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RESUMEN

En este trabajo, abordaré la gravedad cuantica relativista desde la TCCR, esto es, desde la Teoria
Cuantica de Campos Relativistas. Es aqui donde se establece una clara distincion entre superparticula y
particula supermasiva respectivamente, en la medida en que, la primera, refiere a aquellas particulas
cuyo centro de masa y energia es extremadamente denso, lo que provoca la deformacion intensa del
espacio — tiempo cuantico, todo esto, en dimensiones mas altas y en condiciones de supersimetria,
causando incluso la formacion de agujeros negros cuanticos, esto, sea por razones endogenas o en su
defecto, por razones exogenas, esto Ultimo, cuando la superparticula interactua con el supergraviton, es
decir, por permeabilizacion del espacio — tiempo cuantico a través del campo supergravitonico, en tanto
que, la segunda, refiere a las particulas cuyo centro de masa, es extremadamente denso, causando asi, la
deformacion del espacio — tiempo cudntico, en simetrias de calibre compactas, pudiendo provocar o no
la formacion de agujeros negros, salvo en circunstancias de colision, en cuyo caso, es inevitable. La
particula supermasiva, por tanto, es la responsable de la gravedad cuantica relativista, sea por razones
endogenas, es decir, cuando la particula supermasiva, por si misma, distorsiona el espacio — tiempo
cuantico o en su defecto, por interaccioén con el graviton, esto es, la permeabilizacion del plano cuantico

por intrusion del campo gravitonico.
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graviton, campo gravitonico.
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ABSTRACT

In this work, I will address relativistic quantum gravity from the TCCR, that is, from the Quantum
Theory of Relativistic Fields. It is here that a clear distinction is established between superparticle and
supermassive particle respectively, insofar as the former refers to those particles whose center of mass
and energy is extremely dense, which causes the intense deformation of quantum space-time, all this, in
higher dimensions and under conditions of supersymmetry, even causing the formation of quantum black
holes. This, either for endogenous reasons or, failing that, for exogenous reasons, the latter, when the
superparticle interacts with the supergraviton, that is, by permeabilization of quantum space-time
through the supergravitonic field, while the second refers to particles whose center of mass is extremely
dense, thus causing the deformation of quantum space-time. in compact gauge symmetries, which may
or may not cause the formation of black holes, except in collision circumstances, in which case, it is
inevitable. The supermassive particle, therefore, is responsible for relativistic quantum gravity, either
for endogenous reasons, that is, when the supermassive particle, by itself, distorts quantum space-time
or, failing that, by interaction with the graviton, that is, the permeabilization of the quantum plane by

intrusion of the gravitonic field.
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INTRODUCCION.

Las particulas supermasivas, han sido teorizadas en trabajos anteriores, por este autor, sin embargo,
existen aclaraciones que precisar. Las particulas supermasivas, o llamadas también “particulas oscuras”
o0 “particulas cosmologicas”, son aquellas, que a proposito de su masa en extremo pesada, son capaces
de deformar el espacio — tiempo cuantico, con posibilidad de provocar agujeros negros cuanticos, en
casos especificos de colapso o colision, en tanto que, las superparticulas o llamadas también “particulas
estrella” o “particulas blancas”, son aquellas cuyo centro de masa y energia es tan extremo, que no
solamente deforma el espacio — tiempo cudntico, sin que ademas, provoca agujeros negros cuanticos e
incluso, agujeros de gusano. La otra gran diferencia, estd en cuanto a la gravedad exdgena se refiere,
esto es, que la particula supermasiva, distorsiona el espacio — tiempo cuantico en el que interactua,
cuando empata o ancla con el graviton, lo que supone por tanto, la intrusiéon y permeo del campo
gravitonico en el plano repercutido, en tanto que, cuando se trata de la superparticula, ésta distorsiona
el espacio — tiempo cudntico en el que interactua, cuando empata o ancla con el supergraviton, lo que
supone por tanto, la intrusién y permeo del campo supergravitonico en el plano repercutido. Cabe aclarar
que los campos de permeabilizacion antes referidos, pueden ser fantasmas aunque no por regla general.
En cuanto a la gravedad cuantica relativista, no existe la formacion de supersimetrias, sino de simetrias
de calibre, con propagadores y osciladores armdnicos masivos pero no caoticos, es decir, existe un
minimo de compactacion. Trabajaremos en un espacio de Hilbert — Einstein para campos cuédnticos
relativistas, demostrando la accion gravitatoria de las particulas supermasivas en entornos de entropia
sin que esto, comporte dimensiones mas altas, salvo en casos de colapso o colision de estas particulas
pesadas.

RESULTADOS Y DISCUSION:

A continuacion, se expresa el Modelo de Gravedad Cuantica Relativista, en dimensién R* para simetrias

e

de gauge puras, con osciladores armonicos y propagadores < | :: ||RHY), en un espacio de Hilbert —

Einstein, tanto con interferencia gravitonica como sin interferencia gravitonica.

En este punto, retomo el desarrollo matematico desplegado en el volumen I de este manuscrito:




Formacion de materia y energia oscuras a partir de las interacciones de la particula supermasiva

o particula oscura con o sin intervencion gravitonica. Modelo Inflacionario.
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Figura 71. Fluctuaciones de materia y energia oscuras en un plano cuantico — relativista.
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o N

([bo+Tow?], 7'0[1-|—w9])—0> [225 228] e ([bg+rowd], To[1—w2])

ggeff)[‘r,(n —€)] € 1 whereas gs f)[‘rl(n +e)] » 1.

w23t gb2 =gl [a' )V, « 1

~ 1
Ry o T (1, 7) = diag [0, ---,O,szl"z]

_ w?zE(D — 3)
A(z) = Z(2) (1_24(D DD - )Z(z)2+0(w4))

w?z3

1
fZO\/A—b ( 8(D—-1)

Z(z)=724(2):=1%|2|/29,29 >0, and A,:=

B(z) = Z(2)? + 0(w4))

(1)2

> 0.

2D —2)#2°




1 5 —-(D-3)
A(2) = Z(2)@ D and B(z) = Z(2)20-22§(1~2(2)*)/20 hen A, = 0.

horizon at z5 >0

B2y~ IxS!
Z_(z)

20

d(z)-matter
horizon at z5 <0

h"  w?h _ h'"h—(D-4)/(D-2)
&= - P = AT1/2
=0 \2h' 8h')| _° b (D-2)(D-3)|

z=0

h
hl

Zgy =

_ (wz - wéCBA2|Z=O) def Aw?
b7 4p2(D—2)(D—-3)  4¢2(D-2)(D —3)

def
w?;CB = 8¢/z,

6 = (g2




— (D-2)
D-2 D —

5 D-3
t

v z_(ﬁ>‘2(0—'2)e§r/220y( D-3 i>~ T 4L
L7225\ € 4(D—-2)'220) D=3 [A,
D-1
(p—2)\P~*
(M:7)

D-2 ~5D=2) D-3
= (M}(,D)) 27'[{’220 20 2)620}/ (m,lz—ol>, for Z(Z) =1% |Z|/ZO

P M}()D—Z)
N (@ (MY ey (M2
= () () (355) ~ ()’ (355
e~ ()"
@)?
My ~ ;T—;O |2]%/4e =270 (M;—Z) = ;T—;O |25/ e =270 (M,S‘”)2 M;

(M}(,“’))_1 = (Mff))_l ~ (10TeV)™! ~ 107° nm

MY ~ 101°GeV
def

L = A,V ~10%2GeV! ~ 102° nm

def

S

! 1
f dr[p-a'c——N(p2+m2)
O 2

Zvac(mz) = €exp [Zsl (mZ)]

Zyae (m*) = (0lexp (—iHT)|0) = exp (—ipoVp)

i
Po = V_DZsl (m?)

_e_

Zsl(mz) =Vp p f o (p2+m?)l/2 — iVDf ﬂ(27.1‘.1)—D/Ze—mzl/2
0 0

(2m)P




J e +mz)”2—’—-log(p +m?)
, 20°

lf dl dp (p2+m2)l/2 —>1E
. 2lem© 2P

1
Po = f d3pEEp

A
— 3
po—f d*p5Ep
po ~ A*

*dl dP dl
Zn(m®) £ lVDf o @) P2em 2 =y, #I TR
0

2= 2 hih-2)
m —a,

T de
Sh,fl =f l(h e

- 2 °

oo 4
Z Zsi(mf) = iVDf g—ﬁ d—g(an) D/ZZ e ~i(hithi=2)+i(hi—hy)0
i 0 :

def il 4 f
2nr = 0+a_ e T, +1i7,,9 = exp (2mit)

!

] dr dT
Zuws = ) Za(m?) = ¥ [ G (amPa'ny) KX
i

1
R:TZ > 0,|T1| <E

1
F:l|t] > 1,|14] <§

1 . .1 5 N
Smp =f df[p-x+ﬁ-f+a’p-p+§N(p2+p2+m2)+N(p-p—u)]
0

{pw xv} =6y, {ﬁw ’EV} = 6;'{’?#' xv} = na'sy

Sp-p—w

~ 5@ @ (5 —
G(p, b i b)) ~ 6V (p = p)8' (P )p2+p2+m2 i

}[(Efp2+ﬁ2+m2=0,
def
D=pp—u=0.

2

g#vpupv + g,uvﬁ#ﬁv =-m




ds? = —dt? + a?dx?
1
55 = 5 | Pol0XA 0800 + 045 (X)) = 0, X4 Hap OO10, X7
z

xA € ka1, 2, /07

def f0 & def (h 0 0 o)
Nap = (6T 0)'HAB = (0 h—l)’wAB = (—6T 0)’
H = HABGGXAGUXA,D = nABGGXAaaXA

[X4(0),XB(0")] = 2i*[nwB — n4B0(c — 0")]

K(xfpﬁf;‘gf: ‘?f;xi: Di, #i,Z’i)= (xf:ﬁf;'gf,'?f | xi,ﬁi;toi,zjﬂ
— <xfﬁ p"'fle—i({’f—fi)}?—i(zf—z’i)ﬁ|xi’p~i).

£=fe|e|(r),z’=feé(r)

xpDf ) o ;
G(xs, Pr; X0, Bi) = f [de dé]f [d%x ddﬁ]f [dp d?%]e'le (p- dx=- dp+ma’p- dp-lel7(-eD)
X0

d4 - B
G(x7, 7 %1, ;) ~ 6D (B — py) f ﬁ f d¢ dPe—itH—1TD oiv-(xp=x;)

ip-x

d4p e
2m)4 p? + P2 + m? —ic

S(p-p—w

am@am)~ﬁﬂm—ﬁof(
fl daflES(f(T)—a) =1
0 0 l

Tde .. . ., dPpdPp (*dl . 2 2,
VaZ 2, = f __pipp-wis6/2 —f — Li(p?+p2+m?)1/2
pZmp(M=, 1) ( . o’ eo® ), 57 €

dPp
Zmp(m?, 1) = ap @np

AA = Uvac

de HVaC b
Zyp(m?,p) = aof @mp =apA’ =ap (T)

ﬂvac)D

Zmp(mz'ﬂ) =dap ( A




mz_ 2,(NL+NR—2)andﬂ=§(NL—NR)

a

def
Vﬁz Zmp(mz'ﬂ) = Vﬁst
L,R

4 D~ 3D o
Z ( f d_eei[p-ﬁ—(NL—NR)]zze/z> f d"pd’p f %ei[Pz+ﬁ2+(NL+NR)]l/2
0

ViZms =
pems x 2T (2m)2P

dPp
s =00 | Gmp

.uvac)D

= bpAP = by ( -

_ D _ vac\?
Pms = bpA” = bp X

f d4xf d*p = ¢, *A* =N

Aee = 8mpl? = 8mh A3

by, (13\1
ACC = 87TaN<l—2>l—2

def d4l2 l;za
NE =t S NEoon,
S=z " NGE

Spa = — f f JmIOV=@DIR®) + k@],

-1 1
Seff = %L NE] (/%c + ER + 0(R2)>

b4d4) 1
c, /12

Aec = 87‘[(

byd\ 1 dn* 1
oo = o (2L g - ()L
cy /1 C4 JUp

A = pyac = fyac = (%)1/4 _
Cy \/EZP
lD+1AD+1~N NE’V]. Y ~l
’ [p-1 ’ c 2
AD+1o ; A~ l;l, Lyac~ AR

1213-"




def l def ( [ )1/2
m = yn = {7
lp lP

de 2 -13 —ma'm?t
2V | —— (an?a'r,) Y emmamin
12

7
14_>j\/—_gd4x
1

A* >

N
fl/—gd“x
1 f\/ R d3xK
8nG g

f V—h d3x = 4nlzf dt(1 + 0(1/1))
l

3.0 __ L 0 i 43
gncf V=h d*xK = o Ga f hdx
4GN = 4ml? = hVThdx
T @+ o1/
A 8nG N
=onG ———
cc fl\/—_gd4x
L 81212
cc — fl \/'_ d4x
_Aeclh
8nG
V, = al*

V= 8m?\ 1
B a lccG
A, f [=g d*x = 81GN = 21N (4G)
l
1 1 f q*
_ [—g d*x
8nG
1 — a4

f KV—hd3x = 21N (4G)
l




Area(l) & 4n1? = 46N

N def
N - 00, - 00, — -

T 1/15 =7

[ > oo,lp—>0,12/13 défN—>oo

def
N =

P E2JE N S 0,1 - 00,1 - 0,1, - 3,

I o0,lp—0,0, & [l = 2N,

def
Pvac = At = 1/#\

~ 12 1/4 1\ 1/2
= 2NY* =12 (l—‘2‘> _ 2 —A)

gsls = 1p, Mg =

. lp 7l
(1

Is lA
(lP)1/4 def (MA)1/4— X (MA)l/Z
=(— = | — RN = —

A4- 2M2
6_2 95 s )
Mz 8w

’(X) (X)
my ~ gsMs 8z giMp 82
1/2

mé =

2 _ Ma
gs = M_P
(X)
my ~ | MyMp 812
MS ~ mHMp

ds? =dr? + e ds2,,.,( AdS)

ds? = —dt? + et ds? ., (dS)

DD -1)
—xg +x12 + ---+x,§+1 = lz, |A| = T,

P = f AXK (Y, X)p(X)




K(gX,9Y) = KX.,Y)
def

Y©) = (o ¥or) = (V1+82,0,4,0,8).

K(EY(E) & K@)
P(X,X) =1

P(X,Y) = —XoYo + XYy + -+ Xp1Ypsq
K(X,Y) =J dEs(P(X,Y) — K(E)
Y, U) = f dXS(P(X,Y)|P(X, U)|~1~tP/2
S = cllcs(A) = Ies(A)]

Ics(A) = f d3xTr (A AdA + §A3>

2ie=A—A,20w=A+A.

Wges = 1_[ Yy
k

Yy = (uk + vka,‘:aik)¢0

Hgcs = Z (exatay +e_pala )+ Z Vk,kra;:,aik,aka_k
K k'

E, = /e,§+Ai

A = —Z Viek' ' Vge!

|V| ee D(e)de
f W 'V'D(O)f m




e
A= <

sinh (11500)

ags = /az + a?
Was = 1_[ Y
k

Yy = 1_[ (ugn + vk,nL-Il;,nLik,—n)(po

n

Has =) (etnbnbin + € -nllinlorcn)
kn

+ Z Vk,k’;n,n’LL"n’Lik"_n’Lk,nL—k,—n

kk'mn'

1
My=M (— )
A cAdSCXP V1Dads
[£9,%,] = 2miA269

1
55 = 5 [ Pal0XA 0800 + 045 (X)) = 0, X4 Hap 0010, X7
z

__nab
(1:=w-1H)g‘=(0 h ),12=—1;

hap 0
_—1gna_ (0 hab) 2 _ 1.
(]' - TI H)B - (hab 0 r] - +1,
—89,

(K:=17‘1a))§=( 0 SOb),K2=+1.
[1,J]1=2K,[K,I]| =2],[],K] =-2L; {J, I} ={[,K} = {K,J]} = 0.

[X4,XF] = iw4P
[£%, %] = 2miA?88, [2%,2P] = 0 = [X,, %p |

aUXAHABaUXB = /1_2 [gab (x, 55) (aaxa)(aoxb) + gab (x, f)(aafa) (aafb)] = 0:
aaXATIABaaXB = 2172 [(aaxa)(aayca)] =0,

[£9,20] = 0,[%%, %, = 2miA289 p, [X4, Xp| = —4miA?By,

[£9,2P] = 4miA? B9, [£9, %, | = 2miA26% p, [Xq, %] = O

f Tr[0,X40, X8 (wap + Nap) — 0, X2 H,50,XE]dT do

ao_xA N [X26, XA]




] Tr[0,X[XP, X nape — Hae X%, XP][XE, X4]H, g ldT
8.XC = [X,X¢],

1
SncF = E [Xa'Xb] [Xc’ Xd]fabcd:
1 ifwi wk i wilrwk wl
Snem = yp (0, X [XI, X¥] g — [XEXI] (XK, X Ry i),
T

Sef = Jf Try/g(x, %)[R(x, %) + Ly (x, %) + -]

S Sy V=gORX) + -
Je V=90

f f JIDTD[RE + RE + Ln(A00 ) + Lam (Ax, 1))]

5o Jy -9 [R(x)+Lm(x)+Ldm(x)]
Jy V=90

- [[ Vo®a@ltmace2) + Lam Az, 2]

57 f v —d (x [Lm(x) + Ldm(x)]
° Jy V-9

MAMp ~ Mj

4
M2
~Mi=—
Po A (MP>
A >
pd

R A
— _ 4 -2 ab -
fx,/ g[ZG+S L(s g )+G]+a(s4

Smp =f de(p-%x+p-%+2A%p-p+ Nh+ Nd)
pa - pa +Aa(x:9~c):ﬁa - ﬁa +A~a(‘x'f)

f [F2 — a2[A,A] + F? + FF + -]
x,X

.4 = [ acateien) L
dA(x(r’)) dA(x(T’))

i)

1 - 1
=5[A(x)A(aZ)]g+§f dr’ [A( ()




f [(04) — a?*[4, A] + (0A)* + 0ADA + -]

[(04)% + (0A)% — ar2[A, A] + (DA)? + (9A)% + DADA + -]

T

=i

»

A3 ~ ~ - def -
[ |@ean? - G0 Au) + @ + | & men
X

- A2 oo
L[||a¢||2+ ||a¢||2—L—;‘;?si,-[[¢‘,¢f]]+---]
2 AL ~\2
L[(aa) —F[[a,a]]+(6a) +]

_ - . A o
f [i(wazp) +i@ap) - (L 9] + h-c-)+---]

Y 6

m—om'~  L8(m— )
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.TLoooooooooo\oooooooo”oooooooolYM:ngEg

.’L’Rooooooooooloooooooooooooooo‘SuSyZTA[+T;1

2 9 9 10 25 2 9
Xi, o, X le..,'x Susy xR ‘...,xR B libRI“'ll)bR

2 9 "":.2 J~:’9 10 25 2 9 .
XR» "'y XR » XR ') XR lpR!"'llpR

"Susy" B SuSy _
u+8 _u+16 ur..u+8 _u+1e ur..u+8 _u+1e
S B (e A D),
MoTy+Ty boson/fermion-ization
— =, - B
73 T T T, Tusly TiglM

SDIGP IS

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

’ N i : S5 * » s G
WS light-cone coordinates on M light-cone Ty = TM—ﬁber Simple pos. roots of Eg
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’12_42 j v 420, A ()] ng

2

A
AR

1] BAY
2
1J‘AAY
2

1—)61_)6_)77:0(6)_)1

G = (Gss X Ga)/r

g=gss@9a=@ gi@@ u(1),
I

i

*H =0H

A —1Y/\Y
872

dH =Y

1
exp 2mi (Ef B /\Y)

1
2ni=| BAY
T[lzf
1
2m‘—fA/\Y
2 U
1 ;o1 1.
l

1
a, bi,zbu' bI] EA

(a,x) = (x,x) mod2 Vx € A
0 1
(i o

1
710 Anyir(U) = (V) =

T’R+hR
2 7




&) = Jw Ir — index (DIEW))

&) =f Irmod1

w
1 1
Z_m'ln Anywer(U) = EfR(U)-
1 1
Z_m'ln Angywrr(U) = EER(U)'
1 1 1
7 Anspo(®) = 366 =5 [ L= o

1
——Zf (dB—qA)A*(dB—qA)+i7Tpf ANdB
29° Iy M

—giz f ((dB)” A(dB)* +qA~ A" + (mg*p + QA A (dB)™ + (ng?*p — qQ)A™ A (dB)*)
M

1 1
oI Anspi(U) = 2 $5(U) — kArf(q),

1 1 10,1
o= In Anspi(U) = ¢ fWLTW_JW —k EfWYW_gaw

1 sgn(A) 1 )
ﬁln Angpge, (U) = 3 fW Lrw —ow | — Efw Yo —t),

sgn(A)
4

1 1
>—In Anp g (U) = EfR’(U) + $o(U)

2mi

R'=((VecSpin(7) ©DR@DOT-HIRID D (1 XA S (1QR)

1 1 0-H4(W aw.A)
—In A U)==| YyAYy —————.
_ OH*(W,0w;A)
8
1 1 O 1% (W,0W;A)
5—=In Angs(U) = _Efw Vi Ay + 2=

CP(M; Ag) = CP(M; Ag) X CP~1(M; Ag) X QP (M; Ag).
d¢ = (da,w — a — dh, dw),d? = 0

X=%+dy,y=(bg,0)beCPY(M;A),g € CP~2(M; Ag).

U: CP(M; A) x CI(M; A) - CPHI(M; Z)
61 U 52 = (al U a,, (_1)dega1a1 U hz + h'l U (OF) + HG((I)l, (l)z), w1 A (l)z)




dH)(wy, ;) + H)(dwy, ;) + (—1)9891 HY) (0, dw,) = w1 A wy — wy U w,
d(él U (\,‘1) = d(\fl U Cy + (_1)degc“151 U d(\fz

H=dB+A

1
zm—f BAY
2 M

v,

N =

X=Y-

dH =Y
dh=y,H—h—dB=AdH=Y

o1
F=H-5idf =X

Ho f*HY o Y50 9,

yry+dvAmA-—v—dV,Y »Y,
h>h+v,B»B+V,Hw>H.

oY +=dp,

<
N -

P,

T
N| =

- H+
+

ey

URad
1 1
77'—>77+P.Y'—>J/+§dP:A HA—Ep,YHY,
1
hv—>h+§p,Bl—>B,Hv—>H,

x; U ymod1

. 1
L(xl'xZ): = Ef
U

L(Xl'XZ):zf X1 UAZ =f Xl U)?Z
U U

1
Exu(x+vA)




v:= (dny, —1a,0) = d(114,0,0) € Z3(M; 7).
" 1 . .
[X) := S [X U (X + V)]l

1 1 1
= Ex U(A—np) +§A uXx +§H,L\J(X,X)m0d1,

E
Sy(U; X):= : (1(X0), x,)

E

So(U; X+ )= X +2)

U,w
E

= (&X+2D),0)2+(2)2)

U,w

E
=f (l()?)+l(2)+%(xUZ+zUA+ZUX),(x)2+(z)2)
U,w
E
=f (l()v()+l(Z)+%(xUZ+ZUx—d(ZUA)),(x)2+(z)2>
U,w
E
=f (l()?)+I(Z)+xUZ+%xU12—%d(ZUA—xUlZ),(x)Z+(z)2>
U,w

=S,(U; X) +f XuZ+S,WU;2)
U

L1
SuU:X) =3 f Xw A Xy + A)mod1
w

WCSEQ(U; X) = exp 2miS,, (U; X)
X1, = X, +dW, W, = (pw, pW, 0),
f (U2, Xy,)/f(Uy, Xy,) = exp 2miS,,(Urz; Xy,,)
So(U; X +2)—S,(U; X) = S,(U; 2) +f XuZ=q,(2) +f xUZ
U U
T:= Hiprs(M; A) U 6 € Higrs(M; A)
—f vUz=-L(x,2)
U
90(2) = 4z, (2") - (2, @)
L(x,2) =z, U (8 @), [M x S']) = (2, U §,[M x S™])(a,¥)

Qo' (2) = 4u(2) — (2, U (6 @ ¥), [M x S'])

Arf(q,,) = arg Z exp 2miq, (2)
ZEH*(U,0U;A)




WCS,,(U; X): = N(U) Z exp 2mi(S,(U; X) — S (Us )
[z]€H . (U,BU;A)

= exp 2mi (Sw U; X) — Arf(qw))

1
VIHE (U, 0U; MR (U)|

1
Arf(qy) = 3 (0 H*(W,U;A) — fw A'2>

NU): =

. 2l
WCS,, (U; X)= exp ?<4J. Xw AN Xy +24) + f A% — O'H4(W,U;A)>
w w

1 O 4 X
= exp 2mi <f E(X{”)Z_%>
w

S (U; X) = S (U; X) — (22 U 8p /24, [U, 0U]),
Qo () = 4o (x) = (x5 U 85120, [U, 8U]).
Qo (®) = 00 (@) = L (%, 8(8a/20))
ATf(q,) = Arf(qu) = G (B(Sns2n) )

Sy (U; X) — Arf(q,) = S, (U; X) — Arf(qq,) + L(X,8/2) + S,(U; 4/2)
=5S,(U; X +4A/2) — Arf(q,,)mod1

WCS,,/(U; X) = WCS,,(U; X + A/2).
v _ PQ v PQ v
WCS,,(M; X): = WCS,}(M; X) @ WCS,,*(M; 0).

WCS,, (M; X): = WCSFQ(M; X) ® @ wesPm; 2,
[Z]EHt‘(})rs M;0)

1
XW = YW_EA,

X=Y—=v

N =

. L1
WCSS(N; ¥): = west (N; - Ev),

GST(M;Y,H) € WCSS(M;Y)

E
GST(M,Y,H): = exp — 2mi f gst(M, Y, H)
M,w
1 1

gt v, ) = (5](7 -3
gst(M, Y, H) = (5 >

=<

Ju(P57)] = gn) = (31 U+ Dlher )




(7-20) o (7 +29)], .

E E 1
[ en=[ en+3[ yussn
M,w' M,w M
1 N E 1 . . L
S0 GSTy M7 == [ (GIFUG 47+ Dot )
2mi M \2
E 1, L 1. .
— [ (GO G+ et f2) 8 (51 U Bl 0)
M,w
1
—EJ. f2U 6p/2a
M

1 . 1 1
=2—mln GSTw(M,Y,H) +EfoU6A_§fM fz U 8A/2A

1

— In GST,,(M,Y, H)mod1

E

Ay <2i1n GST(M; ¥, FI)) - — f (% [(F + dW) U (X + Wpop fo + dwz)

i Mo
B
Z[F U (K + W)]how
+] QUK+ )
E 71 y .
- [ (G + @ v @+ D+ awe)
M,w
1 . .
8(;0Fu @+ v)],f2)>
—-fE (l[qu()”(W)] +1dwufdw)
= o 2 hol 2 ’ 2
B 1
=_f (—[dWU(X+1?)]h01+—(dwUf+vaA+dwwa),0>
M,w 2 2
=—f %(—dwU(A—nA)+(—W—dW)UX+dWUf
M

1
=—fME(—WUx+dwU17A+dwUf+vaA)

= Omod1.




1 y
Av(—l GST(M;Y,H )=—
V' \2mi n ( )

E o o
(E [(F+V)U K +dV +W)]no fo + vz)

M,w
E o
[ (GFUE+ e fs)
M,w
E 1. . . . .
=—J (—[FUdV+VU(X+17)+VUdV]h01
M,wz

1
+§(dv U1f+va),v2)

E
=_J. (1(—fU(—v—dV)—vU(A—nA)+VUX
M,w 2

E

1

=J (E(—vulx—xUV+vUA—VUX+vUr;A
M,w

—vUv—vudV),v,)modl,

vUf+fUv=—-dvU; f+vU;x+dw U, f)

E

1 . 1 . 5 5 5
A (ﬁln WCSS(N; Y)) _ f (E [(X +dVYU (R + dV + 7)]pop Xz + dv2>

N,w

Bl o
—f (E [X U (X+17)]holvx2>
N,w
E 1
=f (E(xu(—v—dV)+dvU(A—nA)+(—v—dV)UX
N,w
+dv U (—v —dV) + dv Uy x),dv,)
E
1
=f (—d(vUA+vU1x—VUX—xUV+vU17A
N,w 2
1
—deV—vUv)+E(—vudv+vUﬁA),dv2)
E 1
=f (—(vUA+vU1x—VUX—xUV+vUr)A
M,w 2

—vudV —vUv),v,)modl,

ch(R®) = ch(R®)
dimR®W= dimR®
TI‘R(1)F2 = TI‘R(z)F2

4 __ 4
TrryF* = TrpaF

exp [mi(&x (V) — &g (U))]

$r,(U) = (—11 4 10n? + n* — 60ns + 60s% — 30n2s? + 60ns3 — 30s*)

360 -n




RO = EB x®R,i =12,

n—-1

Z Axsp(n,s) = Omod2

s=0

1
p(n,s) = Tom (—2ns + 252 — n?s? + 2ns3 — s%)

1
n= 2:1—6Ax1 = Omod1
1
n= 3:§(Ax1 + Ax,) = Omod1
1
n= 4:3—2(5Ax1 + 8Ax;, + 5Ax3) = Omod1
1
n= S:E(Axl + 2Ax, + 2Ax3 + Axy) = Omod1

1
n= 6:m(35Ax1 + 80Ax, + 99Ax3 + 80Ax, + 35Ax5) = Omod1

1
n= Z:ZAxl = Omod1
1
n= 3:§(Ax1 + Ax;) = Omod1

1
n= 4:1(5Ax1 + 8Ax, + 5Ax3) = Omod1
n = 5: No apparent constraint

1
n= 6:E (35Ax; + 80Ax;, + 99Ax; + 80Ax, + 35Ax5) = Omod1

" (BU) = 0" (K@ 2) = 0" ) =27

1 1
x+§vA=y=§l®a+v

1 P
V= —Z b;c; +§Z byjc; Uy
i 1J
1 4 4
Eb € Hfree (BGl; Z) ® ACH (BG:l;A]R)

1
bi,EbH, b]] EA

1
Eb € H*(BG; N)

(o

T:=A Q WCS®




Yo = v, Au, Yo)
0 (020:= [ p(@)
[0,1]

7,(63,0;) + 1,(02,61) = 7,(65,0,).

Y =Y(0,7) = (7" 9u.7,(6,7* (6v)) + 7" Ay, p(6)).

1 I b:ch _|_1 |
Za BSpin i€2,BG 2 17€1,86 1,86
i 1j

Y = (9)=1a — b-c"+1 by cle!
p 2 p1 275 176161
7 7]

y L AL 1 Al )
Yui= Ea/lBSpin - Z bi¢; g + Ez bi;¢1 5661 e
1_ . 1. .
EV (ABSpin) Ra= Ey () @ a modA.

1 . 1
5o — 3 A § Al ~J 2
Yu:= EalBSpin - Z bicé,BG + E bI]CLBGCLBG + t4-,BG
- 7

L

s _ T2k

tape = Z bitspe
X

1 . 1

N A ~ al A] ~2

Yui =5 @pspin ~ Z biC3,pc + Ez bij€1pcCipg + britzpe-
i

H-H+V+

dz, (v*(6u), v (6v)) = v* (Xu) — v (Xu)

dACy = (" —y)(dCy — Xy) = (" —y)ry = —Aky




f AC =f (-I"Xy +dI*Cy) = I*xy
z ZxI IXI

U;: CP(M;E,) X CI(M; E,) — CPTI7H(M; E3).
duv; v) —duU; v — (=1)PuU; dv = (=1)PH9ly u;_, v + (=1)PIPHay y;,_ u
§=(s,y) € CP(M;\):= CP(M;R/Z) X CP~3(M; A/2N)

U:C'(M;AJ20) @ C'(M; AJ2A) = C'(M;Z,)

1 .
L. Uy, € C'(M;R/Z)
1 1
(s1,y1) H (52,¥2) = (51 +5; + Ed)ﬁ Up—5Y2 + PEe! Up-6Y2,Y1 + }’2)
1 1
H(sy) = (—S +Ed)’ Up—s5 Y +E)’ Up—6 yv)’)-
1 1
d(s,y) = (ds Y Up-edy + 5y Upsy +5y Ubpsn, dy)

HP(MR/Z) S E[A/20,31P(M) 5> HP=3(M; 0/20)

S ' /

S HPR M R/T) S E[A/20, 3171 (M) S HP2(M; A/20) ..
1§, E[A/24,3]P (U, 0U) > R/Z

1§ 0y E[A/20,3]P71 (M) - R/Z

E
f :CP(U;N) > R/Z
U,w

E
f :CP~Y(M; A) » R/Z

M,w
E E
f X = dx'
M,w U,w
E
f (5,0) = f s
U,w U

E E 1
2[ Gn=[ enEEn=] 25+ ] F7Uinmmo
U U

U,w U,w

f 5,) =fus+f(y)

U,w

fOr+y2) —f) —f(2) = -fu Y1 Up—6 Y2




Trwes(u; ) WCS(Unts Xu, ) = WCS(U; X))
WCS(aUy; Xau,,) = WCS(0U; Xay) @ WCS(M; Xy) @ (WCS(M; )?M))T,

TrwcsPQ(M;XM)WCSPQ(UM? Xuy) ® Z Trucseeqm;0)WCS™ A (Un; Zuy)
zeHE (Up,0Up;A)

WCSP(U; Xy) ® Z wcsP(u; Zy)
z€H s (Un,0UpiA)

h
Htsors(M; A) > Hfors(Uv oU; A)
q(x+y) —qx) =L(xy)
. o
EZq = Hy(BG, Q5" (pt.)) = Q3R (BG)

: 0 1 2 3 456 7 8
spin _
& (pt')_(z Z, 7, 0 Z 0 0 0 Z2 )

8 |Z2 0z 0 Z* 0 Z* 0 Z?
710 0 00 0 0 0 0 0
610 0 0 0 0 0 0 0 0
5/0 0 0 0 0 0 0 0 0
4|/Z 0 Z 0 Z 0 Z 0 Z
310 0 0 0 0 0 0 00
2 |Zs 0 Zyp O Zo 0 Zn 0 Zp
1 |Zo 0 Zy 0 Zy 0 Zy 0 Zo
0|z 0 Z 0 Z 0 Z 0 Z
g/pl0 1 2 3 4 5 6 7 8

, 6o 81
Egy — Eg1 — Eiy

dzza,o = (qu)* ° Pz:dzzm = (qu)*
SQ?(w2) =2w3 +w2 =0

Sq*(w3) = wi = p,(ct)

QP (BU(1)) = 0

0 1 2 3 4 5 6 7 8
H.(BU(2);Z) = (Z 0 Z 0 72 0 VA 0 73 )
1T — ¢ — (D 0 () () — (e (cfer) (3

Sq%(wy) = wowy + W = Wow,




QP (BUR) =0
E¢1 = spang, (w3)", Wowa)", (We)*)
Sq?(w3) = wy = p,(ct)
qu (Wawy) = wowg = pa(cic3)
qu (We) = wawg = py(cic3)
Sq%(wy) = wowy + we

QP™(BU(n)) = 0.

Q3P (BSp(n)) = 0

HK@OD=(z 0 502012 027)
naaozo=(8 030 4 5L 2 A
8 1z2 00 027 0 0 7} 77
700 000 0 0 0 0 0
610 000 0 0 0 0 0
500 000 0 0 0 0 0
4 1Z 000 Z 0 Zy 0 Z
30 000 0 0 0 0 0
2 | Zo 00 0 Zo 0 Zo Zo 7o
1L |Zo 00 0 Zy O Zy Zy Zo
0|Z 000 Z 0 Zy 0 Z

g/p| 0 1 23 4 5 6 7 8

QP™(BEg) = 0

8 |Z2 Z2 0 Z: o Z: 0 Z2 0
70 0 0 0O 0O 0 0 0 0
6|0 0 0 0 0 0 0 0 0
5/0 0 0 0 0 0 0 0 0
42 Z, 0 Z, 0 Z, 0 Z, 0
3/]0 0 0 0 0 0 0 0 0
2 | Zy Zog Zo Zo Zo Ty Ly Zy Zp
1 |Zy Zy Zy Zy Zo Zo Zo Zo Zs
0|z Z, 0 Z, 0 Z, 0 Z, 0

g/p| 0 1 2 3 4 5 6 T 8




1 det(z(9))

GW) =i D, TR gy

gé6—1)
T=p;
det(r(z)) = z*
Jdet(z(2)) = 22
det(r(z) - ) = (z — 1)*

det(z(2)) !
det(t(z) = 1) 16 (sin (Ej)>4
n

Rs:=ps @ p_s

fRSleRSZ () =f(s1) — f(s2)

1 1 cos (Z%js)

f(s) = 8n 4 (Sin %1)4

1
f() = grpe o L+ 10n? + n* — 60ns + 60s* — 30n%s? + 60ns* — 30s*)

1
f(s+n)=f(s) —55(82 -1
(1, ¢): Spin(d — 1,1) — Spin(d — 1,1) X Gg

q € C*(R",S),

PV (X) = Q% (XA TX)
PV (X) c PVHI(X), 0% (X) c Qb (X
Cc c

PVee(X) = 02Y(X) = 2 (X)

Kerd c@® PVY (X)[2].




1 _ 1

- -1, T 3

2] add a+6] as.
PV ([t]

@@ Do € P Q0 @ a(n)
ll+12=d+1
Jitjz=d

(a ® 1)6Diag € @ tOPVi1,j1 (X) (%) tOpviz,jz (X)

i1+i2=d—1
Jiti2=d

(a®n%@ma®ﬁy§Lwﬁ

P € PV(X)[[t]] ® PV(X)[[¢]]
(a_ + ta) P = (a X 1)6Diag + ﬁsomething smooth (the regularized Poisson kernel)

(02, = 0w,) - (9, — 0w, ) (AZ; — AVWy) .. (dZ,, — dVBy,))
|z — wi|2"~2

_ Z D=1, = dw,) - (02, ™) . (9, — Oy

= = = = = = 0 0 2-2n
x (dz, — dwy) ... (dZ, — dw;)(dz, — dwn))aa llz = w]|
i 0Zj

P =0;0,

I: PV"(X)[t] - C
(n—3)!

L,(a) = —k1! = !f A, N AN ay,.
Kq,.okn with 3, k;=n—3 n

1
1@ =) —h(@

n=3
1
QI +5{L1}=0
AdSs x S5 = (R1°\ R*, )
3 e
F = NW dZ1 dZZ dZ3T‘ (Zl dZZ dZ3 — 2y le dZ3 + Z3 le dZZ)

OF = N2

Lyg =QW)

Qi — QS,O @ Q3,2 @ 91,4-




Sym ZS+ =V 'Q+ const

NSy = Q%ng
S+ ® S_= ngnst @ Qconst @ Qél.onst
Sym?2S_ =V @ Q5 -

[=Ty1:S, ®S, >V =0~
Fﬂi: St Q8- Q'5-,const'

0,ev odd,0

S+ = Qconst 9'const
~ n0odd - ~Hev,0

S- Qconst 9'const'

T20 =V @IS, ® C?).
T =V IS, IS
St ® Sy = Ol B 03y D O3 oy
[ ® e, @ €] = Ty1 (Y1 @ Yo (e ¢)
[11 ® e, 12 ® ] =Tps 1 @ Y)w(es ).
[1h1 @ e, 1, ® €] = T (W1 @ Y2In(ey ;).
[ ® e, (1, ®e))] = (T @ ¥,)5;)
[CW1 @ e),C(Y2 ® )] = C(T(W1 B ¥)dy;) + f Ty (1 ® Y2)w(ey, €)).
i (101 ® €11, ® €,v) = Tg1 (1hy @ Y2) W)w (e, ¢))
et (T@9)%* S ¢k — 2]

CDk €C? (T(Z 0) ‘chosed (Rlo))
(T(Z 0) ‘chosed (Rlo))
Cnss € c? (T(Z 0 ‘chosed (Rlo)) ’

dg d
c* (T(z,o)’ Q°(R10) a8 (T(z,o)’ Q1(R10) R
c2 (T(Z'O), Qc’flosed ) - 2tk (T(Z'O), Q (Rw))

C'(7@9,€) - ¢* (TC9,0'(R™9))

CDk € Ck+2 (T(Z'O),(C)
Crs € C3(T739,0)
Cnss € C7(T739,C)




V @ s0(10,C) @ I1(S; ® C*) © ' (R')
0=¥YQe €C.
V=v ol
V10 @ Stab(Q) B (S, R ey) D nC-c
Y1, €5, =5, Qe
(Y1, 9] = Tyl (1 @ Y2)
[v, 9] = c(T(¥Y @ ¥), vy
G cyantica = 50(10,C) BV B TI(S, @ €?)
[Q,—]:S; ® e » VO
[Q,—]:50(10,C) = S, & e;.
Gevantica = $0(10,C) B V B 11(S; ® C*) @ Q*(R')

[Q,—]: S+ ® e; » Q' (R')
Y ey o [i(Y,9).

H: Q'(R') - Q°(R?)

X

(Hw)(x) =f0 w

dgrHw = w.

L) =9 ® e, — HTgi (Y ® P) €S, @ e, ® Q°[1].

[v,L@)] = —=(v,T(¥ @ P)) = c(v,I'(¥ @ ¥))

Stab(Q) = sI(5,C) @ PV20, = sI(5,C) @ 020,

onst —

~ 0dd,0  A1,0 2,0 0,0
S + = ‘Q'const = ‘Q'const S PVconst S ‘Q'const

O cuantica = 51(5,C) @ PV Lo () pv30 ) H(.Ql'o

const const

2,0 0,0
const @ l:)Vconst @ Qconst

@®C-c)




0
Aij € 5[(5, C) g Z Aijzia € PV1'° c PV[[t]]
J

0 0 0 0 0 0
37973, € PV3% 1+ ———€ PV3? c PV[¢]
z; 0zj 0z 0z; 0z; 0z
d 1o d
oz EPV ., =Vlb az € PV[¢]
dz; € Q22+ z, € PV c PV[t]
d a 20 0 0
— ‘ ——€PV20 c PV[t
aZi aZ] const "~ aZL' aZ] [[ ]]
1€02 -0

const

¢~ 1€PV°c PV[t].

Kerd c PVj,,,(C>)

{2002,0,} = 60, — bucdy,

0
Loz} =2

EXtO(CS)(OéVk, ng) = QO'*((Ck)[fl, ...,Es_k] ® QIN

1 - 1
<—Tr(A6A) +—Tr(A3)>1_[ dzil_[ de;
ckis—k \ 2 3

S(A) = f

Q% (C*)[dz; ... dzs_g].
HH*(0x) » HH*(RHom(E, E))
PV(X) > HH*(RHom(E, E)).
PV(X)[t] » HC*(RHom(E, E))

PV(C)[e] » HC*(Q%(C¥)[e;])
PV**(CH5=F)[¢] = PV (ck) [[ei,%]] [t]

0
PVt (€%) = PVt (€157%) = Pr(€¥) e =—]|
a

HH* (0°°(€%)) - HH* (00*(CK5K))

Wi = Wi




Clzg Wi =—

Jda d ]
0z, ow;

PV(VV[-1]) =A"V @ Sym"V"
PV(V) = Sym*VY QA* V.
Sym*VY QA*V -»A* V ® Sym*VV.
PVt (V) = O(V) ®A*V = Sym* VY QA" V

g 9 09 0 Ja 0

Zg Wi =——=—,=———, and =—
@Y 9z 025" Ow; Ow)’ 0zq OW;

0
i TriA—A
J;:kls—kl_[ dwll_[ d€a I‘( a€a )

A .qus—k 1_[ dw; 1_[ de, Tr(A)w;
A fk|5 . 1_[ dwl-l_[ de,Tr(A)eq €p.
Chls—

d
an'

d 0
A 1_[ 1_[ Tr| A A—A).
HJ(;:kls—k dWl dea r< an' aW] )
d
i Tr| Aeq—A ).
J;:ms_kl—[ dwll—[ déa I‘( eaaWj >

-1
0A+[A,A] +wild =0

a

f9}=5—f

_ 1
0A + E [A,A] + EaEBId =0

0 0 0
S(Ela—‘/vl-l'Eza—sz)‘Ft—

(6 0 N 0 a>+t
S 0z, 0w; 0z, 0w, %

d_16R2k € QlO—Zk—l(Rlo)

— q-1
Fio—2k-1 =d 6R2k

Fy =% Fi9




J- Azk +J. dAzy * dAgy =f AZk_f Azy dF19-2k-1
]Rzk Rzk

PV (C%) - C
abd e 0 (i, j) # (5 — k k)

a5—k,k N a5—k,k v Q
ck

L:PV"(C%) - C

L(6a)=LkaVQ

L(a) = f (@ la)va
(Ck
f aktkpAd0 Tad — k, k + (6‘1a4‘k'k) v Q
c5 ck

dakdk = Sk

* dAk = dAS—k'
(@vjez PV OV D) (@1sez t74PVV (1)

(Dirjs2 /PVH* (X)) @ (B1-ks2 t TPV (X)) B jsa /PVH*(X)
t/PVE*(X) 3 a » a € t/PV*(X)
t KPVY*(X) 3 a = Sp_gda € PVHHLH(X).

isn(4) = (s1(2) D sl(2)) x C*
VeQVr BV QVr =S, QVy DS_QVr DS, QVr D S_-Q Vg
F € Q%?(C®

a_F = 6([:2

r=12:12 + |2, |% + |32

F = dz, dz; dzgr™(z, dz; 423 — 2, 42, 23 + 2 dz; dz;).

f F=1
z|z;?=1
3 0 0

= ma_vv:la_vvzr_6(z_1 dZ_Z dZ_3 - Z_Z dZ_1 dZ_3 + Z_3 dZ_1 dz_z)

i} 1
OF + tOF + = (F,F} = 0.




a = NF € PV?2(C5 \ C?)

Z d 2 0
Yigw, 34 Yz

Z d d

Wi W]——Z Zy 7

7 aWJ = aZk
d d d
_ - _ — | e pv2o(cs \ C2),
0z; (Z W ow; Zk: %k azk) VECA Y

7O =V DS, B S).
IS, ®S - V.
[:S_ ®S_ - Q! c Q*(R).

S — QO,eV
+ =

const

S- = Qony -
Q =1+dz € Qg @ Ubpse S+ DS
Q" (R?) ® PV(Ch)
Q" (R?*) ® PV(CH[ [t] ]
d® + <" + ¢
7= (0% ® 1)8pisg
Q" (R%) ® PV(CH) = 0" (R?) ® 0™ (CH)

Pv4,4((C4) — 00,4(((:4) — 04,4(((:4).

@ = Z at* € 0°(R?) ® PV(CH[L]

I(a)=f ad + H

(Scuantica = 50(10; (C) X (V pIis, e HS_)

SI(4)DW DN WY TIWY dA2WY D C-¢)

WY QN WY S8 wY =w

S _ QO,@‘U
+ =

const




[1,-]:0% > C@C

_ -~ _ 0
dzg AN dj- A dZg = a_z_l

_ —5
[le, _]: Qg(')sr)lst - C

~ a
dzy, AN dj A dZg > —
2 Z 5 az—l

[dz;,—]: Qg — C°

const

d
7L A A dZs o —.
le dZ5 g 621

—4
— Vv 0,4 0,3
C=W"c ‘Q'const @ ‘Q'const

0
—V(dz; A A dZg —dZy A A dZg)
aZi

—5
50(10, C) = sl(5,C) DA% C°> DA C
[Q,—]:50(10,C) » QY =S, D S_

N2 CH=N2 W < QX7

const

@ _QO'3

const

dz; A dz; — dz, dz; dz;

0
Ev(dz‘l/\---/\ dzs —dz, A A dzg) fori=1,..4
i

dz; dzfor2 <i<j < 4.
Stabyys,c) (@) = sl(4,C) B W
s1(5,C) = sl(4,0) W @ WV
Stab(Q) = sl(4,C) ® W' PA2 C5 = sl(4,0) D WY D WY A2 W,
WY QA2 WY sA3 WY =w
WY QWY -A%2 WV c Stab(Q).
Geyantica = 27 (R?) @ PV(CH)[1][t]
Q*(R®) ® PV(CH)[t]
Q" (R) ® PV(CH¢] €]

Q (R) ® Q% (CX)[ey, ..., €4—1] @ gly

1 1
f dw, .. dwy, de; ... dey_p (—Tr(A(aC‘* +dB2)A) + —TrA3)
]RX(CkM_k 2 3




Q' (R) ® PV~ (Ck4k)
Q" (R) ® PV (CH*+k)[¢]

PV**(C®)[ [¢] ] » PV**(CH5=F)[¢].
@' (R ® PV(ECHIE] - 0 (R) ® PV ™) ) [1]

Ty = C2k @ TIS
sisoR (2k) = (s0(2k, €) @ s0(10 — 2Kk, C)) X Ty,
Stab(Q) < so(2k, C) @ s0(10 — 2k, C)
W', w® v] = (w",wv

s=5P 5P ps®gs®
[uY,u] = (u",u)=—
ow
_ 9
A"V @ Sym*V*[t] = C [[ea,—, t]]
de,

Kerd cA*V @ Sym*V*.

V@AV Q Sym V™.

0 0
Ker(d) c Hol(C¥) T Cw
i B

€Eq +Aaj

o,

27z 271z, 2 e — H%('ﬂ:3 \ 0).

g 0
_-1.-1,_-1
[F] =21 2; 73 _6W1_6W2




H*(PV(C \ €2),0) = H* (PV(C®)) @ HZ(C3\ 0)[w;, By, 0y,
(HH*(PV(C3\ C)[[t]],9 +td) = H*(PV(CO)[ [t] ]) © H5(C* \ 0)[w;, Dy, 0, ] [t]
{[F] wiz:} = {21_122_123_16w16w2' w1z}
=z (2123 23)0w,

=0

lim A (8¢ (k), (i (@)} = G (o) V; AP ().

o' (k) : ! GV ; .

L=L(2)+0,

5 (Jim Jim, + Jim lim ) 456! (1), 59/ (), PP = GUX (BOICL DT, A PO

k1—>0 k2—>0 k2—>

m m 1 m
"84 = TapSaalpp: Canlpa = Epmraﬁ

_ d
da = SaaNa, and G, = (aAE

(00006} = 3P (0006} = (000} = 0
A = §(P)§(Q)F (Giym:)
S (@QP(Gyn)
5 (Qf (siy)

f(si)@e] | e
i=1

R=—1 ( i - 4)
- 4 T’I.Aan

Yg;;luAflﬁB = 648P™ Aaatap =0

1 m
AaA/‘lﬁA = Eyaﬁpm




_ 0
da = AaaNa da = Aaa E

1
P! = Viydaily, daidly = 5 DY i

qa = AAmlﬁA = z,lciﬁl
-2 d 9 d
q, = AlaﬁI'QA Aan

. 1 .
Ry =nfj,R_ = 0,05, Rs = —E(na,, +n6,~1) +2

’ 1 ~
R" = 7 (n0y — 0;)
8 _ n 8 n a n
=@ @] [at =@ [ Aws— )] [ ¢
A=1 i=1 A=1 \j=1 M |54
8 n 8 n a n
=@ [a] [nt=02@)] (D 25~ | nt
A=1 i=1 A=1 \j=1 U,

8 n
.0 .
515(Q)q°P(nf)= 516(Q)B ;Am' 7 | 7).

M:

) o\,
5190)¢ P(it) = 616(0)]_[ A 5 | PG

j=1

s (@Q® Z ning e
1<i<j<k<6
—8
SO@C Y At
1<i<j<k<6
516(0)0_82 si; Py (m)
i<j
16\ A ~4
510 Y siyPy(it)

i<j

s (@Q® Z SN Mk
12i<j<k<6

78 A ~h ~

SQC Y. syt

1<i<j<ks<6

}’Z}Mmlp] = meU, Aalﬂa] =0




_ d
Qaa = /10:177{1' qccll = A E-
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_ N 86
= 3(a”0)” + ()0, ()™ = 250 (7))

35
(et o) = 500 = =50 s sy
10l = (~1)7(13 = 20)51

VI = =687 ™™ = =396

a7 = 487 100,07y = =85, 100,077
Yaa?" = +107," + 115,44

Yae? 1 = = T70 " = S5y + 96, L) T = 110,55,

Y Va " = T = 96y T = 110,00

cde . . cd s |ea, c cg . d
T TabTe = +77ab + 90[(;[ /}b]d] - 110[@ Ob] ?
d_abe_ ~abe > la . be
YV e = 672 — 48,1275
Y Ao = —529% 0+ 888 LTy = =529, — 88,0y
Yyt e = =240, + 6600, ]
Vg e = =3870" + 700,17, D = 1106,°6,7 — 52,7,
VgV P = =3870 = 7070y + 1100, 0,
Vi Bl = —1267 4 — 4508.94" + 9906, 15,")

b a1a6 ., ag-ag |

_ _lgla
7 Yoe = — g0 7

L ]
5 1p. i iAo 5 1p i 5
Rap,” = —3Rap”(Mi;)," . R,pe" = =3 Rap”(Mij)s

o U (M), du H (Mi) , bu *~(3T,-) B

W S[ My, Mog], S+ 2 ) [Myg, Mot (i) [, T (i) [Fg, F,_ ] ) [, FE ] (0)
Y Y 4 Y 4

[ﬁ+irﬁ+—]yg» (vi) []‘7[+—r]‘7[+—]yg-




[Mgp, M4] = —5[C|M|b] ]

[al

0

(Mt [, Fof | + [Fca [ Mg, Mo | + [ Mg, [Map, Fea]
() [G1[kt][mn], (i) [G][kO[+m], (i) [G][+k]+1, @) [F L 0 [T =], (vi)

[+ k] [+=1, (vid) [G1[+=1+=], (viid) [+ =1+, (@) [FH] =] GO+ =1 [+=1[+=].
() MMM, (IT) PPP, (II1) QQQ, AIV) MM P, (V) MM Q, (VI) PPM, (VII) PPQ, (VIII) QQM, (IX)
QQP, (X) M PQ
V) [, [#, Qa] | + (2 perms. ) # 0
(VIIL) [M, {Qa Qp}] + (2 perms. ) # 0
[Va, [V, Y3} + (2 perms. ) = 0

6Q (Ru v rsav(p)= +(DV(P)Du(6wvrs) - (DV(P)DV(‘Swurs)
= —2(DY9)(éypr) "DijRyuv )00 + c.c. =0

8o (P"3,0)= ~€ap(D*9) (8qVE)OVE — eapVit (0" )9, (V)
= —€,pVEVE(D*9)(€'yYD,2)0,9 = 0.

R(P),, ™ =0
5S ~ f €MVPI € nrsR(P) 1y ™[6w, ™ — Q(e, ), ey ¢
S = f d*xe""PI[RIMYI'R(M) po ™ €mnrs
+8AR(Q)yVapR(Q)po F]
Pm(eu m) Qa(l/’u a) an(‘”u mn) Sa(¢u a)
D(by)

A(a,)

f d*x[aR(P)R(K) + bR(Q)ysR(S) + cR(M)R(M) + dR(D)R(A) +

aegh? g*" R(A) R (A) po -
1 pp' -oa’
*R(D)uv = Eeeuvpch(D)p’a’g g )

1
R(Q)uv + EyseeuvpaR(Q)pa =0

y#R(Q)uv =0




1
—eem,paRp”(D)

R(A)uv = 2

JHHp () = drf dPo§%(x — X(1,0))

vl

elrlpt1 aiIth (t,0) ... ai(pH)Xﬂ(pH) (t,0)
0, (/a4 () = 0
ZH1-Hp — J. dd—lx]0#1---#p (x)

{Qa Q) = Ty By + TopZu + Tap ™ 2,1, e

{Qa;Qb} — FuabP FuabZ + [H1- usabz—

Hi--Us
{Qa; Qb} = 6£ll,Z + Fuv a bZ[.lV + Fﬂl wHa a bZIl1[l4

My..M,
{Qa Qp} = TPy +Taf Zyn + T, ap L.

M
{Qar Qp} = T Muan + Tag ™2, .m,

> H1H2H3 #1 Us ]
{QanbJ} LanZi Z]u +T €ijZuypous Tl 2iiZyuy s

Z(]ij) =2 ;,2) = —i0%,%; = —o'and I, = o3

%Y =ny+ey Kek = Ny + EI]LTILKZKa withn,; = (—+ +),€012 =1

{0 Qﬁ} == %8 F%N]MN - ﬁ Fclrl/lgl"'Mé]Ml...Ms
[]MNf Qa] =—(FMN)a BQ,B
[]Ml...MG' Qa] =_(FM1...M6)a BQﬁ
[]MN:]KL] =85[K M 4
Unaw, J--e] 246“”11M2 Mel
UnvgpJ M) = =12 - 61 8132yt vl
+12¢y, N, (M- MsIR]y Ms],

‘Pfl/z | k> u=0,1 2-d gauge fields

n k> m=2,-9 transverse fluctuations,

1 1 1
szﬁym®0'+ anzzymn®1 sz_ﬁym®0'_
1
Emnzﬁymn®o-+ D=1®03 anzﬁ}’mn®0—_
A=—y°"Q® o3
Vn=-1Tm®1

I = Vsym ® a3




m» Yn} = 2 = 2diag(—1,1,1,1) ppy
Y=y () = -1y = -7
ymn = ymynl = 2 myn —ymy™).

2
MTC+CM =0
C=y"Qol=-CT

Cy = VO (Ca¥Ym = _yr-rrlcél- ), C; = (—i02)03 (Czo'i = (Ui)Tcz ), Sp(8,R).

S Ym@Q
B (o) = =2("5")
o) = =2 (%
TA = {Pm' Emnl Q,an,D,A, le Zm' S' Kml an}

[TA: TB} = fACBTC

hA — {em’ Emn,l/), wmn’ b, a, vm, Zm, ¢,fm, an}

1 1
R =dh+ hh = (dh“‘ — S hCh® fBAC) Ty = RAT) = = R Tydxkd,




. 1
R(P)™ =de™+ w™ ,e™ + 2be™ — 2E™ ,v™ — 2E™ ,z™ — mt[)ymlp
R(E)™ = dE™" — 20[™ ( E™¥ 4 2bE™" + 2E™"q — 4elmy™

1 _
+2e™Peyz, + —21/)}/’”"1/)

42
1
R(Q) = dp+ (=ar® + b+ 5 0™ Yo = 9™ + 2"y )
1
+ (‘/Eemym + ﬁEmann) ¢

R(M)™ = dw™ — @™ 0™k + 4pmynl 4 4zImznl — gelm fnl

—8EM™ ik 4+ %ijanb
R(D) = db — 2e™f,, — E™F,,, + %1/5¢
R(A) = da — 2v™z,, — E™E,. + ilﬁy%
R(WV)™ =dv™+ 0™ ,,v" + 2z™a + 2E™ ,f™ — 2F™ ,e™ + %lﬁy"%p
R(Z2)™ =dz™ + @™ ,z" — 2v™a + 2E™f, + 2F™"e, + itﬁysymd)
R(S) =d¢ + (ays —b+ %wmnymn =" — Z’”Vsym> ¢

4 (V2 F )

V2
- 1
R(K)™=df™+ o™ o f" = 2bf™ 4 2F™ ,v" — 2F™"z, +—4\/§¢ym¢
R(F)™ = dF™ — 2™  Frik — 2pFmn — 2Fmng 4 4flmynl

1
42

dRA — _RCthBCA

+2emPaf, 7+

dy™¢.

{Qa, Qb} = aaap

1 1 1
86a8h = = {2 7o + S THVTE, + =TT, 4]

1 1
{Qa, Qp} = §{ngacrc7dad + > Lot aTyne Yag
1
+ 5 Tap™ a‘Timne dad}

1 1 1
= Z{F(th + EF%)N]MN + EF(%VIN]LMN}

1 1
M=—y"Qc*IMP=—=1Qs" C=—=1Q0"
Y V2 V2

{rM, N} = 2pMN = diag(— — + + + H)"N,T7 = —y> ® ¢

— b b _ b _ b — — — b _
a% =C*? ab,F*a —F*aCCC —CaCF*C ,F*ab— *aC Cb—CaCF*Cb,CaCCCb—Sg.Ca =

(yo ® o.l)ab




TAS Qa] =-I", be
[]7 ]MNP] — MNPRST]

YN, Jrs] = 86““1“1

UMY Jrsr] = 12807 57y
MNP, Jrsr] = 26"V psr)” — 36805 827

pm=p@m  pgmn = L pmn K™ =rom
gmn — p@®mn p — Feaé Fmn _ pSmn
A=T7
ym =room
zm = —%e"qurnpq
R = {dh + 56 NP by phipst + %’LbaFabwb}J?
5 {thN + 2har ™ N — WPy hpsy
‘i‘%WFMNabwb}J M
+ {thNP + 2enrnvprsTh™ T hy + 6ha™ hgnp
‘i‘%’WFMNPabwb}J MNP

+ {dw“ + he DT 0" + Shayn TN
+éhMNPFMNPab’¢b }Qa

SR = {11_86MNPRSTRMNP)\RST _ iRaIﬂab/\b}J?
+ 5 VAR AN N — 2R™ y Apsy — iRaFMNab)\b}JMN
+ =3 = 2eunprsr RN + 6Ry M Aenp

i RST Ky K
+3ennprsT 77 A — 6Ryn™ Ap
| b MNP
— 1R T AN pap A }J

= {R7F7ab)\b - %RMNFMNab)\b - %RMNPFMNP%)\I)
AT R+ AN TN R+ %/\MNPFMNPabRb}Qa

5hA == dEA + ECthBC A

—L =aoemnqu(M)m”R(M)”q + a1R(A)R(D) + a,R(V)™R(Z)1m
+03€mnpg R(E)™R(F)P4 + BR(Q)Y°R(S)




ay = 1,0, = -32,a, =0,a3 = B,ﬁ = -8
5RA = _RCEBfBC A.

—6xL = —32R(P)y [ROM)™ + %R(A)nm”] €n + VZBRQ)Y Y™ R(Qem

+2[(az + 4a3)R(E)Y™R(V) + (az — 4a3)R(E)™R(Z) ] €n
—8pL = R(E)mn[(4as — 32)R(M)™ 1€ — (4az + a;)(R(D)e™™ — R(A)E™™)]
=20, R(P) i [€™ R(Z)y, — E™R(V)y]

~85L =R [(F - B) RCA) + v RO + (£ + B)y"R@),
(52 B)yy RO + (24 5) O™y, €
as

FRE) (V2B R + (25 + ) R @D

Emnqur = ernqum + emrqun + fmnqup + fmnerq

P

gymn = Lemnpay yr 1[XY — yxpmn = x,, mynlk
T2 Pkl 472 -k

R(Q) = —y® .R(Q),
R(P)™ = 0.

L
V2

R(E)™ = — ,R(E)™.

6s[R(Q) +¥v2R(Q)] = —=[RE)™ + .R(E)™ lymne

ZR(E)mn[az( *R(V)m + R(Z)m) + 4’“3( *R(V)m - R(Z)m)]en-

LR(H™ = R(Z)™

RQY™ {ZR@m + RVl + BRDIm = RV}

—L = €mnpgR(IM)™R(M)P? — 32R(A)R(D)
+8€mnpqR(E)™R(F)P — 8R(Q)y°R(S)
R(P)™ =0

R(E)™ = — ,R(E)™™

R(Z)™ = ,R(V)™

R(Q) = —¥° .R(Q).

1, . ~ ~
Wymn =§ (_R(P)mnu + R(P)umn - R(P)unm);
R(P)w ™ =R(P;w,™ =0) ™




v v v
R(E)w™ =3 =1 + 10+ 9 + 9 + 6 + 1
v x v oY v v
R(Q),uv = 24 = 8 + % + \i/
X
R(M),™ =36 =1 + 10+ 9 + 9 + 6 + 1
X X X V4 Vv V4
H(D)m/ - \ﬁ/
R(Lfr)uvm+*R(Z)gvm = E = {? + 3} + ;l/
R(V).ub’m_*R(Z),uvm - E - E + \E/ =+ \i/
X

YYR(Qpy — %Vu}’aﬁR(Q)aﬁ =12
Y*PR(Q)ap = 4
YER(Q)yy =0
Y R(@p = 0.
Ziw) + V) Ve F and vy — %g,va P
Z(uv) ~ igyvzp P and z,

R(E)™ = —R(E)™

R(E)v[um] V=0
R(E)m, VE =0
EuvpaR(E)uvpa =0




1 _
R(P)™ =de™ + wy'e™ + 2be™ — —yhy™
5 1 mn m
R(Q) =d1p+(3ay +b+Zw ymn)1p+\/§e Ym®
1_
R(M)mn =dwmn_wl[€mwn]k_8e[mfn] +§1/)an¢
1_
R(D) =db—Zemfm+le¢
1_
R(A) = da+9r°¢
5 1 mn m
R(S) = dg +(~3ar® = b+ 5™ pn ) & = V2f "yt
1
RUO™ = df™ + WM f™ — 2bf™ + ——y™
(K) f n f f 4ﬁ¢y ¢

£(l+) =aga= (aKa, dKa) and Qc(l_) = aad = (aKC_lﬂ C_le)

Qo = aq(a+ d)/\/'Z
J¥ = 3{a,a} - ;o (a", ay} and ] = 5 {a¥,ax} = 3 [a,a]
_ 1 1 3
Q) =5l  a} ~58rlaal =7, - 7o),
K A 1ok - ko Llok
{Q*,Q.} :E{a Ja}=Ji +Z(SL]:
] = %{aK: ag} J*t = a®a and Ji, = aar)

—L = €mnpgR(M)™R(M)P4 + 32R(A)R(D) — 8R(Q)Y°R(S),

R(P)™ =0
R(Q) = _y5 *R(Q):
R(4) = .R(D).

[’non-afﬁne =L+ 64R(A) (R (D) + *R(A))
~ 1
0 =R(M)™" e, + 2R(A)e™ — ﬁwysymR(Q)
Y#R(Q)uv =0

1
0 = dR(P)™ = R(M)™"e,, + 2R(D)e™ + ﬁzpymR(Q)

1 ——
0= R(M)Z[;W] +2.R(A)yy + —=R(Q),, v - Y {f™ equation }

W2
1 —
0= R(M)g[w] —2R(D),y + mR(Q) wY - ¥ { Bianchi }

Loonatine = £ + 32(1 = 20)R(V)™R(Z) 1 + 32aR(V)™ ,R(V)
+32(1 — @)R(Z)™ .R(Z)m.




L 5, m _ 79D mn
Zﬁd)y Y™R(Q) — 2R(E)™" vy

—2E™R(V),, + 2R(E)™z, + 2E™R(Z),,

0 =R(M)™"e,, + 2R(A)e™

1 -
0 = dR(P)™ =R(M)™"e,, + 2R(D)e™ + Z—ﬁzpy R(Q) — 2R(E)™"v,
+2E™R(V),, — 2R(E)™z,, + 2E™R(Z),,

- / 1
0= *R(M)p[;w]p’gpp - Z*R(A)uv + mlp ’ ]/R(Q)y,v

—R(E) vpovP? + 2FEPo R @Dvipe = R(E) pypozP? + 2EP? [ ,R(V)y1pe

1
0= *R(M)p[uv] P — Z*R(D)uv - mlp ’ V*R(Q)uv

+ . R(E) ypo VP = 2EP? [,R(Z)y1ps — R(E) pvpozP® + 2FEPo RV vipo-

R(E)jvp1o = 0
R(E)[uvpis = 0
Y[/.tR(Q)pa] =0

0 =R(A)uv - *R(D)uv +EP° [uR(V)v]pa — EP° [,uR(Z)v]pa

1 _
+=e€uap|EPPR(VYF 5 + EPOYR(Z)FP

2 PU]'

R(V)™ = = .R(Z)™

0= R(P)m,m
0=R(E)ppu *
0= R(E);w VH

0 = e"P?R(E) yvpo
0=R(E)y ™+ R(E)y ™
0= R(Z)uv m— *R(V)uv m
0= Y#R(Q)uv
0 = R(M)puy ? %g,wR(M)pa P+ 2.R(A) + %vamw”
—2.R(E) pvouzP? = 2R(E) pyouv?° + 2R(V) pyo EP? y + 2R(Z) pyo EP?

"
Shfrgep, = A€ + €CP e A = SGroup Mindept.
Shlgept. =de? +eChPfg +6 héept. = 8Group hfgept. +4 héept,
0 = SR(P)™= 8Group R(P)™ + SR(P)™
= 8Group RP)™ + ™ e, — 2E™8v,, — 2E™8z,,

A 1
5wumn = z (_5Group R(P)mnu + 5Group R(P)umn - SGroup R(P)unm) +

Shﬂept. ~ (curvatures ) + ( curvatures ) X ( fields ) + ( curvatures ) X ( fields )? + «--.




—6L = _6Group[' + 32R(V)m6Group [R(Z)m - *R(V)m] —16v ZR(S)ysymemc§¢
+32R(K)™e™ 8@y — 128R(F)ippne™8v™ — 128R(F)ppe™6z™
+0([ curvature )% x ( field ))

A 1 1 op
617(;11/) == Z 5Group [R (E)p(uv) p— gguvR(E)pa]
a _ 1 ~ ! 1 ~ PP’ oo’
02y = — 4 SGroup [R E)punyp' 9 — 6 guvR(E)paa’p’g
A 1 0
Sz[uv] == Z Ay (SGroup R(E)p[,w])
Sv[uv] == % a- a)SGroup R(E)Z[uv]

o 1
6wﬁmn = _ESGroup [R(P)gnnu - R(P);Olmn + R(P)?mm]
Swm = (1 - ﬁ)aGroup R(P)m

~

1
8by = =BGy RCPY,
A 1 1
6¢ﬂ = ﬁsGroup [VPR(Q)up + gyuyapR(Q)pa] .
2 2
R(P)uvm and Wymn by R(P);me = R(P)uvm + ER(P)[uev]m and w;(t)mn = Wymn t+ 3 Gu[mWn]
R(P)y =R(P)pu? and wp = Wy P.
1 1
Zi) WV and bﬂ + - Wu AV +(1- a)*z[w] and (1 — ﬁ)bﬂ — gﬁwu

SVw/(A)mn = ZR(E)mnukek ;Szwﬁmn = ZR(E)mnukEk

Sv(l)m =0= vaﬂ ;8zwm =0= Szbu
vaum=0=(§vz#m ;Szvum=0=c§zzum
A 1 N 1
6V¢/4 = ER(Q)LWEV ;5Z¢u = EVSR(Q);WEV

ey @By = —2R(E)mne™

e"8,;@mn = 2R(E)mne™

" 1
emYm(SV(;b = _ﬁymR(Q)Em
~ 1
e"Ymbzp = +5V5VmR(Q)6’"

—8y L =32[R(M)™R(V),, — 2R(D)R(Z)"]ey,
+32R(V)™ 8y, Group [R(Z)in — «R(V)in]

—8,L =32[R(M)™R(Z), + 2R(D)R(V)"]€,,
+32R(V)™ 82, Grouwp [R(Z)m — «R(V)m]-

5V, Group [R(Z)m - *R(V)m] = —ﬁ(M)mnEn + Z*R(D)Em
5Z, Group [R(Z)m - *R(V)m] = R(M)mnen - ZR(D)Em




R(MY™ = — R(M)™
R(4) = .R(D)

—8pL=—16V2R(S)y y™enbyp — 128R(F)mne™8ov™ — 128R(F)mne™8, 2"
A
_8,L = 164R(K)™ [e”mnR(V)” — e, R(Z)™ + EensEamn]
—128R(F)ne™8zv™ — 128R(F)pne™8zz™ — 16V2R(S)y5y™e,,6¢

-~ 1 1 .
0Qby = 3/2 [R(D)yp + R(A)up'}’s + 5(30’ )p + R(Z)p“ffi)”fuhp
_ 1 -
5QU#V - 8\/2(1 _ Q)R( )E
~ 1 - .
Sorm = gpoRQNe
T 1 mn 1 op.mn
Py = _1[’)"07 R(S)up + g'“fu’)" PATR(S) pol€mn
nggmn = R(V)mn"€rp — R(V)um"€rn + R(V ) yn" €rm

.

2 -
+R(Z)mn? v€pp — B(Z) ym € + R(Z) yn €pm, — geu[méwn]
dpwy = 2(1 = B)EmR(Z)" + emnR(V)")

SEU[W] = é(l — )[R(M) poyu €”° + 8R(D) pipu1"]
gEz[#V] - %Q[R(*M)pcmv*fm + 8R(D)P[#*Ev]p]
OBVw) = %QMVR(D oo

OB (w) = %guvR(D)potfpoa

R(V), = R(V)pv P and R(Z), = R(Z)pv P
R(Z)™ = .R(V)™

R(V)upcr + R(V)pau + R(V)a'up = _eeupcrrR(Z)T
R(Z)upa + R(Z)pcru + R(Z)aup = eeupcrrR(V)T

—5Q£ = SﬁeR(Q)#ve[gpa*R(F)Pﬂva] + .
Zluy] «Viuv] gpa*ﬁ(F)p”W 8oL R(F)yy ™ *E(F)uv mnSZ[uV] S*U[IW] (1- a)*gz[’“’] - _aSv[W]'

—6pL = —16e(R(M) 4yap€™® + 4R(D) au€5))[9posR(FYPHYO| + -

R(K)P* , = R(K)* 5L




—8pL = —63—4(23 —3)eR(K)*[e( RV)Y + € R(D)V] + -+,

1
(Bu+3 @) 85L Enun
by = by — 2€, ay, by zpy — Ve ™ Ey ™ Y by QuZipy) = <V
L=L(e,™ E,™ Yy by a, Zluv) — *V[W])-

bu - bu—Zeu

Zh) = Vi) = Zuv) — Vi) + 2emp By 60 — 2.[Efl€a].

ay = a, —E,™eny,
b, = b, —E, ™ €my

Z[I"'V] - *v[ﬂv] - Z[[I.V] - *U[HV] + 4'*61“/.

Zv] = Yy @ = @ +Aa,(b,z — ,v) L(aﬂ, by, zpun) — *vm,) = L(al’u 0,0)
6Gen. coord. hu 4= ufphp A + fpaph A;
Group pm (6 ™ =¢&Pe, m)hu A+ $PRpy 4

= 6Gen. coord. (Ep)hu 4 6Group (EBiPm = fphp B)hﬂ A.

1 1
[5@ (61) .5@ (62)]6#7” — 5p (2\/2€2r}/7'€1) e,um+5E (_2\/2627T561) ey?n

R(P)yy ™ =0

1
2,/2

1
[(SQ (61) , (SQ (62)]Eumn = (Sp ( EQ’)/Tél) E‘umn + 6E (—2\/262’)/7‘561) Eﬂmn

R(E)yy ™ =0

{Q4,Q8} = E(AB)
{QAr QB} = PAB
{Q4, Q8 = Eap




~8y, Growp £ = 16[2R(M)™R(V),,, — 4R(D)R(Z)"
+4R(EY™R(K)m — R(Q)Y5Y"R(S)]€n
—82, Grouwp £ = 16[[2R(M)™R(Z)mm, + 4R(D)R(V)™
—4R(E)™R(K)y + R(QY"R(S)]ey
—80, Group £ = B[R Y5 ¥mR(WV)™ + ¥mR(2)™} + V2R (Q)y *¥mR(K)™ €
—8p, Group £ = —32[R(M)™R(K), + 2R(A)R(K)™ + 2R(F)™R(V)
+2R(F)™R(Z)m + 42R(S)Y°Y"R(S)]en
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(il 0\ . (0 -ig). _(0 —ﬂ2>
“‘(0 ﬁm)V‘Qa 0 )=, o)

1 1
P =§(1+Y5):PR =§(1—Y5)
«_ (0 —oy
A= (0'2 0 )A
AL = @)'e =P, = —-i(Ar) Ty,

Rﬁ,’,’= 26[uw3]b + Zwﬁfa)e]c
Ryy= Rﬁgege,l,’,R =g"" Ry

_ -1
G;w— e

) 4 1
69””[ d*xeR = Ry, —Egm,R

1)
T = —e‘le{}(s #Mng d4xL
ea




eﬁ = a(’))@?' Iuv = az(n)nuv

@ = 26,"0"1In a,Tf, = 26,0,)In a —1,,0°In a.

Rloo= 1 [46149,10" In a +46[%(6* In @) (9,1 a) - 26/%5 ) (@In ay?]

Ryy=20,0,In a — 2(6ﬂln a)(avln a) + 1,y [01n a+ 2(0ln a)?]
a’R=601n a + 6(dln a)?
Gy = 20,0,In a —2(d,In a)(d,In a) —1,,[2 0 1n a + (dln a)?].

1
+1wﬁbyab += 6;} bsya,In a.

0P, = P+ 1 (Pna) v, + 7,0, ma)yy s, —7- 00, na.

DX = JuX — 57,00X

aPx = Px+37ax

D" = 9P, —2a 2a + ta taed O
AP = P = (Tt + Fr0t + 70

—Mp?p =GY = —3a7%(0pln a)? = —3H?
—Mp?pl; =G = a2 13[208In a + (3yln a)?] = 15(3H? + 2H),




a™'=H(C—n)
RO =268 8] H?
R= —12H* = —4VMp?

1
Guv = _ZguvR = gquMl;zv

L=-N,'D,X'"DHX,
D, X; = 9,X, 1'AXDX’—aX’ 1'AX’
whl = Opdy + 14,8, D& = 0,87 — 14,47

9 9
X! gy i = X Gy i =0

X, =Yx;(2), X =Y*x!(z%)

1, 2 1 i, N 3 Y\?
L= @) = 5 (4 +5 ('K — 0,K0,2") — S 3,n )

! 079,%5)a,z o
+§N( lj() ﬂZ Zj
N=x'nvx,
1
K(z,z*) = —3In [—gxl(z*)]\f,](z,z*)x](z)]

N =-3M}

L(Ay) = _%N(Au - Aﬂ)z +L(4,)

3i
Ay =oor (X' (9.%)) = (9.X" )/ X)]

gtz = —3 X 0%

B xKNKLxL
A 3, Y
Ay = =5 (0"K 9z — 8;%9,2") + 5 Oln

1
In(=N) = —§JC +1In (3YY™)
DX, =Yd,z;Dt 1Xal N,Dix, = |9t 1aiyc
uXi = Y0,zD'; +5X,0,In N, D'x; = +§( )|

1 1 ) . .
L= N (9N) ~ 5N (4 =~ A,) = YY" N/ Dx;Dyx 9, 2,042
070;(x' /%)) = (i) (07 x))

L= —Mg(alalf}(')auzla“zj

xIN; I <0




070, 5 o< =N (0;x' Ny 187 %) + (9" Ny Kege) (- vy, 107 x)
12 * * 1 *
V'(z,z*) =V(z,z")exp [_§(W+AY + W_Ay)].

i i 1 i
DV =20 V+§W+(6 K|V
(@'V)Dx; = YW+ (Y )W-D'V
DiDIix; = 0'DIx; + 3 (0'%)D/x; — T,/ Dkx,

= _YN_l I ].N} KL(DixK)(Dij)

DIDIW = 9'DIW + (3'K)D/W — T/ D*W

=Y IMAW!Y (Dix;) (D x)) + Y 2MEW!'D'DIx;

M2 (Rk - = g,(clg;)) —YY*(D,xb)N; 10, DIDIx,

= (Wl = NNy V) (D) (D) (D, ) (D) ) (YY )2
1 . Ay 1

p==idd" = —

) ﬁ = ﬁ(dzaﬁ —a;ay).
2

m= eX/2|W|, 1 = (Dym)¢ = my
my = (DyDym + Mp?m)¢ = (mn + m3/2)¢

a=¢*+mi,ay = ¢ —mf, a; = 2my ¢

—¢m1 + (m11 + m3/2)¢
¢2 + m1

.. a .
¢ = —3E¢ - ml(—2m3/2 + m11),

u= (m11 + m3/2) + 3(H¢ m3/2m1)m

D0 p; = 0,04; + 10V p; + [/%0,¢;0, 6%

1 1
m’ = exp (iysA)m, P, = exp (—Eiy5A> Yu, Yy = exp (5 iy5A> Y,

(Pt =P, (P)E =

9’ = elVsM/2g, A! = eiVsA/2 fe1¥VsA/2 B = oivsA/2 feiVsA/2

0,0 = 0,60 — iysAB/2

0 = a 1050 + 5 vs(¢10: K —;0'%)




V = -2 g?(cosh (al¢]) +2)

__3 2
A= XY

V = ~3;9%(cosh (alg]) ~ 2)

apzAzE = R2
ds? = f(¥)dS3(x) + f7 (1) 40 ()
nap = diag(1,, —c?1,)

B R[S, () 4T ()]
fi=sl4fa=1
p=4q=4c¢*=1a=2/3,b=-1/3
p=5¢q=3c*=3,a=2/3,b=-1/3
p=3,9=3,c*=1a=1/2,b=-1/2

Sya- = [ d¥x/—gle ?®(R + 4(0D)? — H?)
+G% + G2 + -

Sup = [ d¥x/—g[e™?®(R + 4(dP)? — H?)
+G + G+ GE] + -

d _ So0(d1)
~ so(d)
ds., = S0(d1) _50(d-1,2)
4~ so(d-11)’ d ™ 50(d-1,1)
E = 2
R

E% — p? = m2N
AP = —m?d
Anfo = Anfn
AP = —M* &Y + 2. PP D + 0(D3)

OU(x,y) = Ln Pn(Ofn

fr W) = Zp drp;mfp(y)




Ay = M® yn — Andit + chedpadp g + 0(9*)

ds? = H9(—dt? + dx? + -+ dx2) + H*(dr? + r?dQ0%)

an—l

H=c+rn_1

e¢=HY

2

ds? = HAd§?, A = a —
n-—1
2 _tP o a® o a2
ds =a—ﬁdx” +T—Zdr + a“dQy
ds?,e = L dx? 4221 gy
AdS — 4B I B2 U2z
e® o U-2(n-Dy/B

ds? = H™9(dx? + - + dx?) + H*(—dt? + dr? + r?d03),

e = Qv
H=c+r,fl_2
H=mt+b
H=c+;1::

t = tcosh p,r = tsinh p

B 2 ~
2 _ T 2_a 2 2102
d§* = —pdxj —dt” +a”dQy

dQ% = dp? + sinh? pdQ}

B a?
ds? =S dx? — L dr?
aB [I T2

2 2
dsis = —dxf — = dT?
e o T-2(=Dy/B

bn—1

!
¢ oh—1

r = gcosh &,t = gsinh &
ds? =20 dx? + 2 do? + b2d(22
st =—gaxj +—za0" + N

dQ% = —d&? + cosh? &d03




B 2

2 _0° 5 2 b%, 5
ds® = gdxj+—do
2 _ X2, o2 b? o
dSH—ﬁdx” +;dX

e? o x—2(-1Lv/B

Morfologia y fenomenologia de la particula supermasiva u oscura. Modelo matematico.

G = R¥PTR .y pr — 4RFV Ry, + R?,

Ll)l_rg(D—4)a—>a

1
5= 32 | 'xy=gIR+ (4G + 4G, 44T D~ 4T9)? 0 ¢+ 209)")] + 5,

Ep = —G +8G*V,V, ¢ + 8R*V, ¢V, ¢ — 8(O $)* +8(Vg)* O ¢ + 16VHpV ¢V, V, ¢

+8V, 7,V Ve = 0.

Ew =Gy + a{dH,, — 2R[(V,$)(V,P) + V, V0] + 8RE, V. Vo + 8RY, (V1)) (V)
ZGuv [(V(l))z +20 ¢] - 4[(Vu¢)(vv¢) + Vvvu¢] O ¢ - [guv(v¢)2 - 4(V#¢)(Vv¢)](v¢)2
+8(V(”¢)(VV)VU¢)VJ¢ - 4gleap [Vavp¢ + (V0¢)(Vp¢)] + Zqu(D ¢)2

—49, (V) (VP ) (VoY) + 4(V,V,0) (VIV,0)
—29,0 (Vo V) (VOVP ) + 4R 15, [(VO ) (VP D) + VPV P} = KT,

—2 &S,

Tv = =g

af afo a 1
Hyy = 2(RRyy — 2RyqvpR™ + RyapsRy" ™ — 2Ry Ry — Zglﬂ/g

a a
kg Ty = g Euy + E£¢ =—-R-— Eg
ds? = —e?®Mt? + e2¥Mdr2 4 12402

Ty = (p+p)Wuy + PiGuy — OXuXv

1—e2¥ (1 _a(1- e-Z"’)>]

2[. 2a(1—-e2¥)]a¥
[Hr—ZE:e R r2

r

2 2a(1 —e2¥)]do 1—e 2% a(l—e 2%
2[;,2a0=<NNAS _ ow g, & o« )
T 2 dr 2 2

dp, dd 2

pr —(p +pr)ﬁ+;0'

r? 8am

-2y
=1+—|1- |1+
¢ 2a r3




2m  4m?

lime™2% —1——+—0£+
a—0
8
d(b_ (’ —1>—2am
=
r2Q2a + r?) 8am
dm P
dr e
dp,  (p+p)[2am+1r°(1 - A - 8rap,)]
ar r2A(r? + 2a — r2A)

k4-

1 kp
pr(kF) - WJ; mdk
Tmg -
pr(kp) = 33 xp(2xf —3) [x2+ 1+ 3sinh™

_ smugmym?
=g

0 =py —pr = Brrit

pr(r-R)=0,p,(r->R)=0
—if (@QT),/—gd* +f (L + Lp)\/—gd*
2k f(@ gax m T ey 7ga X

-1
L, =—F%"F,
¢ 1é6m

p ol p K
Q=—g% (L elop — LupLEQ)
1
Llpuzr - Egpl(vwglm + V9o — Vlguw)
_ &M — 0
Qp - Qp f;Qp - pr

P == 12,42 (Q ~ @)ggy 767
%o 2 fe Q- Q) (§Qe)

1 ~
Q = —Q,g PP = _Z(_prg(@ﬁ@f +2QP% Qgpp — 2Q°Q, + Q°Q,)

1
85=0= f Eﬁf(@ﬂ"),/—g] + [ Ly /—g]d*x
1/-1
— | 3(F Fosev=g09% + foy =500+ fr=g07 )

1
- ETEQ,/—gSgde‘*x




o \/__g ngg » Yo ngg

6T = 6(759969) = (TfQ + 959)59&)

1¢(-1
§S=0= f E{ngw—gagf@ + fr(Tgo + Ogo)\/—98 9%
~fay _g(pruQe Pi—2QPe EPqu)‘sng + 2fqy —gPp&,VP(ngQ

1
+2fo\[=9Ppgo V7595 — 57}9\/__959&)‘14"

2 1
Teo + Ego= ﬁvp (fov=aPl)) - 5F 950+ fr(Teo + Og,)

_fQ(pruQe i —2QPK EPpue)
ds? = —e®Mdt2 4 ePMdr? + r2(de? + sin? d¢?)
Teo = (p + plusiy + pegeo — okek,.
T=3p,—p+2c

1, 1 o
Efezg(FfFve_ZgichvF )

(V=9Fs,) = 4mJey/=0Fise) = 0

a+b

e 2
2 q(r)

E(r) =

r
q(r) = 47rf orlebdr
0
e P dq(r)
7= amr? ar

q=qor?

1
p= 2P [fQQZTQ'(T)(eﬁ — 1) + fo ((eﬁ — 1)(2 +ra'(r) + (eﬁ + 1)7‘,3'(7‘))




1 q?
+frief] - 3fr@p+pr+2p) -

1
Dy = T 5208 [ZrQ’(r)fQQ(eﬁ — 1) + fa ((eﬁ — 1)(2 +ra'(r)) + rb’) — 2ra’(r)))

q* 2

+r2eP]+ -+ 3 fr(p —pr)

pe = —ﬁ [-2rQ'(Ma'foq + fo(2a'(e* —2) —rB'? + b'(2e* + ra’) — 2ra’)

2 1

+2fref] - 2—4 +3fr(r =)

f(QT)=A4Q+ BT

p= [e‘ﬁ(r) ((a’(r)B ((eﬁ(r) —1)(2r?—1+efM) 4 rﬁ’(r)) + (B(eP™M)
x (2r2(e5tF™) — 1))) B'(r) — 2Bra’ (r) + B(-r)a’'(r)?Ar3)
~2(B(6r2ePM — 7) = 6)(eP ") (q? — Ar?) + Ar?) )| [2r* (B(-8B
+2(4B + 3)r2ef™ — 15) —6)|
pr = [e P (4Br2e*PM (7B + 3)q? + A(B + 3)r?) — 2P ((B(3B + 13) + 6)q>
+Ar?(B(13B + 2(B + 3)r2 + 17) + 6)) + 2A(B(13B + 17) + 6)r? + Ar3
X (—2Bra” (r)(3B + 2(4B + 3)ePr? + 2) + a’(r)(B(27B + 47) + Br(3B
+2(4B + 3)r2ef™ + 2)B'(r) + 2(B + 1)(11B + 6)r2e2P™) — eF((B + 1)
X (11B + 6) + 2(B(19B + 23) + 6)12) + 18) + a’(r)?B(-7r)(3B + 2(4B + 3)
xr2ePM +2) + (B(21+ 13B) + 2(B + 1)(11B + 6)r2e?f™ — eFM((B + 1)
X (11B + 6) + 2(B + 2)(B + 3)r?) + 6)B'(1)))][2(B + 1)r*(B(-8B

+2(4B + 3)r2eﬂ(r)))]_1.

pe = [e P (8Br2e?PM(ABr? — (5B + 3)q?) + 4ePM((B(9B + 17) + 6)q* — ABr?
(—2(B 4+ 2Br? + 2)) + 4AB(B + 2)r? + Ar®(2(ra’ (r)(B(—6B + 2(4B + 3)
r2e50)) + (B (B +e80) (B - 22(5 + (B + 1)eﬁ<r>)))>

X B'(M) +a'(r)(r(B(6B — 2(4B + 3)r?ef™ + 13) + 6)p'(r) + 2B(—9B

+efM(B - 2r?(-5B + (B + 1)eP — 4) + 1) — 16) — 12) + ra’(r)*(B

X (=6B + 2(4B + 3)r2eF(™ —13) — 6)))] [4(B + 1)r*(B(—8B + 2

X (48 + 3)rZef™))].

a(r) =yor? +y1, B(r) = yar?

2 2M 2 M\
ds? = — (1 +S—2— T) dt* + <1 +S—2— T) dr? +r?(d6? + sin® 6d¢?)




RZ R
2 1
2 Q 2M
g = <1+F‘ R> ’
2 2M ZQZ
Jeer = 2yoReVoR 1 = R

2Q2 2M\/ 2M Q\ "
VO:(‘FJ’F)(_?“J’F :

2M  Q?\ [2M 2Q? 2M  Q2\ "
Y1=1“<1"?+F>"(F"F "%

RZ
In (—ZMR Y Q2+ RZ)
RZ

Y2 =

p=[e77"" (2Br2e®:" (A(r2(yo + v2) + 3) — 3¢§r™) + €2 (A(B(—(2r* (x,
—5y2) +12(yo +¥2 + 6) + 7)) — 6) + (7B + 6)qér*) + A(r*(—B(2y,r?
X (@=¥2) + Yo +9¥2) = v2) + B+ 6))] [ (B(2(4B + 3)rZe”?™" — 88))]_1,
pr = [e772"" (727" ((B(3B + 13) + 6)(—q2)r* — A(4y3B(4B + 3)r® + yor?(—4
X (4B +3)r* + (B + 1)(11B + 6) + 2(B(27B + 29) + 6)r2) + y,r2((B + 1)
X (11B+6)+2(B+2)(B+3)r?)+ B(13B+2(B +3)r? +17) + 6))
+A(=2y3B(3B + 2)r* + yor?(B(2y,(3B + 2)r? + 21B + 43) + 18) + y,(B

X (13B + 21) + 6)r2 + B(13B + 17) + 6) + 2r2e2¥2"* (yy A(B + 1)(11B + 6)r2
+y,A(B + 1)(11B + 6)r? + B(A(B + 3) + (7B + 3)q§r4))>] [(B + 1)r?(B(2(4B

+3)r2e”™* —8B —15) —6)]

p, = [e 2" (e?"* (AB(r2(2y3 (4B + 3)r* + 1, (2r2(—y, (4B + 3)r2 + 9B + 7)
+B+1)+vy,(B—2(B+2)r?2+1)—2B)—B—2)+ (B(9B + 17) + 6)qér*)
+A(=y23(2B +3)(3B + 2)r* + yor2(v,(2B + 3)(3B + 2)r?> — (3B + 4))
+y,(B(B + 6) + 6)r2 + B(B + 2)) — 2Br2e2¥2"*(A((B + 1)r2(yo +v2) — B)
+(5B +3)q3r")] [(B + 1)r?(B(2(4B + 3)r2e?s" — 8B — 15) — 6) .

x = [e " (e”2"* (B(3B + 13) + 6)(—q3)r* — A(4y3B(4B + 3)r6 + yor?(—4




10% (p+P,) [Pa]

10 (p+P,+2P,) [Pa]

X y,B(4B + 3)r* 4+ (B + 1)(11B + 6) + 2(B(27B + 29) + 6)r2) + y,r2((B + 1)
+2(B+2)(B+3)r?) +n(13B + 2(B +3)r? + 17) + 6)) + A(—2y§B(3B + 2)

X r* +y,r2(B(2y,(3B + 2)r? + 21B + 43) + 18) + y,(B(13B + 21) + 6)r* + B
X (13B + 17) + 6) + 2r2e22" (yoA(B + 1)(11B + 6)r% + y,A(B + 1)(11B + 6)r?
+B(AB+3) + (7B + 3)q§r4))>] |(B +1)r? (B(2(4B + 3)r2er=” — 8B — 15))]_1
—[e772"* (727" (AB(ry3(2y3 (4B + 3)r* + yo (2r3(—y,(4B + 3)r% + 9B + 7)
+B+1)+y,(B—2(B+2)r?2+1)—2B)— B —2) + (B(9B + 17) + 6)qér*)
+A(—=y4(2B +3)(3B + 2)r* + yor?(y,(2B + 3)(3B + 2)r? — (3B + 4)(5B + 3))
+y,(B(B + 6) 4+ 6)r% + B(B + 2)) — 2Br2e?2"*(A((B + Dr?(a +7v,) — B)

+(5B +3)g3r")| [(B + D)r2(B(2(4B + 3)yr2er™” — 8B —15) — 6)] .

r

M(r) = 4n fo ¢p(c)ds

1
Zr) =-1+
v T Get
1
Z(r)=-1+
J1—wu
A(—2y,B — 17By, — 18y3)
p(0) = —5— —
8B2 —15B — 6
0 = A(10yoB? + 26y,B + 12y, — 11B?y, — 13By, — 6V,)
Pr(0) = (B + 1)(—8B% — 158 — 6)
© A(—14y,B? — 28y,B — 12y, + 2By, + 7By, + 6y,)
Dt =

(B + 1)(—8B2 — 15B — 6)

10% (p+P)) [Pa]

1 — q=0.004
— qy=0.006
11— qu=0.008

10%(p-P,) [Pa]




aofFT

35k

30k

10%(p~P;) [Pa]

251

o = =
v i =

Compactness
=
=




P, [dyn/cm?]

0.01000
0.00995 |
0.00990 F
“L: p.0098s F
L oomsof

0.00975 |

0.00970 |

D002 Ey 1 I 1 1
0 2 P} 6 8 10

wr = [ ((B(3B +13) + 6)( — ¢2)r* — A(4a2B(AB + 3)r® + yor?( — 47, B
X (4B +3)r* + (1+ B)(B +6) + 2(B(27B) + 6)r) + 72r*((B+1)
X (B+6)+2(2+ B)(3+B)r’) + (13B+ (B +3)r’ +17) +6))
+ (= 2a*B(3B +2)r* + 10r* (B(272(3B + 2)r* + 21 B + 43) + 18)
+5(B(13B + 21) + 6)r” + B(13B + 17) + 6) + 222" (1, A(B + 1)
X (1B +6)r%) + 1 A(B + 1)(11B + 6)r* + B(A(B + 3 + (7B + 3)g5r") )]
% [(B +1)(2Br2eM"™ (A(r2(y0 + 72) + 3) — 3¢2r") + €™ (7B + 6)g2r"
- A(B(Zr"l(ﬂm —57) + 1 (o + 2 +6) + )+ 6))A(‘r2( — B(Q’}'(]?"Q(')’O —72)
90+ 97) — 1275) + TB +6))] 7,

we =[P (AB(r*(20°(4B + 3)r* + 70( = 202(4B + 3)r* + B+2(9B + T)r? + 1)
+9(=2+ B2+ B)r* +1) —2B) —2— B) + (B(9B + 17) + 6)¢g3r*) + A( — a®
X (2B 4 3)(3B + 2)r* + r?(72(2B + 3)(3B + 2)r? — (3B +4)(5B + 3))
+%(B(B +6) +6)r* + B(B +2)) — 2Br?®" (A((B + 1)r*(a + ) — B)
+ (5B +3)g3r*) | [(B + 1)(2Br2€.272'"2 (A(r*(y0 + 72) + 3) — 3¢3r?)
+ 7 ((TB +6)g2r* — A(B(2r* (70 — 572) + (70 + 72 + 6)

+7)46)) + A(r*(— B(290r* (70 — 72) +70 + 972) — 12792) + 7B +6))].

8.70x10% 8.04x10%
=
. g o 109
o
866X 10° u qo=0.004 E 8.00x10% m q=0.004
864x10% W g=0006 5 ;e m qy=0.006
= U
— u q=0.008 7.96x10% w qo=0.008
1990x10*  1.995x10*  2.000x10%  2005x10™  2.010x10* 1.990x10%  1.995x10*  2.000x10*  2005x10*  2.010x10*
3 3
plg/em] plg/em?]




08|

07|

061

05k

04f

03F

r—4@+ U)
3 7Py max

+ +
Fr=pr pvrz,Ft=pt pv,_?
Pr Pt

dp, 1

a-p 2
I Tze 2 Mc(r)(p+pr)—;(pt—pr)=0

a+f
M, (r) = 4nf (Ti-77 —70 -7 )r%e 2 ar

1 B-«a
MG(r)=§r2e Z a'.
1, dp, 2
Sa'ptp)+ ==~ —p) =0
Eg+Fa+Fh+F(Q,T)=O-

(o +pr)a’ 20
=T T

1
Fn = —pr, Fary = pr +5 (0 = p)B' (1) = 2r~ (pe — pr).




Forces

F, = —[6e772"" (e¥2"" (—A(2yZ B(4B + 3)16 + 2yor?(—y,B(4B + 3)r* + 2B?
+3B + 2(6B? + 6B + 1)r? + 1) + 2y,72(2B?> + 3B + (n + 2)r? + 1) + 4B?
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CONCLUSIONES.
De los resultados obtenidos en el apartado anterior, se concluye que: 1) el espacio — tiempo cuantico es

susceptible de deformacién, no necesariamente extrema, lo que aparece como un curvatura

hipergeométrica; 2) la gravedad cuantica, en escenarios entropicos, puede formar membranas que no

necesariamente se despliegan en dimensiones mas altas, sino que, se tratan de desdoblamientos dentro




de un mismo espacio — tiempo cuantico, por lo que, no se forman dimensiones en si mismas, sino
distorsiones de realidad espacial y temporal; 3) en un escenario de gravedad cuantica, la formacion de
agujeros negros cuanticos es posible, especialmente cuando la particula supermasiva colapsa o colisiona
con otra, en tanto que, es imposible la formacion de agujeros cudnticos de gusano, pues la gravedad no
es extrema aunque entropica; 4) la particula supermasiva o llamada también particula oscura, a proposito
de su interaccion, produce gravedad cuantica. Cuando la particula supermasiva, por si misma, tuerce el
espacio — tiempo cuantico, esto se denomina gravedad cudntica enddgena, en tanto que, cuando la
gravedad cuantica se produce por la interaccion de la particula supermasiva y el graviton, entonces se
vuelve exdgena por permeabilizacion del espacio — tiempo cudntico por un campo gravitonico; 5) la
simetria de calibre, se torna esencial para efectos de conciliar la relatividad general y especial y la
mecénica cuantica, aunque no en circunstancias extremas o primitivas; 6) la formacién de materia
oscura, es inevitable en gravedad cuantica, fundamentalmente por interaccion de la particula
supermasiva y la formacion de agujeros negros cuanticos que devoran materia y energia a escala
microscopica, volviéndola en materia pura y oscura, extremadamente densa, en la que, la intervencion
de la gravedad es unitaria.

ACLARACIONES FINALES:

Algunas aclaraciones finales a tener en consideracion y aplicar, a propodsito de la Teoria Cuantica de
Campos Relativistas o Curvos (TCCR) propuesta por este autor:

1. En todos los casos, este simbolo 1 sera reemplazado por este simboloto por este simbolo T,

equivaliendo lo mismo.

Simbolo a ser reemplazado. Simbolos de reemplazo.
f f
T

2. En todos los casos, este simbolo F, sera reemplazado por este simbolo § o por este simbolo §.

Simbolo a ser reemplazado. Simbolos de reemplazo.

F i
i




3. En todos los casos, se afadird y por ende, se calculara la magnitud§que equivale a un campo de Yang
— Mills y por ende, a la teoria de Yang — Mills en sentido amplio, en relacion a la Teoria Cuantica de
Campos Relativistas propuesta por este autor.

4. Este simbolo * podra usarse como exponente u operador, seglin sea el caso.

Las aclaraciones antes referidas aplican tanto a este trabajo como a todos los trabajos previos y

posteriores publicados por este autor, segiin corresponda.
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