ©)]a,®[* + sin? ©)lo, @I

Wscelp] = %ninTr{f‘W}
~p

Fp] = Ts[p] + Wscelp]

No(x) = f dyp(»)

Ty +1p d g — Ty
an = )
R 1 R

i=

x = 2@ DA77 and 2= 5y

2




3
|
DO

&#

xy g [VE=DA—-n?cos (¢)
te <Z> ~2 J(E2=1)(1 —n?)sin (¢) |-
n

Jr or ar
(€ € €p)=]= (a_f an @

’ 7cos (@) -
5/52—_15111((1’) =1 1
n

cos (@) —V(E*—1(A—n?)sin ()

—in(@) V& DA - 708 (@)
;

R
Ap = leg| =5V - DA -1

R3
dr = AgAyAgd¢ dy dp = —=(§% = 1*)d¢ dn d¢p




1 (02250  0Adpd 9 Ahy 0
vi= + == to5
Ay, ,1¢, 0§ Ay 0¢ an A an o9 /1¢ o

=R2(52 -y [af - )a_f+%( _”2)_+
1 1 0°
(52 1o n2)6¢2]
F:X > K,
Fi[v] = Vi.
OF;[v] _
v, i
Fplv] = v’
2
OF, vl .,
Taw, -V

aFa[v] a — a
avk avkz (F[ ]) Z a (F [V])

n
aF v
= ) a(FvDe [ ] Z avf oy = avg™

i=1 i=1
Klfl=f®)

SE(f]
Sf(x")

= 6(X - X’) = 5(1‘ - r’)aa,a’

- | axre

Flf1 _
5f ¥

=a(f(y)* !

5Fa[f] a
S0 =7 WD = [ o G

SK(f]
5f(y)

- f dxa(F(x))¥16(x — y) = a(f (y))*?

- f dxa(F[f])

F[f + eh] - F[f] dF[f + €h]

DnF[f] = lim

€—0 € de e=0




1
DaFIf1= lim = [ axl(F G0 + eh)® = ()]
= lim f dxa(f ()% h(x) + O(€)
f X 0 (9

aFa

L[f] = ] AXL(f (), VF (X))

1
DpL[f]= lim = J dx[L(f (X)) + €h(x), V(f (X) + eh(x))) — L(f (), Vf(¥))]

= lim f dx —(x)h(x) +m(x) Vh(x)+0(e)]

fdx[—(x) V- —(x)]h(x)

of ovf
_f( )m( )
oL 9L GOk o oL 0L
Sf(x)  of ovf 7 af(x) aVf(x)
min f()

subject to hj(r) =0 forj=1,..,1,

f =dop +dgp.







Vf(P) + AVA(P) = 0.




f = const.

. vid

> L

l
L(r,A) = f(r) +Z Ajh;(r)
j=1




l
VA + Z AVhi(r) =0
=1
hj(r) =0 forj=1,..,1
: — A2
min f(xy) =x%y
subject to x? + y2 =3

L(x,y,1) = f(x,y) + Ah(x,y) = x%y + A(x% + y? = 3).

oL vy +21x=0
ax YT =D

L xryaay=0
ay_x =5

oL
—_— = 2 2 _ =
i x“+y“—3=0.

x2 =2y =0 = x? =2y>
3y2=3 = y=+1.
h(x,y) =y — (ax + h),

Vh(x,y) = (—a, DT

f(x,y) =dop +dpr =Jx2 +y2 +/(x — )% + 2

af 2x 2(x —c¢) X x—c
— = + =—+ ,
0x 2 /x2+y?2 2\/(x—c)2+y? dop dpr
of 2y 2y Y Ly

= + =
0y 2x2+y? 2 /(x—c)2+y? dop dpF

JdL  of dg X x—c

ox ox rax dgy T dpe =0
oL d 9
OL_9F 299 _Y , Y 4,0
dy dy 0y dop dpc
ax+h=y
(1 + 1) c + (1 4 1) 0
dop dpc) " dpe  “N\dgp T dpc)”
- (1 4 1 )( +ay) c
— t+—)(xt+tay)=—
dop  dpe Y= dpe
dpc _
o —+1|(x+ay)=c
dop
dPC C
@ [

= -1
dop x +ay

- (x—c)?+y* c—x—ay
x? + y?  xtay




(x—c)P+y*> (x+ay—c)
x2+y2 (x4 ay)?

(x = c)* +y>)(x + ay)® = (x* + y*)(x + ay — ¢)?
(2 +y3)(x + ay)? + (c? — 2cx) (x + ay)?
=2+ y)(x+ ay)? + (x? + y2)(c? — 2¢c(x + ay))
(c —2x)(x + ay)? = (x? + y*)(c — 2(x + ay)).

tgd¢Q

Lh. =(c — 2x)(x + a(ax + h))?
=(c —2x)((1 + a®)x + ah)2
=(c —2x)((1 + a®)?x? + 2ah(1 + a®)x + a?h?)
=—2(1+ a?)?x® — 4ah(1 + a®)x? + c(1 + a?)?x? —
2a%h?x + 2ach(1 + a®)x + a?ch?,
rh. =(x? + (ax + )?)(c — 2(x + a(ax + h)))
=((1 + a®)x? + 2ahx + h?)(c — 2ah — 2(1 + a?)x)
=—-2(1+a?)?x® —4ah(1 + a®)x? + (c — 2ah)(1 + a?®)x? —
2h2(1 + a®)x + 2ah(c — 2a)x + h?(c — 2ah).

0 =1Lh. — r.h.
=[(1 + a?®)(c(1 + a?) — (c — 2ah))]x? + [@?ch? — h?(c — 2ah)] +
2[cah(1 + a?) — a?h? + h?(1 + a?®) — ah(c — 2a)]x
=1+ a®)(c + a?c — ¢ + 2ah)x? + [a?ch? — ch? + 2ah®]
2(ach + a3ch — a?h? + h? + a?h? — ach + 2a%h)x

=a(1+ a?)(ac + 2h)x? + 2h(a3c + 2a’h + h)x + h?(a?c + 2ah — ¢).
D =h%(a3c + 2a%h + h)? + h?(c — a?c — 2ah)a(1 + a?)(ac + 2h)
=h*[(a3c + 2ah + h){a®c + 2a®h + h} +
(ac —(a3c+ 2a2h)) ({a3c+2a’h+h}+h + ac)]
=h?[n(a3c + 2a®h + h) + ac(a®c + 2a’h + 2h + ac) —

(a®c + 2a?h)(h + ac)
=h%(h? + 2ach + a?c?)

=h2(ac + h)?
_ —h(a®c+2ah+h)+h(ac+h)  c—2ah—a’c
X a(1+ a?)(ac + 2h) (A +a?)(ac +2h)

_ c—2ah — a?c 1
= a(1+a2)(ac+2h)

ac —2a’h —a3c+ ac+ 2h + a3c + 2a®h

(1 + a?)(ac + 2h)
2h(ac + h)

- (1 + a?)(ac + 2h)

@)= {7 - € [ @P + [T < oo}

f dsL[f(s),Vf(s),V2f(s),..]




6L, _ oL oL ., oL .
5f(s) ~ 9f(s) aVf(s) av2f(s)
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0102 __ 10102 01020304 __ 10102030,
hsysy = Pisy1)(s,+1) 309 ssy505, " = Ris 113 (5, +1) (53 +1)(5,41)

hivy+1) = hij and by e+ = Rijen

1 .
X

1 .
m

- Z ijSiS;
ij

M M
H=ZZI djd +aM za)(aM ]a]+a*dM i)

i=1 j=1
&}, e, A, A, + he
k1 + k3 - (kz + k4_) =0 mOdM,

(Plaf a,af a, W)= (Plaf ap,|$NPlaf d,|¥)
—(W|af a, |PNWPlaf ay,|¥).

_ ) ) +) =)
H=) Jy|(nf? —n{?) (nf” —n)],
ij
+
nl({i) = C,S,i) clgi)and Ci(i) =(a;xa_y)/ V2

2], =057 =1
M

sy = 1_[ (c (+)*) (ci(—)*)fiwac),

i=1

(s|H[s) = Z Jij(0i0; + 117 — 07 — 0y7).
i,j

(SlHlS) < 4'Emin'
M 1-0;
1_[ (+)T )*) ! vac)
i=1
Jigjp = Jiaja = —Jiajp = —Jig,ja = Jij-

E' = 4F — NC.

{hij : hij = hi+1,j+1} and {hijkl: hijkl = hi+1,j+1,k+1,l+1}




M
qu =Z CpiRiC* _ZZ SC C* + = 6
i=1

pqrs

) YT CHES |
i L T
1
+§Z hpp +§Z Aprrp-
p pr

H({Jy}) = —Z JijSiS;

- Z Aprrq/z
pm

Gpg = Z PorAprsq = Z Psr1r+18p+ir+1s+1,g+1 = Gprig+1
rs s

E(P) =—Z Z CiCaiCriCojApras | SiS)
I |

M
N 1 .
kY = e~ 2mikx/M |,
) ﬁMx; |x)

Cn = exp (—i2mkn/M)/NM as CFCT = A

ij = Z C;icqic:jcsjAprsq/B
pqrs

pqrs = MZ Cqu(Crqut - CsuCrt)*]tu-

- Z Aprrq/z
p

By (S) = Hi(S)+ ) Jonn

0 -1 -

O R O K
OR R RO
o

;I©)

2 = HORO),




[W(®) = [$1(O)P2(E) - dn (D))

M
30 = ) Cu(®)li)
k

Epq(t) = hpg +

L& 1 1
Z Z Crr () Cs (B) ((xpxsl — Ixqxs) — (xpxr] — Ixsxq)) .
K ee ee

rs

nuc

1 Z;
g = (ol =572 = ) )
i

prs(©) = ) C(OCok() = &)
k

Eyq(t) = hpq +

Z 1 1
prs(t) ((Xp)(sl r |Xqu) - <XpXr| r |XsXq)>-
pope ee ee

h(t)=F@)+D-E(t)

g _
i— = = h(©)Igi()

[W(t + 8t)) = U(t + 8¢, )| (t))
U(t + 6t,t) ~ e~th®ot
Pt +86) = [ip(t + SO)W (¢ + 60|

RIDARYKR)RID =AQR)(RIDAR R),

Ao At A
F = Fijal- aj

F;; = (¢ilF|¢))
ij

;)

D;j = (¢;|?

ala, =(IQ®I1-2Q1)/2
al i =(IRI-1Q2)/2
alaj =[XQX+Y QY +i(XQY —Y ®X)]/4




00 0 0
t+ _loo 0 of_0 01 0
4% =10 0 1 0 "[0 1]®[0 1
000 1
000 0
t o1 0 of_p opu(0
“i+1“l+1_0000_[0 1]®[0
000 1
0 0 0 O]
000 0
4%+t =g 1 0 o0
0 0 0 o
0 0 0 0]
+  _loo 10
Y41% 1o 0 0 0
0 0 0 o

h(t) = Z [Fi;(t) + DyE(®)]a] &

L,i+1

>
Il
>
=
+
=
v

hi= ) Gy
i
Gij = F;j(t) + DiE(t)
;= aja;
€3]
hy= ) Gyalg,
ij

e—itfz2 — e—if(Gi,i+1a;rai+1+Gi+1,ia;r+1ai)
e—itﬁz = o~ itGii+1(X®X+Y®Y)

—ithy — ,—it(GyiAi+Gitq,iv17iy).
e 1=e ( LT Ui+1,i+1 11)’

e —ithy — e~ it[G1i(Z®N+G 41,141 (IQ2)]




v rs

(ZRV(L1QZ)(ZR1)=(1RQZ)(ZR1)(1RX)

R1(01,07) X Ry(ay,a3) = R'(6, + 1,0, + a3),

-N

1 0 0 O
0 0 ei® 0
FSWAP(6) = 0 0 o
0 0 0 1




e —it(a;rai+1+a;r+1ai) -

Ry (1/2) - Ry (t/2) - Ry (=1/2)
—Ry(m/2) = Ry(t/2) — Ry (=7/2)

FSWAP = —R,(1/2) — Ry(n/2) — R, (~7/2) —
—Ry(m/2) = R,(7/2) — Ry (—/2)

FSWAP x ¢~ t(@l ainr+aliai) _

Ry (/2) - Ry (t/2 + 1/2) - Ry(=10/2)
—Ry(m/2) = R,(t/2 + m/2) — Ry (—1/2)

=5

~

" YBE |

3t [ t,2t,3t,../

A

e (G +GopTip ) — p—it(G1a7i1) ¢ o—it(G2eM2) 5

Zy

e —it(Gyny) — P (tGii);




E(t) = (wt/2m)sin (wt)Eyax for 0<t<2n/w
E(t) = sin (wt)Epax for  2m/w <t < 4m/w

E(t) = (3 —wt/2m)sin (wt)Eyax for  4m/w <t < 6m/Ww
E(t)=0for t<0andt=>6r/w

th AN W N

—

N-layer
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() = HOWe(), k = 1, ..., N; (P (D), P1(1)) = b
P (t) € L2: = L2(R3)

H(t):=—-A+el,(x) + eV, (x,t)

p(,t)

K T

N
dy.p i =e ) e <0,
1

IK(t) = [H(t),K(®)]

N
K(©:i= ) @)t
1

K*(t) =K(t) = 0,K(t) < LtrK =N

p(y,t):=eK(y,y,t) <0

N

Z (xx) + V(%)

1

M
|€|Z] _ e
Vn(x):=z :Ve(x):=z o=
1 [x = %] <1

!
E:= min {E (‘P, H‘p): ”‘P”Lz(RsN) = 1}.

Y(x,t),x € RV

V(% t) = HY(X, t): = — Z A W(E L) +e
1

1
Y(x) = ﬁdeupk(xl)

(Wr, W) = 6k

—<‘P H%—S”P(W)—ZZ f IV (O [2dlx + = f v, ()p () dx

+Zf PP dxdy __f IT(x y)l2 dxdy

|x =l
N

p(x) = eK(x,2),7(6,y) = eK (XY, K(6y)i= ) PP
1

K*'=K>0,K<1,trK =N.

POIPM) | dxdy __f Ir(x y)l2

1 1
EHF(K) = —EtrAK+§f V() p(x)dx +4f =]

dxdy

Yy = (V.. Py) eEBY X

EHF: = min{€MF (Py): ¥y €eS(N)} = E




K =K() = ) W%

Wy = Wik =1,..,N) > &y = (¢ = Z Uik =1,..,N), Ue) € UNN)

N
DkaEHF(lPN) = Z Akll'pl,k = 1, ,N
=1

D' = Dpioy + 1Dy
Pr(x) = ReWy (x) and g (x) = Im¥ (x)
Dy, EMF(Wy) = HY,,
D: = C2(R?)

H(Py) = —-A+elp(x) +el,(x) +eT.

7(x,y)
=] Yy(»)dy

[ P _
he = [ 2y v = - |

N
H(‘PN)LIJk = Z llkltpl,k = 1, ,N
=1

H(®y) oy = e, k=1,...,N
KG0Y) = ) 2ty @0 () = 80, 0 Ay <1, ) 2 = N
EHF = min{€#F(K):K* = K,0 < K < 1,trK = N}
iWe(x,t) = HOYr(,t), k=1,..,N.)
H(t) = HY ()

H(t):=—-A+eV,(x) + eV, (x,t) +eT(t)

Y(y)dy

Vo, 6) = l‘;(f' ;)l dy, 7w = - | Tl(;"_y 'ytl)

N
Ky, 0:= ) (o %09
1

iK(t) = [H(t),K(D)]

K = ww”, or equivalently, K(x,y) = f w(x, z2)w*(z,y)dz = f w(x, z)w(y, z)dz




et ye=g [ [IWawe 2 + [Tywe )l drdy + [ 1460+ 0 lIwee ) dxdy

P[] PO 4y L[ G y)|2 dxdy

. . . 1
p(x) =eK(x,x),T(x,y) = eK(x,y),K(x,y): = E,[ w(x,2)w(y, z) + w(z,x)w(z,y)]dz
K= E{W,W*} =3 [ww* +w*w]

dxdy = €M (K)

pOIPW) dxdy __f IT(x y)l2

~ 1 .1
EHF (w) = —EtrAK +§f Vo ()p(x)dx + 4f =]

N
K= il
1

K=w=K,p=pi=r1EF(w) =MF (K.
W, Y, t) = 2D EFF W(, 1) = =By + Ay |w(x, y, t) + -
Divyy: = Dw,xyy + iDw,xy)
wy(x,y¥) = Rew(x,y) and w,(x,y) = Imw(x, y)

H(t):= —A+ eV, (x) + eV, (x,t) + eT (t)

p(y t) txyt)
EE T OWe) = - f e

iw(t) = {H®),wt)}:= Ht)w(t) + w(t)H(t)

H(t):=Hy +V(t),Hy:= —A + eV, (x) V(t): = eV, (x,t)

V.(x,t) =

Y(y)dy

p(x)p(Y)
|x — vl

ERHE () = —tr[HoK(t)] + = f dxdy

iw(t) = 2Dz ERFF (w(-, b)), t €R

2
||w||f,s = Z f |6("§C'y)w(x,y)| dxdy

|ar|<s
0fw € L2woZ € L2|a| <

w(-) € X:= C}(R,H®) n C(R,H?)
iw(t) = {A@),w(®)},t ER

2Dy ORHF (W) = {H,w} € H°,w € H?

H=Hy+ eV,(x)




16%)
d
x—y "

0= |

K(t): = w(Ow*(t)
w()eX
—iw* () = wr(OHA®) + Hw*(t)

iK(t) = iw@Ow(©) + ww* ()] = [Aw + wHIw* —w[w*H + Aw*| = [H(t),K(t)]

S PO 1 [ W, DW(,2) +w(zy)w(z,y)]dz
W = [ 25 =3 x>l v

sup |7, (x)| < Clwllgollwllya
x€ER3

1f w, 2)Ww(y,2z) + w(z,y)w(z,y)

V,(x,2) == d

Ve (x, 2)| < CUWC DI IVaw DN+ Iwz ) - Vw21
F(w) = {Ve,w}

IF(w) = Fw)llgo < C(Iwllga + ' Il lw — w'llgo.

_ [ w, 2)w(y,z)dz
Fl(w)—wf x| d
w(y, 2)W(y, z)dz S WO Dw(y,z) —w' (v, 2)w' (v, 2)]dz dy

R0 - Bw) = v -w) [ JERDR0DE, v

=fWWQM%@_WW””“@+WW@M%@—wm@wm@¢f
x =l
< CUVwC DI - I 2) = w' G AN+ VW G - Iw2) = w' (D))

sup f [1(x, 2)|dz < C(Iwllgz + [lw' llg) lw — w’ [l o
X€

IFW Iz < Cellwllg: lIwllyz
IFW) = FOw)llgz < Ce(Iwllze + W' llZ2)lw — w'll 2

1Fr (W) o |AFy (W) [l o [l Fy (W) Ao

w(y,z2)w(y, z)
F, =wf ——dy
“ |x — |




w(y, 2)w(y,z) d
ly" =yl

Ay’Fz(X'}") =0 F(x,y")

E(x,y) =w(xy")

AZFZ(x' y')= 4-7TW(X, Y') : W(}”' Z)W(y,' Z)

w(y,z)Viw(y, z)
|x — ]

Viw(y, 2)w(y, z)

w(, 2)w(y,z) d
|x — vl

|x — |

dy + ZVZWJ

+2V2wJ dy + Asz
K,(x,y") = 4nw(x, y )w(y', 2)w(y’, 2).

| 1Ry Iy Clw e w2 ey € DIy

< C||W(X,')||12_I1(R3) lw(, Z)||12.11(R3) lw(, Z)||12-11(1R3) ’

1K o < ClWllie ) IWC, 2) s w19 C 2l o)

IF,(w) = FLW)llgz ~ IFs (W) = FrW)llgo + IA[F; (W) — Fy(w)]llgo + I[F1 (W) — F1(w")]Allgo.

iw(t) = {Ho,w(t)} + {V (£), w(t)}.
w(t) = Uy(t)C(t)Up (D), t € R,
Uy(t): = exp (—iHot)

Ww(t) = {Ho,w(t)} + Uy (&) C () Uy (1).

iUo(O)C(OUo(t) = (V (1), w()}.

t

C(t) =C(0)—i f Up(=5){V (5), w()}Uo(—5)ds

0

t
w(t) = Uy ()W (0)Up(t) — i fo Uy (t — )V (s), w(s)}Up(t — s)ds, t € R

{V(®), w(®)} € C(R,H?)
Xei=Ci(—¢,6H®) N C(—¢ & H?)

e =¢(Cp, |Iw(0)|lygz) >0

e = £(Cp IW(O)ly2) > 0

w(-) € CX(—¢,&HO).

”Uo(t)W(O)Uo(t)”Ho + ”Uo(t)W(O)Uo(t)”Ho ~ ”Uo(t)ﬁoW(O)Uo(t)”Ho + ||U0(t)w(0)ﬁ0U0(t)||H0

(V(t),w(t)} € C(—¢,& H?)




EMF(w(t)) = const,t €R

plx, )P, 1)

~ 1 1
ERIT (w (1)) = 7 trlHow(O)w" (1) + How* ()w(D)] + Zf [ = ]

dxdy

ERMF (w(t))= %tr[W*(t)HOW(t) + How (O)W* (£) + w(t) How" (£) + How" ()W (8)] + %(Ve(x. £, A(x, 1))
1 1, .
= 7 trl{Ho, w(OW* (©) + {Ho, w* (W (D] + 5 (e (x, £), p(x, 1)

1. . 1 .
E(Ve(xf £),h(x, 1)) = Ztr[V(t)(W(t)W*(t) +w(OWw () + W (OW(E) +w (OW(D))]

1 N N
= —tr[{V (&), w@©IW* () + {V (&), w* () }w ()]

T4
AERHF (£): = ERHF (w(t + At)) — ERHF (w(t))

Aw(t): = w(t + At) —w(t)

ERHE (W () = %tr[{Ho + V@), w* (W (©) + {Ho + V (©), w®) ™ (0)]
w(t) = —i{Hy + V (), w(t)}
W (0) = i{Hy + V(6), w* ()}

{HO + 7V (1), W(t)} and {HO + 7V (1), W*(t)}
Q(t):= f p(x,t)dx = const,t € R

Q(t) = etrK(t) = etrw(t)w*(t) = etrC(t)C*(t)
iC(t) = VL. (OC ) + C(OWVR(), VL) = Us (O (©)Us (1), Vr(E) = Up(OV (1)U (1)
VL), Vr(t) € C5(R, L)
V,(x,t + At) — V,(x,t)

L= L% L% —iC*(t) = C*(t)V,(t) + Vr(£)C*(b)

d
i[O O] = V.6, O ®]
[[w(t)||go = const
[[w(t)|| = const,t € R

v, (t,s) =V, ()U,(t,s), tseER; Uy(ss)=1I
iUg(t,s) = Ug(t,s)Vr(t), t,s€R; Ug(s,s)=1I

U,(t,s)U,(s,7) = U(t, 1), Ug(t,s)Ugr(s, ) = Ug(t,7),t,s5,mr ER




V.(t),Vr(t) € C(R,L)
VL(), V(UL (t,5) = iU (¢, sV, (L)
% [UL(t, )UL(t,$)] = UL (¢, $)UL(L,s) + UL (¢, 5)U.(t, 5)
= iU} (t, )V, (t, S)UL(t, s) — iU; (8, s)V,()U.(t,s) = 0,t,s €ER
Ui (t,s)UL(t,s) = Uj(s,5)U.(s,s) =1
w(t) = Uo (UL (&)U ()w(0)Us (1)U (£)Up (1), t € R

Iw®llg: < Cy,
Iw®)|lgz < Cre%lt t € (—¢ )
t € (—¢¢)

t
Iw®llgz < € [”W(O)”HZ +f0 II{V(S).W(S)}IlnzdS].t € (-¢¢)

t
Iw®lluz < C|lw0)llnz + CFfO ”W(S)lllz-llllw(s)llﬂz] ds,t € (—¢¢)

N
w() = ) O (o)
1

EHF = min{E"F (w): ||w|| < 1,rww* = N}
EHF () = EFF(R)

. 1
K:= E[WW* +w*w] =0

trk: = trww* = trw*w = N
lw] <1
R(0): = 5 I (Ow* () + w* (Ow (D)
K(@®):=w(®w*(®)
K()=0,K(t)=0
trK (t) = trK (t)
trK(t) = trK(t) = N

IROI<LIKOI<LteR

Iw@IIK(®): = wOw"(t)




1
[1 = - Z [(AxW(X, y),W(x, y)) + (Ayw(x' y)r W(xr y))
1
Dyl = — 2 [Aaw(x,y) + A, w(x, y)]
e
~1 f [V (x) + Va1 Iw (x, y)|*dxdy

Ditepylz = = [V () + Vu)Iw(x, ¥)

ﬂ p(x’)p(y ) dx'dy’

N

p(y )
Dyeyylz = .U- | w(xy)p(x )dx'dy’

Doy ()] = = Dy f [w(x', Dwx,z) + W(Z,x')w(z,x’)] dz
= 6[5(x — 0w, y) + 8(x" — y)w(x, x")]

Dacnla=5 || o (f ) [5G — 0w, y) + 8’ — ywa x)]dx'dy’

e p(y) ef Q")
= = WX, d ,+_ le dx,
2) k=] (x, y)dy 2) =y xy)
f p(y)
|x
117G, y)I?
I =——f 7 dx'dy’
T =yt

1 T(x',y )Dw(xy)T(y x)+IQ,x )Dw(xy)T(x Y) L
w(xy)14 =—7 x'dy

lx" —y'l

Pate T 3)= 5 Dty | W', WG 2) + Wz ow(z,y)] dz
= e[8(y —0w(x',y) + 8(x" — y)w(x,y)]

__e ([ T&LyOIG 0wl y) + 60" —ywlxD] L
Dw(xY)I4 = 4ff Ix" — '] x'dy
_iﬂ t0OBG —DwE',y) + 8G —ywCy)]
lx" —y'] Y

e ([ ey WwQ'y)  , e(f T, wlx) |

=3/ ey -3l oyl

—iff T(x, xHw(x', y)dx eﬂ‘ T ywlx,y" dv’

lx’ — x| ly — 'l Y

e , )w(y D gy [[ Hen)

lx" =yl




Egsi = inflo(H): w € Z}.

EHFB: = lnf{(l)(]H[) w € qu}

D:={(). 42 y)eB(sjeag)o<(a* ) < lseer =7 € Bi(®)a’ = —a),

1-y
EHFB = lnf{E(F) F € D}
u v
Usog:={(5 2)€UG®H):ve By(9)]
Upog XD = D,U T = UTU*,U € Upog, I €D

O(): = {UTU*: U € Up,g}

upoe = {(5 ) B ®9)ixs = —xi,x; = —xf € By(9))

IG: %)
X2 X res

O(F) = UBog /U]gog

: = 2max{{|x |, llx[l2}

. 0 0
O() € iugeg + (0 1) = lugeg + P
sp(X,Y): = Tr(X[il,Y])

Upo:={(; 1) €USDH):ve B}

v ou
(Z ﬂk¢k> Z K Pre
k=1 k=1

pi=p,—p =t °)

0 -1
B,(5 @ §,D):= {X € B($ @ $): [X, D] € B,($ & $)}
X X
= {2} 32) € B® @ 9):x12, %21 € Bo(H)}.
1 les - = 2mas{ls ll, lza sl ez 23,

UBog = BZ(g) @55,[))

NUXlres # 1 X[lres and [|XUllres # [I1Xlves

U € Upog and X € B, (H @ $,D)

(0
n=(, q)

((f1, 2),1(g1, 92)) = (91, 92), 1 (f1, 2))




(f1.2), (91,920 EHDH
GL($ D $,1,D):={G € GL(H D $):G~' =IG"1,[G,D] € B,(H D $)}

-1 T T
{6 S easen( 5 =5 5F) s no)f

931 911
Upog = {UeU®® H):U=1IUI[UD] E€B,(HDH)}
= U($® $) NGLy(S © $,1,D)

gl(H D $,1,D0):={X € B(H @ 9):X = —IX"],[X,D] € B(H ® $)}
= 23 ) €86 @9y = s € By($) 0 = —xfy € By(®)].
g (@ H, [, D)p:={X €gl,(H D $,1,D): X" = —X}.
gl(H D $,1,D)
Jo: 9% = % Jof = if GL(H¥)
Ores(H®): = {0 € GL($®): 07 = 071,10, J,] € B,(H®)}.
[10lles : = max{]| O], 1o, O1ll2}, O € Ores (H%)
res(H®): = {4 € B(HR): 47 = —4,[4,],] € B,(H®)}.
A€ B(S®)
A €0, (H®)
A, € B,y(5®)
G:=GL(H D 9,1,D) and g: = gl (H D $,1,D)
Upog = {X €u(H @ 9): X = IXI,[X,D] € Bo(H ® 9)}

X1 X2

={(5, %)€BE®D)n=—xix =€ B9} =0r

IG 2

= 2max{]||ull, [lv|l2}
Ies

CH 0res (g)]R) - UBog

2(0) = (3 ) ifandonlyif 0 =u+vlo,u =0, vlg = 0q

U
igri={XegX=X"}

Upog X igr = G, (U, X) = Ue*

T (UBog) =17,




indUBog:UBog - Zz,indUBOg ((1; Z)) dimker(u)(mod2).

Upog = {X € g:e™® € Up,,, Vt € R}
U = gri={X € : X" = —X}
igp: = {X € g: X" = X}
0EWCgl=14q5€VCG
exp (WnuBog) =VnUBog
x=tg=Y e 5050

=
He:=(9%),
Hc = H® x H*
$c = H¢ D ¢

1
U:SB*SBE.Uf=E(f.—if)

C:$¢ = 96 C((f,9)) = (f.—9)
H® = 5% x {0} = {(f, 9) € Hc: C((f. 9)) = (, 9)}
CHE = ¢
$ @ $ and H¢ = HF D H¢

T:$®$ - 90 T((f,9)) = Uf + CUlog =%(f+gii(g'—f))

B($ @ $) - B(H¢), X » AdrX = TXT™*
Ores(H®) = {U € U(H): UC = CU,[U,]] € Bo(Hc)} 0 + Oc.
E: Ores(H™) = Upog E(0) = T720cT
indg__ : Opes (H®) = Zy,indg_ (0) = dimcker(0 — J,0J,)(mod2)

indy,,, (U) = indo,, (E™*(U))

res

WIW* = (A 0 )

0 1-A

pipj = 6;jp;, dim(ran(p;)): = m; < oo




.
A= Z Aip;
-1

A€ (03], 21,2 # 2if i # jand Ti, myA; < oo
o) ={01} U {A;}i=; v{1 - A},
o(I) = 0, () U 05 (I)
op(1) = {Ai}i=1 U {1 — A;}i=; and o (1) = {0,1}

U-T =UlU"U € Uy, T €D

r=rra.U=(5 g

U-T = (uyu* +va'u" +uav* +v(d —-y)v* uyv* +va vt +uait” + v(1 — )7)&*)

vyu* +ua*u* + vav* +u(1 —y)v* vyr* +ua’v* + vau* + u(1 —y)u*
O() = {UTU*:U € Ugyg}
Ubog: = {U € Upog: UTU =T}
UBog: = {X € upog: €™ € Ufoy, Vt € R},
UBog = {X € upog: XT =TX}
X" =Trtx)",n=>0
e T = retX
exp (W Nug,, ) =V N Ug,,
U =eX €U,

B,(H D $,D)

w-n"
n

X =log(U) = ) (-

n=1
U—-1D'T=TW-1)"n=>1

(T =Tlog (U)

r x _ yWwIrw*
WUBog w* = UBog

T
A= Z Aipi
i=1

o) ={0,1} U {A;}i_; V{1 - A;}{,




x=(" 2)¢
_(fz fl) uBog

xlA = Axl,xz(l - A) = sz

-
X1 = Z PiX1Di
i=0
-
r _J(x O oy —
UBog = )\ 0 % € Ugog: X1 = PiX1Di

i=0

N

r _J)(*1 * e — _

UBog = X, * € Ugye 1 X1 = PiX1Di) X2 = D1X2P1 (-
i=0

.
<Z piX1P; 0
=0
.
0 Z Pifﬂ’i/
=0

-
u 0
Ugog = {(0 ﬂ) € Upogiu = Z piupi}

i=0

r
u v
Ugog = {(17 a) € UBog:u = Z piupi, v = plvpl}
i=0

.
<Z piX1P; 0
=0
.
0 Z piX1p;
=0

6% = gF' r':‘ln(‘('-:l") = u]gogf “81"“ = sup ”gF(X)”res =1, and gl"(UZU*) = USF(Z)U*a

res =1

'fl r
1 Eeo-( )1

a(Ge 1)

'fl r
1 Eeo-( )1

X X
Er ((f; fi)) =
Tr,0(T) = {[X,T1]: X € upog}

IIX, T ]llr, s = inf{{IX + Yllyes : YTy = 1Y}

Uktog : = {U € Upg :indy,,, (U) = 0}, Ugyy : = {U € Upgy:indy,,, (V) = 1

O() = Uffyy ‘TUURy - T

o) = Ugog ‘I'=Upeg T




O(I") = Upyg /Upog , WITW* > WUL,,
m:Ugye = O(I), m(U) = UTU*
Tr, O(T) = ran(Tym) = upg, /ugl, = {[X,[;]:X € upy, )
mp = ker(€r)
u]ri;og @ mp = up,,
Er(UXU) = US(X)U*
Ady(mp) = mp
Er = Adyy+y © Er o Adyyy
UmpU* = Wmp W™
{mFl}Fleo(F)uBog =mr, ® u]l;i,g
Ady(mr,) = mp,
ran(&r 1) = ugtg
ker(&r,) = mr,
tp,: Ugyg = O(D), mp, (U) = UTL U
Vr, €O, T €V,
sr,: Vr, = Ugeg
mr, © sp, = idly,
F:Ugog = B(upog ). F(U) =15y, ) — Ur (U™ - UYU”
f:0(Ty) = B(upog ), f(I") = g, ) — €

Ufoe - T ={UTU*:U € U, }

T UBog d O(F), TL'F(U) = UTu*
U];og -ro(I)

5:[0,1] » O(T),8(0) =T and 5(1) = I}

Fl € Ugog N F




i Ugog = O(T), e (U) = UT'U*
YV € O), T’ € Vp
Spr: Vi = Upgg
mpr o spr = idly,
Vii= Vs

Sit = S§(ty) Ofﬂ'g(ti), i=0,..,n

sqoan | Jw
i=0

5(t):=TW,i=0,..,n
indpog (So(1) = 0 or indy,,, (so(1) = 1
$o(I") = so(I")s0 ()
indypog (5o(1)) = 0
indy,,, (5(T®)) =0
5o (TMr5(r®)" =r®
indy,,, (5(rv)) =0
Spor (TM™) .5 (T®) 5 (TMIM5(TM) 5, (T@) .5, (T™) =T =T,
Iy € Uy - T

Ufoe ' T

O(T) = Ufyg -TUUgy - T
Ugog - T = Ugyg - T, UTU* - RUTU*R*
Ugog *TNUgy -T=0
WU, W* = U,

P, (V*U)|g@(oyindyg,, (V*U)

@1 € ran(p,) = ker (A —11> ()11 - 1)

2 2




5((¢1,0)) = (0,91),5((0,¢1)) = (¢1,0)
{(pi, 0)}:i21 U {(O, <Pj)]j21
SIS*=T
Ufog S = Upeg indy,,, (5) =1
Ufpe ‘T =Ufe ST =Ug, -T'=0()
U=U0y:F->3%
Ugog X Zgqf = Zqr, (U, w) » U - w = wy
Uyy = AUy Uy, for U,V € Ug,y,
O(w): = {wy: U € U,y }
®:Zys > D, P(w) =T,
I, = ®(wy) = UT,U
{U € Upog: wy = w} = {U € Ugoq: UT, =T, U} = Ugy,
O(w) = Upog /U2,
®: 0(w) - 0(T,)
Upog /Upl
¢~ =m, oexp
T Upee = O(w), 1y, (U) = wy
W € O0(w),w € W, and p(W)
mp, = Uy, /ull;‘(‘;g
Y=t =rmp, oexp
(o®op ™ )(X) = o ®)(w,x) = (e Te*) = —X
p. = (8 ‘1)) w_(A) = (Q,A0), 4 € B(F)

or)={u (g (1’) U*:U € Upey }

Ores (H™)C(W) = WH(5%, 5¢)

Jres 1 = {W: W is maximal isotropic, Py, — Pg. € B, (Sj(c)}.




O(P—) - gres ’ UP—U* i AdT(U) (SDE)
P Lforx = () 3)€mny =€ By(5)

_ _ex _ [ cos (ty*]) tysinc(Jty)\ (0 0\ [ cos (|ty*])  tsinc(|ty*])y
() = ePe™ = (ty*sinc(lty*l) cos (|ty]) >(0 1) (tsinc(|ty|)y* cos (|ty|) )

iupoy = {(J2 12 ) €BS®9)m = xi,x, = —xf € By(9)} € B(5 D 5,D)

IXlles = 2max{llxy [I, llxl2}

['=T[y,a] €D
Fz(;/* 1iy)=(_y§ _a)7)+(8 2):=F0+P_,F06iu30g,

O(I) € iupyy + P-
TrO(T) = {XT = TX: X € upog} S ilipog
8r:Ugog = UBog Or(X) = [il, X]
['=T,+P,Ty € iugy,
[i[, X] = [iTo, X] + [iP_, X] € up,,
iran(dr) = TrO(T)
E =ker(T) M
ran(€) = ker(T) and ker(€) =M
[ITe|| = c|le — Ee||, foralle € E
To:= T|p: M — ran(T)
ITell = ITo(e — €Il = ITollI 7 [le — Eell
ITe, — Tepll = ||T((en —en) — E(e, — em))” > clle, — Ee, — (e — Ee)
Te, =T(e, — Eey)
itgog = iltgog B TrO(I)
oM =cM)Ve(1—-AN) ={A:k=0,...,r7U{l —A:k=0,..,1}

x X1 X3
= (fz fl) € uBog

T T

[iA, x4] = Z i(A — A)pixapj, ihxy — x2i(1 — A) = Z (A + ; — 1)pixap;
i,j=0 i'j=0




> € a(D),pr(Ax, — Xp(1 = M))py =5 € o(T)

(/< )
DjX1Di X2
ij=0
ran(ép) = < #J - 1x; = —x; € B(9),x, = —xI € B,(9) ;.
X2 Z PjX1pi
L)
\ i#j J
(/[ — u )
PjX1Di Z DjX2D;
£,j=0 £j=0
ran(ép) = < lijr @=L :x; = —x} € B(9),x, = —xI € B,(9H) ;.
pjX,p; Z PjX1Di
ij=0 {j=0
\\r,j)#(1,1) i%j J

180X llres = cllX = Ep(X)llves, X € pog.
ran(&r) = Ker(ép) = ugog
855 = 8lp(5)0: B(H)sk = B(H)sks G (x) = [iA, x]
X = diag(x,x),x* = —x
[83% )| = cllx — o)l

ran(€,) = ker(85¢

.
ker(€,) = (mp)sk: = §x € B(H)siix = x — Z pixlpi} ker(83"
i=0

4

8a:B(H) = B(9), 6a(x) = [iA, x]
ran(dr) = ker(&r)
Upe, = ran(&r) @ ker(&r) = up,, @ ran(sy)
itpog = iUpy, @ TrO(T)
O() S iupy, + P-
d(To, T1) = Ty — Ty llres
O(T) = Upog /Ukog

T UBog d O(F), TL'F(U) = UTu*

T UBog d O(F), TL'F(U) = UTu*




5r:Bo(H D $,D) - By(H D $,D), r(X) = [il, X].
B,(H @ $,D)

(Z PiX11DP; 0
X
B 000~ Bo®50), (1 1))

X21 X22 r
0 Z Pixzzpi/
i=0

z PiX11Di P1X12P1
i=0 1 1
, if > ¢ a(l),

\ P1X21P1 z Pixzzpi/

i=0

mp = ker(gr)

B(HD9)
mp = ker(6¢)

X€ B,(HD 9. D)

||3r(X)||res > erllx - & @]
f -1
-1 1
min { z 12 — Z A+ 4 — if 5 € o(D),
5 i#j j=0
Cr =+ ( -1 , -1
. -1 -1 . 1
mm<<z |2; = 4] ) ( Z |2 +2; = 1 ) if > € o (D).
L (\& ij=0EP=11)
XeEBHOHDY)

lsPCO ]| = &)X — Ere]|

fl r - 1
E(}”&—@rﬁ+§:Mﬁwrﬁrj if > & o (D),

£, L
c? .y i*j L ) 1
_ 1
Z N I S et I S L)
i#j §,j=0,(L,/)#(1,1)

_ (X11 xzz) B,(HD H, D)

X21




T T

[iA, x11] = Z i(/li - Aj)pixllpjr iAx1p — x12i(1— A) = Z i(/li + Aj - 1)pix12pj

1,j=0 L,j=0
r r
(1= AN)xzqg — x51IA = Z i(l A - )lj)ij21Pi: [i(1—A),x2] = Z i(/lj - Ai)Pixzzpj
i,j=0 i,j=0
r r
3 -1 3 -1
Ax = — Z l(/li —/1]) pl-xpj,Bx = — Z l(/li + /1] - 1) pl-xpj
1,j=0 L,j=0
i#j
r
. -1
i,j=0
@LH=(11)

Br:B2(H D H,D) = B2(H D H,D)

X11 X12\\ _ Ax11 Bx1z>
ﬁr((x21 x22)>_(—B —A

X21 X22

Pr e Sr = 51" ofr=1-— Er(here 1 = 1B2(55€B$5.D))

X = &COll . =I(Bre8e)X . < IB:N||Sr X

res res res

18- COl_ = 18I |x = &l

res

r
”ﬁ[‘” < max{z |Al - Aj|_1, Z |Al + A] - 1|_1}

%] ij=0
-1 -1
T
~ . -1 -1
Cr = min Z |ﬂ.l—ﬂ.]| ) Z |ll+lj_1|
%] ij=0
s T
i+, -1 Z i+ 24— 1]
i,j=0,(1,j))#(1,1) i,j=0
0
C
|UTU* = T|],c < ?F

U= (u U)' UTU* = (* ulAv* +v(1 — A)ﬁ*)

vV u * *
r
A= 2 Aip;
i=0
r
pi=1




v = povpo + (1 — po)vpy + v(1 — po)

o

C
”UFU* - l—‘”res <

w

0
C
luAz* + v(1 — A ||, < KF

0
—x ¢ —x —x — %
Ipovpoit’lly <~ + luAw” [l + WA llz + (1 = po)vpo + v(1 = PO’

0
¢ —% — % — %
< =+ [lll7 WAL + el 1ALz + 1L = pollzlvpoll + 11111 = po)llz Iz

0
C
< — +2llAllz + 211 = polla:=

IPovpo@*lI3 = llapov*poll3 = Tr(povpoti*tipev*po)
= Tr(povpo(1 — 7*0)pov*po) = (1 = lIpe7* oo D llpovmoll3
(1 = lIpo7* opo D llpovpoll3 < llpovpew’ll3 < C7
lpo7* vpoll = llpov*vpoll < € < 1
Ipovpoll, < (1 = C*)~V2¢,

XN < IP+XPyIl + IPLXP_|| + [[P-XPy || + [|P-XP_]|
S WP XPLI 4+ 1P+ XP_|Iz + IP-XPy ||z + [|P-XP_[| < 2[|X]|res -

lopoll < lIvll = [|P. (U = £2W))E|| < U = 2| < () 62|

_ _ 2
= () " Uru” =il < 2(cf)” IUTU” = Tllres < 5
P.(U - EXW))P- = v — pyvpy

0 2
lvpoll = [|(v — prvp)poll < llv — prvpy |l = ||P+(U - 5F(U))P—” < 3

4
lpov*vpoll = llvpll? < 9

9
lpovpoll, < —C
PoVDoll2 oo 1

9
V||, = lpovpe + (1 — po)vpy + v(1 — p)ll, £ —C; + 2|1 — pyll: =K
vl Povpo + ( Do) VDo ( po)ll2 NG 1 Poll2

61":uBog - uBog'aF(X) = [lT, X]

”Xn”res = ||61"(Xn)”res < 1/7’1

e’Te™? = Ad,z() = e%2(T") = (1pg@s) + 0z + 62/2 + 63 /3! 4+ )(I)

82(X) = [iZ, X]||6x, || < 2




> [|6%, (D
lle*nTe™n —Tlpes = [le®n () —T|| < Z 1% O Xnk| =

res
k=1
<i a1~ 160 Gl _ 1i 21 g

k! n

¢:Vr > W, §(2) = eTe™?

T[F:UBog i O(F), T[[‘(U) = Uru-

AG) = GIG|I™
1 c?
= Emin{?r,l(_zé‘p}

5: {(UTU* € O(D): |UTU* = Tl es < 11} = Upog, S(UTU®) = UQ (éF(U*)).

UQ(&r(U") € Bo(H ® $,D)
lUTU* = T'|l,es < 77, then Ep(U*)

B,(H D $,D)

”U*”res <K1= 15@.‘{)

|1 -Ué&(u

< Ullees||U” = €|, < K& [|8r U
< K(::ITlllU*”res”UFU* - I‘“res < KZCNI71”UFU* - l—‘”res <1

s(UTU*) = UQ (éF(U*)) _— (éF(U*VV*)) - UQ (U*VéF(V*))
= UUVQ (éF(V*)) " (éF(V*)) = s(VIV®)
Er(ZX) = ZEr(X)
X,Z € By(H D $,D)
Er,Er(UNI = 1E-(UY)
Q (éF(U*)) =10 (éF(U*))
B,(® 9,D)
(&) €By(5  $,D)
B,(9D %)

Q (éI‘(U*)) € UBog

s(UTU™) € Upyg




I, = UTU*
éF(U*)F = Fér(U*)
Q (éF(U*)) =rQ (éF(U*))
s([)Ts(0)* = UQ (éF(U*)) ro (e}(u*))* U* = UTU* =T,
{UnTUp}nz1 U TUR = Tllreg > 0

”1 - UnéF(U:L) < chflllunFU;L - l—‘”res -0

res

Q(6) = |G|
B,(9 D 9H)
S(UaTUR) = Un (Er(U) = Q(UnEr(U) » 2(1) = 1 = 5(T)
st, = Ady o sp 0 Ady-Ty = UTU
g=gL(®® 9 1D)
H?(g,C) = C
gr = {X € g: X" = — X} = up,g
HZ(upog, R) = R

54X, Y):= Tr(X[iPy, Y1), X,Y € up,, .

(e N ) BEX T R)
Q' Dypeg (g)lR) X Dreg (55]]@) - R,a(4,B) = Tr([Ag, Bal/o) = 2Tr(A4qBgJo),
(dE)l: Dres (5R) - uBog (dE)l(A) = T_lA(CT

E.)X,V): = a((dB)7 (0, (BT (Y)):
E.) ((;f; =) i—j)) = —43Tr(x,7,).

B12(H® 9 D):= {(21 xlz) EB(® D 9):x11,x22 € B1(9H), x12,%21 € Bz(g))},

X22

||X||1,21 = 2max{|[xq1 11, 1222111, 121212, 1221 12}

(uBog )*’z Ugog NB12(HD H,D)

-G B

=

1=—x € Bi(9),x] =—x, € Bz(ﬁ)}-




(): (uBog), X Upog = R, (X, Y): = RTr(XY)

((uBog )*)* = Upog

X111 X12 N N
Upeg 1 = {(—xfz xzz) EB(H D 9H):ix11 = —x11,X22 = —X32,X12 € Bz(ﬁ)}

X11

X12 « *
(Ures )u: = {(—xfz xzz) €B® D 9):x11 = —x11 € B1(H),X22 = —x32 € B1(9H), %12 € 32(55)}

((ures )*)* = ures

(X,Y) = Tr(XY) = RTr(XY)
((upeg).) = e f € ((upeg),)’
f(X) = RTr(XY)
X € (upog ),
X € (upog ),
fX) = fUXD) = RTr((UXDY) = RTr(X(IY]))

X+IXI Y+IYI Y+IYI
fx) = £ (2 = ERTr(X( - )) where ~-* € 11oq

sp(X,Y): = Tr(X[il, Y]) = Tr(X8p(Y)).

(%1 X2 (Y1 2 _
X = (fz fl) € uBog,Y = (372 }71) € UBog » =Ty, a]
T,Y] = ( [y, 7] + ay; — y2a” Yy —y:(1=y) +ay _J’10-’) o ( 22 )
' a‘y; —yia"+ (A =7)y, — Yoy a’y, —ya+[1-7,3] —Z; —Zj

z1 € B1(9), 2z, € By(9).

se(X,Y) = i(Tr(x;,z,) — Tr(x,2,)) + i(Tr(%,2;) — Tr(x,2,))
= —23(Tr(xy21) + Tr(¥%,2,)) < o

r=(l )+ D=n+r

se(X,Y) = Tr(X[iTp, Y1) + Tr(X[iP_, Y1) =:sr, (X, Y) + s_(X,Y)




X1 X ( [y, y1] + ay, — y,a” Yy2 + Y2y tay; — }’1a)>
X, VD= ITr| | = = " Lo _ N _ _ =z
fseo X, 1) | <(x2 xl) a’y; —ha =¥y, =Yy @'y, —YVa— [V, 1]
< 4(lylle + a2 NX lres 1Y llres
< 4‘”1—‘0”1,2”X||res ”Y”res

Is— (X, V)| = 2I3Tr(2y2)| < 22 ll211y2 112 < 11X res 1Y [lres
Tr((XTo0)Y) = Tr(Y (XToo))
Stoo (X, Y) = =Tr([X, Y]ilo0): = fr,, ([X, Y])
fr,(Z2) = —Tr(Zily)
o € B12(9 D 9, D)
|fro @] < IToll1211Z e
st,(X,Y) = fr,([X, Y]
Upog = {X € upyg:Sr(X,Y) = 0,VY € up,, }

st(Ady (X), Ady (V) = Sag,. (X, ¥),V € Upog X, Y € tipog

£=(a m)euhon =, 5)cmar=(5 1))

_ X{ X (A y4] hy2} -~y
sonn=me(( ), "ok, 4 )

= 23 (TrCa [ 1] + Tr(, (7, — (A,7,D))
x=(5 2)7=G 7)
0= sp(X, V) = =23 (Tr(ay [A,y:]) + Tr(x (7, — {A,7.D))
0 = ITr(x.[A y1]) = ITr([x1, Alys)
0 = ITr(ziz) = ||z]3
0 = ITr(x, (72 — (A, 72D) = STr((2(1 = A) — Axz)7)
~y3 =¥2 € By(9)
z: = x,(1 — A) — Ax,
-zl =z € By(H)

0 = 3Tr(z(—iz2)) = JiTr(zz*) = ||z||5

M = 0O(), G = Ugog, K = Upogand s = sp




TrO) = {[X,T]: X € up,, }
wr([X,T][Y,T]:= sp(X,Y),X,Y € upy.
wyry-([X, UTU*],[Y, UTU*]): = wp([U*XU,T], [U*YU,T]), X, Y € ugog.
w = Z(sp)
w: = {wyry*Jyeup,,
(0(I),2(sp))
TrO(T) - TFO(T), [X, T] & Tr(X[il,"])
ran(8p) = TrO(T) € i(upey ), € B12(H D $,D)
X, T]llr = Inf{||X + Yl : YT = TY} < I[X, Tlllres < II[X, Tl 2-

€ (i(uBOg )*)*

f|T1—0(F) =f

(i(uBog )*)* = iuBog
f=Tr(Z")
FUY,TD = f([Y,T]) = Tr(Z,[Y,T]) = Tr(iZo[il, Y])

(uBog ), = 8L($ © $,1,D) =:g

r= 0 1- A Z’Lpl

b2 (r <)

p:= {(x —(J)CT> Egpxpj=0ifi=1,..,r+1,j< i}

pi= {(;C] —ch) Egpxp; =0ifi=1,..,r+1,j<iz= plzpl}

[ et R (e

n= {(J(; —ch) Eg:pixp; =0 ifi=1,..,r+1,j= i}




P+P=0pNP = (ufe),

Adyp € p forall U € Ug,,

X; 0
Xi=(l T)Ep,i=1,2
Vi —X

Tr(x) = Tr(xT) for any x € B{(9)

st(X0, X) = (Tr(X, [T, X,]) = iTr ((x1 il o ))

—XI [Ar xg]

= iTr(x,[A, x,] — xT[A, 1)

T

= i(Tr(xlez — XxpMAx1) = iz Ai(Tr(pixlpixzpi) - Tr(p,-xzpix1pi)) =0.

i=1

. _ x 0
—isp(X,X)>0,X = (y _xT) €p\ (ugog)(c

r+1 T

A= Z Aip;i = Z Aip;
-1 =1
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CONCLUSIONES.
Resulta evidente que las métricas desarrolladas en este trabajo, abonan a la comprension de las premisas
nucleares de la Teoria Cuantica de Campos Relativistas o Curvos, en la medida en que:

Suponemos un campo cuantico indeterminado en el que, interactuan particulas subatomicas aglutinadas

segun su naturaleza, con distintos centros de masa y energia y con trayectorias multideterminantales.




En condiciones gravitacionales, extremas o no, una particula proyectil, sea oscura o estrella, seglin las
definiciones recogidas por la TCCR, deforma el espacio — tiempo cuantico, curvandolo o en su defecto,
generando un agujero negro cuantico. Las meétricas recogidas en este trabajo, permiten explicar
matematicamente, los aspectos tensoriales del campo curvado, asi como y en forma principal, el orbital
de la particula oscura o estrella, a propdsito de la gravedad que la interfiere. Disefiamos mapas
hipotéticos con la finalidad de trazar la trayectoria de la particula deformante y, en consecuencia, de las
particulas orbitales, lo que permite anticipar escenarios de colapso o aniquilacion por colapso. En este
punto es importante precisar, que el propulsor de la particula deformante es en si, su masa y energia,
aunque no converjan al momento del colapso o de la aniquilacion. Las condiciones de extrema gravedad
o gravedad en condiciones no perturbativas, vuelven a la particula deformante, un centro de gravedad
en si mismo, desplazandose por el campo, deformando su entorno e incidiendo en el comportamiento
de las particulas vecinas en las relaciones de interaccion. En la TCCR, usamos, no solamente tensores
para explicar la curvatura, sino operadores, propagadores, osciladores e inyectores relativos no
solamente a la particula deformante sino a las particulas vecinas u orbitales las cuales se ven repercutidas
por la gravedad generada por la particula principal. El escenario de gravedad a escala cuantica, no se
produce necesariamente por excitacion de los estados cuanticos de una particula especifica, sino del
momento mismo de su estado fundamental, provocado por la masa o la energia, que son extremadamente
densas, sin embargo, cualquier particula excitada, es capaz de generar condiciones gravitacionales,
cuando se aniquila o colapsa. El momento angular y el spin de la particula gravitacional y las particulas
orbitales, es incierto, al igual que su conducta vectorial, sin embargo, este trabajo contribuye a precisar
matematicamente el instante exacto de la deformacion del mapa cuantico, para cuyos efectos, hemos
dise;ado planos divergentes de curvatura ademas de establecer modelos matriciales y superoperadores
para describir, la accion gravitacional de la particula oscura o estrella en un momento espec’ifico en el

plano cuantico. El trabajo aqui desarrolla, cuantiza estas dinamicas, calculando incluso, qubits de

informacion que permitan registrar la gravedad intersecando el plano cuantico en el que se despliega.
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