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RESUMEN

La teoria cuantica de campos relativistas o curvos, esbozada por este autor en trabajos anteriores, define
la gravedad, como una caracteristica fenomenologica de las llamadas “particulas supermasivas”. Este
efecto gravitacional cuantico, puede ser ordinario o extraordinario, seguin sea el caso. Cabe precisar, que
el efecto gravitacional ordinario, es el resultado de la deformacion del espacio — tiempo cuantico, sin
causar pliegues de campo, es decir, distintas capas geométricas y en D — dimensiones, conservandose la
misma dimensién en R*, en tanto que, el efecto gravitacional extraordinario, es el resultado de la
deformacion con ruptura de simetria del espacio — tiempo cudntico, a razon de la existencia de un agujero
negro cuantico en dimension D, es decir, en multidimensiones, por lo que, el tejido del espacio — tiempo
se hipergeometriza, en una superficie de Riemann y mas concretamente, en un espacio superplanckiano.
Sin embargo, en este articulo, nos ocuparemos especificamente del efecto gravitacional ordinario, el
mismo que puede ser enddgeno o exdgeno, segln sea el caso, es decir, causado por la propia particula
supermasiva a proposito de su masa o por la interaccion de una particula con el graviton, esto es, por la

permeabilizacion de un espacio — tiempo cuantico por un campo gravitonico de gauge y local.

Palabras clave: gravedad cuantica, espacio de Hilbert — Einstein, Dimension en R*, efecto gravitacional

ordinario.
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Relativistic quantum gravity

ABSTRACT

The quantum theory of relativistic or curved fields, outlined by this author in previous works, defines
gravity as a phenomenological characteristic of the so-called "supermassive particles". This quantum
gravitational effect can be ordinary or extraordinary, as the case may be. It should be noted that the
ordinary gravitational effect is the result of the deformation of quantum space-time, without causing
field folds, that is, different geometric and D-dimensional layers, preserving the same dimension in R*,
while the extraordinary gravitational effect is the result of the deformation with symmetry breaking of
quantum space-time, due to the existence of a quantum black hole in dimension D, that is, in
multidimensions, so that the fabric of space-time is hypergeometrized, on a Riemann surface and more
specifically, in a superplanckian space. However, in this article, we will deal specifically with the
ordinary gravitational effect, which can be endogenous or exogenous, as the case may be, that is, caused
by the supermassive particle itself in terms of its mass or by the interaction of a particle with the graviton,

that is, by the permeabilization of a quantum space-time by a gauge and local gravitonic field.
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INTRODUCCION

En este trabajo, nos proponemos demostrar el comportamiento de un espacio — tiempo cuantico por
efecto gravitacional ordinario. Para estos efectos, consideramos el propagador de una particula
supermasiva, el mismo que se desplaza en una superficie de Riemann y por ende, en un espacio de
Hilbert — Einstein, en el que, la particula supermasiva, a propoésito de la gravedad causada, deforma el
espacio — tiempo cuantico, provocando un rompimiento de simetria de gauge susceptible de reparacion,
afectando por ende, las trayectorias inicial y final de las particulas repercutidas, su momento angular y
las lineas geométricas de colision y aniquilacion. Asimismo, se considera la deformacion del espacio —
tiempo cudntico, cuando la energia — stress — momentum de una particula supermasiva, curva el espacio
— tiempo cuantico, esto a propdsito de la brecha de masa, que supera el estado de vacio, es decir, cuando
el salto de energia es superior a cero. Nos ocuparemos también de las hiperparticulas, esto es, de aquellas
particulas que aunque tengan o no tengan masa, deforman el espacio — tiempo cuantico, especificamente
cuando superan la velocidad de la luz, liberando cargas de energia infinitas. En este trabajo, no nos
ocuparemos de la particula oscura ni de la particula estrella respectivamente, pues aquellas, son propias
de la supergravedad cuantica.

En este trabajo, se intenta extrapolar las ecuaciones de campo de Einstein a un espacio — tiempo cudntico
especifico, en dimension R*.

RESULTADOS Y DISCUSION.

En este apartado, pasamos a disefiar el modelo matematico de gravedad cuéntica relativo a un espacio —

tiempo cuantico relativista o curvo.




Calculos preliminares de un campo de gauge y sus transformaciones e invariancias, respecto de

un espacio planckiano.
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Divergencias de Feynman — accion de los osciladores y propagadores de campo.
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Figuras 2 y 3. Curvatura bilateral y curvatura local. La gravedad cuantica ocupa la segunda

demostracion, en tanto que la supergravedad cuantica, ocupa la primera demostracion.
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Simetrias difeomorfistas y tensores de simetria — Accion Nambu — Goto — Polyakov — Regge —
Weyl — DeWitt.
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Reparacion de gauge Faddeev-Popov en superficies de Riemann — Roch. Accién de Moduli.
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(f9.f"9) ~ (9.9),(€**g,¥) ~ (9.¥)
d( fields ) = Jacobian X d( gauge ) X d( physical ).
Z= dx dye~*=»°
R2

r=x—-yy=a

Z= f da f e = ﬁVOl(]R)
R 0 2

Met(Z
My:= —et(g g)

- Met(Z,)
Tg:= G

0 g
Mg: = dimpMy = dimgTy = {2 g
6g—6 g

A\ |
N o= o

f dMgt = 1 dMgt
M

g Tg /Ty
QG:=I dg=f d(hg),
G G

a=a'T;.

Qa=f da:=f 1_[ da

4

Jap = 98P ©):= e Gy (©) = £ (2% Gup ()




£.9) 2¢(0) 4 dg'¢ 9"
Jap(0) = gab (o;t):=¢e Jap(03t), Gap (05 t) = 357 357 3 9ca(0’;t)

8Gab = 209ap + Vaép + Vpéa +6ti0igap

Oy lg] = [ dgé
Onvepilg]) = | dgo
Qpir [9] = Qpier ,[9]0r,
Qpitr , [9]: = Qpite . [€*? ] = Qe , [], Qwey1[9]: = Qwey1[ L] = Qweyn[4]

anuge [g]: = anuge [g]

Qpigr, [€2? 9] =f deznfgf:f dez0 4 =f dg¢ = Qpifr, [J]

QWeyl[Lfg’\] = f d92¢°1;§g¢ = f de2¢g¢ = Q-Weyl[g]

ik =f d%0./g6¢? =f d?a,/ge?? 52

Fap:= gap — G52 (8),

8Gap = 2/N\gab + (P18 ap + Stiltian
(P18)ab = Vabp + Vpéa — ganVcES,
1
Kiab = 0i9ap — Egabngaigcd'

" 1 1
A=A+ E(Stigabaigab'A = ¢) + EVCEC-
Zg = [ a0t dyh dy (P gse [917 Zml]
(P&, A) = (6, 9)

~ 7
dg(Pl'f)dgA = dg'f dg¢AFP[g]
P
Applg] = det 2> oPEh) _ o (" 9) = detp,

(¢, ¢) 1

(T,Pv), = (BT, v)g,

(A'T) = —2VPTy,




dimkerPf — dimkerP; = =3y, =69 — 6
Deformaciones de Teichmiiller.
(89,P1)g =0 = (P8g,¢), =0
Pfé‘ g=0
6g € kerPlJr

kerPf = Span{¢;},i =1, ...,dimkerPlJr

0 g=0
dimRkerP1+=M9= 2 g=1
6g—6 g>1
1
M:=P,——P}
"ptp, !

Otip; = 6t;(1 — My + 8¢y = 6t;(1 — My + 66 PG

= PTu-.
(l Pl-I-Pl 1M

A= = ¢;M™) ji (P, i) g
Myj:= (b1 ¢5) -
89ap = (Pi€) , + 2Agap + QianSt:.

€ =&+ 46t Qiap = bjar (M) jic(bro ) g-

18913 = 16A1Z + |PiE[> + 105612

dggap = dgA dg(P1€)d,(Q;61)).

(£.4,Qi5t) — (5,4, 68,

det(¢;, uj)g

,det(¢>i, ¢j)g ’

dEt(¢i:Mj)g

dgA dy(P1€)d,(Q;8t) = dMat dyA dy (P,€)

1

Zg= | Mg [ 4y dy(P) == lg]
T det(qﬁi,qu)g

anuge [g ]

g




Vectores Conformal Killing.
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Transformaciones de Weyl — difeoformismos gravitacionales y anomalias cudnticas — nodos

tensoriales de campo — parametros de Ricci.
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P(a) = f dP~tka (k) a’ (k).

Reparaciones de Gauge. Métrica de Faddeev-Popov.

8¢V, (k;) = 6¢ f d?0,/gVy,(k;;0) = 0

8V, (k) = 8, f 026GV (ki 0) = 0




_ det((pl,‘u ) . _1
Agn (N ay = 927" ] Mot j wldl
\/det(cbuqb,) \/det(¢l,¢])g

xf ﬁ dzai\/g<ﬁ Vai(kiia'i)>

i=1 i=1 mg

—Xgn k g] ! ,
Agn((kDiay = 957 f gMop el f dgb dj 1_[ (b, i) ge Sl 0]
Mg

fd t(y;, zp]

n n
x f [1 dZJiJE(—[ Vai(ki;ai)>
i=1 th=1 mg
-1 Kg My
—Xgn k g] €ab R _ N
Agn =9, f dMgp hckv den (@) f dgb dge —[ %C“(Ujo)cb(aj")n(#i, b) ge~Senlbc
Mg j=1 i=1
n n
<[] dwgm ac
i=1 i=1
1= A(ao)f d";l_[ 5(2) o(s‘)) JO(E) — ajo +5§0j0'550j0 = 5(0]9)

A(q) = detyp;(q)
§(af) = api(af)

Kg Kg
1= f 1_[ d?5g;e™ 2 (60j.805) = A f 1_[ daje” Ziil! (aii(op)aywy(a)))
j=1 j=1
-1
= A((dety;(oy))

Xgn =2—2g9 —n<0.

Kg Mg
—Agn €ab n _ A
Agn((kiPay = 95 f dMs ¢ f dgb dgcl_[ %c“(aj")c”(aj")n (A, b) ge~Senld0c]
Mg j=1 i=1
n K3
f T1 #a[[Tt6sen T twe
i=Kg+1 j=1 i=Kg+1




Kg

ton(diay =70 [ e[ aag|[ ] % “(o")cb(a")]_[ (0,b);s

g =Kg+1 j=1

ghg
Kg n
ANACTHRIBACE

j=1 i=Kg+1 R

m'g
Agn (kD ay = 957" f Mot f &2 1_[ 1_[ Vo, (kjio 1_[ 0, (ki; o)

JV[g i=K§+1 i= KC+1

o € A
Ve (kji 0f): = =57 c*(0f ) (0 )V (ki 0 ). Biz = (i, b

Agn(tkiDay = gs_xg’nf n-KS /\ B, dt; 1_[ Ve (k“ JO) 1_[ A“i(ki;ai)dzai‘/g '
MyxcKa

=1 i= KC+1

i2m)PsP (k + k")
|z —z'|*

Vi(z,2)Vyr (2',2"))s2 =

A "y — 2 2,7 !
02k k") = Vo lgfoof d*z d*z' (Vi (z, 2)V}r (2',2')) 52
, Cs2
Apz(k k') = Vol , (Vi (00, 0)V;(0,0)) 52
Cs. 2mis(0)
"N — D-15(D-1) ry 252
Aok, k') = (2m)°736 (k+EK) VolKy,
A (k k") = Vo lﬂC (Vi (0, 00)V;1(0,0)) 52
d?z 2 ® dr
VoleO'z = 2 Zf dO'f —_—
|z 0 o T
©dr *© *© .
VolK,, = 41'[[ —= 4-7rf dt = 4nlim dre'¥t = 4 X 2nlim S (€)
! o T —o &0 J_ o £-0

VOlngo'z = 87'[26(5)

VOlM,E“]CO,Z = 87'[215(E)

i
X%z,2)=x"+ Ea’koln |z]? = x° + ia’k°T,

X9 =xy+a'kit




8r%i5(0)  Cs,2mis(0)
a'kl 2Ky

VOleC(),Z —

Ao (k k') = 2k°(2m)P 6P~V (k + k)

5P (0)
% Volk,

Cuantizacion y simetria BRST — Transformaciones BRST. Parametros de Grassmann.

My

dMst
Zg =J f dggab d l'pd bdl 66(\/—gab \/_gab)l_[ (¢l!b) e —Smlg.¥]- Sgh[gbC]
ckv[g]
M M
d%st
Z, =f f dggap dgB® d,W dgb dge 1_[ (¢i,b)ge ~Sml9,¥]1-Sgt(9.9.B]-Sgnlg.b.c]
ckv[g]

i
599,9.81 = = 0= | 0B (J5900 ~Tdu)

8e9ap = 1€LcGap, 0¥ = 1L Y,
SECa = iELCCa, 6ebab = e'Bab, SEBab — 0,

8e9ap = 1€LcGap + 1€GapCw, Oy = 1€LCyy
) ) h
Bap = iTap:= 1 (T +T5)),
6.V =ieL W,8.c? =ieL.c? 6:.by, = i€Tyy,

a — b a
6.c% =ecPoyc

Qs =f dajg

Ngh(QB) =1
SEl'p = i[EQB, l'p]i
Tap = [Qp) bas]

kerQp
ImQp’

Qsl¥) = 0,3[x): [¥) = Qplx)-
[) ~ 1) + QplA).

) € H(Qp):=

| dobatir =0




b*:= f dobgg,b™: = ] doby,
H~(Qp) = H(Qp) Nkerb™,H°(Qp) = H~(Qg) Nkerb*.
P,) =0
PI) = j doTo, ) = j d0{Qs, b} 1) = Qs j dobos ),
by =0
%_:=Hl@}fT,}fl:=H0:=}f_ Nkerb*.
b1y = 0,67 1) = | 1)
QBW%) = H|1/)T), QBWJT) =0

ImQp= {ly1) € Hy|H|P1) # 0}
kerQp= {|y1) € Hy} U {ly,) € H |H[p,) = 0}

Hlyp) =0
b*y) =0

05 f dobool) = 0

Coordenadas geométricas complejas de un campo de gauge. Métrica de Liouville y simetrias
tensoriales.
ds? = g4, do® do? = e2¢(®9)(dr? + do?),

Yab = ez¢6ab'gab = bap-

z=1+i0, Z=1—i0
z+7Z zZ—7Z

2 7T

T =

ds? = 2g,; dz dz = e??@2|dz|?.

e2®
Yzz = T'gzz =9zz=0

gzz' — 2e—2¢’gzz — gz'z' =0

w=w(z),w=w(2).

2
o260 (W)

ow

0z

2622 =




ds? = e2¢(w,vT1)|dW|2
1
d?c:=drdo = 3 d?z, d?z:=dzdz
1
5@ (2) = E5(2)((,)
J. d?z86@ (2) =f d?66@ (o) =1

1 1
az = E (a‘r - iaa)' az‘ = E (a‘r + iaa)

dz=dr+ido,dz=dr—ido
€1 = €1 =1
i
VE=VOo4ivvZ=y0—jpy?
V == Voao + Vlal == Vzaz + Vz_az—

ow _ w
VYW =—VZ VYW =—
zZ 0z

z
3 4

TE, =TI}y B TE,
VZ0, € TS}, VZ0; €TE,
, 1 :
Wz =75 (wo —iwy), wz = E(wo +iw;)

w=wy,do® + w; do! = w, dz + w; dz

T"Ig = 0M(Zg) @ 0%'(3y)
w, dz € QM°(3,), w; dz € Q%1(Z,)

V, = 922V5 Ve = g25V*

q++p— q+ q-

zz 7 2253 R
T 2% gz = (g72)P-(gys)?-T? 722z 2727,
SN—— SN—— ———
p+tq- P+ p-
PN ow\" L
w-w cese frd — A cee " —_ —
T W w (az) T#"%z-z,n=q—0p.

T# = 2(T% +iT%") € T2,T# = 2(T*° —=iT*) € T7%,T* , =0

1 )
Ty, = 922922T% = E(TOO - 1T01)

2 2
T2 = (%) TO0 4 (%> T + Za—Z%T(’l =T00 — 711 4 2§70t
o T




f d?z(0,v* + 0;v%) = —i$ (dzv* — dzv*) = —2i$,, (v, dz — v; d2)

Yi(2,2) = {0, + Y70z ¢i(2,2) = ¢;2,(d2)? + ¢; z( d2)?

(Plf)zz = szfz = azfz_r (Plg)ii = 2V§§Z- = az“fz
(PT), = =2V?T,, = —48,;T,,, (P T) = —2V?T;; = —40,T;;

l/)Z = l/}Z(Z)' l/)z_ = l/}Z_(Z_)' ¢zz = ¢ZZ(Z)' ¢ii = ¢z‘z‘(z_)

kerP; = Span{yx(2)} ® Span{yx (D}, K =1, ..., K§
kerP," = Span{¢,(2)} @ Span{,(2)},] = 1, ey Mg

my = ty_q +ity, My =ty —ity, [ =1,..,Mg
dMat = d®Mam
(T, T,) =2 f d%0,/§ 4% 9" Ty apTrca = 4 f d?2(Ty 22 T2,22 + T1,22T2,22)
606 = [ doyBdases =5 [ @u(siss +e063)

Uizz = 07z, lizz = 007z

, f g, 19et()”det' PP 2,[3]
! My |det(¢1'¢1)| |det(¢h¢])|ﬂckv[6]

c:=c?c:=c% b:= by, b:= by
1 ) L
Sgh[gl bﬁ C] = %f d Z(baZ—C + baZC)

azC = 0, azb = O,OZ—C_': 0, 62—5 =0

My Mg
/\ B; dt; = /\ B;B; dm; A1y, By: = (uy, b)
i=1 =1

C c
Kg Mg

Qv [6]71 ~ /o _
d(b, b)d(c, &) c(z)e(z?) |(;, b)|2e~Senl2€lz 5],

7, = f 2Mg, “TCRvITl
g AYE
M, |dety; (2?)|
Simetria conforme en dimensién R*. Ecuaciones de Killing y métrica Beltrami-Laplace.
xt — x'"* = x""(x)

. 0xP 0x° 2 ,
guv(x) - guv(x )= ax_,#mgpa(x) = Q(x") guv(x )

u-v u v

lullv] [l




Q:=e?%.

OxH =¢&H
2
69;11/ = Lfguv = ufv + vau = Eguvvpfp
0% =1 2 vV éP
=1+V,¢
ISO(M) c CISO(M)

6guv = Lfguv = Vufv + vau =0

n = diag(-1,...,-1,1,...,1)
q P

(b + (D —2)9,0,)0 - € =0

EH = qk
&t = ot vxv

&H = pHx?% — 2b - xxt

ISO(RP4) = SO(p, q), CISO(RP9) = SO(p + 1,q + 1)

1
dimSO(p +1,q + 1) =§(p+q+2)(p+q+1)

Planos complejos.
Métrica de Riemann.

C = Cu {oo}.

lim rei?

Tr—00

1= 00

. 0
= 14) t —_
V4 e "co )

ds? =dx? +dy? =dzdz

1 _ 1
0:= 0, = (0, ~i0,),3:= 0, = 7 (0, +10,)

0 (z,1)0¢(z;,): = azlaz2¢(z1)¢(zz)-




N | =

Métrica de Lorentz.
teRo€[0,L),c~0+L,
ds? = —dt? + do? = —do*do™,
dot =dt +do
T =1It,
ds? = dr? + do?.
w=t+io,w=1—io

ds? = dw dw.
w=i(t+o)=ict,w=i(t—o0) =io".
7 = e2™W/L 7 — g2m/L

dz_(L)2 dz dz
S =2 |z|2

Algebra de Witt — Métrica de Cauchy-Riemann- Killing — Laurent — Mobius. Definiciones

cuanticas de un CFT y sus operadores y propagadores. Métrica de Virasoro. Funciones de

Correlacion.

ds? = dzdz,

z—z =f(2),z—27 =f(2)

d 2
ds? = dz'd7’ = |—f

P dz dz.

6z =v(z),6Z =v(2),

dv =10,07 = 0.
v(z) = Z v,z"1,5(2) = Z Tz,
nez nez
£, =—z"19, ¢, =—-2""10,n €L

[fm: ’gn] =(m—-n)tmin [zm' zn] =(m- n)fm+nr ['er '?n] =0.

69,7 = 0V + 6_17,5gzz =6g9;;=0

|lilmov(z) <o = vVn<-1:v, =0
z|—>




v(1/w) = EZ v w1
dw n
n

I _ i dz Lw) = — 1i v(1/w)
A, v(@) = lim g v@/w) = = lim =

<o = vVn>1liv, =0

{0_1,€0, €13 U{f_1, 0,41}
0 = 0,8y = —20, 4, = —2%0,
[0, 41] = Fbin, [£1,8-1] = 2,
PSL(2, C): = SL(2, C)/Z5 ~ SO(3,1)

%, = PSL(2,C)

b

Ko: = dimSL(2,C) = 6.

az+b
cz+d

fo(2) =

v(z) = B+ 2az+yz%,0(2) = f + 2az + yz°

a=1+a,b=p,c=—-y,d=1—-a

translation:  f4(2) =z +a, a €C,
rotation:  fy(2) = {z, I<] =1,
dilatation:  fg(2) = Az, A ER,
SCT: fy(A=—7  c€C

. . 1
inversion: I*(2):=1(2):= -

1
I7(2):=—I(z) =I(—2) = -

9,01(2) = 1—2

df\" [ df\" _
Vf meromorphic : 0(z,2) = (d_];> (d_]zi> 0'(f(2), f(2)),




dft / di\" _
Vf € PSL(2,C): 0(z2,2) = (d—’;) (d—’;) 0'(f(2), f(2)

s:=h—h.

Gal

A:=h+
0(z,2)dz" dz"
fe0@z2):=f'@"f (D' (f@), ()
8z = v(2),6Z = B(2)
50(z,z) = (hdv + v0)0(z,2) + (hdv + 70)0(z, 2)
VT, = 0,g"T,, =0
9" Ty = 4Tzz = Tux + Ty = 0
T,z =0
0,Tz7 = 0,0;T,, = 0
T(2): = T,,(2), T(2): = Tzz(2)
Jo(2):=J5(2) = =T(2)v(2),J,(2): = J§(2) = -T(2)v(2)

7= f dweSI¥I

C
(L, Lp]l = (M =)Ly + Em(m —D(m+ 1)bpyn

_ — — C
[Lm' Ln] = (m - n)Lm+n + Em(m - 1)(m + 1)é‘m+7l
(L, L] = 0,[c,Ly] = 0,[¢, L] =0

<D oi(zl-,z‘l-)> = f dtpe—smg 0:(202),
- - hu hi n
<1_[ 0i(z;, Z_i)> = 1_[ ((:1_12r (Zi)) <% (Z_i)> X <1_[ 0; (f(zl-),f(z-i))>_
i=1 .

i=1 i=1

5<1_[ 0i(z;, Z_i)> = Zl (hi0;v(z;) + v(z)0; + c.c.) <1:1[ Oi(zi'z_i)> =0,

i=1




(Oi (Zi' Z_l)> = 5hi,06f_li,0'
9ij

(Oi(Zi, Z_i)Oj(Zj' Z_J)) = Shi'hjsﬁiﬁj _Zhi 2R’
Zij Zij
_ _ _ Cijk
<0i (Zi' Zi)oj (Zj’ Zj)ok (Zk’ Zk)> = hi+hj—hy hj+hg—h; hi+hg—h;
ij Zjk ki
1
X _f_l.i-i-f_lj—f_lk _f_lj-}-f_lk—f_li _’_li+f_lk—f_lj ’
Zij Zjk ki

Zij =Zj — Zj.

4
1
<1_[ 0;(z;, Z_i)> = f(x, %) 1_[ ) X c.C.
i=1 z

4 4
hi= ) hhi= ) ke
i=1 i=1

212234
X:= .
213224

Operadores formales y cuantizacion radial. Ordenadores radiales y conmutadores. Productos de
expansion.
z =e™% = x +iy.
T—1t+T
z—elz
n

s _
(Lo + Lo)

H=
L

on-shell state: h + h = 0.

_ (A()B(w) lz| > |w|
R(A(z)B(w)) = {(_1)FB(W)A(Z) lw| > |z|

[A(2), BW)]4 jz=jw) = lim (A@BW) | z1=wi+s £ BWA@)|z1=w|-5)

dz dz
A= 9,210 B =95, 550@
dw dz
[4,B]+ = 9560ﬁﬁcw%a(z)b(w)

dz
[4bW)]: = §¢, 7—a(@)bw)




0uj* = 0j* + 0j% = 2(8j; + 0j,) = 0

1 . o
Q= ﬁ.‘ﬁco(lz dz — jz dz)

1
J(2): = J2(2),J(2): = jz(2)
1 _ 1 I
Q= QL + QR' QL: = z_niSﬁCo](Z)dZ’ QR: = _Tmécoj(z)dz

_ dw dw _ _ _
8:0(z,2) = —[€Q,0(z,2)] = —¢$,. S/ W0z 2) + $,. S W0z 2)

— lf d 0
Q= 21 %
_ 1 d .0 d 1N 1 .M_d v
Q=o—| (doj"—drj) =—o— | €ujidx
Q=8 eu(?di-j?dn) = ——§ (% dz—j?ds) = ———§ (j, dz—j; d2)
2w 4 2mi z z
ck
_ -\ ij _
0i(2i,2)0)(z2, 7) = Z ity =hy_hahy—h O(z:7),
ko 2ij ij

_ ’
Cijk = GreCij-

Identidad OPE.

p@1=Y E angw)

n!
neN
o {AB},(2)
A(Z)B(W).—n=_oo = w)
5\ (AB
@By ~ S EB® _ o pn

E] (z—-—w)"




k

¢u(z0);(z) ~Z O(hi+ by — by )( W;Z iy P (W)
k

héw) | 9¢w)

(z—w)? z—w

( ho(2) a¢>(Z))

w—-2)2 w-z

T(z)p(w) ~

8¢(z2) = Sﬁ V(W)T(W)¢(Z) ¢
= hav(z)g‘b(z) +v(2)0p(2)

c/2 2T(w) 0T (w)
z-w)* (z—w)? z—-w

C21

T(2)TWw) ~

C
ST = 20vT + vdT + ﬁa%

-2 -2

T (w) = (%) (1@ —%S(W,Z)) - (%) T(2) +%S(z, w)

w® 3 /w2
S(w,z) = o -

2\w

dw 2
S(uz) = Sw, 7) + (E) S(u,w)

¢/2_, 2Tw) +6T(w))

wt  (z-w)2 z—w

d
@) = §, 3 vWTOTE) ~ $, 50 vw) (2

C
= ma?’v(z) + 20v(2)T(2) + v(2)dT (2)

Conjugaciones BPZ y Modo de Expansion.
th=-itt =t = 1t = —1.

T-o—T . 1
7 o e THio — ; =1(2),

0(z,2)*:= (I~ 0(z, D)1,

L[ 1 11 T_ 1 L1 1
0@ 2) _[Z_ZhZZEO(E'EH _Zth_ZEO (E’E_)

(A0, - 0¥ = 0% -0 1 e ¢,

h+h
0022 = 10 0(z,7) = T2 o(+1 +1)
A ! z2h 52h ~—z' 7z

(A0, - 0,)t = 20t -0t 1 € C

F=1t=1




O(Z Z_) Z Zm+h —n+h

m+hEZ+v,n+EEZ+17,V.17={0 periodic

1/2  anti-periodic
O(eZHiZ’ Z_) — e2niv0(z’ Z_), O(Z, eZniZ—) — eZniflo(Z’ Z—)

__ (0 NS
VV=11/2 R

_ {0 untwisted
V= 1/2  twisted

(0*)_m,_n = (Om.n)T-

0*=0 = (Opn)' = O_ppon:

¢(2) = z Z(rl:-lh'

neZ+h+v

bn = 9S Z"th- 1¢(Z)

Co2mi”
¢$ =¢ = ((;bn)-r =¢_n.
bh = UL Py = (—D"(ED"P_p.

=(1io¢>)n=sﬁ =2 o p(2)

-9 1(+%)h¢(i§)
= GO 5o ()

2mi
_ d 1 n—h
=FOM (5] wiem)

= FDR DG S )

Ly
T(2) =Z g =4 —T(Z)Zn+1

nez

Lh=1_,

(L, dn] = (mh—1) —n)$min

[Lin, ¢(2)] = 2™ (20 + (n + DR)$(2).




LE=1,+1L,
. J
](Z) = nr-t—l

n
QL =Jo

Espacios de Hilbert y correspondencia operador — estado.
Lo|0) = 0,L4]0) = 0
(0):=(0]0]0).

0) = lim 0(z,2)|0) = 0(0,0)]0)

|$) = lim¢(2)]0) = $(0)]0).
Vn > —h+ 1: ¢,]0) = 0

dz ¢(2)
21 z

$(2)|0) = e*t-1¢(0)e~*-1]0) = e*t-1|@).

vn > —1:1,|0) =0

|#) = ¢_pl0) = |0).

V|p) € H:(Q|Lo|Q2) < (¢P|Lo|P).
Lo|Q): = aq|Q),
(0] = |0)* = |0)*
(0]Lg = 0,(0|Ly; = O.
+

O = lim (00w, W)t = I ! 00(1 1)
(0% = Jim (010w, wy* = lim —orzm 010 (55

= lim z2"z2"(0|0% (2, 2)

Z,Z—0

= (0|1 - 07(0,0)
1 1
(9] = lim (Olp(w)* = lim —— (0l (=)
= 1im 22M(0|¢ " (2)
= (01 = ¢ (0).

(¢*] = (01(¢"),-




(¢l := lim (0]p(w)*
= (+1)" lim 2*"(0](2)
= (0[1% 2 $(0)
(¢l = (£1)"(0l .
(¢*] = ED .
vn<h-—1:(0|¢, =0,
vn < 1:(0|L, = 0.
(0|T(2)|0) = 0.
(6F 1 dj) = (0T @ ;(0)p;(0)[0) = Jim, z*"(0|¢ (2); ()] 0),

w-0

(@i 1 d;) = (0l1 © $;(0)$:(0)]0) = (F1)" lim z°":(0]¢p; (2); (W)|0).

w-0

(i1 ¢5) = (I o d:(0)$;(0)), (b 1 B;) = (I = B (0);(0)).
(Pilpj (@) dr) = (il)hivgiggo w2 (p; (W) p;(2) Py (0)).
(0F 1 ¢j) = &
Médulos Verma.

Lol¢p) = hl¢),Vn = 1: Ly |¢) = 0.

|pma): = 1_[ L_pn,|9),

LO = h + Z n;.
(0]: 0:10) = 0.
Q] :0:1Q) = 0.
. A(Z)B(W): = A(2)B(W) — (A(2)B(W)).

L A(Z)B(2): = lim (A(2)B(w) — (AZ)B(W))).

tA(z)B(w)::= A(z)B(w) — A(z2)B(w) = Z (z—=w)Y{AB}_,(2)

neN

:AB(z)::=:A(z)B(2):: = ‘Li_rg:A(z)B(w): = {AB}y(2)

tAB(z):= ﬂA(z)B(w)

C2ni z—w




AB(z):=:AB(2):.
:AB:,
:AB(Z): = Z W

m
tAB:iy, = Z ApBpn + Z Bp—nAn

ns—hy n>—hy

1AB(2): #:BA(2):,: A(BC)(2):#: (AB)C(2):.

A1(2): A Az (W) =:41(2)A43(W): +/ A1 (2): A, A3 (W):
A1(2): A Az (W): = A1 (2)A;(W): As(W): +A1(2)As;(w): A, (w):.

A(2): Bw)™: = nA(z)B(w): B(w)"* 1:
A(2): eBM): = A(2)B(w): eBM):
:e4®): eBW): = exp (A(2)B(wW)): eA@eBMW);

ﬁ refiz=:exp (Zn: Ai>:exp Z (4:4;),

:eAi:> = exp (4:4;).
1] zem g0
1 1
A@): W= A() Y~ BOW)"s = A@BW) ) B
:eA®); eBW); = ﬁ:A(z)m::B(w)”:
C k! /my m _ "
-3 (D)) s s

(A(Z)BW)*: A(z)™*:: B(w)" k..

1
=";k kI (m — k) (n — k)!

* * ;ABZI
*AB(Z) *:Z &

Smthathy’
m
* *
* ABS, = Z ApBmpn + Z By nAn.
n<0 n>0

hy-1

. AB:, = *AB:, + Z [Boyans Ayl

n=0




tAB:, = Z ApBp—n + Z Bp—ndn

ns—hy n>—hy
ha—-1
= Z A_pBmyn + Z Bn-ndAn + Z BminA-n
nzhy n>0 n=0
ha—1
= Z A_nBmin + Z Bnndn + Z [Bm+nrA—n]
nz0 n>0 n=0
ha—1

= :AB:m + Z [Bm+nrA—n]-
n=0

h

0 = (52) 7o)

por= ()Y e () S 0

nez nez

) = (22) (1Gra - 2)

C
(Lo)cyl =Ly — 24
- - c+cC
H= (Lo)cyl + (LO)cyl =Lo+Lo— 24

Sistemas CFT — Escalar libre — Accion covariante.

€
S=1—7 f d?x,[gg"’9,X0,X

e = {+1 spacehke’ Je: = {+1 spacelike

—1 timelike i timelike

X(t,0) ~ X (1,0 + 2m).

€ 1 )
T == [auxavx — = 9 (0X) ] ,

U
T# = 0.
AX =0,

0= f dx 5}20) (e‘S[X]X(a’))

(02X (0)X(0")) = —2met?6P (o — o).

2
(X(0)X(a")) = —%ln lo — o]




(X(0)X(@"))=G(r),r=|oc—0a'|.

AG(r) = % 0-(rG'(r)).

,
1
—2mef? = 27TJ. dr'r’ x Far’(T’G'(T')) = 2nmrG' (r).
0
G'(r)=—€f’Inr

Inr= Eln r? = Eln lo —a'|?.

X—X+aa€eR

oL i
3(3,x) 7

p=if doj® = f dod®X.
21 2me?

) 1
JH = —ie*V], = {,—zewavx

JH: = 2mie ——— o,X, v, J* = 0.

V,JH etV V,]X =0

—1fd~°— ! fzndax— ! X(1,2 X(z,0
W= al = 2nfZ ), 61—27[{,2((1, ) (t,0))

i
u_ b
]a - 27042 nabauX

Accion en un plano complejo.

S =

> fzf dz dzo,X0;X

9,0,X = 0.
X(2,2) = X,(2) + X (2)

X(2):= X.(2), X(2): = Xg(2)

I:=]z= fZaX] ]z— zX

9] =0,0] =0

=p,+ = 143 d = 155 dz
P=pL+PrPL=5— z],pr = o z]

i _
Jo=gg0X =) Jy = ~ 0K = ]




W =Dy —DPr
_p+w _p—w
pL = 2 yPR = )
p* +w? =pf + pk 2pw = pf — Pk

€

€ _
T:= TZZ = —ﬁazvaX,T:= TZ—— = —f—z

aZ—XaZ—X, TZZ_ = 0

Vi(z,2): =: el€kX(22),

Vie e (2, 2): =1 e1€RLX @ +krX (D)),

OPE y Modos de Expansion.

ef?
X(2)X(w) ~ —Tln (z —w).

et? 1
aX(Z)X(W) ~ _TZ—W

)

et 1
aX(Z)aX(W) ~ - Tm

0X(w) , 9(0X(w))

T(2)0X (W) ~ ot T row

1 2T(w)  JdT(w)
z-w)?* (z-w)? z-—w

1
TATW) ~5

no"X(w) d9@"X(w))
(z —w)? Z—w

T(z2)0"X(w) ~ -+

2 2
20X (w) N 202X +6(6 X(W))_

T(Z)OZX(W) ~ (Z _ W)3 (Z — W)Z Z—W

22k Vo (w, W)

J(@Ve(w,w) ~ = ,—w

thk (W, VT/) aVk (W, VT/)
(z —w)? zZ—w

T(2)Vi(w,w) ~

€% k> e£’2k2> ef?k?
)y Bk =

(hk'hk)=< T 2 =—— 5 =0

Vit (w,w
Vel DV (w,, ) ~ — kel )

(z— W)—ekk’fz/z




0X(2)

2€
:0X(2)0X(2):0X(W) ~ ——:0X(2)0X(2): 0X(w) ~ m

T(2)dX(w) = 7

{2

T(z)0X(W) =— ! 7 0X(2)0X(2):: 0X (w)aX (w):
~7a [:0X(2)0X(2)::0X(W)OX(W): +:0X(2)0X(z):: 0X(w)IX (w):
+:0X(2)0X(2):: 0X(w)dX (w): + perms |

1 1
NZXZW 4Xﬁm6X(z)6X(w)

1 1 2
NEm 2 Z—w)? GCOX(W)OX(W): +(z — w): 02X (W)IX (w):).

0X(z)
(z —w)?
0X(2)

Gz =Wyt

T(2)0"X(w) ~ 911

~

n! 1 1 an-1
~ oy (7 G @ W @)

1 nan
=W (aX(w)))

2
OX (2)Vie (W, W) ~ 1€kdX (2)X W)V (w, W) ~ iek <— % %) Vi (w, W)

_ € iekX (w,w)
T(2)V,(w, W) ~ —p:aX(z)aX(z)::e W),

iek 1 . _ € . _
~ . plekX(ww), _ . iekX(w,w),
> Z_W(')X(z).e 7 0X(z):0X(z)e :
iek 1 . _ .
~— (: 0X (2)e' R XMW W) +0X (2): €KX (w, W): )
zZ—w
iek 0X (z)elekX(ww),
+ JRE—
2 zZ—w _ )
ek?0?Ve(w,w) . :0X(w)elekXww),
4 (z—w)? € zZ—w '

Vie(z, D)V, (w, W) ~ exp (—kk'X(z, 2)X (w, W)): el€kX (@2 giek X (W),

Ip2 —
~ (2 = W)LY g (W, W)

6X——1’ Eaz‘"laX——ll @,z "1
nez neZ

dz dz -
— i n-1 7 =i n-1
=i o z" 10X (2), @, = i$ = z" 10X (2).

¥ x, |82 Iz +i £2 an .
(z) = > ~i |z alnz+i |5 2
n#0




1’,’2 an_
X(z')———l —aolnz+1 — n
n:#O

g

PL= x/zeZ' PR = 772

X(z) == —it?*p,In z + 1\/: —z ™,
n+0

1
= + ag),w = g —a
p \/’27 0) \/’27( 0 O)

£2 £2
Qg = 7(P+W):670 = ?(P—W)

X, =x+q,xXp=x—¢q

1 1
x:E(xL"'xR):q =§(xL_xR)

X(zz)—x—l—(pln |z]2 + win = +1\/:Z —(apz "+ a@,z7 M)

n+0

X(1,0) = x — if?pt + £?wo + -

1
pL=5—-9 dz {,22 1§ dux {,22 L asx
1 1 1
=———¢ dzz apz "l = ——aq,.
V2¢2 2mi ~ V242

X(t,0 +2m) ~ X(7,0)

X(e*™z,e”?Mz) ~ X(z, 2).

. 3 [2
X(eZmZ’ e—ZmZ—) =X(z,2) — i\/; (ag — @p)

_ p
Ay =0&y = p,=pPr=5,w=0.

€ _
N, = Ea_nan, N, =

N = Z nh,.

n>0




€
Lm = EZ F0nlm-n
n

€
m=+*0:L, = 5 Z OOt HEA Uy,

n+0,m

€ €
Ly = EZ LU Ui = N+Ea§ = N + e?p?
n

Ly:=N
Lo=N+et?p3, Ly=N
L{ = N+ N + ef?(pf + p3) =N+1\7+§(p2 +w?)
Ly =N—N+et?(p? —p3) =N —N +ef?wp
Conmutadores.
[am, an] = €MErin 0, [@m, @n] = €EMEp im0, [, @n] = 0
[p,w] = [p,p] = [w,w] = 0,[p,an] = [p, @] = [w,ay] = [w,&,] = 0
[x1, ] = i€, [xg, pr] = i€
[x,p] = [q,w] = i€, [x,w] = [q,p] = 0
[Lm, @n] = —nmin
[Lo,a—p] = na_y,
[N, @—p] = O

lky:= lim Vi (z,2)|0) = el€k*|0),
z,Zz-0

plk) = k|k).
vn > 0:a,lk) =0,
N,|k) = 0.
L§|k) = 2e€?k?|k), Ly|k) = 0,

F (k) = Span{|k; {N})},

(a_)"n
|k; {Nn}): = L] W

k), N,, € N*

o= f dkF (k)
R




lim el€kX(z2)|0) = 11m | exp iek |x — 1—pln |z|? + 1\/:2 —(apz™™ + @,z ™)|10)

z,Z-0
n#0
= li_moexp iekx—ekfz —(apz™™ + a,z7™)||0).
“ n+0
1
plk)=— 56 (dzidX (z) + dzidX (2))V,(0,0)|0)

22 27
11 dz€2k+dz‘{’2k v 0.0
T #22ri 2 2 Tz 7 ) O0Io
= kV4(0,0)]0)
xt=xpt=pal =a_,.
L;I:L =Ly

(k| = [k)* = (0]e™"*, (k|p = (k|k.

ap, =—(xD"a_,
pt =—p,(—kl = [k)".

(k| k'Y =218k — k")

(k] = (k]
T2t
|k)¥ = —|k)t
Sistema Ghost.

Accion covariante y holomorfica o antiholomoérfica.

1
= 2 cee _
S = Ef d2x /G G* by, VP a1

— e_ieb cll1"'lln—1 — eiecﬂl"'un—ll

b H1Un?

HiUn

b(2): = b, ,(2),B(Z): = by..5(2), c(2): = ¢Z%(Z), &(Z): = cZ % (2)
S = %f d?z(bdc + bd¢)

db=0,0b=0,0¢c =0,0c =

h(b) =Ah(c) =1—ALh(B) =Lh(@) =1—24,




T =—A:bdc:+(1 — A): dbc:
= —A:d(bc): +:0dbc:
= (1—-A):9(bc):—:boc:.
b(z)c(w) = —ec(w)b(2),b(z)b(w) = —eb(W)b(2),c(z)c(w) = —ec(w)c(2)

_ {+1 anticommuting
“ -1 commuting

8b = —ib, 6c = ic,8b = —ib,6¢ = i¢

j(2) = —:b(2)c(2):,](2) = —:b(2)C(2):

dz dz _
Ngh = Ngh 1, + Ngh gs Ngh . = § gl (2), Ngng = =% o (2)

Ngh(c) = 1,Ngh(b) = =1, Ngp(¢) = 1, Ngh(l;) =-1

1)
f &b e g [bwyeb] =0

1 _
8D (z ~w) + 5 (bW)dc()) = 0

1
{c@bWw)) =_——

bw)  db(w)

z-w)? z—-w
c(w) dc(w)

(z—-w)? z—w

T(Z)b(w) ~ A

T(Z)c(w) ~(1—-2)

cy/2 2T(w)  dT(w)

TETW) ~ i G Y 7o

¢y =2e(—1+61—61%) = —2¢(1 +6A(1 — 1))
q, = €(1—=22)
¢ = €(1-3q3)

b
f@bw) ~ 2

w
j@e(w) ~ <)

zZ—Ww

. 0(w)
Jj(Z2)O(w) ~ Ngy(0) P

Jj(@)jw) ~

(z —w)?




@, jw) _l_aj(W)

T(z)j ~ .
@) w) z-w)2 (z—-w)? z—-w
dw N d1 dw dw +q,1622w
(Z)_ ]() Zdndz_dzj(w) 2 0w
) dw
i@ =2 (1@ -3,
Ngn = N&' = q3, Nen, = N3, % Ngng = Ngx —%.
€qx
N¢—NP = 5 Xg=(A-21g -1

T(2)b(w) = (=A: b(2)dc(2): +(1 — 2): 8b(2)c(2): )b(w)
~ —A:b(2)dc(2): b(w) + (1 — 1): 8b(2)c(2): b(w)

1
~ =Ab(2)0, —— + (1 = )0b(2) —

ab(w)

~ A(b(W) + (z — w)db(w))

1
(z—w)?
T(z)c(w) = (—A:b(2)0c(2): +(1 — 1):0b(2)c(2): )c(w)

~ el:0c(z)b(z):c(w) —e(1 — )l) c(z)ob(z):c(w)
6c(z)
~A — (1 -=2Nc(z)o, —W

Aac(w) 1 3
~ A=+ (1= D)) + (2 = w)ac(w)

c(w) dc(w)
(z-w)?* (z—-w)?

1
(z —w)?

~1=-4

j(@)b(w) = —:b(2)c(z):b(w) ~ —:b(2)c(2): b(W) ~ —

b(2) b(w)
——

-w Z—w
(z) c(w)
j(@)ew) = =:b(2)c(2):c(W) ~ € c(2)b(2): c(w) ~ —-~ —.

J(@)j(w) =:b(2)c(2): : b(w)c(w):
~:b(2)c(2)::b(w)c(W): +:b(2)c(z):: b(W)c(w): +:b(z)c(2):: b(w)c(w):
€ 4 e:c(z2)b(w): 4 :b(2)c(w): N €

~

(z — w)? zZ—w zZ—w (z —w)?’
bn CTl
b(z) = Z a1 €@ = Z g
NeZ+A+v neZ+A+v

dz dz
by = $ ﬁznﬂ_lb(z).cn = ﬁzn_’lc(z)-

b— —b,c — —c.

NP =:b_,c,:,NE = €:c_,by,:




NP = Z nNg,N¢ = Z nNg

n>0 n>0

= Z (n — (1 = A)ym): by, = Z (A = 1): Byt

Ly = —Z n:by,c_p:i= Z n:b_,cy:.

T = —2A:bdc: +(1 — 1): dbc:
n+1-2 m+ A
= Z (/1: bmcn:W — (1 =A):bpep: Zm+/1+lzm+1—l)
mn
=Z A +1 = 2) = (1= 2)(m + A)) oment s
- Z A +1—=2) = (1= )(m—n+2)- mmfzn

thy,_,Cpht L
=Z (n_m+/‘lm) ;nm-lr-lzn =Z ZmT:l-Z'

mn m

= pei— tbCnt tbin—nCni Jm

J==be= gm+An+1-4 gm+l T Zm+1°
mn mn m

(b, cnle = Bmin0, [bm, bple = 0, [cm, cple = 0
[brm, cnle = Smn, [bm crle = Simsn
[N b-n] = b_nSmn, [Ngy, cn] = -8
[Lin, bn] = (M(A = 1) = W)bimip, [Lin, €] = =(MA + M) Cipin
[Lo,bo] = 0,[Lg,co] =0

[jmrjn] = m6m+n,0

. , qx
[Lm']n] = —Nmyn + ?m(m + 1)‘sm+n,0




[Ngn, b(W)] = —b(W), [Ngn, c(W)] = c(w)

(b, Cnle = ¢C0 i 1§Cwﬁz lyntdzm= }‘+1b(Z)C(W)

dw dz €

-1 = -1, n+A_ m-21+1

4SC0 2mi gscw 27'riZ wez zZ—w
dw _
= ﬁcoz_niwm-'-n t= Sm+n,0
dz b(w)

N, — ~— =—
Nen, bO0)] = § S j@bw) ~ —$ 32" = ()

vn>-21:b,|0)=0,Yyn>1—1:¢,|0)=0

n
Ny, s ma_q) = gt -, 27110)

A-1
L0|n1, ...,nl_l) = - Z ]n] |n1, ...,nA_l)

j=1
Estado de energia — momentum. Métrica Grassmann.
{1n}
| 1= ¢y ca-1|0), | T):=cocq - €2-1/0).
Q) = wy| L)+ wr| T), wy, 0y € C.
bo| Ty = [ 1), col 4) = [ T), bo| {) = 0,¢0] T) = 0.
vn > 0:b,| ) =b,| T)=0,c,| L) = by| 1) = 0.
[0y =by_p-b_1| L)y =by_j--b_1by| T).

Lol 1) = a3 1), Lo| T) = a,| 1),

Z /1(,1 D_a,2?
24" 24

n=1

{ROARDA R A RN

| W)= c1¢1 - c3-1C1-110)

| 1LY = co| LU, | 41y = G| LL), | T1): = o] LL).

col Wy = T), Gol W)y = 4T), co] 4Ty = =G| TL) = | TT)

bol TT) = | 1), bo| 1) = —| M), bo| 1) = bo| 11) = | 1),




bolil)zb_olli)zo, ColTvL)zb_()lT»L)zo,
b0|lT)=50|lT)=0, CO|TT)=C_0|TT)=0.

{41+ =) 1T},

bE|4) = £2| L), bJ| 1) = £|+).

1 -
1y =515),  cflE) =2 1),

bgl L) =bg| W)y =0, cgl-)=bgl-)=0,
l+y=bol+)=0 | =co| ) =0,

1
cyeg| W) =51 ), b3 bg| 1) = 2| W),

2T |4) = (co + )| T + (co + G)| 1) = G| L) + co 1) = (=1 + 1)| 1)
bi|£) = (bo + bo)| M) + (bo + bo)| 41) = by| T) £ b| 41) = (1 £ 1)| L)
2¢5| LYy = (co £ Go)| W) = co| LYy £ o Ly = | T + [ 1) = |+)
bE| 11y = (bo £ bo)| 1) = by| 1) £ bo| TT) = | L) F | 1) = F|F)

Lozz nib_pcp, s +ay =NP+ N¢ +ay

n

Lo = NP + N€,

L= (= (1= )m)ibp_nci + 16m0
n

. o qr , 1
Nghi =Jjo = Z wb_ncne — (7 + E)

n

=N (ve - N2) (g —np) -T2
2 2

n>0

. N . (12, 1
Jm = Z bm—nCn ™ — (? + E) Sm,o-

n

Ngh i = Z (NS —ND)

n>0

1
ol =a-Dlh=(-F-2)10,

2
1
Jol =1y =(=2+3) 1)
Joloy =0

oyl 1 eyl 1
Jo |l)=—§| W,jg” |T)=§| T).




Ly = —Z nibyc_pi=— Z nbyc_, +€ Z nc_pb,

n ns-1 n>-1
= Z nb_,c, +€ Z nc_pby
n2a n>-A1
0
= Z nb_,c, +€ Z nc_pb, +€ Z nc_pby
n2a n>0 n=-—21+1
-1
= Z nb_pc, + € Z nc_,b, +€ Z nb_yc, +a,
nzA n>0 n=0
= Z nb_pc, +€ Z nc_p,b, +a,
n>0 n>0
= Z nib_pcn +ay
n
0 -1 -1 -1
Z Conbp = — Z ncp,b_, = — Z n(—eb_pc, +1) = EZ nb_,c, + a,.
n=-1+1 n=0 n=0 n=0
Jo= —Z th_pcpi= —Z b_pcy, +€ Z C_nby
n nzA n>-21
-1
=- Z b_pcy, +e€ Z C_nby +€ Z cnb_pn + €coby
nz1 n>o0 n=1
-1
= - Z b_nc,+e€ Z C_nby — Z b_,cn +€(A—1)+ ecyby
nza n>0 n=1
= - Z b_pc,+€ Z C_nbp +€(A—1) + ecyby.
n>0 n>0
q. €
EA-1)=—-—F—3.

€ 1
€cogbg +e(A—1) = Ecobo + > (=bgcg+€)+e(1—1)

1 1
= E (ECObO - b0C0) + € (l - E) .

Estructura del espacio de Hilbert. Métrica Grassmann odd.

:]'[gh = :]'[gh,o @ CO:]-[gh,OI g{gh'o: = g{gh n kerbo

Hano = Span{|L; (N2}; (NS})),
[ v vg) = | | oo ™en) ) 0, N2 NS €

nz1

Y =19+, P € Hgpo, Y1 € coHgnpo

Heh = Hghyo @ coHeno @ CoHeno @ coCoHgno




H

ah0: = Hgn N kerby N kerby,.

|44 (N2Y; {NSY; NP3 {N53) = 1_[ (b_p)™ (E—n)ﬁrbl (c—)MR(E_)VA] L),
N}Z,]\?}?Nﬁ, NS € N*.
Y=+ Py P+,
H,

— + — -+
gh — th,o @ Co }[gh,o @ Co }[gh,o @ Co Co th,o

H

ah0: = Hgn N kerby Nkerbg

Hgn +: = Hgn N kerby = Hgp o B cf Hgno,
Hgn = Hgn+ D ¢ Han +-
b;[ =€b_,, c; =C_p-
by = (=1)*b_p,ci = (1) ey,

| LF = (0ley—z - coq, | ¥ = (0lcy—p -+ c_1co.

(=10 = (=)0l y ¢y
(M=M= (=D 0coe_y = c1-z

(] = (- DD U (1] = (-1 1Y,
(| = (_1)(1—1)2+%(2—/1)(1—)L)| L = (—1)"aat(-D@-D| |y
A-2 1
Z i=5@-DA-D=-g+1-2
i=1
(1] = (P ADRAD] 1yt = ()PP 1y

(T1bo = (L1, {4 [co = (T |, {4 [bo = 0,(T |co = 0.

=0 ().

b=} o)0=(o o)

)y =M =0

(TH) = { |col 1) = (0]cy—p - c_1cp€q - €1-1]0) = 1.

(0] =(0]cq—p =+ c_1€pCq - -1, (L] = (T |.




Cuantizaciéon BRST. Reparametrizacion e invariancia.
C=Cm+Cgh=0Cn—26T(2)=T"(2)+ T8 (), H =H,, @ Hen-
QslY) =0
[) ~ 1) + QplA).

1
jp(2) =:c(2) (Tm(z) 4 ETgh(z))  +10%c(2)
= c(2)T™(2)+: b(2)c(2)dc(2): +kd?c(2)

dz dz _
Qp =QpL +Qpr QpL = ¢ %]B (2),Qpr = ¢ — (2.

2mi
P50 ~ (5= 4= ) o b (3= 20) s 4 22 T

3
Cm = 26,k =3

o
T@isW) ~ 2y + 22,

zZ—Ww
. jw) | Tw)
jp(2)b(w) ~ (z—w)3 ' (z—w)? + 7 —w
: 0
Ja@eow) ~ L)

tho + F) :
s ()W) ~ h"((zwzﬁ;z) | hIcWW) + c(w)dp(w)

zZ— W

2k +1 20c(w)  jg(w)
z—-w)? (z—-w)? z—w

Jg(@)jw) ~ C

o Cm — 18:c(W)dc(W): ¢, — 18:c(W)0%c(W): ¢y — 26:c(W)33c(W):
Jjs(@)jpg(W) ~ — ) (z—w)? - 4 (z — w)? T 12 7 —w .

1 en
Qs =Z :cm(L’fm+§L‘im):

m

1
= 2 c_mLim + EZ (n —m): c_pmCnbman:
mn

m

* 1 ¢n Co
QB=Z cm(L’I’m+ELg_m>*—?

m

1
= 2 cm L™y + EZ (n —m)* c_pmC_nbmin * — Co»
mn

n

Qp = coLo — boM + Q5




A 1 * *
Qp = Z Comlm — 2 Z (m —n)sc_mCnbmine

m#0 m,n#0
m+n+0

M = Z MC_mCm

=0
[Lo, M] = [Qs, M] = [@5,Lo] = 0,QF = LoM
{0, b()} =T(2)
{Qp, c(2)} = c(2)c(2)
[Q5, $(2)] = hdc(2)p(2) + c(2)0p(2)
[0, $(2)] = 3(c(2)p(2))
{5, c(D)P(@)} = (1 — h)c(2)0c(2)$(2)
[Q5,) ()] = ~j5(2)
[Ngn, @s] = Qs
{0505} =0
[Q5, T(2)] =0
Cm = 26.
Ly = {Qp, by}
[Q L] =0
Cohomologia BRST para sectores holomérficos y antiholomérficos.

ki = eo(k°)? + (k)2
H:=H ®}Q,ﬂ{”:=f dkO:FO(kO)®f dk'Fy (k) @ Hagn
W) = [¥1) ® ),

) = ca® | | @)™ @) (o) ) 1RO, K1, )
m>0
kO kL 1= k%) ® kY)Y @ | 1), NO,NL € N,N2,NE = 0,1.
.7'[0 = .7'[ N kerbo
H = :]'[0 @ Cog'[o.

Lo =L+ 18" = (L — 1) + N? + N°,

Lo=(L§ —md 02— 1)+ I}




m?, = —pt, I =N+ N'+N” + N° €N,
on-shell: Ly|) =0
Habs(Qp): = {l¥) € H|Qpl) = 0,4|x) € H||) = QplX)}-
{Q4A1=1

W) = {Qp, ANY) = Q(AIY))

bo
A= Z
LO = {QBrbO}

Q1) = 0, Lol) # 0
b
¥ =0 (721)
Habs(Qp) < kerLy

L TWS SR D,
W) =719 = -{Qs, bo}t) = 7~ Qs (bol))

) € kerLo: Polp) = [9), [§) € (kerLo)*: Pol3h) = 0.
{05, A(1 — Py)} = (1 — Py).
Ho:=H Nkerby = Hpm @ Hgno
[¥) € Hy = bolh) = 0.
bolY) = Qgl) = 0,Lo[p) # 0 = [ih) = 0.
Hre1(Qp): = Ho(Qp) = {I) € Ho|QplY) = 0,3|x) € H|[) = Qplx)}.
Qgl) = 0,Lo|Yp) = 0,bo[h) = 0
Qg = coLo — boM + Qp, Q% = LoM
) € Ho NkerLy = Qpl) = Qplih), Q51¥) =0
Ho(Qp) = Ho(Qp)-

1 i
Xt = —<X£ + —XLl)

/e

V2




_ + T .
[ar-'r.u an] = €0m5m+n,0' [xL_' pZ] = 1€p.

2pipr = (PD)? + eo(P1)? = 60P||L»
xtp” +x7pt = x%° + eoxp?,

1
Z U Ao = Ez (anam—n + €0Qndm_n)-
n n

+ _ + F vt — +
Nn—;a_nan,N —Z nhy .

n>0
Nt +N~ =N°+ N1
Lo = (Ls —m} 2 — 1)+ I}

mf, = —Zeopfp[,fl(l, =Nt + N~ + NP+ N°¢

0 1 _ cotog= = cot o= — o+ + o=
Lm+Lm—EOZ LU Ap—n = € Z 10 A Heo(ag am + aman).

n n+0,m

1 i i
[, ai] = 5 [(a% + —60 a,ln) , (ag +— aa%)]
1 0 .0 1 1 .1 €o
=§([am:an] +_[amfan]> =5 m m+n0(1+ 1),
€ 2

[x0,pf] = %[(xi’ ‘\/Le—o’“l)'(pg i\/Le_o %>]

S pf] £ colxt plD = 21 £ 1)

(a T > (a,on_n _ J%“*“")

n
1 i 0 1 0,1
E am -n + annam -n + (am—nan — Anlm—n
n

e

N°+N1=Z n(N,?+N,%)=Z n(Nf +N;)=N*"+N".

n n

" 1
Qp = Com (Li-n + € Z a:l-a;l—n) + Ez (n —m): ComConbmyn:
#0 mn

n

deg:= Nt —N~ + N¢— NP




vm # 0: deg(a;h,) = deg(cp) = 1,deg(ay,) = deg(b,,) = —1

Qp=0Qo+0Q; + Qz:deg(Qj) =]

1 *
Q1= z C_mlim + Z "Cm (eoar-l{ar;l—n + 2 (m— n)c—mbm+n) *

m=#0 mn#0
m+n+0
— + - — - +
QO - Z o C—nan'QZ - Z Ao C_np
n+0 n+0

Q5 =03 =0,{Q0, 013 = {01,023 =0,0f +{Q0,Q2} =0
7{0(@3) = Hy(Qo)

.. B 1,
A:=A—”,B:= eoz ?a_"b"'
Ly nz0 0

Il = {Qo, B} = {Q0, A} = 1.
iy = 0,= Ntjy) = N|p) = NP|y) = 0,

0 = QoLbIw) = L1 Qo).
Qolp) =0

Lo=Lg—mj,£*-1=0
{Q0, Q13}o) = 0 = Qo (Q1lo)) = 0.

B
Q1lYo) =:—=QolYp1) = 1) = _ﬁQﬂlpo)-
0

B B
Q1|¢0) = iQo:A_”} Q1|¢0) = Qo (T” Q1|1/J0)>-
Ly Ly
{Q0, Q1}1¥1) = Qo(Q11¥1) + Q2o )).

B
Q1lY1) + Q2lv0) = Qoly2), [2) = —ﬁ(Qﬂl/h) + Q21¥0))
0

{Qo, Q1}¥1) = QoQ11¥1) — QF o) = QuQ1 1) + {Qo, Q23 o).

B
|¢k+1) = _E(Qﬂwk) + Q2|¢k—1))
0

)= I

keEN

QBW’) =0.




Ngh(lp) = Ngh(lpo) =1

Q11¥0) = Q2lYo) =0

sty =) sl
kEN

= QolYo) + Q1lY0) + QolY1) + Q210 + Q1lh1) + Qoltp2) + -+

=0 =0

=0
Habs(Qp) = Hre1(Qp) D coHre1(Qp)

|ll)> = |k0rk1r ‘J’) ® |¢J_)J |l/}J_) S g-[J.
(Lg —mf €2 = 1)) =0, pi,=-mf £2

(L — 1)) = 0,vn > 0: L7 |y) = 0.
Qp = coLo — boM + Qg + ¢oLy — byM + Qj
Qs = ciLE —bfM* + c5Ly —bg M~ + QF,

2 p2
mif
|| ~ _ _ all—

L1 _
M—=§(MiM)
Lilp) = Lolp) = 0.
IF =N+ N+ N+ N'+N” + N? + N £ N¢ =0,
(LF + LT — 2|y = 0,(LT — L)) = 0
vn > 0: L y) = LM yp) = 0
| W) = ¢(0)c(0)]0) = ¢,¢1]0).
Lolez) = £1We2) Lolwhez) = €lwe)-
k2= —m?mi= 2N+ N -2
——m,m.—ﬁ( + N —2),

m2¢? = —4 < 0.

V(k,z,z) = c(z)c(2)e¥ X2,




Campo gravitonico de gauge y campos cuanticos gravitacionales e interacciones locales y no
locales de las particulas supermasivas en simetrias axiales.
Expansion de campo.

Y[X(9), c(0)]: = (X(0),c(0) | ¥)

dPk
9= | G tallgat)

d’k .
lpa(x) =f (21‘[)D e1k~x¢a(k)
%)= i)
Campo escalar.
dPk

$0) = f Gy b0

dPk
|$) =f Wd)(k)lk),(ﬁ(k) = (k| ¢)

P e kyik ky = elk
5 Rk 1 9) 4 1y = e

b0 =190 = | 5

Warm-up.
(—A + m?)¢p(x) = 0.

k? = —m?2.

6 = | dkp(re™
0O = (¥ 19),$(K) = (k | ),
)= [ ol = [ degplk)
K x): = (xIKIx'y = 8(x — x')(—By +m2),

f dx'K(x, x")p(x") =0 & K|¢p)=0.

1 1
S = Ef dxp(x)(—A + m*)¢p(x) = Ef dx dx'p(x)K (x, x")p(x")

1
S =5 ($IKIg)




Qsly=0

deH
Qp|®)=10

(A,B):=(A|B),

1 1
§ = (05 P) = 7 (P Qs]®).

(A,B) = (—1)IIB(B, A),(QzA, B) = —(—1)!I(4, Q3B),

Ngn(®) = 1
1P| =1
|D)F = | D)t

(@, Q®) = (—1)I®1UPD(Q,d, ) = (—1)IPIA+HPD(Q,d, D)
= (Qz®, ) = — (-1, 0z D)

|P) = |D,) + co|Dy),
Cbl,ff)l EHy, = bolcbl) = b0|<'15l) = 0.
Ngh(®,) = 1, Ngp(d,) = 0.

Qs = coLo — boM + Q5
1 1, - - ~
§= §(¢¢|C0Lo|¢i) + E(¢l|COM|CDl) + (¢l|C0QB|CDl)-

0=—M|®;) + Qpld,),0 = coLo|P,) + coQp|P,).
|®) = |Dy) + [D1), [ D,)) = [I5| D), |Dy) = [I5| D).
[1;Qp|®P) = —boM|Py) + QB|¢l): Q5| P) = coLol®,) + QB'CDT);

[ 3 A,B] = [M, M] = [Il4, Ly] = 0
S= —1 ®, QD
2< »¥B )

1 _

= E(HSCD + [1,®, Q)
1 _ 1 _

= E(qu)r HSQBCD) + E(qu)' HSQBCD)

1 ~ 1 ~
= (@1, coLo®y + Q1) + 5 (@1, ~boMP; + Qpd)

1 1 ~ 1 1 ~
=5 (), coLo®y) + > (D, Qpdr) — 3 (@1, boM D) + 3 (@1, Qp®y).




Invariancia de Gauge.

) ~ 1) + QplA).

|P) — |@) = |P) + 67| P), 85|P) = Qp|A) Ngn(A) = 0
Gauge de Siegel y singularidad.

bo|®P) =0
bo
[A) = —A|®), A = =
Lo

0 = {Qp, bo}I¥) = Lo[¥)
bol®') = bo| D) + byQp|A) = 0
bo|®) = bo{Qp, A}|P) = boQpA|P),
boQp(A|®) +|A)) =0
A=A, + 0,2
AL =0 = AL =—0"A,

Kk
/1 == _FAPL

B1) =0 = @) = |®).
§= %(d)lCOLOch)'
Lo|®) =0
03|¢) =0
S= %(q)lQB{CO' bo}|®) = %<¢|Q3boco|¢)
= %(¢|{bo: Qg}colP) — %<¢|b0QBC0|¢)
= %(¢|COL0|¢)
Campo expansivo, paridad y nimero fantasma.
Ny = Ngn(¢r), |¢r| = n, mod2.
(b | bs) = Ors
l9r) = [p1r) + [P17), bo|prr) = colprr) = 0

[1) = co|1), bo|hy) = 0, Ngh (1) = Ngn () + 1.




®) = > wrly)
vr 9] = i1,
G(I/)r) =1-n,

® = Z ®p, Ny (@) =

nez

d3=<b++<b_,(b+=z cpn,cp_=z D,

n>1 n<1

vn, #n:y,. =0

(@) = 6(Ngn —1)I%) = D" 8t = 1) 19y)

|¢) = |CI)l) + |CDT) = |CD¢) + C0|€Isl>,
|®1) = co|®,), |®,) = bol®Pr),

bOlq)l) = O'C0|CDT) = Olb()lasl) =0

|®,) = z Yur|pur) D) = Z V1| brr)-

Z = f d¢cle_s[d)cl] — f dcbcle_%((bcllQBlcbcl)

YA =f n dwse_s[{wr}]
S

Transformaciones de gauge bajo la métrica de Faddeev-Popov.
F(d)cl): = bolcbcl) =0.

OF = bOQBlACI)J

1o 5F
iy

= detonB.
dethyQp = f dB'dCe S, Spp = —(B'|byQ5|C).
Ngh(B’) = 3, Ngh(C) =0.

1) = 8(Ngn —3) ) b1}, 10) = 6(Ngw) ) crlhy)

|br| = |Cr| =1




IB'| = 0,|C| = 1.

81C) = QplA_1), Ngh(A—l) =-1
8|B") = bolA'),  Ngn(A') =4

|A) = |Ag) + QplA_1),
|®g) — [P} + QplAg)

|B'Y = |B]) + co|B),|B): = |B]),
IA') = |A}) + co|AY).

8|B}) = |A}),8|B) =0

|[F'y = ¢o|B'Yy =0 = |B}) = 0.

!

det
I

1 1
= detcyby = detcydeth, = Edet{bo, Co} = 3

App = f dB dCe=SFelBL] Spp = (B|Qg|C)

bo|B) = 0,Ngn(B) = 2,|B| =1

1
Srp = 5 ((BIQ51C) + (C1Q5|B)).
|B) = |B,) + co|By)

81B) = QplA1)

@)= 1o,)

bolq)) =0 = bol(bn) = 0.

)= 16w

nez

7= f d dBe-SI®f)

1
S[P, 8] = (@|Qp|P) + (Blbo|P)

_ Z (%(q)z—n|QB|¢'n) + <,84-—n|b0|(DTl))

nez

5|®) = QglA)

)= 18

nez




Accion de espacio — tiempo curvo.

1 dPk P 4
>=\/7f o | T+ Au0aly 41 |5 Bb_scy + - |k

(a'k? — )T (k) = 0,k2A, (k) + ik, B(k) = 0,
ktA, (k) +iB(k) = 0.

k2A, (k) — kyk - ACl) = 0
(@A +1)T = 0,B = 844, AA, = 9,B
Qp = coLo —boM + Qp

A m m
M ~2c_q¢1,Qp ~ €117 + ¢4 LT,
LT ~ Qg * Aq, Lr_n]_ ~ Uy A_1.

Qp|®P) = ——— (T(k)coLolk, 1) + Au(k)(COLO T+ NypC_10q ao)a 1k L)

=/ @
+i\/§B(k)(—2boc_1(:jL + nvpcla‘_’lag)b_lco|k, 1)

= [ G MW@k = Dalk )
+A, (k) (a'k?coat, +2a'n, ,m*kPc_y) |k, 1)
+i\/§B(k)(2c_1 +V2a'n,,kPa’ico)lk, l))
1 d’k 5
=7z @op (T(k)(a'k* = Dcolk, 1)

+a' (A, (k)k? + ik“B(k)coat |k, L)
+V2a' (k#A, (k) +iB(k))c_q1k, 1))
dPk

i
|A) = e @op (A(k)b_1lk, ) + --).

al
QplA) = rf T )Dxl(k) —\[;kzb_lc0+k#af‘1 Ik, L),

84, = —ik,A,6B = k22,

u

dPk
Ty = f S5l 0),




dPk
(T] = f o Tk Oles

dPk
(T%| =f 7 T(k)*(k, 0|c_,
T(k)" =T(-k)

1 dPk 1
S =3 | Gyt (K2~ ) 760

1 d°k )
S[A] =§f Gy IOk

L'(')' 1
_=_k2 2
> 2( +m*)

d?k  dPk’
(2m)P (2m)P
1 d?k  dPk’

o (Zn)D (2m)P ——T ()T k") (a'k? — 1){(—k',0|c_;cocq |k, 0)

(TleoLo|T) = ——5 T (k)T (k'){—k',0lc_1¢coLocq |k, 0)

= f (Zn)D PR TR)T (k) (@' k% — 1)@ (k + k')
Qs|¥)=0
§ =5 (%,04%).
Ngh (¥) = 2
Ngp () = 1.
(A, B) = (Al|cq |B).

§ =3 (Wleg Qul¥).
Ho=H~ @ cyH ™, H = H nkerby,
[Py = [W_) +c5 |P_), ¥_, P_e H~
co |¥) = cq |W-).
by |®) = 0
Lg|¥) =0,

Y e H ™ nkerly.

[¥) = [W') = |¥) + 64|¥), 64|P) = QplA),

Ngn(A) = 1,Lg|A) = 0,bg |A) = 0




b W) = 0.
1 1 )
S = E(WICECS’L?SI‘V) = Z(‘VICoCoL?SI‘P)-

Lt |W) = 0.

o Qg = (co — Go)(coLo + EoLo) = coCo(Lo + Lo).

Off-shell.
3
Az = Vi(z;)) & (z3 —zp) M2 x perms x c.c.
0,3 1:1[ 1 2
SZ
az+b
z — fg(Z) = m € SL(Z,(C)
2= fi(w),z = £(0)
f o V(W) = f' )" Fw) VW)
3 3 & 3
Aoz =([ | frem@) = (]_[ JHOUHO! ) [ [ ncron
i=1 g2 i=1 i=1 52
3 _
X (H ﬁ’(O)hiW'“)(fl(O) = f(0))s ™M~ x perms X c.c.
i=1
afi+b
fi=r v
. i
v ™ 2 v (e + @)
¥
0
Vo,3(7"1, V2, 13) = Vs = Aos(M, Y2, 13).

Y




A0,4 = J d224

i=1

3
1_[ ccV; (Zi)V4(Z4)>
SZ

Zy = 21,23,Z3

3 3
2+ki'k]' 2 ki-k
Ay X | | |Zi_Zj| f d®z, |zy — z;|*t"

i<j

2

d?q
7’0(,i)=f W(C5V1(21)C5V2(22)CCTV3(0)|QJ’4 V4(qy4)>

d?q P
f]-"o(,i) = _f W(chl(zl)cc'Vz(zz)sﬁ \wi=|q|2/2 dww(w)$ \wi=|q|2/? dwb(w)cc‘V4(qy4)cEV3(0)>

; ¢ I
7 = = | e @)ecta@)$ dwwbw)$ AmTBWIgteg et (ects (0)
© 8q | otogop b b
Foa = (05V1(Z1)CEV2(Zz)¢r(0))(C5V3(Z3)C5V4()’4)¢s(0))f W(d’rq °q °bob0¢s)

d? o
A5, 09 = (@Elalgy = - o (Faiaiobobug)
F3 = Vo3 (caVy(21), cEVa(22), 6r(0)) X A(E, E) X Vo 3(cEVs(23), cCVy(va), $5(0))

7 73

qg=et9 seR,,0€[0.2m)




qu _ o 2m Y i ~ 2
f WQL"qL" = ZJ; dsJ; dfe=sot+Lo) @i (Lo=Lo) = Lt L, OLo.Lo
2byby by _
R L Ebo 8150
_ a'
Lolda(K)) = Lolpa(K)) = = (k* +m) 1 (K))
d?q o Mg p (k)
8o (1) = | (@000 g Db (-10) = 5
[ 2 Cc +1,— c
Mep (k)= —{$a(k)|bg by |95 (=H).
7 Vs
41 Vs
(t) _ (u)
f0,4 e ]:0,4 -
0 0\
72 Y4
72 Y4
N Y3




Estados Off-shell.
H=H,R J{gh.

H = Span{|¢:)}.

nyi= gh((pr) EL

0 Ngp(¢y) even
|¢r|: = Ngh(¢r) mod2 = {1 Ngh(¢r) odd

(DF | ) = By
n: = Ngn(¢f)
né+n, =6
(Br 1 ) =0

(¢r | 5 = (=D)!¥rls,.

1= 191 = ). (~DIeE)9

H=H, D cIH,
Hy:=H nkerby = Hy @ cg Ho, Ho: = H N kerby N kerbg
Lolg) = 0,bg |¢) =0
H~H, @ H, @ Hy @ Hn,
Hyp ~ Ho, Hyp ~ CoHyy Hyy ~ coHyy Hipy ~ coCoHyy

br = by + Gury + Grip + Groy

= Go|purr) =0,

bo|®u1r) = bo|pus) =0, bo|durr)
Colpr1r) = 0.

co|rir) = bo|drr) =0, co|drrr)
|d11r) = Co|duur) [Drir) = colPrir) |dr0r) = coo|biir)-

¢7f = ¢fl,r + (»bicT,r + ¢Tcl,r + (»b%T,r

(Dfirco = (bfirlco =0, (@fi,|co = (¢f¢,r|5_o =0,
(¢Tcl,1“|b0 = <¢Tcl,r|50 =0, <¢%‘T,r|b0 = <¢%‘T,r|b0 =0.

(‘l)fT,rl = (‘»bicl,rlBO <¢Tclr| = (‘»bicl,rlbo ((»b?Trl = (‘»blcl,rlBObO-

<¢§r | ¢y,s> = 5xy5rs

b6|¢r) =0= b0|¢r) = Eol¢r)




Dty + P11y = Prir + D111

¢r = 2(Puur + burr)

Amplitudes Off-shell.
Xgn'= )((Zg,n) =2-29—n
9g=z2
Mg n: = dimgMy,, = 6g — 6 + 2n, for {g =1n=1,
g=0n2=3.

Agn(Vy, .., V) = JM wlgﬂ;’_n(vl, V)

gn

n
ghosts X 1_[ 1Z
i=1

Mgn

X /\ dt,l
Zgn A=1

n
wﬁg‘n(vl, V) =

Coordenadas locales.

z = fiwy), z; = £;(0)

AgnVy, o, V)s, = oy Vg, ., V)
9, s gn

gn




Figuras 4, 5 y 6. Curvatura local provocada por una particula supermasiva.

VSgniAgn(WVy, ... ,Vn)tgg’n =Agn(Vy, ..., Vy) (on-shell ).

local coord. } Pon

b

Sg,n

>

Mg’n

Figura 7. Fluctuaciones en el sistema de coordenadas de una particula supermasiva al deformar o curvar

el espacio — tiempo cuantico.




Geometria en espacios de Moduli y superficies de Riemann.
disks = n.
\#spheres = 2g — 2 + n.

n+32g—-2+n)

circles = > =3g—3+2n

Figura 8. Propagadores de una particula repercutida en relacion al propagador de la particula

supermasiva.




W A: @

Wn, :' Wny

92 ;12

/ \

Figuras 9 y 10. Entrelazamiento cuantico por curvatura local en dimension R*, es decir, en la misma
y

dimension.
Cacaby: = Sa N Sp, Cigay: = Sa N Dy, {Co} = {Cp, Ci}
A=1, ., M5, MS, =39 —3 41

on Caapy: Za = Fap (zp)
on Cjq)iZq = failwy)

w; — W; = el%w,
z = fiw),z = f(w;)
fiw) = fi(eiiw;)

Pyn = Pyn/U(D"

on Caapy: Za — Zam = ———
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Figuras 11,12, 13,14, 15,16, 17, 18, 19y 20. Puente de Einstein — Rosen a escala cudntica por curvatura

local en dimensiéon R*, es decir, en la misma dimension.
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Figuras 21 y 22. Deformacion local del espacio — tiempo cuantico y fluctuaciones de materia y energia
de la particula supermasiva.
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Figura 23, 23A y 23B. Operadores de vértice.
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Figuras 24, 25, 26, 27, 28, 29 y 30. Diagramas de Feynman de una particula supermasiva.
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Espacio de Hilbert en CFT.
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Formalismo BV.

S==Y n 292 %y wmy

g>0 nz0
2g —24n
S (Wlcs 0p1¥) + 2 V)
gn>0

R Y

Y eH™ nkerLy.

(S,S) —2RAS = 0




¥) =) 1)

Y=y, 4y

W= S =Y Y bl

T nes2 T ng>2
G =0,6(¥r) <0
Gpr) =-1-GH")

G@r)=2—Ngh(bgp7) =2+1—ng
=3-(6-n)=-3+2-6Y"N))=-1-6E")

0gS 0.8 0R0.S
R 01> 9ROL

=0
oYr oYy OYToYy
aRSgl,nl aLng,le + haRaLSg—l,n —

T oy ov;

gl,gzzo nl,nZZO
g1tg2=9g nitnz=n

V;
VIV, . V)=V — z = z (hg?)IV R (Vy, .., V),
Vn g=0

Vgllgl(vl, ...,Vn): = f .
R

agn

(l)lgl'::n(vl, ey VTL)'

Sipt = — g—?vlpl(wn):1<lp|c-c+L+|qJ)+iz 95 e gpmy

nz=0 nz=0

1 1 g2
- g
Sim = HIGQI¥) + 25 ) VT

n=0

Independencia background.

A 2
BSc = 5 f 20(2,2)

11 -1
Sil9] = | 3l Qa9 + ) VPN

S n=0

1
Fi(9) = Q51 %) + ) = £ (¥ = 0




Deformacion de CFT.

A
Seee2[W1] = Scee1[1] + %f d?ze(z,2)
A
<l_[ oi(zi,zz-)> = <exp (-5 @z0e2)[] oi(zi.z'i)>
i 2 i 1
A

~ <1_[ Oi(zi'z_i)> —EL dzZ<<P(ZrZ_)H Oi(Zi'Z_i)>

i 1 i 1
6<l_[ oi(zi,zz-)> -] d2z<<p(z,f>ﬂ oi(zi.z'i)>

i 1 e i

dz _ dz
8Ly =29 |z1=1 2—mzn+1fp(2, 2,60y, =29 |z=1 Z—MZ_nH(P(Z.Z_)-

1

dz i z _
8Qs =29 |z)=1 Z—mC(ZYP(Z: )+ 2% g2 z—mC(Z_)QD(Z:Z_)-

{QB, 5QB} = O(Az)

dz o dz L
8L|0) = 29 IzI=1%ZZ 2’1297 0pq) — 26 IzI=1ﬁZ 22712971 0p ),
p.a p.d

¢ (z,2)0(0,0) = Z zP~1z9710, ,(0,0)
p.q

Sp[W1] = 51[W1] + 651 (W]

1/(1 1
88, [¥,] = ?<§ (W1lcog 6Qp|W1) + Z Ec?Vn(‘Pln))

S n=0

Fy (W) = Fy (W) + A6F, (¥;) = 0
1
ASF,(P,) = 50,|W,) + Z — 58, (¥1)

[¥1) = A|¥o), [Wo) = c1¢1(0)|9)
[¥1) = A|%o) + [¥'),

S1[W1] = $1[Wol + S'[¥']

11 1
S = (5 (P'leo Qs + Z — (™ + Wnﬂ(%,‘v'")))

F' (W)= F (P + A8F' (P) =0




1
SF (W) = D — s (¥, ¥'™)

n

Fi(Wy) + A8F; (¥)) = (1 + M (W) (FL (W) + A8F'(¥))
|Wp) = |¥') + A|6¥")

d
SR /wlp')| + 5FL (W) — 6F' (W) = M(¥)F, (%)
A=0
1
AQ5I8W) 42—y (SW, W) + 6Q51¥')
n

1 1
+Z — 50, (¥™) —AZ — L1 (¥, ¥ = 0
n ' n '
- 1A 1 A m —_ 1A 1 m
A: = AAlcy Qp|6W )+Az V(4,59 0) + (A]c5 55| >+Z — 8V (4, 9™
n n

1
S2 T (A, W, W)
i !
(A|CO_6QB|B) = A’VOI,?) (LIJOﬁ B; A)P S’Vn(l}l’n) = Av‘r’l+1(l},01 l}l’n)’

1
(Alcs |89y = Z — B (Yo, 97", 4)

n

Vi= ) VinBa=) Byn

g=0 g=0

1 1
A= _Z 1 o2 <q10,lp'n, Q)+ Z minl Bra2(Wo, W™ L1 (A, 9))
n mn

1 1
F D V(A W, W) = (4, W, W)
n n

Brsa (W W', QA) = 0Bpp (Wo, U™, A) + 1B o (Wo, ¥, Q5 W', 4)
n
= 0Basa (P, W™ A) = D By (W, W™, £ (™), 4)
m




1 1
A= E aBn+2 (lpor P, A) N Z m Bn+s (IPOJ w, em (qﬂm)’ A)
mn

1 1
+ Z WBMZ(‘PO,‘P’"‘, Lni (A, 9'™) + Z Ev,gﬂ(A, Yo, ¥'M)
mn n

1
= a4 9™
n

0B i2(Wo, ¥'™, 4)
= V2 (AW, V') + Vo (4, %o, ')

n!
tD o Brasa(Yo T, £, (97, 4)
mq,m;y

mi+my=n

n!
mq,my

mi+my=n
Membranas, Simetrias y espacios planckianos en dimensién R*. Singularidad.
_ lJ
0Boz = Vo3 — Vo3

c/2 2T(w)  dT(w)
z-w)?* (z—-w)? z—-w

2¢/3  2T(w)
(z-w)® (z—-w)

G(w) aG(w)
G—wi2 " Z—w)

T(2)T(w) ~

G(z)G(w) ~

3
T(2)G(w) ~ >

h(B) = (;0>.h(y) - (—%,0)

1
— BDY(W) ~ ~

7 —

Y(@)BWw) ~

zZ—w
. 3 1
T8" = —2bdc + cdb, TFY = E[)’ay + Eyaﬁ
Ngn(b) = Ngn(B) = —1,Ngn(c) = Ngn(y) =1
y =ne?,f = 05e”?

5(r) = e, 6(8) = e?

f dCO=0=>f dCOC():l




J dyp =0 = J dyod(yo) =1
TBY = T8 4+ T9,

T = —noé, T = —%(6(1))2 — 0%¢.

1 eld1+a2)p(w)

Q102 ng2pW) o~ ~ —
pr— el1 ez G wya dp(z)dp(w)

Ngn(m) =1, Ngp(§) = —1, Ngn(¢) = 0.

$(@)n(w) ~

Npic (eq¢) =4q, Npic =1 Npic m=-1
Npic =2(9-1D= —Xg-
) = _ 4
h(e ) =3 (g+2)

1

(o) =5 he?) =

1
jg = c(T™ +TF") +yG + bede — 2 y*b
Jp = €T™ + bédc
1 1
X(2) = {Q5,¢(2)} = cdé +e®G — Zanewb _ Za(nez"’b),

x = 1§ de
07 2mi z @)

Hsman = {P)noly) = 0}.

Hmall = Hiarge N Kerng
(k|c_1€_1coCoc1C1e 2P|k = 2m)PEDP) (k + k')
(k|C_1C_1CoCocyE1e 2@ =D | k'Y = —(2m)P 5P (k + k')
Hr = Hys @ Hr
}TT =H_ 1D 7{—1/2'7'TT =H_ 1D 7'[—3/2

Ip) = eP#(0)]0).

1
vnz—p—z:fnlp) =0

3
Vnzp+5:ivalp) =0

Hr = Span{l¢,)}, Hr = Span{l¢f)}

(z—-w)?




(¢r | Ps) = by
1= 16 )9f]

1= (~)%Ige)|

_ {1 NS sector,
§= X, Rsector.

[6.L5] = [6,b5] =[G, Q5] = 0.
Mg,m,n: = dimMg,m,n = 6g —6+2m+2n
Ngph = 6 — 69, Npic = 29 — 2

n
npco:=Zg—2+m+§

Ag,m,n (ViNS' VJR) = f Q‘Mg,m,n (ViNS’ VJ'R)’

Mgmn Mpco
O, = (—270) Momn Budty | | x| | VS| | VR
» 7\ mas[Txoo[ o] ]
da, da,
Ba—ZSﬁ o b0 5 (e 0) +Zsﬁ B O (F '(6))
a}’A
X(y )at 9§ (ya)

X(ya) — 0&(ya)dy,

1 2 ny +n, NS
I()C)O'I'nl()c)o=z(gl+gz)_2+(m1+m2_2)+T=n]()co)
A =b+b_—_6 L_
NS 0 0L0+L0 ( 0)
1 2 ng+n,—2 R
W, 412, = 25+ 9) ~ 2+ (my + g+ 2Ty

47— xO _
AR=b0b0L TL 6(Ly)
0

0

=i95 dwél)x(w(l))zi,gi dW'SZ)x(W(Z))

D




9
A = biby ——=6(Ly)
0 0L0+L0 0
1 igd+m
ANS~k2+mzr R~k2+m2

n+1

n m
C(xi:yj;Zq) = l_[ E(xy) n(yj)l_[ eqk®(zi)
i=1 1 k=1

j=

ey 9s(=yyr + X xi — X5 vy + X dic) % Micir ECeox) Mjcjr E()37)
H:l;-::[l 195(_xi’ + Zi Xi — Z] y] + Zk quk) Hi,j E(xi'yj) Hk,«[ E(Zklzf)qkq{,

ZCIk=0-
3

E(x, ~ _
x ) 0 xoy X =Y
n+1 n m
s xl_z }’j+z Qrzk | =0
=2 j=1 k=1

(A®]Q =0,

Q=0 ®1®" 1 +..+19"1 Q @,
(A®[n =0
n=n,Q®1®" 1 4. + 18771 Q.
(A®)| = (a®]q,

(@@ =0
(40-] = @y

W= +Y

no|¥) =0
- ¢ _ 1 NS
070 Lo +Ly ° X, R

by |W) = Lg|¥) = 0,bg |¥) = 0
X = Go8(Bo) + bod'(Bo), Y = —co6’ (¥o)

[QB'X] =0

XYX =X




XY|W_1)2) = |W_1/2)

Beg |¥) = |¥),

T4, -
= br — elfly — . .
B = by fo 945 = 5(b)8(L7)

So2 = —%(W—1|05Q3|w—1) - %(W—1/2|CO_YQB|W—1/2>-
8|¥) = QplA)
A=A_1+A 1)
=0, +F,,
b3 1) = Ls|P) = 0,b3|F) = 0

1 & TN /T
So2 = 5 (Pleo ey LoGIP) — (Pleg e L [W).

K =cyciLt (‘19 (1))

10 1
A = by b —
0roLE (1 g)
o|¥) = QB|A):5|‘TJ) = QBlK);
Qs|¥) =0, QB@) =0

Qp(I¥) — GIP)) = 0,05|F) = /(¥)),
Qs¥) = Gl/(Y))

1
So2 =— E((LPO'UOQBLPO))I

81Wo) = QplAq) + 1olQy),
Qs1o|¥o) = 0
$olWo) =0
o) = &ol¥-1)
Qpl¥-1) =0

Momentum en dimensién R*— espacio SFT.

dPk
W) =Z f o P19 ()




5= = | dPhir 0 Kap g (k) = Y [ by AUl G, () e )

nz0

~iMgg

kZ +m2

@ —Kp = Kop(k)™* = Qa(k),

lim VO =0, lim V™ =

kO0—+ijco k0—>+4o00

By mn) ~ [ AT [ | dPeseon™rts — 2yt - pi = Fy (i,

S
1
x|y———?-1ﬂ
a%+mg@zr)

Rotacion de Wick.




Im /0

g- =p°—/(p—- 02 +m?

g+ ="+ /(P - €2 +m?
o

A
5 X e
: - 0
p- = —V £ +m? py = VA +m? Re/
Im /° 4
\\\
i€ t > ® // vas ) >
.‘ Re /°
\\\ --------

Figuras 31, 32 y 33. Coordenadas de una particula supermasiva en aniquilacion.

Sistema de Coordenadas.

xt=(x%x),u=0,..,D-1=di

1,..,d

0% =(0%0%,a=0,..,p—1La=1,..,p.

Nuwv = diag(—l, 1, ...,1).
d




TteERo0€[0,L),0c~0+1L,

P
- 2m ), 7T o

w=1t+io,w=r1—io

ds? = d7? + do? = dw dw

+

w=lic",w=1io".
7 = eZTl’W/L’Z— = 2mW/L
i zzZ
€, = —,€°% = =2i

Sistema de Operadores.

[4,B]:=[A,B]. = AB — BA,{A,B}: = [A,B], = AB + BA.

4] = {+1 Grassmann odd
0 Grassmann even

AB = (—1)MIIEIp4,

Sistema QFT.
pt:= (E.p')
(N;,Ng),N =N, + Ng
§p(x) = ¢'(x) — P(x).

w5
7(09) 5

JE=2 VJE=0

a

Qa = %sﬁ zd” " xvhjg

8gap(x) = ia® [Qa ¢(x)]




L s¢
0(0u¢) 6a*
Saed(x) = —a*[Qq, § ()]

u _ .
q =ik

Espacio curvo y gravedad.
Vy=0,+T,

V,AY = 0, A" + T, AP

1
A=gtv,Vv,= ﬁvu(\/gngv)

. __ 216
I'W__\/_E(Sgliv

Analisis Complejo - Cauchy-Riemann.

$ dw fw) _f™V(@)
“omi(w—2z)" (n—1)!’

-1
d -= 2183 (2)

QFT, espacios curvos y gravedad. Funcion de Green.

_8(x—y)

DyG(x,y) \/E - P(x,y),
b— 1 I
Vv __g #(ﬁv )
SxH = fﬂ,

69uv =Leguy = Vufv + vau

-fv dPxv,vH = ¢ o dz,v*, d3,: = en,d”'%,
dP?~'s = [g d®~tx,n, = 6

_1 H
QS—ZL dzu]a

Dimensiones D. Teorema de Stokes.

f d?xd,v* = €, dx"vF =¢ (v°do —v! dr)




1 1
= — 2
Xgib * 47TJ. da,/gR+27T93 dsk
=2-2g-b

4t S

Tap = \/gé‘gab

Plano Complejo.
z=x+iy,z=x—1y
1
ds? = dx® +dy* = 2 dZ 9oz = 5,922 = 92z = 0
i :
€22 = E.GZZ =—2i

1 _ 1
0:=0, = (0, ~10,),0:= 0; = 5 (0, +19,)

VZ=VX4iVY,VZ=V*—iVYy
20 — _l 2 2, =
dx—dxdy—zdz,dz—dzdz

6(z)=%6(2)(x),1= f A225@ (7) = f a2x5® (x)

f d?z(0,v% + 0,v%) = —i r(dzv? — dzv?) = —2i$ (v, dz — v; d2)
R

Propiedades generales.

d h
Feo@= (L) oG
5 & o
D= =6 c3 ™ I9(2)

Vn = —h+1:¢,[0) =0
vn < h—1: (0|, = 0.
[6): = $(0)]0) = ¢_1]0).
($]:= (011 © $7(0) = lim 22701 (2), (p]: = (OII* 0 $(0) = (£ 1)" lim z2%(0](2).

rm=y S

n

héw)  9¢w)

(z—-w)? z-—w

T(2)pw) ~

T ) ~ c/2 27 (w)_, 0T(w)

z-w)?* (z—-w)? z—-w




Conjugaciones Hermitianas y BPZ.
Hermitiana.
(AA; -+ An|ODT = (0] A, -+ AT
BPZ.
bh = (* o )y = (“DM(ED -y
(AA; -+ A|0)* = A0](A1)" -+ (An)".
(A, B) = (—1)IAIIBI(B, A).
VA:(AIB)=0 = |B)=0.
(@5 | §s) = br
(pr | pS) = (=D)!¥rls,.

Campo escalar.

14 ~H
a — a
. U — E n . u — n
10X Zn+1 4 10X Fn+1
n n

[am, @] = MEpin o™, [@m, @) = MEpinon™, [am, @] = 0.

a
H_ SH | u
g = & ) p
[x#,p¥] =nH.
) ~ _ (Z'Zkz
Vi(z,2) =:eiX@D: h=h = 2

pHlky = kH[k), vn > 0: a|k) = 0,a”|k) = 0.
k) = Vi (0,0)]0) = e"*¥|0).
(klp* = (k|k*, (k| = k)T, (—k| = [k)".

Reparametrizaciones fantasmas.

€ = 1’1 = 2, Cgh = —26’ Qgh = —3, agh = —1.

h(b) = 2,h(c) = —1




b(z) = Z Z%,C(Z) = Z ;1—711

nez nez
dz dz
— _— n+1 — - n-2
b, =¢ 5i? b(2),c, = ¢ 57 c(2).
{bm' Cn} = 6m+n,0r {bm' bn} =0, {Cm' Cn} =0.

T = —2:bdc: —: dbc:
Ly = Z n+m):by_ncn:= Z (2m —n):bycp_n:

n n

Ly = —Z nib,c = Z n:b_,cy:

n n
[Lm, byl = (M = )by, [Lns ] = —(2m +n)cpyn

[Lo,bol = 0,[Lg,col =0

= —bei Ny, = § dz
j=—tbci,Ngpn 1, = Zni](Z)

Ngh(c) =1, Ngh(b) ==

jmz_z by_nCn:= Z tbpCmont, N ghL_]O_ Z th_pcy:

n
o . . 3
UmsJn] = m6m+n,0: (L jn] = —Njmin — Em(m + 1)6m+n,0

[Ngh, b(W)] = —b(W), [Ngn, c(W)] = c(w)

NP = Z nNP,N¢ = Z nNg,
n>0 n>o0

NP =:b_,c,:, NS =:c_,by,:

[N7lrJu b—n] = b—n(sm,n' [Nrgu C—n] = C—nam,n

_1W,b(z)c(w) ~ ! W,b(z)b(w) ~0,c(z)c(w) ~ 0,
2b(w) ab(w) —c(w)  dc(w)

(z —W)2+ T()(W) (z=w)?2 z—-w’
(w) ( ) ow)

b(w
J@bW) ~ ————.j(@)eWw) ~ ——.j(2)O(W) ~ Ngn(0) ——,

c(z)b(w) ~ Z

T(z2)b(w) ~

1
Jj@)jw) ~ Z=wy

-3 jw)  9j(w)
z-w)3 (z—-w)? z—-w’

T(2)j(w) ~

N¢—NP=3-3g




3
_ eyl

vn > —-2:b,|0)=0,Yn>1:¢,|0) =0
| 1):= c110),] T): = coc10).

Lol 1) = agn| 1), Lo| T) = agn| 1), agn = —1.

L, = Z (1 = (1 = A)M)*bynCn * + AgnOmo»

n

Jm = Z *bm—ncn "+ 5m,0-

n

Ly = Z nib_nChe + agnh = Lo—1,

n

N o 13

Ngh.L =Jo =Z b_ncp+1 :Ngh,L +§(N0 —NO)—E,
n

Lo=NP+ N Ngp:= Z (NE — ND).

n>0

Ngn[0) = 0, Ngn[ {) = | 1), Ngn| T) = 2| T).
1 1
cyl _ _ cyl _
N b = =S I DN =21,

b;{ =b_,, c; =c_p
bp = (D) "b_yp, cp = —(FD ey,
| ¥ = (0lc_q, | T)¥ = (0lc_yco.
(Ll:=14F=F0]c_, (T |:= | 1)* = £(0|coc_y
(LI=FIH5 1 =FI D
(T = (L lcol 1) = (0fc_1¢0c4]0) = 1,

(0] = (0lc_1cocq

1
b = E(Cn i5n)

S
S

=b, + b,

{br-'r-u C;} = Smtns {br;u CE} = Omn

_ 1
b, b} = 2b,b,, c ¢t = EC"En




Campo graviténico. Operadores, progagadores, funciones fantasmas, supersimetrias, antisimetria
y supermembranas y sistema de coordenadas.

(an)t =—-(xD"a_y, (bn)t = (x1)"b_p, (Cn)t =—(xD"c_,

-, 1 _
L =bnibn'cﬁzi(cnicn)

SH

=Lp+Lpb

S

(4, B) = (A|cq |B),
(A,B) = (A | B).
|k, 0):= [k) ® |0), |k, {):= [k) & [ ).

(kL |colk, Ly = (k',0|c_1cocq |k, 0) = m)PSP) (k + k")

(I, LU (coColke, L) = (K", 0lc_1 &1 CoocyCy |k, 0) = (2m)PE®) (k + k')
[6@|? = G(D) (5P, 5D),
B = G(@)(®, D)
dd,/detG (®).
(6P, 0D,) = G(P)(EDP1, 6D,), (P, Py) = G(P) (P, Dy).
60l = [ dxp(OYan (@GO (I5P, ()

Gap (%, Y)(P) = 8(x = ¥)p(X)¥ap (P(x)).

1

JdetG (@)

f dbe-G(@)(@P)

f dsPe-G(@)(EP.6®) _

f d®,/detG (D)F (d)

1
S = —Etrln G(P)

YA =f ch)e_Scl(cD)

G(6®,D5P) = G(DT6®P, 5P)

d->D+e¢




f d(De_%chSlZ:J dfbe_%lqpIz
1 1 ~ 1, ~
f dde 21+l =f d@detge_flcplz :] Ade 2%
od
40,/AetG(®) = dB_|detG(®), 6(0)(50, 50) = G(B)(5®, 55)

oD detG (P
det—| = etG (%)

do = J(®, D)dD,J (@, P) = 23 |detG (@)

f dspe19® = 1

](a’))—l =f dé‘a’)e—(f(éﬁs,csfﬁ)

—d taf“_d taﬁ“

J = de dxk ¢ ovH
ox*
axv

ot =vV

D(I)0=O

D =Py + P, (Py, d') =0

1 1, .
Z[p] = f dd)\/detGe_f(d"Dq’):( f dCDO) f d'e2(®"P?")
1
z[D,J] = f dpVdetGe 2P -U)

1., ,
ZIb.J] =f dq’oe'(]'%)f 4@’ e 2(®"02)-(2)

fdx=oo
fd9=0

f 66 =f d6s(6) = 1

f dxé(x) =1

0o(x) = ;9 (x), kerD = Span{y;}




n

1
dé = —d@’l_[ dfy;

’det(z/)i, lllj) i=1

dgl_[ 0(x;) _Mdg'

/det(llll, ¥))

1=f dge 1o =f dg’d@ye 11"~ 16l’

=1f de'H a0, 10T 100" =  [det(p, )
[ deoﬂe(x,-)= [ deoljeo(xj) W —L [« eoﬂ o)

detl/)l(x]) fl_[ d6y;0p; = ——= detv (xj)

i /det(llll,lllj |det(i,1;)

8" = €%8,¢" = €“Ri(¢)

€8,5m =

Cuantizacion BRST.

(64,81 = £,
RL($) = (TR)' j/,
Rb, =650, + f5AL

Z= 05k | dglesn
FA(¢') =0

Sgh = bACaSaFA(¢i)1
Sgt = —iB4FA(¢p")

= f d¢l dbA dc? dBAe_StOt

StOt == Sm + ng + Sgh
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Cuantica BV.
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A=
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p=1
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Gravedad cuantica endogena en planos cuanticos relativistas.

Cilculos preliminares.

|H| « H?,

ds? = —dt? + a?(t)dx?.

hc
/? = 1.2 x 10°GeV/c?,

ol = 871G = (2.4 x 10'8GeV) ™2
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R =f d3xR(x)ekx,

(RiRyr) = (2m)3Pr(k)S(k + k).
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a',M?

1
o
2k? = 2m)7 (a")*
Métrica de Friedmann-Robertson-Walker (FRW).
ds? = —dt? + a?(t)dx?.

ds? = a?(1)[—d7? + dx?],

t o dt’ @ dln a lda
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0 a(t) 0 a a
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a(t) « eft

3MHH? =p
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2MHH = —(p + P)

£= E(1 + E)
2 p
Accion de Goldstone.
U(t,x) =t+n(t,x)
Y (t,x) = P (t + 1 (t, X)) — P (O).
gij = a*(t)5y;
gij = > (£)e**0g;;

R=—Hrm+ -,

S =f d*x[~gL [U' (auU)Z'D U""]

M2|H| c2
) _ pl . s
S = f d*x,/—g e [nz - (0;m)% + 3eH27r2]
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1 . c?
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'Uk+3H'l7k+ a2 'Uk=0

_ sk

w(t) = a0

ﬁk = vk(t)&k + h.c.

/a*

1 H?

T 2(c,k)?

Perturbaciones de Curvatura.

1 H* 1
Pr(k) = |Ry|* = 4mﬁ

A% (k i — Pr(k ! o
R( )— R( ) 877.'2 Mgllchs.

_din A}
~ din k

ng — =—-2e—1T—k

Cs
and Kk =

R
T He Hcg

Ondas gravitacionales.

gij = az(t)((Yij + Zhl])

s@ =3[ axaty?|(hy)* - 2 (0uho)’]

N(k) =~ p ey = =1L
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Anisotropias CMB.
et+tp->H+y
AT(n) =T(n) —T.
C(9) = <AT AT( ,)>
©) = (=W =),
+¢

ATTEn) = i Z AomYom(M)

£=0 m=—¢

*
(agma{,,m/) = C[(S{;gl(smml

1
Cp = 27tf dcos 6C(8)P,(cos 6)
-1

Co=grg Y laeml
CT 1Ly ' Mm
m

2

var(€,) = (CoCo) - (Co)” = 2¢+1 c

C, = f dln kA% (k)TZ (k)

Polarizacion CMB.

(Q £iU)' (n) = eP2¥(Q + iU)(n).
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2

Az tm — A—2.¢m
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Estructura Escalar.
Ps(z,k) = T§ (2, k)Px (k)

8,(2 %) = b(2)8(2,%)

cz 1/3
W

Dy = |1+ 22DF(

Modelo CDM.

ng—1

200 = 45 (i)
As = (2.19640938) x 107,
ns = 0.9603 + 0.0073
Fluctuaciones Escalares.

ns—1+%asln (k/ky)

%00 = 45 (i)

Fluctuaciones Tensoriales.

r < 0.12 (95% limit ).

(0| Ry, Rie, 10) = (27)3Pr(ky)S(ky + key),
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3
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3
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Figuras 34 y 35. Curvatura local por deformacion del espacio — tiempo cuantico, a propoésito de una

particular supermasiva, esto en dimension R*.

s© = f d4x\/_ pl (1—c2 (

9: 2
7(0;m) +_27T3>
N

fioeal = 2.7 +5.8,
il

= —42+75,

frhe = =25 + 39.

Adiabaticity.

pi(t + m(t,x)) — p; (1) PI
510 (62,

6;(t,x) =

3
SE(SC—ZSY

S
i
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ay < 0.036

@y < 0.0025.




Curvatura isotrdpica.

H
nt—Zﬁ
_ T

ng = 3

a; = 162 — 67 + iy

NCMB (‘emax>2 ~ 106
‘emin

k 3
st - ()~ 1,
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AN 2 o)
equll ~0 (1)

1
= 2.4 % 1018GeV

M, =
PL7 [8nGy

Accion efectiva.
Lp, V] = Li[p] + Lp[P] + Lin[, P]

piSerrl®] — f [DW]eisH]

O
p(—O+M>) "¢ = %(1 toE Tt )qb
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Parametrizaciones de simetria.

Lelg] = Lz[¢]+z e

Am, = aA

Am, = am,In (A/m,)

(Tuv> = —Pvac9uv

Apyac ~ A*
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Am? «< m?
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I P G = eZw(d))guw

Dinédmicas y perturbaciones inflacionarias.
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M2 v’ 2 |VII|
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=—| = 1 =M5H;— <K 1.
e=— <V> «<1,n| iy <
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2 __ - - -
R 247T2€M31' h 3712M31
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r = 16¢
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N[ 91
¢endel\/2_€
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2\ ¢ ¢
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1 eN® 4+ 1ac1 2
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V(W) = %(MZ — AP2)?




Figura 36. Membranas en dimension R*
M&(p) = —M? + g¢?

MZ

1 a
5=—pf d*x./[~g (R + R?
2 * g( 2MZ,

M? 1
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2
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Inflacion K.
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H  3XPy
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, _dP Py
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r = 16¢&cg

M? 0;
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L ————
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Operadores en altas dimensiones.
¢2
06 = Vi(#) 47

@)2

AzZ(

ocmen(t)”

Ay~ (8 — 4)(6 — 5) (%)2 (%)H .

Ondas gravitacionales en campos planckianos y campos inflacionarios.
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Figuras 37 y 38. Fluctuaciones gravitacionales en la curvatura local.
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Membranas en dimension R*.

Scs = Aupj Cp+1
>
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SD = —TpJ. dp+10'w/ —det(Gab)

_oxMoxN
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4
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1
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1
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e
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- 2 | . — 3
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un = 2D gyy
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1
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Métrica de Moduli - Kihler.
J =igi;dzt A dZ7
J =t (x)w;
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B, = b*(X)wq,
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Simetrias de Peccei-Quinn (PQ).
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Compactifiaciones de Calabi-Yau.
ds? = e240)p , dxtdx + 24P g, dy™ dy™
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Correcciones perturbativas Kaluza-Klein (KK) y singularidad.
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Figuras 39 y 40. Fluctuaciones del centro de masa — energia de la particula supermasiva
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Interacciones gravitonicas y transferencia de gravedad al centro de masa de las particulas
portadoras, volviéndolas supermasivas. Formalismo de Batalin-Vilkovisky por permeabilidad de
un campo gravitonico para inmersion gravitacional de un espacio — tiempo cuantico especifico.
Propagadores y campos fantasma.
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Particulas supermasivas — campos de gauge — transformaciones de gauge — campos cuanticos

gravitacionales y simetria — osciladores y propagadores.
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S
1 = -
—i ﬁ (fulocs eyl + fu)eg esal)

1
S® == (Peg QW)
a' - — a’
Q = C(-)'- (_kz - 2) + Ca-(a_l * 0(1 + b_1C1 + C_1b1 + d—l * &1 + b_lc_'l + 5_1b1) + ?k

/a’ o o
* (0(_1C1 + C_lal) + ?k * (a_lcl + C_1a1) - ba-(c_lcl + C_]_Cl) + b

1 a’ U F
§@ = (a")P/? 8—ng dPx [Z et Oy, +2a'¢0 e~ fhf, — fhf,
S

—Va'fH(9Ve,, — 20,8) + Va'f¥(d*e,, + 20,€)]

ool dPk i i
) = @)/ — (FAweta -

9:) @oP\z iu(k)of‘_‘lc‘1+u(k)cg)|k>.

5[W) = QlA)




e,y = Va' (9,4, + d,1,)

1
Sfu=—5a' 0 +Va'u

1 -
5f, = Ea’ O, +Va'd,u
1

66=—E\/?6-A+u

1 _
Se_=§\/a’6~l+,u
d—1 3 d —1 +é
—2(e €), an )(—Z(e e)

1 _
5d=—?/07(a-,1+a-,1)

1 _
5X=—Z\/67(a-1—a-1)+p

x=0
1 1AV 5) £ 1 (AU
fu= —E\/a_(a ey — 20,8),f, = E\/a_(a ey +20,¢)
1

$(2) = (o)~ (D-2)/2
(@) 8g?

1 1 1
f @[z ew D et + 2 (0%ew)" + 7 (0e)” — 2404076y, — 4d O d

dey, = \/a’(avlu + a,jv)
1 -
éd = —Z\/a’(a “A+0-24)

1
s@ = (a,)_(D_Z)/Z—Zf deL[h, b, d]
895

1 uv 2 1 v 2 uav 2 1 uv 2 1 v 2
L[h,b,d] = 7h*"9 hm,+§(6 hy)” —2do*dVh,, — 4dd d+7 b9 b,w+§(a buv)

1

Sst ==

1
dPx [—ge2% [R - H 4 4(a¢)2]
1 vV
8uv = Ny + yy, @ =d + 177# Mvs Hyyp = Oyubyp + -

1
P =y f dPxL[h, b, d]

K= (a)P~P/*(2g)




Shy, = 0,6, + 0y€,
8by, = —0,€, + 0,€,(4.124)

1
fd=-50-€  (4124)

1 I g .
eu = V' (A + 2,) & = SV (A = 2,)

bg|¥)=0

1 S
S =5 (Wlegef LiIw)+ ) — (¥

n=1
Py = —biby (Lo + Lo) ™16, 1
b 0 ~Y0 \*~0 0 Lg,Lo

1 21 o B ] B 1 B dzq B
?b — __b(-)l-bo—f def dse—s(L0+Lo)eLB(Lo—Lo) — _bobof _ZqLoqLo
2m 0 0 T lql<1 191

) [
q=e 5t d2q = dods|q|* = Edq Adg
WiWz = (¢

(6g; —6+2ny)+ (6g, —6+2n,) +2

1 - dqndqg -
=] e
’ lal<1 2mi) 070 |q|?

1 _dgAndg

Q‘?b == _TmbObOW

OF 1 w 0F _9F 0F w

) =0;__=0;__—_
q 9q aq aq q

E_Wz
a —B[a]B[a]d NdT =16 wibwi)dw, x 16 B )dws x dg Add =220 dg nda
b= aq aqq q_q w1b(Wy W1(7 w1 bWy )aw, q q_qqq q
3g1—3+n1

3gz—3+nz 3(gl+g2)—3+(n1+n2—2)

(3 (2 =2

1 o S
§ = =Pl e L3GIT) + (Pl e L51W) + ) — (™)
n=1

(-2

K, =c0‘c5'LJ5(_gl _01)

_ - \_ 0 1
Ps = _bgbo (Lo + Lo) 15L0,Z0 (1 g)




d d
:Po — _bOLal — _bOJ qu L() — ] [( bo) qO] LO

0 [

dq,

o

Qp, = —bg

WiWy = —(o,q, € [0'1]

B[—]——J. dw, b( )—1+f dw,b(w )—_1———1_45 dw;b(w,)
wyb(w wyb(w wib(w)w
04, 10wy . 10wy o caw10(W1)wy

o

a 1 ~ dq,
B[ ] b, @y = —b
4, QG O °q,
Q‘Po:ﬁo

N

g1rb1,nc1,no1Ngz,bz,ncz,noz ~ Ng1+g2,b1+b2—1,ncl+ncz,n01+n02—2
Ng,b,nc,no ~ Ng,b+1,nc,no+2:Ng,b,nc,no ~ Ng+1,b—1,nc,no+2
~ N,

nCNg1'b1'nc1'no1 Ngz'bz'ncz'noz 91+92,b1+baNc1 N2 —2N01+N02

ncNg—l,b,nc+2,no ~ Ng,b,nc,no

Membranas.

1 _
Op = — hyy CCOXHXY

Is

1
v =Ny + hyy, @ = Znﬂvhltv

S, = —Tf dP*ixe=? [—g

1 T
Soly = =T Gl Gy = 0) = 9y =0} [ @+ ==k (ul, = i) 2P 16@ 0 0)
(0,1,1,0) _ —1/2, — .\ _ 1 2
Q") = =0 Heg A) = 1 Mg A)

1 —
a0y = n'? o hyv{cg cCOX*aX")

N

1 K
Q(o L0 (9, ) = /2 . (h;llv _ h;J[v) E17;11/ (2m)P+1s@+D(0)




2 1 1

— 2 2 _
=—=ni=

o= g =gy 2 T8 =53

9o

g
2 [ dypdyvi)
g0 | axv,
T - ’
_955<CO ccV)
_inTgsgo<CCTVcCV¢))’
i !
5087 | ay(car® e + v )
wiwy =q,|q] <1

1PI _
Vo,n - vO,n

1PI _
vl,l - Tl,l

— 1PI
leI = Z Vg,n

gn

1
OVipr + E{leIrleI} =0

gn

{Ali"'ﬁAn}IPI = Z g§g+n_2f Qg{]gﬂ_l)e+2n(A1;'”;An)
lel
=0
1 o1
Sior = =5 (P0G + (T,0%) + > — (¥
n=1

o1 S
O1T) = QIR + ) — (A py, 81%) = QI + D —GIAW™
n=1 n=1

{Sip1, S1p1} =0

Accion Wilsoniana.
[P, L] =0,[P,bF] = 0,[P,c§] =0,[P,Q] = 0,[P,G] =0
{Al' 'An}effrAlr ) An € Pg'[c

Y€ PH,,¥ € PH,

1 _ . 1
Seff = — 2 (P, 0G6%) + (¥, Q%) + Z - (W™ et




PIPI _ Z ng Tl+2v1PI

1
1PI |~ (y1PI 191P1y —
av +2{V ,VE Y =0

[ee) [ee]
’ 2g—n+2 an
Sipr — S1p1 = § § gsg " <J _j )Q( 6+2n(qj®n)
VIlPI 'VlPI
g=0 n=1 gm gn

<@qw%=—§:}:fgmﬂn_nime2“A¢W@"WW ]

g=0 n=1

Teorema del dilaton.
D(z,7) = %(cazc —¢a%¢)
|D) = (c1¢-1 — ¢1C1)]0)
by|D)=0,Ly|D) =0
ID) = Qcq |0) = =Qlx) 1x) = —¢co |0)

L1|D) = cc1|0), L1 |D) = =, |0)

Q,(D) = (— %) du' A du®B [%] B [%] D(w = 0)
Q,(D) = =dQy(x)
[ T e O
| 2o+ | a0

1 1
Y (M) = — f k@12 [ o
21 Jy T Jam

K® = —2i0dpdzndz
k™ = do, — i[dzdlog p — dzdlog p]

1 1
Q,(D) = —§K<2> and Q,(x) = —ﬁk(l)

Lo (7 (7 0D ot i8(Lo-Lo)
, ? - b— de d =S L0+L0 i LO_LO
[Q, Pp] . O-[o J;) $3s€ e

z=F(w;u) = F(w;ul,u?)




y) =F(0;u)

1 1
z=Fw;ul,u?) = y(u) + a(w)w + Eb(u)w2 + yc(u)w2 +0w?)

B[a—] $ b(z)dz—+9€ b(z‘)dz—
o2 o

oul

OF\ "' OF 5
(6w> EMi =a; + Bw +yiw? + 0(w?)

16y

a.
LT qoul

a = - — —
B [ﬁ] = —(aib—1 + ﬁibo + yibl + dib—l + ﬁibO + Vibl + )

I\, 7810 -
QZ(D) = (— 2_7'[l> du* Adu“B [W] B [W] (C1C_1 - C1C_1)|0)

1
= (%) du' A du*[a,y; — ayy; — (@172 — @,71)10)
1 dy 90 [ b dy 0
0,0 = (g) ' mau [ 2550 (507) ~ o er (32) — (o]0
dy/\d( b ) dyAd( )]|0)
0/ b (b
ay (Zaz) @(ﬁ)]
1 1 0 1 0 _
000 =~ (-5 0B 5| 34|55 ) @ - a0
1 /1 _ 1 _
= —ﬁ<§du1(ﬂ1 - ,31) + Eduz(ﬁz - ,32)) |0)

QD) =

Q,(D) = —dy/\dy

1 a b b
Ql(x)———zd(ln )+ 574y — 5= d7

w —|dz|— + ap|+“6p|+ + bw +
p(W)—de— p(y)+(z y)azy (z y)az_y la + bw I




b

0 b
= 1+ —1 +—)+“ —1 +— |+
pM)lal aw (6 0gp+5 3 aw( 0g p+5- ) ]

b 0 b 0

- = ——log p’ﬁz —a—y

1
2a? dy 08 £

1 B d 0
0,(0) = (57 v 17 [‘Za—y—@“g d
1 0 0
1(0) zm( i) [d9a ldyay og p+ ldyay og p
L e) Lo
QZ(D)=—%K and .Q.l()()=—%k

2-29 -mAZ",, Ay, Ay)

Estructuras algebraicas de campo — algebra de Lie y dlgebra cuantica.

n
deg(bn Ay, 4)) = —1+ ) d,,
i=1

TMH=VAVRINDIVRIVRV)D -

n
b= Z 19/ @ b; ® 1"/, on V®"

b=z b, =by +b, +

i=1
b; = 1% ® b @ 14, on VO™ fori<n

b=bQRIR1+1QRb, @1+1Q1R®b; +b, @1 +1Q by + b3, on V3,
bA®BRC)=b(A)®B®C+(-1)“AQ b (B) ® C+ (-1)**8A® B ® by (C)
+b,(A,B) ® C + (—1)%4A ® b,(B,C) + b3(4,B, C)

b? =0

n
Z b;b,s1_; =0, on V"

=1




V:0 = b1b1
V®2: 0= ble + b2b1
V®3: 0= b1b3 + bzbz + b3b1

V:Ozblobl

V®2:O=b1°b2+b2°(b1®]1+]1®b1)

V®3:0=b1°b3+b2°(b2®ﬂ+ﬂ®b2),
45, RIQI+1Q b, ®1+1Q1® by)

0= Q%A
0= Q(4B) + (QA)B + (1) A(QB)
0=0Q(A,B,C)+ (AB)C + (—1)?A(BC) + (QA,B,C) + (—1)44(4,QB, C) + (—1)?*98(4, B, QC)
(4,B) = —(-1)%%(B, 4)
(Q4,B) = —(-1)%(4,0B)

(A1, b (Az, -+, Ape1)) = (=1)*(Az, by (A3, -+, Apy1, A1) = da, + dA1(1 +dy, +dy, +0 + dAn+1)

[oe]

1
S@®) = ) — = (@b (@, B)

)
(A,B) = (-1)**XA,B)’
A =d, + 1(mod2)
(B,4) = (—1)"%(4,BY
(B,A) = (=1)P*(B,4) = (-1)*P*B*H4, B = (—1)*P*4*B (A, B) = (=1)%?5*1(4, B).
AxB = (—1)"'by(A,B) = (-1)**'(4B)

Q(A*B) = (~1)**1Q(4B) = (~1)*((QA)B) — (A(QB)) = (Q4) * B + (~1)*A * @B.

[A1 - Ap] = (=)n(HD/2 Z (=1%o (=)Ao *2Ao@** Mot p (A (1), A2y, Ao(n))
(o2
[A1,Az] = Ay x Ay — (—1)M1424, x Ay

[Al An] = Z bn(Aa'(l)rAa'(Z)"”AO'(n))

g

bl(Bl)' bZ(BerZ)I b3(BllBZIB3)I.'.

b1(31) = Q31:b1(31.32) = [B1.Bz]0.b3(B1,Bz,B3) = [Bl;BZ'B3]O: y




bn(By,*, By, Bis1, ) Bp) = (—1)*Bk%ks1b, (By, -+, Byy1, By, -+, By)

n
deg(b(By,+,By)) = —1 + Z dj,
i=1

T(W) = Z swoen
n=1

Bl ABZA“'ABTL

B1 A A Bn = E(O'; B)Ba'(l) VARERWAY Ba(n)

n
b(B; A+ ABy) = Z Z e(a',B)(bl(Bil, "';Bil) ABj A A Bjn—l)’
=1 o'

b(B;) = b1(B1)
b(B; A By) = by(B,) A B, + (—1)%1982p,(B,) A B; + by (B;,B;)
= b,(By) A By + (—1)d81B17b1(B2)+b1(B1.B;)
b2 =0
b?(B;) = bb(B;) = b(@B;) = Q(QB;) =0

b%(By AB;) = b(QB; AB,) + (—1)81b(B; A QB,) + b(by(By,B,)) = 0

b?(By A By) = ((—1)%0:*1QB, A QB, + b, (QB1, B,))
+(—1)48 (QBl A QB; + by (B, QBZ)) + Qby(By,B;) =0

Qby(By, By) + by(QBy, By) + (—1)481b,(By,QB,) = 0
0 = Qb3(By, By, B3) + b3(QBy, By, B3) + (—1)%81b5(By, QBy, B3) + (—1)?81%982b5(By, By, QBs)

+ b,(by(By,B,), B3) + (_1)dedB3 b, (b,(By, B3), B,)
+ (—1)81 (482 455) (b, (B, Bs), By)

n

0= Z Z €(0',B)by-141(bi(By,, . By), By, By, ).
=1 o'
(B1,By) = (—1)(d31+1)(d32+1)(32’B1),
(@B1,By) = (—1)d31 (B1,QBy)

{B1,""*,Bn}L, = (B1r bp_1(By, Bn))

{Blf ) B, Bit1,0) B‘n}Lw = (_1)dBkdBk+1{Blr “*,Br+1, By, Bn}Loo




5 =5 (¥,Q%) + ) T,
b1(A;) = by (A1)
by (A1, A3) = by(Ay, A) + (—1)*41%42 b, (A5, Ay)
b1b; (A1, A7) + by (b1 (A1), Az) + (—1)%1b, (A1, by (4)) = 0
b,(by (A1, Az), A3) + (—1)41b,y(Ay, by (A2, A3)) = 0

by (b; (A1, A3), A3) + (—=1)%2%43 b, (b, (A, A3), A) + (—1)%a(da+das)p, (by(A2,43),A1) =0

by(Ay, -+, Ap) = z (0, Abn(Asry - » As(n))

g
[y Ay] = (—1) s 2000 by (A, )

(A1, 43) = (A1, A;) = (—1)%1 (44, 4,).
{AgAy -+ An}y,, = (Ao.En(A1A2 s A= (=1%o (Ag, by (A1 Az -+ Ay))

= D)% ) &(0,4) (Ao bu(Aocry - Aotr)

o1 1 S .
SQho) = Z — (Vo ba WD) = 5 f1hor Qo + Z D Y e

[Al "'An] = En(A1: "':An)

bn(Bl""‘Bn) — Z g§g+n—1b£(31’...13n)’n =01,
g=0

0= Z E(OJ: B)bn—l+1(bl (Bil' T Bil)’ Bj1’ Ut Bjn—l)

n
=1 o’
1 c ,,C
+Ebn+2(31"":Bn'(psr(Pr)((Ps'(pr)

1 c ,,C
e(Al A "'/\An) = EAl A NAy Apr A (ps((prr(ps)

(b+6)2=0

Ag+2dA¢37+"'+(n—1)dA1ol

(A5, 45,548, 48), = (1)

c C . A0 o
{A1""rAnc' ¢ ...’Ano}




Transferencia homotdpica.
(00}
M=Q+mm= Z b,
n=2

Q?=0, and Qm + mQ + m? =0
P:V ->V,P>?=P
(A1, PA;) = (PAL, Ap)
QP =PQ
PUA, R4, Q@A) =PA, QPA, ® - PA,
P2=P
QP =PQ
hP = Ph=0,h? =0,Qh+ hQ =1 —P.
h(A, @4, ® R A,) = (hA) Q PA, ® -+ @ PA, + (114, @ h4d, @ -+ Q PA,,
P (—1D)artdattda i 4 @ 4, @ - @ hA,

hP=Ph=0,h2=0,Qh+hQ=1-P

P

M =PQP + P
QP + m1+hm

1

1+hm=1—hm+hmhm—~--

1
P P
M hm ™1+ hm

—2

M =P{Q P+P

'm1+hm}

1 1 1
P - lp=p P+P P
{Q'm1+hm} Qm} P+ Pm— 1+ hm

((1 = P)m + h?)

[Q 1+ hm]

P+P
1+ hm + m1+hm

= —Pm?
m 1+ hm

Q = PQP
ﬁz = szp
ﬁ3 = P[m3 — mzhmz]P,
ﬁ4 = P[m4 - mzhm3 - m3hm2 + mzhmzhmz]P.

Q_A1 = PQ!‘I1 ~ ~
m,(A; ® Az) = P(Ay * A3)
m3(4; ® 4, ® A3) = Pm3(1‘T1:1‘Tzﬂ‘T3) - P(h(l‘n * I‘Tz) * I‘Ts + 1‘T1 * h(l‘fz * I‘Ts))-




L=Q+£’,£’=Z b,
n=2

Q>=0,and QP +£Q+£*=0
PZ =PrPQ = QPr(Bl'PBZ) = (PBIJBZ)
P(BABy;A--ABy) = PB{APB, A--APB,

hP = Ph=0,h? =0,Qh+hQ =1—P.

1
h(A; A .. ANAp) = m Z e(o; A)(h(AJ(l) AN A Aa(n—l)) A AU(TL)
OESn
H(=D) AT oD Ay A A Aoty A hAg(y)

1 _ _
h(A; AAy) = E(hA1 AAy +hA; A Ay + (—1)41(A; ARA, + Ap ARAY))
hP=Ph=0h?=0,Qh+hQ=1-P

L =PQP +P? P

1+ h?
QAy = QA1£,(A; NAy) = P[A}, A3185(A1 A Ay A Ag)
= P{3(A; ANAy A Ag)
— P([h[A1, A,), A5] + (—1)#243[h[A,, A3), A,] + A4, h[A,, A5]])
Vortices — espacios de Moduli.
A(AX) = A2X = 0,VX € C

AXYZ) = AXY)Z + (—1D)*XA(YZ) + (—D)*YTYYA(XZ)
—AX(YZ) — (-1D*X(AY)Z — (-1)**YXYAZ

(X,Y} = (-1)XAXY) — (=1)X(AX)Y — XAY

{X, Y} — —(—1)(X+1)(Y+1){Y, X}
0= (—D*DEDLK, VY, 7} + Seyeic
(X, YZ}={X,Y}Z + (-D)*"*YY{X,Z}

A

gimy X e X A

gr My
deg(Ag ) = dim(Ag,)(mod2)

A

g1,

X A

py = (—1)‘/1!]1,"1""192’712(/1

X A

g2,z g1

1
|[Ag,nys - Ag,m, ]| = p— Z Py(Ag,n, X X Ag n ) €C
O'ESN




[["Agpnﬂ T gr nr]] [ g1y’ gp Tlp ] = [[dqunf e ‘Agr,nrr Bgi,n1 Bg;, np]]

AX = 4 X— ! Z AUPJ(‘Anlgl ” ‘Agr.nr)

OESN

0 0
Bia B2 55155 ()]

0 0
Bi2(aiZ) 555 )]

(X,Y} = (-1)*AXY) — (-1)*(AX)Y — XAY
(—D*AXY) = Sxx + Syy + Sxy
(—DX(AX)Y = Syx, XAY = Syy

a(XY) = (0X)Y + (-1)*XaY
AdX = —0AX
{X,Y} = {0X,Y} + (—1)**1{X,aY}

Estructuras de campo en CFT.

(o) Gy

(0071 4,) ® - @ 14n) = AF™ (4, .4y,

n
(gn i) _ (gn)
[ 3 ao=cor[ i
Agn = A gn

f(c/l(k)) _1 f (k)< em |lp>1...|‘P)n

(kq) (kr) (gl n;)
([["‘l 11n1" grnr” 1—[ n;! f(kl) kl |lp> P,

glnl

fXY)=fXf¥),X,YecC

1{A] 2(B | R12) = (A | B),{(R12 | A)1|B), = (A | B),

((U12| = <R12|Co_(2)
|512> = bg(1)|R12)

. OF
{F.G}=(-1° 1a|q,)a|q,)

|S)




1 @
50,2 = E(®12|Q |¥)11¥)2

1 +
o =30 (G )

|S)
f(AX) = —Af(X)
fAX YD =), f(N)},

{So2 f(O)} = —f(0X)

nx>3,forg=0
V= Z g52g+n—2vg,n' with {n >1forg=1
gn n>0forg >2

1
OV + AV +-{V,V} =0

S=S02+f(V)

{S02:502} = 0,480, = 0
L 1
0= E{S, S}+AS ={Soo f(M)} + E{f(v)' FON} +AF(V)

0

1 1
= —fOV) ~ S F(V. V) - F@V) - f (av FS V) + Av)

1
WVgn = —AVg-1n+2 = 2 Z {Vg1.n1'vgz.nz} = Ogn

91t9d2=9
ny+n,=n+2

WV =

—0,R,,




Compactificacion de Deligne-Mumford, nodos de superficie y diagramas de Feynman.

Transformaciones canonicales.
:F"g,n = vg,n DR D R3g—3+n
1
aVOA = _E{VOB, VO'3}, and aVLl == _Av0,3'
avg,n = Og,n

~  \Sp

[Og,n] € H6g—6+2n—1(?g,n)

6S = Ae + {S, €}
SV = {V, W} + AW + oW,

V + 6V
%{v + SV, V + 5V + AW + V) + 0(V + 6y V)
= {av + AV + %{v, V},W} +0((6pV)?) =0
Svisyv =Sy + f(OwV) =Sy + F({(V, W} + AW + 0W)
=Sy —{f(V), fW)} = Af (W) = {Sp2, W} = Sy = {Sy, F W)} — Af (W)
d V(t) = &y V
a () = swV(t)
My (t) = 0V(¢t) + AV(t) + %{V(t), V(t)}

My
rale {My,(t), W}

1 1
V() =V + téyV + Etz{awv, w}+ §t3{{6WV,W}, W)+ -

1 1
exp GV =V + 8V + E{5Wv, w}+ ;{{SWV. W}, W} + -

exp (6y)V =V’




(bl+b2:b+1)

V= Z (gs)_Xg’b’nc’novg,b,nc,no'

gfbfnC'nO

1
0V +AV +-{V,V} =0

1
V. + AV, + E{Vc:vc}c =0
.1,
v, + E{VC' vc}c =0
1
v, + E{vo; vo}o =0
avl + {VO:VI}O = 0

1
0V, + (Vo, Voo + E{vl'vl}o + {V1,Vo,3}c =0




S
W +-{V,V} +{V,V} =0

1
Y Ne+b+5n,-2
V= § (gs) e 2 vo,b,nc,no

nebno

I T i
OV +5 (0, V}+ 4,7 =0

Vortice de Witten.
wyw, = —1, for |wy| = 1,Rew; <0
wows = =1, for |[w,| = 1,Rew, <0
wgwy; = —1, for |wg| = 1,Rew; < 0

2 1 2
¢ = p(wpdw;i = ——dwj
Wi
ds? = [p(w;)||dw;|?

1+iu
1—-iu

h(u) =
w(wy) = e2m/3 (h(wy)) > ww,) = (h(w,))*>, wws) = e=27/3 (h(w3)) >,

8 16 248
z=fi(wy) = 7 Y(w(wy)) =V3 + 3™ + ?\/S?Wf +ﬁwf’ + 0w

2 10
z = fr(wy) = h_l(W(Wz)) = §W2 —awf’ + O(Wzs)

248

z=fy(ws) = h"H(w(ws)) = —V3 + §W3 - %\/gwg +—wd+0(w3)
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Métricas hiperboélicas y curvatura de Gauss — Riemann — Espacios de Hilbert — Einstein
deformados.
8o Zgn = Pyn
Togro:Mynr = Myn

ﬁg,n(L) = {Z € Mg,n'[‘ | SyS > > L}

Vyn(L) = gre(Vy (L))

(1 (1
sinh (EWi> sinh (E&-) =1
LLL, > w>L

L. < L., and sinh L.sinh L, < 1

[o0]

BO() = > b,

n=0




(B(0)* =0

{no,BL()} =0

BIMI(E) = > ¢"b() . m =01,

n=0

[o¢] [o¢]

B )= ) s"BIM@© = ) smeb(,,

m=0 mn=0

[o¢] [o¢]

1
s =) smEme = Y smell
m=0 mn=0

{B(s,t),B(s,t)} = 0, and {ny,B(s,t)} =0

0 9
T B(s, t) = [B(s, t), u(s, )], s B(s, ) = [0, u(s, t)]-
B(s,t) =Q + tbgl) + sbgo) 4+ u(s, t) = I«lgl) -

(1) [Q I«l(l)], b©® = [770 ﬂz ]
B = 3 (60b” ~b0%,).
KP4 ® B) = 5 (60(4,B) ~ (o, B) ~ (~1)*(4, o)),
[no.15°| (4@ B) =nouSP (4 ®@ B) = 3no(€o (4.B) — (504, B) — (~1)*(4,6B))

= 2 (1050(4,B) + (oo, B) + (4,1060B)) = 5 (A4, B) + (4,B) + (4,B))
= (A,B)=bV 4 ® B)
(4.8) =A@ B) = [Qu’| (4 ® B)
= Q5" (A® B) ~ 1" (QA® B) ~ (~1)*u’ (4 ® B)

1
= §Q(fo(A' B) - ('foA' B) - (—1)A(Ar ‘foB))

1
—3 (£0(QA4, B) — (5004, B) + (=1)*(Q4,$,B))

1
3 (—1*(0(4,0B) — (504, QB) — (—1)*(4,5,0B))




1
(A,B)" = §(xo(A, B) + (XA, B) + (4,X,B))
S(@) = ~(d, Q) + i ;<CD b (@, - q>)>'
= 2 ) n=1 n+ 2 ) n+1 ) )

[4,B]" = 5 (Xo[A, B] + [XoA, B] + [4, X, B])

Wl =

Métrica de Berkovits para espacios de Hilbert — Einstein deformados.

Mo, é0} =1
{Qr 770} = O
1 1
S = 757 <(e‘q’n0eq’)(e‘q’Qeq’) +J; dth{e‘tq’Qetq’,e‘tq’noetd’})

(A An)) = (A7 0 £ 0 4,0kt o £ 0 4,(0)) 52,
1 L

1+iz\2/" .
fl(n)(z) = (Tw) 'fk(n)(z) — eZm(k—l)/nfl(n)(Z)’k =2..n

(Ecacazce‘z‘l’); #0
((Al ---An)> = (A, Ay x Az *x - x Ay)
no(e"®Qe®) =0

5e® = (QN)e® + e® ()

+ 0(d3)

1 /11 1
5o g((ﬁ Q) (0®) + £ QD)@ 1) — (1, ) )

Skin ~ ({(QD) (D)) = (QP, 7 P)1,
Qno|®) =0

6P = Q|A), 8P = n,|Q)

|®) = ") + &), with 761"} = 17o]p) = 0
51®) = 1010 = no(ja) + &olw')) = o)

0 = Qno|®) = Qnodol9) = Q{no,$o}IP) = Q)




Sector holomorfico.

(fcacazcc'ac'azc_e_z‘p)L #0
1 K 3
S = 2|5 oV, QV )y +3: oV, 1V, QV 1o | + 0(V?)

8V = QA + 10

GV + daV) = G(TV) + Q(daV) + Z ';—T [G(V)™, d2V], + O(dT?)
n=1 )

9,G(1V) = QV + Z ';—T: (G, V],
n=1

2
K
0:G = QV +K[G, V] +~-[G,G,V]o + O(x®)

G=G6O+kGV +Kk26@ + 0(x?)

2
GV) = QV +3 [V, QV]o + 5 (IV, @V, QV]o + [V, 1V, QV]slo) + 0(x*)

1
0
(Ef_cacazcEéc’éZEe‘z‘pe‘z‘i’)L #0
1 _
S, = E(’qu" QMo¥),
SW = QA + 1nyQ + 7,Q

1 = = *
S3 = 5(770‘}’, [Q70 W, 7o W]"),,

1, _ _
[4,B]" = §(xo [4,B]o + [Xo4, B], +[4,X,B],)

1
S = f dt(no¥:, G* (Y (),
0

K
Y, =Y+ Et[ﬁo‘}’, P* + 0(k?)

G* (W) = QoW + [T W, W] + 0(?)




Sector de Ramond.

B =Y hur Y@ = Y vt

nez net
Bnl—1/2)y=0forn > 0,y,| —1/2)=0forn > 1
X =—6(Bo)Gg" + 6" (Bo)bo,Y = —cob'(vo)
¥ =@ — (yo + 2coboyo + coGg )Y
bop =0,B0¢p = 0,m9¢ = 0,boyp =0,y =0,nop =0

XYY = W,no¥ =0
5O = 2w youy
R 2 ’

8|¥) = Q|A),
XY= A,Tlol =0

1

1 !
S =——(¥,YQ¥) - f dt(Ac(t), Q4, () + (F(O¥)?),

0
Aﬂ(t) = n€¢(t)6_¢(t),At(t) — ate¢(t)e—<l>(t)
F(OW = 0(8) {4, (©), 0(Bo) {4y (1), O(Bo){Ay (1), ¥} }},

Hiperparticulas — Condensacién de campo.

3
1 1/3V3
S =Veet ‘§¢2+§<T> ¢3]
1
_angg

3

S= g2 16\° VT2 21(16) 0.68VT
- g"E(ﬁ)‘ Te\27) T

E1¢) =(dw = 0)s = (f e (D)3




zZ = —arctan w

190) * [ Q) = |Q-p).
(#,Qa) =(f 2 $(0))c,,,
(#,90) =(faofep(0),
farsa = foaja+a) ° fa

(D, Qgs6a) = (f&x/(1+a) ofgofe ¢(0)),C1

!
C1

) d
(b Qssa) = (6 00) — 17— (§ 05 TDfao f ° $(O))

oa
a

d I
=8 05 T@f < 6(0)

Cat1

=($,00)" —




!

ok - -

(qb.%na)'b( [ smr@r ¢>(0)>

d
T 0 = 0K = —KQ,

L R O)

Ca+1

Cat1

([

c2=0,B>=0,{c,B}=1
[X,B] =0,[¥,c] =0c
QX =0,QB =X,Qc = cKc

Y =Fc

7 BCF, with F = F(%)

F
1—FBcF)™'=1+——=BcF
( cF) +1—F2 c
Y = (1 —FBcF)Q(1 — FBcF)™1

1—F?

A=
4

B,QuA=1
F(X)=e%?2=q,,

l'p = Ql/zc BCQl/Z = Ql/zc(l + Ql + QZ + - ')jCBCQl/Z

1-04

= 04/2¢KBcQy /5 + Qq)5c (Z Qn) KBcQy )y

n=1
y ! (1+%X)B !
= c C—=
1+X VI+X

dt
=—| —e™Q
VIt XK \/E—[o Ve ‘

dt, dt
f f —1—=Z -(t1+fz)nt1c(1 +50) By,




| | |
! l <— 1t e to >
l « n SN
L | | B P / | R
l . 1+ 7] /b
e :
| | |
L L @
g € C 12 C C

—4mi(E[0.] | ) = (O.lcq|Bg) — (Oclcq |Bo)-

Renormalizacion de masa.
% b
k

1 1 d?q , -
OLo,L f g

Lo+ L, ot 21 ql<1 19

1 ;
s=-[ dx[;0.00m9 + £ 6>+ e + 0]

¢ =EtV=2c+0(gs)

QU¥)—-GIPH =0
_ 1
QYY) + Z a[‘yn]m =0
n=0




1P) = |¥),

o 1
Q|¥) + Z E[lpnhpl =0
n=0

Pt
[Pher1) = —L—ﬂz — [WF1ipr + 0(g5*?)
0 n-

n=0

k+1
[Wies1) = L+ (1 - P) Z Wi lipr + [Prea) + 0(9gE* %), PlYrs1) = [pes1)

n=0

k+1

1
Qlbs) = =P D~ [WFTpr + 0(gk*2)
n=0

W) = |‘Pv) + |®), |fp) = |lpu) + |(I~))

Q(|®) — G|P)) = 0,Q|P) + K|P) =0

K|A) = Z ni YAl
Q+GK)|P)=0

QK +KQ + KGK =0
2L¢ = (k* + M?)
bg
o) = |pn) |®p1) = — 15 (1 = PYGKIPp) + |¢n)
0

Plpn) = [dn), Qldn) = —PGK|P,_1) + O(g¢ 1)

@ + GK)|®y) = 0(g5™™)

N = exp UOOO%F(L“)]

F(t) = %Tr{(—l)fe‘zn”“o},

®dt
N = exp f E Z e—ZT[thb _ Z e—277.'thf
0 D T

< dt h
Z(p—2mhpt _ ,—2mhst) — 1 _f
fo o (e e )=In -




h _
N = ll:[ \/:—i = (sdet(Lo)) 1z

sdetM = 1, with Mrs = <¢T|C0|¢s),-

dop _1 IoFs -1/2 -

|1/)o) = Z |¢r)1/)r
1/2

W = (sder(t) ™ = [ ] wresn [5Woleotoli]

EH

1
= 6y”
\/z”go

[Yo) = p|0) + qcic_4]0) + -+
1 I
§(¢o|CoLo|¢o) = —hpq + -

[¥o) = ipco|0) + -+
8¢ = ho

f dpdq — f dpe’#:°/ f de

2
_ [ o— |Peo
oo (o= i)

8¢ = h,88° =2h

1
Spg0 =5 WolQlre)

f dpe=?* =m

0=a/g,

f do =2m/g,
f dpqu % - (ZH\/EgO)_dg—;\/%f 1:[ dy*

W = (envmgo) e[ | 2] i cemyee (Z pi)
b f

4




nrr mnr

! ! 12} n
_ _ © dt
| | hb1/2| | h}/z =| | | | hbl/zl | h}/zexp _j z_t E e—znthb_E e~ 2mthy
b f b b f 0 b

f
N(eSt—1)

S=S,+N(eSt—1)+0(NV?)

1
E{So,So} + ASO = O
1
E{SO + Sl'SO + Sl} + A(SO + Sl) == 0
1
{So: 51} + 5{51; 51} + A5, =0
1 1 s 2
E{S'S} = E{SO'SO} + N{SOJSl}e 14 O(N )
S 1 S
AS = ASO + NAe~1 = ASO +N(§{Sl,51} + ASl)e 1
1
E{S‘S} +AS =0(N?)
1
E{SO + 25, + 55,50 + 25, + S, }+ A(Sy+25,+5,)=0
1
{S0,S2} + 2{51,S2} + {51, 51} + 5{52,52} =0
1
S=Sg+N(eSt—1)+ EJ\rz(esz —1)e?1+0(I?)

1
E{S'S} +AS =0(V3)
Simetrias.

T—Tt= iz THa)(n|T & Z Stinynls = 1
n n

n-1

AA; @ Q@A) = Z (A @ - A) @ (Ags1 -+ Ap)n > 2,A(4,) =0
k=1




Apéndice A.
Gravedad cuantica endégena, es decir, por accion de la particula supermasiva, a razén de su masa

extremadamente densa. Modelo Weyl — Polyakov.
1
d%z = 2dxdy, 6%(z,2) = > §(x)6(y)

Mp = Gy /% = 1.22 x 1029GeV

Myt =1.6 x 10733 cm.
EZ
GZE*| dE'E'=—| dE'E’
N Mé.

X' (D) = X*(1)

Spp = —mf dT(—X“Xu)l/z

8Spp = —mf dﬂlué‘X“
Uk = XE(—XX,)" V2

1 .
Spp = gf dr(n™*X4X, —nm?)
n'(z)dt’ =n(v)dr
n* = —X"X,/m?

hab = aaX”Bqu

SNG =f deO'LNG
M

Ly == (—dethg,)'?

2na’

1

T 2ma’
X'#(t,0) = ALXV(1,0) + a*
X'*(t',0") = X*(t,0)

1
dmta’

Sp[X,y] = —

f dtda(—y) 2y P9, X d,X,,
M




85, Sp[X ]=—L drdo(—y)Y?8y% (h ! cdp
y-P Y Amta’ . Y Y ab Zyaby cd

8y =Y 6yap = —yVapby®?
hoy =Ly edp
ab ) YabV cd
hap(—R) Y2 =y (—y) Y2

1

Sp[X, —
p[X, 7] - Gy

f drda(—h)Y/2 = SyglX]

X'H(1,0) = AbXV(1,0) + a*
Yab (T, 0) = Yan (7, 0)
X'"*(t',0") = X*(1,0)
do'¢ dg'?

meéd(f'ﬁ') =Ya» (7, 0)

X'"(t,0) = X*(t,0)
Yab(T,0) = exp (2w(T,0))Vap (7, 0)

T (1,0) = —4mn(—y)~/?

Sp= —l(aaX#abX —lyaba X”BCX>
8YVab F a’ o2 ¢ :

—Sp=0=>T2=0
Vabsyab P a

Tab =0
a[(=1)V2y PP OpXH] = (=) /2V2XK = 0

—0o<T<00<g<4.

P ona
1
2na’

1 (= ¢
Sp = f dr f do(—y)/?6XHV%X,
—00 0

o=4

f dr(—y)'/26x+9°X,

=0
0°XH(1,0) =0°X*(1,£) =0
n®9,X, =0 on dM

Xt (t,€) = X*(1,0),0° X (7, ¢) = 0° X (1, 0)
Yab (T, €) = Yap(7,0)

1
=—| dtdo(-y)/?R
X 47JMTG( ¥)




(=¥yDY?R" = (-n)Y2(R - 2V?w).

Sp=Sp—Ax = —J drda(—y)/? (Lyaba XHo,X +iR>
PP v A’ a® T T pm

xt =2"12(x0 + xV), x4, i=2,..,D -1

atb, = —a*b™ —a b* + a'b’
a_=-a*,a, =—a",q; = a
Xt()=1

1 . P
= Ef dr(=2n7'X~ + 971X X! — nm?)

p-=-n"Yp; =nX

plpl + m2

H=p. X +pX—L= T

[pi, X] = —i6/,[p_, x"1 = —i

Xt=1
O5Ys0 =0
detyg, = —1
f'de' = fdo
[Vﬂ VTU] — [_VGG(T) y‘ro’(T' U)
Y7 vl Wee(T0) Voo DA =i (z,0)]

L=-—

£
47_[“,[ da[Yaa(zaTx_ - a‘tXia‘rXi) _zya‘r(aay_ - a‘tXiaaXi) + ya_al(l - y‘rza)aaXiaaXi]
0

1 £
x~ (1) =?f doX ™ (t,0)
0
Y (r,0) =X"(1,0) —x (1)

Yo 0: X — V70, X4 =0 at o = 0, 4.
Yo =0 atc=0,7

0,X'=0atc=0,¢

£ 1 ¢ o .
L=——9Y,50.x" + —f da(yaaan‘BTX‘ - ya‘alaaX‘aaX‘)
0

2na’ o’




_ . JL _ ?
p-="pP = FICE D 2ma’ 100

i oL 1 (P
= 5(0,XY) - Zna’y‘maTX - 76TX
T

¢ , ¢ o1 o
H=p_0;x" —L+ f doll;0. X' = f do (Zna’l'lll'll + ﬁaawaaxt)
0

dna'pt Jy
G- OH _H o OH
o T op.  pt’ P = 5k
oxt =1 _gparenioni= — 2 2 € gay
T T T TSX T T 2na
021 = 202X
; ; p' o N1/2 o1 ; Tinct o
X'(r,0) =x +Fr+l(2a) nZoo — Onexp (— 7 )COST
n+0

. 10t
x' (1) =—f doX'(t,0)
tJo
. ¢ . p* ¢ .
p(7) =f doTl'(t,0) =7f dod X' (t,0)
0 0

[x_'p+] = i’l_+ = -
[Xi(a), l'lj(a’)] =i8Y8(c — ")
[x,p/] = is¥
[arin: arjll = msijé‘m,—n
al, ~mY?q,al,, ~ m?at,m>0

p*0; k) = k*|0; k), p'|0; k) = k'|0; k)
ab,|0;k) =0,m >0

© )Nm
1_[ (Tle_;\; |)1/2]|0} k)

i=2 n=1

D—-1

IN:k)=!

H =| vacuum ) P H, D H, P ...

pipt 1 =
H = TR +2p+a, (Z al,al +A>

n=1




o]

Z 1
ﬁ—_
L

n=1

exp ( eyaal/zlkal)

D-2< , D-2(2tp*a
A - —— 1 nexp [—en(n/2p*a’'£)'/?]| = T( o
n=

:ZZN

n=1

0:k)m? ="~
10;k),m” = —o

26—-D

in. 2 _
at1]0;k),m oYV

A=-1,D=126
PR SN DI
SY =—i z —(alpal —al ab)
="
v=0,..,0)+ (0,v?..,vP™1)
$B<1+a'm?
o' = o + s(t)mod?

Yoo (1,0) =0

o' = o + smod¢.

n=-—oo
n#0

Lm0yl = oyt
Up, Ap, X, P X, P

! 0
-+ (e))

. N 1/2 [e] i ) i .
. . pt fa a, [ 2rwin(o + cr)] a, [an(a — cr)]
l — 4l - F ——— —_— _—
X'(t,0) =x +p+r+1(2> X E {nexp 7 +nexp 7



[x~,p*] =i
[x%p/] =isY
[arin; ar]L] = mSijam,—n

[drin; dr]L] = mSijam,—n

D-1 i \Ning~i Nin
i =[] [ o)
i=2 n=1 (nNmNin!nNmNin!)

o2, )
m? =2p*H —p'p' = = [Z (alah +al,al)+A+A
n=1

a=j=27?
T 24

o ia yi Zn P i s i
P=—| doll'd;X'= -7 Z (a_nan — a_nan) +A—-A
0 n=1

N=N
10,0; k) 2 270
Wy 1m - 6(1,
Ll 1100; k), m? = 22—
ali@’,]10,0;k),m* = ca

A=A=—-1,D=26

2 . 1, .. iy
ij ,kk ij ji
26 e )+2(e e )+

o1/ .. .
et =—(e” + e/t —
2
u v] — v
[am' an] =mn# 6m,—n
oc'=f—0,17 =1

Qi Q™' = (-1,

i0-1— i
Qa, Q™ =ay,
~i -1 — i
Qa0 =ay,

QIN; k) = (~1)V|N; k)
QIN,N; k) = |N,N; k)

1

X=E

1
_N\1/2
fM drdo(—=y)*/“R + o

10,0; k).

2

a

-(N+N+A+4)

= an N
——7% - N)

ij _kk
D_20¢"

dsk
oM




k = +t%n,V,t?

i (n—90)
n=1

X%5(1,0) =0,X*5(t,&) =y
X?5(7,0) = 0,0°X25(z, €) = 0
X% (t,0 +£) = X?>(1,0) + 2nR
X%5(t,0 + £) = —X%3(1,0)

1

S =
4’

f d*c(0,X"0,X, + 0,X+0,X,)
z=o0'+ic%z=0'—ic?
1 . 1 .
9, = 2 (0, —i0;),0; = 5(61 +i0,)
6ZZ = 1, 6ZZ_= 0,62—2 = O, 6§Z_= 1
_ 1 1
vZ=vl+ivivi=vl—-iviv, = E(v1 —iv?),v; = E(v1 + iv?)

1 L _
922= 972 =5:922 =922 = 0,97 =97 =2,9% =97 =0

d?z = 2doldo?
f d?z6%(z,2) =1

f d?z(0,v% + 0;v%) = i$ r(v?dZ — vZdz)
R

= ! f d?zoX"0X
2na’ ®
00X*(2,2) =0

9(0x*) =a(0x*) =0
(FIX]) = f [dX]exp (~S)F[X]

éS

65 )_1 d0XH
5X,(z,2) = (00X" (2. D))

)
0= f [dX]Wexp (-9 = —f [dX]exp (—5) 5%, (2.2) = -




(00X*(2,2)..) =0

90X"(2,2) = 0

6 =
0= [ 1ax TG P O]

1
_yu v, 7
— 0,0, (2, DX (2,2 )]

= f [dX]exp (—=S) [n*V6%(z—z',2—Z') +

1
=n(8%(z—-2z',z—Z")) + Wazaz-w(z, )XV (z',z"))

1
— 0,0,k (2, DX"(2,2) ) = 6%z~ 2,2~ 7) ..)

1
WOZBZ—X“(Z, DXV(z',Z7)) = 6% (z—z',z—Z')

1 XH(z,2) == XH*(z,2)
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dwlA(o,0) = a'dw (o)
D

d’k
52 (X(0) — xo) = f o o0 lik - (X(@) —x0)]

f d*ag(0)'/? f d%a’'g(c")Y/26P(X(0) — X(d"))
M M

v, = &f d?cg'/? {(g“bs,w + i(:""baw)[6aX"8bX""e"k'X]r +a’¢>R[e”"X]r}

al

1
aaSWA(O', O',) |0.I=0, = E a’aa(gw(o-)

+vy
2

/ v,
Va0,0wA(o,0)|y =g = -5 V,0,8w(0)

040, 0WwA(0,0")| 52 = a'V,0,6w(c)

Swly = %f d?0gY?6w {(gabSm, + ie‘”’Am,)[aaX"abX"e"k'X]r +a’FR[e”"X]r}

Suy = —k25u + kyk©su0 + kuk@s,0 — (1+1)k,k,s8 + 4k, ky
Ay = —k*ayy, + kyk®ay, — kk®ay,
1 1
F =@ —-Dk*p+ SVKRKRY s =2y (1 + Y)k?s?

!

[v2xreix] =i =L jeuR[etx]

/,LU:FZO

Suw 2 Suv + fﬂk,, + kufv
Quy = Ay + (ukv - ku(v

b > ¢+1k-¢




[eik-X]DR — [eik-X]r
[Buxte™ ], = [auxHet],
[aaxﬂavaeik'X]DR = [aaX”avaeik'X]r _f_zgabUWR[eik'X]r
al

[Vaaqueik.X]DR = [Vaaqueik'X]r + iﬁgabk”R[eik'X]r

9o f ds[e™¥],
oM

o gO U ik X
l(zar)l/z eﬂ LM dS[X e ]r

1 o
Spp =3 f dt(n™1Gu (X)XHXY — nm?)

1
4’

[

f d*og'2 g G, (X)0, X" 0p X"
M

Guv(X) = Nww + X;w(X)

1
mta’

exp (=S5) = exp (=Sp) (1 - f d?og2 g%y, (X) 0, X" 0, X" + )
M

ik-X

X/.w(X) = —4mg.e Suv-

Sy f d?0 g *[(g™ Gy (X) + i€’ B, (X)) 0, X 3, X" + a' RO(X)]
M

- 4nta’
8B,y (X) = 0,8,(X) — 0,0, (X)

Heypw = 04Buy + 04 By + 0,Byy

1
GW(X)OaX“ObX” = G/,L‘U(xO) + le,w(xo)Y“’ +§le,wp(x0)Y“’Yp + .- aaY”GbY"

G[w X) = Nuv — 4‘7Tgc5uveik.X

Bw(X) = _47Tgcauveik'x
O(X) = —dngepe

a 1 G ,ab u v i B _.ab n v 1 (o]
Ta =_ﬁﬁﬂvg aaX abX —ﬁﬁw]&' 6aX abX —Eﬁ R




a’
BE, =~ —7(02)(,“, — 0,0% X ey — 0,0° Xy + 0,0,X%) + 2a'9,0,P
a’
B;lfv = _76001_1&)#”

D—-26 o

CI>z _ Zq)
6 2a

al
BS, = a'Ry, +2a'V,V,d — ZHWM)H,, Ao 4 0(a'?)

a
,35,, = —?Vwwa, +a'VeOH,,,, + 0(a'?)

D-26 a
P =—— -5 VO +a'V CDV“’CD—ﬁH#MHqu+0(a'2)
ﬁuvzﬁﬁvzﬁq):()
G;w(X) = Thw,Bm,(X) =0,oX) =9
A = q)o
Gy (X) = Nyy, Bip(X) = 0, &(X) =V, X¥
oy 26=D
u - 6a’
2(D —26 1
f de( G)l/Z —ZCD[ ¥+R _EHMVAHPLVA+46M¢6#¢+ O(al)]
oS = f de( 6)1/2 —2<I>[6G Ble
ZKO

Buv 1
OB (26c1> - EG“"(?GW) (B&e - 4/3‘1’)]

G~[w(x) = exp (Zw(x))G/w(x)

R = exp (—2w)[R - 2(D — 1)V?w — (D — 2)(D — 1)9,wi*w]

d=0d -,
1 200—-26) i, o . 1 ..o i 4 .
S = P 5.2 dDX( 6)1/2 [ T€4¢/(D 2) +R —Ee 8P/(D Z)HWMHIWA - mauq)auq) + O(Of')
8m)1/2
Kk = (8nGy)V/? = Gm "~ _ (2.43 x 1018GeV) !
P

1
S =-3 f dPxTr(F,,F*)
E, = 0,4, — 0,4, —ig[A,, A,]




gAu = A;ugF;'w = F;'tlv

.
ML gmn(?)

1
ma’

f dzo.gl/zgabaaXOabXO
M

t,t") = J d?cg'/?t-t'
Vo %= aR
1
5fli)= _EJ d?9(0)28gan(O){fIT (0)]i).

WIT*® @)Yy =0
Tap = Ty + TS,
_ Tm g
Tab — Lab + Tab
(L% + Abpp)lp) =0 forn =0
WILZ" Y = (LT 1"y =0

ot = m,

0= Ialxa)
n=1

) = [¥) + 1x)-

LY =a'p*+a_,-ay+ -
o= QaNp-ag, + -

le; k) =e - a_1|0; k).
(e;kle;k'y=(0;kle* - aje-a_1|0;k')y =(0;k|(e*-e+e"-a_ie-a;y)|0; k")
= et e, (2m)P 8P (k — k")

a,r/tw‘ u

=a’,
(0;k | 0;k"y = (2m)P 6P (k — k'),

_1+A4

!

2

m

a




Tle; k) xp-ae-a_q1|0;k) =e-k|0;k) =0
L™ 0; k) = a)Y?k - a_4]0; k).
k-e=0,euseﬂ+ykﬂ

}[OCQ = Hlight—cone ’

4
|0; k), m? = ——

a’
ewal @110, k), m* = 0,kte,, = kVe,, =0
ew = ey +ayky, +kyby,a-k=b-k=0

(L§ + Lg)lw, 4y = 0
(H™+H®)Y,l)y=0
Cuantizacion BRST:
[6a8p] = [ apy

FA(¢)=0

d .
| 9] o (51 - | ladiaBidbydcelexs (=5, - 5, - 5)
Vgauge
S, = —iBAFA(¢)
S3 = bAc"‘SaFA(qb)
Oy = —iecS,¢;
SBBA - O
6BbA = EBA

i
Sgc?® = Eef[g,cﬁcy
(SB(bAFA) = iE(Sz + 53)

€8(f | i) = i{f|8p(ba6F i) = —e(f |{Qp, ba6F*}|i)

(WI{Qp, ba6F*}Y") = 0
QplY) = Qslyp’) =0

€ 165(byBgM48) = —B,ByM4B

0= [QB»{QB»bAéFA}] = Q]%bASFA - QBbA5FAQB + QBbASFAQB - bA5FAQ1§ = [Qé:bA(YFA]




1
8g(6pc®) = —Efflfﬁ‘;/fayecﬁcace =0

Qslx)
(¥1(@slx) = (¥|Q)IX) =0

[’ = [¥) + Qslx)

_ Hlosed
Hprst = T

exact

8z, XH(1) = =6(1 — 1) 0, XH(7), 67, e(7) = =0, [6(7 — 71)e(7)]

[82,,82,]X#(7) = —[8(t — 71)0:6(x — 72) — 8(7 — 73)0,8(z — 71)]0,X*(7)

- f A5 ¢ 060 XH(2)

f7 re, = 6(t3 —11)0.,6(13 — 72) — 8(73 — 72)0;,6(13 — 71)
SgX* = iecX*
ége = ie(ce)
(SBB =0
6Bb =€B
égc = iecc

s= [ dr(e-1xux, +2em? +iBe — 1) — eb
= (7€ M+Eem + iB(e —1) —ebc
1.#. 1, .
S=f dT(EX XH+§m —bc)
SgX* = iecX*
) 1'#' 1, .
égb =l€(—§X Xu+§m —bc)
égc = iecc
[p*, X"] = —in*”,{b,c} =1
Qg =cH
p¥lk, L)y = k#|k, 1), p#|k, T) = kH]k,T)

blk, L)y = 0,b|k,T) = |k, 1)
clk, 4y = |k, 1), clk, Ty =0

1 2 2
Qglk,d) == (k™ +m)|k, 1), Qslk, T) = 0

kL), k2+m?=0
Ik, 1), all k¥,

Ik, 1), k2 + m? # 0




Ik, L), k2 +m? = 0; |k, ), k2 +m2 =0
bly)=10

SgX* = ie(cd + ¢a)X*
Sgb = ie(TX + T#8),6pb = ie(TX + T#8)

Sgc = iecdc, 8g¢ = i€COE
i
E‘[ dzagl/zBab(Sab - gab)

T L o TE 4 3 0%0 = T4 bede: 4 92
jg=cT +2.CT.+26(: cT +.bcac.+260

, 3 1 1
JB@B(O) ~ =5+ jE(0) +-T™(0),
1
ja(2)e(0) ~=cdc(o),

Jje(2)0™(0,0) ~ Zﬁzcem(o,O) + % [R(dc)O™(0,0) + cAO™ (0,0)].

1 . .
Qp = Z_mSﬁ (dzjg — dzjp)

{Qp, by} = LT + L&,

[oe]

~ ¢ m-—n (Cmcnb—m—n+€m5n5—m—n)°
Qg = Z (cul™, + &, Lm,) + Z ( > ) ° +a®(co + )

n=-—oo mmn=—oo

{QB: b()} = Lgl + L%
{Qg,Qp} = O only if c™ = 26

c™—18 c™—-18 c™—26

. . o _ 2 _
J3(2j(0) ~ = ———c0c(0) = ———c0%c(0) ~ —-

cd3c(0)

c™M— 26

74

] 1. 1 .

T@)ja(0) ~ i c(0) + 5 ja(0) + ja(0),
[G1,G)] = ig" 1,Gk

{c\ b} =64 ey ={bb} =0

i 1
Qg =clGM —Eg}‘}c’c]b,( =c! (G,m +§Glg)

GIg == _ng I]C]bK




1 1
Qf = E{QB:QB} = —Eg}jg}‘é’Lc’c]cLbM =0

(@) =at, (@) =a",
(bm)T =b_pm, (Bm)T = B—m
(Cm)'r =Cm (5m)1- =Cm-

(0;k|col0; k') = (2m)26826(k — k')
(0; k|Ecol0; k') = i(2m)26826(k — k')

bolp) =0
Loly) = {Qg, bo}|¥p) = 0

Ly = a’(p”pﬂ +m?)

[e9) 25
a'mZ :Z n an+Ncn+z N#n —1.
n=1 u=0
1
10K, —k? = ——.

Qpl0; k) =0
l1) = (e-a_y + Bb_y +yc_1)|0;k),—k? =0
Wall1) = (O; Kll(e”™ - ay + B*by + v c1)(e - a_q + Bb_y +yc_4) | O;K')
= (e"- e+ By +y"B)(0; K|0; k')

0 =Qglyy) = (za')l/z(c—ﬂf cap tokasy)Py) = (Za')l/z(k ~ec_y + Pk - a_1)|0;K)

Qglx) = (2a")/?(k-e'c_y + B'k - a_1)|0; K).

bol¥) = BOWJ) =0
Loly) = Zo|1/J) =0
a' . a _
Ly = —(p* + m?),Ly = — (p* + m?)
4 4
’ © 25
a
Zm2=2n Nb"+NC"+Z Nun -1,
n=1 u=0
’ © 25
a N N .
Zﬁz2=2n o + Nep + Ny | -1
n=1 l,L=0

Ly = L% + LK + L8,




IN,I; k), IN,N, I; k),

d-1
2
= ket =m
u=0
oo d-1
a'm? =Z n an+Ncn+z Nyn | +1LG —1
n=1 u=0
d-1
o2 — 32
- Z kﬂk” =m-=m
u=0
, 0 d-1
¢ 2= K _
4m = n| Ny, + Nop, + Nyn |+ Lo —1
n=1 u=0
r © d-1
L R VY 7 K
4m = n| Ny, + Nep, + Ny | +Lo—1
n=1 u=0

(0, ;K||0,I';K') = (0,0,1;K[|0,0,I";K') = 2k°(2m)¢~ 1697 (k — K'), v

i =272 (ap + ajn)

[a‘r-';u a‘r_l] = _mé‘m,—n' [ar-'r-u a;{] = [ar_n'ar_L] =0
o1
Nle = —atam:
m=—oo
m=*0

Qp =0Q1+ Qo+ Q-1
[N, Q] = e
[N&,Q;] = ¢
(@) + ({Q1, Qo) + ({Q1, Q-1 + @) + ({Q0, Q-1 D + (Q2) =0

[oe]

Q= —(2&')1/2k+ Z A_mCm
m=—=co

m=0

[o0]

1 +
R = (2a’)1/2k+ Z a_mbm

m=—oco
m=0

§=1{QuR}= Z (Mb_ymCm + Me_mbm — aXpam — aZmam) = Z M(Npm + Nem + Nyjy + Nip)

m=1 m=1




) = %{QLR}WJ) = %QlRllp)v
0= Q:S|) = SQ:1 1)
S+U={Qg R}
[Py =1 —-S7'U+S7TUSTU — ) ihy)
W'y = (ollbo)
Cuantizacién BRST-OCQ.

Hocq = Herst = Hiight-cone

|, 1)

Qs by = Y el = 8ol =0

n=0

[, ) = [$", 1)
[, 1) = [¥", 1) = Qslx),

0= boltw )+
n=1

o]

D=0 = > b oaltn ) = D Ialxn Y

mmn=1 n=1

{[QBI Lm]r bn} - {[Lm' bn]r QB} - [{bnr QB}I Lm] =0.

GIG] - (_1)FIF]G]GI = ng I]GK
(b-D" (c-) (@t (@=)V"|0).
Simetrias de gauge.
1 gy )
[dedX]exp —3 d‘r(e XX, +em )

at’
Fral e(1).

T'(7) = J: dt'"e(t")

1
(1) = f dre(t) =1
0




e'=[L0<71<1

e'=10<71<l

T = 7+ vmodl.
0<o'<2m0<02<2m

(o1,0%) = (61,0%) + 2m(m, n)

ds? = |do! + 1do?|?
6% = 6%+ 2n(mu® + nv?)
w=w+ 2n(m + nt)

T:t'=t+1S:7=-1/t

,_at+b
T +d
i v [ 4
a? c allg™
1
—E<R6TS—,|T| >1
0% - o4+ v
Superficies de Moduli y Riemann.
Gr
M, =
T (diff X Weyl),
x M
M, = .Qr
( diff x Weyl),
diff,
diff,

0Gap = —2(P160)qp + (20w — V- §0) Gap
0= f d?09"%8' g4 [—2(P160)* + (26w — V - 80)g??]
= f d?ag/?[-2(P]6'9)460% + 8" gapg®’ (26w — V - 60)]

gab6’gab =0
(PlT(S‘,g)a =0

(P160)ap =0




076'9zz = 0,6'gzz =10
0;6z =0,62=0

u—K=-3x

1 R
f d?0g'/?(P,60) 4 (P,50)%P =J d?cg'/?80,(PT P,60)* :f d?cgl/? (Evaa‘abvaaab —Zdaa&r“)

x>0 k=3y,u=0
<0 k=0,u=-3y

om = fmn(on)
zp = fmn(2n)
ds? « dz,,dz,

w=w+2n=w+ 20T

Sjyjn ety k) = Z f [ddg] ————exp (—S, Ax)l_[f d?o,9(a)Y?V (ki 07)

V,
compact diff X Weyl
topologies

[dg]d®c — [d{]d"td*™ ¥

1= App(g, a)f d”tf [d<16(g — 9(1)°) 1_[ 8 (‘Tia - ‘}'{a)

diff x Weyl (@DEF

Spolld) = Y [ adee@©,0) [ 1ag1 [ ] aor
compact (aD)ef
topologies

x exp (=Sl 901 = 20 | | [9600"7V,,0e00)]
i=1

u

8gap = Z 8640,k gap — 2(P160)  + (260 — T 60)gap
k=1

Aep(§,8)t = ng f A1 85t[dSwd5]5(5gyy) 1_[ 5(85%(3))
(@per

= an d*Std*x[dp’ddo] x exp |2mi(B’, 2P 80 — 5tk6k§) + 2mi Z Xqi00%(6;)
(aDef

60% - c?
!

ﬁab - bab

Xai = Nai

Stk - &k




1 1 R
Be0(0,8) = | ldbdeldngan x exp |~ (b, 2P = £4040) + ) Maac®(@)
R .
(a.)ef

u
1 1
= f [dbdc]exp (—sg)gﬁ(b,akg) 1_[ ca(6;)

(a,D)ef

Sh]n (klf H) kn)

- Z fF i_f f [dpdbdclexp (=Sm — Sg — Ax)

compact
topologies
u 1 n
x dot| | o || @] | 9@ 2vjiten o0
(@)&f k=1 (@i)Ef i=

¢*(0) = ) Cf(@),bap(@) = ) by Ban(0)
K

]
1 1.

Sg = %(b,Plc) = %(Pl b,C)
P1TP1C]a = UJIZC]a'Plpf Bxab = Vi Bab
(€,¢) =f d*ag'/?CiCyq = &)y
(Bk, Bx) = f d*ag"’* Bxap BI%Z" = Ok’
(PLP))P,C; = Py (P{ P))C; = vj*P,C;

— 1 — !
Bjap = U—J(Plc,)ab,u, =v;#0

f ﬁ db()kﬁ dcojl_[ db;dc;exp ( U]b]C]) 1_[ —(b,3,9) 1_[ ca(ay)
k= j=1

1 (a)ef
K
AFP —f 1_[ dbOk 1_[ Z Ok (BOk” ak’g) f 1_[ dCO_] Z COj’ng’(O-i)
k=1 k=1 (ad)ef |j'=1

vib;c
xf 1_[ db;dc;exp (— ]ZTJT ]>
J

By, 0,/ Prp\"?
Agp = det o0 d) 4 etCy; (o;)det’ ( ! )

4 472




Teorema de Riemann-Roch.

1-24
R

Vaja = 4

5([dplexp (—5)) e 21—-1

€ 2 1/2y ia _, _;
[dlexp (=) g @09 Va7 e

X

1 1
> (k—p) = 3 (dimkerP; — dimkerP]).

dimkerP, — dimkerP! = (2n + 1)y,

dHt' = |[det—

at,d”tﬁlba“ dt( )ﬁlbaA
e e | g 00k = g ()] | 7 0040

89ap(t; 0) = 26w(t; 0)Jap (t; 0),

(b,0g") —f d?0 " ?bapd'* §"* 0k gea = f d26G 2 bgy, (4% 940k Gea + 29 0 w)

= (b, akg)

6(b,0g) = —2(b, P10x§) = —2(P{b,0,§) =0

Invariancia BRST.
6V = i€0,(c*Vy)

0g(b,0,9) = ie(T, 0, 9)
1
= Egbcakgac
1 1 2 z V4
e (b, wy) = o d“z (bzz#kz‘ + bii#kz)
Zm = Zm + 6tkv,fr’;(zm, Zm)
dz),dz, < dz,dz, + 5tk (,ukz AZydzy, + e dzmdzm)

Z.
”km = avakm'”km = 0z, Vkm

1 1
Py (b, wi) = ﬁz é Cm (dZmU,é"r;meZm —dzyuv mbzmzm)
m




aZm Zm aZm

Zn _ .,Zm Zm
Bekl,, = Vem " ] Vi = Vi~ Vi
. t
) . 9z 0z
o) =3 [ (drmomt] B~ Aim o] b
zn( ) 27-”'( e (Zm 9tk |, V7mm Zm otk |, ~Zm?m
mn mn " "
Z=Z’+Z1;
az'|
0z,|

n
(121>

m
k=1 =1

e 3 e[

compact
topologies

m=p+2n.+n,—k=-=3x+2n:.+n,
b_ib_y - EcVy = Vi
u=1/z
ds? = exp 2w(z, 2))dzdz

4ridzdz  4ridudu

2 — —
ou 2
6u = —aZ (SZ =—-z 6Z

duy 2
69uu = (5) 6gzz = Z46gzz

6z=ay+a,z+ azzz
87 =a + aiZ + a}z>




X4o) = ) xfx (o)
1
V2x, = —w?x,

f dzo-gl/ZXIXI’ == 611’
M
I wix; Xy
ZU]=1_[ dx; exp —W+1x ]Iu
Lp

. ] 20 (0)X, (o)

X, = (f d20g1/2>

d

2.7 rro.
201 = iemisiy [ | (4 a >p (Jfaw#)
1

I#0

—-1/2

_yv2

-d/2
=i(2m)46%(J,) <det’ 2 2a’> X exp <—%f d%od?a'] (o) -](a’)G’(a,a’))

2na’
G'(01,0,) = Z 7X1(01)X1(02)
i

I#0

6'(01,0) = ) Xi(0)Xi(02) = g7/26%(0, — 33) = X3
I£0

" 2na’
’ a 2 _ _
G'(0y,07) = —7111 |z121% + (21, 21) + f(22,Z,)

ry2

0 f d?z'exp 2w(z’,z)]In|z—z'|1> + k

flz.2) ==

AL (k,0) = <[eik1-X(61)] (i@ [eiknX(on)] >
r r r s,

J@) =) k(0 — )
i=1

5 (k,0) = ic& (2m)*54 (Z >>< exp Z ki - k;G'(01,07) — Z k?G/.(o;, 07)

i,j=1
i<j

_v2 —-d/2
& = Xp? (det’ 5 )

A




G/ (0,6") =G'(0,0") + ’ln d?(o,0")

Gi(0,0) =2f(z,2) + a'w(z,2)

n

a’ "kikj

A% (k,0) = iC (2m)45¢ <Z kl-)exp ~ ) k) || ] la” "
i i Lj=1
i<j

2

1_[ [elle(Zl l)] 1_[ aXuI(Z 1_[ aXVk(_”

Sz
n 14 q
i "kikj o Y ~ —11 ~ =11
lC;-;(ZT[)d5d (Z kl-) 1_[ |Zij|a T x 1_[ [U”J(zj) + q“l(zj)] 1_[ [TV (Z}) + 7k (Z;)]
i Lj=1 j=1 k=1
i<j
' n n
u R a i
"@:‘?Z @“‘722_2
i=1 i=1 t
(0XH(2,)0X"(23))s,
1) UV
- 222 (L)s, + 9(21,2,)

Oy X* = —z20,X*

n

A% (k,0) = <1_[ :eiki'X(Zi'Z_i):>
2

i=1

n
6X”(Z)1_[ :e“‘i'X(Zi'Z'i):> = ——A52 (k, J)Z
i=1 Sz

S2

n
A2 (k, U)Z k=0
i=1

1
p“=ﬁ$ﬁ c(dzj¥ — dzjl)

@ ooy [ L +Zn: L 0G—2)
2 5, (K, 0) zZ—2 Z, — z; =4

retk1X(@02); 49, etk X(@02): 10(z — 79)
1




a’
09,,45,(k,0) = 7A§‘2

n

a'kik;

AL (k,0) 59 <Z ki>1_[ |z | ",
7 ij=1
i<j

! !

a a _
G'(01,07) = —7ln |21 — 2, —?ln |z, — 2,2,

n

<I_I ;eier(beO:>

i=1 D,
n

= iCp, (2m)?6 (z )1_[ |z; — z;|*'Ki/2 x |ZL—Z]| & Nzg—z|" ™

,j=1
i<j

XEDXT () = XE ()X (y2) + 2a'n*In |y, — ysl,

n n
* _ik;- X , 2a'k;ik;
<l_[ * ik X(yl)*> = icX (2m)d5d <Z ki) 1_[ i — ] j
i=

1 D, i ij=1
i<j
n 14
1_[ ** elki XV 1_[ ayXl-lj(y]{)
i=1 j=1
D,
n p
. 2a'kikj oy o,
= ic}, (2my*s* (Z ki) <| | bl ] ] oG + a6
7 {j=1 j=1
i<j D,
n kH
vHh(y) = —Zia’z :
= Y=V

! !

' a 2_¢& > 12
G'(0y,0,) = ——=In |z — z,| —?ln|1+zlzzl :

2




n
<1_[ :el'k,;-X(Z,;,Z_i):>

Métrica CFT.

i=1 RP,
n
2
= iC, 2m)ts¢ (Z kl-) [ [ 1+ zzier
i i=1
n
"kikj _a'kik;
XH i = 7" |1+ 2z
ij=1
i<j
(c(z1)c(22)c(23)6(Z4)E(Z5)E(Z6))s,
detCg;(a;)
C*=1,22%C"=0
C?=0,C? =1,z z*
1 1 1 1 1 1
Cidet Zq Zy Z3 det Z_4 Z_5 ZG = C 212213223245246256
7t 73 Z3| |7z 7
p+3

i1 (zy — 71) - (zp - zp)

Z. Z Z
. _ 8 “p+1p+24p+1,p+34p+2,p+3
| | C(Zi) | | b(Z],) ' (antl) - CSZ ’ ’ ' (Danti ) X permutations
j=1

S2

$ dz $ du 4353
_—, = — _— -
CZmJZ CZm’]u

Z12Z13223245Z46Z56F (21, 23, 23) F (24, Z5, Z¢)

p+3 p+3 14
|| ||Z,|||| f (antl)
i —1 jj'=1 i=1 j=1

i<ji’

b(z)=b(z"),é(2) =c(z'),z =2Z,Imz>0
(C(Z1)C(ZZ)C(Z3))D2 = C§221ZZ13223

(C(Z1)C(Zz)5(z_3))oz = (C(Z1)C(ZZ)C(Z§))DZ = C§2212(Z1 —73)(z, — Z3)

!

dz' 2 0z - -
b(z) = ( ) b(z") = 2"*b(2"), c(z)—( z) c@@') = 2'%c(z")

(c(z1)c(z2)c(z3))rp, = C§p2212213223




(c(21)c(22)E(Z3))rp, = Z§_2<C(Z1)C(ZZ)C(Z§))RP2= CEPZZIZ(]- +2123)(1 + 2,23)

Sp, (ka; kask3) = gie Hicte™ 1 X (y)kcte 2 X )k cte*s X (y3)7) T (k2 = k)

D
Sp,(ky; ko5 k3) = iggCDz (2m)?652 <Z ki) X |)’12|1+20"k1'k2|}’13|1+2a’k1'k3|}’23|1+2“’k2'k3
i
+ (ky © k3)
Za’kl . kz = a,(k§ - k% - k%) =-1
Sp, (ki ko5 k3) = ZigSCDZ (2m)?°§2° (Z ki)
i

3

Sp, (k1 Ky ks ky) = gge‘lf dys 1_[ :Cl(yi)eiki'X(yi)**eik4'X(y4)* + (ky © k3)
- i=1

. *© 2a'k;k;
= lggCDz (2”)26526 <Z ki) |}’12}’13y23|f dy, 1_[ |)’ij| A + (ky © k3)

i i<j

S = _(kl + kz)z,t = _(kl + k3)2,u = _(kl + k4)2.

2 4
s+t+u= E m; = ——
: a
13

Sp, (kq; ko; ks ks) = igg Cp, (2m)*6 626 <Z ki) X [f dyalysl " 2|1 — y, ¥+ (¢ > 5)

i

o, (ki ki s ka) = 2ig8Cp, (2m)*629 (Z ki> [15,6) +1(6,w) + 1, 5)]

i
1 ! !
I(s,6) = f dyy='s=2(1 — y)a't-2
0

!
T rasl

—_— 4 —_—
I(S» t) = J;) d}’y @52 + qtermsanalytic ata's = -1= _a'S +1 + Ctennsanalytic ata's = -1

1
- a's +1 * Cterms analyticat a’s =

1 1

1
P —ind(a's + 1)

a’s+1=a’s+1+i6 a's+1




d?®k Sp, (kq; ko; k)Sp, (=k; ks; k)

SD2 (kl; k2; k3; k4) =1 (27-[)26 —k2+ a1 +ice 0 terms analytic at k2=1/a’

_ ,—ArX r8 _
CDz_e CDZCDZ_ [P
@' go

y
Sp, Ul s k) = =52 (2m)2057%¢ (Z kl-)

a’
i

s
I(s,t) = J dy[y“"ls‘2 + (a't+ 2))1“7"5‘1 + ]
0

u-—t
I(s,t) = 5 + terms analyticata’s = 0

a's=-1,01,2, ...
1
B(a,b) = f dyy®i(1 - y)b=t
0
I(5,6) = B(~ao () —ao(8)), @ () = 1 + a'x

w
wtP=1B(a, b) = f dvv*(w — v)P~1
0

I'(a+ b)B(a,b) = foo dvv®le™? foo dw —v)(w — v)P~le~W=%) = T'(a)['(b)
0 0

SD2 (ky; kep; ks; k4)

2ig?2
_ _;gf (2m)26526 (Z ki>

X [B(_ao (5), —Qy (t)) + B(_ao (S)' —Q (u)) + B(_ao (t)' —Q (u))]

I(—a'x—DI(—a'y—1)

B(—O[O(X), _ao(y)) = F(—a’x _ aly _ 2)

s — oo, t fixed

s = oo, t/s fixed
6 7]
s =E? t = (4m? — E?)sin? U= (4m? — E?)cos? 3

Sp, (kq; ko5 ks ky) o s%OT (—a, (1))

Sp, (k1 ka5 ks ky) =~ exp [—a'(sIn sa’ + tIn ta’ + uln ua')] = exp [—a'sf(0)]




0 0 0
~ —cinZ —1In sin? — — cos2 — 22
f(0) = —sin 2ln sin” - — cos 2ln cos® 5

Factores Chan-Paton e interacciones de gauge.
IN; k3 1),
Tr(/l“lb) = §9,
n
IN; k; a) = Z IN; k; i),
ij=1

Tr(A% A% 19 1%+)

{
Sp,(ky,aq;ky, az; ks, a3) = 3? (2m)?052° (Z ki) Tr(A%12%22% + 111 1%3192)
i

Sp, (ky, a5 ko, az;5 ks, as;5 ks, ay)
igs
= —’(27'[)26626 Z ki
a 3
l
X [Tr(A%1 19214 2% + 1M1 )% %A 92)B(—a,y(s), —a,(t))
+ Tr(A%11% %2 1 %4
+ AN Q%A% 1% B(—a, (t), —ay(u)) +Tr(A%11%21%3 1%

+ AN Q%% 1%2)B(—a,(s), —a,(w))].

1
7 Tr({A%1, 1%23}{1%3, 1%4})

1

ZZ Tr({A%, A92}A9) Tr({A%, 1%}29)

a
Tr(AA*)Tr(BA%) = Tr(AB)
SDZ (k1,aq,e15ky, 055 k3, a3)

— —in! 42,1
= —19090€ "€1u

x (*ctXtetk X (y)]icteaX (y,)1 icte X (y3)1) ) Tr(A912%22%) + (kz, az)
2

© (k3,a3)




( :Xﬂeikl-x(yl):*eikz‘X(yZ):*eikg‘X(ys):)D
2

S o
= —2ia’' <—2 + —3>
Y1z Vi3

X ngz (2m)?°52° (Z ki> |J’12|2a,k1’k2|3’13|2a’k1'k3 |)’23|2a’k2'k3

i
Sp,(k1, a1, €15 kz,a5; k3, a3) = —igge; - ko3 (2m)?05%° (Z ki) Tr(A%1[1%,1%])
i
Tr([A%, 1%2][A%3, 194])
go = (2a")"V?g,
Sp, (ky,aq, €15 ko, a5, €55 k3,03, €3)

. a’
= igy(2m)*652° <Z ki) (e1-kayzey-este;-kijez-e; te3-kizer-e +?e1

7
“kazey - ksqies k12>T1“(/'1a1 [A92,2%])

1 1/2

1
S = g’z_f d?6x [—ETr(Dﬂ(pDWp) +

(o]

1 2
Tr(p?) +

Tr(p3 1T E, FHY
2a’ 3q'1/2 r(e )_Z r( e )

- %Tr(@ VE, “F, #)
A% - UAtut,
QabQ™t = (-1)"a}
Qar Q™ = ay
QIN; k) = wy[N; k), oy = (=11
QIN; k; ij) = wy|N; k; ji).
Q|N; k; a) = wys?|N; k; a)

a'm? even: A% antisymmetric
a'm? odd: A% symmetric

QyIN; k; i) = wnyjjr IN; s i Yy

QAN ks i) = [ "] INs ks 1Y~y T) o




yI =4y

L. i\ -1 1. il al
IN; k; ij)’ = Ui IN; k; 1) )Ujrj,

y' = UTyU.

y=m=i[? ]

-1 0
a'm? even: M(AY)TM = —2¢
a'm? odd: M(A*)TM = +2¢

A=) yay T =2,

3
S5, Chus ko ) = ge 2 (| | secet¥ @z 7

i=1
S2

Ss, (ki3 ko k3) = igC3CSZ (2m)?e82° (Z ki)
i

3
S, i ks ) = gle ™ [ a2z, ([ | s ece™ ¥ G 2% a2
C

i=1
Sz

Ss, (ke ko kas ka) = igdCs, (2m)20676 (Z ki>l(s, tu)
i

65,60 = [ dlag ]2 = g |
C

a's,a't,a’'u=-4,0438, ...,

87Tlgé- CSZ

;4 2 a's/2
igcCs f d*z4|z4] ~
2 |Z4]>1/€ a's+ 4

8m

= I y2
a gc

8mig
Ss, (k1 ko k3) = . (2m)?°52° <Z ki)-

Cs,

a’
i

al

;2
S, g i ) = 2 (226526 (Z ki) C(=ae() —ae(w)),

i

INONOONG
C(a,b)=f d?z|z|?%2|1 - z|?P2 = 2n QUONG a+b+c=1

C F(a+b)T(a+)(b+c)’




2a.(t) F(—(lc(t))

Ss, Ueai Ko fesi a) o s™50 5= 0y

!

a
Ss, (ky; ko5 kss key) o< exp [—? (sln sa’ + tIn ta' + uln ua’)

Ss, (ky, €15 ky; k3) = g2gee *Aey,(: EcOXOXVe ™1 X (zy,2)) 1 Ece™2X (25, 2,): 1 Ece ™3 X (23, 23): )s
2

mia'
- _Tgéelﬂvkg3k1273(2ﬂ)26526 <Z ki)
7
, 2
Iec = Egc

1 . 4
Sr = _Ef d?ox(—G)Y/2e—2® (G”"@HTa,,T - ETZ)

A ik-x
Guv =Nyw — Zlcem,e

K =ma' g, = 21g.
ix
SSZ (kl; €1, kz. €2, k3: 33) = ? (Zn)26626 (Z ki) eluveZaﬁeS)/STuayTvﬁa

i

!

a
THY = kg377ay + k$in'H + kilznm + Ekgsk'glki,z
J(s, t,u,a") = —2sin wa (t)I(s,t, 4a")I(t,u,4a")
f dZZZa—1+mlz—a—1+n1 (1 _ Z)b—1+m2 (1 _ Z—)b—1+n2
c
= 2sin [7(b + ny)|B(a+ my,b + my)B(b +ny,,1—a—b—n; —ny,)my — ny

€Zm,—n, €L

nigéa' 1, 1,y
27— sin [ra.(t)]4, (s, t,—a ,go) A, (t, u,—a ,go)
go 4 4

Ac(s, tu,a’,go) =
' eikl'X(zlrz_l): : eik4'X(Z4'Z_4):
= |Z14|u’k1'k4: (1 + iZ14k1 * aX + iZ_14_k1 : 5X _Zl4z_14k1 ‘ anl : a_X

4 .- )ei(k1+k4)'X(Z4,Z_4):

!

a
O('kl-k4 =?(k1+k4)2_4>_2

f d?6xTr(Fy, F*)

494




07 J d26x(~G)/2e~*Tr(E,, F*)

_AJ. d26x(—6)1/2e_d’

Invariancia Mobius.

, _az+p
T yz+ 6§

(A2, 21) o Ag (20 Z0))s, = (AL(21,71) o Al (Zn) Z))s, -
(A;(0,0))s, = (A}(0,0))5, = y-hfy--ﬁiwi(o,O»SZ.
_hl_h. —_ —_ .

(A;i(z1,2,)A; (zz,zz)> z, (c/z (1,1)A;(0, 0))

(Op(zl,z‘l)Oq(zz,Z‘z))S2 = 0 unless hy, = hq,flp = l~1q.

3 3
l_[ 0p;(z,2)) | = Cp,pyp, 1_[ Zihj—z(hi+hj)zihj—2(hi+hj)
i=1 i,j=1
Sz i<j
4 4
<1_[ Om(zi'z_i)> = Cp.pypaps Zer Zc) (212234) " (Z12Z34)" X 1_[ Z;hl_h'Z;hl_hj
=1 S. l,i]<=jl
(A (o0, 00)A;(0,0)) .
| taolna @8]0, 00
(661 = (Aie0, )8, 0.0))
_ (1)
04(2,2)0;(0,0) = 4
(z,2)0;(0,0) 2E 4 (L),
1)y =X 1),
(A7 (o0, 00)Ak (1,1)A4;(0,0)) = {(ilA(1,1) 1)),
D ek A0, )AL 0.0))s, = ciy
l
(A} (00, 00) Ay (71, Z) A (0,0)) g =7, g

(c/lg(oo, °°)fﬂk,(z1:Z_1)c/ll(ZZrZ_2)cAj(0'0)>Sz = <<i|T[°/ik(erZ_1)°/il(erZ_Z)] |j)




1= m)g™((nl.

hi—hg—hmy hi—hg—hp,  Am—hi—h; —hm_ﬁl_ﬁ'j m
Z Zy Z Z, Z, CikmC " 1
m

Cailculos de operador.
<: elkaX(0,00).1, elkl.X(zl,zl): : elkz-X(Zz,Zz): . oik3-X(0,0). >52 — ((0; k4|T[ zezkl-xlo zetkz.Xzo z] | 0; k3>
ik Xe — pik-Xcgik-Xy
I

1/2 ©
a 1
XE(n ) =t — i (?) S L (@t + it

m=1

B .a/ . a' 1/2 ® 1 a# dﬂ
Xg‘(z,z)=—17pﬂ1n |z|2+l<7> Z E<Z—$+qu>

m=1

(0; k4|elk1'X1Celk1'X1Aelkz'XzCelkz'XzA |0; k3).

. . . . _ i . . . . . ’ .
etk1X14ptko X0 — plk2'Xacoik1 X140 [k1X1ak2Xoc] — etka Xacplky X1A|212 | ky-ky
! i . i . i . i .
Ile |(1 k1 . k2<0; k4|elk1 X1C+lk2 chelkl X1A+lk2 XzA |0; k3)
— |lela’k1-k2 <<0; k4|ei(k1+k2)-xea’(k11n |z1|+k,In |z5|)p | 0; k3>

! ! !
= |zp,| ¥ Kakz|z | ¥ Kaks |z, |@ kz'k3((02 ky +ky + k4 |05 ks)

iCs, (@myo (Z kt) 25| 11Kz | 2| ka5 Kz

(0;k 1 0;1) = iCE (2m)?6%(k + 1)
(0;k 10;1) = (2m)48%(1 — k)

((0; k| = iC(0; —k|.

A(p) = A' (PN
© On
O(Z) = ih Z Znﬂ

o}
Z—'n+h'

o)t =i"

n=-—oo

o]

. of & of
0(z) =i"(=z75)" Z —r = 0" Z —h

n=-—oo n=—oo




(A = ke

(thj) = <(1|v‘1§(°°; ) |J'> = K(1]cA; (0, )|j)= K(1|A;(0,0)T]j) = K(j|-A:(0,0)|11)" = K(j | i) = K(i | )

KikP] k51
|z|72¢ = LJ.OO dtt® texp (—tzz)
I'(a) J

w=w+2n=w+2nt
(61,0%) = (6! + 2m,0?) = (6! + 2m14,0% + 217y)
z = zexp (—2mit)
1 <|z| < exp (2n1,)
0<Rew <mw=w+2mit
w'=-—-w

(c¢1,0) = (01, 2mt)

w=w+2n = —w + 2mit

(61,0%) = (¢! + 2m,0%) = (-0, 02 + 2nt)
w' = —w + 2mit
O<Rew <mw=—-—w+m+ 2mit

w'=—-w and w' =w +rm(2it + 1)

Correlaciones escalares.

2 -
—00G'(w,w;w',w'") = —2n8%(w —w') +

a AT,
! i 2
G'w,w;w',w') ~——In |9 row T
T 2 '\ 2n
2
a w—w' Im(w —w")]?
G’(W, VT/;W’,VT/,) = —?ln 191< o T) ’% + k(T,‘E).




= iCX, () (2m) 8¢ (Z ki>
<] ]

i<j

! s .
(ImWij)Z ks

oy, (Su
4rt,

S’
9,9.(0 1 7) *\21 ) exp

Z(v) = Trlexp (2mit, P — 2mt,H)] = (@)~ %?*Tr(q o gh0)

dik = .
Vd(qﬂﬂ_d/“f (2m)a P (—T[‘L'za’kz)l_[ Z g Nun @"Nun

wn NypNyn=0

i g =01-qM"

N=0
Z(1) = iVyZy(1)®

Zy (1) = (4m*a’'ty) "2 n(0)| 2
n(r) = q*/* 1—[ (1-q™
n=1
ds? = dwdw + €*dw? + edw? = (1 + €* + €)d[w + e(W — w)]d[w + €*(w — w)] + 0(e?)

w =w'+2r =w' + 2n(t — 2iT4€)

0T = —2iT,€

1
0Z(r) =—— f d*w[8 gww(Tww W)} + 8 guww(Tww W) = —2mi[6T(T,yy (0)) — §T(Typw (0))]

!

a'd
dwXH (W), X, (0) = — oz a'Tyw(0) + O(w)

a'd 9,029, — 9,,9,0,,9; N a'd

Z(@) " 0w X" (W)3y Xy (0)) = ddyy 0y G (w, W3 W', W)y = — 92 8z,

a'dddy, a'd

+
6 0,9, 8mt,




da39,(011) d
60,9,(0]7) 8mt,

(Tww (0» = < >Z(T)

mid339,(017) id

In Z(z) = — w2 18, 12
%ln Z(D) =555 0o T 1,

041 (3] ) = 20wt (2] 7)
d id
0:In Z(1) = =3 0,00 0,0,(0 1)+

Z(x) = 18,9,(0 | 7)|724/3¢; %/

Propagador CFT.

Trlexp (2rir, P - 2nt,H)] = (40)'¥/2Tr(glogh) = 4(q) | | 11 +q"1*

n=1

Z(1) = Tr[(-1D)Fexp 2mit, P — 2n1,H)] =0

{cw)b(w2)E(W3)b(Wy)).

Tr[(—1)F coboloboexp (2mity P — 21T, H)]
@] [ 1t-amt = m@r
n=1
Z(T) — Z qhi—c/24qﬁi—f/24(_1)Fi
7
h—Fh €1

n(c + )
12¢

-
Z (i) ~ exp [

[oe]

I(v,1) = 2 exp (win?t + 2minv)

n=-—oo
dw+1,7)=9,1)
I+ 1,7) = exp (—mit — 2wiv)I(v, T)

dw,t+1) =9(w+1/2,7)
I(w/t,—1/1) = (—it)Y?exp (wiv?/T)9(V, 1)

(v, 1) = 1_[ (1—q™(1+zq™2)(1+ 2z g™ /2)

m=1




q = exp (2mit), z = exp (2wiv)

[o¢]

9 [g] (v,7) = exp [mia?t + 2mia(v + b)]9(v + at + b, T) = Z exp [mi(n + a)?t + 2ri(n + a) (v + b)]

n=—oo

8000, 0) = 3w 1D =9 [[Jwn = ) gz

n=-—oo
oo

Jo1(v, 1) =9,(vI1)=9 [192] v, 1) = Z (_1)nqn2/zzn

n=—o

[o¢]

810(0,7) = D, (v | T) =9 [162] w,7) = Z q(n—1/2)2/zzn—1/2
n=-—oo

90 = -0, 10 =9 )] o)

= Z (_1)nq(n—1/2)2/zzn—1/2

n=—oo

Yoo(v, 7) = 1_[ 1- qm)(l + qu—1/2)(1 + Z—1qm—1/z)

m=1

Y1 (v,7) = 1_[ 1- qm)(l — qu—l/Z)(l _ Z—1qm—1/z)
m=1

910(v, T) = 2exp (mwit/4)cos mv 1—[ A-—g™A+zg™(A +z g™

m=1

911(v,7) = —2exp (mwit/4)sin v 1—[ 1-g™A —zg™(@1 —z"1g™)

m=1

Yoo(r, T+ 1) =991 (v, 7)
Yor(v, T+ 1) =9ho(v,7)
Y1o(v, T+ 1) =exp (mi/4)9,0(v, T)
d11(v,t+ 1) =exp (mi/4)9,1(v,T)

Boo(v/7, —1/7) = (=it)*?exp (miv? /1)900 (v, 7)
991(v/7,—1/7) = (=i1)/?exp (miv?®/1)914(v, T)
910(v/1,—1/7) = (=it)?exp (miv?/1)991 (v, T)
91,(v/1,—1/7) = —i(—it)Y?exp (miv? /)91, (v, T)
960(0,7) —951(0,7) — 974(0,7) =0
911(0,7) =0

0,911(0,7) 13
=27

n(e) = /% ﬁ a-qm=|
m=1




n(r +1) = exp (in/12)n(7)
n(=1/7) = (—in)"/*n(1)

n
1 ~
Sr2(1;2;...;n) ZEJ drdf<BBc”ch(W1,W1)| | j dwl-dvT/l-Vi(wl-,vT/l-)>
Fo i=2

TZ

1 1 i _
= 37 0.000) = 3= | Wby, W)0rg= o [ b, W) = 2riby,

J‘ dwdw
2(2m)?%t,

Sr2(1;2;...;n) =L %(b(O)E(O)E(O)C(O)HI dWidVT/iVi(Wi,VT/i)>
0 i=1 T?

Zre = [ )b 0)e)c(0
=], ey GOBOOO):

drdtT

ZTZ = iVZGf
Fo

(4m?a'ty) "B n()|~*

drdT

2
T3

drdt [ d%

7, = 2 Z hi-1ghi-1
r2 Vdj; i, ani exp (—mta’'k?) q
0 IEHL

drdtT
lVdf (4m%a't,) =2 Z qhi-1ghi—1

iexHL

5 d%k dl 5 5 . “®dl —d/2 5
Zs, (m*) =V, W-fo 2lexp[ (k* +m*)l/2] = lVd-I;) Z(an) exp (—m*-1/2)

2 _ 2 (h+h—2)
m —a,
i = [ B e liCh— B
= —expli(h—
)

©ql (tdg _a h+hi—2)0
Z Zsl(miz)=inf0 2] an @ Ex Z exp [—%+l(hi—hi)0

iex+ iext

dtdt -
— lVdf 2 (47'[2(1 T ) ajz Z qhi_lqhi_l
R T2

iext




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

1
FO: |T| > 1, |T1| <§,T2 >0

*dt,dt
insf —222 (4n2a't,) 13 [exp (47T,) + 242 + -]
275 21,

“dt,dt
inf 7272(47120("[2 _d/zz exp (—ma'm?t,)

Zvac(mz) = €xp [Zsl (mZ)]

Zyac(m?) = (0lexp (—iHT)|0) = exp (—ipoVy)

i

Po = v, Zsl(mz)-
*dl 1
f —exp [—(k? + m?)1/2] > —=In (k? + m?)
. 21 2
®dl [® dkO i
A ax” (12 2 Wk
fo 21) 7 exp [—(k* +m?)l/2] —» >
3 d?'k Wi
Po= | 2myd173
In Z,,.(m?) = —lTrln (—0%2 +m?) = _Va ﬂln (k? + m?)
vac 2 2 ) (2m)d

i
Po = V_Z (—1)FiZsl(mz'2)-
a5

Ipo| S 10744GeV*

mé, ~ 108GeV*

® Adt ® dt
Ze, = fo = Trolexp (=2mtLo)] = iV fo ﬂ(snzoc'f:)-d/z Z exp [—2nt(h; — 1]

. 1
lEj‘[a

[oe]

dt
- iV26n2f Z(87r2a’t)‘“‘n(it)‘z4

0
n(it) = t2(i/t)

V,en?
Zg, =1 2,113
2n(8m2a’)

foo dsn(is/m)~%*
0




n(is/m)~%* = exp (25) 1_[ [1 —exp (—2ns)]72* = exp (25) + 24 + O(exp (—25))

n=1

J ’ dsexp (Bs) = —
0

| =

1
k2

kH=0
1 1
—?f d x(zaudx')”qﬁ +gAq5)
9%¢ = gA
_Af d26x(_6)1/ze—&>
exp (—a'k?s/2)
(Blcoboexp [—s(Lo + Lo)]IB).

(ah +a¥,)IB) = (cn + ¢-)|BY = (b, — b_,)|B) =0, alln

)

n=1

|B) < (co + Ep)exp

(nla_y - @ +b_népn+ B_nc_n)] |0; 0).

< dt . ©dt -
Zy, = L 4—tTré{Qexp [—2mt(Lo + Lo)]|} = inJ;) 4—t(4n2a’t)‘d/2 Z Qiexp [-2mt(h; + h; — 2)]

ieHE

©dt
Zy, = iVye f E(4n2a’t)‘13n(2it)‘24
0

2

0<o0!'<2m0<o0?<2nt
0<ol'<m0<o?<4nt

w=w+2r = —w + 2mit
w=w+4rit,w+n = —(w + ) + 2mit

. 226V26 ® . —24
ZK2 = lmﬁ) dST](lS/TI,')

[oe]

dt
ZM2=inf E(&rza’t)‘d/z E Q;exp [—2nt(h; — 1)]
0

iEHGE

exp (27t) 1_[ [1 = (=1)"exp (—2mnt)] 24 = 90 (0,2it) 127 (2it) 12
n=1




©dt
Zy, = FinVye J 27 (BT D)7 900(0,2i0) 2 (2it) ™+
0

Zy, = +2inﬂfoo dsy0(0,2is/m)"12n(2is /)12
2 - 47'[(877,'20!')13 0

24V, _ «
: 213 2 f d
l4n(8ﬂ2a’)13 @ +n) 0 S

Tr(2%22)Tr(262%) = Tr(2A2A°2°A92°),
x* = x* + 2nR
ds? = GhydxMdx"N = G, dxtdx? + Ggq(dx® + A dxt)
x'4 = x% + A(xH).
A=A, — 3,2

B = ) gulxexp (inx?/R)

n=—oo

n2
a/.taﬂ(»bn(xu) = ﬁd)n(xu)

le

R =R, —2e79V%° ! 20 FHY
= R4z — e e’ — Ze U
1
S1= Ff dPx(—Gp)*?e 2®(R + 4V, PV D)
0
R d 1/2 ,—2®+0 u u 20 uv
=z d®x(=Gq)"/"e X (Rq — 40,®0"0 + 49, D" D — 2?7 Fy F
R d 1/2 ,—2® u u 20 uv
=7 | X6 x (Rd — 0,0045 + 40,800 by — % €O F )

0y +ipaA, = 0, +ind,

2®a g2

Kie

2 — —a
9a mR3e20 ~ p2




x(_GD)l/Ze—ZCI)HMNLHMNL

- 'y T UVA - uv
1 202 x(—Gy)V2e 2 ®a(H,,,H** + 3e727Hy,, HYY)

uvl (a Bvl A H dvl) + Gﬂ? cyclic permutations

By = By — AHgy;

X =X + 27R
k=" nez
_R’n

X(o +2m) =X(0) +2nRw,w € Z

a\Y? A a\"? < a
, m
aX(Z)=—1<?> Z Zm+1,aX(Z_)_—l<2> W
m=—oo

m=—oo

2nRw = § (dzdX + dzoX) = 2n(a’/2) % (ay — &)

p = a")"V2(ay + @)
n wR
= (2/a)V2qy = —
pL = (2/a) " ay R o
n wR
=2/a)2q, = - —
R = (2/a’) &, R o

(o0}
+ Z a0y,

n

[o0]
+z

n=

[y

hl

=

Funcion de Particion.

@D~ Y*Tr(ghogh) = |n()| 2 Z q®' PL/* G PR/
nw=-oo

o]

a'n? w?R?
e ) IS CLIC . Y

nw=—oco

0]

n=—oo

N m(m — b)?
Z exp (—man? + 2mibn) = a~ /2 Z exp [_ (T) ]

m=—oo




X(o' + 2m,0%) = X(6',0%) + 2mwR
X(o! + 2n1y,0% + 217,) = X(01,02%) + 2nmR

Xg = 0WR + o%(m — wty)R/1,
Operadores de vértice.
[x1,p.] =[x, Pr] = i

X(2,2) = X1 (2) + Xr(2)

a a\"? < a
X, (2)=x,—i=pnz+i|= Z o
L(2) = x,, lZPLnZ l<2> m=_oomzm
m=0
a’ a\"? a
YD) =3 — i Epdn 7+ Z m_
r(Z) = xp lZpan+L<2> L, mzm
m=0

! !

a a
X (z1)X(2p) ~ —?ln 212, Xr(Z1)Xr(23) ~ —?ln Z13
X, (z1)Xr(2,) ~ 0

vk K (Z Z_) =.eikLXL(Z)+l'kRXR(Z_).
LRR\™ ) )

_ _ @'kt 12 _grieret 2 _
vkLkR (Zl'zl)vk,fkﬁ (22,73) ~ Z5 v V(k+k’)L(k+k’)R (22, 2).

exp [mia'(k k; — krkg)] = exp [2mi(nw' + wn')] = 1.

mia'

[X,.(21), X,.(2,)] = ——sign(a{ — 03).

Vi, kg (2, 2) = exp [mi(k, — kg)(p, + pr)a’ /4] ° e FLXL@HIKRXR(D) o

exp {mi[(ky, — kp)(kp, + kg) — (ki — kp)(ky + kg)la'/4}

= exp [mi(nw' —wn')]

n n

1 / /

a’'kik;j a kLikL]'/z _a kRikRj/z
| | |2 _’l | Zij Zij
1,j=1 1,j=1

i<j i<j

27TR62ini,062iwi,0




Operadores DDF.
al
Xt ()X (0) ~ 7ln 7z, X (2)X*(0) ~ X~ (2)X~(0) ~ 0.
Vi(nky,z) = 0X'(z)e ™o X" (@ (2/q")1/2

ij - ij
§Y inkod X+ (0)eim+mkoX*(0)
Z

Vi(nkg, z)V/(mkgy,0) ~ — —~ pl(+m)koX*(0) _

. dz .
AL =¢ ﬁV‘(nko,z)

a'kop”t

[AL,, AL] = m6Y S, _,
m? = —kik, = (k25)* + Av-1-= (k2°)* + X -1
(2 L a’ R a'

2 —n2+W2R2+ LN+ -2
m- = R2 a'? a/( )
0 =nw+N-N
al @110 k), (aX, @ + a?5ak,)|0; k) (at, @23 — a?iat,)|0; k), a5 a%5|0; k)
OXHOX?S — 0X?50X* = 0(X*°0XH) — 0(X250XH)

2% g. 55 5 5 i
—— = (0X10X?5 £ 0X*P0XH)e'k X,

gC,ZS e iky X1 (2)+ikr-XRr(Z) :

—27127ig, 55 (2m)?55%5 (Z ) Koz (kizs £ ks

i
- —23/21tigc,25(21t)25625 (Z kl-) kg(kfzs + k,%g)
i
Simetrias de gauge.
m+w)2+4N=n—-w)2+4N =4
n=w=41,N=0N=1,n=-w=4+1,N=1,N=0

n=12w=N=N=0w=42n=N=N=0

:0X*e'* Xexp [+2ia’"Y2XE]:,: 0XteRXexp [+2ia’'"/2X35]:.




j1(z) =:cos[2a'"Y2X75(2)):
j?(z) =:sin[2a’"Y2X?5(2)):
j3(2) = i0XP(2)/a'M/?

S &Y ko
ooy L 00 €
j'(2)j’(0) sz Tl 0)

o]

ji(z) — Z i
Zm+1

m=—oo

[ 2] =% 89 + €0
Escalares y acoplamientos.
935 = 2K35/a’
gi = 2ki/a’
9(2},4(E) = KEEZ
g3 = 2mpsg;
g3 = g3E = 2mpsEg}
Mecanismo de Higgs.

R2—a'| 2 s
iy L

D (2)elXED:,
U(M) X Eijkei,j,klMiilelekk’ = detM

UM _ o
oM;;

uM) =

My MypM33 = My My = M1 M33 = My M3z =0

, n* w?R? 2 N
m =F+?+E(N+N—2),

!

R—-R' il
- =—,new.
R w

p?® - pPpE > —pE°
X' (2,7) = XE5(2) - XE°(2)

/2

— — 1
Rgeif-dual = Rsu@)xsu) = @




Dimensiones multiples.

XM= X"+2nR, 26—k <m <25

(2nR)" _
202 f d*x(—Gy)*?e~2%4[R, + 40, P ,0 Dy

1 1 1
-1 G™GP9(0,,Gmp0* Gpg + 0y Bp0Bng) — 2 Grn Fip F™HY — 2 G™ Hypy Hb'

1 uvi
=z o

anaa(gl/Zeabxmabxn)

X™(c1,0%) = x™(0?) + wmRo!

i
G (X™X™ + wMW™R?) — EBr,ma'cmuﬂula

L=—
2a'
oL 1 n n
Pm = T apm = ?(Gmnv + Bpnw™R),
n
Uy = a’?m — BpnW™R

2—(1, Gmn(vmv" + WmWnRZ)

1 2 N
m? = men(v[nvf + vl + = (N+N-2)
vig =v"™+w™R

0 = Gpn (V"] — vEWE) + 4a’ (N — N)
= 4a’'(nu,w™ + N — N)(8.4.10)

X™m = w"e! + wl'a?)R
2mib Wi wh
— T ,T

UmL m Umr

— pm
er_er

o KR = e




1 2 -
m? = E(erer + krrkrr) + 2 (N+N-2)
0 =a'(kypkr — krpkrr) +4(N — N)

Compactacion de Narain.
. @KL XL(2)+ikpXR(2). . oIk XL(0)+ikp-XR(0) . zlL'liz'RlR L ei(kL+kp)X(0)+i(kr+kR)-XR(0).
I, —lg-lg=1lol'"€Z
rer
lole2Z foralll €T.

200 =(U+1)o(l+1)—lol—1ol €21

Zr@ = @[ Y exp (it} — mitl})
leTr

Z S(L—1) =Vt Z exp (2mil" o D).

l'er U'er+

20 (0) = Vit (o) 2 Z A% lexp (2mil” o I + mitl? — ifl2)
lllel"*

=%ﬂ@ﬂ%WMW4kZ:wpﬁmwyrHﬂfﬁﬁﬂFvaUﬂ
lllel"*
r=r-
["=ATl
n mr
r

Lp=—+t—
LR =

[} =l cosh A+ lgsinh A, 1l = [;sinh A + l[zcosh A

0(k, k,R)
0(k,R) X 0(k, R)

2k(2k — 1)

—k(k—1) = k?

ATy = NAN'T,
A € 0(k,R) x O(k,R),A” € O(k, k,Z)

0(k, k,R)
0(k,R) x 0(k,R) x 0(k, k, Z)

xM=Lm, x"

bmn - bmn + Nmn




1 . ;
595 ($)3,'0"¢)

16
75 uP0H O+ G GP(0),Grp0* G + 0y Bimp0* Bng)

R? , v
p= P (324,25 + ldetl/ZGmn) = bya2s + lm

!
a p;

ds? =
RZTZ

|dx2* + 7dx?5|"

PSL(2,Z) x PSL(2,Z) x 73

0,10 9,p0"p

2 2
T2 P2

PSL(2,R) X PSL(2,R)
U(1) x U(1) x PSL(2,Z) x PSL(2,Z) X Z2"

Orbifolds.
X25 ~ _X25
XM > XM 26—k <m < 25.

t™: X25 = X25 4+ 2Rm,
t™r: X25 = 27Rm — X35,

X?>(o' + 2n) = —X?5(cY)

IN,N; k¥, n,w) - (—1)Zm=1 (NP +NEP) [N, N; k#, —n, —w),

N1/2 © ~
X35(z5=i(Z / Z ! 6172'15“/2+0(’2"5“/2
’ 2 m+ 1/2\zm1/2 " gmifz )’
m=—o

X?5(o' + 2m) = 2nR — X?5(a).

2—4(1\1 15)1\/—1\7
mEy 16)" ~

1+r -
(qq)~Y**Try ( > qL°¢7L°>

1 1 T _
SZarRD +5 @DV | 11+qm1
m=1

1+7r . = - = -
(qci)”“STrT( > qL°c7L°) = (g [1_[ [1—qm2 7+ | ] 11+ am 2]
m=1 m=1




n(t) n(t) n(1)
000, r)| * |1901(0. ot |z9oo(o, )

1
Zorb (R, T) = EZtor (R' T) + |19

X25(0.1 + 27.['0.2) — (—1)a+1X25(O'1,O'2)
X% (ot + 2nty,0% + 21T,) = (—1)PH1X23 (01, 02)

Twisting.

p(ol +2m) =h-p(c?)

1 .
Pu = order(H) Z ha

1
7= 1§
order(H) N hahz

L haEH
¢'(c") = hy - p(ah)
¢'(c* +2m) = hy - ¢p'(ah)
Ry = hyhyhy?
¢ =1CFTs
r': X?%5 > X25 4 rat/?

Zob (a’1/2: T) = Zior (Zall/z; T)

/2
k
PR PR =0T
] , oA i0x2>
Aps(xM) = 1R —iA™! axZS,A(xZS) = exp (‘ 7R >

W, = exp (ig$ dx?A,5) = exp (—ig8)

1.... m? .
s=f dr(—XMXM+——iqAMXM>

2 2
JL s q0
Pes = "5, =V " nk
2nl + q6
Vas = 2nR

1
H = 5 (pup* + vis + m?)




2nl 4+ q6
Vy5 = P25 = 1R

1
A25 = - ZT[_Rdlag(gl, 92, ey Hn)

2nl — 9] + Hi
Vs = 2nR

C(eml-6,+6)" 1

2
m 4ﬂ2R2 + E (N - 1)
2
. _(6,—6)
412 R?

S
UGr) X .. X U(rs),z r=n
i=1

Tr([Am, An]®)

Dualidad T.
X'5(z,2) = XE5(2) — XE*(2).
0 X2° = —i0,X"*
125 125 " 1 125 P " 1 25 1,25 2na’l U
X' (m) —X"*°(0) = do 0. X' = —i do'0,X*° = 2na’'v*> = — = —2mnlR
0 0
AX'?5 = X'?5(m) — X'?5(0) = —(2nl — 6; + 6;)R’.
X'? = 9,R' = —2ma’ Ays,;.
R n1/2 25
, , IR fa a _ _
X'%5(z,7) = ;R —%(an -6, +6;)In (z/2) +l<?> Z Wm(z m_ z-m)
m=0
ol 2 a2s
=60,R' + ?AX’25 - (2a")/? Z Wmexp (—mo?)sin mo?
m=—oo
m#0
AXIZS 2 1
2= —(N-1
mn (2na’) + a'( )
Membranas.

a |k;ii), V=id. X+
a®3\k;ii), V =i0,X% = 0,X'%°




Sp = —TpJ dp+1fe—cl>[_det(Gab + Bap + Zna,Fab)]l/z

oX*oxv oxX*oxv
Gap(§) = 924 3gb Guv (X (), Bap (§) = 324 9gb By (X($))

XIZ = —21‘[0{'X1F12

f dX[1+ (9, X'?)2]M2 = f dX[1 + (2ma’F;,)*]M?

i
i J d?0g/?€%9,X10,XVB,, +i | dX*A,
na Jy oM

8A, = 0,4
6By = 0,8y — 0yCy
§A, = —{,/2na’
B,, + 2na’F,, = 2na’Fy,

V o< Tr([ X, X, J[X™, X™]).

S, =-T, f dP*1ETr{e ™ ®[—det(Gyp + Bap + 2ma’ Fop) /2 4+0([X™, X™1%)}
p

Tpe-fbl_[ (2mR;)

i=1

p—1
2ma’t?T, e~ 1—[ (2mR;)
i=1

p—-1
T,,_le-‘b’l_[ (27R;)
i=1
Ty = Ty_1/2ma’*/?,

@ dt
A= in+1[ T(8n2a’t)‘(p+1)/2exp (—ty?/2ma")n(it)~2?*
0

iVyiq *© _ ,
= (&Tz(xlpwfo det(1 p)/zexp (—tyz/ZTL'(l ) X [exp 2m/t) + 24+ -]
. 24 11 _ 23—-p _ . 241 11
A = le+1ﬁ(4ﬂ2a P 23)/2F(T> ly|P~% = le+1w(47T20! ) PG5, ()




1. ~
S, = —Tpf dP*1éexp (p v CD) (—detGab)l/2

N Y
Fy = 0fhy, — 50,k = 0

s=— 1 [ aox(a.n,0mnt — 1o noorni + 2o dotd
" T kAT g Culw O+ 3 O

By = (D — 2)ik?
(o®) = 4k2 7
2iK? 2
(huvhcrp> == 7 NusMvp + NupMve — mnuvr]ap> .
p—11_. 1
$p= 1 | (P - gh)
i) 6iK>T}

v 6p_11]2+1[2 PP +12]— v

2 T 2,.,\11—
TP_W(47T a) P,

T2s '
e (2rma’)*Tr(E, F*).

2 r 12
go Ama' g,
Jo _TM% Jo _ 18,2526

Ic K
Q: X{'(2) & X§'(2)

Q X'™(z,z) & —X"™(Z,2)
XM (z,2) & X*(Z,2)

G[w(x,) = le(x)rB[w(x’) = _Bpw(x)
Gyn(x’) = _Gun(x)rBun(x,) = Bun(x)
Grn(x") = Gmp(x), Bpp (x') = =Bpn(X)

W — diag(8191’ e—i91’ eiez' e—i92' “ee eien/z' e—ign/z)
212—kTpf dp+1fe“b(—det6ab)1/2

Yed: etk X,

2
g c,d

V(2. )V (0,0) = 55+

. 8mi
e~2M(&(2,)c(21)E(2,)c(22)E(Z)c(25): e ¥ (2, 2): ) = ﬁ’yzlzzlnglZ(Zn)dad(k)




Ss,(152;3) = e 24{(V] (e0, 00)V,(1,1)V3(0,0))

2
V) =y
S5, (1:2:3) = e (D [D,(1,1) 1 93) = e ey,

Ws) = Qglx)-

e?Ss,(1;2;3) = ((1?1

[9,(1,1),05] 1 2) + (P2 QP21 1) 1 ) = 0

V3 = Qg - X.
. ?
Z SmnSpn = Smp
n
Smn = Omn + iTinn
Ty — Ty = iz Tyun T
n
Ts,(1;,2;3) = Ts, (-1, —2; =3)"
’l}—i = _Ei'
(V] (00, 00) V5 (1,1)V5(0,0)) 5 = —(V.1(e0, ) V_3(1L,1)V_5(0,0)) ,

Ss,(1;2;3;4) = ™24 f d?z(V{ (o0, )V, (1L,1)V3(0,0)V(2, 7)) -
C 2

(T [P2(1, 1)V 2 2] 193).

Vi(z,2) = (22) " {bo, [bo, V4 (2 D]}

01— z)) ((ﬁl Dy (1,1)bobozko~ 170010, (1,1) | 1?3> +6(|z|
-1 <<1>1|1>4(1'1)boBOZ_L°_1Z__Z°_11>2(1'1) | 173)

O(1 = |zl) ) 7 (brmda=1za (Emd)/at x (1, [0,(1,1)boby 1 ) 6 ((0'1P4(1,1) 1 5) + 6(12]
ii’

-1) Z 5= (kK +m?)/a=1 z—a' (K} +m})/4-1
L

x ({01721, 1bobo 1) 6 ((6'102(1,2) 1 93)




klz = (kl + kz)z > —

8_1'[ (sz'mz

2, a' (k2+m?)/4—1 za' (k?+m?)/4a—1 _ _ —mfmt
d“zz Z =
11,2 2 _
zl<1 a' k®+m* —ie

[boboztlo~1zEl0~1, Qg = +bod; (2o~ 17Eh0) T by, (zELozElo~1)

Ts,(1;2;3;4) — Ts, (—1; —2; =3; —4)"

. d4 ks |
- lz .[ WTSZ (1;2; 5)Ts,(=5; 3; 4) + 2 permutations

o AR . N\ s e \
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CONCLUSIONES.

En mérito a lo antes expuesto, concluyese que, las ecuaciones de campo de Einstein engranan, en
tratindose de un espacio — tiempo cuantico, en tanto se esté ante un efecto cuantico — gravitacional
ordinario, es decir, cuando el tejido del espacio — tiempo, en dimension R*, se deforma, sin que por esto,

estemos ante pluridimensiones, como si supone la supergravedad cuantica, lo que no ocupa este estudio.

Sin embargo, esta deformacion, supone la existencia de otros puntos de realidad en una misma




dimension, en los que impera la simetria de gauge fija o corregida. Por tanto, la curvatura, es puramente
local, por lo que, las transformaciones de gauge son locales, sin que existan contrapuntos
pluridimensionales, sino pluriespaciales, es decir, interacciones de particulas focalizadas en puntos
arbitrarios del espacio de Hilber — Einstein deformado. Adicionalmente y como ha quedado anotado,
concebida asi, la gravedad cuantica, ésta puede ser endogena o exogena, segun la naturaleza
fenomenologica de la particula supermasiva en un campo cuantico especifico y segun las magnitudes
escalares y simetrias tensoriales.
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