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RESUMEN

En este trabajo nos propondremos esbozar algunas caracteristicas inherentes a la supergravedad
cuantica, a proposito de la existencia de supermembranas y superespacios. Para efectos de este trabajo,
entiéndase por supermembranas, a las dimensiones multiples creadas por una particula estrella u oscura,
segun sea el caso, en tanto que los superespacios, son distintos niveles de realidad cuantica, en los que
las supermembranas, alteran la materia y la energia, transformandola en distintos estados morfologicos
y de interaccion. Este trabajo, contempla en si, un modelamiento matematico de supergravedad cudntica
en espacios superplanckianos y modificados por gravedad extrema, y por ende, el sistema de referencia
de toda particula interactuante (momentum, energia, masa, momento angular, espin, etc) y los
respectivos sistemas de supersimetria de gauge fijos o corregidos. En este trabajo también, se destaca la
dualidad holografica provocada por la supergravedad cuantica, es decir, dimensiones originadas de un

mismo plano pero distintas, dimensionalmente.
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Relativistic quantum supergravity. Dimensions in R".

ABSTRACT

In this paper we will outline some characteristics inherent to quantum supergravity, regarding the
existence of supermembranes and superspaces. For the purposes of this work, supermembranes are
understood to be the multiple dimensions created by a star or dark particle, as the case may be, while
superspaces are different levels of quantum reality, in which supermembranes alter matter and energy,
transforming it into different morphological and interaction states. This work contemplates in itself, a
mathematical modeling of quantum supergravity in superplanckian spaces and modified by extreme
gravity, and therefore, the reference system of all interacting particles (momentum, energy, mass,
angular momentum, spin, etc.) and the respective fixed or corrected gauge supersymmetry systems. In
this work, the holographic duality caused by quantum supergravity is also highlighted, that is,

dimensions originating from the same plane but different, dimensionally.
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INTRODUCCION.

Una de las caracteristicas esenciales de la supergravedad cuantica, es la formacion de dimensiones
multiples. Y no es un fendmeno menor, pues, a diferencia de la gravedad cuantica, en la que, el espacio
— tiempo cuantico no se despoja de su estado cuatridimensional, pues, cuando el espacio — tiempo es
afectado por supergravedad cuantica, no solamente se desdobla, sino que ademas, construye
dimensiones distintas a la de origen, en las que, las leyes de la fisica, no son las mismas para cada
sistema de referencia en el superespacio. En este punto, es importante precisar que el tiempo, pasa a
convertirse en una dimension fisica perfectamente maleable debido a la gravedad, de tal suerte que
cuanta mds gravedad, mas contraido se vuelve en tanto que, a mayor gravedad, mas se dilata. Es
importante destacar, que ante un escenario de supergravedad cuantica, la materia y la energia, se diluyen,
transforméandose y desplazandose de manera simultanea, entre dimensiones disimiles. Las dimensiones
entre si, se tienen por opuestas, en la medida en que no corresponden al mismo espacio — tiempo
cuantico, de ahi que, una particula supermasiva por ejemplo, no necesariamente desempena las mismas
propiedades fenomenoldgicas que en su espacio — tiempo cuantico de origen, tal es asi, que en otra
dimension, la particula supermasiva, se propaga sin deformar el tejido espacio — temporal en el que
interactua, repercutiendo o no, en las trayectorias orbitales de las particulas circundantes, o incluso,
coexistiendo con particulas de similares caracteristicas pero de distinta masa o energia, momentum, spin
o momento angular, etc, segin sea el caso o convirtiéndose en particula ligera o en antimateria. Las
dimensiones multiples se producen infinitas veces, lo que supone un proceso inflacionario del espacio

— tiempo cuantico sin limite externo, a diferencia de la gravedad cuantica, en la que la inflacion temporo

— espacial, crece sin limite interno.




RESULTADOS Y DISCUSION.
Multidimensiones — Supermembranas — Superespacios y Supersimetrias a propoésito de la
existencia de supergravedad cuantica. Modelo Nambu-Goto — Weyl — Neumann — Dirichlet —

Witten — Kaluza — Klein — Hodge - Calabi - Yau — Kéhler - Eguchi-Hanson.
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d d
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c c
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1 1 =
U=5-§ :c()b(z):dz =5 (oo~ boco) + ) (conbn = b_ncy)
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M
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duyn(z) = |(z4 — zp)(2p — 2¢c)(2¢c — ZA)|2
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{p® 0P} = 2%
pe ) = )
W9y =0
v=(3)

Y =918, =ip°




Yi =y, and PX =P_
&=%j'¥awum¢_+wntwa

0;¢9_=0and 0_y, =0

0 d, — 0 0 -0
a _ 1 0) _ -
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(@ 1) =(alG_1/21x) = (x|G1/2]a)" =0,
[y = (G-3/2 + AG_1/2L_1)Ix).
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fus) = > dnsw™ and fa(w) = )" dp(mw".
n=0 n=0

rw? =1t w w2 4= ——
1-w

trwb”’ =14+ w.

wN-1/2 — \/_1_[ <1:Y:ﬂ:/z> :
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d d
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8Q, = 2¢(66'T,d0 — §0%T,d6?)N*
2 _ ]
65, =~ f 2068 (501, 0,01 — 562I,,0,02)I1%

4 _ —_
oS = ;f d205“3(5@1P+FM6aG)1 - SGZP—FMa“GZ)Hg

80" = *P_ and §6? = kP,
Q, = ¢(0'T,de* — 62T,d0?)dX* — cO'T,d0'0*T*de?

S=Sl+52

1 2 1
)/2 - _E(Saﬁngn‘};rﬂv) - _%Salﬁlgaz‘gznginging:HE:{FIHW'Fﬂzvz}

{F#1V1’ l—‘I-lzvz} = _znl-lﬂ-lznvﬂfz + 2n#1V2nV1H2 + 2FH1V1H2V2

1
yz = Ega1ﬁ1ga2ﬁ2 (GalazGﬁlﬁz - G“lBZGﬁlaz) =1

haﬁ = e¢77a[3
Xt =xt+p*r
1
V2

S=Sl+52

rt*e4 =0, where 't = —(T°+T1?).

1
S, = —%f d?oV—hh*F1l, - T,




1 _ _ _ _
S, ==| d?¢e*[—0,X*(0'T,0,01 — O2T,9,02) — O1TH9,0102T,0,62
2 nf o€ [ a ( nop nop ) a nop ]

1
Ha N HB = Ehaﬁhy‘sl'[y : H5
I-M,P%*9;0" =T M,P*330% =0
0o [V=R (h*P3px¥ — 2P2P B TH0,0" — 2P P 62140407 )| = 0

B
pet = (mwF_J

4T3, 04

(r,05)P o0t = (I 17 + 1L )PP 001 = 0
r*(r 0y + 0L )PP oset = 2113 P00 = 0

P90 =0

(a+ a)@1—0
dt do

A :\/pt04 - 8, + 8, = (S, 5%)
B :/p+t04 - 8, + 85 = (S& 5%)

0,0_X'=0,0,5¢=0 and 0_S¢ ora = 0.

1 S
S=-o- f d200,X;0%X" + - f d?a(S{0,S{ + S50_5%)

1 o
S=-o f d20(0,X;0°X" + §%p%0,S%)

{§4%(0,71),58(0',7)} = 6548 5(0 — 0”)

Sla|a=0 = Sza|a=0 and Sla|a=7t = Sza|a=rr

Z Sa —in(t+0)

n——OO

{S#u S‘}l)} = 6m+n,05ab

S4%(g,1) = §4%(0 + 1, 1)




Sla — Z Srclle—zin(r—a)
—00

SZa — Z gge—zin(‘t+0).

a'M? = Z (al,ab +nS%,SE)

n=1
{s§,88}=6"ab=1,..8
|a) = T, S8 i) and |i) = T§,SP|a).
(8, +8.) ® (8, +8;)
8, ®8,=1+28+35 and 8, ® 8. = 8, + 56,
{Tix and (Tyjx
(8, +8.,) ® (8, +8.)
8,®8,=1+28+35 and 8. ®8,=1+28+35,
8,88, =¢ @B, DG
(0, + 8,)0 = (8, — 8,)0% = 0
8,®8,=1+28+35

8, ®8,=1+28+35_

1 .
— kli'j' k'L
tijkl = izs J J tiljlklll
2 Hil2 -2
a#] ae nFlhliz Fl"‘Zn—l/‘Zn

(Bl +(CD X (IB) +1C)).

A= Z A (x)A%dxH
wa

1
F=5) Eydxt Adx” = dA+ANA
uv

SpA = dA + [A,A] and 8,F = [F,A]

w= 2 g (x)A%dxH
nwa




R=dot+twAw
Sow = dO + [w, 0] and SR = [R, O].
dX(R,F) =0 and 8,X(R,F) = 8X(R,F) = 0.
tr(F A ..AF) = tr(F¥)

tr(R A ...AR) = tr(R¥)

SSeffZJ Gan

Iinyz = dwapnyq

Swantq = dGyy

Iptz = Z 12(;3-2
a

11/2(R' F)= [A(R)trpeiF]2n+2

n

A(R —1_[ Ai/2
(R) = L 1 sinh /2’

0 A
1, 0
0 A
R A, 0
0 A,
A,
0

AR—1+1tR2+1 1(tR2)2+1tR4]+
(R) =1+ 5Tk + 15|28 (™ 360

1—[ Ai/2
13/2(R) = Z 2cosh ﬂ.] -1 m
j i

1
I4(R) = =S L(R)

n

=[] o
(R) = tanh A;

i=1

AR/2) = ‘/L(R/4)A(R).

I(R) = I3/2(R) — I1/2(R) + [, (R)




5 5 5
zz ha—2 1_[ Az 1 A
£, O | | sinh 2,72 781 1 tann 7,

j=1 i=1

1 1 1
Isugra = 5[13/2(R) - 11/2(R)]12 = _E[IA(R)]lz = E[L(R)hz-
1—[1ART iF 4 1LR]
= [FA®Tre® +1oL(R)|
trP1XPzeiF = (trpleip)(trpzeiF)
. 1 2 1 . 1 1
IF _ iF _ - 2iF _ 2 _

Tre > (tre'f) 5 tre 5 (trcos F) 5 trcos 2F.
1—1ARt F)? 1ARt 2F+1LR
—4()(rcos ) 4()rcos 16()
1. o

I' = ZA(R)(trcos F)?2 —16A(R/2)trcos F + 256L(R/4)

1 [
I'=Y? where Y = > /A(R)trcos F —16,/L(R/4)

iz = [(Ya + Yg + )%]1, = 2V, Y3

_N-32
o7 2

1 ,A
g = > A(R)trcos F

Yc = —16/L(R/4)

I'=Y2 =Yg +2YgYc + V¢

8Sce = —f G1o
GlO = 262Y8
1
Y, = Z(trR2 —trF?)

dws |, = trR? and dwsy = trF?

Se =uf CoY

ﬂ662 == _262

F'3 = dCZ + 2;1_1(1)3




The case of Eg X Eg

(TrF?)3

1
TrF6 = — TrF2TrF* —
e Y T 14200

TrF? = 30trF?
TrF* = 24trF* + 3(trF?)?
TrF® = 15trF2trF4

1
X, = trR?> — — TrF?
4 Ir 30 r

1 1 1
— CipR4 2y2 _ 2~ o4 22
Xg 8trR + (trR ) 240trR TrF +24TrF 7200 (TrF4)=.

TrF?" = TrF™ + TrF{,
_(Fy 0
F=(¢ &)

(TrFZ) and TrF? = 7200(TrF2) i=1.2.

TrF = 100

XoXs = XV + xPx

y 1 1
X = ZtrR? — —TrF? i =1.2

2 30
X = Ligs +35 (trR2)2 - LtrRZTrF2 R (Ter) =12
8 8 120 3600
ny —ny = 244.
I32(R) + (ny — ny — DIy 2(R)
19 w®) = ! (4trR* + 5(trR%)?)
1/2 128 - 180
1
[®
I32(R) = 58 T80 (980trR* — 215(trR*)?)
p(R) = det(l + ) 1_[ (1 + (4,/2m)2).
Py = 2 R? and p, = S ((trR2)? — 26rRY)
1 2 (2m)? 278 (2m)4
@’ _ @ _ _
Ity = 5760( pi —4py) and Iy = == (16p{ — 112p,)
1 1 1
_ ~7(8) 8 _ 4 232
Ig =213 + I, - (tR——tR )
8 12t =192 (P1 4p,) = 192 (2m)t r 4( rR*)




f Hz A wy

6‘[ H3A0)7:JH3/\dG6=_] dH3/\G6
dH3 = 6W
J. Fy A ws
01T, ., 0, = (—1)"M™*D/2Q,1, ., 0,
r#deder,de =0
{FIJ1V1' Fﬂzvz} = _Znﬂﬂlznvﬂz + 27’#1”2””1#2 + 2Fﬂ1V1ﬂ2V2
2
w3 = tr(A/\dA+§AAAAA>
X% (o +m,1) = X?>(0,7) + 2nRW,W € Z
X%5(0,7) = x*5 + 2a'p?*>t1+ 2RWo + -,
K
B =— K€L
P7=R
X%%(0,7) = X5 (1 + 0) + X2 (1 — o),
25 125 oos K
Xg>(t— o) =§(x —x )+(a E—WR)(T—O’)'F“',
1 K
X (r+0) = E(x25 + %%°) + (QIE + WR) (t+0)+-,
25 Lo o5 _ oos 7,25
Xg°(t—0) =E(x - X)) +V2ad'af>(t—0) + -

1
X (t+0) = E(x25 + %2%) +V2a' a5 (1 + o) + -+

K
V2a'a?® =o' R~ WR

K
V2a'@d® = o Rz HWR

1
Sa'M? = (%) + 2Ny, —2 = (af¥) +2Ng —2

NR—NL=WK




2

R ¢ WR\?
aM?=a (E) +(a—> + 2Ny, + 2Ng — 4

ay = —ay and @y — &,
XR i _XR and XL - XL

X(0,7) = X,(t + 0) — Xg(t — 0),
N K
X(o,7) =JZ'+20(’EO'+2RWT+“'
1 a ap 2
(EV Va—G X@BVa>d g
1 ay v ]2
> 0%X0,Xd“o
eaﬁg‘)x,: _T]’By
1 a 2
> 0%X0,Xd*o
aaX = —€q4 ﬁaBX
S = ! drdon®Pa, X 0,X,
= e | AAOn 0K 0p K

O=TC

1
2na’

85 = — f d70,X, 6 X"

o=0

d
%X”(O',T) =0, for c =0,

1 .
X(t,o)=x+pr+i Z Eane‘””cos (no)

n+0

X — —x;j+1 — _|_£ l —in(t-o)
RT—0) == +5P—0)+5 ) —ae

n=0
x+ X

1 i 1 —in(t+0)
> +Ep(r +0) +EZ —ane

n+0

X (t+o0)=

XR d _XR and XL 4 XL

~ 1 .
X(t,0)=X, —Xg=%+po+ Z ;ane‘mfsin (no)

n=0

- - K ~
X(t,0) =% and X(tr,m) =f+?=fc+2nKR

sl el ' 2 3 _
ot §/J 5kk /‘l:ilj/‘ljlkﬂ.klil = Trﬂllzl3




&, K, if).

N
9.0,2) = D 19Kt}

ij=1

2R
U =exp if Adx
0

1
A= —27T—Rd1ag(91, 62, ey BN)

e 0, - 6;

MZ—(K+9j_9i>2+1 N-1
v~ \R ' 2mR a’( ):
a?3]0,k),

a” |0,k) with u =0,...,24

xt+ x4 1 i 1 .
X =T kB )+l Y —ahenmTH)
m=0
xt =zt 1 i |
X =Tt DB )+l ) —afemmT),

m#0
Xt =X+ X} and X! = X} — Xk,
X1(0,7) = X'(m, 1) = &'
Tiy = 0,X'0,X; +0,X'0,X, = 0,X, 0, X,
M? = 2(N —1)/1?

M? = -2/ = -1/’

S =f (—m —X”X#—eX“Au) dt




P—SS— A= +99
“ox PTEATPTR
B mX
P V1 —p?
Y(x) ~ ePX
_K ed
P=R™2nR

= n Ha A ... n
An _n!AH1H2“'Hndx LAdxH2 A A dxHr

= — H I I
Fpyq = T 1)!F,WZ...,wdx LA dxH2 Ao A dxtnt

dF=0and d*xF=0

dF =x], and d x F =% J,.

]ﬂz(ple
e:f *Fandg:f F,
SZ 52
e-geE?2nl
dx#
Sint:ef Azef dTAu?

gHalz"Up

ﬁFﬂD—lﬂD

Sint = ﬂpf Ap+1

(* F)lhllz“'HD—z —

1 Ox¥1  Qxtr+1 41
f Apyq = mf A#1"'Ilp+1mm EPY: dP*a.
Uple—p € 2T
Q = Q, +I°"7PQ,

X{ - X{ and Xg - —Xg

YL > Y and Y — —Y

05X*g=0 = 0sXH|6=r = 0, u =0, ..., D,




o=

Xi|a=o = di and Xi| . dé,i =p+1,..9,

1 )
Xt(t,0) =x* +ptt+i Z —aﬁcos noe "7,
n+0 n
) ) . O 1 . .
Xi(r,0) =di + (ds—di)=+ Z —aysin noe ™",
L
1
_2_[ lexLNS
Ys
271Rf 2oL
XLNS
9¢
2nR 9
o f d xLNS
Ys
V@
9s = R s
AT
A= (7‘" A')’

V(Ty) + 2NTp, = 0.
(EEEY~0oE~E'
(E@®H,E'®H)~ (E,E"
R>! = RP! x R%7P

Z p= odd
0 p= even

Rsom) =
KX xSLS8H) =K 1(X)® KX)
K~1(S87P) = K($°7P)

Z forp =even
-1(¢9-p) —
K=(77) {o for p = odd

K'(X xSL,sYH) =KX)® K 1(X).

P) = exp (ie f A1)¢o<x),

P(x) > UMNP(), U(y) = elf vA,

EﬁyA1=J-F2
D




J.Fz—f F2=f F,=g
D D’ D-D'

eg € 2nZ

Fp_p—2 =* Fpi2

= Fy_p
Hp LD_p_szZ

Hp—p-4 = -fsp“ Fpi2
B
P(B) = exp <iup | Ap+1>¢o(/f>
Bo
Y(B) > UP(B), U(y) = exp (iup f Ap+1>
Y

gs yAp+1 =f Fpiz.
D

f Fp+2 _f Fp+2 = f Fp+2 = HUp-p-4
D D' D-D'

UpUp-p—s € 2TZL

Xp - —Xp
Vi~ —YR
dg — —dg
r* = v2d

[, = [,(forpu#9) and Ty - —Ty
[11 =Toly - Tg = =Ty
S¢ T/ SP(forTIA) and S¢ - T/ 5P
2 ba 2 2 ab*-?2
Qo> —0
1
P==-(1+Q)
2
bfl/2|0; a) and Efl/z|a; 0).

Qbfl/z |Or l]) = ibl_tl/z |0;]l)r

Xp = —Xp, Y = —Yp




X=X, +Xg->X=X,— Xz
X--X
(R x S1) /0
(R®! x S1)/Q -7,

X, =6,RI1=12,..16
6,=0forI=1,..84+N and 8, =mforl =9+N,...,16.
SO0(16 + 2N) x SO(16 — 2N) x U(1)2.

S0(16 —2N) X U(1) = Eq_y
ToOTy = Io0)

ToOTy: (X7, Xg) = (X[, —XRg) = (=Xg,X[) = (=X, —X})
IoQ: (X2, XR) > (XR, X0) - (=Xg, —X[)

S=S8,+S5+Sq

1
Sg=—7— f d?oV—hh g,,0,X" 95 X"
1
B = 4na’f dzag"‘ﬁBm,aaX“aﬁX"

1
= 26/ —h®dR®@
S¢ 47‘[f d°o h

Ama'S = f d?0[V—hh®® (—gooVuVp — 290,V 0p X" — G, 0, X" 0pX") +

€% (B, VuOpX* + By 0, X 0 X") + X260, V5 + a'V—hR@ d(X)|
€9,V =0

§=S;+Ss+5Ss

G L Bou BoyBoy = GouGgov
g =—9 =—9 =g +
I H 999
. - - By, — B
Bo, = —Byg = @,Bﬂv =B, + oubov ouYov

99 LT)

- 1
b= —Elog Joo

9 =0C, u= Cu9' Cuv9 = Cuvr Cuwl = C/,LVA‘B

X (o)

01%(0) and ©2%(0)




Sgp ~ f \/—det(naﬁ + kFop)d*o

L o

A =—
1 2na’

Fy, = ———v where v = X!
01 2na’

—mj V1 —v2dt

k =2na’

Sy =—Tpp f dPtlg \/—det(Gaﬁ +kFyp)

Gap = nuvngn;i”
nh = a,x* — 64T+9,064

Ta[)» = Fa[f + baB

_ _ 1_
b = (0'T,de" — 6°T,d0?) (dX“ - EG)AI‘“dG)A)

1
SMaxwell = _4_g2f FupF*dP*lo
c
Tpp = —
P g

2nRc,  Cpq
s s

1
Cc, = Cp—
P 271\/07pl

1
T; =
PP g (2m)P (@) @D/

S2 =f Qpt1
dQy, 1 = dOATABd08

Ql = —m@rlld@ = m(@ldez - (:)Zdel)

To =m(_01 (1))




1

m =Tpy =
gsVa’
AB __ AB
=S,
p=0

TAB — meZna’TfAB (lp)

— 1 Uy a
lp—ml‘ul’lada
_ 0 cos Y
F@h) = (—cosh Y 0 )

fGh) = (sin(l)l P Sir(1) l/’)

SDBI = —TDpf dp“a\/—det(naﬁ + kzaacbiaﬁcbi + kFa:B)

Tpho f d¥c \/ —det(ngp + kFap — 2k?AT,0p2 + k3ATY 0,421, 051)

Plg + Blap = (guv + Buv)0a X 0pX"Y

SDp = —TDpf d”“ae_%\/—det(gaﬁ + Baﬁ + kzaacbiaﬁd)i + kFaB)

6B =dA

* Fp1 = Fop.

Scs = Ilpf (C'e"-‘""k"")p+1
[Da, Dp] ~ Fap

Ag = Z AT, and of = Z ol
n

n

Fap = 0445 — 0pAq + i[Aq, Ag]
D @' = 3, P + i[A,, D]




S, = —TD9J d°ge PoTr <\/—det(ga3 + Bop + kFaﬁ)>
Chern-Simons - Meyers:
Sy = Ho f Tr(CeP*F)
V(@) ~ - %Tr([cbi, oJ][@f, d7]) - %feijkTr(d)iCIDjd)k)
[[@ @], &7 + if ey [@], %] = 0
[a', a/] = 2i€;jrak
o 1
Tr(ala’) = §N(N2 - 1)6;;
N2\ 1 , 2
((X‘) > = N(Zna )?Tr [((Dl) ]
R? = (ma'f)*(N? - 1)

det(Ga[; + kFaB) = det(Ga[; + kFaB)T = det(Gaﬁ — kFa’B)

M =kG™F

J—det(G + kF) = v—detG,/det(1 + M)
= vV —detG[det(1 — M?)]V/4

1
log det(1 — M?) = trlog (1 — M?) = —tr(MZ +§M4 + )

1 1
[det(1 — M?)]Y/* = exp (_Zter —gtrM4 + )

1 1 1
=1——trM? — —trM* + — (trM?)? + ...
4r 8r +32(r )° +

Sl = _TDpf d7’+10\/—det(Gaﬁ + kFaﬁ)

kZ
= —TDpf dPtlgv—detG <1 + TFa[gFaﬁ

Kt ap 2 K By sa
—E(FaﬁF )+§FuﬁF F,sF%% + -

SDBI = —TDpf dp+10'\/—det(nuﬁ + kzaafbia[;(l)i + kFa[g)

1.
A= _ﬁdlag(al, 92, ""QN)




u1 -Un d’L Uy un‘/’R

OwFuy ) = 0,0%Fyy, oy, =0
E.=F, =;r2=2na’e
T rt (T‘4 n T'04) RN

1
5=—§J d200,X,0%X*
1 2 ayu Lo Ha
S= —5- d?0(0,X,0%X* + P*p*o,,)
1 2 ayu 7A A
S=-= d?0(0,X,0%X* + A4 p*0,1%)

f d20(20,X,0_X" + iA%0, 24 + iA40_2%)

1 32
s== f 420 | 20,X,0_X* + ipro,p, + iz A49_24
A=1

OXH = iey* and SyY* = —2ed_X*

1
6;19) = Lnl#) = (Lo —5)16) = 0,r,m > 0

(to—3)19) = (”2+NR——)|¢>—0

=Z a_n'an-l-z rb_-r'b-r

n=1 r=1/2

Eulg) = Lp|¢p)y=0m=0

pZ
Lol¢) = < +NR>|¢)—0
Nr = Z (a_p-an+nd_,-dy)
pZ
Lol¢) = < +NR)|¢)—0

Np= ) (alynah+nS,s8)

n=1

= 8NR




M+o) = He2inro)

nez

{/1#1' Aﬁ} = 548 6m+n,0

MA(T+0) = Z M e=2ir(T+o)

T€Z+1/2

(47,28} = 676,450

Lulp) = (Lo — @)lp) = 0,m >0

2

(Lo —dp)lo) = (% + N, — dp) |¢p) =0,

N, = z (@_p - @y +n24,18)
n=1

2
(Lo —da)lp) = <%+ Ny, — dA) |¢p) =10

[oe]

N, = z @y - Gy + Z rA4, A4
n=1

r=1/2
__8 32
A=oxTag ™"
8 32
=TT T

1 2
§M :NR:NL_l

1

gM? =Ng =N, +1
|i)g and |@)g,

@, 10),

2217222, 1210),
liyg ® @10y,
la)g ® d’,10),

(—DF = (12" A%t

To = 2523 .. A2

SU(B) xSU(2)xU(1) cSU(5) € SO(10) c Es c E;, c Eg




22172221 /210)
(120,1) if AB=1,..16
(1,120) if AB=17,..32
(16,16) if A=1,..,16,B=17,..,32

PA: (128,1) @ (128, 1),
AP:(1,128) & (1,128)'.

(_1)F1 = ,Tgl) (—1)2;?:1 21146:1 .24
AV =522 .. 288
(_1)F2 = ,ng) (—1)25&1 2312:17 124
AP = 257288 ... 23
(128,1) @ (1,128)
1
J4(2) = ETXBAA (2)2%(2)

[Ta‘ Tb] — ifabCTC

ab abc

JU @I W) = 50—+ iy )

tr(T*T?) = k69

AB

(22" (w) = —
1 1 1tr(TT? k&b
<§ TisA" (D2 () 3 TEp A (A (W)> "2 (z( - w)z’) T 22— w)?

_ kdimG
Ck+hg

1 2
§M = NR'




- 1
L0—1=0—>§M2=NL—1.
1 2
§M :NR:NL_l'

1 2
gM>=Ne=N_+1.

d-1 n
ds? = Z N dXPdX” + Z Gydy'dy!
uv=0 Lj=1
GI] = R1251]

X* (o +m,1) = X"(0,7)
Yi(oc +m1)=Y!(0,7) + 2rW! with W' € Z

X*(o,1)= Xf(r +0)+ X{{(T —0)

1 i 1 ;
Xﬁt(‘[ + 0') = Exli + pf(‘f + O') + EZ ;ldﬁe—Zm(‘t+a)

n#+0
1 i 1 .
Xg(‘[ — o') = Exli + plli(‘[ — 0‘) + EZ r_la,#e—Zm(r—a)
n#+0
1
PL =PR = L
Yi(o,7) =Y(@+0)+Yi@—-o0),
1 i 1 .
YL{(T +0) = Eyl + p{‘(-[ +0)+ Ez _drlle—Zm(‘Ha)’
n+0 n
! ! 1 1 i 1 I ,—2in(t—0)
Yr(z —0) =5V +PR(T—0)+§Z —ane .
n+0

Y!(0,7) = Y (t + 0) + Vi(t — o) = y' + (pL + pk)T + (p!. — pR)o + -,
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lpys) =a_q|+1,+1) and |p__) = a_4| —1,-1).

2

M2=i+4R2—4=(1—2R)
R2 R
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A ={w € Vsuchthatw - v € Z, for all v € A}.

m
N = {Z nie;,n; € Z}

i=1

* —
ei-ej—c?ij.
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Wik}
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VdetA




it
778 Z exp (—nNTA™IN) =178 Z exp (—?pz),
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1 1 1
SA = (— 310, T + EH(3) - Ze‘bF(z) + Ee‘l’F(‘*)rn) €

1 1 1
Sl'pu = (VM - ZHI& )F]_]_ - §ed)vaFu VPFM + §e¢F(4)Fu> E.
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n
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G(AzY, ..., Az"2) = AkG (2L, ..., z"2).

G(zY,...,z2"2%) =0
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> evt=0
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a=2
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Ixx = Gyy = 29;7) Ixy = 0

] =ig.zdz NdZ = 2g,;dx Ndy = [gdx A dy
1]/\]A] = Jgdx* A+ A dy?
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V=%f JAJAJ
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1
(S‘l'pM: VMS — ZHMS
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dH = “Z [tt(R A R) — tr(F A F)]
¥y =Vye
Vye=0
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Vinn =0
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4=3P1
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¥s = —i¥VoY1¥2Y3
e Dirac — Fierz - Nijenhuis.
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Py = 1 xvy.)/2
nin. =nin_=1

Ji = inlyln, = —intyin_
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Vil =0
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Jmn = Jm kgkn
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1
Q= gﬂabcdza AdzP Adz€
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Q¥)=0
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Ryun(g +6g) = 0.
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Al

By

X! =f Q with I =0,...,h%1
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2 _i 2 2 2 21 — ~ =
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1
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2°(t% + 5t%) = z°(t%) + M55t®
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1 - (09ae i
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oMz _ 1 Ce—(agaé>

974 2 ot«
09de _ Mg
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MLL(M) x M2 (M).
MIAW) x M2 (W)
J(GMN:AMNPI lpM}

gravity multiplet : Gy, Ajj, Ayyp, fermions
h'! vector multiplets : Az, Gj, fermions

h*! hypermultiplets : A;;, Gji, fermions.
4h*' + A1 +3
{GMN, Baiws @, Capy Craps 57, @57, w0, lp(—)}

gravity multiplet : Gy, ‘P, ‘T’u, Cy
h'! vector multiplets : Cy;5, Gi7, B;7, fermions
h*! hypermultiplets : C;;, G;;, fermions
universal hypermultiplet : C;jx, ®, By, fermions.

{GMN, By @, C, Caw, Crapor W57, 857, w6, ITJ(—)}

gravity multiplet : Gy, ‘P, ‘T’u, Cuijk

h?* vector supermultiplets : C wijio Gij» fermions
h'! hypermultiplets : Cyy;5, Gi7, Bi7, Ci7, fermions

universal hypermultiplet : @, C, By, €, fermions.




Xl _>X1 and F1_>F1 +X1
F;(X') = const +inlog X1
! 2mi

K>t ~log (|1X*|*log |X*]?)
5.0 = ¢ and §,XM = isTMO

5,0 = 2P, k(o) and 6, XM = 2i0T™P, k(o)

1 i
Pr=3 (1 + ES“BVOaXM XN ayXPrMNP>
6.0+6,0=¢e+2P,k(c)=0
Pe=0
0 X%0p) X005 = 0
0, X 05XP0,X Qgpe = e PeXeyp,
1
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>
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Ve X f Ql.
z
V=eX f Q
c
M > e¥x*'/2 f Q| = ex*'/2 f QAT|,
C M
= qlal - plﬂl
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0X% =0 and 0X% =0
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3 dYT AdY? AdY3
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1 _
2 — bc —
”Q” - gQabCQa ‘= gf*ly4|8’
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e~ % = if QAL =V = §e—ﬂfl'lunuz

12]17 = 8e¥,
. e—ZIK
9= 8|y4|8

hap = 20,Y*ga505Y"

-K
e
VR = /83|det(dY)| = |det(dY))| T
R LT RS
oY pYPD, Y Qe = 22 (Y4§4 Y = e %X \he,p,

E=AQN: +1 Qn-

(1 - ée“ﬁyaaxmaﬁxnayxvymnp) (e7®ny +cec.)=0
Yabel+ = —2UqpYen+
Yabell+ = € Qgpen_

. i .
e On, + ge‘9s“ﬁ”aaXaaﬁXbache‘KQabcm

—e 09, X295XP0,X ] s5¥eny +cc. =0
eV 9,X*95X"0, X 45 = 0
e 4+ éeieeaﬂyaaxaaﬁxbayxce-?faabc =0
0 X®0p)XP] 05 = 0
0,X0X20, X Qgpe = —ie 20X g,p,
HPA(M) = H3-p4a (W)

MIY(M) = M2Y W) and MAW) = M2L(M).

XM) = —x(W).




s KN (WRY?
a'M? =a (§> +(a—> + 2N, + 2Ng — 4,

NR_NL = WK

R, .
T=i— and p =iR{R,
Ry

248 = (78,1) + (1,8) + (27,3) + (27,3)
Ay = (ApAg Ag)
Agdes = Aasp 9" Qsge
248 = (45,1) + (1,15) + (10,6) + (16,4) + (16,4).
89ap ~ Qacg“wpa + (a & b),
M19,3 = M109,3/0(19»3i z)

0(19,3; R)
0(19,R) x 0(3,R)

[V —
Moz =

Migsnn = Miinn/0(16 + 1,1 Z)

0(16 + n,n; R)
0(16 +n,R) x 0(n, R)

3 19
Fy = Z I_Xiwl + Z 9. Xiwt
i=1 i=1

p+p'=D—-4

0 —
M16+n,n -

Tey = TmsVks and TynssVrs = Tue
1 Vs Vs 1
— ~— and —— ~ —,
] g2s £}
_ 3/4
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Via 1
ghth  ti

1 Vk3

— ~ and
25 g4t

92 = gA(Vps/et) ™" and g2 a = g3 (Vis/4) ™




Dedekind:

2 -2
9eH ~ Yo A
R* X M, 5

T=Cy+ie™®

atr+b
ct+d

T —

L (o 2

(Im7)2

ds? = eA(T,B)(dTZ +72d0?%) — (dx®)? + (dx1)? + -+ + (dx7)2.

[o0]

](‘[) = Z Cn32ninr

n=-1
](‘[) ~e —2TiT

j(@(2)) = Cz,
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©(z) ~ —ﬁlog z

1( , dt-dt 1 , 9197+ 3107
T7=—fd = f PR
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. _lf 2 070t _lf d*t
7T *moz ~ 2

1 1 _, 0707
Ryo — EQOOR = —59009

054 = 1 0707 _ 83loe 1
2 -1 0§ fmt
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clog .
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e’ = |f(2)|*Imt
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(Im7)2

(Im7)?

s
6




[oe]

n(r) = q/** 1_[ 1-q"

n=1
2mit

q=e

n(—1/1) = V—itn(v)

> pi=dn

y2=x3+ax+b
27a® —4b* =0
R* X Mg,
My, = M, X M,
Yy =Vye=0
@ = dy'23 + dy*5 4 dy167 4 qy246 _ 4y257 _ 4y,347 _ y,356

dyYk = dy' Adyl Ady*

1 b
D = E(DabceaAe Ne€

a:(yh Ly - L yh Yy -yt =y =y —y7),
B: (vt . y7) - Ot —yAh —y3 vt yS 172 — y6, —y7),
vty - (=L yh —y3 iyt 1/2 — y2,y8,1/2 = y7).

1 {
P e= E(1 _ ggaﬁyaaXMaﬁXNayXPFMNp) e=0

a[aXaaﬁXbay]XCCD(m = Saﬁy

1 i
Pe=> (1 -a e*Pr79,XMapxNo, X aaXPFMNpQ) €=0.
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erri/(k—z) 0 ) 0 i
( 0 o-mi/(—2) ) @nd (i 0)

Q= dy1234 + dy1256 + dy1278 + dy1357 _ dy1368 _ dy14-58 _ dy1467 _
dy2358 _ dy2367 _ dy2457 + dy2468 + dy34-56 + dy34-78 + dy5678
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Aq4 + aszg + ay7 = 0, aqs + a3 + Aye = 0,
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A7¢ + asq + azy = 0,012 +a74 + ags = 0,
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A, = EAul...ﬂpdx“1 A N dxte
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dA, = aaulAﬂz...ﬂpde LA AdxHrt

94, 924,
ddA, = d (— dx”) - dxh A dx?

oxH dxHoxV
dA, =0
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HP (M) = CP(M)/ZP (M)

da
() = )" (= 1)iby(M)
i=0

» =0.
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Nijenhuis — Dolbeault — Kéhler.
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N SN
fAAB=fB,
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e® = e dxH
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Iuw = naﬁeﬁef
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A,A=0
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1
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N? o = ]mqa[q]n] P _]nqa[q]m] P
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9ab = Gap =0
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9ab =5 375K (22),

 0z%9zb
] =i00K
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k
by = Z hpk-p
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]q qu]pn +]p qvn]q m_]q an]p m _]p qvm]qn
:]q m(aq]pn‘l'rqlpjln_rqn A]pl)
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e Lichnerowicz:
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space-time manifold
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ds? = d6? + sin? 0d¢?
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0,81Q013Q0;, 03501Q1Q1.
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8. -601D1.
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1
FO% = ———(G3)*3 Adz
T—7T
G3 (S H(z'l),
1
FmFmE = _Zsz - Eanpq(anpq +x anpq)sg

(FFxF)2=0

F =41 *F for yo = £¢

Fngec{V7 v}§ = 2Fmaepé = 0
F4,0 — F3,1 — F1,3 — FO,4 =0
FaEC(ing =

FAJ=0

1 _
F3t = gFabc&dza AdzP AdzC A dz?

Fabcal,ca =0

Eabcdpgrs = (gaﬁgbqgcfgds- + permutations )

* F(P4=P) = (—1)PF@4-P)
0,0=KQ+yx,I=1,..,h3!

] =K%y, A=1,.., A"

fQAF°'4=O andf)(,/\Fm:O
M M

f *F3’1 /\F1’3 — f * (F1,3)* AF1,3 — f |F1’3|2\/§d8x =0
M M M

F1,3 — F3,1 — F0,4- — F4-,0 = 0.

f eaNJAF?*2 =0




hl,l

« (] AF22) = Z Ude,
A=1

J*(]/\F“)/\(]/\F“)z] IJ AF?2|2 [gd®x =0
M M

-2
1 ot 1Gs|*  |Fs]
S=-—| d°x=G|R- - -
2K? f x [ 2(Im7)? 2Imt 4
1 Ci, NGy AGS
b f 4 NG3 AG3
8ix?

Imt
G3 = F3 — TH3
T=Cy+ie™®

Fs =x4 Fs

1
2 M{N{ ~M,N M3 N *
|G5| —gG 1 GT2R2 G Gy, yymy Gy, N,

9
ds?, = Z GundxMdxN = 240y, dxtdxY + e AP g (y)dy™dy™
M,N=0 4D 6D

Fs = (1 +xq9)da Adx® Adxt Adx? Adx3

1
Ryy = K? (TMN - gGMNT)

2 4S
T = = =g 567

Run = = 3 Gun (
MN 4GMN

|G3]? + e—8A|aa|2) M,N =0,1,2,3

2Imt
etd 1
_ 2, ,-84 2
AA = 81mT|G3| +4e |0a|
84
Ae* = Py |G5|? + e~ *A(|0al? + |0e*4]?)
2K2€2A(710C
1 9 3
Jloc Z(Z TI\I}I/I - Z TIIl)III)
M=5 M=0 loc
Tloc 2 5510C
MN = — T —




Sloc = _f dp+1§Tp\/ -9+ llpf Cp+1
R*XxX

R4XXZ

p1(R)
— Cyi N
‘u'3 fR4’XZ 4 4’8

dﬁs = H3 A F3 + 2K2T3p3.

1
—— | H3;AF =0
2K2T3JM 3 ANF3+ Q3

xX) 1 f
== Np3+=——| H3AF;,
24 st o, v o7

Ale* —a) = 6ImreSA|iG3 —* G3|? + e )0 (e*” — a)|?

+2K2e?A(Jio. — T3p5°)

1
Jioc = T3p¢

* G3 = lG3
et =a
— loc
(710c - T3p3

TO =Tt =T} =T3 =—T3p; and T = 0.
M
K(p) = —3log [—i(p — p)].
K (1) = —log [—i(t — T)] and K (z%) = —log (lf Q/\ﬂ)
M

K = K(p) + K (T) + K(2%).

DW = 0,W + 3, KW =0

3
Dpwzapycw=—(—_)W=0
p=p

W=0

1 _
DW= QAG; =0
T T_TIM 3

DaW:J- XIXAG3=0
M

G3 € HZD(M).




1 _
x= E)(abc—dz“ ANdzP Adz€

X=VA]+Xx—vA])=x+xL

3 -
v= E)(apq]pqdza

XLNA]=0
(21)
G3 € Hprimitive
€abcpgr = —i(9ap9pg9er £ permutations )
4
(w4)? =0 for w4 € C*
A=1
> o 1 2 > - 1 2 N
X-X—5p =0y y-—5p°=0x-y=0

ds? = dr? + r?dx?,

2
1
d3? = 5(2(1/3 + Z cos eidq)i)
i=1

0<p<2m0<6;<mand 0<¢; <2m,

2

2
1
+2 ) (d0F +sin? 0,d?)
i=1

1 1
glzﬁ(el_e?))' gzzﬁ(ez_elli)f
1 1
g3= ﬁ(e1 +e%) , gt = ﬁ(e2 +e?),
g5 = e,

el = —sin 0,d¢,,e? = db,

e3 = cos 2fsin 6,d¢, — sin 2pd6,
e* = sin 2Bsin 6,d¢, + cos 28d0,
e’ = 2df + cos 0;d¢; + cos 0,d¢p,

4
1 1 2
i )
i=1

4
> whr=z
A=1




det()‘g g) =0

A
(X U)( 1) —-0
v v)\4,
(/11, /12) = A(Al,/‘lz) with 4 € C*
J F; = 4n%a’'M
S3

Ma' 5
F; = 5 @3 where w3 = g°> A w,

1
Wy = E (Sin 91d91 A d¢1 — sin 92d92 A d(l)z)

3
H; = ngMa’dr A w,
dﬁ‘s = H3 /\F3 + 2K2T3p3

Fs = (1 +%19)F,

1
F= E”(“')ZNeff(T)wz A w3

Noc(r) = N + — g.M?] (r)
eff(r)_ ans og To .

. 1
f Fs =5 (a')?Nege(r)
s
ds?y = e Oy dxtdx’ + e 240 (dr? + r2dz?)

J-9= %e‘“rssin 6,sin 6,
wy; Awz = —df Asin 6,;d60; Ad¢p; Asin 0,d0;, Ado,
* (wy A wsg) = 54r=>e84dr A dx® A dx* Adx? Adx3
*x10F =da Adx® Adx* Adx? Adx3
da = 27m(a’)?a?r~SNeg(r)dr

27m(a’)? r

3 3
—4A(r) _ 2 2
e i |95 + 3 (gsM?lo (1) + (9.2,

S ~f d5xV—G(R — 12A) —Tf d*x,[—g

ds? = e 24y dxtdxY + dx?




A(xs) = V—=Alxs].
T = 12V=A,

M? = M53f dxse~2V=Alxs|
-1
G4_ = G5 (J. dx5e_zﬁlx5|>

S =f d®xV—=G(R — 121) —TSMf d%\/ﬁ—nf d*x/—gP
ds? = e~ 24y dxtdxY + dx?
A(xs) = V—Alxs|,
Tp = —Toy = 12v/—A
Giv = Ny
= g—2mrV-A

SM
Iuv Nuv

1
2na’

W=f G3AQ=(2n)2a'(MfBQ—KrfAQ),
Z=f.Q
A

V4
fB Q= ﬁlog z+ Hholomorphic

1
F; = 2nM and H; = —27nK.
L 3 T an Zna’L 3 T

D,W = (2 2’(M1 ‘K+ )
W= 2n)°a 57108 2~

Ys

7 ~ o~ 2TK/Mgs.

72 R\*
ds? = (E) dZ|? + (7) (dr? +r2dQZ) with R* = 4mg N (a')?

2/3 1/3

~ — —2nK/3M
Tmin - pmin =z / gs'

=e

K = —=3log [—i(p — p)] — log [—i(t — T)] — log (i fM QA Q)

ds? = e7%"™ g, dxtdx” + e**™ g, dy™dy™
4D CY3




Cuvpg = UvJpgs
da = e~84® x dp.

b
p=—+ie*

V2

1 10,to*t 30,pd"p
- 4. [~ g g .
S 2K3 xy=g (R 2 (Im7)? 2 (Imp)2>

1 1
V(T,K)=W<J. FA*F_ETM2X>
M

F?2 = F22 + JANF + ] NJE®

* FZ,Z — FZ,Z _ 2] A Fol,l’

* F4-,0 — F4,0 and * F3,1 — —F3'1,

*F =F —2F31 —2F13 _ 2] AFM

f FAxF =f FAF—4f F3'1AF1'3—2f JAFMY AT AEM
M M M M
2,2

F =%F and F ¢ H]Srimi)tive

F~Qor F~]JA]

3,1 T -
f F3,1 A F1,3 — _e?C GI]@[wB,l@]_w&l
M
f JANFStAJ ANFyt = =VTIGABD, WD Wt
M
1 1,1 : 1,1
DA = aA - EaAjC - with K- = _310g V,
1
GAB = _EaAaBlog V
. _ 1
V(T,K) = e*GUD,W3'D;Ww 3t + EV“*GABDAWMDBW“,

V =eX(GPDWDsW — 3|W|?)

K(z,2) > K(2,2) - f(2) - f(2)

W(z) -» ef@w(z2).

GPPD,WD,W —3|W|* = 0.




V=eX Z GID,WD;W,

i,j#p
DiW = 0,
D,W # 0.

W =W, + Ae'?
Winse = T(z%)e?™
V =e*(GPPD,WD;W — 3|W|?)

a2A2

60‘0

e —2a0,

V0:_

1 D
V(O') = T(gaaAe_‘w + WO +A€_aa> + F

W =W, + Ae'

D,W = 3,W + 9,KW =0 with K = —3log[—i(p — p)]
2
W, =-A4A (§ aoy + 1) e~ %%

2
W = —§Aaaoe‘a"°
V =e*(6PPD,WDW — 3|W|?)

aZAZ —2ao0
VO = — e 0,
60,

K =K +log |W|>.

&
S

K4V = e (K} GPDWDFW — 3K |W %)




V = &M% (G D WDz W — 3K |W|?)
V=GP ,WazW + 0(k2)

ds? = e*P0)(g,, () dxtdx¥ + gmn (y)dy™dy™)
4D 6D

D(y) = ®(y)

T“=de“+a)“yAey

¢ =Thpefdx™ Adx™

a)a[g = hSaﬁ,

1
Sl‘IJM= VME - ZHME =0

S1= 1c7c1> +lHe=0
Sy = —~Fe =0
x=—3Fe=

!

dH = “Z [tt(R A R) — tr(F A F)]

H

wp = H,

wvp = Hynp = 0 and F,, = F,, = 0.
Hpypp # 0 and 0, @ # 0

1
VME = aME + Z(.()MABFABS

1

VMS = (VM —§HMABFAB>S

(I)g = (.()A B _EHM édxM
" 1
TA=TA+ EH,{}NdxM A dxN

exy) =) N () +{_(x) ®n_(y),
{_=4{% and n_=n}

[,=7,®1and I, =ys ® v;m

5111# = u(+ =0




Jm ™ = il "0y = —intym Mo
]m n]n b= _6m p
Imn =JIm k]n lgkl;

Jmn =Jm kgkn

1
J= E]mndxm Adx™

. 1 1

ViJ = Vi, = 5 Howli = 5 Hin§ = 0.

Jé = i62,]§ = —i6£’ and Jb =J2 =0
Jab = i9ab

H=i0-0)]

9.0 = —H. gb
a > abcd

Q=e 2Ty pen-dz? AdzP Adz€
00=0
1212 = Qa,a,0,05,5,5,9 40 g2 g %P
|02 = e~*(@+Po)
d(e™*®JAJ) =0
(FapY®™ + Fa57® + 2F 057*)n = 0
9PF g5 = Fap = Fa5 =0

i09] = % [tr(R A R) — tr(F A F)],

ddlielyan =0
- 1
H=1i(0-0)] and & =, —7log |||
Imn(¥) = e?PN g3 ()

1
(amcp + Eamh) Y = 0

1




1
d(y) =— Eh(y) + const.

1 1
Vinn + EanDVm "n+ Zanhym "n=0

D(y) = ()

!

dxdod = —%[tr(RAR)—tr(FAF)]

N P =]mq][n P 4] _]nq][m P q]
1 s
Nmnp = E(Hmnp - 3][m Un Hp]qs)

1 1
Jim p]n] 1= ngrgqu ADmrns + E]mn]pq
1

T 1 T T
=51 P9 —31 YN Yman
1
E(]AD =x ]
1

Nmnp = _EWI{H' Ymnp + 3iy[m]np]}77+
1
= _Eni [acb, Ymnp + 3iy[m]np]]77+
= 0.

ViQape = 0xQapc — 3F}§[aﬂbc]p = 05 Qapc — Fr?pﬂabc
_ 1 _
Tep = 97109 = 5 Hipgd"" = 0r®
ViQape = 05 Qapc — 05 PQapc
Viape = =0 PQapc

Viillape = Vi (e_2¢77z7’abc77—) = =205 PQupc + 23_2¢77ZVabcvl_cn—

1 _
=20 PQqpc + EHI_cnﬁgnp'Q'abc = =0 PQqpc

4 1
Leff=f doxvV—Ge=2® (a,4R -3 tr|F|2) + e
Legs = d4V\/G‘2¢4R ! F|?
off = xVV—=Ge po _a’3tr| [“)+ -

ez¢al4

Gy =

64nV




1 1
I = J dx./gR —Z —j d*%x./g|F;|?
2K My, \/_ : 8m(4mrt)?/3 MO \/— l

G, = K%1 and =(47TK%1)2/3
47 8r2vd u 2V

3v2 (E

dF =——
(dF )11k o \4rn

2/3 1
) [trF[”FKL] - EU'R[URKL]] 6(.7611)

[Fy/2m] = A(F) — A(R)/2

2

Gy = —
4 M[zj

Ngr = Uaﬁf F3 and Ngs = Waﬁf Hs
):B EB
0 < NapNSNE < L

L =X/24'_ND3.

na=f Q
Xz

a
W = (N& — tNEOT, = N - 10
DW =0
W=N-T=Ar+B

A = _(Nl\lls + lNI\le) == a1 + iaz
B = Njgr + iNgg = b, + ib,
1 AT+ B
— =0

DW = 0W + 0. KW = 0W — ——W = - ——

T=-B/A

Too = p, Tij = pgij




Friedmann-Robertson-Walker:

2

1—kr?

ds? = —dt? + a?(t) < + r2(d6? + sin? 9d¢2))

1
Gy = Ryy — EguvR = 8nGT,, — Aguy

Reyry = alkl_l/z

1 kA

+

2 _
H  3M3 Mz Pt iz Ty

a 1 A
2 = 6M2 (Ptot + 3Ptot) +

H(t) = a(t)/a(t)

Prot = Z Pir Prot = Z D
i i

pe = 3H?M}
_k A
" a?H? 3H?’

Prot +3H(Pror + Prot) = 0.

1
P~ 3w

a(t) > 0.

d(1)<0
dt \aH
Ptot T 3Ptot <O

1
L= _Eguvau(;bavd) - V()

1,
P =§¢ + V()
1,
12 =§¢ - V(p)

H? 3M2 [V(¢) 32 ¢2]




a(t) = apt?

_ ’ Vo t

V(@)
T 3M2’
3H¢ ~ —V'(¢),

H2

1
e(@) = §M1§(V'/V)2 L1,
[n(p)| = ME|V" V| « 1.

—=H+H?>0,
a

H
'—;;§<:1
H MgV
CH2 7(?) - ¢
e=n/2=1/p
V(g ¥) = a@@?® — )¢p* + bop* + ¢
_ a(tend)
N(t) = log < o )

tend g tend 1 o} 1%
N() = —dt = Hdt ~ — —d

®Pend

S ) = 5127 V2/3
(k) = 75 M3V’ ,
k=aH
32V1/2
Aa(k)= -
75 M3

k=aH
Su(k) ~ k™1, AZ (k) ~ k™6

_diné;  din AZ
T dn k" T dn k

n=1-6¢c+2n
ng = —2¢




( 1 T3>
V(r) =2Ts(1 ,

T 23 M8 4
21> M3or

V() = 2T+ 1 L
(@) = 2T5 273 MP ¢*
L 2o oz L°
€=§MP(V /V) ~ 10
L6

2 17
n=MsV /V)~r—6

2T;

V(p,L) = Tz

K(p,p,d,d) = —3log[p+p—k(p, )]
2L=p+p—k(p,P)
W(p) =W, + Ae™?P.
= 6n0
V = X (G D WD — 3W)

1 2 3, _ lo,w|*\
V=a |6pW| —Z(WapW+W6ﬁW) + W ¢¢)

v =2 (o,w|? == (Wa,w + wa,w 2T 54 D
6L |P | _i( WV +Wop ) + 1212 ¢¢+(2L)2

— VO (pc)
(1—9@/3)?

V($,T) = a((¢/¢s)> = b)T? + cT* + V()

2
~ Vo(po) (1 + §¢¢)

Vo ¥"] =2y " {ym v} =26n"
Vmn, ¥7] = —48m "Vn Vmn V'} = 2¥mn "
[ymnp: Vr] = 2Ymnp " {anp: Vr} = 6(S'[m Tynp]

[anpq'yr] = =88 "Vnpq) {ermq'}’r} = 2¥Ymnpq "
[)/mnquryr] = 2anqu " {anquryr} = 106[m rynqu]




Winns Y751 = =880 U¥rg ! Wi ¥*3 = 2¥imn ™ — 48y ™

[anpf yrs] = 12é\[m [Tynp] 1 {anpr VTS} = Zymnp - 12‘S[mn Tsyp]
[anpq'yrs] = —164, [TVnpq] sl {anpq'yrs] = 2Vmnpq ° — 246[mn " Vpq
[anqur yrs] = 20é‘[m [Tynqu] 1 {ymnqu' yrs} = 2anqu - 4'()(‘)\[mn Tsyqu]
[anp:ymt] — Zanp rst _ 36 S[mn [rsyp] t]

[anpq'VrSt] = —246, [rVnpq] st + 486(mnp V4

[anqur VrSt] = 2anqu TSt — 120‘S[mn [rsyqu] d

{Ymnp'VrSt} — 186[m [Tynp] st] _ 126[mnp] rst

{ymnqu Yt} = 2anpq st — 726[mn [Tsypq] d

{ymnquf yrst} = 306[m [rynqu] st — 1205[mnp TStqu]

[anpq:yrsw] — _326[m [Tynpq] stu] + 1926[mnp [rstyq] u]

[anqu'yrsw] = 406(m [rynqu] stul — 4806 pmnp [rSthk]u]

{ymnpq,yrstu} — Zanpq rstu __ 14‘4‘6[mn [rsypq] tu] + 486[mnpq] rstu

{Ymnqut yrstu} — Zl/mnqu rstu __ 24‘06[mn [rsyqu] tu] + 24‘06[mnpq rstuyk]
[ymnqu’yrstuv] — Zl/mnqu rstuv _ 4‘006[mn [rsyqu] tuv] + 12006[mnpq [rstuyk] v]

{ymnqu; yrstuv} = 508, [TVnqu] stuv] _ 12008y [rstqu] wl 4 240 Simnpai] rstuv

[Vm1...mp» an"'nq]
{Vm1...mp' ynl...nq}

n1...nq

pq odd pq even =2Vm1...mp

2p!q!
21(p—2)!'(q — 2)!
2p!q!
[ny...
t =B g = i mems " Y mgm)

n3..ng|

6[m1mz [nlnzymg...mp]

ns..ng|

[le...m,,, ynl"'"q] pq even
(—1)P12plq!
{Fmymy v ek pg odd } = 1 TR
(—DP*2plq!
31(p—3)! (g =3 MM

aeng)

[ninyng
ym4...mp]

+

- 1
Vun = Vun + Eﬂ_lvNQF]\’,‘,’n

Vp]mn =0

1
Pif =512y =4

1
Vinés — ZA_?’Mme_ =0,V,é_=0




N1 = V%72

FAJ+xdv=0

V =eX(G®D ,WDzW — 3|W|?),

M
L a
QAQ

2

/=3

1
dr A gs +§(eZAe1 +e3ne?)
*6 H = —e™9%d(ea%)).

e Agujeros negros cuanticos.

1

= Dy [—gR
S 16nGDfdx g

G = Ry —%gwR =0
Ry =0
ds? = g dxtdx’ = — (1~ %“) de? + (1 - r7“)_1 dr? + r2d02
Ty = 2G,M
dQ3 = d6? + sin? 8d¢p?
gee ~ —(1+20)

MG,
r

d =

ds? = —hdt? + h™1dr? + r?2dQ3_,

h=1-(3)
-3 _ 16TMGy,
7 m-20,,

D-3

2 (+1)/2

2




1214

RYPOR 1y pg = 76
. 1/2 t
u = (—— 1) e"/?"Hcosh (—)
™y ZrH
- 1/2 t
v = (— — 1) e™/?Tusinh (—)
™ 2TH

4rd
ds? = —F e~/ (~dv? + du?) + r2d]

u?—v?= (i— 1) em/mH
TH

-0 <u <40 and v <u?+1.

u+v)

t = rglog (u -

A = 4nr = 16m(MG,)?
ds? = —Adt? + A" dr? + r2dQ2

2MG %G
_ 4+Q 24
T r

A=1

1
Guv = R[I,V — ERg”v = 87TG4pr

1
_ P
Tuv - F#p v _ZgﬂVFbO'F
Q
Fy = Ey _7‘_2

r =1y = MG, £/ (MG,)? — Q2G,,

T L Ty
GM ~ G,M

Q > G,M?
Q = G4M2

Q < GyM?

Q*=0

M\[G, > Q|

'rizMG4 or M G4_=|Q|




ds? = —(1- rr—")2 de? + (1 - rr—")_2 dr? + r2d03
ds? = —(1+ :—")_2 de? + (1+ Tr—")2 (dr? + r2d02)
a5t ==[1= ()] a1 ()] ar? 4 roanz
ds? = [1 + ] de? + [1 + ] (dr? +r2d02)

A= Qa1 = 2%

Q _ 3mr§

JGs  4Gs
5= | e/ (g —3me)

M =

1

V,FF = — u(J—gF‘“’) =0
-

ewp”av e =0

ds? = —e?4dt? 4+ e2BMqr? + r2d 03

J—g =e?*Brisin 6

Kl ( [— Frt) 9 (eA+B 25in 6 - (—e_ZA_ZBFrt))
= 9,(e ™ Br2sin OF,,.) =0

q(6,¢)
Ftr A+B rz
q
FtT — eA+B r_z

dg(e4*Br2sin 9F9?) =0
0y (e*Brisin OF%%) =0

Fgp = p(r,t)sin 6

Fggy = psin 6

1 1 s 2
=—| F=—| do | d¢F
Qmag 4th 47[];) L ¢ 2o}

1 1 T 21
Qa=gz] *F=gz] 48] doc: Prag




(* F)gp = [—gF™ = e**BrZsin e 2U*+BIF, = gsin 6.

ds? = — (rr—")_2 de? + (’;—0)2 dr? + r2d03

2

ds? = (%") (—dt2 + dr?) + r3dQ3
Z= Tr(e‘ﬁH)
r=m(l+p?)

ds? ~ 4arf <dp2 + p? (ZdTTH)Z + %dﬂ%)
B = 4nry = 8TMG,.
dM =TdS
ds/dt > 0
S = 47M2G,

A = 4mrd = 16m(MG,)?

. A
4G,
o A
4G,

S=nr?/G,

- _JMG)” - 0%,

2mr?
4s? = 4r3 do? 4 2 (r+—r_)drz+r+—r_d92
R e 2r? 4r,
_ Amr?
- 1"+ - T‘_
=T \/(MG4)2 —Q?G,
o4mr? 2nr?
_ 26.M 3.0x 103 m, T = he® 6.0 x 108 K
=T ' = MGk
A mwR%*c3 G2M3
S=— = ~1.0x 1077, At ~ —— ~ 1056 .
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Apéndice A.
Multidimensiones — Supermembranas — Superespacios y Supersimetrias a propoésito de la

existencia de supergravedad cuantica. Modelo Sugawara Landau-Ginzburg.
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+(8,,248,1) + (8,248,1) + (8,,1,248) + (8,1,248)

2120 00120 4 (1) = 20, (0620 1 (1)
=Z' o(MZ (D =21 1 (D)2 1 ()]

exp [mi(F + F)] = 1.
241,210 2o 2 iF) = iF) = —
—1/2| )NS,Ns, M a,:eXP (wiF) = exp (miF)

“i—ﬂ[)il/z 10)nsNs 4212451 /2871 /21 0)ns s

1+ exp [mi(F +F)] 1+exp (miF) 1+ exp (miF) 1+ exp (miF)

2 2 - 2 2
8 k (2-kb_ . k
24 24 48 16°
_ 1 Z 7
~ order(H) hyhz
hq,hg€H

[h1’h2]=0




1

7 e, B,

[h1!h2]=0
€(hy, hy) = e(hy, hy)™!
€(hq, hy)e(hy, hs) = €(hy, hyhs)
e(h,h) =1
ha|Y)n, = €(hy, k)™ ),
h — e(hy, W)A.
(h’l' hz) = (eXp [T[l(lel + llﬁ')],exp [T[l(kzFl + lzﬁ)])
€(hy, hy) = (—1)fakztizh
exp (miF,) = exp (wiF]) = exp (wiF) =1,
exp [mi(F, + a1 + @)] = exp [wi(F] + a; + @)] = exp [ni(ﬁ' +a, + a{)] =1

(NS+, NS+, NS+)

(NS—, NS—, R+), (NS—, R+, NS—), (NS+, R—, R—)

(R+,NS—,NS—), (R—, R—, NS+), (R—, NS+, R—)

(R+,R+,R+)
(NS+,NS+,NS+):(1,1,1) + (28,1,1) + (35,1,1)
+(8,,120,1) + (8,,1,120),
(R+,NS—, NS—): (8, 16, 16),
(R—,R—,NS+): (8,128, 1),
(R—,NS+,R-): (8',1,128").

[Ta,Tb] — ifab CTC
|7, (12, 71| + [12, (7€, 79| + [1°, [T%, T%]] = 0.
exp (i6,T%),
(Ta,Tb) = b
(T, 7', T") + (T",[T,T"]) = 0.

Tr(tft?) = T,d*

b —
t;“l tr dab - Qr

MTM™1=—-TT,
1o I
M“[—Ik 0]

MUM™t=(UNH?




[H',EY] = a'E“.

e(a, E*F  ifa+ Bisaroot,
[E%EFl={2a-H/a?  ifa+pB=0,

0 otherwise .
(Wl, - Wrank(g)),
0 i
[ ol
(+1,0¢0)

(+1,+1,0%72),(+1,—1,0¥72),(-1,—1,0%2)
(£1,047)
(£2,04°%)

(+1,-1,0"72),

(+1 ol +1)
272" 2022222

. . 1
at € Zforalli, or a! EZ+§ for all i,

=) 1% af " e = h(gypPde.

c,d

Eg = SU(3) X Eg.
248 - (8,1) + (1,78) + (3,27) + (3,27).
27 -(3,2);1 + 3, 1)_s + (1, 1) + (3, 1), + (1,2)_3 + [1,]

+[B D)2+ B 1)) + [(1,2)_3 + (1,2)3] + [1,]

kb jcab
JA @I (0) ~ —5 + ——J°(0)
. N
jf@= Y o
m=—oo

[]#u]rl:] = mkabSm,—n +ic cjrcn+n

i, 8] = ic® cj§




ab = fab
fbe kad 4 fba fdc = .
kb = frgab
[LnJi] = —Nmin

ked®® = (L[, j%111) = 1% DI

]3 - .2 ] i_Eia
a
25 =450 )71 =2)3
a-H
_0 ,E& E;°,
a - H0+k _
——— EfEZY
2k
k=W

ab

6
J4@)JP(0) ~ —

ja = i0H?%
iA47B
AAAB ti g
y . kdim(g)
jj(z1):= lim ( H(21)j%(z2) — —>,
Zyp—Zq le
JH(21)j*(22)j (z3)
]’é - rcad ]’é i cad
=—j%z) + J4(z1)j%(z,) + —j(z1) + j4(21)j%(z2)
Z31 31 72, z
+ 5terms holomorphic in z3
y . 2k f ““df cad 2k + h(g)y?
JJ():(25) ~ () + g () = =) (2)

13 13 13

1
= (k+h(gY* |~ JC(ZS) + —ajc(zs)
Z13

T3(z) =

TN
Gt gz &




T5(2)j(0) ~ Tp(2)j°(0)

J4(21)j%(22)T5(23)

1 1 1 1
= —JU21)j%(22) + —0j%(21)j%(22) + 5% (21)j*(22) + —j*(21)9j*(2,)
Z31 Z31 Z3 232

+ 5terms holomorphic in z3
s S cok 2 s 1 S
T5(21)T5(2z3) ~ 7 t+t—=5Ts (z3) + —0T5(23)
2z13  Zig Z13

_ kdim(g)

gk —
k+ h(g)

1 oo
= (j&jé‘ ¥2) jfnj:z)
(k + h(g)P Z

S

1 (00}
L =—Z i —,m # 0
™ T et hlyw? L

TS_1
B_Z']]'
Tj =Tp — T§

Tg(z1)j*(z2) ~ 0

2 1
THAT3(0)= Ta@T5(0) ~ TEATE(O) — THATFO) ~ TEATH(0) ~ 5 + 5 T5(0) +—3T4(0)

¢ =c—c9k,

c9k <,
c9k =¢,
gk _ kdim(g)rank(g)
dim(g) + (k — Drank(g)"
c91 = rank(g)
ge_ 3k _ 39 15
=—=1--2,=,.-
2+k 2’57777

rank(g) < c¢9* < dim(g)

J§lr iy = |r, s




Qr

Grhgyw "

olr, )= IOt =

1
G+ hignz "

b = Qr _ G
" (kt+h@W? 2k+Q,’
_JG+1
77 k42

(r, M[EE, EZ81|r, )= 2(r, A|(a - Hy + k)|, A)/a?= 2(a - A + k)/a?

Xulaeik-X
22X (v2) = [0(yy — y2)de® + (v, — y1)de12°(v,)
lr= (a'/z)l/sz,R
(IN1R),d<m<25d<n<9,
lol'=1, -1} — g -1,
lol€2Z foralll €T,

=r-

1 1
(nlr ey Tl16) or (Tll + E, v, Ny + E)

ZniEZZ

i

1 1
(nl, ...,Tls) or (nl + E, ., Ng +E>

ZniEZZ

i
L. cIy.

L, =Ty,

0):0+ Aany root
(v):(1,0,0,...,0) + Aany roots
111 1
(S) : (E'E'E’ ,E> + Aanyroot;

111 1
(C) : (_E'E'E' 'E) + Aanyroot'




F:Z T, x L.
r

= AT, A€ 0(26—d,10 — d,R)
A AA,T, = AT,
A, € 0(26 —d,R) X 0(10 —d,R), A, € 0(26 — d, 10 — d, Z)

0(26 —d, 10 — d,R)
0(26—d,R) X 0(10 —d,R) x 0(26 —d,10 — d,Z)"

2=21=0
%[(36 —2d)(35 - 2d) — (26 — d)(25 — d) — (10 — d)(9 — d)] = (26 — d)(10 — d)

n, W"R g W'R
kim =?+7(Gmn+3mn) —q Ay — 2
ki =(q' + wmRAL)(2/a")/?,
n, W"R

w
kpm = ? + 7 (_Gmn + an) - qIAin -

An A,

n

R
= AL,

18
RAL = diag(i ,08>

R'AL = diag(1,07,1,07)

2mR A’ 2m'R’

8,x8, - +2,+1'2,0%8, 112 -2,

34 128 128 34-
8X8v - = ,= ,—E ,—E .

{0 Q}} = 2B(THT ) g + 2Pp (T7T0) 4.
2(M + kle"mFO)aB
2(M + |kg),

k% +4 (1\7 — %) Ja' (NS)
k% + 4N/a' (R)

M? =

M? =k +4(N—-1)/a’




N=1+a'(k2—k?/4=1-n,w™—q'q'/2.

AX.
1 _ m
{00 QF} = 2P (M) gp — 2525 (T,
1 1 10,.;MN
o’ MB =5 d™"xj" " (X) By (%)
1

JMN(x) = f d?0(0, XM, XN — 0, XN 0,X")51°(x — X(0))
M

2na’

1
M _ 9,. ;M0 _ xM
Q J d°xj Zna’j d
{00 Q}} = 2Py — Q)T
r= Z T, x T,
r
kok= kiki + G (kpmkin — krmkrn)

1 1
2x2.8,, = f A x(—G)1/? (R -5 |F4|2) — Ef A3 ANFy \F,.

d 172 1% — d (=62 MiN;  [M,N
d*x(—G) |Fp| =1 d XTG oGP Ey v, Fy v,

ds? = Gy (xM)dxMdx"= G (x*)dx dx” + exp (20(x*))[dx® + A, (x*)dx"]?

1 1
Sl = 2 2 f dlox(_G)l/Z (eaR__e3a|F2|2>
K1o 2
1 ~ 2
S, =— le —G 1/2 “o|F 2 + e%|F
2 4K%0f x(—G) (e |F3] e | 4| )
1
S, =— A, NF,NE, =——— | A3 ANF; \F,
3 4K%0f 2 4 4 4K%0_]- 3 3 4

F4 = dA3 _AlAFg
—dl‘lo /\F3 = —d(AO /\F3)
5,A3 == 2,0 A F3

dF4 == _FZ N F3

2@

Guy = e %Gyy(new ),0 = =3




Siia = Sns + Sr + Scs

1 1
Sns =5 f d0x(—G)1/2e2® (R + 40,0010 — 3 |H3|2>
K1o
~ 12
S = _4;{50] dlox(—G)1/2(|F2|2 + | Byl )
1
4K?,
Cl = e_(DC{,

f dlox(_G)1/2|F2|2 :f dlox(_G)l/Ze—Z(DlFZIlZ
F} =dC] — dd AC]

dF} = d® AF;,8C] = dAy — Apdd
Vo Vg (CTH#9) g pey, i, (X).
F”F“l'"“l’aveul___”p X) = F“l""‘pF"aveﬂlmﬂp(X) =0

[VTH1-Hp = [VH1-Hp 4 p,IV[ulr#z---#p]
[H1-HpTV = (—1)P[VH1-Hp 4 (_1)p+1pnvmlrﬂz--#p]

dep=d*ep=0

Tp = i(2/a)?yYHoX, — 2i(a’/2)Y?D ,opH
Go ~ (@' /)Yy (py + i)

(d—dd A)e, = (d —dDd A) *e, = 0.

f
2
27'[0!’ M

F6 =x F'4‘F8 =% FZ;

d*Fl():O

* [}, = constant

1
f dx(—6)/?M? + f MFy,

Siia =Sua——-
HA 4x? 2K2,

10
SiuB = Sns +Sr + Scs
1 1
> f dOx(—G)Y/%e=2® (R + 40,904 P — > |H3|2>

-2 1 .2
e | @oxe (12 + | + 517 F)

2

1
SCS =_4_f C4_/\H3/\F3
K1o




F‘3 =F3_C0/\H3,

~ 1 1
F5=F5—EC2/\H3+§B2/\F3.

d*ﬁ5=dF5=H3/\F3

Gey =€ ®/%Gy,, T =Co+ie™®

o[k —Rer] i = H3]
Y " Imtl-Rer 1 1”7 LE)

1 0,704t
S = J. d'®  x(—Gg)'? (RE_Zglm‘r)z

2K,
Mij . j 1,. .2 €ij . j
—— B —Z|F5| )——BK%J Cs NF3 NF

, _ar+b
T cr+d
sl f

F/ro_ ’ _
Fs = Fs5, Ggyy = Gy,

M= (A HTMA?
Si=S.+S,

1 1,
Se==— f dx(—G)'/? [e‘2¢(R+46uCI>6"CD)——|F3|2]
2K1, 2

S = — f 0% (~G) /26~ Tr, (|F?)

29%0

K%o
F3 =dC; — —-ws,
910

2i
(.()3 = TI‘V (A1 A dA1 - ?Al /\A1 AAl) .
Sws = dTry(AdA,).

2
K1o
562 = _2 TrV(AdAl)

9io

Shet =

1 1, Kk
> f d0x(—G)/2e72® R + 49, ®94® — = |Hs|” — 22 Tr, (IF,|?)
2Kip 2 Iio
- K K?
H3 = dBZ - £(1)3, 632 == g_IZ-OTrV(AdAl)

2
910 10

Gl/w = e_q)hGh;wrcDI = -0y
Fi3 = Hpsz, Ay = Apq




Sint = ] d22(j8A2 + jEAY)

S

1 2 2 I%L a =\ A0 = kg a =\ aa =
Z[A] = 2 d*z,d*z, TAz‘(Z1rZ1)Az‘(Zz;Zz) +?Az(z1;z1)Az(Zzlzz)
Z12 Z1>

8Z[A] = 21 f d?z2%(z,2)|k,0,A% (2, 2) + krd;A%(z,2)]
8Z[A] = —2mks f d?zA%(z,2)A%(z, 2)
Z'[A]= Z[A] + 2nk f d?zA%(z,2)A%(z, 2)

k _ _
= Ef d%z,d%z,In |22, |F& (21, 2,)F% (25, Z,)

gauge anomaly: Z q% — Z q*> =0,

L R
gravitational anomaly: Z 1- Z 1=0,
L R
mixed anomaly: Z q- Z q=0.
L R
gauge anomaly: Z q>=0
L
mixed anomaly: Z q=0
L

ey P(x)' = euq(x)@q P(x)

id+2 = did+1r6id+1 = did

—i .
0ln Z = W_]. Id(FZ'RZ)
fo(FoRy) = Tr(Fy) +Tr(Fz4)tr(R%) Tr(FA)tr(R3) Tr(F3)[tr(R2)]? +ntr(R26)
8\ 22T 1440 2304 23040 18432 725760
ntr(R)tr(R3) N n[tr(R3)]?
552960 1327104
5 tr(R3) tr(R3)tr(R3) [tr(RD)]?
f<c(F,,R,) = —495 225 - .
56(F2, Rz) 725760 552960 1327104
. tr(RS) tr(R)tr(R3) [tr(RD]?
fsn(R,) = 992 — 448 — 27~ 27 4 18— 22
sp(R2) 725760 552960 1327104

Iiip(Ry) = —2Ig(Ry) + 2I56(R,) + Isp(Ry) = 0.




s = f B, Tr(F))
58" o J Tr(AdA,)Tr(Fy)

I o« Tr(AdA)Tr(F3), g4y o« Tr(A,F)Tr(F),
fqsz o< Tr(FE)Tr(FS).

s = f B, [Tr(FD)]2

Tr,(t?) = (n — 2)Tr, (t*)
Tr,(t*) = (n — 8)Try (t*) + 3Tr, (t*)Tr,(t?)
Tr,(t®) = (n — 32)Tr, (t%) + 15Tr, (t2) Tr, (t*)

Tra(t) = 25 [Tra (1, Tra (1) = oo [Tr ()

| BaXotr ko)
H3 = dBZ — CW3zy — C’(l)gL

2 3
0)3L = (l)ld(l)l + §(l)1

60)3L = dtr(@da)l)

6A; =dA
60)1 = d@
6B, = cTr(AdA;) + c'tr(Odw,)

[cTr(F£) + c'Tr(R3)]1Xg(Fy, Ry).
fl = i56(R2) - iB(Rz) + iB(leRz)

2
[Tra(F; )]3} +(n

L —Tra(FP) +iTr (FATr (FH) —
1440 avizl tygraviz/iiali2 14400

tr(R$) tr(RPr(R3) [tr(RD]?)  YoXg
725760 552960 1327104 768

- 496){

1
Vo = 0(RE) — 55 Tra(FF)

[r(RDP  Try (P (RD) | Tra(F) _ [Tra(FDP?

Xg = tr(R3) +

4 30 * 3 900




Dg = 39 +00,,Dg = 35 + 005,
D} = 8,,D} = 8;,{Dg,Dg} = 0.
Dg = Dy0'dgr + Dgz' 0, + DgB'0g: + DgZ' 0,
DgB' = Doz’ = 0,Dgz’ = 6'Dyb’
Dy = (Dg8")Dy:
0,2 =052 =0,0' =350' =0

z'(2,0) = f(2) +69(2)h(2),0'(2,0) = g(2) + 6h(2)
h(z) = £[0,f(2) + 9(2)0,9(2)]"/?

52 = e[v(z) — i07(2)], 50 = € [—in(z) +%96v(z)]
(Degl)Zh(Dée_l)Zfld)l(zl’E’) = ¢(2,2),
5¢(z,2) = —€[2h00n(2) +1(2)Q + 2h007(2) + 1(2) Q5| P(2.2),

¢(2) = 0(2) + 0¥ (2)

60 = —en¥, ¥ = —€[2h0n0 + nd0].

G0 =W,6,-0=0,r>

)

N =

N| W

G—1/2‘lIJ = aO,Gl/z Y= ZhO,Gr-lP= 0,r=>

G_1/2 * —iQg = —i(0g — 60,)

dz'd0' = dzd6Dgy0'.
1 2 2 u
S =5 | d’2d°0DsX" DX,

XH(z,2) = X* + i0y* + iOYH* + OOFH.

1 o
S= yp f d?z(0zX40,X, + Y oy, + P*0,P, + FHF,).

DgD5X*(2,Z) = 0.

X*(z1,7,)XY(23,2,) ~ —0*¥In |2y — z, — 6,60,|?

1 2 2
SBC = d Zd QBDéC

21T




B(z) =f(2) + 0b(2),C(2) =c(z) + 0y(2)

6, -0, _91—92

B(z)C(z,) ~ = _
(z1)C(z2) 7 — 2, — 0.0, 7,—2,

1

S = E,’- dzdeQ[G!w(X) + B!w(X)]DngDgX”

1

= EJ. dzz{[G,w(X) + Bﬂv(X)]azXﬂaz_Xv +Gyv(X)(‘/)#Di1/Jv + lﬁ“Dzl/jv)

1 -
+ 5 Runpo (OB

1
DA = 0 + [V o () + 5 HY po(10)] 02X,

~ ~ 1 .
D" = 0,9" + [Fv po(X) — EHV po'(X)] 0,XPY°.
Xt = XF 4+ i+
M =24+0664

1 _
S = Ef dzzde{[Gw,(X) + Buv(X)]azX”DgXV _ )LADg/lA}

1

= Ef dzz{[le(X) + BIw(X)]azXﬂaZ_XV + GHV(X)IIJ#DZV;U +)LADZ—/1A

+ 3P OOM 2]

DgAt = DgA" — iAy" (X)DgX"2"
DA% = 0;4% — iAy® (X)07X42°

5AﬁB — #XAB‘(S'AA — i)(ABﬂ.B

1
A% (2,2) = - ALP (X) 0z X"

SZ[A] = % f d?zTr, [x(X)Ep (X)]0,X#0,XY




S()8(7) =979
Voo = G—1/26—1/2 -0
P11 = =990
e 202172105 kdns
p-1-1 = gce_d’_‘z’lp”l/;”eik’x
Go12Go1/20"s ;307172103 ks = — (@) + @ - Poaya?y 5 ) (@25 + o - PoyaBPa)2) 10 ns

2 1 1 Lo\
Vo0 = — % (iazX“ +oa'k: 1/)1/)“) (iazX" +oa'k: 1/)1/)") etkX,

V_l = goe_d’tawlieik-x |
VO = go(2a’)TVAARM + 20k - ppi)e X

p-1 =gck‘1/2e‘¢j“1/3“eik'x
X | S\
VO = g.(2/a) k120 (iaX” +oa'k 1/)1/)“) etk X

type I: go = gym(2a’ )% gym = g10e®/?
. K a'gyy
heterotic: g, = e = T; K = k10e®, gym = g10€°

K - @
typel /Il: g. = E; K = K€
1 -1 -1 0
2’ gl (Cv1 (x1)cV5  (x2)c V3 (x3)) + (Vo V),
0

(c(xp)c(x)c(x3)) = X12X13X23
(e_¢(x1)e_¢(x2)> = x75
WH ()Y (x2)) = n*xgy

eik1~X(x1)1,b”eik2'X(xz)(iXp+2a’k3-wlpp)eik3'x(x3)>

l/)”

p p I
— Zia/(2n)10510 (Z kl>< T]l’“’kl _ T]l’LVkZ + n“Pkg B 7]”Pk3>

; X12X13  X12X23 X13X23

igym(2m)10610 <Z kl-) e1ueapes, VP Tr, ([t%, t%2]t%)

i

yHvP — ntwkfz 4+ n”pk§l3 +nPHEY,,




(e‘¢/2 (xl)e_¢/2 (xz)e_¢(x3)) = x1—21/4x1—31/2x2—31/z’
(@a(xl)(')ﬁ (xz)> = x1_25/4caﬁ’

(0 (x1)0p (X)W (x3)) = 27Y2(CTH) gy 0 a5 2.

Y (x)0,4(0) = (2x) 7?04 (0)Tp,, + O(x'/?)

igym(2m)10610 <Z ki) et THu, Try ([6%, £92]9),

i

I’%sab
(i9(z)j?(22)) = ——
212
a . ic = iiéfabc
(@) @) @) = ———

”’é—l/zfabc — 21/2Trv([ta, tb]tc)

3

1_[ iel- . aXeiki.X(Zi,Z_i) =

i=1

2 v,
a'“eq eppe3,THP

8iz1221323
a,
THP = ké‘3r)”p + k¥ nP* + kfzr]“" + §k§‘3k'3’1kf2

dmgea’~M?(2m) 10510 (Z ki elu32v63pvlprrv([ta; tb]tc)
i

mig(2m)'?61° (Z ki) el#d‘f’vaegplT/‘”PVle_
i

”igc(2”)10510 <Z ki) emvezpewk}’gVMPGSab

i

mig.(2m)10610 <Z ki) elwez,,a,e3p,1V””pV"“”1.
i

(—=Gp)2e 2®hRE - (=G ?e PR}

CTH),
V@V 0) ~ S ey,

(cr¥)5(CT, (CT™),, (CT (CT*) 45 (CT
(Va(ZOV[g(zz)Vy(z3)V5(z4))= ﬁ( #)y5+ Y( #)634_ 5( ”)ﬂy

2712273794734 271373473224 2714747743773




u u —
TapTiys + TayTusp + TasTupy = 0
; 2 10 £10 ! s—1
= 93(2m)106 Z ki | Try (69169 193 s f dxx—'s=1(1
. 0
L
- X)_a,u_l X (ﬁ1F”u2ﬁ3F“u4 + xﬂll"“u3ﬂzl"”u4)
—16ig3ya’?(2m)0s10 <Z ki) K(uq,uy, ug, uy)
7

[(—a's)I'(—a'u)
'l—a's—a'u)

X | Tr, (t%1t%2tt) + 2 permutations

1
K(uq, up, uz, uy) = 3 (uity T*uy sl uy — sty THu, sl u,)
s = —(ky +kp)? t = —(ky +k3)?u = —(ky + ky)?.

1
K(eq, ey, e3,e4) = §(4M1 MZM3, My, — M, M3,M3,M7,) + 2 permutations

op™pu
= ()
= t/,wapaﬁy kluelkaGeZkaae3ﬁk4ye46
1 .
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Rio = €Ryg

Ry a'l/? 3-k)/2
=R (MS )(l—k)/Zl_[ R_l,
a'l/? R, 10 1 - m

m

e Agujeros negros cuanticos.

ds? = Z(r) Yy, dxtdx? + Z(r)*/2dx™dx™
e2® — gZZ(r)(?’_p)/z

p’P
— 2 _
Z(T)—1+r7—_p,7‘ = xMx™

7 —
p’ P = a7=P)2gQ(4m)-P)/2T (Tp)

ds? =Zl_1/225_1/2 [nwdxtdx? + (Z, — 1)(dt + dxs5)?]
+le/2Z;/2dxidxi + le/ngl/zdxmdxm
e 2% =7:/7,
2

r 2m)*g0,a’3
Z1=1+—1 lez( )90

r2’ Vy
2

— 7"5 2 !
Z5_1+r_2 s = gQsa

e, (2m) g*psa’
In =1t m="1y——

dsE = Z1_3/4Z5_1/4[7;m,dx”dx" + (Z, — D(dt + dxs)?]
+2* 73 dxldxt + 71 2 dxmdam

NN
(r_12> (r_52> r2dQ? =r11/2r53/2d02




A = 22 LV,ryrsr, = 2517 g2a'*(Q1Qsns)"/? = K2 (Q1Qsns) /2.

2mA
S= = = 21(Q,Qsns5)"/?

! |X Y|2+—DD +£DD
= Qraz X 4 CTPL Ty Us s

Xt=xlly, Yt =x'ly,

Trlexp (—BH)] = exp (ncL/12[)
[ dEn@ress (-8 = Titesp (-]

n(E) =~ exp [(ncEL/3)'/?]

n(E) ~ exp [2m(Q;Qsns)*/?|

2
r

d32=r—mwdx”dx + a5 2 'S ar? +r1r5dQZ+ dxmdx
17

AdS; x S3 x T*
AdSs x S°
R ~ GyM
2
Sph & o GNM?.
Gy = g°a'.

R 12
a11/2 ~ gS

exp {TM[(c + &)a'/3]*/?}.

Ss = Ma'/? =~ g7\ MGy

1/2
ng}/1 ~ 1,
Multidimensiones — Supermembranas — Superespacios y Supersimetrias a propésito de la

existencia de supergravedad cuantica. Modelo Sugawara Landau-Ginzburg.

Lo|h) = hlh)
mlh) =0,m>0

C
[Lm; Ln] = (m - n)Lm+n +—= (m3 - m)5m,—n

12

L gL g, L |R).




) = 1¢) — )i | )
(@IL_nLn|d) > O.
Mt = (h|LyL_q|h) = 2h,

(hIL3

M2 =
(hlL

21111y

2 (8h%+4h 6h )
M‘( 6h 4h +c/2

det(M?2) = 32h(h—hy)(h—h_)
16hy = (5—c) % [(1 — ©)(25 — ¢)]'/2

Mo }(Ch)—(h{k}”l{k})Zk = N.

det[MN (¢, )] = Ky 1_[ (e

1<rs<N

c—1
24

1 2
hys= + 7 (ras +sa_)*,

ay = (249)7V2[(1 - o)/% £ (25 - )72,

125 s

n=1 k=0

6

m=23, ..
™

46
LR

m(m
Oll

2'10’

[r

rm+1)—sm]?> -1
dm(m + 1)

hzhrs_

25 — (3r + 25)?

h.. =
s 24

25 — (3r — 2s)?

h=h.s+rs= o4

= h; 1 9
T@01(@) - 0u@))s= ) [mosa + oy 3 (02 - Oaleads,

i=1

TR0 = ) (@=L 01(2)

k=—0o0

([L_ - 01(21)]02(23) .. On(zn))sz = L_(01(21) ---On(zn))sz!




g B

<[L_k1 ...L_k{,z_ll "'Z_lm . 01(21)] ...On(Zn))Sz
= L_kt’ ...L_klf_lm ...L~_11<01(Zl) OTL(ZTL))SZ

O0m(2,2)0,,(0,0) = Z 7~ hm=hpthi+N z—hy—Rhn+hi+N
i{k,k}
X Cl{k'k} an_{k}Z_{’”c} . 0[ (0,0)

Ci{k'k}mn = {ii{k’}M{;{i{]}’}x L—{k’}i—{i{’}<0m (OO, OO)On(l,l)ol (er Z_l))Sz 7=
)

et = G0,

i il . ~jl /.
(0(0,)0,(1,1)0m(2,2) 0 (0,0)) ;. = Z iCmnFon (i | 2)Fpn (i 1 2),

i

.l i _ _ . . k . kl
Flhlzn= Y zmomwnengilae oo gl
{r3L{k'}
2@y= Y. q RN RN =Ny (@ (D
i,{k,f(} i
Xen(q) = q=</24*h gV
{k}
—c/24+h 1
Xen(@) = q 1_[ 1 —an
—q
n=1

7(i#) ‘20 exp (nc/60)
Xen(q) < qh =012y i£)=1 20 p1/26xp (/120).

Z(if) < Neexp (/6¢)

c—1 (a,+2a.)?
h=h1,2= +(+ ).

24 4




_ - _ _ 3 2
0= <N1,2(Z1) 1:2[ Oi(zi)> = [1:—2 2(2h1,2 n 1) L—1] An

S2
~ i h; Z": 1 9 3 |
S (zi—2) & zi—z0z 2(2hy,+1)0z7| "

n
Ap = <01,2(Z1' Z1) 1_[ Oi(zi.Z_i)>
i=2

Sz

i h; Z hl,z—hz—h3—h4+2(hi+hj)+i 1 2
—~ (z; — 21)? (z; — zl)(zj — zl) Lz 7 0z,

2<i<j<4 i=

R SR IR,
2(2hy, + 1) 0227

§

=

rs

4
<or,s;f,s~(z1,z1)]_[ oi(zi,z-i)> =D wh@io,
i=2

S, i=1 j=1

— k-1 —h; =0.
2(2h1,2+1)K(K ) te—h

hi = h1,2 + h'l + Ki

c—1 y?
24 4

h;

c—1 + a_)?
+(V_ )
24 4

h’i:

01200 = [0 +arr] + [0-a)];
02100) = [Og+ap] + [Og-ap]

01,201',5 = [Or,s+1] + [Or,s—l]'
02,10r,s = [0r+1,s] + [Or—l,s]-

N2
fo1_gP-D”
Pq
P Bt ) el Gl i
i 4pq

hp—r,q—s = hr,s

1<r<p-11<s<q-1

p=mqg=m+1




1 1
hi1=0,hy, = > hy, = 16

0r1,510r2,52 = Z [Or,s]’

r=|rn—-nl+1|n—-—nrnl+3..,
min(r; +7r, —12p—1—1r; — 13),
s = |31 —Szl + 1,51 + 55 +3,...,
min(s; + s, —1,2g — 1 — 51 — 53).

J()0;(0) = 2" "0, (0)]
2n(hy —h; — h) = 2mQ;
0p—1,10p—1,1 = [01,1]

_pA-s)+qd-7)

Qrs > mod1

c=1-24a}
1
T = —Ea¢a¢ +212%iay0% .

V, = exp (2Y/%ia¢)

a=a Y
pr— 0__
2

c—1 y?
NG
24 4

2 3V0‘4>

z a; = 2ay

4

(Vi Ver, Ve

J+ = exp (2%ias¢)

Qr=9¢ dzjy

1 1
n+=zz ri—Z,n_=EZ s; — 2.
i i

L|r, i) = jmlr,i),m >0,
Jjolr iy = Ir. e

1 N
T(z) = WU](Z)-

_ kdim(g)
T k+h(g)

gk




o= 9
" U+ h()Y?

((J.fm : 01(21))02(22) ---On(zn))s2 = J%n(01(21) ---On(zn))sz,

n

Je —,
™ — (z; —z))™
T e @ L TR

2 .
- - a(i) qa
£ (k+h(g))¢22 C

K] ta(l)ta(L)
621 (k + h(g))l/)2 z z

4 . ko
J*Js — ST

(01(z1) ---On(zn»sz = 0.

lj,m),

GE* 2 j,m) = 0.

7 <01(Zl) On(zn))sz

k-2mq,+1
i=2 ]

L 0)
0 = ((grpk2m*1. 0,(z) ...0 (Zn) [ Z !

l l
= Z [(t+(2)) Z]mz,nz [(t+(3)) 3]m3,n3 <0j1'm10j2‘m20j3'm3)s

myms

2

l2+l32k—2m1+1

(0

]1,j10

j2,m20j3,m3>52 =0 if jl +j2 +j3 >k

Uil X [2] = [ = j21 + [jx = j2l + 1] + -+ [min(y + jz, k — ji = j2)].

Ul X [k/2] = [k/2 — j1].

2@ =) nesxe(@xr(@)’

r,r

@)= ) Spyrt (@)

StnS=n




( 2 )1/2 @i+ DR+
] = | —- Sin
k+2

nj; = &j;
n]j = ]jljez + ak/z_j:jljez+k/4'

1 -
S = ﬁj dZZ(Gmn + an)aXmaXn

q
Hynp = ﬁemnp
2
Ry = r_szn
2 q?
ﬁrcr;ln =a'Gpn <T‘_2 - ﬁ)
ﬁ@ = 1 — qu
2 4ré
r? = % +0(a")

4
g=x*+ ixiai,z (xi)z =1
i=1

_ |"|J- 2 —15 in 3
S = Md zTr(adg 6g)+12n NTr(a) )

d(w3) =0

iy Y
127 ), T




5S = %J d%zTr[dgga(g~189)| = %j d?zTr[g 8gd(6gg™1)]

69(z,2) = i€ g(z,2) — ig(z, 2)eg
89(z,2) = i€ (2)g9(z,2) — ig(z,2)er(2)
In|Tr(egg~"0g), In|Tr(e,0gg™")

g=1+i@2n])"Y2¢0% + -

1 _
L =Ea¢> o +0(¢>3)
jg& = n|*?0¢ + 0(¢?)
j& = |n|*?0¢* + 0(¢?)

Dij(9) = 0[ ()0} (2)

T¢ =TH 4 TG/H,

cG/M =G — cH,

6
G =SU(2 SU(2)4,c¢ =4 ———,
Q) © SU(2)4,c P
H=SU2)k+1,cT=3 6
B e+l mo k+3’

6
(L B L —
¢ (k+2)(k +3)

xr(q) = Z nl x5 (@),

1o

r,r
8 on1? rr’ 1ss’
pp= —— (1)) (' +sT) ; :
Srer's [(p+1)(q+1)( ) T
SUQ), 6
ok =2 ——.
Uu() k+2

1
j% =i(k/2)"/?0H,TH = —EaHaH.

j* = exp [iHQ2/k)Y2 iy, j~ = exp [—iH (2/k)V?]y],
(k= GrDE 1= exp (iH2/K)Y? )y,

Oym = exp [imH 2/k)" /],

D@ P (0) = 2z 2@y + )




Ha i@ i@

o

lity (@ + 6y @] (0): = Z Py Uik +jka)tiwilig - 1
=0
G =SU @ SU =m?-1) [ i ]
= (n)k1 (n)kz' n ke + k2 Tn

ki +k,
H= SU(n)k1+kz'CH =@ -1 ki+ky,+n

d?b¢ o Tr(e2{t?, t}),

63T(0)

W (2)W (0) ~ —+ 2 T (0) +

10 (2 +- 6)[10 T2(0): —392T(0)]
220+50c ©: ©
24

c=2-

(k+3)(k+4)

det(M M) ns = (h — €6/16)Ky (h = hyg) RN/,
1<rs<2N
c—1+e€

+1(“ +5sa_)?
16 4ra+ sa_)<,

hr,s =

1
a4y =7 [(1-&)Y2+ (9 -6

147! <
- Z P()g*

ey LA
1+qn 1/2
o Z Pys()q*
n=1
R ¢
¢c=>1,h> 61—6;
3 12
= E—m,m =23, ..
7 81
= O,E,l,%,...,
_[r(m+2)—-sm]*—4 €
h=hps = 8m(m + 2) 16

G = SUQ), B SU2)s, H = SU(2)je12-




2@ =) npt@x@)’

i,J
Nijii = Nii Ny,
N{iNri = NjiNyji = NjNypjy
T1T2T3T4 = T12713723

‘rl:Tl-';l (rlz)—exp (Znihi)?'iljl(r | 2),
lezf'i’;l(r | z) - exp (Znihr)Ti’j-l(r | 2).

Nijir(hi + by + by + hy) — Z (NJiNyxi + NjNyjy + NNy jy )by € Z.
T

z NN, (4h; — 3h,) € Z.
_

N(?o = N10/2,1/2 = N11/2,1/2 = N101 = N111 = N39/2,3/2 =1
8hy/, — 3hy,5hy,4h3 ),
St=(ST)3 =1
1 = [(detS)*]~3[(detSdetT)3]* = (detT)*2.

T: xi(q) — exp [2mi(h; — ¢/24)]x; (@)

Nc
— - 12 ) h; €1,
i
. Z STsrst
Jjk - S(T)‘
T' = Lgp:j%j°:

d d
Lgp = 2LacdeLdb - Lcheffacefb S - Lcdffcef(afl‘b)e
0sZ = €z

‘Ssgab = 2€Y9ap

£ f d26T4(0)
2T a

TS = 9,K°

€15, <1_[ Aim(am>> -] dza<m<a)]_[ cﬂim(am)> - ) <cfl,-<an) [ cﬂim(am)>

m#n




€ 18 A;(0) = —A; T A;(0)

f d%eT¢ = —an f d%oBi(g)A;
S = Z’: gif d%cA;(0)
€716 <1_[ c/ll-m(am)> = —Z ﬂi(g)aigiﬂ_[ c"lim(Um)>—z AT <c4j(0n) 1_[ c’qim(am)>

m#+n

F(Tz) = Z4<Tzz(zﬁ Z_)TZZ(O,O))
G(TZ) = 4Z3Z_<TZZ(ZI Z_)Tzz(0,0))
H(r?) = 162z°2%(T,;(z, 2)T,;(0,0))

4F +G—-36=0,46—-4G+H—-2H =0

3
C=2F-G—<-H
8

C = 3H
T4

§$=S5, +,1if d?z0;

— Zz(z,z')lif d?wO0;(w, w)
07T,z (2)0i(w, W) = 0z[(z — w)™?h; + (z — w) ™19, ]0;(w, W)
= —2mh;0,6%(z — w)0;(w, W) + 2n6%(z — w)a,, 0;(w, W)
0:T2,(2, ) = 2mA;(h; — 1)9,0;(z, 2).
9T,y + 0,T;, = 0.
Ty, = 2nA (1 — h;)0;(z, 2).
Bt = 2(h; — DA,

AL = 2e(1 — h)AL

1 2 2 -
E_[ d Zoi(Z,Z_)f d“wO0;(w, w)

_ 1 _
0:(z,2)0;(w, W) ~ mc;‘jok (w, W),




dr 2 -
an TCijJ d“wO (w, w).
SAF = —2meck ;AT
k= chiijlixlj.
c{‘j/li/lf =0
Bi = Z(hl - 1)/11 + 2mck ij/’liﬂj,
C = —12m2B'BI Gy,

Gij = z22%(0;(z,2)0;(0,0))

.9
i
B aAiU(AL
. 21 o
U(A) = (hl - 1)1111 + ?Cijklll]).k,
C = 24n*B; N = 24m*U
C = c+24m%U

i = (1 - h)). - 7IC111/12,

1—-h

A= )

TC111
1—h)3
c’=c—8( 5 ).

‘111

z= | tdalexp (~p)

z= | 1dsles (=5/m)

H = —Z 00

links
(0:0;) ~ exp [~ ]i — jI/E(B)]
(0:0;) ~ v2(B) + exp [~]i — jI /&' (B)].
(0i0;) ~ i = jI™", B = B-.

1 1
0,1:h=0,0{,h=-—,0,3:h=—.
1,1 ) 1,2 16' 1,3 2

0;>0(z,2) = 01,2(2)(51,2(2_)-




(0(z,2)5(0,0)) x (zz‘)—Zh = (ZZ—)—1/8
013(2)013(2)

[@1,1(51,1] + [@1,201,2] + [@1,3(51,3]-

H=-— Z Re(a;0,)).

links
L=0¢dp + A,p? + 1,0
0,,0,, = [@1,1] + [@3,1] + [(0)3,3] + [(0)1'3].
¢n = 0n+1,n+1r0 Ssn<m-—2.
™I = Oy 0 S n<m—3.
MAy$?" ™% =00 =L_4L ;- ¢,

2
0m—1,m—2 = 01,3:h =1- m—-l-l
013043 = [@1,1] + [@1,3] + [(0)1,5]:

, 12
¢ =c-E

]+ — iW/21/2,13 — lqa¢/21/2 - wy,
J~ = ilwx? + (2= q*)0x]/2"* + qxd¢.

X™ - @M 4™

- g,

AA N }/ABAB.
K =R®/S
T® =R®/A

@,w)-(1,v)-(0,w)"t =(1,6v)
P=S/A
K=TS%/P
y(01,v1)y(02,v2) = Y((91' vy) - (92’172))-

@' +2m) = h- (")

6 = exp [2mi(¢2)ss + P3)67 + Balgo)].




Z' =271 (XH 4 X2, = 2,34,
gl =7i = 2—1/2(X2i _ l-X2i+1)
Z(o + 2m) = exp (2mi¢;)Z'(0).
Pi(o + 2m) = exp [2mi(¢; + v)]P' (o)

ab:n+ ¢ atn— ¢,
an— ¢, atn+ ¢,

. 1
Yhin—¢;R),n—¢; + 5 (NS),
Pin+ ¢;(R),n+ ¢; + % (NS).

y = diag[exp (2mif;), ..., exp (2mifB1e)].

AKE - exp (£2mif) AL

T; SK
;i = Nl:ﬁK = W!
4 8 16
1 1 1
Ez ¢i'zz 51022 Bk
=2 K=1 K=9
4 8 16
Z rizz SK:Z s = Omod2
i=2 K=1 K=9
! 20 — 1)?
24 8( )
4 16 1 4 1 16
Lo=Lo==) (N 4+R+N)pi— ) NEB—= > ¢i1—¢)+35 Y fx(l—fromodi
im2 k=1 i=2 k=1
4 16
1 1 m
_EZ $i(1—¢y) +§Z Bx(1 = By) = N
i=2 K=1

4 16

i R i K m
Z (N + K +N¢)¢i+z N¥py =~ mod1
i=2 K=1

4
1 .

1=

§=k/N




4 16
ré — Z sz = Omod2N.
i=2 K=1
18
TF =1 Z XiXjXkCiyk
1JK=1

cymCrim + CrmCim + CkimCim = 0
18CIKLC]KL = 51]
e Xr k2 =6/a’; eV XROXR, 1% = 2/a’.
a
om =~ T

om ~ amln —
ml

my
— = 3.
m‘l'

Qo = D(P)app
Qs — exp (2mis - $)Qs
b2+ P3+ =0
50(9,1) - S0(3,1) X S0(6) - S0(3,1) x SU(3),
16> (24)+(2,4) - (23)+ (1) + (2,3) + (2,1).
P2+ P3 =, =0
P c SU(2) c SU(3) c S0(6).

ti:Zt > Z'+ R;,
u;:Z8 > Z' + aR;, a = exp (2mi/3)

riZ% > aZ?% 7% - aZ3,7% 5 a7 %74

_(11 2)
¢i_ 3131 3 1]

11 2
Bk = (P2, P3, Pa, 0°;08) = (g,g,—g,os;os)-

a® a"la), la)e(8,1,1)+(1,78,1) + (1,1,248),

a': alila), |a)€ (3,27,1),

2. qlila), |a)€E (3,27 1).

SU(3) X Eg X Eg C Eg X Eg.




exp [2mi(q, + q; — 2q3)/3]

0 TU 1 1 —
a”: P2 ,5|0)ns, §,1>R |—§,1>R
LGl 10 13
a Y_y/|0)ns, 23],
2. a3l 10 _1 3
a: l/)—l/2| )NS: 2, R

aﬁl’I’Z1/2|0)Ns;
P alains a € (8,1,1) + (1,78,1) +(1,1,248).
Ll 10,0
a_1¢_1/2| ,0)Ns
lﬁz1/z|a)Ns.a €(3,27,1).
Gijdzidz’
a’%]sy, 1)r
1 — —
|a,—,3> ,a € (3,27,1)
2 /g
1 3>
2 ) R .

h = Tt;lzt;l3 tz'z}’ ni € {0’1,2}.

aly

Z' = 31/2 (n3R,,n3R3,n4Ry).

. 1 . 1
et s = 5 {mod1,e"H, 5 = -5+ {mod1

exp (L5411, ), S = t5 -z g)

exp [mi(5; + 5, + 5 +3,)] =1

+3
2 hR

2 2 3 3

24 1873672 0

|0} Ns

2+3 3+10 16 _
24 36 36 24 48

0.




8
Z qyx € 2Z
K=1

2 3 3 10 16 1
24 36 72 48 48 2

A 1/6/12 /61 1/6|0>NSNS;/1 1/2|O)NSNSr7 <I<16
/1—1/6a—1/3|0>NS,NS; =123

(1,27,1) + (3,1,1)3.
hy = (1,0;¥),hy = (1, t2;72), hs = (1, t3;¥3), ha = (1, t45V4),

hihy2hy3hy

r'Z?% - i7%,73 - i73,7% - i727*%

dz*dz*

4 4
iz azi/w-l)-,iz FYAZ G
i=2 i=2

1 1, a’
Shet = EPER f dx(—G)Y?e2® [R + 40, PoH D — - |H3|2 - —Trv(lelz)]
Kio 2 4

!

~ a
H3 = dBZ - ZTFV(Al A dAl - ZlAl AAl AA1/3)

Guvs Buvs @, Gy, Big, Al Aie Agjx

1
s =—f d*x(—G)'/? |R — 20,9,0#d, —Ee“‘d"*lH |2 — Ule(a G;10" Gy + 0,B;;0*B k)]




1
CD4 = CD - ZdetGmn

— 5,29
G;w Einstein — € 4G;wr

Gij = G = Gy = Gy,

1 4 1/2 ,—4® 2
—3 d*x(—G)'/“e *®4|H5|* + | adH;
1
- —EJ. d*x(—G)'/2e*®+9,a0"a

1 20,S*9kS 1
—Zf d*x(—G)/? [R - ]
2Ky

Grsy 2076 T ad" T

S=e?®+ia,T;; = G5+ By;

k3K = —In (S +S*) — In det(T;; + T}))
1 4 1/2 4D, | i |2 g%
_Ef d*x(—G)'/2e*®+|Hy| +f a|dHs + - Try(F, A Fy)

—izf e-2¢4Trv(|F2|2)+i2f aTry(F, AF,)
494 29;

Sab

fap = —2S
ab 94

k3K = —In (S + S*) —In det[T;; + Tf; — a'Try(4;47)]
W = eU*Tr,(4;[4;, Ak])

_ Jijk lmn jxyz
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16 - (4,2) + (4',2)
16" - (4,2") + (4',2)
h22 cl
h21pL2 ollp
hl,O h1,1 hO,Z h0,1 )
h0,0 0200

* Wy = Twsy.

— 0ok, . _

9ij = Q[iwjk

Hyvopq = HuvoWpq
*10=*4*6

50(20,4,R)
SO(20,R) X SO(4,R)’

Tp = i, 0X™ = i e, 0X™




(56,1)'° + (1,1)%°
(28,2)™ + (1,1)5
Ny + 29nT - TLV = 273.

F =« F,

J. tr(R; ARy) = f Try,(F; A F),
K3 K3
ny +n, +ng = 24
Gluv = gl:lGhuv
g1 =i’

-1/2
Ry < gy, / Rpyn

y-1gk—2)/2

g <V tg < Vit

— 1/2 5—
ern X Rm} x gh/ mlh
Tk/zz,zz ={1, QBA}

12/3 1/3Vh_2/3

Riom ¢ g'/° o gy
1

r— 1 3p— 1/3
RmM xX g 1/3Rm & gh/ leth/ '

g" g™t o gi'Vh,
17 1— 1 — 1/2
Ry o g'"Y2R:, o RyH V2,

0f = BR'OBr = QB Br
B = Br*Br = Bi*BuBr = exp (=2mi],)B = exp (minF,)p
Guv+, Buy— @+, C—, Cpyt, Cpppo—
Guv+, B+, @+, C—, Cy—, Cpypo—
T*/1,,Z, = {1,exp (niF,)B}

r"— - 1/2
ga = 9"RY™ = giRenly/
Roa = RS~ =V, *Ryy,
Rma = Rp =V?Ry},m =678

m h

T4/Zz' Z,={1,p}

20
Oy > —Dg, le —e GGI“,

Ay —» e72%6 x4 H3, F{ - F§




1 B 1,2 K¢
Shet =2_1c§f dbx(—Gg)'/?e~2Ps <R+4auq’6a”q’6—§|H3| _2_g§|F2|2>

1 1, . K2
SIIA = FJ- d6x(_66)1/2(e—2¢6R + 46_2¢53ﬂ¢66”¢6 _E |H3 2 _ 2_626—2¢6|F2|2)
K¢ e
T*/Z, = K3.
S0(19,3,R)

x RY.
SO(19,R) x SO(3,R)

e 2%+ x RyRse %P6
e®+ > (RyRs5)™1/?
x, H > e 2®4dB,,,

x4 H x e72®1dq
S—ip”.

SU(1,1) 0(22,6,R)
U(D) xSU(LLZ) \ 0(22,R) X 0(6,R) X 0(22,6,Z)

1 2
|1,—1>,|1,—§) ,11,0)

{T#, T} = 2nHv

ro% = =4I +rt)

N| =

1
ret = E(an +ir?e* Y a=1,..,k

{Fa+ Fb_} = §ab
{F‘“’,F“} — {Fa_,Fb_} =0

re=¢=0foralla

¢ = (Ph )2 (porysoriszg,

Foz[—o1 (1)]'F1= i

1 ol
r#=y#®[_01 (1),;1=0,...,d—3
ret=1gf] ol rt=ref} ]

[
£ = — 21,1

i[SHY,S0P] = nUISHP 4 hPEYT _ nVPTHO _ pHO VP,




S = i6a,022a,2a+1 — Fa+l-a— —
a =

I=i~*rort..ret
(M2 =1,{I,T*¥} = 0,[I, Z¥] = 0.
[ =2k+15,S, ... 5,
4pirac =2+ 2/
32pirae = 16 + 16'.

B, =T3r>..1r*1,B, =TB,;
B,TH#B! = (—1)*I#, B,T#B; 1 = (—1)k*1r#,
BIX#B~1 = —yphv*

B,TB;! = B,I'B; ! = (—1)*T*,
{*=B¢
BB, = (_1)k(1<+1)/2,B;B2 - (_1)k(k—1)/2l

o _LET

{>Plx->x+B)
CTHC™! = —THT,
M#t =T, = —ror#(roy—t
CTOT#(CT%)~1 = ¥,
C = BiT% d = 2mod4; C = B,I'°,d = 4mod4
CIFvC—1 = —xwT,
{x ={r%.
(THiTH2 | THmy
{TCTH#TH2 | THmy
{T CTHkz ~Hm 5

[H1Hzbim = [luaTHz [ Hm]

i—k+s(s—1)
T#1-bsT = —

L MMl
(d—ys)!

Hs+1--Ha*




2k+1 5 okl — [0] + [1] + -+ [k + 1],

les-il;a%c X 21]5;;0 = [O] + [1] + et [Zk + 2]
= [0]* + [1]* + -+ [k]* + [k + 1]
(TC[‘IH#z---IlmFX = (—1)k+m+1(F()TCF”1”Z"'”mX
ok 5 ok — {[1] +[3]+--+[k+1];, keven
0]+ [2] + -+ [k+ 1]y, kodd
ks 5 oK/ — {[1] +[3]+--+[k+1]_, keven
0]+ [2] + -+ [k +1]_, kodd

, _([0]+[2] + -+ [k], keven
22k _{[1]+[3]+---+[k], k odd

jlul-ljl

Ujj = €57€;
% =ig?,rt =¢l,I2 = g3
21-1 5 pl-1 _ {[O] +[2] + -+ [l]4, leven,
[1]+ [3]+ -+ []4+, lodd,
oIl g ol-11 _ {[0] +[2]+ -+ [l]-, leven,
[1] 4+ [3] + -+ [I]-, lodd,
21-1 5 ol _ {[1] +[3]+-+[l—1], leven,
[0] +[2]+ -+ [l—1], lodd.
50(9,1) - S0(3,1) x SO(6)
S0(2k +1,1) > SO(21 + 1,1) x SO(2k — 21)
2k — (2,2K7171) 4 (21, 211
2k (21, 2%1-1) 4 (21, 2% 1T
S0(2n) - SU(n) x U(1)
(€1,
2" 5 [0]_p + [12-n + [2]a—n + = + ],
50(6) - SU(3) x U(1)

4-15+3_,4,
4-1_5+3,.

S0(4) =SU(2) x SU(2).

4
x=x* +ixioli =123; detx = Z (x™)2.

m=1

[ -1
X =01xX9z2 ",




4 =(2,2),
2 =(2,1),
2 =(1,2).

{Qa Qp} = —2RT5p
[PH, Qa] =0

{00 QF} = 2K +TOTY) 45 = 2k°(1 + 2S0)ap
{QS{)S{’ Q:o%} = 4k0650’1/26ssr

0= (YH{Q-1/25,, Q1 /25, J1)
= 11Q=1/2,5, W) 2 +11QT /5 5, 1)

b= (4k0)_1/2Q1/2,—1/2'bT = (4k0)_1/2Q1/2,1/2
{b,bt}=1,p2=b12 =0

S114) = 414),b|4) = 0

P —(/1+1) P
§>_ §| 5)'

{Qs{)s{' Q.Iosl} = 2mégy

1
bH|a) = |/1+§>,51

by = (zm)_l/ZQ1/2,—1/2’b2 = (zm)_1/20—1/2,—1/2
{b b} = 6, {bi, b} = {b{,b]} = 0

S114) = A|1A), bi|2) = 0
tiy ptigy ptpt 1.1
bi|4),b;14), bib;14), Sy = A+ 5,4+ 2,4+ 1.
CI)i:(f)i lpi Fi
Va:Ag, A%, D4
S¢pt/2? = it = i'P,{
5(Pypt)/2Y/% = P.{F! 4+ THP_{D,¢',
8F'/2'/2 = —i{T*D,P, ',
8A% = —i(T,2°
1
A% = EF‘“’(F#% +il'¢D®
8D® = —(IT*D, A%

L=L1+L2,




. N A ; 1
Ly = —D,¢"D*p' — —p'T*D, " — ——)l“F“D 2%
1 u¢ ¢ le ulp gz uv 29a

1 o L .
-3 [iW (@)Y Pl + 22"t EA°PpI | + cec.

P | 1
Ly, =FPF 4+ —=D + W (d)F' + cc. += Da(2§a +oUtlp))

295
—Ly =V =|F! (¢)| I1Z,
Fi(¢) = —W (@)
D¢, ¢") = ——(Zfa+¢l o).

¢' — exp (iq;a)$", Py’ — exp [i(q; — DalPpy!
Fi - exp [i(g; — 2)a]F"
A% > A%, P, 2% > exp (ia)P, A% D% - DO,

W(¢) - exp (2ia)W ().
(01{Qa x5}10),
SYt =814 =0.

Fi(¢) = D) = 0.
W= foi,
W =fd1 +mo b3 + gp13,

Pos L R KD DA j—lR( )F“Fb“"—ll ( )eHIPEAED
(—G)1/2 T o2 1jDu¢ ¢ 2 e(fap (P Ew 3 m(fap (P))€ wlop

- Vg, 9"
V(g ¢*) = exp (K?K)(KYW;W,; — 3k2W*W) + %fabD“Db.

W,; = oW + k%0, KW
Re(fab(¢))Db = —28q — K ta(:b]

O’K(¢,¢7)

Kfj = 6¢1*6¢]

K(¢,¢™) = K(¢,¢™) + f(d) + f(#)".
W(g) - exp [-K*f()IW (¢).




8Pypt/2Y2 = —KTW;P,{ + THP_{D, ¢
1
¢ = EFW(F,;; +il¢{D*

5y, =D, + %Fﬂ(exp (k*K/2)W

{Q&,QF} = —28P R, [P, Q41 =0

1,1 1,1
’ﬁ’hypermultiplet: (_E;O :E) + (_E;O ;E);
12 12
U'vector multiplet <_1' - E , 0) + (0: E ’ 1> ’
32 32
6supergravity multiplet* <_21 - E ’ _1> + (1: E ) 2> .
U'yector multiplet* <_ » E ’ 06; E ) 1>

4 4 4
S ity multiplet: ——§4—16—10+01 152 2
supergravity multiplet I Ty 1o Tty

S , =2 _38 128 136 070 1°6 128 38 2
supergravity multiplet- »To v PR 'S

- 2

(04,08} = —264BB,TY, — 2iZ485,
[P, Q4] = [2, Q8] = [24%,B,] = [2%,2°"] = 0

{04,051} = 2m5485,5 + 2124513,

0 ¢ 0 0
-q;, 0 0 0
ZAB =10 0 0 q, ,

(Qf,F) = 8°5(P° — PV, (04, QF) = 64 (P° + P1)
ot ofy = 2

(r+ 9!
(AP A Bq) =T [#1---#pBﬂp+1---llp+q]

Hy--Hp+q p' q‘
Ap ANBg = (—1)P9B, A A,

(dAp)lh---ﬂpH - (P + 1)6[#1A#z---#p+1]

f ddXA01...d—1Ef Aq




‘[ dAp—l = J Ap—l
M oM

1

*Au gy = ! €1 tla—p

V1.0
pA’V:[...’Vp

- (_1)p(d—p)+1

1

A, =—A
p!

dxPr .. dxHr

P 1 lp

F2 = dAl, 6141 = d/l
F, =dA; —iA; NA; = dA; — iA2,64, = dA — iA; A+ idA,

1 2 1 (—G)'/?
d 2 _ d
_Ef (=0 Fpra| = _Ef X o 21 it P

de+2 = O,d * Fp+2 =0

Fé—p—z =% Fpio
1 d 1/2 2 1 d 1/2 2 /
-3 d?x(—G)'?|dAps4|" - -3 A% (=G)?|Fpy|” + | Ag—p-z AdFpy,

1 2
d !
-3 f d%x(—G)'/?|dAy_ps]|
Fapp=1xFqp
2
|Faj2|” = £Fa/2 AFqp = 0
{Qa Qp} = —2RTyp
1 1 1
— 11 1/2 2
Si1 _ﬁf d'x(—a)Y (R—§|F4| >_Wf A3 ANF,AF,
QL €16,0% € 16’

{QL, 0} = —2B,(P.T*) 45, {02, Q3} = —2P,(P_-TH)yp
{qu Q_pze} = —2P10(P+F)aﬁ

{Q8,Q5} = —26"8P,(P,T") o

1
—k(k+1
Sk(k+1)

1
k(= Dk ~2)




{04, 05} = —2R. 64T, — 2PnT 3 P Tiayap-
Tayap = ITOTIT?T3) 4p
(P,I™B,I"™)48 = 548p p™
(04,08} = —2B,67PT!; — 2PAB5 5.

SO(1,1,R) X SO(k +1,k,R)
SO(k +1,R) x SO(k, R)

SO(8 +7,8,R)
SO(8 +1,R) x SO(8,R)

d = 6, N = 2 supersymmetry

16 - (4,2) + (4',2).

() () 46 oo

r X |j11j2)

4

11
[1,1) +|1,0) +|0,1) + |0,0) + |§,§>

1% 1 2 12 1 \2
ol ) + o) 4
| 2 2 2 2

11>+004+10>2+01>2
|2,2 10,0) |2, |,2.

r' = (1,0) + (% 0)4 + (0,0)°

1 4’
|1,1) + |E' 1> +10,1)°

1 4
[1,0) + |§, 0) +10,0)5,

{04,053} = —2P#6ABF53 ) it

1 i -
——Tr(FyyF"N) — ﬁTr(AFM Dy2)

492




1

A = EFMNFMN(

P _
Tr(Fyy F* + 2D, Ay D* Ay, — [Am, Anl?) — 2—g2Tr(/1F“Du/1 + AT, [Ap, A])

4492
84, = —i{T,A
84, = —i{l,A
1 i
A = (E FT* + D, A, TH" 4+ > [Am,An]Fm") {.

1
V= _4_ngr([AmrAn]2)
v =(A4,4,)"% = 4,
uv

——_FF
4g%2(A) "

1

r'’ = (E‘O) + (0,0)2.
1 2

[1,1) + |§,1> +10,1)

1
7half-hypermultiplet: |§ ’ O> ’ IO,O)Z,

11, . 1,°
Nector multiplet E , E) , |0: E) ,
1 2
Ntensor multiplet: |1:0); |§: 0> ) |0:0)

9° i :
DA = =~ O ot P

LDAaDAa

2g?

tTr(E,, F*)

B,Tr(F, A F,)

Grs($)0, 9" 0¥ *

Jj=16).];=~i6];=Jj =0

]A]B — —6AB + EABC]C

1
- 4—.92"1"1‘([144,145]2)




o (MF + ME), P
Mpij = ARtl + Gmij

K(A,4%) = Im (Z Aa*aaF(A))

a
Gap = Im(9,0,F)
(X%, X1, ..., X" = (AX%, AX1, ..., AX™)
XA

A _
T =50

A=1,..,n

F(AX) = 22F(X)

K = —In Im (Z X'*a,F(X))

I

K->K—-lnA-—-InA*

X" X!
o] =Slor
M - yrHy-1

Apéndice B.
Supermembranas, supersimetrias, superespacios y multidimensiones a propdsito de la existencia
de supergravedad cuantica. Métrica de Yang — Mills.

[Qa: 5internal charges ] = 0.

in _ by 1,23
———=>=In—i=1.2,
9F(w)  2m Ay

SU3). xSU(2), xU(l)y c SU(5) € SO(10) Cc E C Eg
100GeV < susy breaking scale < 1000GeV.

1=1 Qha=12 left Weyl spinor
n 201 = Q)T right Weyl spinor

{06 Qp)} = 20750
{0k 0}} = 2eqp2”




0 ot Qé
= I — .
r=(m 5) 0 <Q,“>
7 = —7J1 [ZV, anything ] = 0

ot (0} = 280,001 = (5 ),

{0}, (@D} =0 = Q=02 =0
1 J T B ol
oL (0}) | = 2mel 5]
Z= diag(EZl,---,le, #) 612 = _621 =1

{Qéf (Q;;J} = 5j6k (M +2)

) N
M > |Zl'|l= 1,"',1‘: [7]

1 0 - -
L=— 2_gztrFuv FHv 4 Wtrlﬂwﬂ“’ - Etr/la”Dﬂxl

8¢Ay= i€6,A — iAG,¢§
8ed = oMV, €

2 a%U
—Re (l/}l/) W)

o ou
L=-0,¢"0 p — iha o, — |ﬁ

ek, 0] = [14,5%] = (64,65} = (80 %) = (%67} = 0

- Y N = a na M
Dd:aga-l_lo-adg 6# Daz—ﬁ—le O'adau
0 (108.68Y= [ dage(1,68.68)= (0,5, 8
a‘90{(1,49 ,0P)= | d6%(1,6F,0F)=(0,6,%,0)
2 —1 a 2‘—1 Nk 40 40 = 42 2n
d?0 =7 d0,d0%, d*0 = 7d0%d0,, d*0 = d*0d*d

S(x,60,0) = p(x) + 6 (x) + Ox(x) + 65#0A,(x) + 600f (x) + 06g* (x) + i060A(x) — i606p(x)

1
+50060D(x)

Brosonic superfield [S,0%] =[S, e_d] =0
S fermionic superfield {5,0%} = {5, 9(1} =0.




Dy (85:S2) = (DgS1)S, + (_)g(sl)g(52)51(Da52)
Dy (5:S5) = (DgS1)S, + (—)9EVISIsS, (D, S,)

8¢S = (Q + QS

Qa

. _ 0

T 907
{0 Qp} = 205319# {Da, D} = —205313“
DoDgDy, = QqQpQy =0
Dy®=0
xt =xHt +i00"0

Dgx! =0,D x* =0

®(x,0,0)= ¢p(x;) + V20 (x,) + 06F (x,)
®T(x,0,0) = ¢p*(x_) +V20y(x_) + 6OF* (x_)

v=vt

V(x,0,0) = v(x) + 0x(x) + 07(x) + 66f (x) + 60f*(x) + 65#6A,(x)
/- 1_ __ 1 _
+ 668 (A(x) +5540, X(x)) — 666 (A(x) +504a, x(x))
+ o000 (D(x) 11 O“U(x))
7 2%

VoV =V+iA—int
vov=v+ip—ip”
X—x'=x+izy
f—f'=f+iF

Ay — A=A+ 0,00+ @)

—iat v iA

!
v Vi=e i eVe

e’ —e

o __ __ 1
V(x,00) = 65104, (x) + 1000X(x) — i060A(x) +50000D(x)

8¢F = iN29,(¢a*)
8¢D = 0, (iég" 2 — iAGHE)

F — terms LF=F=f d?ed

2

1
D— terms Lp ==D =f d*ev




Dy®' =0 = DyU(d") =0

LU = f dZBU(q)i) + (gcomplex conjugate

2
0°U
LU = Z 67,51 — _Z 1,0 I,D] a¢la¢] complex conjugate

W, =—=DD(e VDyet")
_ i —
We(x,8,0) = —idg(xy) + 60, D(xy) — 2 (0#3")q BB,BF;W(X+) + digﬁD#}lB (x4)
1
waeawb = -39 — igA2pP — i9APD* — EG(G“G'V)(A"FJL +APEL)

_ 1 )
— 00 (12950,2° + 12009,2° + 5 (F/® + iF¥/) (S, + iF}) = DD?)

Ly = f dZQTab(CDi)WaWb + Q:complex conjugate

— /1a/1b ;0T j azrab
- ( E il aqbiaqbf)
1 0
22 0¢!

. 1
P! (—M“Db —iAbpe — 3 (c#6V)(A*Eh, + AP, v))

_ 1 ) 3
— tap (208,10 + iR 0,10 + 7 (FY + (FR) (Y, + iFD,) — DD )
P — @' =e Ao
Ly =f d*oK (e @, (o))
Ly ~ —=Dy¢p*D ¢ — ipG* Dy
iU i T = i1 i kTl
Ly = —gii*Dy@'DHP" —igy-yp* a#Dyyp +ZRik*jl*¢ Yty

0K

% 1 =% %
k*
+ giir (F — - Thyly )(F‘ —Ef}l*k*ll’] Y )——Da(Ta)J z¢la¢1
+V zgii*(Ta)i k¢kl/3i* + Gcomplex conjugate

Du¢i= au¢i - Aﬁ(Ta)ijqu .
Dyt = 9" — AG(T)' jy/ + [ Dy p "

0%k
giir = W




N = 2 gauge (repG):V @ @V ~ (A,2,)P ~ (A-¢)

N = 2 hyper (repR): H, @ H,H, ~ (Hyyp,)Hy, ~ (H__)

L= Ref 26 (tWewe + U(, Hy) ) +f d*o| ote’sd + Z HfeVzH,
7

0 A4Ami

2r = g*

U(®,H,) = Hf ®H, + H;mH,
zy = {x*,04;,0%,1 = 1,2}
()T = xt (6)T = 64

D;,

= aela + iﬁgde_diaﬂ D_di = _ag_di - l@laagaaﬂ

i 0 ict. 0% 0.. = —
Q 0,4 u Qui

- na i
« = 597~ +i6{ 0,0,

96
S(zu) = () + 0P (x) + 77, (x) + 816 6,A%,(x) + 0aiyp f “PY (x) + 0410PT g7 () + -
+6,0;6,6,0mG"G°97 DIX. (%)

mnop

8:S = (80, + &QY)S

=]l

@xi®=0i=12
x{ = x# +i6;0"0"
Dgixt = 0,D%xH* =0
D(xy,0) = p(xy) + 0 g (x,) + gaieﬁjfaﬁij(x+) + gaiejgk)(aijk(x+) +0066D (x,)
Lp =D =f d*oo
D*DJW = DLDYW
W(x+' 9) = (D(x+' 91) + ﬁaaZWa(x-H 91) + 92926(x+' 91)

1 _ _ _ o _
G(x+,91) — _Ef d291<I>(x+ _ i91091,91,91)Te‘2V(x+“91"91'91'91)

Dyi = Dy + iy Dyi = Dy; + iy

DyW = 0D4DIW =D, D" W




ST = f dZMtr:F (W) + (Zcomplex conjugate

2

S =—1f 01219(6jD G“)—f dzea—TW“awb
¥ 2 oda ddagdb @

uy u1+) utyy =1
e SU(2 .
(u; ud @r {ui‘u;—r =0

()t =t @)t = % (ut)) = uf

Sxt = i&lohf; — if'oHE; 604i = $ai
Suf=0 865 = &

xh = xt—i0%tah0™ —i0"o*0* 0F =0luf
nt — gi, £
05 = 0,u;

Sxif = —2i(Eiahft + 01 orE)u; 865 = Eluf

Suf =0 805 = Euf

D} = g Dy = 2ic”. 0%°D

a = gpa- a = T Hpa+t + 2044 ©
_ d _

+_ - _ ipa— I
Dd—ae—T D(Z ——ae—T—Zlga O-adDIl

Dt =yt —— —2i0*oH07D, + 0%F g + 6%+ ?.

out~ # 06%~ 069~

— [, g+ gt +
ZA—{xA,Ga,Gd} and u;

() = xh, (03)" = 07 (02)" = -0 (u'*)" = —uf

Did=D}d=0
CD(ZAru) = ¢(xAl u) + 9+¢(xA; u) + 9_+)Z(xA' u) + 9+9+f(xAru) + 9_+9_+g(xA: u)

+ 016 01 A, (xa,u) + 01070 A(xs,u) — 10700 Vv (x,,u)

1 -
+§9+9+9+9+D(xA,u)

[oe]

q)(q)(ZA; u) = Z ¢(i1.~~in+qj1-~~jn)(ZA)ug'il ...ui'i;”quj_l u]_n)
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(V++)I — eiA(v++ _ iD++)e—iA (CI)+)' — eiAq)+
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W = _ieiv{[_);[_)d+(e—ivD——eiv)]e—iv

(D++ + iv++)eiv =0
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(uuq) (uguy) -+ (upu)
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W(zu) =ZD¢;D“+Z (—i)nf duy - duy,
n=1

S = Ref dzydutrF(W; 1) +J dzydu{(®M)Dt*dt + U(Dt, (¢1)°)}

f d?otr(WW) = f d201 tr(WW)
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dln u

9
1672

= (—3C2(9) + T,(R))
Agh)

Bw(9) =

TATE = Co(R)Ig tr(TETE) = To(R)S

1
1) = 7)) = 5 (-36,(6) + To(RDIn =

!
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(W) —t(u) = ni( C2(9) +T2(RH))IH P

1 0 | | R N A
L= —z—gztrFF—@trFF—z—gztrDuqb D ¢+2—gztr[¢ oy —Z—thrAa D,A

i 2 N2
- z—gztrv,ba“Dul/J + l?tr([dfr, Y1) - l?tr([ﬂ, oY)

Fuw =00, =0tr([¢%,¢] ) =0

01910y = > ahy

j=1
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(Aju Ajx #7) (01¢510) = @;j = 1,-++,n
(Vau, Aats (I)a) a = rootof G

MZ'V = |d) ' C_il a= (al""Jan)

_1 3 )2 2 _1 3 . 2 -2 350, .
E= 7 d3x(tr(D;)? + trB? )= 7 d3xtr(D;¢ + B;) +g2 d3x0;(tr¢B;)

S 0 Ami

J 1.5 j
Wi = -2 DDD.V
L= f d*ok (@, (o)) + Ref d20{U(®7) + 7 (dF)Wiwi)

D T N 1 ,,0U a0 Lo 02U
L= —g;(D,p'D*P’ + i 74D, ) -59 1@?&4_ Re iy PPy

P .
—Re {ri ; (E Fhy IR — = Fl IR + /115#0#,11)}

. 0?K($,P)
gij(P, @) = 00100
Dy’ = 0,9" + T/ 9, "

9*K (¢, p)
dpiopi

1 _
> (tij(®) — 7i;(#)) =

K($,$) =Ti($)¢" + Ti($)¢’

1 ATy(¢) _ Ti(9)
1 0F
T(¢) = Z%

L = Im(t;;)ELF/* + Re(t;;)EL F/W + Im(0,¢/ 0 ¢p;) + fermions

OF (¢) 0*F ()
bpj = —aqbf 7;(¢) = dpiags
Tij = Oy + . —in (a; - aj)z/”z
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p ~_z (a; — a;)"In (a; — a;)° /u?

= Im{‘r(d)) (F"W+iﬁl'w)2} + 0, (ZD) Jo* (ZD) + fermions
/= (—Oi (l))

() (%) i =
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1 0 -1
7= (g [1;)5=(1 o)
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p— ¢
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$p— —¢
o— ¢p
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Se =f Imt(¢p)(F + iF)? + zf Ap,0,F*

2

S¢ =f Im [r(¢) {F+iF+ @ (Fp +i D)} (¢) (Fp +ifp) ]

SG=f Im[ (¢)(FD+1FD)]

y? = (k= A?)(k + A*)(k —u)

(i) —M (i) MM =] M € SL(2,Z)

z(P) —z(Q) = Sk
=),

dk dk
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SﬁAy D SﬁBy

(“(:3) M (‘Zf) MM =] M € SL(2,Z)
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T=—1Imt>0
w

== oo = T - (J) ()
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£= =§A7W_ 0—4537
a=¢ Ad/laD=fﬁ Bdl
ddA dk dk _ d/’l—(k_u)dk G
au y \/(kz_A‘l')(k_u) exact
AZ
ap(u) =— f dk a(u) f dk
_V2u ! ,/ V2uln u
ap(u) = T A2/u A4 T

M = |nya + nyapl

a(u)~ Vu
ap(u) ~ Vuln % ~aln a

i 1 ap
a(u) —apln —
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1
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ap(u) =i > 50504
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F(a,b;c,2) _mf dttb- 1(1 t)~ —b- 1(1 tz)~¢

u—1
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2

1
_z 1 T e Y u+ 1\2
a(u) 2(u+1)2—r(%)r(%)f0 dtt™z(1—1t) 2(1 t o )

16 diay=—§ ,diay =L
T omi” AP T o P BTGP T 5,

21ma, 0 pp; = ((Zl) Jij ((Zl) /= ((1) _01)

()= @ D)
Tg:Re(t;;) — Re(7y;) + Byj

#(Au A7) = #(By, B;)= 0
#(Au B;) = —#(B;, A;) = 6

wij =9 PRUNTES $ Y
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k
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Tij = Tji.
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— = .
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a1 od
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a1 0d
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P = {(y) y2 = (k) — R2B(k)} A = AV-2"7
N¢
Al) = ]_[ (k —u;) B(k) = ]_[ (e +m,)

dA = kdln (y + A(k))

AGEY - B(eE) = 0

k(1 B
‘7( =3 “B(k))'
1 m,dk
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ST Z 227 (mi)2 (0ul> S
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A(R)? " Tl (k —w)?

A 1B B ‘% F(m+%) A £2B m
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Z
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=
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N N Nr 2
1 (a; — ap)? 2. (q+m
Fret = ~ 8 Z (a; — am)?In Azm —Z Z (a;+m;)1 ( 2 )
m=1 =1 j=1
1

-1

o ()mAm 9™ m
o ), () Sk’
m=1 ' k

N-N O,
2,
a; 2mi e~

F=FO 4+ FO 4 F@ 4 0(A%)

0F

oA

2miF (© =—lz (¢; — a;)’In (a‘_ ) —(In 2—2N+Nf)z

J#i
(ai + ma)z

1 2
+Zz (ai+ma) In T,
La

/‘\2
2miF W = Zz Si(a;; a)
i

i . .. . . 2
2miF @ =f_6 Z Sl(a“a)sf(aé' a) Z S.(aga 6 S(au a)

JES (ai - aj)

n Ny
ACK) = k° 1_[ (k2 —u?) B(k) = A°K” 1_[ (k2 — m2).
i=1 a=1

TSO(2n+1);Nf (al: T Ay My, e, My g A)

= TSU(ZH);ZNf+2 (all Tty an' _all ) _an; mll Yy mer _mlr Tty _mel 0101 A)

TSp(Zn);Nf (a]_, e, Ay, My, 00, me—Z' 0,0, A)

= TSU(Zn);ZNf—zt (al, U Apy T Ayttt TAn My, My ey =My, o0, =My p—2; A)
Tso(2n);1vf (a1, A My, o, My g A)
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ii = {IL,H} =0 {IL,I]} =0
L;(1) = [;(0) Y;(t) = ¥;(0) + ¢;I;t

. xi = {xi, H})
L=[LM < | .
[L,M] (Pi = {p;, H}
LS=S"1SMS=S"1MS—-S~1s
I; = trl™ = [; = nitr(L™Y[L,M]) = 0

(D) = L@ M(@)] = ("f" 3 {x"'H}>
p; ={pi, H}
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dA = kdz
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H = Ez plz — MZZ exi+1_xi
i=1 i=1
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H= Z pi—M Z e
i=1 i=1

A, e—eyq =11
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N
AG) = Y + V2 + kS ety = [ ] G-
i=1

I'={(ky) €CxCy*=A(k)?* A%




A'(k)kdk
dA =kdln z =
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m = Me%®2

Re(a)z) S o Xj =Xj+2(1)26j

1
M,X;,0 <6 < fixed
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i=1

a€eR(G)
1% 1
HngSted = Ez piz ) Z m|2a|80v(a)(a - X)

i=1 a€ER(G)

v—1
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Cr7 = \/Emz
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§2=1,1-6=1
1
V2d - u, =3 Z my(x - x).

K%=2/3

1
Cou ={m2 Au=0s
0 @otherwise
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1
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J—i#0n
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=
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CONCLUSIONES.
Expuestos asi los resultados, se concluye que, todo espacio — tiempo cuantico deformado por
supergravedad cuantica, no solamente provoca la curvatura de Dirac, sino que ademas, provoca la
formacion de dimensiones multiples llamadas supermembranas, yuxtapuestas en superespacios
multinivel. Este escenario, ocurre cuando una particula estrella u oscura, segln sea el caso, colapsa en
si misma o en su defecto, sufre aniquilacion, necesariamente con una particula de equivalentes
caracteristicas, sin descartar la supergravedad cuantica residual, esto es, cuando la aniquilacion ocurre
entre una particula estrella u oscura y su contraria o una particula cualquiera. Como ha quedado anotado,
estas dimensiones son infinitas y yuxtapuestas en superespacios infinitos, en los que la materia y la
energia, se vuelven deformables y por ende, licuables, transformandose y desplazandose entre
dimensiones, en condiciones de mutabilidad, siendo capaz, de volver a su estado inicial u originario.
Finalmente cabe precisar, que no todas las dimensiones, son por defecto deformables, siendo
superplanckianas en sentido estricto aunque susceptibles de correccion hipergeométrica. Es necesario
precisar también, que de una dimension inicial, surge dimensiones distintas, y cada una de ellas, acusa
las mismas caracteristicas de una dimension originaria, y asi, en forma superior a cero.
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