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RESUMEN

En recientes trabajos, este autor ha esbozado planteamientos generales a proposito de la supergravedad
cuantica relativista, la misma que, en sentido estricto, se tiene como una teoria del todo. La
supergravedad cuantica relativista, es un pilar esencial en la Teoria Cuéntica de Campos Relativistas o
Curvos, planteada por este investigador, en la medida en que, unifica la relatividad general y la
relatividad especial con la mecanica cuantica. Sin embargo, a diferencia de los postulados que son
propios de la supergravedad, la supergravedad cuantica relativista, usa la supersimetria en grupos de
gauge infinitos (supersimetrias de gauge) con la finalidad de integrar la gravedad a escala subatomica,
a partir de la existencia de superparticulas, capaces de deformar el espacio — tiempo cuantico, en
dimensiones mads altas (supersimetrias de gauge en dimensiones D), lo que ocurre, por interaccion de la
propia superparticula a razéon de su masa y energia extremadamente densas, o por interaccion de la
superparticula con el supergraviton, incluyendo, aquellas interacciones con regiones de antimateria, lo
que supone, la permeabilizacion del campo cuantico repercutido por el campo supergravitonico. En este
trabajo, se robustecera este concepto esencial que explica la Teoria Cuantica de Campos Relativistas o

Curvos.
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ABSTRACT

In recent works, this author has outlined general approaches to relativistic quantum supergravity, which,
strictly speaking, is considered a theory of everything. Relativistic quantum supergravity is an essential
pillar in the Quantum Theory of Relativistic or Curved Fields, proposed by this researcher, insofar as it
unifies general relativity and special relativity with quantum mechanics. However, unlike the postulates
that are typical of supergravity, relativistic quantum supergravity uses supersymmetry in infinite gauge
groups (gauge supersymmetries) in order to integrate gravity at the subatomic scale, based on the
existence of superparticles, capable of deforming quantum space-time, in higher dimensions (gauge
supersymmetries in D dimensions). which occurs by interaction of the superparticle itself due to its
extremely dense mass and energy, or by interaction of the superparticle with the supergraviton, including
those interactions with regions of antimatter, which supposes the permeabilization of the supergravitonic
field, which supposes the permeabilization of the quantum field impacted by the supergravitonic field.
In this work, this essential concept that explains the Quantum Theory of Relativistic or Curved Fields

will be strengthened.
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INTRODUCCION.
A diferencia de otras lineas de investigacion relacionadas a la supergravedad, en este trabajo, abordaré
la supergravedad a escala cuantica y en dimension relativista, en D dimensiones, sin regulacion por
campos de gauge finitos, sino en contrario, suponiendo que, a escala cuantica, la supersimetria de gauge,
esta dada en infinitas dimensiones, a proposito de la distorsion del espacio — tiempo cuantico, en
dimensiones mas altas, a causa de la interaccion de la superparticula, por su propio centro de masa o
energia (en el caso de las particulas estrella o blancas), o por interaccion de la superparticula con el
supergraviton, incluyendo, aquellas interacciones con regiones de antimateria.
En este trabajo, esbozaré¢ un modelo matematico unitario, a propdsito de la supergravedad cudntica
relativista, concebida asi, en la Teoria Cuantica de Campos Relativistas o Curvos, esto es, la
deformacion del espacio — tiempo cudntico, y su desdoblamiento en dimensiones infinitas, por efectos
de la gravedad causada por la interaccion de la superparticula, con el supergraviton, lo que supone, la
permeabilizacion del campo cuantico repercutido por el campo supergravitonico, o en su propio campo
cuantico, en condiciones relativistas, a razon de su masa y energia, extremadamente densas, como ocurre
con las particulas blancas.
RESULTADOS Y DISCUSION.
Los calculos aqui contenidos, complementan con el desarrollo matematico desplegado en el volumen I
de este trabajo.
Supersimetrias compactas en planos cuanticos relativistas.
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ex,s

1, _
d(ao(s)ealazealeaz +-) = (¢0)*(E (llfl"alazll))ealeaz)-
Hg Gf

d((H3)a1a2agealeazea3) = ¢*((G4)a1--~a4ea1 ea4)

1 1 1,_
d (5 (H3)a1a2a3ealeazea3 + ao(s)ealazealeaz + ) = (¢°)" (E (64)a1~--a4ea1 e+ 21 (1/)Fa1a2¢)ealea2)

Even Odd frame- coord-differentials
Frame | a € {0,--- ,10} a€{l,---,32} so that e’ = epda” + egdo?
Coord | r€{0,--- , 10} pe{l,---, 32} e = Yrdz” + Pgde”

D .
(Map)op=0 = (1), , o = (diag(=1,+1,+1,-, +1))8 =9

V= VbnabrVa = Vbnab

1
— —1)lel
Viay-ap)i = = Z D)MW agy
geSym(n)
€012..: = +1 hence €912: = —1,

ayap, _ olag ap] _ ca L N [ ap]
6b1-~~bp 1= 5[b11 pr] = 5[b11 pr] = Sbll pr
al"'aq

al...ap _ €y Cpq-a, — —nl. gl
I/a]_"'apsbl"'bp — V[b1-~~bp] and € P 1€c,cpby-bg = TP q'5b1---bq

l"al"b + l"bl"a = +27’]ab.




1
Fal...ap: = l—‘[a1 Fap]: - Ez (_1)|J|Faa(1) l—‘atf(P)'
o

Fal,,,ap _ {gal l"ap
n = —nCPF T, = i[CDF
VOV)ei=Vy Q@ Voo ®V1 @ Vi4s
br,,

VRV s VRV

veV,v' € Vé, = brd, (v ®v'):= (—1)”'”’1}’ Rv

Voda € sMod
V € Mod = (Vodd)O =0
(Voda )1 =V

(Ve = (V)"
) ():AQA—A

a-a €A,
a€A;a €Ay = ,
7 ‘ {a ca'=(-1)°%%a"-a
(—) ® (—):sCAlg x sCAlg — sCAlg
AQRQA):=4RA; DA ®Aiis

SmthMfd & sCAIg®P
X w C*(X)

GP1QP2 = _9P29P1, 6rPEP =0

q q
1
1
a+ Z a,0f + Z Eaplpzé’pl@pz ++ag.q0 0%a €R
p=1 pP1,p2=1

sCartSp « o) > sCAIg®P

R4 s C®(R™) @ A*(RY)*.

{Ui =~ RO &y RnICI}

i€l




(7. w},
iel

sSmthSet : = LI Func(sCartSp°?, Set).
sCartSp”? ——— Set

R™e  — PLI(R"4, X)

rox .y

A
>

A~

liso

X o, x & Y PltGrm(R"7, X) — PltGrm(R"?, X)

n,geN

PltGrm(R™¢, X) := PltGrm(R"?,X)/ ~

X € sSmthMfd = Plt(R™9,X): = Homgsmnmea (R™?, X).

sSmthMfd «w sSmthSet.
©(X|Voaa) = At Tx(V*) =Tx(A®V*¥)

X|Voaq € sSmthSet, with Plt(R™?, X|Vogy) = HomsCAlg(coo(}’Emdd),CW(R"\@))

Plt(—; f) : sCartSp“? > Set
R™I7 — Homgssmtnmtd (quj 11 Ui) / ~

iel

Pt (R™9, X) —— PIt(R™, X)

®i — Li © @
nx : X—X

q

q
1
£l + Z £,(x)6? + Z 5L (0p,p, 07109 4 [(X)1. g6+ 07 > f(2)
p=1

pP1,p2=1

n: sSmthMfd — sSmthMfd




V=D o

nez
O€EZ,

Ve V’)n,a: = @ Vio X Vn—k,a—p'
KEZ,pEL,

V€ Vpg, V' € Vyr oo = brdy /(v @ v') = (-1)"™ (-1)77 v’ Qv
sgMod ™ & sgMod
Vno = (Vono)
Vo= (Vo)
OV)no:i=Vn-1,0
4 Eneeaz (Ano ® A1)
) ()AQA—A4A

€A re A a-a' € An+n’,a+a’
a n,or A nl'al,: a-a = (_1)n.nl+o,.o,la, . a
R[V]: = Sym(V) € sgCAlg
v - 171',1 = (‘Dni.niﬁai.ai'v{l Vg
dA— A
da € Apt10
aeE ATL,O'I a € A;,LI,G.I = { d(a . a’) = (da) -a + (_1)7‘la . da’
dda =0

A® A,)n,o: = @ Apo ® An—ko—p-

KEZ,pEL,
shLAlg™ « eRC) s sdgcAlg®P
((1, [_]:[_:_]:[_:_:_]1“') — (R[bav}: dlbaV = [_]*+[_:_]*+[_:_:_]*+“')

[v',v/] = fi/v*

(l)i(l)j = —(—l)ai"’fwja)i
_L.
da)k = Efk wiwj

iso(R>1032) € shLAIg"™




(ea Llloz(), ) deg(ea) = (1,0) de® = —? beb + (t/?l"‘ﬁ/))
CE (igo(Rl,D—1|3Z)) =R| (0% = _wba)aobzo’ deg(w®™) = (1L,O)| /| dw® = —w® .0
W)ets, deg(p®) = (1,1)] \ T =0
50(1,10) = so(RM1?) s iso (R1:1032)
CE(s0(1,10)) «——— CE(iso(R110132))
0 e e®
0 — @b“
c.dab — w‘lb ,

R1,10|3Z: — iso(R1,10|32)/SD(R1,10|32)

1032) _ 1 | (€Da2o, deg(e®) = (1,0) ], (de® = +@TY)
CE(Rl 10|32) =R [(lp)gz:l’ deg(l/)“) — (1’1) < dl/}“ =0 )

[Q_a' Q[)’] = FoczlﬁPa

( ) - [ 4 7] I
/ dG7 - 2‘ G4G4_

R R(’U;g, ’US) with only non-vanishing bracket of generators being [vs,v3] = vg

1
dG7 = E G4_G4

ve = [v3, V5]

] 0
R1.10/32 (Gy, G7) . (S

CE(R10132) CE(154)
%(aFalaz gb)e“l %2 — G4
é(al—‘ar--as ’l,b)ea’l RN — Go.

1,
d (g (IPFalazl/))e“le“Z) =0
d (% (PTy,.qp)e - eas) _ %G (lﬁralazlp)eale%) (% (lﬁralazw)ealeaz>

} € CE(RLIOISZ)




(Ga, G7)

TX 5
Q85 (X) CE(154)

(Ga)ay-ag €M et + %(EFMGQ @b)eth e — Gy

(G7)a1 ay et e + é(arm ay "i',)) — Gr
(54 ~ > 154

R[G, Gr] /(dG4 =9 ) CE(18%) «+—=—— CE(I'sY)

dGr = 5G4l Gy — Gy
2Gy i G~

QR (RY9) € sdgCAlg

r (RY19) @ o C°°(RO19)(dgPr - - - dgrr)

p=0 1<p1<--<pp<q
Q3 (R™9) € sdgCAlg
Qg (R™9) = Q% (R") @ Q5x (R%9) € sdgCAlg.

Qr(R™?) = Homfgt vsa (T(R™9), R X Rogq)

T*K(R™M7) — R x Ryyq

Qi (R V) = Homgecale (Sym(bVY), Q4 (R™9))
Qe (R V) = (QRER™) @ (VY)*) , 0,

Qqp (R"1%; V) 2 Homggpiinea (T(R™9), V)

mE




Qgr(R™9; R) = QER(Ran)O

bR (RMGR) = OfFF(R™M)
Qar(R™%; bFR) = O5F(R)
Qir(R™%; b¥Rogq) =0
Qr(RY; R) = R(6d6)
Qir(R; Rogq) = R(d6)
Qir(RY; R) = C®(R)(dx) @ C*(R)(6d8)
Qr(RM; Rygq) = C*(R)(6dx) @ C®(R)(db)
Qir(RY% R) = C*(R){(dx, 0162dx) @ C*(R)(6* do*,0% dot, 61 d6?,62 d6?)
Qir(RY% Ryqq) = C®(R)(' dx, 62 dx) @ C*(R){d6?*, d6?)
Qir(—; V) = sCartSpP > Set
YT — Olg(R"% V)

F:X — Qir(=V).

QéR(X; V)= HomsSmthSet(X: QéR(_i V))

Qap (Y3 V) - > Qap (X3 V)
| I
Hom(Y; Qig(—; V)) —— Hom(X; Qi (—: V)

¢ — ¢pof.
Qir (fa Roaq) = 0

Qig (R™9; q) ‘= Homgggeats (CE(a), Qg (R™9))

clsd
1 n|q. ~ ] n|q VO
Qhp (R a) = MC(Q8(R™) @ (a¥)*)
T(]Rnlq)—>a
Qir(—; Qesa ~ Qir(—; @) € sSmthSet.

‘Q'%lR(X; a)clsd = HomsSmthSet (X; QéR(_; a)clsd )

Qr(X; b*R) = {F € QgR*(X) | dF = 0}




dGy = 0 }

Gy € Qir(X: °R)
dGr = 3G4 NGy

Qdp (X; 154 =
dR( )clsd {G7 e QSIR(X? bSR)

Homgsminset (X, Qhr(—515%)) = 04 (X; 159).

FO,FD € Q3r (X; )etsa

X % {0}
(0)
o -4
F(O) ~ F(l) = X x [0, 1] —————E]-E——--> QéR(_Qa)clsd
il eI
X A1}

Hir(X; @): = QIR (X @)etsa /~-

H3r(X; b"R) = HE1(X),

=

|
)

(id x {0})"
(id x {1})"

) Ny
Il
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Q(liR (— ) a)clsd




X x {0}

idx{o{

X x [0,1]
. '\d‘f‘&‘\\ T\

(id x {0})*f - F X x {0} / idx{1}
(dx (1))'F = F ‘ X [0,1) x [0, 1] I

idx {0} y X x {1}

X XW[O, 1]
idx {1}
X xu{l} Qir(=:0)cisd

X x {0} x [0,1] —» X x {0}

J{ F0)
X x [0, 1] X [O, 1] hence ooy Horpm =
/[ F) schematically i £> .

of this form:
X x {1} «— X x {1} x [0,1]
FQ)
O 1
QdR(_; ﬂ)clsd

X x {0} x [0,1] —» X x {0}

£ F(0)
X x [0,1] x [0,1] hence
I P schematically Fl B \F
I of this form: e
X x {1} «— X x {1} x [0,1]
 ) F
Qg

FO
- a)clsd

o))

l664 = O

latC3 =0 and tE[Y)I,l]C3(_' t) = J;O't] G4_

64 = A4 + dtB3, with latA4_ =0 and lath = 0,

dxA4_ =0 and d[O,l]A4 =dt deg




d‘[ 64 = (d[O,l] + dx)J dt’B3(t’)
[0,-] [0,-]

= dtB3 +J dt’de3 (t’)
[0,-]

= dtB3 + J. d[O,l]A4-
[0'_]

= dtB3 + A4

=G,

dC; =G
C; € Q3 (X 3~ 4
3 dr( )} such that {

1
Ce € Q5 (X) dCs = G7 =5 3Gy

dB, =C;—-C
B, € Q3 (X 2= 37 43
(C3,Ce) ~ (C4,CH) & 32 dr( )} such that {

! 1 !
Bs € Q3r(X) dBs = C, — C4 — 5 C3Cs

(Cg,Cﬁ) (64 = tG4+dtC3, @7 = t2 G7 + 2tdt06)
I
o . (c: .=t G4+dt C3+s dt(CL—Cs)—ds dt Bo )
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(Ba.Bs) . 24::tG4+dtCg+sdt(CéfC3}fdsdth
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1
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Px x[0,1]+

X % [0,1]; x [0, 1], » X x [0,1], 2% X

X &3 X x [0, 1]

L1

df F=L{F—¢3F—f dF
[0,1] [0,1]




u (64» 67) = (G4, G7)

A A 1 .1c4 :
(62 G) € U (X X [0,1]; (5% agq with {t:; s

dCs = Gy
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dCs = G7 — 5C3Gy

S . dC; = G4
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i 01]( T ( [0,-] 4) 4) dCs = G7— 503Gy
——

(3 € QIr(X X [0,1]), C3(—,t): = f[ | Gy
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dé3 = G4 and laé3 = f G4 = 0,[;63 = f 64_ = C3

[0,0] [0,1]
A 1 ~\ A ~ 1 ~\ & ~ 1 ~\ A
df 67_5 f G4_ G4_ ZL; G7_§ f G4_ G4 _f G7—§ f G4_ G4_
[0,1] [0,-] [0,-] [0,1] [0,—]
=0
1
=Gy — 26364

Gy: = tGy + dtCs } u {d(t@ +dtC;) =0

~ 1

f (tG4 + dtC3) = t,C3
[0,t]

1
f (t2G, + 2t dtCq — —tC3 (tGy + dtCy)) = 266f tdt =Cq
o1 — & 4

7 Cs Ga

/ tG4—|—dtC3) = t’Cg
[0,¢7]

f t2(}’7+2tdt06 Lty (tG4+dt03)) _ QCﬁf tdt = Cy
[0,1 RS -~ 2 [0,1]
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' ~
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?

Qir(X X [0,1]; X [0,1]5; 1S*)¢1sq, Such that:
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J;E[O,l] tE[O 1]

Gy

N 1 PN X 1
f G, _E Gy | Gy | =5 B2Cs
s€0,1] e[01] t'efo0,-]

se[0,1] Jte[0,1]
:l;=1j 64 - l;=oJ 64 —f d Gy
tef0,1] tef0,1] se[0,1]  Jtefo0,1]

:f Le=1Gy _f le=oGy —f (lZ=1CA"4 - lz=06‘4) +j j dG,
te[0,1] te[0,1] s€[0,1] s€f0,1] Jte[0,1] =g

=0
=f (ﬂ _f 64
te[0,1] te[0,1]

=C3 = C3

N 1 X X

TR

sef0,1] Jte[0,1] 2 t'ef0,-]

~ 1. . ~ 1. . 2 2\ 2
te[o,1] 2 te[0,1] 2 s€[0,1] te[o,1] 2 t'e[0,~]
1 2
=cg—c6+—(f f G4>G4
2\ Jsefo] Jeefoa]

1
:Cé - C6 + EBZG‘L

N 1 x N 1
dB5=df f (67__<f G4>G4>_d_32C3
sef0,1] Jeefo,1] 2\Jerero- 2

1 1 1
= Cé —Ce +EBZG4_§(C?’; —(3)C3 _53264

—_

(3520

= G~ Gy~ 5 CiC
d(tGy+dtC3) = 0
d(sdt(Ch—C5)) =  dsdi(Ch — Cs)
d(—dsdtBy) = —dsdt(Ch—Cs)
d(G.) ~ 0

1
d(Ct — Co) = =5 (€3 = C3)Ga,




d(2G; +2tdt Cg) = L(tGy+dt C3)°

d(2stdt(Cl — Cs)) = stdt(Ch — C3)Ga + 2dstdi(Cl — Cg)

d( —2dstdiBs) = —2dstdt(Cf — Cg) + dstdt C4 Cs
d( —dstdt BoCy) = —dstdt By Gy — dstdt C3 C3
a4(Gr) ~ 1G.G

P € Qir(X; Nogq),
[X, Y](R™M7): = Homggpmehset (X X R™4, F),

[X, Y](R™?) = Homggmemmea (X X R™4,Y)
HomsSmtthd(f , Vodd) = Homgcoalg (C°°(Voaa), C(X )) =20

(X, Voad] (ROI) = HOHlsSmtthd(f x R Voqq) = (CM(X) @ R[6] @ Voaa),
(X xR"0) 2 ¢ (X) @ = (R"I0)

[X, QéR(—; V)] € sSmthSet
Homggmenset(X X R™9, Qip (= V) = Qir(X X R™4; V),
[TX,V]ibln o [TX, V]

[Tx,v]iblin (R™M?): = Hom{git g (TX X R™M, V).

[TX, V]ﬁb.lin. (]R"Iq) =~ (QéR(X) ® COO(RnllI) R (VV)*)(LO)

Qe (X; VIR = (Ur()EC®RM D (V))

Qg (X 32,04) (R™Y) = (Q‘liR(f) ®C=R™) @ Szodd)o

e =y, dx
nx  Qar(X; 32000) — QéR(fE 32,44)

%, - dx” + "ub&p -dff — warlgpzu - da”




iy (X5 0),,,(R"17) = MC(28(X) & C=(R") @ (a¥)").

Deformation paths
of flux densities

chiR (X X [0’ 1]’ Cl) clsd
| T |

take endpoint of (
deformation path \™ )1

* ( take starting point
Pt =)o of deformation path

4 | J
chiR(X ; a)clsd

Flux densities satisfying
their Bianchi identities

Aﬂe = {(Iova:lv e JIH) € (REU)H

n i
Zi:UI - 1} 0 Aéen




Deformation paths
of deformation paths T _ 3 .
of deformation paths QdR( x Ageoa Cl) clsd
of flux densities

(52,31 (Fo,2,31 (Ho,1.3) (Fo,1,2

I

Deformation paths 1 5
of deformation paths QdR( —2K Ageo; Cl)
of flux densities

IQ!liR(_; a)clsd =
clsd

| | |

(Do | Doz | (Fz

X8 )’ 1!

Deformation paths 1 o T &
of flux densities QdR( A Ageoa Cl) clsd

deformation path of deformation path

take endpoint of ( |) T ( |) take starting point
= L
<+ <+

Flux densities satisfying 1 (_. Cl)
their Bianchi identities dR\7s Wclsd

.
.
.
¢ - set of {—— endpoints set of <— boundary edges —— set of — ...
simplicial set . e Y in s . :
points constant edges —» edges —— thin surfaces —»  triangles —»
< dp——— .
< dy BF—————————% oo
X = XO S0 > Xl < dy X2 T Bt
< do S1 > o

Z do




set of 4—— endpoints

. . set of <4— boundary edges —— set of — ..
simplicial set

points constant edges ——% edges thin surfaces —»  triangles ——
A d2
£ dy S0 N
X = Xo S0 X1 ¢ dy Xo
, do 51 s
vl do

1 1 1
0 > 2

0 > 2 0 > 2

f Qgr(—; @)is : sCartSp P — SimpSet .

J
QéR(—E ﬂ)clsd ‘n—> IQéR(—; a)clsd
F o (p')*ﬁ

A homotopy X n Y is a diagram of the form y

Y Al e »Y.
9 (id,l)T
X ]
1 fof el
- - — 3 . .
A homotopy equivalence is maps A . Y with homotopies A “‘-.%/ A and Y F___'{_(l]/ Yy

sSmthGrpd o: = L™ Func(sCartSp°, SimpSet Kan ),

sCartSp°P — SimpSety,,
R™4 +— PIt(R™4,X)




lheq

Homggmtnmed (Rnlqa I Uin Ui2)

i1 g€l
U N
\ Homgsminmia (Rnlq; @]E[IUi) )

Plt(R"?, X) =

No(A™) € SimpAb

Ay € Chyo(Ab(Sh(sCartSp)))

HA, € sSmthGrpd_,

Pit(R™9, HA,), := Homeap(Ne(AF), A4(R"7))

Plt(R™9; A) = LT LT
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]
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o
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B
~
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o
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Cech cocycle

T

Jech 2
coboundary || HZ[Q] ro B

>

Cech cocycle

B2Z:= K(Z,2) = HZ[2]

H?(X;Z): = H'(X; BZ) =~ myMap(X, HZ[2])

Plt(R""’ HR[2]) = H] R > 0 0 ]
Plt(R"4, B2R) (—Plt(R"l" HOR[2) = H[ QpR™M) —2— O (R™9) —4— 02 (R™9)__, ]

\ ! ez, Tt |

PIt(R™, [Qfr(—;bR)aisa) = 03 (R"MXAgeo)clsd 3 2 (R"quAéeo)clsd g (RnquAEeO)clsd
Plt(]R""l HR(2]) = H| R 0 0 ]
Plt(R™7, B2R) & Plt (R™l4, HQ;R[Q]) = H[ Q®R") — 3 Qlg(RMe) — 4 03, (R7le) ]
=, LS, T |
PIt(R™, [ Qi (—;bR)esa) = Qdr (R™Ix AZe) g - Qur(R™M x Ak oq —3 B XAL,) g
— PIt(R™4, HZ[2]) =  HJ Z > 0 0 ]
[2 L]
Z ———— O (R") —— @l (R")
Pit(R"7, ch) Plt(R™9, HZ[2]) = H[ ® __=id i @ id :|
| Qg (R™17) ——— Qi (R"19) 3
i e I

5 PI(R™, HOR[2) = H[  p(®RM) —T— Qip(R™) —— Q3 (R™Y) ],




— PIt(R"l9, HZ[2]) = H| Z 0 0 ]
Jl l (,.Tn) J,
L Qp(R™) — " QU (RN
Plt(R™1%, ch) Plt(]Rnlq, HZ[2)) = H[ & /id/’) © __—id
| 0, (RrI7) — sy i (R7I) ,
ff lprz JVPH
v PR HOR2) = H[  QRE®) o QpRY) o 03 (R ]

(B2) 4 B

o oA
4//” J/Ch (pb)

X /T> QéR(_;bR)clsdT) IQéR(_;bR)CISd

(Bzz)diﬂ' ’ BEZ

.y
A,_.-"' lch (pb)

X KT> Ur (=5 R) gog—— 1 Qir (5 IR)

n

clsd

—

d
(B’Z)aig ~ Qp(—)asa x HIZ[2] = H[Z— Qr(-) = Qr(—)]
HQgp (2] b 4

Deligne complex

QZk+1 _ =Ql (_; bZk]R)
R?N dar  (Fasd = Qgr kGEaN e

dHz =0, dFzk41 = H3Far—1

4 3
ku, /PU
o8 -
14b ﬁe\d C\}.E‘; =
KUMb2(X) = RRE-- >
gt » BPU
background

B-field charge
\ 7 [/ rel.hmtp.




dr "™ = GreQp(-) | dGr = La,a,

| )
=¥ 54//Spin(5)
Gfield CharES __—-=="" l

ot (K] o= & g oo > BSpin(5)

b'\ckgl ound
\ grav. charge/

BSpin(1,2) x BSpin(8).

~~

)/rel.hmtp.

h 1

Y%, YP € Qlr(—32040) = YYP = YPyY* € QFr(—320400 ® 32044)

a-b=c,c-a=bb-c=ab-a=-c

L,;0->0




L,oL, = —|v|[*idg

Lo, Loy Lo, Lo,Le,Lo,Le, = ido

I', €End(R?)®End(R?*)®End(Q)
I'n= J ® 1 & 1
'y = € ® 1T ® 1
[y = € & € ® 1
lovi= € ® J ® L,
I'o= 7 ® 1 ® 1,
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r:=(é _01),e:=(2 é),]:=r-e::(_01 0
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Modelo Unificado de Supergravedad Cuantica Relativista AdS/SCFT en supersimetria de calibre

y superespacios compactificados.
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=0

D
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(phys | phys') =0
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QBlLIJ) =0= {(LO _ 1)|lp)matter =0

L, | phys)=0v¥n>0
(Lo—a) | phys)=0

0= Loalta)

n>0
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[ mlly = > Lol

n>0
Lyl null) =0vn>0

(Lo—a) | null) =0
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= O _ L Y.
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L 0 == 4 + N

'p2

(Lo + Lo)[0,P)= (azp
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N=N
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L 4]0Py =0Vn>0

~ a' P?
Ly|0,P) = 2 +0])]0,P)=al0,P)

am 4a
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N—— —
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1 p
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d P
—
trace

) = f dePG,, (P)at &4 ]0, P)
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u 2 ru 2
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P%hy,, — PPPhyy, — B,P,hb = 0.
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P?B,, =0
P,BH =0’

H = dB= 0|,B,,dx* Adx” A dxP

= Hyypdx# AdxV A dxP

S ~f dPxH,, ,H*P ~f H A+ H

OA,—0,(0-A)=0e P24, —P,(P-A)=0.
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P2O(P) =0
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1 1
 4na’ .fws B=- 4ma’ ws dzaeaﬁaaX"aﬁX"Bu(X)
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sd-3
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Ieft “Tiht
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Xyy(@t,07) =Xy +a'PHr+i > zan(e +e ).
n=0
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kEeZ

1 1 2 'p2
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TEZ+E
a’ 1 - o
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nT 5 ) n-r " Yr
TEZ+7

[“f' “;}] =" 8450
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(A, (P)ak, + ¢;(P)al,)|0,P),

S0(1,d—1) — SO(1,p) XSO —p—1).
Lorentz on rotations in the
the D(p)-brane Dirichlet directions

m=0.
F,A¥(P) =0
{PZA“(P) =0
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=
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—/. \
\
Y1 21 y‘
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1
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21 2ma’
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Ay
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2mva’/)

12 12 i
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2nva’
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(11) (12) 11
Pizy  Dizy ¢( ' 0 Av %0
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ixy i+y y

an a2
(A# A )
(21) (22)
WY Al

Ay=0
U XxU@D) >  UQ)
——————— ——
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= —Seu — E,f d?0V—hh*Fbps(h§0,w + h§0,w — hyy0® w)c?

1 1
=iSey — Ef d?0V—hb® L0 wc — EJ‘ d*0vV—h(b§c,0%w — b§c®d,w),
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(Lo — Lo)I¥e) =0

1
(W1, ¥,) = E(q’ﬂ(co — Co)|¥y)

1
S[ch] = E (ch' Qtotqjc)

!

1
= 2 u
S[X] S wsd 00, X"0_X,
ot — fi(a™)
o- — f(67)

Xp (@) = X[ (fr(0™)
Xp(07) = Xg(f-(a7))

1

Xi =___(X© iAXD_l)
V2
p=C t= . 1)
0D0-1 1,..D-2
( lightcone )
xd+cd o xd—cd o
Xty =22 5 0 +?P+a+,X;{(a‘)= 0 3 9 +?P+a‘,

Xt=xi+a'Pt

+ —
Anzo = 0

1 -+ i i _ 4, 1 i i
Ly, = 7 (_zan—kak + “n—k“k) =-—apag t+ 2 Op—k A
KEZ KEZ

1 . )
- _ 2 i i
an = 5% A A
2a e
€

[a,il, af;l] = n6ij6n+m,0,i,j =1,-,D — 2.

al, ..a% 10,P).

1 1 o
Lo=5 (@0)* + EZ alyay

k+#0

1 S
Ly = E(QO)Z + Z alay, (quantum)
k=1




Ly—a= %(ao)z + NI —g=0
t(P)|0, P)
a'm? = —a.
Ai(P)al,|0,P),

am?=1-a.

(&ial, + &jalal )[0,P),
a'm? = 1.

(|:| + Dtraceful)

traceless )

= (|:| ,
S0(D-2) So(D-1)

(D—2)+%(D—2)(D—1):%D(D—l)—l

A~ 1
A= (P? +w?3?)

1
= (ata+aa’) =ata+ >

1 2 1 i i
L0=§(ao) +§Z alap

k=0
1 2 i iy L i
= E(%) + Z aliap + Ez [a_k, ak]
k=1 k=1
1 .1
= E(ao)z + Z alaf, + E(D - Z)Z k= L%uamum —-a
k=1 k=1
1
a=-50-2)) k=
k=1

i" i"'“‘ — Lol o
e d e U —— —_—
¢ 21—coshe €2 12 240 "\¢
k=1 k=1
e:»O 1 1

€2 12

- [ @o(a.xi0x,+3)
2na’ Jys +A V=T 2)y




Y ko c-n=-=
k=1
a(renorm) _D_Z(_i>_D—2
2 12 24

i i
a’y -aly 10)

LD 24 (Z <S|qL0 |s))

<S | S,) = 65,51.

[o¢]

(g8} > el

nl:---:noo=0

= Z qn1+2n2+~--+knk+...
oTloo =0
=zmzmwzww”
Nng=0
1
T1- ql- 612 1—qg*
-[l25
- _ gk
k=1 1 q
Trig™} = ﬁ L) @
1 1— gk q
k=1

q—0
P(q) = 1+ 24q+324q*+ -
1 2
H#tates (N) ~ EN 4 exp (41‘[\/N)

lOg Hstates ~ 47T\/N ~4na'E

N-1 N
E~m= a’ ~ ?

Smicro (E) = KlOg #states (E) = K4T[(I'E,




1

KT, = ——
= gna’
{a=1
D =26

Lt(())t — Lgmatter) + nghost) — %(ao)z + N(matter) + N(ghost),

N (matter)  — %Z a_p - ay = N® 4 Nt

k=0
N(ghost) — Z kb-ka
kez
N (ghost) — z kb_pcy, = (b_ycy — brc_y) = Z (b_ck + c_gby) — z k
kez k=1 k=1 k=1
1 - Py 1 &
N&® = E ailka;c/n[n_/ = Z afka,‘énﬁ,; +EYIEZ k
k=0 k=1 kz1
= Z ataingy +Z k
k=1 k=1

BRST = matter + ghosts = (Le + transverse ) + ghosts.

f DbDcDX DX~ DXE(...)eSrsTlX X' be| = f DXidxfdxg (...)eSuclxa ']

Py

hap = hag.
Secontitt hap = Valp + Vpéy = —2w(0)hgp
Sweylhap = 20(0) hgp,
(Bcont difr + Oweyl )flaﬁ =0.
S = f d‘r%()'(z —m?)
T— 1T+ 6T withdt =G

A | state) = (P2 + m?) | state) =0

0484 =048 =0
0_¢6_.=0_¢t=0

1

S[X, b, c] = 20,0, XFO_X, — zi 4?0, (by,0_ct +b__d,c7)

!
2ra’ Jyyg T Jws




T — —it.
T+o0 > —it+0=—i(t+io) = —iw,

T—0 - —it—o=—i(t—io) = —iw,

1 i} 1 -
S[X,b,c] = 5— | d’wdX"dX, +o— | d*w(bdc +bc),

ws ws
0 =a,,d=0d,
b = by, b = byw
c=c",c=c"

w — f(w) suchthat 0f =0
w — f(w) suchthat df =0

xw) 5 x(fw).
dz\?
by (dW)? = by, (dz)? = b(w) = (%) b(2).

bw) 5 [F (w)2b(f w)).
-1

co, =c?0, = c(w) = (;l_j;) c(2)

cw) S [ W)l e w)),
Z =€

z=0 —>t=—oo,
Z=0 —t=+00,
Iz| =1 —t=0.

enin ) = (L2} (j—fv)h be(27)




Past Future
Wick rotation: ¢t = —i7
Y
A O
w
Past Future
2712
\
t
l 2 = g™
ALm(z)
z
Future
Re(z)
Present Paigh
lz| =1

¢c(;1)(W) = z ppe”™ = z b (z(W)) ™ = Z bz

nez nez nez

600 = (%) 98w = (280 8wy =Y g

nez

ORI

nez

¢n — f d_Z.Zn+h—1¢(h)(Z)

2mi

0




2
j*(2) = i\/;aX” = Z abz 1

nez
b(z) = Z b,z "2

nez

c(z) = Z Cpz 1

nez

z'(z) =z+€(2)

d
PP @) = ¢ W) = (o5

) o)

¢'(W(z)=¢'(h)
= (1 - hoe(2))9pP(2)

'™ (2)= (1 — hoe(2))¢p(z — €(2))
= (1 - hoe(2))(¢(2) — €(2)0¢(2))
= ¢(2) — hde(2)P(2) — €(2)0p(2) + 0(e?)
= ¢(2) — (€09(2) + h(0e)p(2)) + 0(e?)
= ¢(2) + 8:9(2) + 0(e?)

8ep(2) = —(€0¢(2) + h(de)P(2)).

€(z) = Z €pz 1

nez




5.(2) = e(2)d, = Z €,z 14, = —Z enlr,

nez nez
l, =—z""10,
[ bn] = (n = M)y
[8c,.8¢,] = 8¢, 0€,.
f(2) = e€@zg,

$1(w)p(w,) if Re(wy) > Re(wy)
$o(wx)p,(wy)  if Re(w;) < Re(wy)’

$1(z1)2(2z2)  if|z1| > |2z,]
$2(z2)P1(z1)  if|z1]| < |z

[¢1(Z1)»¢2(Zz)]||z1|=|z2| = gli%l+{¢1(zl)¢2 (ZZ)||21|=|22|+£ — ¢ (Zz)¢1(Z1)||z1|=|zz|—s}-

TWAMWAMH={

RWﬂhWﬂhH={

Tz, =T(2)
{Tz‘z‘ = T(Z_).

T(z) = Z L,z™"2

nez

dz
Te=§ 3 e@T@
0

8ed(2) = —[Te, p(2)].

dz
&Mﬂ=—H§Ed@H@¢@4
0

dz dz s
=—l< f ﬁ_ f %)E(Z)T(Z)¢(Z)]
12>z

1Z|<|z|

=—fﬁidanawn
271

z




eT'(2)

eT'(2)

()

$i(z)d;(z) = z Cli (2 — z;) pi(2),

k

| | 1
¢ (zl-)¢,(h])(zj) = E cho™ (%) Pk~
- (2 - z)
T
T(2)¢p™(2) = =1 [(zdﬂkz()zk) +olk<1),

dz must
6ep(2) = —jg Z—;G(Z)T(ZM(Z) = — (e0¢(2) + h(9€)9(2)).

k=1=[Tli(2) = 9$(2)
k=2= [T¢],(2) = ho(2)
k> 2= [Tliss(2) = 0.

ho(z) | 99(2)

(Z-2? (Z-2)

T(2)¢™M(2) = + (<)

[661' 6ez]¢(0)= 661662 $(0) — 662 661¢(0)
= [Ty [Te,, 6 O] = [Te,. [Tep, 0 O]

2mi ) 2mi

Lad

= 8¢, 0€2(0)

d d
_ 35 Z2 35 2 e (2)ex(2)T(2)T(2)(0)
0 Zy

dz,
= _f 2mi (61662(22) - 62661(22))T(Z2)¢(0)
0




8e,0e,d(0) 0ey6e,6(0

_ [TT](22)
T(z)T(z) = 2, =) + 1k <),

ak 1 l'l'lus d
§ e TR )0 0) ™ — § 52 (@06 - €206 G)TEIHO)
0

0

[TT]; = adT.

k=1

d d
55 2 ereradT(2)p(0) ' ajg 2 3(eae )T (2)p(0),

0 0

[TT], = BT

d
B G0 (0)
0

[TT]; =0

a

[TT]la=h =7

l\J

dz, 1
S 0%, (2)B(0) = 0
0

1 N 2T (z,) N 0T (z,)

c
T@)T(z2) = 2 (z1 —22)* (21— 2)%* (21— 23) ()

dz
— n+1
Ln= 1 2mi’ ()

0




d dz
[Ly, Lin]= jé z—m.fﬁ zz—mfm“ZnHT(f)T(Z)
0

Ne

C
=Mm—m)Lyym + ﬁn(nz - 1)‘3‘n+m,0

[Ln,qb(h) (Z)] =z"(z0+ (n+ 1)h)¢(") (2)
[Ln' ¢m] = mth—1) —m)ppim

8T (2)= —[T., T(2)]
- _16_2536(2) — 2(8€)T(2) — €dT(2)

€.(2) =a+ Pz +yz?

e Al-1.7 5744
e Blo.z — eByz

z
eCLl:Z_>1+CZ
f(z)—AZ+B

Cz+D
211£1+C1> 1 __ 2
z z 1+C 1+Cz

limT(2)|0) = lim Z L,z ™"2|0) =2
z-0 z-0

nez
L,]0y=0vn > —1
(O|]L,=0vVn<1

L_1,LO,L1|0) = O
(O]L-1,Lo,L; =0

lim¢ ™ (2)[0) = lim 2 b, z~"1]0)
z-0 z-0

nez

$n]0)=0Vn > —h+1,
Olp, =0V¥n<h—1.




¢(2) < [¢) = ¢(0)]0).
pM(2) & |p™) = ¢™M(0)]0) = ¢_4]0).

M (0)10) = ¢p_n|0)
9™ (0)[0) = $_p-110)

1
532¢(h)(0)|0) = ¢-n—210)

. :
aan¢>(h)(0)|0) = ¢-n-nl0)

Lo$ul0) = —nepy 0)
$(2) = -1 p(0)e 7

e?b-1|g)= e#-19(0)[0) = e?--1(0)e#-1e7-1|0)
= p(2)e*1]0) = $(2)]0)

BPZ: pM(2) — 70 M (2)

1
.7(2) = —E

1\ 1
BPZ(|$)) = (017 o $(0) = (0|¢ (—;)ZTh

|p™) = p_110) = BPZ({p™|) = (0| (~1)*"
BPZ(¢n) = (=1)" ""¢_,.
(P1,2) = (D1 | P2) = (P1()$2(0)) = (T © 1 (0)p2(0))

(IpD" = (| = BPZ(|$)) < |9)
(Ip)" = —(¢| = —BPZ(|¢)) < |¢)

fed™(@ =[f'@DI"¢M(f(2)).
f

fod(@) = Udp(Uf,

— VnL_
Uf — eZneZ nbt-n,




v(z) = Z vzt

nez

e" @027 = £(2)

Lo|p™) = h|p®)
Lnso|¢p™) =0

Loy, Loy, L_j, |¢™)k; > 0vi.

1

Lo(Logy Lo, |0 ™)) = (h + Z ki) (Loky o Loiy |0 ™)).

(91(21) . Pn(25)) = (O|R[1(21) ... pn(2,)]]0),

(P1(21) ... Pn(2))= (011 (21) ... 5 (2,,)]0)
= (0|U; "Upp1 (1)U "Up ... U M Up by (20) Uf MUy | 0)
= (0|Ur1 () U5 Uy ... Ur 1Up i (2) U5 |0)
=(0]f o ¢p1(z1) ... f ° Pn(2)]0).

(p™@) = (™ (@) = (0 16®),

(™ (2)) = Adyo

A
fO=5—5E-%)

A hi+hj
(f o di(zDf = b;(z))= (m) (:(M)P;(0))

A hi+h; —2h;
_ (m> (B0, 0) - 5

for A>oo it is the

BPZ scalar product

A—c0 1 hi+hj
= (¢:19)) (_(z—- = z)> lim A=,
i T

A—>c0

Gy
(Pi(z))p;(z)) = —]2hahirhj
(zi - 7)

Gij = ($: 1 ¢)-

(21— 2) (€ —z)
(zj —z,) G —2)

(&)=

Cijk

(608" (2)9M 20) =

R~y . _y
(zi=z)"7 M (—z) (= mhT




Cije = (Pilp; (D dy) = (T 0 $;(0)$;(1)Px (0)).
Smater = fws 20X (2, 2) - X (2,2)

d0XH = 0.

XM (z,2) = X*(2) + X4(2)

X'+t a' 1
Xt(z) == 5 —i?P"log z+i\/;z ;a,’fz‘"

n+0
. Xy —ct  a w s |2 1o,
Xt (2) = > —l?P log z+1i ?Z Oz
n+0
: |2 M, —n—1
(@) =i |—ax () =Z alzn
a nez
I T ~U=—n—1
@) =i|—3a “(Z)=Z a7
a Nnez
GEi@)= ) 7 Olana0) = Y nzm g
n,mez n=0
z,

1 (zz>" 1 A
= — ny\— -
2
Z12; Zq Z12; (1 _ Z_Z)
n20
Z
1

(z1 — 2)?

Uind

4 (21)]V(22)) =

(21 — 2)?

dz
(@] = Bnsmo = § St § S22 0] 22

+

B B
1@ = Gt Gy H ()

o
](h)](%)—m‘l'(*)

A(z1)B(z,),

: A(z1)B(z,):




. 1
j(21)j(z,) = @ =z

a 1
0X(@2)0X(72) = -5 =
a1
aX(Zl)X(ZZ) = _? (21 — Zz)

!

X@)X(2) =~ log (11— 22)
TM(z) = —i: 0X0X: (2) = 1:jj: (2)
a’ 2 ’

:AB: (21)= zii—{rzll (A(Z1)B(Zz) - A(Z1)B(Zz))

_ f %A(ZQB(ZZ)

2mi (z1 — z5)
21

1
T (2)T (25)= 5 (- (20):j: (22))

1 5 1 1 4 1 y ] _
B 1( (21 — 22)% (21 — 22)? " (21 — 2,)? .](Zl)](ZZ).)
1 1 1
= E(zl —Z,)% + (21 — 2,)? 1((22) + (21 — 22)0j(22) + +)j(2)
_ 1 1 ZT(m)(Zz) :(9))): (z2)
2(z1 —2)* (21— 22)? (z1 — 23)
1 2TM(z,)  aT™)(z,)
S 2 (z1—2)* (21— 2)% (21— 2,)
c=1.
1 1 2T(M(z,)  aT™(z,)
(m) (m) ——
@) T(z2) 2(z1—2)* (1 —22)* (71— 22) .
TV (21)j(22) = 5 :33: (21)7(22)
L [ 21 ]
1 1
= —23 e —
_ j(ZQ) -+ (zl — Zg)aj(zg) + ...
(21 — 22)?

_ j(z2) n 9j(z2)
(z1 = 22)* (21— 22)

J(z2) 9j(z3) (D)

T(m)(z1)j(Zz) = (2, — 2,)2 + (z1 — 23)




Vo(z,2)=:e"*:(z,2)
=:eP XL (2): ePXR: (2)

=Vp(2)Vp(2)
. o (iP)"
etPX:(z2) = Z %:X": (2)
n=0

XM (2)=X"—-XX-X
~———

2
Jj(z1)X(z5)= i\/; 0X(21)X(z3)

]2 a' 1
-t a’ 2 )z —z,

a 1
= —] [—

27— 27y

Jj(20): X" (25)= nj(20)X(22): X" (27)

— i a’ 1 Xn—l( )
= —In 221_22. (22

. > (iP)" P
j(z1): e X: (Zz)=nz=; (ln!) (—in %Zl—zz>:xn_1:(22)

Zy —Zy & (n—-1)!
njy

= e X (zy)
21— 22

|
jEX(z) = —i j%zl —o+ ()

1
Jj(21): XM (zy) = —in\/%z1 = X (z) + (H)

al
P -

j(22): P X () = e (7)) + (K
1~ 22

|0, P) =:e"PX: (2,2)| ,25-0]0)

|0, P) = e'P%o|0)

X(Z:Z_) = XO + iﬁlog |Z|2 + Ooscittators




a'P? ,
) ePX:i(z)  9:ePX:(2,)

(21 — 22)? (z; — z3)

T (7,):ePX: (2,) =

+ ()

t(P):ePX:(z,2)

- a' P? _ 1
==
Gy (P)at, @410, P)

Guv(P):j”]_veiP'X: (z,2)
a'P?=0

T(m)(zl)]ﬂelPX (Z, Z_)GHV(P) —

al
\}7Pﬂaﬂv .
- - . elP-X: (ZZ)

(z1 = 25)%

'p2
af + 1 azz (U, IP-X
" (z1 — 23)? i (21 — z3) Jrem T () Gy

+(®)

a' P?
2 +1=1 P2=0

PHG,, =0
GP? =0
(j¥(z)) =0
A ) = s

(")) (22)jP (23)) = 0
Uv.,po
G (20 ()P (23)° (z4)) = T

(21 — 22)% (23 — 24)?

+ nﬂpnva
(21 — 23)%(22 — 24)?
+ nﬂanvl)

(21 — 24)%(2 — 23)?

Ve, (20,70) Vo, 0 7)) = (Vi (2) . Vi, (2} - (Vi @) -V, @)

n

(Vp, (21) .-V, (20))= <1_[ :eiPk-X(Zk>:>

k=1
a' n
= (z —2)2 <" 8 (Z Pk)

k<l

k=1




. eiPk-X: (Zk): eiPl-X: (Zl)z e iPr-X(z)iP;-X(z)). eiPk’X(Zk)eiPl'X(Zl)

=e2 Pk Pilog (Zk—Zl) lPk'X(Zk)eiPl'X(Zl)
I

% b P, Py ip,.
= (z —2))2 ¥l ePrX(z)ePr¥(z)):

fﬁo_]”()—“o_\/gpu

<j0 (VP1 (z1) ---VPn(Zn))>= (Oljo (VP1 (z1) ---VPn(Zn)) |0) =

jg zd_;.j”(z) (VP1(21) ---Vpn(zn))

Zq..Zn
n

n a,
= <z Pk) ? (VPl(Zl) '"VPn(Zn))

k=1

| T
BV @)= § 22 F @ )

Zk

5€ d_z-j“(Z)eiPk’X(Z )

anf (z—2z) Ve, (i)
=\/%Puka(zk)

n
Z Pk:O
k=1

1 _ _
Sghost = 5= d%z(bdc + boc)
21 Jws

b(z) = Z b,z

nez

dz
b, =¢ Oﬁzn*’lb(z)

c(z) = Z cpz Mt

nez

dz
=9 Oﬁzn—zc(z)

[bn: Cm] = 5n+m,0




b(zy)c(z;) = + (M)

_
(21— 2,)

T@M (z) = —(2:b(dc): +: (db)c:)(2)

2b(z,) n 0b(z;)

T (2,)b(z,) = @-2)2  G-2) +(N)
T®M(z,)c(z,) = o) _— t(0)

B (z1 —22)% (21— 272)

b(z1)b(z;) =0,
c(zy)c(zy) = 0.

26
—5 2T@EN(z)  aTEN(2)

h h = 2 3 2
T8 )(21)T(g )(ZZ) B (z1 —z)* (24— 2,)? (21— 2)

+(B)

jO () = —be: () = )
nez
-3 J (&h) (z2) dj (&) (z2)

(z1—22)%  (z21—22)% (21— 2)

T®M (z,)jEM(z,) = +(Q)

dz
Negny = $ oﬁj(gh)(z)

[Neghy c(2)] = c(2)
[Negny, b(2)] = —b(2)

c(2), b(z)
¢(9c)(2), b(9b)(2)

1 1
5¢(30)(0%0)(2), 5 b(3b)(82b)(2)
|0y 1 (h=0)

¢1|0) < c(2) (h =~-1)
€o¢1|0) < (dc)c(2) (h =~-1)

1
€-1€oC1]0) < 5(620)(30)6(2) (h=0)

(0 10) = (Ole_seoe10) = 1 7 (e(@) (22)(2)) = 1

c(z) =c_1z%+ coz+ ¢4

1 1 1
(c(z1)c(zx)c(z3)) = —det <Zl Z2 Z3> = —(z1 — 23) (2 — z3)(21 — 2Z3)

zf 73 73




1 h
Q= c_nLglm) + E:c_nLglg ),
Z

d d
—Z(cT(m)(z) + =T, (z) fz—zl 75 (2)
0

m

n

i

Oke_\

1 3
jg(2) = cT™)(2) + ok cT@M: (z) + > 9%c(z),

T (2) = TM(2) + TEM(2)

(00 X4(2)] = § 2o Ja(D)XH(2) = cOX"(2)
[0, ()] = eae(2)
0ac110) = excol0),
Q5 =0
[0 jen ()] = ~Ja2)

[Ngh' QB] = Qp

dz d
Q2 = 3§ b (@)

2mi ) 2mi
zZ

o

cm _26 1
12 (z—32)
0) < 1 (gh = 0)

e V™N0) — V™ (2) (gh = 1)
coct VN0 > c(@c)V ™) (2) (gh = 2)

Js(2)jp(Z) = -+ @3c-c)(@) + -

C-160¢1]0) %c(ac)(azc)(z) (gh=3)
[0V @] = 0 () @)
ccV(z,2) = f d*Pd;(P): cV;cVet¥: (z,2)
a'P’/4+h;—1=a'P?/4+h;—1=0
f dzdzV(z,2) = f dzdz f d*Pd;;(P): VV;e'PX: (z,2)

2= f(2),
zZ— f(2),

f(2)=f(Z) forz=2




f@) =) fur" withfy=f, & feR
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c = Cc
Try [(—1)7q"zag" 2] =

1
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PuFy .y Sa)TC (TP 4 poltrsz-#s1) §4.(0,0)10)
0

PPy py) = 0= dF® =0
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couples to a D(p)-brane

which is an extended
object with electric charge

‘up — / F(8_p)
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{D (0)-brane:

anti- D(0)-brane:
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/Hodge duality\ F( 8—p)
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1|/ _4\F __4\F —Znt(Lo—i):l —
fo G [( DFS 0+ (-D)Me
-1
© dt 1\Z @ 1 \B (04— 6,4 —0,%\
| el () @
o ()2\2t n(it) n*
8
1 (® 1tdz—l _(Ay)® 1 0,4 —0,*—0,% is
=am), ©G) | — )
0 Van (%) 7

[4

1 —s(Lo+Lo—5
=32 dso@le o) =0

8

n

is
T

i)

[65 % — 0, *Insns — [62 4]RR> (E

) ot (16nsns — 16gg) + (0)e™5 + -

n* T
NS R
( 16-16 )G(Ay) =0,

=0
matching of bosonic
and fermionic d.o.f.

tension = R-R charge
~———— ~—
produces gravitational attraction produces electric repulsion
between the two D(p)-branes between the two D(p)-branes
NS) GSOfg
XH, lp# - +
R) GSO}
. . [NS) GSOf
Xt ¢l N ) ES
R) GSO}

Au(PYY110,Pns + :(P)Y* 1|0, P)s
p p

Gi=P-A=0,Lp=P*=0
2




Xa(P)la, P)r + Xa(P)|d, P)g,

2
_pl 11
“=(Eypryizty iy
a,a I
40
4s
® ®

= @

Si24 = o f d*xTr{E,, F* + D, A'DH2; + [4;, 4] [, V]

N

+7'd" + 1! [x L Alvi ’I_} + (a' corrections )




1 r® _ _ s _C
| @ity -
4t 0
8
1 S e 1 % — 0, %+ 0,4 /is
[t ) (e
am J, s NG (F) n T

-1
© (1>p7 _tgA_wz( 1 )8 6446, —0,%)
= —_— 14

o @o\ar) ¢ n(it) n* (i

02/n © 04/.

(G oy (ST BT

ID(p) — D(p)) = 2T,|NS — NS)

gt-V'(t)=0




2okl

Re(t)

lim t(xX) = li 0x) = t, el
X—00 ( ) |JHLnoot(|x|e x) - t*el 5

€2
(@1, x2) A t IT(t)




m: Sl(x) - Sl(t),

layr =S4 (0)]0)
la)r = S&(0)]0)

1)
Wi )5 (25) = —

(z1 — 73)

Y ()Y} (22) = 0
H;(z1)H;(z;) = —6;jlog (21 — z,)
Ty(z) = %:BH - 0H: (2).

81y

' ' (z1—25)’
ettHi(z)etH)(z,) = 0.

etti(z)e"Hi(z,) =

Yi(2) = etitli(2)

Sa(2) = €211 (z)

5
h(Sg) = h(Sg) = 3

m& Do

B(z) = e %9¢(2)
Y(2) =ne?(2)

h(m) =1Lh() =0

§(zn(zy) =

(z1 —z)°
T(Tlrf)(z) =: (a‘l”)f (Z) — a( r]f )(Z)
(01$0/0) = 1

©(z1)p(z;) = —log (z1 — z;).
1
T?(z) = == (09)(99) — 0%
q
h(e®) = —2(q +2)

ed? =

1—>q=0
{e‘z‘p—>q=—2




1) =0,(e2?)=1%0
d d
Q= 05=(=00)=§ 05—

[Q(p,eq"’] = qed®

j(p(ZZ) + aj<p(Zz)
71— 23)% (21— %)% (21— 23)

T(p(Zl)j(p(ZZ) == ( + ( S )

1(2)=—%
Qpl0)=0 - " (0](Q, +2) =0,

<1_[ eqi"’(zl)> 20 Z = —2.

_ o )
|0)ns = e7?(0)]0), |a)r = Siye 2(0)|0)

Jp(2) =:4n:(2) = 09p(2) =:4n: (2) +jy(2)

Field p
B 0
y 0
Ui 1
& 1

e—q® —q

|0)ns -1

|a)r —%

chiral

<Ee‘2‘f’l(62c)(6c)c(z)> -1
2 LHS

§@) = i fnz ™ = o + i fnz
n=0 n=1




(- )sus = (o (- Drns
chiral

<e‘2‘p%(620)(60)c(z)> -1

SHS

_ dz 1 _ dz
$o = fﬁ oz_m.zf(z)'ﬂo = fﬁ oz_m.rl(z)

[M0,$0] = 1
9 =n,=0
E—Tlo—

SHS = H = ker(n).
d
Qs =9 OZ—;J'B(Z):
Q3 =0n5=0
[QB: TIO] = 0.
[10,§(2)] = 1,[Qp, —c§0¢e™*?(2)] = 1.

X(2) = [Qp, §(2)]
Y(2) = 19, —c§0se~2¢(2)] = cdie™*?(2)

{[QB:X(Z)] =0 {[QB,y(z)] =0
[0, X (@] = 0"lno, Y(2)] = 0’

lImX(2)Y(0) =1

dz 1
Xo=9 057

x0¢p = ¢p+1'QB¢p+1 =0

X X X X
o bp1 2 by 2 bpi1 2

Yi(2) = etiti(z)
B(z) = e ?0¢(2)
v(2) =ne?(2)

| NS state ) = eVH1t%% with v;, v, € Z,

. 1
| Rstate) = e'tHitSe® with s, sc €Z + =

integer + integer = integer

integer + half-integer = half-integer

half-integer + half-integer = integer




| NS state ) -| NS state ) ~| NS state )
| NS state ) -| R state ) =| R state )
| R state ) -| R state } =| NS state )

]

GSOf;s where Z v; + Vg is even

NS — ¢ !

GSOys  where Z v; + vg is odd

T

(GSOE where Z S; + sg is even
T

GSOR  where Z Sy + Sg is odd

\ I

GSO}s - GSOfis ~ GSOs

ePIHI+PsP (7 )elAiHIT469 (2,) = (7, — z,) P19+ Pels i (Pr+aDHI+(Ps+a6)P (7.),
—P14;1 + Peqs € L
GSOys(21) - GSOR (23) ~ ——=
Z

GSOR (1) - GSOK(2) ~ ===
1 2

GSOfs @ GSO, GSOs @ GSOx.

0u(®) =Sae™2(2)
0u(@) =Sue™2(@)
1 (Fﬂ)aﬁ
Su@)Sp(z) = = Y(z)
(71 — 7)%
Ca[? 1

LT
Sa(Z1)SB(Zz) = st5 T PHPYi(zy)
(z1 — z3)* (z1 — z3)*
_® _» 1
e 2(z1)e 2(z;) =—e %(z,)
(z1 — z5)*




ISa(Zl)S,a(Zz)I — V2 (1 — )] PH(22)
5. (21)5 (29) = Cos R S (o)
' L (—m)i o 2(z; - )i

e T (21)e 2 (29) = ! e Pz

. (z1)e” 2 ( Q)I o)l (22)

C .
Qul(21)Q(22) = —— (o) + 2TtV (o)
2 (2 — )2

L (U'nt)as a7
Qa(21)Qp(22) = \/ﬁ((glM)zf)“Me ?(29)

L@QTQ (zl)t@ﬁéégj(fg) _ 1 (I‘ﬂf)c\eﬁ Q.(U} ﬁ,[?][j\r _3

L 7 1 \/§ (Zl — ZZ)
1 (T -
Qa(Z1)QB(Zz) \/_(21 Zz)lp (22),

Xo(He™®) = jH.

Copp _ 1 LT
Qa(21)Qp(z2) = ze ?(z;) + 2 T PR (22).

(z1 — 22)2 (z1 — 22)2

Qq(z) = ?fQ_B(Z_) forz=2

1 (M)aB
\/_(21 7Z3)

Qu(21)Qp(22) = PMe?(z,).




1 Ty o
PO EIPRs (7)== SO Nte P,

¢ 0 _
M_ [V _ +1forA= N
o _(0 —6}>(_’QA Citoraz »

M) =¥ @) forz=z
YM(z2) = QMyYN(2) forz=72
P YPp (T )ys = (Ta) ap i

PIryctPT = oMr,c1,

9
P =+ 1_[ T,

i=p+2
Qu(2) = PfQB(Z') forz=7

Q(z) =PQ(2) forz=2z

9
r=t|] @p

i=p+2

f co+D {> 0 = positive orientation
%

. . . = -
) <0 = negative orientation D(p)-brane
p

Q+P0=0+(PPHPQ0=0Q+P, (n rl-> 0.
iEND

:Pp_l‘PqQ = QI
p —q = 4n, withn € N.

1

type I
s

heterotic _
s =

Ml,d — ]Rl,d—l X 5}%’
y ~y+2nR.

O ¢(x#’y) =0,

B0t y) = ) fa(xie™,

nez

I (xH) = Py (xh).




2
O¢(xH,y) = Z (Dx— %) gbn(x”)ei"% =0.

nez

nZ
(Dx_ ﬁ) ¢Pn(x#) = 0.

n2

2
™ = g

A, (x,y) = Aj(x) + Z Aﬁ(x)einy/R

n+0

Ay(x,y) = Ag’,(x) + Z A;(x)einY/R

n+0

1 1
—Zf ddXdyFMNFMN = _Zf ddx(F#vFHV + ay_d)aud) + gcﬁelds )

(G —e*PAA, €4,
Gun = e??4, e2?,

1
f d%xdyR@V = f d%x (R(d) - Zez‘plﬂwl’“v —2e7? Oe? + Ko, )

Y® (w,w) = Y(w,w) + Ao,
c—->0+2n = y->y+ 2nRw,
A=Rw

z=eW,w=t+io
= i I I i 1 I =
Y(z,2) =Y, — 5@ (P, + Rw/a')log z — 5@ (B, — Rw/a’)log Z + (Oogiltators)

n
Py:E' withn € Z

i ,(m Ro i ,/m Row _
Y(Z,Z_) =Y, —Ea (E‘F a,)log Z_Ea (E_ a,>10g zZ+ (Ooscillators)

Y(2,2) =Y, (2) + Yr(2)

Yo—c i n a a
Y. (2) = 02 —E(a'E+Rw)log Z+i\/; sz'm
m#0

Yo+c i, n _ T __
Yr(2) = 5 —E(a’E—Rw)logz+l\Ez szm

m=*0




[ )—l\/:aY(Z)— a)z”
]_(Z_)=i\/ga_YR(z‘)=

~y_fdz'_ _ a’( Rw)_ a’
ay = 27‘[1'](2_)_ S\R )= ZpR
. 0
1
R v oy
=—(ap +tag),
()
N 1

M\ _ iy +YR)
|R> =eR (Z:Z_)|0)|z=z_=0

$ n> _ n|n>
Rl RIR
.WR
|w1’2> — eLT(YL_YR)(Z,Z
a z=7z=0
~ |wR wR |wR
Wl =)
a a la

Y(z,2) =Y, (2) + Yz (2)

ap,
= —l—IPlogzz—L—Wlog +l\/:z m ,-m m__m>
m=0

Y(2,2) =Y,(2) — Yr(22)

’ y
@, a
—C—l—Wlog zz—L—?log +i _E m -m _ m__m>

m#0

= YL(Z) + YR(Z)

S VA 1
—YO 22

=VY.(2)

Plogzz —i

— Yr(2z2)

%W log

= — i%’WIOg 27 — a%’]ﬁ’log

SRS

vy e

+ a' ﬂ’ Z'nl?é[] (

. / g_"
+ \/ % Zm?ﬁﬂ (0;7_1'2

Y =Y
@ —m G =— MM
Srar A a7 )

—m

T




n Rw
Vaw(z.2)= R (2,2)- e’ (2,2)

—e i(Frgr)r (2)-e i(g—gr ¥ (2)

i n 2

~ a Rw
[LO:vn,w (Z' Z)] = Z (E + 7) vn,a) (Z, Z—)

_ a' /m Rw
[Lorvn,w(zrz_)] = Z(ﬁ_ a'

)2 Vno(#2)

1 .
L0+L0=E(a§+d(2,)+N+N=2

_(«P? + « (n)2 + @ (Rw)z +N+ R
2 2 \R 2 \a

a'P? a'm?
2 2
5 ny\2 Ro\* 2(N+N) 4
m° = (—) W)+ — =
R a a a
N——t . % .
Kaluza-Klein winding oscillators zero point
momentum energy

Lo—L —1(0{2—6{2)+N—§2—0
0 0_2 0 0 -
1 2 VN2 ~
=5 (@)~ @) +n -

_1 4a’nRa) LN -
"2\ 2R a’

1 -

nw=N-N
Gun (P)a™ a0, P).

S0(1,d) — SO(1,d — 1)
u

G

Gun — 4 Guy Gyv

ny

hun — hyw, Ay = hﬂy( and 4, = hyv),qo = hyy

Buxn — By, B, = B,,(and B, = B},)
b - P
1 R
R o

R=+a'




a'm?=n?+w?+2(N+N)—4.

{n=i2,w=0
n=0w==42

{n =+1,w=+1
n=+1,w=F1

1=N—N~=%N=LN=O
N=0N=1

( 2L
|+ 1,4+1) = e Va “(2)|0)

z=0
) 2

|+1,F1) =e Ve “(2)]0)
\

z=0
AP X (2,7)
Z_iYR .
ALV e X (7, 2)

2y,
A jkeVa et X (7, 7)
A" e (2,2)

2i
_Y .
Agze\/a’ LitelPX (7, 7)

—2i
-y —Y .
AgpeVa ' JHe!" ¥ (2,7)

jo =5
21
j*=edart
e
ﬂ'=j%ﬁ++j‘)=VstQY)
1
2 (it i) — .
j _\/f(] j7) = /2sin (2Y)
j3 :jO
)P ) = oy i I
! 2 (z1 — 2)? ¢ (z1 — 22)
5&5 *C(Z )
- (1 -b - _ab J 2
79(21)7"(22) = 5 T L&,

(21 — 22)

I (2“1 — 2’2)




m =)+ () 1T

a a' a’
nw=N-N
R —
n —
5 .1
Y—>Y=>{YR_>_YR

jY(2) = Q(jy)]'(z_), forz=2

¥ (2) = —QU5(2), forz =1z

T-duality
>

D(p)-brane wrapping around S5},  T-duality

&y D(p—1)-brane transverse to S1
(i.e. Sk with Neumann BC) ( ) a’ /R

D(p)-brane transverse to S5,  T-duality

D(p + 1)-brane wrapping around Sl,
(i.e. 5L, with Dirichlet BC) | > D+l pbping o' /R -

{SSUSY\/ 2/a’Y =y?
Ssusy¥? =j”

T-duality _  T-duality _
Yp o —Yr=9Y -5 —y¥

)
=y T-duality

Yy - _1/;3]

(—1)F_ = flle_i”z:nzl YonPn

_ _ ~duali _ _
flle_in2n21 Y-n'¥n r glty — fll(—l)_i”2n21 "p—n'lpn_

type IIA T-duality type 1IB
compactified on S} — compactified on S ;, /R
T-duality
XR 9 N _ XR 9’
. T-duality

Se = (Tul®S),

 T-duality (STETITOS  forj #9
steris S 10 " o
Stes forj=9

F@STertbog {F ®=1 " for 9 € {uy, ..., o}

F@*D  for9 & {u,, ..., o}




FP+D) (je. Fri-#e9) Toduality,  po(p) (i.e. FH1-Hp)

Fir—1) (Le. FH1-#p-1) T-duality  p(p+1) (i.e. FH1-#p-19)

if the D (2p)-brane was

(D(2p — 1)-
D(2o)h T-dtility D(2p = 1)-brane wrapped around S*
(2p)-brane D2+ 1) if the D(2p)-brane was not ’
(2p + 1)-brane wrapped around S

T-duality @' @

5

T-duality
s = el® - gs= gsT:

1 1
Sip = f d*%xvV—G {e-z‘l’ (R + 4(0d)? — 5 |H(3)|2> + }

2K2,
6 =26,
1 [ . 9,747 1|G|” 1
Sip =2K120f d xm{R C2(Im(@)2 2Im(r) 4 |F(5)|}

1 1 B}
t—— | ——=GuAGzAG
8iKZ f im(o) “@ N 6@ A G

T= C(O) + ie“b
— : —D
Gy = Fzy —ie” " H

at+b
H
ct+d

(o) =€ Do)

B()

SiT— —=
T

g 1

g — —.

s 9
B, - —C,
C, = B,.

1,1 p( )p+1
T=—( ) )
Pogs

2n




1 s 1
H )
2rngsa’ 2na’

TD(1) =
S:a' — gsa'.

S
D(3) < D(3)

7 1 S s 1 T
= (—) = = .
PO T 2m)dga)?  2m)3(gsa)? (2m)3gs(a)? PO

S
Fs) < Fs).

D(5) <> NS(5)-brane

1 S 1
T, =
PO = 2mSgy(a)? | (2n)Sgi(a)?

1
T, =—
po gsva'

Tup(oy = nTp(o)

(mnD(O))Z - <953?>

mi = ()

R =gs\/c7.

1
f dlle_G (R - E |dA(3)|2>

Sa=11 :2K121

1 1
+—|—= Ay ANFyy A F,
2K121 ( 6) f (3) 4 (€)]

M =RY x Si

K? = 2nRK%,




/ d?X

b
compactification: M? = RM2x S},
LR S ,
X T y
b

fddX:/dd_lz/dy:2wR/dd_lx

Gy v = 0,1,...,9)

Gun — {G;uo - Cy
@

Gro10 = €°

2 . AppW,v,p=01,..,9)
MNP Auvlo - Byv

T _ (my,)?
M(2) — (2m)?

X _ (4ma')?
10 = " Is
1 (21r )2

K# = 2nRK{) = el oo

mq1
Ry = gs\/?

_1
— 3
mi1 = 9s

Al




3
, lf1 (R11)7
a =—,9 =\,

Ry, 7° l11

111

Tue) = ———3 =T
1

Tu@y/s, = 2mRTu) = 5

6
mi

TM(5) = (27-[)5

2m
Tu@Tue) = 52
m$; 1 1 1

T = = _— =T
MO T @m T em g @)t e

111

Tuesyys, = 2mRTus) = a5

= Tp)
gS (al)z

0,1),(2,3), .., (d — 2,d — 1)

d
[=01,.,5=1=(0)) withj=1,..,5~1

N A

[WH, "] =

Sit+

i

Y 7z (%o +1p)

= T(lpzj + ll,b2]+1)

[1/)?-:1/)]_] = 51,];
[wi ] =o.
Y| +1/2)=0
Yo +1/2)=1-1/2)
YT—1/2)=0
0)=]+1/2)®|+1/2)® - &® | +1/2) =

d timg
5 times

| +1/2,+1/2, ..., +1/2),

d timg
> times

la)y=+£1/2) @ |+1/2) Q@ Q@ | £1/2) = | £1/2,£1/2, ..., £1/2).

g ti
2 1mes

d,
2 1mes




[V, ol =Yg +Popg = oo = 1.
1
—Yovo= 5 (W5 + o) W¥g — o)
1
= > (bgws —wivs)
=Yoo —

EI

1

i o’ =iy -5
WPl if1=0 L1
XI—{ ¢§1¢21+1 ] = =>X1—1/)11/11—§»

1 1 1

il + 172y =wivr 1+ 1/2) = (1-3) 1+ 1/2) =51 +1/2)
1 1 1

il =1/2) = piwr =31 =172 = (0-3) 14 1/2) = =31+ 1/2)

n—1
[ =2n 1_[ X = _(_i)n—1FOF1 ."F(ZTL—Z)F(ZTL—l)
I=0

la) = |(even # of —1/2))
@) = |(odd # of —1/2))

[a) = +|a)
la) = —|a)
'# = T4 T]

[[#,T]=0

31

1= .
_41_[ q’), with g = e?™7,|q| < 1
=1

n(~2) = V=@

o]

1 [ee]
Em‘r —log n(t) = Z log (1 - Z

=1

1
k_1'

Pt-lr—\
Pt-lr—\

[°S)
k=1
[°S)




i 1 1 T - 1 1 1
12 (” ) §‘°g7=z E[e-zﬂikf—l_ez”“‘/’—l '
=1

1
fv(z)——g(vz)v—(n+ )n n=01,..)

1 k 1
Res,, (f,) = kcot —, Res r(fv) = —kcot nkt

1.5

1.0+

0.0

2 = T ' o 1 2
n
(+1)+1f d—zl t ke + cot Tk
Z\T T BCfV(Z) Z_Zk_ kco mkt + cot wk/T)

n
1 1
Z E[ —-2mikt _ 1 eka/‘r -1

k=1




1lli—l>r<>lo_LfV(Z)d22<_LT__L_l+_[__:__[_11>%:410g€
pig’ =Z bipi

Pap® = f dag(@)p(a)

S(x+h— xo) §(x— xo)f( ) _ 1 f(xo—hiz—f(xo) — _f/(xo)

[ dxd,8(x = x)f (x) = Jim [ dx

[ 0y, 8(x = x0)f () = lim [ dox SEI0ER0 £y = Jim LEEDTLD — ().
53¢ = i, Qpl, for = (X%, ¢, b).

A dxt A--ANdxHe, (D —p)-form x A, = A¥17Hre, ., dxFp+i Ao A dxkD

p = ulu

L§" bol) = Q) = 0 [Q, bol|y) = L§" [p) = 0.
9,A* = 0,84, = 9,101 =0.
¢'(z") = ¢(2) + 6¢(2) + 0¢(2)6z, z' = z + 6z.
J2 . dxydx,dxs.
(hk),s=h—h.

~ Ce—¢/25a|0)5L(2,(C)-

8,8, =1®28@35 withi=V,C,S,
8; ® 8; = 8, D 56, with i # j # k.

ds? = g,,dx*dx".

a — a v — A
v = —T% vhdx",V,v, = 9,1, — [ 0;.

1
[y = Egal(aug/w + 0,91 — 029 ) Ty = O

R, (9) = 0,1y, (9) — 0T, (9) + T (9T (9) — Thh (DT (9),

1
16716

f d4x\/__g(R(g) - ZA) + Smatter

1
Ry — Egle + Agyy = 8rGTy,

=9%uTyp — 9% T, =87TGS[}V

dx® = e,‘}dx”




Nab guv (x)ea (x)eb (x) and guv (x) nabeu (x)ev (x)
DYX® = 0,X% + wi, XP, DY = 9, Y% + wl Y + wp Y
3 3 ub? »Pu © ue e
_ b _ ,.ab
et =ejdx*, w? = wy’dx#

le ab(w)zaﬂwv ab_aku ab+wuacvab_wvacqubv
ab ab ¢cb — 1
RY(w) = dw® + wd AN 0w = R b (w)dx* A dxY

T4 =Toep T3 = DPel — DYef
T® =D%e “=de +wae

D“R% =0,D®T% =R¥ Ae,

A
4.,..abcd vpo
647‘[Gf d*xe ( uvab(w)epkead 3euaevbepce¢7d> ekvp

1 ab c da A a b c da
S(w, e)—m (R (w)Nne‘Ae —ge Ne’Ne‘Ae )eabcd

A
D(ea A ebeabcd) =0, (Rab(w) Nef — gea AeP A ec) €abca = 0
0=D%*=de®*+wlAeP
b(e) =e"V ev = eva(aueg v(g)e){7

Rg[.tv 9) = R;%) (w(e))eg €ob

1 ab [ d
S:327TG R® ANe® ANe%€eqpea
Aab _ Aa4 1 a
wo= o, 7
A_ 1
3 £2

1 1
FU4) = EF#{dxﬂ Adx?
FU(A) = dAY + A A AL, ) = 9,4 — 8,47 + AL Ay — ALgAl

1
1:;3/4=z(auef}+w#abe5—6veﬁ vabeu)——(D“’ )——Ta

ab _ ab
Fn’ =Ry + 2( ev_ev




ab _ ab ab a ,.cb a ,.cb
Ry = aua)v — aku + Wi wy” — wyewy

A 1
FU — FU = Fa where F®? = R + —e% AP

#2
2 A A
£2 ab 1 a b cd 1 c d
SMM(A):64-T[G (R +ﬁe Ne )A(R +€—Ze Ae )eabcd

1 22
327TGSMM = f @Einstein/ 0:Caﬁan + ﬁ f Acosmological + 7 f (Euler

1 ab 1 a b c
Eeabcd R +ﬁe ANe’ |ANe¢ = 16mGt,

EadeTC A ed = 167TGSab

1 1
tg = 30 dfeabcfea ANep Aeg, Smn = gSr};ne“bCfea Ney Ae,

(€rykraF¥E N A% — 16mGs;y) ASAY =0
8(€apcasF? NFY) — 16mGs;; ASAY =0

s _{Sab
U= Sqa = tq

a . N
16nSBF(A,B)=f tr(BAF—ZB/\*B),

1 a
8Bqs: F*® = 5T = 0,0Bqp: Feb = Eeabchcd

Sgr(A, B) = Sym(4)

[ . .
a_ ,.0a Oabc i — ijk b ,c
Wi =i+ Wipe» Pg = Tong abe€ e ey
Y = 0% + Y eoaveyy  and pi = 4 €Kl
i T i 2 ibc/ a — 167G abc j “k»

(Yo @), P/ ()} = vo(x - )8/ 8¢

ghvPoRaby o
641Gy v =pa~ab

Lgc =R® Ne Aeeyyeq

Ly=e*NeP NeC AeCeypey

H,=R® Ae, Ae,




84_: Rab A RCdeabcd
Py= R ARy,
NUY,=T*AT, —R® Ae, Ney,

1] ab 2 a a b
FU(A) AFjj(A) = R* (w) A Rgp(w) —{)—Z(T ATy —Rap Ne® AeP)
2
Ps(4) = Pp(w) — {,_ZN'yzL
1 4 ab ~uvpo
P, = Z d me,abRpae
1
E, = ZJ. d4xRuvabRpacd6ade6uvPa

1 4 a a, b\ -uvpo
NY, = 2 d*x(Tyye TSy — 2Ryvapeie) e
NY,=2 f 0, (eyo T )emPo = 4 f 9,(eygDyed)ervre
P = f RuvapRE0E!PT = 4 f 9,C*(w)

2
— ab a cb vpo
CH(w) = (wvabapwa + §wvabwp cWg >6u P

2
CH(A) = CM(w) — g—z(eavD;,"eg)e‘”p"

1 {
— T b
iwﬁb_ E((Dﬁb + EEgd a)ﬁd)
+ab_11ab—i ab cd+ab_1 ab—i ab pcd
_Ruv = E ESCd +§Ecd Ruw _R/w = E R/,w +§Ecd R/w ’
1
b+ T
é-IwapiRgv_Rpc)'ab = Zeuvap (ZR/%JRpcrab + lRp%JRggeabcd)-

49,CM(tw) = %(2?4((1)) Fig,(w)).

P, =4 f (8,04(*w) + 0,04 (~w))

E, = 8if (uCH(*w) - 0,e4(~w))

a
16mS(A,B) = f FU AByy — gB” ABy; — " €abcd4p A B4

G _yGA a3
“=3ar,9 P T30,y VAT TR
Fa4=ﬁBa4

a
Fab — BBab + EEab(:dBcd




1 a
Bab — a2 - BZ (,BFab _ E(:.abcdl;vcd)_

S _ b lMabwlF AF —iTa/\T
(w' e) - 167T 4 ab cd B‘gz a

a e
M 4 = m(ﬁé‘f —e€cad) =~ (v8cd — €ca)-
ab c da 1 a b c da 2 ab
32nGS= | R*° Ae‘Ae eabcd+2—€2 e“*Ne’ Ne“ Ne eabcd+]—/ R% ANey A ey
€2
+7f R AR%eypeq — £’2yf R ARy,

2
+1
LY

f 2(T*AT, —R® Aey Aep)

Y
A 2
64GS= f gabed (Rwabepcead - geuaevbepcead) eHvPo }—/f Rvapesefetvre
2
Ye+

SYP 3E
Y

1
+ NY, +

(DAB)Y = 0
a
FI] _BBI] _EeleL4BKL =0

(DAB)Y = dBY + A 4k ABX) + AJ  AB'K,

1 1
D®pBab +zea A BP4 —?eb AB% =0

1
DB —Zep A B® =0
1 1
(;635’ + 6%’) F,y Ne€ =0,D? <()—/6§é’ + 6%’) eq Aeb> =0

(RabAec+leaAeb/\eC)e =0
22 abcd

[MUIMKL] = _i(nIK]V[]L + Mk — MMk — n]KMIL)r

[Mathcd] = _i(rlachd + NpaMac — NaaMpe — nbcMad)
[Mabrfpc] = _i(nac?b - 77bc‘g3a)' [?a'?b] = —iNgaMyp = iMyyp

A, = s AUM, = Lo, + - eop
w = 5 Au My = 5@ Map T 560

Fu (A) = 0,A, — 0,A, —i[A,,A,]

{y%,y?} = 20,1 = diag(—, +, +, +)




1 - 1 w1 1
Mag = = YoM _—EV ,Mgp =M =Z[Va;yb]=zyab

(M1, Qa) = =i(my))Qp, ie. Moy, Q] = ——yabQ [P, Q1 = ——yaQ

i
{Qa, Q[;} = —imgﬁMU, which can be split to {Qa, Qﬁ} =-3 (yab)aﬁMab +iy*P,

(b1, {f2, f3}] + {f2, [f3, 011} — {f3, [b1, f2]} = O

4G
2
T
1 ab 1
A, = Ew” Myp + {)eHIP +K¢#Qa
1 o =@ 1 (s)ab (9)a
]Fuv_zl‘;w MIJ"'TMVQ“_ZFMV Map + F” Fa +TP“’Q“
, _
EQ™ = E& — 2P,y i,
F,:g)a = F;g/ + Kzlljuya‘/)v
Fab = Rgb +%2(e,‘}e,, efel) ¢FL = DPefl — DYefl

1 1
27 55 6u Yay = lepv eu Yay

_ 1 —_ —
D/ﬂ»bv = /ﬂl’v w/t ll’vyab eﬁd’v]’a = Dﬁ)wv

1
Dulpv = ul/}v +_wﬁbyab¢v
1
2[ eu}/alnbv
F = (D Do) = e (DL, — DO, + (e a
732 K( /ﬂpv - vlpu) =K u wv - v wu + ﬁ(euyawv — €y yalpu)
SoA, = 9,0 — i[A,, 0] = Df'®

1
0= ExlabMab + &P, + €9Q,

_ 1 1
Sce = —tkéy ™y, 560),‘}1’ = kéyPyu, Oy = - (D;;’E_— T eﬁe’ya),

_ _ 1 _
DY€ = 9,6 — Za)ﬁbeyab

6F,, = D,6A, — D,6A, = [D,,D,]0 = i[6,F,,],




5EF(S)a4 — _E—yag;- 5EF(S)ab — E_)/abe

_ 1 1.
5.F = —Zey“bFa(Z) - EeyaF(S)“

167L (sugra-topological ) _ 1 61‘[( L (sugra-topological, ,b) __ 4L (sugra-topopological, ,f ))
B B

1 1 o Py
— Hvpo (B(i) TES ) - 53;5? JB,E?y) _ 4ehvpo (Bﬂv:ppa _ gBuvaa)

_ 1 1
8B = —&y°B 6.BOW = &y™B,8.B = — 7 ey Byy) — 5 €y, BO"

a —
L6mLmem e = —— eh07 (eqpeqBly) " B — 8B,y By )
Zae”"””Bﬁf,)ae‘yaﬁBpa
B(s)a — 1 Fa 2.7, 2,4
po _E( pa+K %Y %)

ab _ B b_ 2.7 - ab a d_ 2.7 .cd b
Bpo =3 e (FY — k*y,y,) _Z(aZ—-l-ﬁZ)(P}’C" — K2 P,y M, el

a — (pl—ay®
16nL) = ehvpo YD) ﬁz):ﬂw <—2a )Tpa
1 1
167 LY = ghvpo (EF(S)(H} [.WFa(Z) oo + ZMadeFa(Z) quc(;) pa)

— (18 -y« K2 _
Fuv (T) Tpae#vlm = 4‘7 (D/Abv)(y]l - VS)(Dpwa)EuvPa

7 <]1ﬁ -v°a

K? _ 2
uv 2 ):]:;)O_EI-WPU: le’u()’ﬂ - y5) (Vava%b tYa ?ﬂﬁ)) Py elvPe

2.1, 1 5 a,b 2 5 amTyw uvpo
tK lpu (f_zy Vabevep +?)’ yaeva )1:[}06
KZ Iy 1,5 a,b 2K2€ Iy 1,5 aqyw uvpo
lé6nLl = — Elpuy Yabevep + G l/Ju]/ Yaev Dp Yo |€

~ (12K 2K% s u oo
_¢u ETVaTvp‘l' 4G (}/ﬂ—}/ )VaTvp I,DUE#p

1 /1 — _
- E (ﬁ Tuavaaa + K4¢uya¢vlppyalpa> emvee

1 _ _
+ E Mabcd (F;g/b Fbco"i + K4wuyub¢v¢pVCd¢a)E#vPa

+&.

MR, T4, = 0, for T = (1,y%,y5y%)




1
16mL = (EMabcdﬁz%bEfg 4607 T;ﬁiTpaa) etvpe

KZ_S a,b 2{’_5 aqmyw uvpo
- Elpu}’ Yabev €y + G Yur>vaev Dy | €

20 _
+2 GlpuyalvapaaeuvPa +E

1 1
Lsuerd = v (Rabepe,, +— 72 e,‘}e{}eﬁe,‘}) €abca€’P°

+ (Elﬁuysyaegl)ﬁ)lpa + 4—31/;;1}’5}’@93951!)0) ekvpa
Ladd — 1 2 e e, +— l[) Y, 1/) Dw ehvpo
64 G uv pa®ob ura'¥v

321G 321G boundary — [( n l) SCH(*w) + (]1/ - )SCP‘( w) — (}1/ + }/) SC”(A)]

Iz
4x29. |0 1 1AU uvpo
+4kK ull’vz; )’ 2 pmljlnba €
2 _
SCH(A)= (Av, 0,40 + 3 Avi AL AY ) €WVPT + 4xc% (P, D, )eHPO
= CH(A) + 4Kk* (P, Dfp, )eHvPe
SCH(*w) = CH(*w) + 4 ( iz/;VD;—rw * P, )eHvPo
81 81 81 Sw(e, sw(e,
51 = Se o e o (5e 0@ P) | gylele ¢))
e Pw(e) 61/} ew(e) ow e e 61/)

1 a 2 a b 1 uvpo cd
({, Tuv t+K ll’,ﬂ’ lpv) € (]_/ Sabca + 6abcd> € Sws" =0

T/ﬁ/ = _4‘7TG1/5uya¢v

dyed — aveﬁ + wy a b€5 —w, ® be/,lz + 4‘7[61/;/1]/‘11/)1/ =0
L wpogy woa
Ee &IJuValvap €g
Eul’pa}’all’vlﬁpyalpa =0

1/ 2 w (wpa

- 8 G uv pa6€ab + lpuyulva 660 €

14

e‘“’p"Rabepa = —ZE”VP”D[;’D,‘;’e},’

1/ 1
}’(4 G va 6egb+¢#ya¢va5ea )E#Vpa




dM = ﬁdA + QdJ (black hole dynamics)

dE = TdS + dW (thermodynamics),

Area
Entropy = 2z where 1, =+/Gh/c3,
D

K
T ture = hc——
emperature Co

S = Yu Area
Le6 =746

5L(,d¢) = (fe.) 8¢ + doO

JIE]1=0[p,Lep] — I:L

1

_ 1 p-1
(»—1)! fMafuvl...1/7’—1dxv A Adx?

[eap =

Q [ft + Qf(p] Entropy

3

1
Mass = Q[¢:]e0 = 2M + hm n o

1
32nGS =f R® Ne€ AePegpeq + 2{)2.[ e*Nel NeC Aeleypeq +pf R AReypeq

M 2 r3 2
Mass = 010l =5 (14 720) + lim 5 (1= 20).

Rab 1 a b =0
(a))+ﬁe Ne =

[oe]

f(fe)aSe +f (fe)b6wab+f d® =0

Einstein / Cartan +A+ Euler

6S<

Oloa = 50 A (R (@) + = e€ A o =0
oM = €abcaO® (w) {,2‘3 e =
oM

§AY A B - Sw*® ABy, = Sw™® AMgpqF* =0
oM oM oM

. 22 £?
[ G:’Einstein/ GCartan with A + 7 ]EEuler ] -y [ 5Holst + 7 g‘BPontryagin ]!

a
16188 = f (6BY A (F,, — BBy — EB’“eum) +

+6A;; A(DBY) + d(BY A 84,)))

@ = BI] /\6141]




JI§1=0[¢, Led] = IeL,J[] = BY ALgA;y — IgL

1 p-1
leay = mf”aﬂvl___,,p—ldxv A .. AdxV

a
1677:][;] = (FI] — ﬂBI] — EBKLGI]KLLI-) A ISBIJ
+IgAy A(DABY) + d(BY A I:Ay)

Qi1 = [ BUIea
16m )y,

_ 1
_167T E)>

1 ab cd 2 a
Q EMCd Fablfa) - WTalge
1 6L 1y I
1 1
Q) =157 | 1w (5MbFan)
z

{)2
~ 321G

Q[¢] fa Irway (€™ cqF§o — 2YFgy)d0dy
z

2GM  r?
ds? = —f(r)?dt? + f(r)"%2dr? + r2(d6? + sin? 0dp?),f(r)? = (1 - ﬁ)
A
321G

402 [ (10f(r)? 2
0[0,] = fa E <§ ! a(:) )(1 )2+ :,—2> sin 0d6dg

1 26M2\
Q[¢]e = lim — M +—3—|sin 0dode = M
9%

r—ooo 47

Q[0] fa w?1(50123F92£ - VF9¢01)d9d<P
b

Iwfe® = kg

= w?1|rH _ <%afa(:)2>

fry)? = 0,:,—*Z+rH —2GM =0

Qléeln = %(1 +;—§>L

Entropy =

T =—,
21

TH

4rt(rf + £2)

K
sin 8d0de = o AC ,

iy

Area  4mf?

4G+4G'




Foye = (- 220
N Tr Zk ,BZ

sinh 6d6d¢ for k=-1
dzy, = [d@dgb for k=
sin 6d6d¢ for k=1

a4 19f(r)? r2
01 =335 | (55 ) (=72 + 35 )

k (£2k +17)

M
w=—| di =M, = ds
QL] o Jaz k Ql¢ly = Ty 0z, k
Ent _ Area +47‘L"f2k
MoPY =456 4G

el= \/A_r(dt—gsinz quo) el=p— dr

p Jb,
de JA r? +a?
e’=p ,e3 =Y gin t9(g Q- adt)
JAQ ,0 —
2
p? =7?%+a’cos? 6,A, = (r? +a2)<1+l2> 2MGr
a2 a2
Agzl—l—ZCOS 9"_1—1—2
o T _ aB(Dg(r® + a®) — A,)
9op (1% +a?)?Ag —a?A,sin? 0
a2
™ 2 4 a2
ol =505l ===
a M
Mass =Q[at_l_za¢]=§
T,
Q=0 Q (1+[I;>
I

a? 3rh
TH (l_z_ 2 t 1) Ar(ri + a?) 4nl?

, Ent = + )
2@ + 1) Ry w6(1-%)

K =

ab _ _va b _ ,va b_r1A b
wy’ =e"V,e) =e (6Xev I7vey




2
Q[o,]= 32 Gfaz e F«Jxe))

*32n6 Lz (4777 RootpTiary = 21 Ry Ty
_VJ. (Fetq) - qut@) = Vf aegtq)
o)) o))

= f(r)dt + 2nf(r)cos Odg e’ f( )

e? =+n? +12df,e3® =+/n? + r2sin Odg,

dr?
ds? = —f(r)?(dt + 2ncos 6dg)? + Rt (n? +12)d0?

, T?=2GMr—n?*+ (r* + 6n*r? — 3n*)£7?
fr)*=

n? +r2 '
I 2 2 2
0[0,]= ff (7‘2)((;” +r )+ynf2(;)
£2 , | 5n% —r? J\  2rnff(r)*
+%(f(7‘)f (7‘)( t 2O >—m>
’ f(r)? f@)? (. 3mP—r
+V—< 2(f(f'()* + 2+n2f()f()+r2+n2<1+ nzf()))
Mass = M n(€? + 4n?)
ass = +]/T

’ 2 2 2
Q[at]Einstein + Holst = f(r)f (Tz)én il ) + yn};ér)

_(10f(n)? 11 N 3(n?+13)
“\2 or “2\ry 21y
TH
k 4n(rj +n? + £2(1 — 2nyk))
QLo¢ly = 5= u
21 4G
Area 4mf?  2mné?
Entropy =

a6 1 V¢

Ent _ Area (1 3n> N 4 ? (1 n)
HHOPY =744 Vi) T TaG Vo

[:Pa::Pb] = —iZgy

[Mab'zcd] = _i(naczbd + NpaZac — NadZpc — nbczad)-




[:Pa':Pb]= i(Mab - Zab)'
[Jvl‘abtjvl‘cd]= _i(nachd + NpaMac — NaaMpe — nbcMad)'

[(Maps Zcal = —i(MacZpa + MbaZac — NaaZbc — MbcZaa)s
[Zabs Zcal = —i(MacZpa + MbaZac — NaaZbe — MpcZad)s

[(Map, Pl = —i(MacPp — MpcPa),
[Zap, Pe] = 0.

1 ab 1 a 1 ab
Aﬂ = Ew# Mab + zeu?a + Ehu Zab
Fuv = 0,A, — 0,A, — i[A,, A,
1 ab 1 a 1 ab
IF;W = EF['LV Map + zTuv:Pa + EG[I.V Zap
1

G = DPhgP — DPRIP — 7 (efel —edef) + (hihy P — hgh,. D),

1 1
GW = —Gl%’dx” Adx¥ = dh* + w* Ah P + wP° AR, — {)—Ze“ Ael +h%* AR P

eMVPIDAF,,(A) = 0

eMVPIDLREY =0
vpo wTa ab —
etPe(DPTE — R¥e,,) =0

2
ekvpe (Dlsw-l-h)Gl%J + Zhﬁcvac b~ ,g_zeftlT;fv) =0
ervpop{t (Gab + Rb) = emvpopTIRIL (4 + h) = 0
SoA, = 8,0 — i[A,, 0] = D0, 5F,, = i[6,F,,]

1 ab a 1 ab
E‘)=§/‘l Mab""f ?a‘l'ET Zab

1
5®hﬁb= D[t"r“b —3 (eﬁfb - e}ff“) + hﬁc(llc’ + T?) + hﬁc(l‘g + 1)

1
590),‘}” = D[t’/lab + ?(eﬁfl’ - eﬁf“)

1
£

1
Seef = DPEs — zlﬁeﬁ

1
6661%): 7 ['f' Tw]ab - [T' FuV]ab - [(’1 +1), G;W]ab

1
‘SGFu%/b =77 [”I' Tw]ab - [A' EW]ab

1
E6GJT;$/ = _zlg’rubv + ng;g/b

2B, AT*+ By ANF + Cypy A G, with B® = B,




6§Bab — (Ba'a;b _ Bbfa), 5ECab — 0’ 6§Ba — (Bab _ Cab)fb
5B = —[4,B]%,8,C% = —[2,C]%",8,B* = —A3B"
8:B% = —[1,C]%,5,C% = —[1,C]%,6,B% = 0

C* AC,p and 2B* A B, + B® A By, — 2C%° A Bgy,.

€Wl ACeq and €P°4(B,, A Bog — 2Cap A Beg).

167S(4, B) = f 2 (B“4 AFyy — éB““ A Ba4>
ab B ab @ abcd
+B AFab_EB /\Bab—ze Bab/\Bcd
o
+Cab A Gab — gC“b A Cab — ZEadeCab A CCd
a
+ﬁCab A Bab + EEadeCab N Bcd

1
?Ta = ﬁBa
o a
Gab — pcab +EeadeCCd _ ﬁBab _EeadeBCd

a a
Fab — ﬁBab + EeadeBcd _ ﬁcab _ E(:.abcd(:cd
1 ab ab 2 a4
167S(A,B) =5 | (B AFap +C AGab+EB AFa),

1 abcd 1 a
167'[5((1), h, 8) = (EM Fab A ch - WT A Ta)

1
+f _Nade(Fab + Gab) A (ch + ch)

4
abcd _ (G_a) P_ﬁ abcd __ _~abc
Nbd_(a—a)2+(p—ﬁ)2(a—a6bd Ebd)

F(w,e) + G (he) = R (w + h) = d(w + )™ + (0 + h)® ; A (@ + h)®




[(Map, Qul= ~ 5 (as Qe
[Mas Sal= = 5 (asDe
Zab Qal= — 5 VarDh
[Zap Sal= 5 (rasDe

[:Pa' Qa]= - %Va(Qa - Za)
[?arza]z 0

{Qar Q[)’}z — (Vab) Mab + i(ya)aB?a
{Qa' ZB}— __(V )aﬁ ab

(a3} = =5 (), Zar

1 1
A, = EwﬁbM b+ 5%t habz ab T P Qq + KX Zg
1 (s)ab (s)a 1 (s)ab =a =
Fuy = ZFW My + F) My + ZGW Zap + FuvQa + G, %0
b ~ T — ~) —
G = G — ke (Py P xy + Ty Py) — 2Ty P a0y

G = DPhIP — DPRIP — —(eu el —efel) + (hihd. — hY°hL.)

1
Guw=FR ((Du X —DExu) + 7 (h&Yapxtv — h%Vapxu)

4 (B2 V by — B Var) — o5 (¥t — e8atby)
4lzuabv v Yab¥u 20\ HTaty via¥u

B! i a
bdmL= ( B Fyaty = 2 Bu{zBpou =7 Cabca B Bﬁg) ekvpe
o
+(CE Gy =5 Ca Cogad — 5 CancaCiRR C58 ) €1
+ (B Byoar + 5 2 Eabcdcal?B;g) ekvpe
— a —
+4 (73 B vBoo EBW]/SBPU) ehvpo
»n e 5 uvpo
+4(CuvGpo = 5 CuvCoo — Ee,wy Cpo ) €

N <

(;’m,y Boo + 5 > Bm,y Cpa> eHvpo

+4(

CuwvBos + 5 B,wcp,, += >

(p—P1— (o —a)y® (
(0 —a)® + (p— p)?

1
_ 5 _
—C—a2+ﬁz(ﬁﬂ—ay )F, and C =

G+F)




a — (Bl—ay®
16mL) = etvro e BZ)TW< 5 >?pa

vpo (0—a) = =\ (=Pl (o —-a)®
+etp (O-_a)z + (,D _‘3)2 (guv +THV)< Z(O'—a) )(gpff +TP0)

C

1 1
16mLb= etvPo (EF(S)“‘* wlag po + MRS L ED pa)

c

1
+6#VPUZNade (Gcg)) v + Fa(l? IW) (Gc(fl)po- + F(;)pO')

abcd _ (az j’:ﬁz) (y6abcd _ eabcd)
Nabcd — (G — 0() ('D — ﬁ 5abcd _ Eabcd)
(- +(p-p)P\o—a

b b - ~— ~
G + ES® = RE (w + h) — (1, + &7, )y (e, + Rxy)
h ~ h ~
Guv + Fuy = DL ey + ) — DS (e, + Rxy).

KZ‘S a,b 2KZ#'S aqmyw vpo
l6mL= — EIP”Y Yab€v €p +T¢yy Yaeva wa ervp
_ (12 2% S Voo
—“Yul 77— VYalvp + Gl-vy )VaTvp Py eh?P
4B ¢ 4G
1
4B

1 _ _
+ 1_6 Mabcd (F/g/bF;)coq + K4¢uyab¢v¢p]/ca¢a)emma

1 _ _
(ﬁ T;ﬁ/Tpaa + K4l/}uyal/)vlppyalpa> ekvpe

1 _ -
+ ¢ Navea (], + 2, )y *° Gy + iexy) (Kb, + &7, ) vt (i + Rxg )P

+8

1 il I il I
Fyl = A7 — 0,A) + AL A% — A7 AN = A7 — DAY
Fl = 0,47 + A} A9 i o
I 1] — pl ilj] — ijk pl
B, > (By = B!, P = 2¢UkB]]).

S:f dtL,L:f d3X(?i1]AiI]+BiI]Hi1]+AOI]HI])

I (x) = (Di?i)u(x) = (ai?li] + Ay KP! k) T A Kpt IK)(x) ~ 0

) . .oa )
I I](x) = (Zel]kF}‘kU - ﬁ?;] - EEUKM:DLKL) x)=0

. 1 _
{A?(x),?f k)= 55(36 - y)SiJSII(]L




. 4

DL, =P — ﬁe”ij‘”eka ~ 0
. . 6 ..

Pop = Pap ~ MypFiyse’* ~ 0

2 ..
Myp =5 €Y*DP (Kyaejyek,g) ~0

P2 af
1 .. 2a .
_ kY8 B k B,Y, 6
Ha = EEU Ka’ﬁei Rjk)/(s — (az n Bz)f3 el Eaﬁy(gei ej e, = 0

B a Z
M 9
H = —2A%Il, — A%, — 2B @}, — BIF @l
G 2a
'™ (a? +B?)

4
+Wf aﬂ(emi),‘;’eg‘)e‘w"”

_ ap _ a 1 ap
0= G 7y (10 = ) K 3 = iy (V508 + € 30).

2
gf 0,(CH(*w) + CH(~w)) - l(az—fﬁz)f 0,(C*(*w) — C*(~w))

4 . 2
Wie,w) = 75 | e/M(ewDed) + oy g | (@ = DEcsC0) + (1 + DLcs( )

pt?

i = Ph+ (PLW (0,0}, Ply = Plp + {Plg, W(w, )}

N1 . 1. s
{ei"‘,fPﬁj} = 51?6{6[‘} and {a)lfxﬁ,?jfa} = Eé‘i]é‘gﬁ,
16w s 4 y
250 Mg Rjiys€™ Wejaekﬁf”k
w.
L
16W 4 ..
26e% Ee”ki)j“’eka
l
P, =PL~0
Pup = Pap = gz Kap ey erse’ = 0
2 ..
Ha’ﬁ = ﬁeljkl(aﬁ V‘SD{”(ejyek,;) =0
1 ..
Mo =€ Kag Y2ef Fiys ~ 0
el ~0
_a,a — ,.0a _ i abc, ..
Wi = w; 2)/6 Wipc
4a .

AANB = (—1)PIBAA
d(ANB) =dAAB+ (—1)PAANdB




dA
— ke Ry Gk A dx*s Adx*e A A docke

dA=d (Ak1kz...kpdxk1 Adx®z A LA dxkp) =—%

Eabmnemncd =—-(4-2)! 6&? = _2(64?55 - 56(1165)

N2
(dete,i) = —detg,, = —g, e=.,—-g
1
e= Zeabcdeﬁeﬁegege”"p”, eMPIe e =419
Y2 =vy Y3 vs = voravays
1
y® = —Zeabcdy“y”ycyd ¥Ys = EEadeVaybycyd
ab 1 abcd 1 cd,,5
Yy = 56 YcaVs:Yab = _Eeabcdy )4

YcYab = NcaVb — NebVa — Eabcdydys
YabYe = NebVa — NeaVp — Eabcdydys

P4y e#P? = 0 where T4 = {1,y°,y°y%}
Yx = 0P Yysx = XvsPY Pysvix = Xvsvid

(Pl ) (BT Je*?” = 0

_ _ 1 _ 1 _
Dulpvz aul/}v - Zwﬁblpvyab Y] ep(tll/)vya

1 1
Dulpv = a/ﬂl’v + Zwﬁbyabwv + 2_€ e/ilyalnbv

:Rab = dwab+wac/\w£
i _

T =DV —SWTAY,
1

pA EDIPA__AEAB/\LPB

24
F = dA_l'I_JA/\lPBEAB:T_l'pA/\LPBEAB

1 _
Liuk = Zaeab AVEAV3eapea + Pulals Apy AVE
1 frcdyra b 1. fmyra b c d
+ZEabch Venv AF—EF{’THF VEAVPAVEATV €abcd

i 1._ _

_ 1
YT Ts AW, AVEAYD — an AVPAVEAV e peq

i
2¢

A =f L
MuicMm4is

4




Ta = DVa - %@Araqu = O
5.® = 2.0 = di () + 1. (dD),
5D = £.D = Vi () + 1 (VD).

te(Wy) = €4, (VY) =0, Le(wab) =0,,(4)=0

. _ 1 _
R® =R veve + 0%y, + 7 P, reby.s,,
1 Iy ab\y i abcd ; g
—EEAB F l'pA/\l'pB +E€ ch‘PAl"sALPB ,

a =,

= ayb i I i rcd a b
Pa =PapVV® — s €ap | Fap — 5 €ancaF ““I's | T*WpV

2 2
i
+27 r,¥,ve,
F =F,,vevy,
SeA = L= (die (L) + 1.(dL)).
MueMm4is M,

(dL) =0

S A = fM di (L) = f (L) = 0.

6M4

Loyuik = Lrann = Louik + Loy

te(Lea)lang, =0

{)2 abpcd 8i =
Loay =~ (R*®R“€qpca + ~ Palspa

20 4i
= R Tp 5y + {)—ZdA‘PAI‘S‘PBeAB)

1 1 _
ab — ayb AB ab
R |m4 —[{)ZV 14 +2£6 y,r wB]m,

i_
DV% g9, = [E‘PAF“‘PALM
4

i
Pa |aJvr4 = [ﬁ SABFalPBVa]

Flaa, =0

M,




1 g
R? = dw® + 0*wf - ﬁvavb =57 0Pl W = 0

L _
@ = dre + 0%y, —E‘PAF“PA =0
B 1 . 1
= dlpA + Z(l) FablpA 2€A6ABIPB 2€

F = dA - l'pAqJBEAB -0

L 5T, WV = 0

. 1, .
Ey =+ (VI F4hY)
W, =W, + W, T3, , = £iVy

U = deV i kj — 4 El A B 11]-, riy
R = w +(l)k/\(l) —_ _ﬁ + A = +z +A —A
dv3 = —w}AVi+ WP, ¥,

1

DEL =dEL + W AE] = £ W T, 2 -ELAV3

|
\"e

Dl'piA = dl'piA +Z(1)”FU AquA

- i (4) 1 3
=+zEﬂAFLP¢A—6ABA AquIB iz_-gq,iAAV

dA(4) = EABLTJA A l'pB = ZEABlp-i-A N l'p_B

0|3, = (RasV7) 5g, With Rty = yyis Pra¥oy = 0

. rl . 22 . . 22
El(x,7)= ﬁ[El(x) +0 (r_2>]' El(x,7r) = —ZE‘(x) +0 <r_2>

0 (x,7)= 0V (x) + 0 (g); AD (x,r) = 2064, (x)dx* + 0 (;)

vt [E[0) o O] v = ][0 )+o ()
V3(r) = g [dr +0 (f—i)]

ij 1 _
RY —ﬁElEJ‘F ¢AYU¢A'
i _ .
‘ =_¢AVL¢A'
i
DY, = 2{, Eyy lpA €apAYp,

dA = — zEABl/;Al/JBr

LB =(RYU — —_ ! E'EJ ——1/)Ay Ui, | E*e £ — AdA
72 ijk — 29

3
+21, (DIPA 27 eABAll’B)




7] — 2 ijk — [ijk
Wiie =07 T {)Eke = e ook

. £ . . € _
Rés) = lz‘/’AVllpA' *‘Ré—s) =0,dA= _zEABlpAlpB
Z)(s)ll’A = —€45AYp

1 " 1 ..
:R(i)i = EEijk:R‘(,i) = dw(i)l- — Ew(]i)wé‘i)sijk D(e) O)Eis)DSD(Z | 2)(8) X 50(1,2)(_5)

LO) = (L — L) +dB =LY —L® +dB

— L (o Lol ok bV, — -
L(E) ) w(s)dw(g)li_§w(£)w(£)w(8)gijk + 2ey,V ll)A—ﬁAdA
VO, = (d+ Lol 2
Ya = +Zw(3)}’ij Y+ AYpeyp
L = £l d 1 j k
o) T\ Pe)dP(o)li T 3PP (-5)P(-e)ijk
B =S wnHW-i

; ; 20 _ _
60)%_8) = 0; 6(‘)28) = E?fAyll/)A, 0A = ZEABGAIIJB

&
61/)[1 = D(S)GA - ﬁeABAEB = V(S)GA

1 _ _
A=z +A T+P,Q" + Q7

2
A= L(A)zf (AAdA+§A/\AAA>

M; M3
i
Yua = leuYiXa

i ik
D@l = To€' jrele”,

0/ 1 .
L) =5 ( (o) W(e))i — gw&)wé)wﬁ)&jk) + 2e¢; D¢’ Yaxa+t
4 evaV' Ty aediy — 2%ACZA,
(¢) _ vl (e) € j
Y xa=9 V@( )XA =D xa— Y AieaBY'XB -

W(E)XA + 37;7'0XA =0.




Y\ +3imox = 0,

€
VES)XA =1 7 YiXa

d(xx) =0
i _ & ijk i ke i)
Rie) = =5 Xaxac”"ejex, dA = i€ap)ay “Xpe'e’€iji
el - A(x)el, x —>L)( A#0
T AA A(x) A

D@l =Thel Nek =B el +1el Neke), + THejpel Nek

& _ : 1.
EXAXAe] AeFe = Eefkﬂég)

Rie) =
(D©)?el = 0

dt
p=——

T
. . ) oodA
el - A(x)et = DEel A(D(s)e‘ +7Ae‘>

+dl T
- —T>—,.
p-pB Tt

no_ .1 i
w " = (1)(8) + Tp€

. £ o
RY[w'] = (T% + Z)ZA)(A) et nel

dt
“df = —ZT(ﬁ +—)
T
77 . 1 . . 8
("(Uis) w' = E(wég) + a)é_g)) To=—3
Dopi= —Egi pigk
(£)€ ——?E jke e,

D Ei = — = eUKEE +1‘ ekee
(&) ? jtk ZXAXA jCk

. o B YA
E' = M(jx)e', with: M(jrx) = <1 tesxx - Z(xx)z)

i
3

Xa = VieilulpAu




TV, =0

. 5 .3
Vo= i) (o) ¥ =) ()

1
dw®™ + wf Aw® — 72V AVP — 77 (PyATY,) =0

i

dV“+wg/\Vb—§(‘PA/\Fa‘PA) =0

dAP + A§ A ABD — (PCAWD) =0
i

1
Z{JV“/\Fa‘PA——AAB/\‘PB =0

1
A9+ 20 AT P4 + 57

. 1, .
By =5 (VI F o)
r3wd =wi+wa r3pd = 4jpd

L R N
[dw” +wi Al + EEB NEL — ?(tpf A F”‘PA_)LM =0

. 1 i, .
[dE; + ) AE] +EE1/\V3 +§(tpf/\rlw,,+)] =0
- - - lam

1, . _
[dV3 —E(Ei +E£)/\Vi+w§ALPA+] =0
oM

[dAP + A€\ nAMP — 2 (P A lpBl)]aM =0

1 - 1
[dwfﬁ +Z00 A (ry i’ £ 55 A (rywi)? tos VA +

1
—_6M [C(SD]BACD A l{_}fﬁ = 0

24 = ]aM

y
A%B (7, x) = —20A%8 (x)dx" + O (;)

T (YA 4
‘}’fu(r,x)dx”= 2—€< 0 >+0(;)

lpfu(r, x)dx* = \/; (nABu())B(x)> +0 (é)

OWN) - 0(@) x0(@,p+q=N

_ 8a,p, 0
NaB = 0 _Sazbz




RL = Ol —~€iikq,; AQ =+5(1/5 NG
+ +75 +j ke = £, Wt V¥t

Faiby = b1 4 g% o A A€br = _%(1/;‘11 /\l/)bl)

Faz2bs = JA%2b2 4 ga2 o A A2z = %(lﬁaz /\l/)bz)

, . E
QU =o't A = (A%b1), A_ = (A%P2)
i .
Yo = @)D, AT, = (dp® + 200 Ay + 4% Ay

Yo = (), D0, AT = (d® + 500 Ay + 4%0 Ay,

1
L= Ly =Ly —5d(Q A OF)

1 | S 2 _
Ly =5 (Qﬂdnli —3€i Q% A QLA Q’;) t5P: A D[y, ALl +

2
E' = 0y B, 0l » -0y Lol = Q) - -0, 1 ;0L
S0(1,2), x SO(1,2)_ — SO(1,2)_ x SO(1,2),

Wy >y =o'y, Ay > Ay = Az

Yua = ieLVixa
1
RY =iz)(i)( € ej Ney

D[QL]E! = $%EijkEj A Ej +%()Z+)(+ +x-x-)eTke; ey
Faib; — _%()Zalyixbl)eijkej A ek
Fazb, — %()Zazyixbz)eijkej A ek
El = fe!
TL =D[Qy]el = Bret + T.eT%e; N ey

dA 1
B+ = B+ T T 2 T

D[4 ]%e" = —eY*¥Ry e, = 0

R ()
+




0L =w' £ E/¢
Dlwle! = f Ael +1elke; ey
D[Q.]e! = D[wle! F (f/£)eV¥ ej Aey

By — Bl + (ty —T_ + 2f/1’,’)6ijkej Nep,=0

ﬁ+=ﬁ—=ﬂ,1’++z=1_—

=T

! !
?
df +Bf =0
1 - —
fr = E(X+X+ +x-x-)
D[Qi]R.i =0=d(Wixs) = —2B7+ X+
E[Qi,AJ_r]Xi = =3iTy x4
i .
D[Q.'_,A_'_]Xf_'l = dxal + EQEI-leal + Aa1b1Xb1
D[Q_,A_]x_
wi=04 +ret =0l +7_el.
3

Zp[w” A:E}Xi — _§z'7-i Yi

f
Af(f-1) = E()Z+X+ +x-x-)




X+) = Xag=1 T Wa,=2 X(-) = Xa,=1 T WXa,=2

nAeiaA
( - [nBeiaB

n=n,+ng =" An=ng—ny=7¢=7"y¢

X= Ef

1
Uzﬁ(—li 1)

e ¢
2 (_E(nB_nA)

XX =

AZO:)ZXZO:>nA:nB,

(+

ny = nA H)

+ nfl_) ;ng=ng  + n,(g_) , and nf,i), n,(;—r)
XX+ = —X-X-,andny = ng
X 2 X = —0 X
ei—>éi=0yijej
K Egxk(@) = [V°(r'q" +v?q* + mplxk(q)
K': Eqxw (@ =[°0r'a* —v?a? + mg)]xw (@)
K: 0k () = [y°(—iy'o, — iy?a, + mi) Lok ()
K': 0o (%) = [y (=iytoy + iy?d, + mi) g (x)
(V= Dyulw’, Ak], Vi = Dylw’, Agr])
K: iV (o) = [~y (Y VE + 20K + imy ) ek (),
K': iVE yk(0) = [—iy° (P 0§ = 20K + imi) [xi (),
XK(x#) = X+(xﬂ)’XK,(x0'x1'x2) = alx—(_xolxlrxz)

Ag = Ay A = A_,

3 3
mK = m+ = ET+,mK’ =m_ = ET_.

mg = M — 3v/3t,sin o, mgr =M+ 3V/3t,sin ¢

!
?

T, =1+2




3
=2 Sin () =

M3 M

M3 . i 1
R

2 4

1
FIX] = 3 FicX X/XE,

FIX] = 1.
ﬁ]zg:'IT]_TI],

_0F 1

= m = ETI]KX]XK
92F
Fiy = gxraxy = FuxX

. 1
f” = g”Oinan] +§XIX]p
gij = f;0:X"0;X’

X = X'K,.

TI]K =:KI‘K]'KK

1
FIX] = 5X-X-X

Spart = —f dry/ —YMpart + QIf Al
L L

M

part = Mpq; X'

2
2 1]
Gpart = 37— q1f ' q
part Mp I ]

2 ..
M3 Fare = §M§art + 29" 0;Mpartd;Mpart

Sstr = _f deV_h:Tétr-l'plf B,
w w

M;
Tser = TPI:FI

Mp
Q% = 710’13/10’

2 ..
M3Q%, = §Ts%r + 29" 0,750 Tstr




Mp=1
Cpart = {q: q superparticles },
A={XeR"™:qX' > 0VqE€E Cphy}

G

at = AV N Ny,
R™**1, el = (1,0, ...,0)7,e? = (0,1,0,...,0)7, ...,e"** = (0,..,0,1)7 -
Crart ={q € Nm+1}
A={XeRY?

r= {T eriF =
X!

XEA}

Cstr =TV N Ny,

Csugra = AN Nz

Csucra & Csue
k®:AxA—R
kP = k(K K;) = Fiyxp®
sgn (k,(;’)) = (1,7 — 1) VP € Csugpa With 7 < n:=ny + 1.
kP = k(K. k) = diag(1, -1, ..., 1,0, ..,0).

Fux 20VLJ,K€J

1 1\2
7;,(1) —>ZT111(X)

Fr =0,
7},(1) - lj:'IJJ(XJ)Z-
4
Fiyy = 0.
k(K;, K;) = 0,k(K;, K;) = 0,k(Kg,Kyg) =0

k(K;, K;) = 0,k(K;, K) = 0.

?~Q9—0




o * 1 det deJ
d(obot) = [ ouj—g--ap)——
(26 ¢2) 1 27957 da da

P ={X(A) € A:F[X] =1, € [1,00[}
1 dx! dx/

LA TRT)
FlX]=1

d(xl XLy = ] da
1

X0~ A4, X' 2 AvIie g\ {0}

Ja=UeJix'~a}.

Fape =0Va,b,c €,

(7=|i| Ik
k=0

Jl = {l EJ:TOOl' * 0},
Jz2 ={1 € J: Foop = 0 and Iv € Jo: Fyyy # 0},
J3 ={r € J:Foor = 0 and Fyps = 0Vs € J, U J5}.

Apmin = z CiAil

€]y
1 o\2yi 4 L 0yiyj 1 0yiyr
T:ETOOL'(X ) X +ET0UX X'X +€T0i‘rX X'X
1 . 1 - 1 )
+ P X XX + o Fip XXX + 5 Fp XIXTXS(41)
Fo 2 FooiX X' ~ 271, Fi 2 Fooi(X0)? ~ A2, F, 2 Foi X°X' ~ 271,
fij = FiF; — Fij ~ 2%,
qlznin ~ A
2 1 0y2 0 i 0 r 1 i j i r 1 r s
% =5 @) foo + 0 foip' + 1" forp” + 50 fip! + 0 furp” + 50" frsp.
foo ~ A72, fp ~ 273,
Q5 & A72 VP € Csucra

f00|0(/1-2) = 7:ooiXi(7'"00j(X0)2Xj + 27:oerOXjXr -1)+ Tooiﬁs(i)?oerinXTXS




1 . 1 .
Jim FIX] = 2 Fooi(X)X" + Four XXX + - Fips XXX = 1

foolo-2) 1 . . 1 .
10007 _ 27y J(XO)2XT + Fo i XOXIXT + (Tojrﬂs - —Tjrs) XIXTX*
FooX' 2 2

k(KO'Kr)k(KO'Ks) 1
- >
k(Ko, KO) 2 k(KTI KS) - 0

frrlo(l—z) 1 . ;
Tyl = (ﬁzﬂ’jw - 5%0;) (XO)2X7 + (2BYsFjrr — Fojs)X°XI X5
rr

1 .
+ (57T = 3 Fjee ) XXX

Tojr Tjrs
B = and y; = =—.
Fpr 0 Fppy

fiil = (lf ((X)? + Four XOXT i irxrxs
ij 0(/14) 2 001 oir 2 irs

1 1
X (5?00 (X0 + Fo ;e XOXE + Eﬂmxtxu)

Filogey) (o) =
Cif)'k|0(l4) = ijik|0(/14) Vk € (71

¢iFjap = ¢jFiqp foralla,b € {0} U Js,

Amin = Z CiAi

€]y
TOOI = 0 VI (S J,
F = - Fou XOXUX 4 2 F XEXVXP

- E ouv +€ uvp

TO ~ A—l‘g:'# > l_l

XV 32 YV2yv e g,

2 2 1 -2
Qmin = Qso = Efoo ~ A
f’ = (fIlV)|0(,1) = (TOMp?OVU(XO)ZXquO(A) _TO[lVXO)r

C=(K,lued)c A

8° ,
k;(w ) = kuv = :Fo;wrf




fuv = Xo(kﬂpkWXoXpX” — kyy)
fuw = X (kypky o X°XPX7 — k),

X0(80,%°)" — 1

0 0

£r _ yo0 - ~

fr=x 0 (X080, XY 5. X" + 85) O |
0 0 0

Al — AﬁAJ,X’ — AﬂX]
kI] — Z%Z}kaM'TI]K — Z%Z}WZ%TLMNJCI] — Z}“Z}WfLM'
fuop|0(l—1/2) = CfVop|0(1—1/2)

fl-llop = CfV’oP' fﬂoP'o(g—l/Z) = CfVoPlo(l-l/Z)
1
_ 1)
(Fuy — ¢Fo ) (1 = Fopo XOXPXT) = E3fpy6)(f’)(y)( (Fougv — €Foyv ) XXV

1
2 (Fuoap = Froap) XX (1 — FopeX°XPX7) = 0
qfnin ~ At
Nmin = rk(f') >1

3
XHo ~ 1~1/2+X  for some x € (O, 5)

2 14+2x -2
Qmax 2 Efvv ~ A ~ Omin’

2
Qrznin = §Tr§in > 172

2 -2
Qmin > 2

S (7;0 cJ» (f/w|0(/11+2x)> wveE (7;0
uFouev = wvFoueps

Amin = Z CuAu.

uHegy®

J5 ={u' € Jp: Fupyr = 0Va,b € J,}
Jy = {y” € Jo:Fapy #0Va#be JA}

J=3J,udud;

X' 322" € gy XE < AV € g4




Xa :/’{Xaazo’a'ae(ji

KD:= Z XaKa

aedy
X = AKp + XF K, + XF K, XK X0 < A
Foop = 0,Fppg = 0,Fpp,r = 0,Fpp,m # 0
{D} = {04, J1VJ; & J3.d5 < T

-2
qmin ~ Qrznax ~ A‘l‘ ~ fu”v"
2 -4
(fﬂ”V” |0(/14)> Omin ~ A

rk (fﬂnvn |0(/14)> =1.
Qrznin ~ 172, Qrznax ~ q;lzin ~ A%

dXO_)?O Xm_ 21_3)’(\4 dXO_XT
dr 7 7 da a0

1 . . 1 )
}Lngo?[x] = ETooi(Xo)zXl + Foirr XOXXT +§TirSXlXTXS =1

dx’ dx _ 61724+ 0(173)
Ty dA d1
2 d—1
amin ~ 277 = exp (~ad(¥§, X)) 0 = == 7=
d=5
_ld-1
“= l1=2
d=5
mg
— ~ex _ad XI, 1
Mp, P ( (X6, % )
_ld-1
*= la=2
d=5
Iznin 172 ~ qfnin




dx' dx’ 3
fugr =z =27 00

QY2 ~ g ~ exp (—ad(Xo, X)), & = o = —— | |

TE . exp (~ad(Xa X)),
P

1
- 1
Sarr = To3 fw C,A' Atr(R AR)

¢, =Cycp = ECO
Co € 12N,
Foor =0VIE] ]g Co € {0,24}.
Fux 2 0VL),K €J
k(K1 Ky) = Fray = 0,k(Kj, Ky) = Fpyp = 0

K; = agKy + agK, + ack;
K] = boko + baka + b(kz

aObO = aaba; bg = baba

(aaba)z — (aaba)z
bg baba

ag = < ayaq4

bg > baba, aobo = aaba

(aaba)z (aaba)z
a§ = < <a,a
7 B bebe — o°

1 1
FlX]= ETHK(XI)ZXK + Fr X' X X% + ETIKKXI(XK)Z

1 1 1
+§T11K(X])2XK + ET]KKX](XK)Z + ETKKK(XK)?’

2
1
0% = FF —Fy = (THKX’XK + P X XK +0 (F)) — FuX"

T]]K >0Vl ], Ke/].

KO = aoko + aaka + azkz, Kﬂ = bgko + bgka + b?k{




0= TOOO = k(Ko,Ko) = a(z) - aaaa,O = TOO[! = k(KO'KH) = aob(l; - aabg

aqbl

2 _ mo_
ag = agaq,by =
Qo

2 (aabg)z
Foun = k(KwKu) = (bg) — bybf = a—(z)_ beby

(aqaq) (bibh)
————~—beby =0
Qg

TOuu <
Kolgo = ﬁ(u)Ku|Bo

0= TOO[.t = k(Ko,K#) = aobg — aabg
= By (b8bg — bibg) = Bayk(Kv, K) = By Fouv

Kolzo = By Kl go
Ao = ﬁ(u)bg' Aq = ﬁ(u)bg
J, = 0.
Ky = agKy + ag K, + a(IZ'(, K, = coKy + co Ky + czl?(

Fooi = k(Ko Ko) = a§ — agay >0
Firr = k(K K) = Cg —CaCq 20

lag| > \/aga, and |cy| = /cyCq

k(KO'Kr) = Foir = AgCo — AgCq

a,cC a,c
_Jaacal _ laacal _ -

|C0| - aCar
|laol N Lo

Foir # 0 foralli € J; and 1 € J3.

KO = aoko + aaka + agf((, KS = bgl?o + bgfka + bgkz
a3 —aga, = 0,a9b3 — aghs =0

k(Ks, Ks) = Frss 2 0

a,bs a, b3
Ib3|=| a u|=| a ul.IbSIZ b3b3

|laol N




Ib§| < /BEbS
65| = \/b&bg
aq = Psyba
ap = Bs)bo
Kol B" = BsyKsl
Kolz = BeoyKe| v

k(KI, Ko) - TTIO = 0

1 1
Frst = k(Ko Kp) = k(Ko, Ko) = ——=—Foor = 0
rst T T BB YT BBy
Frst =0 forallr,s,t € Js.
ﬁ(r)KolBo = KTlBO
k(Ky, K;)
Foir = k(Ki, Kr) = Bk (Ko, Ki) = k(Ko,KJL') k(Kj, Kr)’

¢iFojr = ¢jFoir foralli,j € J;andr € J3,

CiFjap = ¢jFiqp foralla,b € {0} U Js.
B = k(K,, A)Ko — k(Ko, DKy {Ko, Ko, K}
Ks = agKy + agK, + a;Ke, B = boKy + by Ky + bz K;
k(K Ks) = a3 — agag = 0,k(Kg, B) = agbg — agby = 0

k(K Ks)*k(Ko, Ko) + k(Ko, Ks)?k(Ky, K) — 2k (K, Ks)k (Ko, Ks)k(K;, Ko) < 0.

k(Ko K)k(K., K
k(Ky, K)k(Kq, Ko) = (Ko 0)2( r Ks)

k(Ko Kok (K, K k(Ko Kk (K, K

U SERA L L AP SIS LR UL
k(KT" K‘I")k(KSJ Kt)

k(Kr, K)k(Kr, K¢) =

2




iy =iy = Z Fuiy
L
KO = aok() + aaka, KT‘ = bgko + bgka
k(Ko, Ko) = Z kroo = apag — aga, =0,
L

k(K K = ) Ky = §BE — BB 2 0,
L

|bo| = v/ babe

k(KO'Kr) = Z kpor = aobg - aabgf
L

o _ laabal e
byl = < \/bgbg.
N

|bo| = v/ babe

k(Ko:Kr) = Z kior = Z kior
L i

dz = @

k@ (Ky, K1) = k(Kp, K1) = Fapyr = 0
k(Klt"KH') = Kﬂ"ﬂga x Ky Ba
Tay’v’ = k(Kul,er) o« k(Kp, K1) = F g’
Ta/t’v’ =0

k(Ky, Kp) = k(Kp, K1) =0

KblBa = ﬁKMILBa

Tabv” = k(Kb'Kv”) = ﬁk(Kﬂl’KV") = Taﬂ'v”

F 0 F0

au'v




Ka = aoko + aaka + a{kz, KV’ = boko + baka + b{k{
Kalgw = By V'lgu"
_ _ b
Tﬂrvlpl = ﬂ:}’Tay’p’ = ﬁg’ﬂp’?’abu’

Tu’v’p =0.

. 1
F = XF, + 6T#VPX”XVXP, with Fo = = Fop XHX"
FouyXPXY % A7, Foyp XVXP S 471, Fo p XPXH 5 271
KO = aoko + aaka + a(k(, Kﬂ = boko + baka + b{k{

k(Ko, Ko) = a§ — agay = 0,k(K,, K,) = b§ — byby = 0

lagbe| _
lbo| = babqg
aaaa

|bo| = Vbabg

Kule = BKOlBV

BFopv = ﬁk(KO'Kp) = k( ) Fuvp >

TO ~ ﬂ._l.
F, = Foun XX + = :7-" XPX7 < 271

upo

XPoxo ~ 271 and Fyp 5, # 0

k(KIU Kll) = Tliliao = O'k(K ) Popoao =
K = aOKO + aaK + a(K{, = bOKO + b K + b(K{

|bo| = \/baby, Fouo, = k(Ko, Ky) =0

agbgy a,b
by | = lag |<|aals bob.

|laol AgQg

Kp0|B‘70 = ﬂKngUo

0+ TOPoUo = k(KO'KPo) = lBk(KO' Kll) = IBTOIIUO




K, = aoKo + agKy + azK;
= boKy + bo K,

+beKz, Koy = coKo + coKo + oK

(K Kny) = O, k(

Kﬂ’ KUO) =0

= O, AogCo —

k(K. K,)=ab—

agby — agb,

ayCqe =0

agay, =0

|bol =

‘/?‘/—bb

AaQq

lcol < JcaCar lagl < Jagay

k( Po’ 0) < O’k(KUO’KUo) <0
k( PO’KUO) = boco — baCq = ﬁk(Kao’Kao) =

Fy > A7t
J=dudaudy

Js = {1 € Jp:Fop, = 0Va, b € J,}
Ja =

(6%0) _

kaol

(W' € 3p:Fopym # OVa # b € J,}
ApQg 1 I € Jlk(sa[)) k(saO)(Kb Kbo)

Taobobo &) (Kll'

Ky) = Faguu kO (Kpy, Ky) =
Fagbou k™ (K Ky )Ky, 1 B = BKy 1pao B
Fagpu =k (Kp, K,) = B (Kp, Kp,) = BFaypyp = 0
k@) (Ko, Ka,) = kO (K, KK (Koo Ky = Fagpu
k(ab)(K Ku) = Kllle

= ﬁ,Kao |Bbc/q, \ Bb
b
Fapp = kO (Ko K,

b
) = ﬁ,k(s )(Kal Kao) = ﬁ’Taaob =0
J=d,udugy.
XHo ~ /1—1/2+x ~ XVOTOHO#O = TO#OVO

= TOVOVO K#o BO « Kvo

30
GMN = 8T[GDTMN

1
Gun = Run — EgMNR

1
Sgn =

1677.'GDf de\/ _gR + Smatter




2 SSmatter

Tyny = ——
MN Hé‘gMN
-1
2 _ _ _r_oH] 2 [_r_oH] 2 4 2702
ds® = [1 (r) dtc + |1 (r) dr* +r*dQp_,
D —2)Qp_,rP73 k D-3
=( )DZO T=— = A QD_ZT'OD_Z

167Gp T 2m 4mry
is S = A/(4Gp)
dM =TdS
(D —3)M = (D — 2)TS
ds2p = gyndXMdxV = e¢/‘/§gwdx”dx” +e 203 (dy + Aﬂdx“)2

1

= *X\[—gsR
N 167TG5f d gsiisp

1 1 1
— 4 — _ Utg _ — =30 uv)
161TG4f d*x,/—g (R4D > o, Pt 7€ E.F

G, = Gs/(27R).

BC0y) =) gu()e™/R

2G.M 2G, M\~ 1
ds52D=—(1— :)dt2+(1— :) dr? +r2dQ% + dy?

r
ds? = —dt? + uT (dt + a,cos? 8d¢, + a,sin? 8d¢,)?
N A

(r? +a))(r? + af) — ur?

+(r? + a?)(sin? 6d6? + cos? Od¢p?) + (r? + a3)(cos? 8dO? + sin? Od¢p3)

dr?




a?cos? 6 a3sin® 0
A=(r2+a%)(r2+a§)<1— ! -2 >

r24+a? r?2+adl

3mu TU

M=—"] =—
86, T a6, %

dM = TdS + 'Q'ldjl + .Q.zd]z

A e (d

2¢/2 +

1

] = /27/(256nG§)Jl

= J277/(32G5)]
, where J; = \/271/32Gs]J? < M3

o

M3 = (J2 + 5 + 2|/1)2])

ds? = —dt? + + 5 5 ——=— (dt + asin® 8d¢)? + (r? + a®)sin? 0d¢p?
+p%d0? 4+ r%cos? 0dOE_, + %drz
2 = 12 4 g%cos? 0 and A = 12 + g% —
p*=r*+a’cos” 6 and A=r1*+a’ - 5=

M = (D —2)Qp_,u/(167Gp)

] =2Ma/(D - 2)
L=iyTato, v — 9, po* _|_1 +1 byt ’r_1| 12|p|*
"6 0ux — 0u 90" P + 5 gxx +59°0x X" — 7 19I%1®

6E¢ = Ea)(ou 66(5 = E;X-m
o 1
SeXa= —ig} efﬁa L®+ = g *h2e, Sext= l(’)u(,beﬁagd + qubze:-;.

[6e,,8e,] ~ (el o*e2)0,

{o. 0} ~ P (@@} = 0.{0", 0} =0




1 _
= D, [_ _ vp
S 16nGDf a%x=g[R = bur*** Dy ]

1
Dvlpp = avlpp + Zwvabyablpp
wdt = Zev[aa[ﬂef]] —evlaehlPe, 0,5
a 1 a
beey = Eey Yy, 69, = Dye
1 _
66(\/ _gR) R a’) (Ruv - EguvR> (_Eyulpv)-
—_ 1
66(_\/ _gll’uY”vavll’p)hin P - Z \ _ggyﬂvpyabRﬂvablpP
—_ 1
66(_\/ —glllu]/”vPDvlllp)hm ¥ 2V g (R#V - EgMVR) ey yY)

= = (r- 1 vz
- 11 4) (4 2 . .
5_167'[(;11] d x[ _g(R_EFi‘tvpaF( )ﬂw)a)—?/l()/\l:()/\F( )]

QE“[ * F®
S7

QOum ocf F@&®
54

QEocf * H
S7

8.B = €f(B)F + O(F3), and 8.F = g(B)e + O(F?)

0=26cy, =Dye— Zyue

A 1
D,e = Dye - Zvay"ypyue =0
M = (Q* + P*)'/?

V3
M2z=—-Q

1
SEH= ﬁ de1[—gR

= f dPx[ho%h + kh?0°?h + k?h30%h + kK3h*0%h + -]

1
0"hyy = 5 Oy, "




1 1
ho*h — — 5Py BRM 4 2R, M DRy Y

2 1

g mnﬂﬂhnﬂzvz)ﬁ'

11Vi Vs — —%(nuluznvlvz + Nugv, v, —

et (p) = e (e (p), e’ (0:) = €4 el (vy)
MY*ee (1234) = —sAY [1234]A5 [1243],

graviton ¥%(p;) = gluon ¥ (p,) ® gluon **(p)),

(k2™

oy N

gravity 1-loop diagram ~ J d*d*k——

1
U Yool = =73 | deda [Ty 0,X0, ",

f DXﬂDl/}uD—yabe_S[Xurlpur]/ab]

[ om0

Sgu ~ Mry ~ M{s ~ Ssuperparticle

To = 2G4M ~ €5 gg ~ (Mgs)_l/z

1 1
- 16n610f ®x/=g [e_w[R A4V - EF3]

I KRR e
= * = —_—
Q1 a2, e 3, Us 4nZg, 3

2
ds? =f(r)? [_dt2 +dxZ + %(cosh odt + sinh adxs)? + ( 9;01) dx,dx! ]

r2\ "
+£(r) [(1 - r%) dr? + r2d02

- (1+29)" (1425

12

et = (1+280) (14 22)

F3 =2g5Qs€3 +295Q1e7%? €3

réR?sinh 20
295

n =




R R n Rrie %9
F= Q1+ Q5+ 0

gs 9s R 292

A roRcosh o
Sgn = = 2101 Qs ————.
4Gyg Is

Sgu = 21,/ Q1Qsn.
S =2m,/Q10Qsn,

1§ < gsQ1,95Qs and gZn/R?* < g5Q4, 95Qs

§ = 2m/Q1Qs(Yng +/n),

P =(ng—ny)/R(ng +n,)/R

7,.OZRZeZO' rOZRZe—ZO'
ng=——5—,N, =—————
4g9; ' 493

d .
Z0(®) = i[H,0)]

ds? = H7Y2[—dt? + dx? + dx? + dx2] + HY?[dr? + r?d Q2]
4

L
Hr)=1+ 7‘—4,L4 = 4g NLs

r? L%dr?
=1z [—dt? + dx? + dx? + dx3] + 2

ds?

(9s L/s ) (gym, N)dmg, = gSZ(M(L/{)s)‘} = QSZ(MNGm ~ gSZ{’gL‘* ~ Nfﬁl’p
N - o, gyy = 0 with 2 = g&yN
Gio ~ g2t8 ~ IB8/N?2 E < O(N?)O(N?)E ~ O(N?)
N =4 SYMr - ar, (t,x;) = (t,x;)/a

Ssym ~ N2T3V;,

r? re . &\t L2dr?
ds? [(1 — r%) dt? + dxidx‘] + (1 = 1) + 12d02

- 12 r r2
T = 3ry/4nL?
A LBT3V,
Spy = ~ ~ N2T3V.
BT 46,, Gy 3

S[®o] = Ssym +f ®,0




unantum supergravity (- CDO) = J DAD(.beiS[(DO] = Zsym [CDQ]

5
Ryv = Fuapysh vaﬁy

J/IN<1

S= f d*x\[—g (R + % - %FWF‘“’ — |V¥ — igAW¥|? — m2|‘P|2)
A= =3/L2¥ m%; = m? + q*gttA?mZ%;
lo(w)| = B/w??+C
Sgg = —Trpaln py
Sge = Az/4G
;=1
d - Py /rl

Morfologia y fenomenologia de una particula blanca o estrella en supergravedad cuantica.

dL,
dr

= 4mr?pe

ar 3ko L,
dr  160T3 4mr?

ar (1 1>GNMrQT

dr y) 12P
dM,
= 4712

. nreo
ar  GyM,
dr  r2?

Energy density
Layer Region Temperature T Matter

p




R.<r
Empty 0 )
< oo
= 2
R, <r Gy (mc
Atmosphere T, (1 -y ) NR(+y)
<R 2C2 3 R
<
I R 2(7h) AN
nterior T(R.) (_) p(R,) (—)
<R, r r +B(+y)
. o<r R 2/r2 —R2 b
ore p
<R, ‘ 3\/Tc2 —RZ - \/T'c2 -2 :
Layer Region Temperature T' Energy density p Matter
1] —m
Empty R, <r <oo T, \/ 1_—2 0 ()
At I R, <r<R,|T,(1 G, nc® + 2kgd)n NR(+~
mosphere | R, <7 S ey (me? + 5kgT)ng (+7)
RN\ RN\?
Interior R.<r<R,| T(R,) (—*) p(R.) (—*) NR+B(+7)
, r
24/r2—R2
Core | 0<r<R [TRIEE— ] D

3¢?

87TGNpc '

26y M,
™y =

ITC *

2
guvdxtdx? = —e¥(cdt)? + e*dr? + r2(d6? + (cos 6)? dp?),
u,u
Tuv = (p+P)T#?V+Pguv

_Prp)

P’ =
2

et —1

A =ret8nG ﬁz —

C r

, do Pet—1
v =re 87'[G—2+
c

r




_(P+p) G(E, + 4nr®P)

oy _,GE
rc?

E! = 4mr?p

P’ =

Ts=u+ Pv,Ts' =u' + Pv’
1

) 2GE,\ ?
v =r*“cos 6 1_rcz ,U = pv

(a_ﬁ) =L where j = (6—0)
T/ v N T P+p’ p= /iR

E' ZGNE' 2 % 2
P<<p,P<<4n:3, C2T<<rsothatp—>gc JE, > M,.c
2,21
cirev’ 3
« _ "G 8nr>P
T 20 +rv) 7

2v'

4nG
v + — +v'? — — (v + D@V +2)p— @r3v" +rv'(rv' —3) — 6)P) = 0.

8nG

Vv = — (9“* + 2u®uM)T,,

2 v-=X
Viy=e~4 (v” + (— + >v’>
r 2

e VARG /cP(P(rv' +3) — (rv' + Dp) + 2/r
=e v’ + v 1 v

!

1
Viy = \/ﬁaw,/ lglg®*a,v

v =X P—p 2GE,

e 2 = 47TGTC—2+

r2c?

et = 1+8nGr2P/c?
- rv/+1

1+ 8nGr?P/c? = e *(rv' + 1).

V2v = 8nG(p + 3P)/c?.




!

v
V”+T+V’2=O.

1 !
b prares i

!

5 = c? —8nGr?(—1+ Cyr)P

r

2C,G
v c? 1 1 1 =
r=R,E =~ 20eG r=R,Cy= oG V= log (;—m) + Cy, v(R,) = 0.
- 21\};1*(;
v, = log ZM*G
1 _ *
T

T=T(R)eZ=T(R,) |—

2
Tvac (T\:e;c + ;Txﬁac ) - 3T\:§c =0
2
T (T” + ;T’) — 3772

inG
= (p(=2r2T"2 + 3rTT' = T?) + P(4r*T"? —rT(2rT" — 3T") — 3T?))

n 2 ! 87-[
V1 +;V1 = C_Z(Po + 3Py),

" ’ 47TT0
T +;T1 =TTz (po + 3P)
P = ﬁkBT

VJ# =0, where J# = fiut
VJH =u" (A +4 (log (Mur)) )

V;J”=ur(ﬁ’—ﬁ P )

p+P

!




kg
= — = —1
w C, y
T’ 1\ P’
M _(-hE
T y/ P

i .
P x TY—1, p= aTvr-1
y ~ 1.
2
T (T” + ;T’) — 37’2

4maG

-
TY=1(—6r2T'2 + 2r2TT" 4 2T? + y(4r*T'? —rT(2rT" — 3T") — 3T?)).
2 _ 2n-2 %1 _ _ %1+n+2 2.0
A*(2n— Dr 4maGAY " 1(n(y —2) + 3y — 2)rY +c“n)=0

v _n
ﬁ +n+2=4naGAi(n(y —2) +3y =21 4 cZn =0

r-1
Y

— (v _ _ c?(y-1)
n=-2(r-1/r.A= (277:aG(y2+4y—4))

s VI WA
B (ZnaG(y2 + 4y — 4)) 2(1-1)
r Y

v=4 (1 — %) log (r/R,)

<~

P a(y—-1) ct(y—1)
kgT kg <2naG(y2 + 4y — 4)>

1
_Z'
rvy

_1 _1 4 — T4
W—;, SOPrad _gprad T » Prad =aT

a=40/c
4o
Prad = TT4

3
Py = figksT, pg = (1mc? + s ) g

mc?

fig = CgT%/%e k8T




3
. — 3 " . _ Zﬂka 2 3/2 —LﬁC;
Py = figokgTo, po = (mc +§kBT0> fgo, Aigo = g (T) T,""e kslo,

_4mr?(po +3Py) € | 4

—4+C
V1 3c? T th
5= 8mc?rtp, — 3c*Cyr
" 16mGr3(pg + 3Py) + 6¢2(r + C,6)°
8mc?R¥py — 3c*CyR,
2M Po 1

* = 16nGR3(pg + 3P,) + 6¢2(R, + C,6)

‘e 2R,M,(8nGR?(py + 3Py)/c? + 3) — 8mRip,y/c?
1 3R, — 6GM,

8
~ 2M, — §1tR,§p0/c2

= 2M, 4Am(3PyR3 + po(R3 + 2R2))
17 R, 3c2R,

1 1 6mPyrR,(r + R,) + 2mpy(r?R, + rR? — 2R3)
v*=2(———> M, + .
R, r 3c?
Py, 4 D
_ 320 3 3\ F0
M, = M, + 4nR; ) + §n(R* — R*)C—Z,

T=TR)A-Gv,/2+ ),

T(R.) _ Lac ( 1 1 ) <M N 6mPyR.R, (R, + R,) + 2mpy(R?R, + R, R? — 2R§))

T(R) R. R, 3¢?

pP=pptpuP =P +k

Pb:ﬁkaT
) = iy 2
b bp+P

Py(Pg+p) = Pb(Pg+P)’

Pb = Wb(Pg + p)

mc? — o yl:
Tg:= o Pe ™ Mg, Py < pg, P = (14 wp) Py + Wpp = Wpp, Y aswy, =y, — 1, p = a,T77!

b _ = 24 R, 2(1_%)
ap = p(R/T(RY, p(R.) = pg(R.) = mc?Ag(R) T(R.). T ~ T(R.) (%)




_ - Vw1
T(R*)_(ZnabG(y§+4yb—4)) 2( 1)

R ~ CZ (yb_l)
* 2p(RIG(YE+4yp—4)

p(R.)
C2

Yy~ 1+21 GR?

3
R.\? RAY 7 1Ll 1
p~p(R.) (7) prrpx|1- (7) 7 Ty )

Jré =12 — /12 — R? 2% — R?

= T =
3\/rc2 - Rcz - \/Tc2 —r? Pe 3\/rc2 - Rcz - \/rc2 —r?

N E
e= |8nGp,

T(Ro),

1 R, 1 R,
M, = —Zf dr4mr?p,M, = M, + — drdnr?p
c c
0 R,
R,
M, ~ 2 ( 5 )4an
c

p(R)/c? = mity(R.) = pemy/ (Smag) . g(R) = 1/ (Snag)’

m Ron® 1
M, ~ L ><47T(—O> ~—x10%g,
) 3

FTa3 n n

Mg =20x10%3g

L, = 4nr2e?/?F

F= [ dvE, B, byZ—i’; = %, a, as dt, = —a, dr, % = —avi—”
Plfad = —ar—,
c
Pag = 2T 50T = ——Pl;.
T' = 3agr

160T3




3aR LT

T =—
160T3 . _%
4172 <1 - 2GET>

rc?

_ 64mo G(E, +4nr?P)

" 3cZag GE, 3/2
1-22%
rc

64nto
= E

T*,

r~ 2
3cag

64mo
L~ GM,T(R,)*
3CZR*

L, = 4mR%0T}

n2 _ 16GM,

* =

SQR* '

1
R.:=Ro,R. = 1R,
~ 1/2 5/4
T(R.) ~ To, T(R.) = T(R.) (i—) ~7x 103K, T(R.) = T(R.) (1’:—) ~2x 107 K
2 4 3 3 3
p(R)/c* = my/ (g”%) ~ 3 x 10° kg/m

2
p(R.)/c* = p(R)/c? (%) ~ 5 x 10° kg/m?

R.\2
pe/c? = p(R,)/c? (R_) ~ 1 x 10'? kg/m3
C

1.5 X 10° kg/m3

5% 10'* kg/m3

dPraq dP
dr drl’
r aRL
|Prad | = - 1
P\ 2
41r? (1 -2 GE{) c
re

4nG(E, + 4mr3P)

LT‘ < (1 + Wb)p 3

GE,\?
agc <1 -2 cm)




4mcG(E, + 4nr®P)

K(l—ZGE{)
rc

LT < Vb

N| W

4mtcGyM,
Lp, K ——.
—2(r-1

Txr Y ,pXpxr”

dL, 4mr?
N U

v 212y’ 1d de '
B~ S P @t g (£22) = —0mE o as m o £710(61)'| where 0(61) = 0
t=2 1= kodr

3’ R
¥ — 1% 1x107%, p(R.)/c? - my/ (5mag) ~ 2.7 x 10% kg/m3 R, » 2= =22 =

3.5%x108m,ag =53%x10"11m

_ 16G(M,+4mR3P(R.)/c?)
- 3R2

a R,

f(D—l R) =D—1R+a(D—1 R)2
P —p2
F=a(1—e ch)

[

S = f d‘bg/%{%R(l +f(O7'R)) + Lmatter}

1

0=V, V= \/T_g 9u(y/—99"",)

vV, =4d,V, —T LV,
R;{,,p = avl“,fp — apl“,ﬁ, + Flj‘;,l“g,, — F;{,ng

1
5= [ d*xy=g |5 (RA+ £ +EO ¥ = R+ Ly |
1
= [ /a5 RO+ F W) — 3,604 — R} + Lo |




o 0oy=r
5z~ OP¥=
8S

89uv

=0

0= %gw{R(l +f(h) —§) — 0,60°Y} = Ry (L + fF(Y) — &)
+%(0u€0v¢ +0,100,8) = (9 B =V ) F @) = &) + KTy,
0=0¢+f )R
ds? = c?e??dt? — e?*dr? — r2(d6? + sin? 0dp?)
Ty = diag(pc?, —p, —p, —p)
§=Emy =y

20 1 —e2A

1
—Ef'¢'+(1+f(¢)—f)(— —t— >—(ll’”f¢+¢'2fzp¢—f”)

2
- (? - ’1'> (W'fy —¢') = k*pc?e?
290" 1—e?A ‘b /2
@+ 1@ -0 (ST ) 1 5 (G o) 0 - ) = —ein

r

1—e24

2 2
wl!+(;+¢l_AI)lpI_(pH_¢IZ+¢IAI_;(¢I_/1[)_ rz

2 e L} 1— 21
fl!+(;+¢I_Al>fl+2fw(¢ll+¢lz_¢I/1[+2¢r + rze )

RA+ W) —§ —8,50"p =30 (f¥) — &) = —k*(pc? —p)

_ 522

2
2<¢”+¢'2—¢'/1’+;(¢’—/1’)+ >(1+f(lli)—f)—1/1'f'

T2

2
=3[ fy + 0y =€)+ (8= 2) W'fy = )] = 1PePoc? - )

v, T) =0
dp o\ s
2= @tpc)e
26M  GdM

—21=1

e = %[1 —e (1 —2r1)]

- —
c?r c2dr




M Mg c?
M - mMg,r = 157,p = p_3@' P Cg

7 T,

g g

Y0 — 1.47473nm and Mg,

=

!

,_ P
¢ = (»+p)

| _rdm
M7 mdr
r2 2m

g ) rdm 1
p m=* " mdr
—+(1+f(¢)—f)<—— +
2(p + r3 2m _r
(+p) am_ r2(1 2m)
5 rdm 8
_ " 2 oz _ __m m dr r N _ np
(V" fp + 9" fpp =€) (r om0 =
T T
2p’ 1 $'p’
1+ f(¢) — - +
(1+7() =) r(p +p) r2(1_L) 2(p +p)
2m
2 p' , N _ 8mp
+<?_p+p>(¢f”’ ="
T
, rdm , ’ , 2
" _ p _E ﬁdr / p _ p
Vi Tr e P m ¢+<p+p> <p+p>
1 rdm 1 r dm
m p " "mdr , 2[_P m> mdr | _ 1
r2p+p 2m r\p+ r2 2m 2(1 T
ptp 1 ptp 1 Im r2(1-5-)




N mlohg o (—(2)
r p+p 12 2m_ ARV ET
r

r dm rdm

N om o e 2 mlemar 1
(p_> L mop mdr _2( P ™M "mdr|, “o
+ r2p+p 2m r\p+ r2 2m 2(1 -1
p+p ptp Zm_y p+p m_q r(1 Zm)

’ ! ' 2 1 1_Ld_m
p+p p+p) ptpr? 2m_,
r
rdm

2 ! ml___
p mdr |,

—_— _+_

) A+fW) - -y

rdm

!

2 1———- 8 —
3|y + 2 fyy - )+ 2 p m mcir W'f, —€)| = (:(errI:))

r p+p 12 2m_
Tr

r
21 =Ar?,2¢ =Br?> +C

f(O1R)=0"1R+a(O°1R)?

rrd T
P =G f “’J__gr + fo JmIIRM(r — y)dy + C,

rrd T
£(r) = s f “’J__gr - fo Jm90) G = () O pO)dy + Cy

2
Vv

1l
S8
SRS

z=e?—-1

dP/P,
dp/pc

NEC & peff + Derr 2 0
WEC & pegr = 0 and pegr + pegr = 0
SEC & pefr + 3per = 0 and pegr + Pegr = 0
DEC & pegr = 0 and pegr + pegr = 0




p KL pc

kT~ P Cm=2Kmp™™ ")

P P
—=a (1 —e Pc)

Fe
f(O'R)=0"1R+a(O"1R)?

p v
P =a(1_e pr>

c

1 2 _ —2A P2 _ g2 — -
IL =@ Th = ¢'e?P 24T = V',TE = —re 4,
1 1
%, = —rsin? e 4T3, = =, T}, = —sin fcos 0,5, = —, T4, = cot 0
T r

" 2 ’ar 2).’

2 !
Rtt — eZd)—ZA (_¢II _ ¢12 +¢IAI _ d) )

2 ’_AI 1_ 22
R — _Ze—zl (¢II +¢IZ _¢,2,’ + (¢ . )+ e )

12

OA(r) = —e~2 (A” + (; +¢ - ,1') A') .

_ Mg Mgc?

Pc="3,Pc =3
Tg Tg

dlog (r/F)  #/% — (¥ — 2m)*/
oF - 2m)l/2

d/dr = (7 /1)1 — 2m(P) /7

ds? = A(r)dt? + B(r)dr? + 2C(r)drdt + D(r)dQ?

dQ? = sin? 6d¢p? + do?
AGF) = e2® B(#) = e2AD) or A(r) = 2™, B(r) = 21D,
ds? = —e?dE? + e22dF? + #2(sin® Odp? + d6?)
ds? = —e?Vdt? + e?#[dr? + r?(sin? 0d¢? + d6?)]

72 = e2Hy? e2hdr? = e24qy?

r =exp (f e’if‘ld?’> = exp [—Ei(—1F)]

di = et (ru’ + 1dr




e = (ry’ +1)72

50

-2z
‘‘‘‘‘

— M = 0.19M,
____________ I — M =068M,

—_—M=116M,} r<R

— M = 1.65M

Bq 1] — M=213M,

M\?
P —) :r>R
r r<1+2") P

M

0.10

0.05 . L ]
0.05 0.10 050 1 3 10 50
r/M

— p2u(r 2
Ile=tor=r, = € wrord gg,

9y = diag(—e?V,e?, e2kr2, e?tr2sin® ).

Ft_rrr_ZV—ZuIFr_rl-B_r 1
tr =V,lgg=e Vilr=uw, g =0 +;

[ge = —r(ry’ +1),Tg, = —rsin® 6(ru’ + 1)

1
I‘g¢ = —sin 6fcos 0, Fj:p =u +;,F99¢ =cot 0

1
Ruv — ERguv = 81TTm,

2ru' +u' (ru’ + 4)

)

8nTf = —e2V 2H
r

wru' +2rv' +2) + 2v'

)

8nT! = "

8nTy = 87‘[T$ =rfr@" +v")+u +rv'2+v],

Tw=0

1—M/2r\? M\*
2 - _(— 2 _ 2 2 (cin2 2 2
ds* = <1+M/2r> dt +(1+2r) [dr= + r2(sin” 6d¢* + d64)]

2M 2M\ 7! - .
ds? = — (1 _ 7) de? + (1 - T) d7? + 72(sin? d? + d6?)




1.0

0.6

Schwarzschild-type metric potentials

exp (2}/) exp (—2)) -
— M = 0.19M,,
S M = 0.68M,
— M=116My} 7<R|
e M = 1.65M,
— M = 2.13M,
- L = SM/F: 7> R
5 10 50
)'/‘J'”
M\? 2M\Y?2 M
f‘=r(1+—) and r=—[1+(1—7) -
2r
t=t0=0,p=¢
R 2M\'? M
2 R R

Ty = (e+ p)uuuv +DP9uv

—24

8me = ———[2rp" + /(' + 4)],

r
-2u

e
8mp = " (W' (ru +2rv' +2) + 2v'],
e 2K

r(u”" +v'") +u +rv%2 +v'].

8mp =

I 12
u
= —4me?te — — —
T

14

u

2

wop +2)+2v'0rv' + 1)

" = 4me** (e + 2p) +
v et (e + 2p) >

. 8me*trp+ ' (ru +2)
v =

20r’ + 1) ’




1.0~ ——
0.9f P2
[ 4
4
0.8 ]
'_—;_ 1|exp(v) 2exp(—p/2) —1
g o7f N M = 0.19M;,
2 — M = 0.68M, .
= 92 /2 ]
3 L EEE M = 1.16M rgﬁ 1+(1—£) ..
g 06F 2 R R
B Ep — M = 1.65M,,
g — M =213M;
2
- 05: 1 - M2 ~>E 1 1_& l _M
= Tt Ty M =g R R
04 R b i B L L R N G e L L N i 1 L
0.05 0.10 i 10 50
1 2hy "ru’ + 2
2 ru' +1
8me = e PA(FIXN —F72) + 7721 __ =0.
=0

~ 87‘[ fl
et =1 ‘Tf eF2dF
r Jo
e"2t =1-2M/R,
M= [} dm=4n [ er?dF

dm = 4nef?dF = 4me(e?#r?)(e#[ry’ + 1]dr)

dm _ dme d

= (oM)3
dr 3 dr(e r)

dA = d(e*r)?/dr

dV = d(e#r)?
il 4 2) = 2m
u (T# + ) - eurz
=12
T ={1——
K etr

-1/2

m 2m
! = 2”’ —_——
v (47‘[6 ™y + e“rz) (1 e“r)

ey )2y

Gm -1/2

c? eHr?

eHr2

p,=_ (p+8)<c4




7 26my\" !
2 1) (1-255)
rc

, Gm 473
p' = —f—z(P‘l‘E)

mc?
dm 4me d (ehr)?
dr 3 dr er
dp 1 (1 2m>1/ z 1
dr ~ r? ebr
dv m 2my "2
= 2u _ —
dr (4ﬂe s e“rz) (1 e“r)
dp m am(etr)3p 2m \ /2
dr ~ ekr? (p+g)( m +1 (1_€“T2>
Name Particles M hax min(ny) max(ny,)
GMSR(H4) Nucleonic | 2.33Mg | 1077fm~3 | 2.00fm™3
SFHo/DD2 Nucleons | 2.13Mg | 107 °fm™3 | 1.86fm™3
DS(CMF)-2 Hybrid Hybrid 1.96Mg | 0.03fm™3 1.6fm™3
0.0020 - 213
0.0015} |

tepu (sec)
AM/AM,

1ol — GMSR(H4) ] 0.0010 — GMSR(H4)

; | — SFHo/DD2 —— SFHo/DD2 1

05} 1 ]
; — DS(CMF) | — DS(CMF)

0.0005 (0. 1¢ 1

0.0 : : : g : e
100 200 500 1000 200 500 1000

e (MeV ™) g (MeV fin ™)

(a) The computation time for evaluating equi- (b) The absolute difference in the gravitational mass
librium configurations, measured as the average between the one computed in the proposed scheme
CPU execution time.

and in LORENE.




dv_(4 2u m )(1 2m>
ro reTTp eHr2 elr

dp m am(etr)3p 2m\~
ar - ‘eu—r@”)(T“ (1-2)

x! = rsin Ocos ¢
(1,6,¢) = (x*,x%,x):{x% = rsin Osin ¢
x3 =rcos 6

_ 2 4
ds? = — (—1 - %:) ar? + (1 i"—r) ()2 + (x2)2 + (x3)?]

r =12+ (x2)2 + (x3)2
dx'\*  [dx?\* [dx3\’ _(1—M/2r)?
(W) * <W> * ( dt ) T (1+ M/2r)®

ut =dx*/dt

dx? = dr? + r?(sin? 08d¢? + d6?)

2M
ds? = = (1= 22) de? + e [dr? + 12 (sin? 0de” + d07)]

8m
' +1)2=1- e”_rf g-e3r?(ry’ + Ddr

elr?u' Qry” +ru'? +3u) = ef(ry’ +1) — 8me - e3Hr2(ry’ + 1)
r3u3 +4r20"% + ru’ + 1 — 8mee?#r? =0
B 1l B .« _ B'(M
u(r) =zlog B(r), w'(r) = 2B(r)

a=r13
_ 2
B+ bB? + B +d =0 with {2 =8B
c =4rB
d = 8B(1 — 8mer?B)




t=B"+ b
- 3a

t3+pt+q=0

3ac — b? 2b3 — 9abc + 27a%d

p= q=
3a2 ' 27a3
0.00
— M =0.19M;
101 — M = 0.68M;
-0.05 &
— M = 1.16Mg
106 — M = 1.65M;
= M = 2.13M; ~0.10 2
S
E 10 1S
Z -0.15 g
107
-0.20 |
1070
1
L}
1
4 L}
L lokol 1 L | S i S T 1 1 Lo bocl o iely: L ¢ I T U _0.25 111 L 1 T 10 o 1 i 1 ) ol S A K L 1 1
0.05 0.10 050 1 5 10 50 0.05 0.10 050 1 5 10 50
r/M r/M

B'(r=R)=M/r)(1+M/2r),r =R, t =w — =

3w
p3
332 3y =0.
W2+ qw) —
ui:_%i VAI

A=q*/4+p3/27>0

wp = 3;/1,1_4_+3;/u__
we =~ 2+ 30 + B - )

ws =~ G+ ) + S (3 + )

(237276 N 60843/2
B3 B

+ B3 +78V4p + 184> e — 432mr2ge®* +54 =0

a’ = —92e** + 216mr2ee?* — 27 — \[/(92e** — 216mr2ee2t + 27)2 — 8788e8H,

B =a+ a3 —432nr2ge?t

VAT, =0




Jie=0,p=0
dgp = 0yp =0
v} =—p' —%(p+s)v’ =0
53=1
3-1=06-1D(?+5+1)

—1+iV3
2

_ -1-iV3

60=1,61= >

562

_ 1,
Lowp = Z Yp [Y” (iau ~—Y9BwWu — YBp ETB 'Pu) — (Mg — ggs0) | Y — U(0)
B
1

1 u s o 1 v 1 2 u 1 22 2 S B
+§(6H06 o —mio )_EQ Quy +smiwu0t +5mip, - pt — 2 PH - By,

KMy (950)°  2(go0)"
3 4

U(o) =

L, =— Do (vH 1 2 u_ lq)lwq)
[0} gY¢le(y ¢u)l/}Y + 2 mq&d’ud’ 4 uv
Liup = Auwp (9517[ : ﬁ)(gf,a)”a)ﬂ)

1
€ =(Tyo) and P = 5(’1"”)

gAw_4‘+2av g):w_s_zav gE‘.w_S_Zav
= , = , and =
INe S+4a, gne 5+4a, Ine S +4a,

gﬂzﬁ(z%—5) gﬂ;ﬁ(ﬂ) and =2 =ﬁ(M)

INe 5+14a,) gne 5+ 4a, INw 5+ 4a,
CAT ,gﬁ = 2a,, and 2o _ -(1-2a,)
Inp Inp Inp
Parameters Values Parameters [ Values | Meson masses [MeV]
N13wp parameterization
Ine 10.094 no[fm~3] 0.150 m, = 508.194
Inw 12.807 M*/M 0.594 m, = 782.501




9np 14.441 K[MeV] 258 m, =763
y) -0.002904 So[MeV] 30.7 my = 1020
K -0.002208 L[MeV] 42 -

Auwp 0.045 B/A[MeV] | 1631 | -

El3 wp parameterization

(gne/mg)? | 12.108[fm?] | ny[fm~3] 0.156 | my =512
(new/Me)? | 7.132[fm?] M*/M 0.69 m, = 783
(gnp/m,)° | 5.85[fm?] K[MeV] 256 m, =770
K 0.004138 So[MeV] 32.1 mg = 1020
y) -0.00390 L[MeV] 66 -

Awp 0.0185 B/A[MeV] | 16.2 -




Parameters| Values |Parameters|Values|Meson masses [MeV]
N13wp parameterization
gNo 10.094 no [fm—?] | 0.150 me = 508.194
gNw 12.807 M*/M | 0.594 me = 782.501
INp 14.441 K [MeV] | 258 m, = 763
A -0.002904 | Sp[MeV] | 30.7 me = 1020
K -0.002208 | L[MeV] 42 -
Aop 0.045 B/A[MeV]| 16.31
El3wp parameterization
(gNo /mo)? 12,108 [fm?]| no [fm™"] | 0.156 me = 512
(gNw/me)?| 7132 [fm?] | M*/M | 0.69 m., = 783
(gn,/m,)? | 5.85[fm*] | K [MeV] | 256 m, = 770
K 0.004138 | So[MeV] | 32.1 me = 1020
A -0.00390 L [MeV] 66
Aup 0.0185 |B/A[MeV]| 16.2
Ine Iso Y=o
Model
/9ne /9ne /9ne
NL3
0.613 0.461 0.279
wp
EL3
0.610 0.406 0.269
wp
Model |gao /gNo |50 /9N e |920 /N o
NL3wp| 0.613 0.461 0.279
EL3wp| 0.610 0.406 0.269




dP (1+a)(e+ pP)(M + 4xnr®P)
dr r(r—2M)
dM

- = 41tr?(e 4+ OP) + I'eM

V(lpi)(cuv - WZW) = kT,

G —kTeff—kT w,
uv — uv_; uv+ uv

T = Fguy + (F + p)U,U, + (P = F)N,N,

1
Ut = (—, 0,0,0)
VB

1
N# = (0,—, 0,0)
VA

U,U0¥ =—-1,N,NV =1and U,N" =0

ds? = Bdt? — Adr? —r?(d6? + sin 6%d¢?),

B B AB aups
24 12 rAZ mEp
A+B,+1—8AP
r2 rB r?2 T

B'?r?2 A'B'r? B'"r?2 A'r B'r

- - - = 8nr?F
4AB2  4AZB T 24B 242 " 2ap o™
P = P+_M+47rr3P 2

= p)r(r—ZM) r’
M' = 4mpr?
oc=P-F,

5= p 4 op 4+ MNP
p=p 4772

— 3 —f0 —
(M + 4mr3P)(P(1 + 6) + p) [(a +1) (%+ 1) (% + 1) - 1]
o=

2(r —2M)
I'M,/p(M + 4mr3P)
8nr2(r—2M) '

M+4nr3p

P = _(P + P) r(r—2M)

—%0, M' = 4npr?, 6 =F — P.

dp dP
—<0,—r<0

dr




a) null energy ( p > 0), b) dominant energy (p + P > 0,p + F > 0), and c) strong energy (p + P +

2F > 0)

or orF 2( radial ) = &£ 2 = oF
0< P <land0 < 9 < 1, where ¢4 (radial ) = o9 and c ( transverse ) = p

P(0) = F(0).
Ql] _Aei]
A 2k
8> ,
k, =?(1—2C) [2—y+2C(y—1)]

x {2C[6 — 3y + 3C(5y — 8)]
+4C3[13 — 11y + C(3y — 2) + 2C%(1 + y)]
+3(1—-20)*[2—y+2C(y — D]log (1 — 2C0)}

dy
Td_r+y2+yB1+Tsz =0

_r—A4nr®(p—P)
- r—2M

By

p+P)(1+dp/dP) 6

~ (
4mr (4p + 8P + T—do/dP 4nr2+4a ~ M + 4mr3p 1
r2(1—2M/r)

o)
N
I

r—2M




a=-0.07:3%

B=1743358

=

% %o %o 2y

6= 0524952

|

]
Y. o o ¢, ¢
‘e % % %o %o

x=062:33

'
o I.-’A
o B 1[
o
o¥
Pt;‘ /@5 P‘& S APt PPN P
a B e X
3 T T T T T =7
— GW170817,
— W 170817, -7.2
25 PSR J0740 + 66200 [ .
PSR J0030 + 0451 :
- TOV _76
2§ —738
=15 - =
~ —8.2
=
1 —8.4
-8.6
0.5 —8.8
-9
0 . ) . ) . _92




a=-0.05+2%

B=250%3%
A1
@
0=171*32
= rlJ
x=075L
wj.
x
/“‘.O /Q.QQ °.°° ,0-65 S SN ¥ o™ o° P
),
a (] X
3 - : : - : - : : 7 1000 —— : : : :
— GW1708174 \ et GW 170817
_.--\\ — GW 170817, Y% —— TOV
p PSR J0740 + 6620| =75 3 — GTOV
PSR J0030 + 0451 | 800 | .\ .
- TOV _ \
arov il
NG -85 1
<
fey <
= -9
-9.5
h -10
0 L . N L . . . —10.5 ’
28




a=-0.08+3%

i

p=121943

X =053*9%

ER

0"» Q" Q‘b B:b
B ) X
3 T T T T T T T T T
—— GW1T0817, s GW170817
m— V170817, - TOV
25 L PSR JOT40 + 6620} GTOV
PSR J0030 + 0451 1
e TOV
il GTOV
\\E.
= 15
=
= i
1
0.5 4
0 L L L .
24 26




a=-0.06:3%3
f‘IrH. L] p=166:0s

& |J_r" "LH
o)
@ WP
R
o
= 6=1.573%
N L
&
o ©
o
»° X = 058232
o rrr"r' i
>~ o LL[
2 K
o¥
/0’.\-"’ /QQQ’ P?' o AP FF P P
a B ] X
T T T T T T =72 1000 —~— T T T T T T
3 — W 170817, x bt GW 170817
m— W 170817, X — = TOV
PSR JOT40 + 6620 ~74 \ — GTOV
25 PSR JO030 + 0451} 800 \
—mee TOV o \
2+ : H e '
= 78 600
e
= 15 -
gt
= =5 100
Al -8.2
- 200 1
0.5 -84
0 L . . L L _86 0 : \

Figuras complementarias 1, 2, 3, 4, 5, 6, 7 y 8. Distribucion GTOV respecto de una particula estrella o
blanca.

M; = 1.46X015Mg

R; = 10.8%29 nm

M, = 1.27553M

=
N
I

10.7*%% nm
2.072133¢7 M,
12.397333 nm
1.34%312Mg
12.712}14 nm

AXM[Mg]

Ay = 190?28




ElBwp

3000
~~~~~ TOV
GTOV - speculative
~~~~~ GTOV - conservative
2500
2000 1
< 15001
1000
500
0 - - - - . ; .
0 250 500 750 1000 1250 1500 1750 2000
A1
0.7 24
= 2.2
0.6 o 5
1.8
O.F =
o 116
‘? 04 14 :’
E ar {12 =
= 0.3 41 =
0.8
0.2 106
dP/dp 04
0.1 | 2
= Jo:
U 5 1 1 0
2 4 6 8 10
NiBwp

3000
TovV

GTOV - speculative
GTOV - conservative

2500 1
g0l 0 0 L
<1500

1000

500 4

0 250 500 750 1000 12‘50 1500 17‘50 2000
A

0.8
0.7 |-
0.6
0.5
a= 0.4
0.3
0.2
Uil =

0

[1/fm?]
M [My)




ElBwpY

3000

..... =
< GTOV - speculative
""" GTOV - conservative
2500 4
2000 4
<1500
1000
500 1
0 T T T T
0 1000 1250 1500 1750 2000
A
1.2 0.45 2.2
1 0.4 2
0.35 by
0.8 416
03 {14
% 06 L, 025 F {12 3
3 04 S ooz 11 5
= 2. 08 ~
0.2 el 0.6
0.1 - dP/dp 104
0 /
0.05 r{ /dp 102
1!
-0.2 L . 0 L L L 0
0 2 4 6 8 10 12 2 4 6 8 10 12
NI3
3000 ol
..... =
----- GTOV - speculative
“““ GTOV - conservative
2500 1
2000 1
< 1500
1000 4
500
0 . . . . r :
0 250 500 750 1000 1250 1500 1750 2000
A
0.7 2.2
i 2
0.6 118
0.5 4 1.6
. 14
= 0.4 1o @
E e ~
= 0.3 ;£
- 08
0.2 0.6
dP/dp 0.4
= b 102
0 0
2 1 6 8 10
r [km) r [km)

Figuras complementarias 9, 10, 11, 12, 13, 14, 15 y 16. Fluctaciones de deformacion por interaccion de

una particula blanca o estrella.
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Figuras complementarias 17 y 18. Fluctuaciones de masa de una particula estrella o blanca.
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Figuras complementarias 19, 20, 21 y 22. Radio de una particula estrella o blanca.
€. = 0.861 x 10'° g/nm3(1 = p./€e. = 0.165),M = 1.51Mg and R = 12.3 nm; €, =

1.450 x 10° g/nm3(A = 0.198), M = 1.50Mg and R = 10.7 nm; A = 0.165, M = 1.50Mg, R =

11.75 nm.
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Pr = Pq, 2r0 = pmm;fi(r).

G = R? — 4R,y R* + Ry 3,R**

S=[ d*x/—g [% + f((;)] +S,,

T = __2 %m
K =g gy

1
RIW_ ERgIW + 8[RMPVG + vagcm - Rpagvu - R/,wgap + R/mgvp

R
+E (g/tvgap - g/wgvp)] VPV fe + (Gfg — f)g,w = KZTIW

_ df©)
fGG... T

Vi, = 8,V —TLVa, RE,, = 0,10, — 0,15 + TOTS, — 4TS,

VAT, = 0.

ds? = c2e?®dt? — e?*dr? — r2(d6? + sin® 8dg?)

T, = diag(pc?, —p, —p, —p)




— (202 + e = 1) + 8e P (f56(G" — 24'G") + f66(G")?
+(Gfs — fle?t = k?pcte?

1 ,
—r—2(2r¢> —e?t+1) — (Gf; — fe** = k?pe?

- 2(¢" +9")

R +8G,,VPVo fe — 4(Gfg — ) = —k*(pc® — p)

2(¢" + 72— g'a +2(¢' - 1) +557)

22
+8e~24 (2 4 57 (fu6 (6" — 20'6") + faga(6)) + 4(Gf — fle?h = k?e?A(pc? — 3p)

b _ _ AVY;
o=~ +pc)e

e =1-200= T = 2[1-e 22 (1 -2r1)]
)
M - mM,,r - 1,7, p:;’*,pépﬂ;’écz,(; f—;.
r, = 2 = 1.47473(nm)

d :
£=—@+m¢

rdm
ar m 1_m dar

dr_r3 zm_ g

_zm
- 2m

2
rope T~ 19 (Gfe = f) = 8mp
2 dm 2m\ 2 Zm
_T_ZE-FBTQZ (1—7) [ GG (TgZG”— T_2 er >+ngfGGGGZ]
T
s dp dp 2
— ngn 424 (@ ) _»
-2 dr \ p+p p+p
dp dp 2 1 rdm dp 3
2(1_2_m) _i E + E +ﬂ _mdr E _Zm/r
r dar \ p+p p+p rs 277"—1 p+p -2

222 2m/r 2m1-
T " 3 m r 2 2
+8 [— —T(p‘ip) —1 ] [ GG (Tg G g rz m d G ) + T'g fGGGG ]

4(Gf(; —f)=8n(p— 319)

+(Gfs — f) =8mp

1 _ 47/ 172 _ p1,20-21A 12 _ 9/ 12 _ —22
Iﬂ12—¢:1111—¢e¢ gy = A, I35 = —re™,

. - 1 . 1
[}, = —rsin? e A T3, = ;,F434 = —sin fcos 6,T4, = ;,F344 = cot 6.




1 24 _
Gy = —e2¢=22 (%+ e 1)

TZ
2¢’ | e?*-1
Ga2 = _% - T2
Gaa = —1e (@ = X+ (" +§') — ')
G44 = _Sinz 9G33

— 52 2 — 2¢p—27 — cin?
Rizip=e ¢(¢'/1' —¢" — ¢'*),Ry313 = —e ¢ @', Ry414 = sin® ORy3q3
R2323 = —T'/l', R2424 = Sinz 9R2323,R3434 = Sin2 91‘28_21(1 - eza)

I_q/ _ 22
R=-2e"(¢" + ¢ —p'x +22 2+ 7)

r2

—e

;}»G — riz[(d)u + ¢/2 _ A/(p/)(ezﬂ, _ 1) + 2¢’A’]

V. Ty = 0,T) +T;oT5 —TLT, = 0,0,(=p&*?) — ply, + pld, — pc?Ti, =0
dp

d :
~Z— @+ =0= L=~ +pc?)¢

M(r) = 4m for r"2p(r")dr’

dp[1  M(@)c?*] _  ptpc? M(r)c?
dr [KG Amr ] - 2 [pr + 4mr? ]
kg = 8nG/c*

Hixy = k6T
ijl = Vijl + Vlej + Vlek
1
—5(9KViR + 91;VkR + gxViR)
Tigy = VjTiq + Vi Ty + Vi Tjy
1
—= (9T + 91T + g3 ViT)

ViR) . =S ViR

1
Ry = S Rgi = k6 (T + Kit)
ViKii + ViKj + ViKjy
1
ds? = —b%(r,t)dt? + fZ(r,t)dr? + r2dQ3
ds? = —y(r)de? + X2 dr? + r2d02
y() 2
Vl-uj = —uiitj,Vl-uj = V]ul

Uy = —/y,u, = 0.

u,=0,u=y'/(2y), g =1y =0




n =k, = y'?/(4hy).

Xie = W/ xr = JR/y

R+4V,uP R+V,uP
; Wl gk

+
+3(r) [ — 04

Ry =

R =R* —2V,u?

y y'n' |y yh 1

K = AMwu; + B(r) gig + Cxexa

A(T) = K7 — 2K3y(1)
B(r) = Ky + 2,72 + K3y(7)
C(r) = —k,r?

Ty =(um + P)ugw; + Prgi

+
+®mr — Pm1) [Xle - w]

1
By = 3 (pmr + meJ_)

Ky =g + Puu; + Pagp

+
+®Par — Pa1) [Xle - M]

3
1
Pg =< (Par + 2pa.)

fa =A—B=—K; —Kr* = 3K3y(r)
Par = B+ C =Ky + 1,12 + k3y(7)
PaL = B =K1 + 2Kk,7% + 13y(1)

ta(r) + 5par(r) — 2pq. (1) = 2K
1
Rt =5 RGr1 = T + K
15
SR =t + g

. 3 1
Vpup = E(Pm +Pd) +E(#m +.ud)
X= (pmr - pmJ.) + (pdr - de.)

1 4 . 3
SR+ VpuP + X == (tm + tta + Pmr + Dar), Ha + Par = —2K37




—yna -

Hm & Pmr = r dr [K3T2 h(r)]

APmr y' 2
“ar 2y (Um + Pmr) — - Pmr — Pm1)-

Pmr = Pm1 = Pm

%R* = —K; — k1% — 3Kk3Y(T)
V,uP = Ky + 2i,r?
% = —k,r?
1
h(r) = K312 +K,

!
y 2 y _ 2, 1
7(K3r +K4)+T—2K4 =Ky T TS+

y" (k3r? + Ky) + % (Br3r? + 2Ky) = 41,72 + 214
2_2

2 Y o =
Y (ar® 4 Kg) + y'KaT — 25Ky = 20577 —

y(r) = — 3T T
K11 K 11
I 1_+_z + —
K3 T K3 K3 T

1 1
y(r) = tlog (ryiy) + 5218 — 2=+ X

y(r)=CcYLertee | 1 K2
r Ky

2K3
+ [ﬁ _ E’cz’%] [\/ K3T2+K4F (r |K3|) _ 1]
g 2 15 1 ksl lical

ArcSinhx k3 > 0,k, >0
F(x) = {ArcCoshx K3 >0,k, <0
ArcSinx K3 <0,k >0

K4l

rZ >

K3

~ K2 2 o [k 3KeKa /&
y(r) ~2K3r + [K3 2 K% ]log (21‘ |K4|>




20

C=—-11k =01k, =0k, =—0001ks=1kKs=—)ky=-,ks=—

1000

-1
ds? = —b2(r)de? + |1 - 22| " dr? +r2d03

y/h=1-2M(r)/r

aM’
R* = 2
_ " b _ 2M(r)] b_’[M’r—M]
Z= b br] [1 r t bl r2
3M-rM’
-
. " 2p’ 2M(r) M'r—M
p — |24 22
Vpu b + br” ] [ ]

M(r) == f7 dr'r?[pn() + pa ()]

o+ 22252 220

- 2M
- M [r(pm + pdr) + (r)

4D _R_3biry _2Mm] _ 3MT)
Vpu ti 4 br [ r ] r3

. R* 3
Vpup +2- 7 = E(pmr + pdr)
b'/b=y'[2y

Ug =DPar =0

Pmr = Pm1 = Pm




dr?

ds? = —b2(r)dt? + —anm T+ r2dQZ r<R

ds? = —b2(r)dt? + fA(r)dr? + r2dQ% r >R

bZ(R) = b%(R)
_2MQR) _ 1
R fA®

Pmr(R) = pir(R) — par(R)

1

uy (r) = —bs(r)
uc (R) = ujf (R) = we(R)
X () = @)
Xie(R) = xR = xie(R)

Ki&(r) =A*(r)ui (uf (r)
+BE(r)gi&(r) + CExE (MxiE ()

0K (R) = K1 (R) — K (R)
= SA(R)ur (R)wy (R) + 6B(R)gru(R) + SC(R)x (R)xu(R)

SAR)= (3 — k7)R? — 2(k — k3)b*(R)
SB(R)= (kf — k1) +2(k3 — k3)R* + (5 — k3)b*(R)
6C(R) = —(x3 — kz)R?

b*(R) = b1 (R)
Vixi (R) = Vixi (R)
ORjiim = XjX1Bkm — XjXmBii + XiXmBji — Xk X1Bjm
8Ry; = By + xxx1B, B = g*'By;, 6R = 2B
8Gy = By + B(grr — Xix1)

0 =8Gu(RIx* = GH(Rx* — G (R)x*
G = T + Kip, Gty = Kify, Tax®(R) = 6K,y (R)x*(R)

kl kl ki> Ukl kl> Lkl X A9 4

Pmr(R) = 6B(R) + 6C(R)
= (kf — k1) + (k7 — k3)R* + (k3 — k3)b*(R)

bi(r) =1/f4 () =1—-2M/r,M = M(R), ppur(R) = 0

e S
ki =Kk, kF = K3 kT = K3
Pmr(R) =0

SA(R)ur (R)u;(R) + 6B(R)gri(R) + SC(R)xx(R)x;(R) = 0




SA(R)b?(R) — 6B(R)b?*(R) = 0, 5A(R) =0

SB(R)fY*(R) + SC(R)f*(R) = 0, 6C(R) = 0

Ky; =K
SA(R)=0
K3 = kK3

6B(R) = 0itis ki = kT

Pmr(R) = 0.

_2M(R) _
R =1 R

_ﬂ_éRZ_&R‘%
3 5

1

I dr () + pa (I = M+ SR + RS

270 6 10
Pmr(R) = 0: lc]?F =K =Kk =123)

Kl:-l:xl = _A,KZ = _A,K3 =0

pa(r) = Ar?2 + A
Par(r) = —Ar? — A
PaL(r) = —24r% — A

1R —
Sy drrun () = M

(1) = par — PaL = Ar?

[1 _ 21\/;(1‘)] b — E + rM (r1;3M(r)] b
™' (r)-3M(r)
——

+[/'lr2 ]b_=o

VpllP =2 ppy + 5 fiy — 2472 — A

r2

~3om + 3 tm — 2412 = A|b_ = 0

pm__ _ b’

Pmtim B b

M(r) = %\ﬁ + %rS

_ Hm
b- (T‘) =Y Pm () +im

b_(R) = b.(R), pm(R) =0




y=\/1—%’“=\/1 tmth g2 — 2 pa
R 5
y() = pm(r) + tm
2
y’[l—%\rz—gr4]+% y[”m+Ar+2 ] 0

1 1 um+1\+lr2
Pm(M)+im 4 (BmtA\? 2
(Bmey’, 2

2 2

+ ﬁ ___6—+5R
2M(R

1-2MR) [ 4 (umay? 2

R " ( 6 )+5

_ J1-2M(R)/R—/1-2M(r)/r
Pm(r) = tm J1=2M(r)/r-3,/1-2M(R)/R

M(R) = 2R

+A A
Um —RZ

2M(r) Hm +
b-(r) =v1-=" [1 - Tﬁ]
( 6 ) ts
sl PO LIC)
4 (um+A)2+/_1 R

6 5

JT—2M(r)r bty 22,

A+umzl4”113,4lz_
[1 3 r 5r]b_ [T+5r]b_+5rb_—0

5

b(Pm + tm) = Viim
_2M@)] 4, Hmt+A A2 _r
[1 — ]b_+2[ c r+5r]b_—2yum

b_(r) =yum/y()

1
= _f drr? Hm _gﬂmR3
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P (1) /s A = 0,X =, R? = 21073, Y = <AR* = 1075, (in GR: X = 51073, = 0)

A=0X= i10-3,Y =-10"5

yr)=1-2 2

T

_ 1[4k i]_l[”_m 1 2] Hm |1 _2M®R)
O_um[36+5 4 6+5R t 24 1 R

_1 2y _Apa
X =ZunR%Y = %R

0=—Z+i-—2+VI-X—V

3 X2

2 2
4 X X (x 5XL4)

9 3 4-\4 3 '3
Y =

()
G-x) r=x(3-)

A 8 2z 16 8
= (umR?)? - (gﬂ - #?) (umRH) + A= Spup =0

2
pmR? =4 —3tmfq _ | _ 162

1 4
ﬂmRz =8/3,M(R) = g/ing, M, = ER
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20+

0.1 0.2 03 04 05

El radio critico u,,R? de una particula blanca, es una funciéon de 1/u2,. Para 2 = 0, el valor es
8/3. El valor més bajo es p,,R*> = 4/3 for 1/u2, = 5/16.
k3r? + K4 = 0is y(r) = Cyo(r) + yp(1)
yp(r) = yo(Mv(r)

_@ U(T‘) _f d 1+Kq T2 41,14
= , —
-

(K3T2 +K,'4)3/Z

Yo (1)
K3 > OIK4 > 0

_ |Ka _ ﬁ

_\[’;She’yo _\/K_3sh9

1 K KoK
+1sh?g+"25%sh*g
Ka K3 k3

v(r) = \/%f do ch20

= 1 [(ﬂ — EKZK‘*) 0 + (i _ K1 + K2K4) shé
JK3 K3 2 K% Ky K3 2 cho

=250 [2-2 025

shé Ka K3 K3
KZKZ“ (s h29 +1)
Kl 3K2K4 [WA sh\/’gr— 1]
lc3 2 1c3
O
Kg 2K3

r= /lk‘* chf,y, = \/_SEZ




ds? = g, dxtdx’ = e?Fc2dt? — e2HMgr?

1 K.' Ko |K
1ch20+ 2| 4l chg
K'

lrcal” re3
v(r) = f do =
_ L [(fa_3Kaka) g o (L _ ki Kaks)ch®
_\/K_[(K3 2k§)0+( K3+ K§)sh9
—— sh(ze)]
K1 3 KyKy ﬁ 1 K1 | Kakg
ye(r) (KZ3 21c§) ch9+( K3+ K%)
"2"4( h?0 — 1)
1 3K2K'4 |:ﬂ K'3T +K4, Arch 'K3 r— 1]
K3 2 K3
+i+ %2 p2
Ka 2K3

K3 <0, K4 > 0(r? < Ky/lrs])

cos 6
r= [Esin 6,y = |l 22

K2K4

+1gin? 9+ sin* 6

K4 |K3| K3

‘U(T) - «/—‘f de cos? 6
=L[(ﬂ_§lezc4)9+ (i_ﬁ_i_rcztzq) sin 6

Ve L\ks 2«3 ke k3 k2 Jcos6
+ B2%4 sin (29)]

_ (K1 _ 3KaKy cos 6 (i_ﬁ K2K4)
yp(r) (K3 2K§) sin9+ +

KZK‘* (1 sin? )
1_3K2'€4 [\/KST +K4A cSin |x 3| 1]

2 K2

+i+K—r
Kg

2K3

F(r)=1—ar?-br*

y’F+%yF’+£y2 =0

%(y%/f) = %Fz/2
Fo[e -3 ]

_m c__1 <a+2bR2_a+2br2>
- 2(a2+4b) \ JF(R) JE™)

1 @[L_ a+2bR? i a+2br?
vy AJFR) lum  2(a2+4b)] * 2(a?+4b)

y(r)

1 8nG
Ruv - EguvR - Aguv = ?Tuv

r2(d0? + sin? 8d¢?)



" = (c*p + P)UFU* — Pgh¥

Guvdx*dx¥,R = gaﬁRaﬁ

3 2

4 A

G(m+ nzr P)—c—r3
c 3

am _ pmr2p 4P = _ 2
o= = o+ Pl
e2F(M) = K+e—2u(r)/cz
e 2H(M = 1 — 26’+(r) — érz_
cer 3
4TTT
d m+——5-P
I 4mrzp, L= —(p+ P/cz)—( =)

*(1-G7)

P = ApYQ(ApY~1/c?)

P= Kc5f(‘7ﬂp=31(c3f0Z 1+ q2%q2dq

2Gm A 2
c?r 3

k(rm):=1-

’

L 41'[7"3 _ﬂ 3
Q(r,m,P).—G(m+ =z P) 37

o=~ +P/A T

r2K(r,m)
D={(rmP)0<r,|m|<+0,0<p,0<k(r,m)}.

m= 4?npcr3 +0(r®)
2
P = P. = (pc + P/c®)(4nG (p. + 3P./c?) = c*A) =+ O(r*)

. . _ _ ZGm+ _ é 2
Kyi= T_l)lrrzl_orc(r,m(r)) =1 2, 3T

Q= _lim Q(r,m(r),P(r)) = Gm, — 273
-1 -0 3

my:= lim m(r)
r—1r;—0

A <ZE(p. +3P./c?)

A= (pe +3P./c?)

-1
ds? = c?dt? — (1 - grz) dr? —r?(d6? + sin? 8d¢?)

&1 = rsin Gcos ¢, &2 = rsin Gsin ¢, &3 = rcos 6,&* = E—rz

A>T (p, +3P,/c?)




P dapr
u:=
0 p+P/c?

u= 250710, (4pY 7 /c?)
1

p = Aur-1Q,(u/c?)
v

P = AAYw-1Qp(u/c?)

i —1, i
I (P L (P
Qu(() - Efo 1+<IQ((!)

¢ =200, & 1 =-500,0)

Q0 (1) = QO 7 with ¢ =20, ()

(P P yA y-1 y-1, 2
uc-_focp_l_P/Cz_yTlpc -Qu(Apc /C)

1 1

2 4 Y-1\y-1 -
uc < c%€g, A< G (y—A) (uc)r-1teg

1
d -
d—T = 4mr?A; (ug)r-10, (u/c?)
i
i G<m+‘z—gr3AA’1/(uﬁ)Y—1QP(u/cz)>—czTAr3
PP Gm A
o )

Dy, ={(r,mw)|0 <7,|m| < 0,—8q < u/c? < +o0,k > 0}.
1
r =aR,m = a®bv-1 - 4wA;M,u = bU
2-y

4nGA,a’br-1 =1

1 1
Aa:=bJc?=u,/c? B:i= b 7I) = —— (u,) TN

A=
4mGA, 4mGA;
dM 1
— = R%(Up)r1Q,(alU
D1~ R2(U,)71 0, (al)
M+22aR3 (U )Vzln (aU)-1pR3
av 1 ¥ i P 3
drR ~ R? oM 152
(1 ZaR 3aﬁR)

Dy = {(R,M,U)|0 <R, |M| < 00,—8q < U < 2,k > 0}

K=1-2a%—2aBR?
R 3

MR) = Q@5 +0(RS)

UR) = 1= (9@ + L ap(@) - )=+ oY




CI(R) — f U(R )—QPEI ((I; ))RIZdRI

10, (@q(R’ +” *aU(R')r10p(aU(R"))-38
UR) =1- [' 32 () (,),Zi( EZ)) R'dR’
1- Zagﬂp(a)q(R )R 3ozﬁR

Qp(al)

Cq —max{UY 1 2,@

<U<20<a<1}

w_ M
= =RAUDH, o= -5

AR - o

0k = (R*5), . (7 -%)

a<e€p and B < €y,

drR

—%0 < (& +685) <0
1 1
p+3P/c? = (’;—A)"_l w10, 3p/2(u/c?),

Qpi3p/c2(M):=Qp(m) + 3 YIQP m

2(2-y) 1 L .
A<4ncr1 G (y )y et
yA 0

d N
d—T = 4mr? Ay (ug)r-10, (u/c?)

v
AT 3 44V v—1 2
" G<m+c—2r AAY (upY10p(u/c ))
- = 2Gm
ar rz(l_ czr)

m(r) = m{ (:= m* (D))
w000y = 5 (1o (1-255) -1og (1 -2

2
r=aR,m=a®-4nA;M,4nGAa®> = L,Lu=U,A =

471:GA1A
d—M = R2U*Q, (U/c?)
== (M+V L R0, /c?) - 2R9)
X (1—%—3%’?2)_1




sin R

OR) =2+ (1-D=

O(R) =1-22R? + 0(R)

a0 1-1 sin R
— =—(cos R —
drR ~ R R
ZGm+ _ A 2
o, S 13T
+
dx . 26 26m 1 2
Kyi=— = lim ——=4mp+-—F=—ZAr
arly=r,—0 7r-ory—0 ¢ cz r 3
26my 1 2 1 2
= Ss—=-Arp, =—{1-Ar{) <0
eI =t-nD <

2 2
Qi =Gmy _%TB' =%(1 - Ar})

=0
ds? = k,e 2% c2qe? — idr2 —r2dw?
dw? = dO? + sin? 9d¢?

-1

2Gm A 2G6m A

d52=(1— +——r2)c2dt2—(1— +——r2) dr? — 172 d?
c?r 3 c2r 3

ds? = gooc?dt? — g,,dr? — r?dw?

K_I_e—Zu(r)/c2 o<r<r)
261 A N\
—911 = (1 - ;lr(r) - 57‘2) 0 <r<rg),
A = {10 O <)
m, (ry <r <rg).
A
k(r,m,) = 3 (r—r)ig—r)lr+nr+rg).
CZ
VA < T

u(r) =B(ry —r)(1+0(ry — 1))

1

p(r) = (2B (1, - 1)73(1 4 0(ry —1)).

YA

du Q+

- = - = —B.
dr r=r;—0 TYK4

dar

d ... _(4nrip(r) (r<ry)
ar M) = {0 (ry <7 <75




d 2Ky du 204
ar 900 T czar T cr?
r=r4y—0 r=r;y—0 cory
d _ (2c;mJr ZAT) 204
--d00 —\ 22 32 -
dr r=r4+0 c2r? 3 Jy=r, c%rf

d? g 4Ky (du)2 2K, (dzu)
22900 =\ ——z \gz -
dr? r=r;y—0 c* \dr r=r;y—0 c? \dr? r=r4—0
d?u _ c2A+ 2Q4 , 2(Q4)?
dr? Tk r3k c2rin?’
r=ry—0 + il S i s
d? | d? 4Q,
L = =— — 2A.
dr? Yoo r=r,—0 dr? Goo r=r;+0 c2r}

u(r) =B(r, —r)(1+0(ry — 1))

u(r)=B@, —1) (1 + [r+ -1, (- r)#L).

p(r) = ((y;—;)B)ﬁ (ry — r)V%l (1 + [r+ -7, (r — r)#L).

Ky ko
Dk +ky21 Mgk, Xp X
am
- = 4mr? Aqut Q, (u/c?)
2
du G(m+:—121r3AA}l'uP““ln.p(u/cz))—%r3
- == 2(+_26m_A
ar r (1 c2r 31')
dm 2Gm A
— =—4nr4(1— ——rz)- 1A utQ, (u/c?
du cr 3 Q 1 p( /€%
ar 2G6m A —
ar _ —rz(l————rz)-Q 1
du c?r 3

2
Q=G (m + t—’:r?’AA]l/u”“QP(u/cz)) - %r?’

m(u) = m, + ulu, u#],
r(u) = ry + ufu, ut],

da
% = f“(X,x“,yl,yz), ya|x=0 = 0'a — 1'2

m=mg; — CuIH-l + anz Tnlnulm-'-1 + ano,lzz mlnulmﬂ

— 1 n+1 n+l
r=T = Ut Yy Gt + Ypso a2 Crnut

m=my — Cubtt + ano,lzz mlnulmﬂ

_ 1 n+l
r=ry-gut Yinzo0,22 CrnU*

_ 1 +1)n+l-n
r=r,-zut Y0, lzn+1,122 crputt

=71 = %u(l + [w,u*]y)




u=B@ry —r)A+[ry — 1,y —1)*1]).

M

P(x) =% ¢jxt(xH < 61+1’(S <1,

P(x) =Xy TPT0 conxF L e < 51 for0<sn<p-1,
Cin =2 {c”ij I i+q]=l,j:p]+n,EI]EN}
- ki1 k
FEO X y1,y2) =% TP20 aly i, XF 2

M
|agzk1k2| < Stk +k; O=sn<p-1)

— n+l, k1, ka
F(x, ylﬁyZ) - 2 51+k1+k2 Zn =0 xﬂ yl yZ
M  1-xHP 1 1

T 1-x/8 1-xH 1-v,/8 1-y,/8

ay
S =FXY,Y), Y] =0

Y= Mx(1+ [x,x*],)

M’
_Zl ZnO I-"H'l,OSClnS

[€ol
= Z Cl kL,

1
a a _ - na
Con = 0 Cl+1n - l+1+unbl"

1 2 2
bir =2 Aink,k, ¢y Wn'@) " U kpn! k) S (DN (1) T U (k)n" (k)
L=q/+1+U'()+-+U(k)+U" Q)+ +1"(ky)

pJ+R=n+n'(1)+ - +n'(k) +n"(1) + -+ 1" (ky)

ap(r) _ _ [pM+pM][m@)+4mp(r)r?]
ar r2[1-20]

d

7;5” 4mp(r)r?

dmy(r) =4n [ po(r)ridr

__ mo(r)+4mpo(r)r3
90 = e 2me(ry/r]

8pc/1-2my/Texp {—2 jor godr}

1+478p¢ for

op(r) = \/%mo/rexp {—2 jor godr}rdr

_ mo(r)+4mpe (T m(r)+4np(r)rd
90 = r2[1-2mo(r)/r]  r2[1-2m(r)/7]

_ 41tr36pc 1-1gq
om(r) = 3[1+7go)? {Zf o dr}

1+7rgo




Sm 1+8mpyr?

r)=—

op(r) 4mtr3 1-2my/r
8pe  1+8mpyr?

[147go]? 1-2"0

1-1go dT‘}
1+7rgo

op(r) =

«exp {27 go

—_L1d( spmr:

6p(r) ~ rzar (1+2rgo(r))
p 0 0 0
|0 P 00
ab=|0 0 p, 0
00 0 p,

ds? = —o(r)2dt? + ;()—r(; +r2d02
Gir — Ggp = 8TA
TE? = (pr + pp)VVP + prg®
Tah = pacg pbd _ %gab (chch)

T3 = 9" =39 (9°'¢.cda)

(pr + )V VP + g% ([Pf];b + 0s¢;b) —F®(0pmVp) =0

dpr _ [ps+pf][m) +4mpsr3]
ar r2[1_2m_(r)]
r
oemE  _ d¢
1_2m(r) S dr
T
dm _ 2 _ 2
el 4mpr= = 4-1'[(pf + Pem + ps)r
ﬂ — [pf+pf][m(r)+41rpfr3] __OemE
dr r2 [1——2";(”] 1_2mr(r)
dm

— = 4mpr? = 4n(ps + pem )1?

m(r) = %npr3

Charge density (C/nm3) | Pressure (N/nm?)

1 4.08 x 1028




2 x 1011 7.25 x 102°

3 x 1011 1.08 x 103°
4 x 1011 2.00 x 1030
5x 1011 1.84 x 103°

Oem = 1011 ng/nm3

O = 5 X 10! ng/nm3

Density (kg/nm3 ) | Pressure (N/nm? )
1x 1012 4.08 x 1028
1.1 x 1012 6.28 x 1028
1.2 x 1012 1.04 x 10%°
1.3 x 1012 2.07 x 102°
1.4 x 1012 9.47 x 10%°

pr = 10?2 ng/nm?
ps = 1.2 X 10%2 ng/nm?

dr?
Bo(r)

1
dc _(JBoa (1 B '\, /g (1\r_ (2, 2d
d”(ﬂ (%) r3>+ B () €~ 7+

_ Cor (1)
(M)’

ds? = {y(r)?dt? — —r2d02,

q(a) = Ka",

__ na?(2-n)+2q?
T 2(142n-n2)a ’
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=1-24
a a
_ 2m . q? 2q?
Bo—l——-l'ﬁ— -——

T > sech? [i (7 (r)dr*] .

V() =D (1 - 2m oy’

r2 a a?

dr, _ 1

2 2\
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a a a

o[1 o Wty  2m | g%)?
T = sech [wa (1 - +a2) dr*]

—o 72

2m | g2
1 oo l(I+1) 1=tz
= sech? | = [ XD Ta a7 g,
2w Ty T2 1_2L2
a

2wy 12 az-2q2

— cochz [ L a?-2matq? (1
— sech [2w1(1+1) ( )To]

a?-2q? r

= sech? [-L1(1 + 1) 2 (L))

a?-2q2 \n,

— sech? [ifoo 1(1+1) a®-2ma+q? dT‘]

R+T=1.

R=1-T=1-sech?[.=I(l+ 1)M(1)].

az-2q2 \r,
2
LS = ay1%eapcacRPR e + aaeapeae (§R“becedee + 212k P RATE + lzR“bRthe>

SabcdeRCdTe =0,

Ly
a3l28abcdeRbcRde= ~5he’
SL
€abcae (23R e e + @ [2RP R + 2a312D, k*°RY) = —=—7,
5L
2eapcac (0 PROTE + a3l?D kTe + azee?Te + asl?R°D,he + asl?R°%kfef) = _-5(1)_241;

de® + wleb=0,
‘c-'abcdeRCdDoohe= 0,

8Ly
azl® * (€apcaeR"R®) = — * (W> ’

1
* (gabcdeRbcedee) + % 1% * (SabcdeRbcRde) = KETabebr

a = as/ag, kg = Kk/2a3,Tgy =% (6L /8e?) *




ds? = —e2/(t? 1 290 qr2 4 12402 = p,, e%eb

el = efMdt,eR = e9Mdr,e' = rdf,,e? = rsin 6,d0,,e> = rsin 6;sin 6,d0
e_29 2 2 e_2g
—(g'r+e“9 —1) + sgn(a)l 3

e~29 -29
—(f'r —e?9 +1) + sgn(a)l? 3

e™%9
—{(=f'g'r* + f"r* + (f)*r* + 2f'r - 2g'r —e*9 + 1)

Fsg@L(f" + ()2 = f1g' = e729f" = e 29(f') + 3¢9 f'g)} = .

Kg
"(1—e29) ==
g'( e 12

Kg
fl(1—e29 =—p
( e 127

P,

D,(*xT,) =0
S )
)=+ p)

2 r4’
e 29(M =1 + sgn(a) sgn(a)\/ +sgn(a) — 2l2 M(r),

M(r) = 2m? fr p(HF3dr
0

d 34+ 12r(1—e729M
_];(r) = f'(r) = sgn(a) Kep (T r(i-e ) 3
r 1212e729() (1 —e729() + sgn(a) 7£_2)

dp(r) _ (p(r) +p(r) (KEp(r)r3 +12r(1 - e—Zg(r)))
dr p'(r) = —sgn(a) r2
1212e-29() (1 —e~29(M + sgn(a) l_2>
d M -1/2
I;Sﬂr) _ _ke 121(:2);3(7”) ( + Zgg) (1 + sgn(a) — 2 — lZM(r))
2 2
n]::(}:’()r) - 1255?2«}';[)8-;4 (1 Jl + sgn(a) lZM(r)>]

-1

x |1+ sgn(a)7;—22< \/1 + sgn(a) le(T))]

\/1 + sgn(a) o 2 4 2M(r) =1+ sgn(a) o 2 = M (r)+0o*)

KgM (r)p(r) p(r) ’r*p(r)
dp(r) T (1+p(r)> (” M(r) )

dr (1 + sgn(oz)6 le(’”))( 12 2r2 M(r ))

2,.4 -
PO _ iy~ 220 (1 * p(r)) (1 " P(r)) (1- 12:z'r‘z M) 1

12723 p(r) M(r)




M'(r) =2n%r3p(r)

fo)=- f m";‘az‘:\fz(r_? (1+s80(@ pr lz]\/[(r))_l/z
2rp () 125gn(a)rr 7
ME) | Kkgl2M(P) (1 \/ 1+Sgn(“)6 s (r))]

-1
lZM(r)>] dr

)
X |1+ sgn(a)%( \/1 + sgn(a)

M(@)=M,p(r)=p()=0

1 r? 12
f(r) =Eln [1+sgn(a)l—2( \/1+sgn(a)6 2,4 M)]

r2 4
e (M = 72000 =1 + sgn(a) sgn(a)\/r + sgn(a) 212 M,
po +p(r) = Ce /™)
2
M(r) = 7;007‘4
, r2 r4
9 =1+ sgn(a) 7z sgn(a) |77 +sgn(a) — 12[2 port
-2g Kg
(' + gDl + sgn(@P(1 - e729)] = £ (o + ).
r3dr
f="Ere9g -g
¢ 12 Ce f e 39[r? + sgn(a)l?(1 — e~29)] *+ Coe
J‘ r3dr B —sgn(a)l?e9™
—39[r2 + sgn(a)2(1 —e~29)]
[ gn(@)!( )l Jl + sgn(a) W E12p, < \/1 + sgn(a) W l2p0>
f=C+Che™d
sgn(a)kgl?C

o
|

12J1 + sgn(a) 1E 12p <1 \/1 + sgn(a) 1E 12p )




R? =
C=p, |1+ sgn(oc)l—2 1-— \/1 + sgn(a)ﬁlzpo ,

2
sgn(a);cElpo\/l + sgn(a) };—2 <1 — \/1 + sgn(a)%lzpo)
Cl = -

)

12J1 + sgn(a)%lzpo <1 - \/1 + sgn(a)%lzp(,)

Co = — !
Jl + sgn(oz)%lzp0
v, TH =
ur M@ +p@) +p'(r)
V™ = e29(")
,_ P
I ==
, KM (1) rip(r) K -1
fra) = 1]321121‘3 <1 + M (r) )(1 B 127;7‘2 M(r))

v KgM() p(r) w2rip(r) Kg -1
PO = Tz (1 ¥ p(r)> (1 Mo > (1- 12n2r2M(r))

L Hg.v
Ty:=Tyeqdx

V,TY = —el « D, (xT,)

. N9
*T, = Teuvpathfdx"dxpdx"de.
N 1
_ef/l o Dw(* Ta) = _al(\/ -9)Ty * 4+ Ty A Ty 1(6,16’5 + wfbeg)'
)
0pef + w® jpel —Tyy Pef =0,
_61(/1 * Dw(* 7\111) = L6/1(\/ _g)Tv P+ aATv - FAV pr g
v—9
—ed x Doy (xTy) = 4Ty * + Ty AT, P — Ty, PT, A = Vi T, 4
* P - v = “l'glga e gulﬁl ...gapﬂppﬁ ﬁ dxap+1 ces dxad
(d-p)ipt ™7 rr
7Awa = abeb

Trr = p(r),Trr = Ty = p(r)




D,(xT,) =0
b 1
w(* Ta) Dw(Tab *e ) = Efbcdg(D T, )e efele®
Dy(xTo) = ffbcde(dT + ngf + wag)ebeCedee
Dw(* 7A]:z) =e 9@ +f'(p+p)eTefele?e® =0
p'+f'(p+tp)=0
hq = hyyeldx’

$o = 0

§1 = 663

§, = sin 050q, + cot 6,co0s 0504,

§3 = sin 0,sin 0304, + cot 6;cos O,sin 6304, + cot 6, csc H,c0s O30,
§4 = cos 0304, — cot B,sin 0304,

§s = sin 6,co0s 0304, + cot O1cos H,cos 0304, — cot Hicsc O,sin 030,
6 = cos 6,09, — cot B;sin 6,00,

= htt(r)eT + htr(r)eR
hR = h (r)eT + h,.(r)eR
hi = h(r)e

€abcdeRCdDhe =0
Dh® = dh® + a)ghb

DhT = e™9(=hie = f'her + f'hry)eT e
DhT = e9(=hiy = f'hye + f'her)eTe"

. e’ . e .
Dht :T(Thl+h_hrr)eRel_ThrteTel

htr = hrt =0
= (rh)’
h£ = f’(hr - ht)
he(r) = he(f (1)
t;f)f()—f(h — hy)

he +hy = h,

. dh(p)

he:= T

ht(f) = Ae™/ )




B () = B () = ) Bue™ O 4 Y e,
n=0 m=2

o]

B - C
WP (F) = Z Bn_ npery _ Z m_ ,-mf(r)
¢ () nt1’ m_zm—le

n=0

> B - C
he(F(r)) = Ae~T®) 4 Z annm) _ Z . m eI
n=0 m=2

h(r) = %(f h, (r)dr + D)

[o0]

h(r) =%Z (an e"f(r)dr> %i ( f e—mf(r)d»,->+_

n=0 m=2
h,(r)=h=n

h(r)=h+ D

(r)= p

he(r) = Ae /) + h,
er(r—»oo) = e—Zg(r—»oo) =1
h,(r - ) = h,h(r - o) = h,h;(r > ©) = A+ h.

h(r) = hh(r) = h

———+h ifr<R
Co + Cre9M
he() =47,

eg(r)+h ifr >R

2 T'4
1+ sgn(a) 7z sgn(oz)\/l4 + sgn(a) —— le M) ifr<R
e_g(r) = {

2 7"4
1+ sgn(a) 7z sgn(cx)\]l4 +sgn(a) —— 212 M ifr >R
\
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i
Gauavp,py (KD, @) = —QK[szp (k,p, @) X Vagp, (k,p, @) + {u & a},{v & BL{p © v}

G3ua,vﬁ,py(k1' ks, k3) ~kq- kznuar]vﬁnpy +

V3uvp(kr p,q) = Nvp (»— Q)u - Znupkv + Znuvkp

closed — yy0pen {yopen

left  "right
dxl dxn ki‘kj €; - Ej ki . Ej - k] C €
Ap ~ — |xl- - xj| exp >+ (x- — x-)
abe ydicj<n = \(xi — %) LA
supercurvature
dx,dx,dx,

Vabe =

|(xa - xb)(xb - xc)(xc - xa)l

M, ~ f dzzl'"dzzn 1_[ (Zz —Z]) i ]EXp Z < €; ki T€ — k] : Ei)
Aabe (Zl — Z]) (Zi - Zf)

1<i<jsn i<j
ki€ —k:-E
< J1 @3 (b )
1<i<jsn i<j (Zl 7 ) (Zi B Zj) supercurvature
d?z,d?z,d?z,
Agpe = 2 2 2
|za — 21?12y — zc|?|2c — 24
wo_ v
€’ = €] €

MEee (1,2,3,4) = —is;, AT (1,2,3,4) AT (1,2,4,3)
MU= (1,2,3,4,5) = is;553,4% (1,2,3,4,5)A% (2,1,4,3,5)
+iS13524A (1,3,2,4,5)A¢ (3,1,4,2,5)

(n-2)

tree K tree
M (1,2, ..1) =(§) MU (1,2, ...7)

Al (1,2,..n) = g2 Z Tr(T%WT%@) ... T3%m) At (5(1), 5(2), ..., 5(n)),
OESL/Zn

cﬂgee (1'2’3’4) — 92 [fa2a3cfca4a1Airee(1‘2’3,4) + fa1a3cf"ca4a2A2ree(2’1’3’4)]
fabc — i\/ifabc — TI‘([Ta,Tb]TC)

Miree(lh, Zh' 3";_, 4‘ﬁ_) = _isleEl_ree(lg, Zg; 3gl 4g)AEl-ree(1gl 2gl 4g~; 3g)

—4i —4iK
A (1,234) = ?(tS)#1V1#2V2#3V3#4V4kflkgzkgsku461 6326;36:4 = St
MY (1,2,3,4) = L6iK™
4 14y - stu

stuMiree(1,2,3,4) = —i(st[ATe(1,2,3,4)])2%




(12)*

A (5,20,3047) = L s sy
reeq1— - = [ <12)8
Miree(1-,27,3%,4%) = —lslz(12)2<23)<24)<34)2<31)<41)
12) [34
Atree(l 27,3%,4%) = Elz]) ([34-])]
12) [34
Afree(17,27,4%,3%) = <[12]) ([34-])]
1 12) [34
My (17,27,3%,4%) = —i(f’ ) E12]) <[34]>]
B o (12) [34]
Cs=0.0c = Cu = 577733y
) L a2 Y 12y [34]
2 , 2 3 2 3
o < a| -q
1 4 1 ‘
1 4
) 3
2 3 ’ ’
¢ >~ ¢ -G?
1 4 - )
ik 4
de exp [el- . pi] X (Doscillator contributions )lsupercurvature
pi=p—ki—ky——kii=p+ki+-+k,

de exXp [Ei Pt € pi] X ( O\eft oscillator contrib.) X ( Oright oscillator contrib. )lsupercurvature

(2m)P pips - ph

N=4,1-1 . 1-1 1-1
A, oo (1,234) = 1.94512523145;ree (1,2,3,4) (C1234-74 oo (s12,523) + (31247, oo (s12,513)

1-1
+Co3147, (523’513))

dPp 1

94 2% (512,523) = f b2 2 2 P
@m)Pp2(p —k)?*(p — k1 — k2)?(p + ky)




=8,1-1 et -1 -1
MM (12,34) = —i(3) s12525515ME™ (12.34) (3377 (s12,525) + 9,77 (512,513)

1-1
+7, oo (523,513))

2 3
151 Affee
1 4
2 3
. tree 2
{zst Aj }
1 X0

2—1 2—1 P 2— 1 P
AL (1,2,3,4) = —g°51552345% (1,2,34) (Chysas129) P P (512,525) + ChazasiaTs " (512,524)

! 1 .
‘|‘C1234512f72 0P NP(512'523) + C3421S1272 oop NP(5121524) + cyclic )
j2— loop ,P(S s )= f de qu 1
' 1272 2m)P 2m)P p2(p — k1)?(p — k1 — k) (0 + ©)?2q%(q — ka)?(q — k3 — ky)?
_ d’p dP 1
7: toop 'NP(512;523) = P a

@2m)P 2m)P p2(p — k)2(p + @)?(p + q + k1)?q*(q — k3)?(q — k3 — k4)?

2 3 3

1 4 4

4— fH1V1H2V2HU3V3 U4 Vs a b c
F t P;-l1V1 E—lzvz F;13V3 F;14V4 Cade

1
= 4! (FgBFbBVFy"aFW - ZF;BF""‘ﬁ F;5Fd75> Cabed
3 N N 3 N N N N
tgF* = S (F - (F+F)? = > (Fap — Fup)(F* — F*F)(Fys + F,5)(FY® + F9)
t#1V1#2V2#3V3#4v4 aaF[‘ﬁvl aaFllszz F/Lc3v3 F/,L4‘V4 Cabcd

(F — F)?0%(F + F)?

1
TD (FaﬁFByFyé'Faa — Z a,BFaBFyé‘Fya + )

g°m
T; = _m[ ( (61234 + C1243) += C1234) + CYChC]
gtns 1 5 o P 1

(75s% + 2tu)ClNZP34] + cyclic

83160




L.g |
L4
2
(s (s
o e ' o e * ¢ mf— o
- >
— 1 (l] +{2)" %
* e ' L) R .o
(1 fl
bz @)
f (@”p) O
2 3
—ist AV s(0 + ky)? + cyelic
1——= ¥l
(p»H*2
f (dD )L 2)3L+1

6
D< +4,(L>1)

2(N — 1)
D<———+4N=124

-l (K\© loop ,P loop ,P
M42 oop(1'2'3'4):_l(§) [51252345% (1,2,3,4)]° (51272 oo (512:523)"‘51272 P (512, 524)

'|'5'1272 toop. NP(512:523) + 512-72 toop. NP(512;524) + CYCHC)
2-1 N 2— loop ,P 2— loop, P
M, P (1,234) = (E) 312323513Mtree (1;2;3,4)( 12-7 oop (S12,S23) + 512-7 oop (S12,524)
'|'51272 toop, NP(312r523) + 51272 toop, NP(512:524) + cyclic)

2 3 3

S S 17 —2
1 4 4
2 3 3

2 2

S ST 14 —2

1 4 4




_ 1 T KN\ ©
MZ— loop ,D=7-2€ — ) t2 2yx (=) x tuMtree
4 pole 26(47T)7 3 (S + T ) (2) St
_ 1 -13m K6
MZ— loop ,D=9-2¢ — 2 t2 22 w (Z) % t Mree
4 voie ~ Ze(@mP 9072 & TE T (2) StulMy
_ 1 T K\ ©
MpT oo pEze 438(sC + t° + u®) — 53s2t%u?) x (5) X stuMi
4 vole ~ 2Be(Am)T 5791500 (1300 T €7+ uT) = 5357 (3) xstumy
_ 1 1 1 K6
MZ—loop,D—S—Ze — (_ + ) 3+t3+ Y% (=) x tuMiree
& voie 204\ 222 T T42e) © w) (2) St
1 -13 6

2—loop ,D=10-2¢€
M, P

K
stu (s +t?2 +u?) x (E) X stuMyee

4 pole  12€(4m)10 25920
t8t8R4 = tgluzmustglvzmvsRH1H2V1V2Rﬂ3ﬂ4V3V4RﬂsﬂsvsvsRﬂ7ﬂ8V7V8
2 3 2 3
9 J 9
5° s(l + ky)”
1 4 1 < 4
2 2
2 . } D 3
s~ 3 — s({ + ky)”
1 1 - 4
2 3 2 3
9 :
s s° (0 + Jeg)?
1 4 1 - 4
D 2
s 3o 4 (04 kgt
1 1 - 4
(pZ)Z(L—Z)
J onr

10
D<T+2,(L>1)

_ dD{Jl [ tree S1 So i 1- loop So S1
M, (_1?1 12,4, ){;_ZMAL (_€2 34,4, )
2

M271°% (1,234 = —1 ) =
4 ( ) cut(a) (Zﬂ)DS 5 {7%
1,22

£2=¢2=0




%, :

My (1,2,3,4)]

3—cut
dPe, dP¢
(27.[)}_) (Zﬂ)i) Z tree (1 2, €53 gsz {)51) [2 Fg_three (3,4, _€f1’ _fgzl _1?;'3)
1,°2,°3 [f=0
RE
2 | 3
I fg
==
1 | 1]
2
I 61 f; =0

1

Ae (—051,1,2,857) x A (452,34, £31) = —istAY™ (1,2,3,4
- )AL I = A 023 G R G ey

51,52 E{N=4}

Mtree (—£,,1,2,,) X Mtree (—%,,3,4,%1)

N=8 states

= _g? Z AT (g, 1,2, 8,) X AT (—£,,3,4,£,)
N=4 states

X[ AR 12, -0) X AT (8,34, —£,)
N=4 states

1
— &2 2 tree 2
IR N e A L R T
1
tree
= " StuMi™ (L2389 5200, — k)20, — k)2l —Fp)?
S _ 1 + 1
s — k)2l — k)2 (b — k)2 | (s — k)2

S 1 1

T — k)2l —k)? bz —kp)2 | (f; — kp)?




Mtree( —0,,1,2,2,) X Mtree (—4,,34,¢1)

N =8 states
1
= istuMy*® (1,2,3,4 [ + ] + ]
23— T @ -kl [, — k2 T @ — 12
2— loop del tree 1 loop
M? (1234)| (—£,,1,2, fz) (—25,3,4,2,)
s— cut (ZTT)D €1
N=8 states 2=¢%=0
2—1
U (1,2,3,4)|S_ = —stuM Miree j 2P = 5(8y — k)2 (5 — ky)?
1 1 [ S
X [ 7t 2] _2[ 2 2 _2
(01— k1) (1 — k)21 05 (£ — k3)? (£ — ku)?1 45
X 3371 (5, (8 = k) + 3,77 (8 — k)%, (82 = k) + 7P (L2 — k29| ,_,
1—t2—

. _ Stthree 2(:72 loop, P(S t) +72 loop, P(S u)

My

+.7:_ loop, NP (s,t) + gj— loop, NP(S, u))|

S— cut
M5 (£1,1,2,45,€3) = i(£1 + k1)? (€5 + k)2 A5 (£1, 1,2, €5, €2)A5* (1,41, 43,2, €5) + {1 © 2},

ME (—£4,3,4,— 01, —03) = i(€3 — k3)?(£1 — k)2 AYC (—03,3,4, — €1, —£,) AL (3, — 03, — 1,4, —1;)
+{3 & 4}

Mgree (1’2’ €3’€2’ €1)M§ree (3,4,, —{71, —{72, —‘33)
N=8 states

= —(L1+k1)* (3 + kp)? (€3 — k3)*(£1 — ky)?

X [ Z AT (£1,1,2, 83, €,) A% (—£4,3,4,— 14, —32)]

N =4 states
x ! Z AT (1,85, 05,2, £,) AT (3, — L5, £y, 4, —{’2)]
N=4 states

+Hle2l+(304)+{le23 04}

At5ree ({)1, 1,2, ‘33, ‘gz)AtSree (_’g?’, 3,4', _‘gl, _‘gz) = _iStAgee (1,2,3,4)

N=4 states
S S

8 I:('el - k4)2(‘€3 + kZ)Z('gl + €2)2(€2 + ‘33)2 * (‘33 - k3)2('g1 + kl)z(’gl + '32)2({2 + '£3)2
t
y |

(3 — k3)2(£1 — ky)?(£3 + kp)2 (€1 + kq)?




Atsree (1, ‘gl, ‘£3, 2, 'gz)Atsree (3, _‘€3, _‘gl, 4, _‘gz) = _iStAE{ee (1,2,3,4)

N=4 states

N t
x |- +
[ (01 +€3)2(f3 + k)2 (L1 + k)2 (£ — k3)? (81 + k)2 (£, + k)2 (€ — k3)?(£1 — ky)?
t t

* (1 + k1)?(£3 + k)2 (£ — ka)? (£, — k3)? B (1 +£3)%(£3 + k)2 (€3 — k3)2 (€1 — ky)?
t t

T o T 50205 + 1)l — k)2 (B3 — k3)? | (s + kD)2 (85 + k)2 (81 — ka)2(05 — k)2
t

u

- (2 + k1)2(€3 + k)2 (€1 — kg)? (€, — k3)? - (81 +€3)2 (L3 + k1)?(£3 — k3)?* (€1 — ky)?
t u

* (L2 + k)2 (L3 + k)2 (€3 — k3)?(£1 — ky)? - (1 +£3)2(£1 + k1) (€3 + k)% (L3 — ky)?
t t

- (81 + ky)2(£3 + k)2 (€3 — k3)2(£; — ky)? * (1 + k1)?(£3 + k)2 (£3 — k3)2 (€, — ky)?

t
* (2 + k1)2(£3 + k)% (€3 — k3)? (£ — k4)2]

I {y |
23 23
I {5 |
~ X s 1 x L
| |
) -
1 S T
4
I ! I
K 1 ¢
1x | Y4+ x|y 5 sl
1 . Y o 1 |
| | |
stal M dPe, dPe, 1

(2m)P (2m)P £34343

1 t? t2

x{|(= +

{[(2 (01 + k1)? (03 + k)?(£3 — k3)2(£1 — ky)? (€5 + kq)2(€3 + k)2 (€3 — k3)?(£1 — ky)?
N 52 N 1 s?

(£ +€2)2(£y +€3)2 (L3 + k)2 (£ — ky)?  2(€5 +€3)2(£3 + k)? (£, + k)2 (€1 — ky)?

1 52 ]
+-= + perms(€4,4,,f

2(314‘192)2(193+k2)2(€2_k3)2(€1_k4)2> P (1,82, 43)
+{le2}+{3e4}+{l23e 4}}|1{,%=0

dPe, dPe¢, dP¢

qu—loop 1_,2_’3+,4+ — 1 2. m-1 Z dqr—loop
4 ( )|m—cut (ZTT)D (ZTT)D (21‘[)D N m+2
=4 states

i i -r— -1
X‘E_Zﬁ“.‘g_qu;ll“"; m+1) 00p(3+,4+, _‘gl; _‘gz; -.-,_‘em)
1%2 m

(1_1 2_7 'gm; 'Em_l, ey ’El)

£2=0

(M + 3)!
41(M —1)!




|
1
|
| '
| .
| .
‘I +
I 4
|
|
s e e (12)% e e _\t
cﬂm+2(1 ,2 ,‘g ,‘gm)=_4[cﬂm+2(1 ,2 ,‘fl,..., i_l,‘gi,‘gi_'_l,..., j_l,‘gj, j+1'-"'{m)] ’
(¢:t))
4
Z aij =S4
i+j
M +7)!
8! (M —1)!

MO (1,2,,, .., £) ~ Z

2
( (tp +44) )Atrnfiz(l, iy, 2,80 s t)
{i{{j} ‘m-1 factors

tree
Am+2(1 ]1""'€]k' Jk+1’" )
8
— 8
i+j

Z Mgee (_{, 1-,2" {)1) x Mtree ( {)Ell 3+,4+’€I11)
A

Mie (—pF, 17,27, 03) x ME< (—¢5,3%, 4%, 67)

tree + + (12} [‘81[2 1

M= (8120 82) = <S[12]<w2>> [(el—kl)z oera
[34] wlez)) .

38 [0,0,] (fz—kg)z k)2

Mtree( €2’3+ 4+ #1) (

M‘t}ree ( €+ 1~ 2 €+) X Mtree( {15, 3+,4+,{JI)

- ( ﬁgl) gz)) [(f’l T (1’1 - kz)z] [(l’z BPSCRRC —1k4)2]

= istuM{** (17,27,3%,4%) [({,
1

S A kz)z] [(fz RN - k4)2]

—1 - 9=

MZ oop (17,2 ,3"',4-"')|s‘chann<°.l3—Cut
dD'Lol dD'BZ
(2m)P (2m)P

DM (17,275, 05,80) Sy M (BY, 4%, — 8y, —0, )

N =8 states

fzﬁfz

£2=0




Mg (£1,17, 27,23, £3) =i(f1 + k)? (€3 + ko) 2A5™ (£1,17, 27,23, £)A5%° (17, 41, 45,27, 43)
+{1 & 2}
(12)* [£52,]*

s 2 2
=i+ k) s+ k) o s o)) LTy G £ 2 28,1 5]

+{1 & 2}
=0

A5 (17, 27,43, 43, 41) X A5™ (37,47, —21, —£3,—13),
AGe (17,21, 3,27, 43) X AL (3%, —£3,—£1, 4%, —£3).

(12)*
(12)(2€3)(£382)(L2t1)(111)
[34]*
[34][4 — £11[—£1 — £,][—12 — £3][—£53]

ATee(17,27,03, 03, ¢D)=1i

AT (3%, 4%, —7,—05,—03) = —i

AU (17,27, 0%, 03, 0F) x AU (3%, 4%, —¢7, 05, —£3)
try [16,43¢42]

— _(12)2[34]2
= —(12)°[34] (1 + €)% (8 + £3)%(£3 — k3)?(£1 — ky)?(£3 + k)2 (€1 + ky)?

AT (17,01, 03,27, ¢3) x A (3%, —£3,—01,4%, —£3)
3 (12)?[34]%tr, [1£,436,2]tr, [1£,43¢52]
(£1 +€3)2(81 + k)2 (€3 + kp)2(, + k)2 (£2 + k1)?(£3 — k3)?(£1 — ky)? (£ — ky)? (£ — k3)?

dPe, dPe,
(2m)P (2m)P
y tr, [1£,4305210,436,21£,43052]
L30505(83 — k3)2 (81 — ky)? (€3 + k)2 (1 + k1)? (€1 + £2)2 (£ + £3)?
1
% (1 +€3)2(f; + k)2 (£, + kq)?2 (£, — ky)? (£, — k3)?
+{le2}+ {341+ {1 23 <4} |4’z?=0

M2 (17,27, 3% A) e sows = SCUMES (17,27,3%,4%) f

tr, [16,43052]tr, [1£,430,2]tr, [1£,43052] = tr, [1£,4305218,430,210,43852]

(Eat5)*

AU (3* 4% 7 05,¢5) =i
tree ( 1,.%2,%3) (34)(4L 1 ){(£1£,){£,€3){£33)

(£123) (£1£2)3(£125)
Atree 3+’4_+"€—"£)—~"€+~ — _Atree 3+‘4+’{)—,{)—,{)+ — i ,
7 1t b50) = gy e L ) = e )1 0,08, 83)(53)




Amplitude Left YM Left Factor Right YM Right Factor
h*h*h=h=h* | g gt g g g" (ty ) g gtg g gt (1 02)*

b hth=h=h* | gt gtg i gt (1 09)° (1 03) g gtg g gt (1 ta)*
A A A (t169)° <€1?3>2 gdta g g" (0 £2)*
hrhth—o ot | gtgtg s st (61 02)* (11 13)* 9 g9 g" (£1 £2)" (01 t3)
hWhth—s st | gtatg s st (01 62)? (£ £3)° gty s st (01 02)? ({1 £3)°
h+h+iff~fv gtat g g st | i) (L) (o ts) | gtgty g gt (1 05)*
hthth—v- gtgtg s st (1 ) (01 3)° g gt gt — (01 02)° (L2 05)
hThth= st | gtgtgmsmst (th @)2 (1 £3) gtatamamsT | i ba)? (01 03) (o l3)
hthto—o=st | gtgtggmst | i{tita)? (1 )(fﬂ?,) gtata st | i{tle)? (f0s) (Lo l3)
Wthto= o705 | gtgtg s s — (01 0020y 03) | gtgtsT g | i (g Le) (£ £3) (£y £3)?

(a) AT (17,27, 43, 03,€3) x AL (3%,4%, —¢7, 5, —¢D),
(b) A¥ee (17, ¢F,£35,27,€3) X AT (3%, —¢%,—£7,4%,—¢3);

dPe, dPe, (£, + £,)'6
M2710% (1= 2= 3+ 4+ = stuMire (17,27, 3%, 4+ f 1o 21 2
4 ( ) non-singlet 3-cut B ( ) (21‘[)D (21‘[)D s8
tr_[1£,4305210,430,21¢,43052]
1€)2*92*92({’3 —k3)2(1 — ka)? (3 + k)2 (L1 + k)2 (£1 + £2)% (€2 + £3)?
1

s + £3)2 (25 + k)2 (85 + k0)2(8; — k)2 (L5 — ky)?
+Hlo 2+ B34 +{1o 230 4],

d*p d7*u, d*q d7*uq f(p.q. k) < {uf, 1 o - g -}
@m* (@m=2e @m* @m=2¢  (p? - pp)(a® — ug)

r@ -
(4m)P

7:— loop ,X (S, t)

)f b ( - ai) (~0x(s.t,a)” (Ax(a)) ", x = P,NP,

Ap(a))= (a; + a; + az)(as +as + ag) + a,(1 —ay)
Anp(a;) = (a; + az)(az +ay) + (ag + a; + a3 + ay)(as + ag + ay)

Qp(ay) = s(a1a3(a4 + as + ag) + azag(a, + a; + az) + a;(ag + ay)(az + ae)) + taasay,

Qnp(ay) = s(a1a3a5 + a,asa; + asa;(aq +a, +as + a4)) + tayazag + ua,a,ae.

5 3 6 5 2 5 o
of 7 5 { §-2 6
1 1 4 - 1 7 -
7
_T(7-D -
g2 1eon X (g 1) e = (( - )D) <1 Z al>( Qx(s.t,a))" (8¢ (@) "% X = P,NP.
i=1




2—1 P,D=7-2 1 ! ! X3/2
g—oop,,=—e — _J.d 21_ 2fd
4 pole 25(47'[)74‘ 0 yy ( y) 0 * [1 - X(l _y(l _y))]7/2
_ 1 T
T 2e(4m)7 10
- 1 1 1 dy
g2 loop PD=09-2¢| J 3s2(16y%(1 — y)2 — 77y(1 — y) + 132
4 pole  4€(4m)? 498960 J, [y(l—y)]3/2[ s*(16y" 1 =) y(1=y)+132)

+8sty(1—y)(2y(1—1y) +11) + 80t%y2(1 — y)?]

52

gZ— loop ,P,D=9-2¢ _
pole, s term 4e (47‘[)9

4

1 1
f dy f dx[C; (6 ) + Gy (6, 9)]
0 0

c Iy =1t 2 (—xPy(1 - y) + (1 — x)(2 — 3x))
1) =80 [T = (1= y(1 = )/

_y@ -y x>/2te

© 360 [1—x(1—y(1-y)]°/%e

G (%)

x(x—q—2+e(1 _ x)q
1-x(1-yQ-yplee

1
fdy[y(l—y)]szl(a—e,a—q—1+e;a+e;1—y(1—y))
0

1 1
I(p.q @) = fo dyly(1 - )PP fo dx:

TMa—gq—-1+e)(g+1)
- ['(a +€)
Tla—q—-1+eT(qg+1) (*
= Fato fo dy[y(1—-»)]?
[(a+e)[(—a+q+1+e€)
{ r2e)r(g+1)
—arariref@+el(@—q—1—¢)
A=y MNa—e)l(a—q—1+¢€)

JF(a—ea—q—1+e6a—q—ey(l—-y))

JFi(26,q+ 1, —a+qg+2+6y(1— y))}

lMa—q—-1-€e(g+1) (! ~
1.0, 0)= 2 [ ayly(a - pyerraive
0
_Tla—q-DI(g+ DI*(—a+p+q+2)
- F(aTR(—a+p+q+2))
_ 1 T
2—loop ,P,D=9-2¢ _ 2 2
- —4 1 2
Ta vole  Fe(am)? 9979z (4587 T 18st +26%)
_ 1
gZ—loop,P,D—ll—Ze — 2100 4 _ 880 3t 215 2t2 30 t3 12t4
4 vole  2Be(am)11 196911000 21008 STEH21557¢7 + 30st7 + 1267
jZ— loop ,NP,D=7-2€ — 1 _l
4 pole 26(41‘[)7 15
1 —T

2—loop ,NP,D=9-2¢
‘74

= (75s%+2t
e~ Ze@mo83teo 0 T2W

_ C11- 1
gz~ loop NPP=11-2¢€ (40383s* — 1138s%tu + 144t%u?)

4 pole  48e(4m)11 1654052400




2—loop ,P,D=8-2¢
j4

1 1 s 4 1 55+2t]
subtracted, pole ~ 2(4m)8| 7262 864 €
1 [ 1 s?(4s+1t)

32— loop ,P,D=10-2¢€

4 subtracted, pole - 12(47‘[)10 - 25200 €?
1 —704s3 + 5552t + 252st? + 63t3
T 21168000 € ]
72~ loop, NP,D=8-2¢ _ 1 _ 1 s 1 f]
4 subtracted, pole ~ 2(4m)8 L 144€2  864¢
42~ loop, NP,D=10-2¢ _ 1 [ 1 f 1 s(301s?% + 10tu)
4 subtracted, pole  12(4m)10 (7200 €2 4536000 €

3 6 -1 2 3 2 /3 9 2 3

s .

Tr = - 10 ]:I:[ a1 el

T T )T 2 10( + m ) BT X{ ] + eyelie,
- ! 4 1 4 1 4

_ N .
8 g5 Ts5 1 2 9 ]:I:[ 1 5 5
1y =— — (=455 + 18st + 21 AR 1Ry 9
! (47)9 4e | 99792 (4557 +18st + 2t7) ) + 99792 ( §° + 18su + 2u~)
] 1

1

g

2 3

2 9 oy
T X:[ ] + cyelic
3 S 17 1° :
o= 2(—4 | : i b
1 )(471')726{5[90( I - X )+9 X:[ ] + Cy“c}z

2

T 4 ks 5 j:[s 1 ZIE 2 .
= — _— 't .
o = 950 3o 1 N 6( AN +1: :4 )

2 3 2 3 2

—|s® 0 I + )}/ + 1 3 + cyclic
133056 \ | A, AN\, 4536 !

1 4




—_
o~
[}
S
[
S

[Q(), g (k)] = FT*(k, p)g* (k), [Q(0), GE (k)] = FTF (k, p)g* ()
I'*(k.p) = 0(pk), T~ (k,p) = 6(pk)

0=(0/[Q.9797 3" 9% 97110y =T~ (kq,p)As(15,25,35,45,55) + T~ (kzp)As(15,25,35,4%,57)

T (k3,p)As(15,25,37,45,55) — T (ks p)As(15, 25,34, 45.55)
—T*(ks,p)As(15,25,35,44,5%)

Ag(15,27,34 4% 53) = 50 4 (4= 5= 3+ 4t 6

5( 94§24 g g)—<12) 5( gr4g12g*g g)

[Qu g% (I)]= FT*(k,p)Ja

[Qa, g ()] = FTF(k, D)g*8ap F iT* (K, P)S3p€an

[Qa 53, (k)] = +il'F (k, P)ean Gy

0= (01101, 979" g™ g2 512110) =T~ (ks,p)As (15, 25, 35, 45, 55,,) + T~ (s, PIAs (15,25, 39, 45, 55,,)
+il~ (ks, p)As(13,24,35,45,.52,)

_(45) (35)(45)

(34)?

- _ - 24— £t —
As(13,25, 35,045, 5%,) = 13y As (15,25, 35.45,,55,) =+

S12 A5(1+'2;'35’4§'55)




Amplitude | Relative Factor || Amplitude Relative Factor
_ 4 e~ 3
g g gtgt (12) 9y gt ot —(12)°(34)
R 3 — _ I~ 2
g arafgt (12)°(13) 01 53353307 (12) (13)%(24)
— 5 D)  _ N
9 s1asTagt (12)(13) 07 so38Tags | (12)(13) (14)(23)
- . B - _
91 92 'Sirz9+ i (12)%(13)(23) 3123233135;3 —(12)(14)(23) (34)
e~ . 2 - - 2 2
g Swgfrgg —1(12)7(13) (14) 3125123;355 (12)7(34)
- 2
910595097 | —(12)7(13)(24)
1 A, (11, 2%, .07, ., ), ..nT) =—1 A,(1%,2%,...,a”,...,b",..nT)
(520 1] (a5 2% a0 b7, ),
Cut Legs SWI Factor Cut Legs SWI Factor
9 g gtgt-- (01 0" 12593519593 - — {£1l2) (€1 Ly) (2 03) (3 Ly)
g giagt (01 62)% (01 03) S12812512812 - (1 62)% (03 04)°
PR (01 02)* (01 0)* 1251251201 3 - i (1 £2)* (£ L) (L3 05)
9y 9a 51297 i (1 la)? (01 L) (£ U3) S1252353301 03 - i (€1 lp) (£103) (F2L4) (3 05)
9 S1201 g3 —i (1 L2)? (01 L) ({1 L) 10523513003 3 —i{fy L) (1 L) (Lo lg) (Lal5)
970199 g3 af - | 1 (0 le) (€1 0a) (01 Ca) (61 E5) || 51951207 01 93 G3 -~ (01 62)% (03 L4) {5 ()
91 92 99 9 - — {01 02)” (€4 £3) (o Lg) S1252301 3 Ga Ja - (€1 L2) (L1 05) (€2 Ls) (€3 L)
G gl — (01 62)° (t3 ) S1253101 93 G G1 - = {1.5) (€1 0) (£ (3) ({2 L)
01 S2350301 (01 £2) (L 03)* (02 L) 910791 9503 G4 i {01 La) (€1 85) (01 6g) (L2 03)
9y sas1a0d | (0le) (L ls) (O la) (O ls) || s 030033 300 | — ((ule) (Cabr) (L2 la) (3 05)
S103 03 03 91 -+ | 11 la) (€1 0a) (Lo ly) (Cals) || G139 03 94 01 93 93 94 -+ | — (£10s) (Cale) (lalr) ((4ls)
1202 03 03 01 -+ | =i (01 02)? (Lo ls) (U3 L)
[Qa, h*]= +T*(k, p)hi
Qe hE]= +TF (k)8 hE + il (k, p)et v,
[Qu, vii]= Fil T (k, p)8%PRE F iT T (k,p)8% AL F I (k, p)e®Pci,,

[Qa, g = FI T (k, p)8PvE, F T (k, p)5%vily F TF(k,p)3%vi, F il (k, p)e®cdst,
[Qa, Sifeae] = HiTT (k, p)8PDE,, +i0T (k, p)6% DLy, +ilT (k,p)8% D1, + il (k,p)5 T,

i(k P)Eabme &Lb de

0= (Ol[Q1;h+h+h_132_34si‘-234]|0> = _F_(kSI p)MS (1+' 2;1-’ 3_ 417234’ 5;-1234)

il (ka, PIMs (11, 27,35, 45,50 55155, ) + T (ks, DIMs (17,27, 35,45, 5% ..)
(54) (45)(35)° -
Ms(17,2,35,45,58) = == M5 (1}, 2]}, 35, 45, 5%) = BT)ALMS(1+'2itr3h'4hr5it)-

(53)




Amplitude | Relative Factor Amplitude Relative Factor

Wt hthhoht (34)® hththh-ht (34)7 (35)

hthth oot (34)% (352 hthth oot (34)° (35)3

hthTh=s=st (34)% (35)4 hrhth—hmot | i (34)%(35) (45)
=4

Wrhth—o ot | (34)°(45) (352 || hthTh o st | i (34)*(45) (35)°
hrhtomomst | = 3452 (35)2 | hthtom oo | —i (34)% (45)% (35)°

1
XAB = —xBA (x4B)T = EEABCDXCD =1 Xap
1 1 1
= —f dtr3d3QTr ——F JF* ED”XABD”XAB +Z[XAB,XCD][XAB,XCD] —FXABXAB
+l(/1A)TY”Dy)1A + 24[X 4, Ap] + (AA)T[XABI (’13)1-]]

D,X*B = 3,X*B +i[A,, XP|

1 .
DMAA = a”AA + Zwu,vpyvaA + l[Aﬂ’ AA]
D,F" —i[Xyp,DVX*P] =0
1
DD, XA + [Xep, [X4P, XP]] = — X4% = 0
c i 3 1 CB o 0yCB
RA =1 d Q?Tr(—x D XAB + DX XAB)
1
H= [ 0T (G (Y + (V) 45 106Xesl? + 5 IDXF + 4 1[Xes Xaol + 55 Kas)
1 1 . .
Ji= f d3Q?Tr (FO uF™* + 2 (DXapDIX AP + DLXABDOXAB)>

AcAy, = i((EA)*YuAA + eAyu(AA)T)
AXAE = i(—e*BPec2p — (e4)* (Ap)T + (e5)* (A)T)

1
Ay = EF['AV}/#VEA — 2D, Xapy* ()" — 2i[Xap, XPClec — Xapy*V,(€p)*

@ _ t ()
Vues ' = 2 VuV €4

0.€, +) = =5 +) , Oy e(+) Zy te§+),aee§+) = 0,64,65;') =0

€0 = g7t gtsoln ()




- 2 -
5t€,§)=‘2r ()’Vg 6}(1) ——y t ()’Vfb =) — __y¢t ()'6¢€§)=0
) ) ), 1 21, ( )
Voe, " = 0pey ,V¢,e ) =9 p€q = T 5cos Oy

2

o )
6[(1_) — e—#te—%)’mee—f)’nang—)
1 @ _ ey (@) 20\ (@ €
Beorha = 5 Fay™ e = 20lXap, XP1el) + (—ZDOXAB + Xup 7)]/ (e2) - 20X sy’ (e5P)
”;
= 0,[Xap, X%] = 0,—2DX,, + XA4 =0,DX,, =0
2i
Fuy = 0,200Xs, = X4, —,0:Xs, = 0

XA = x/g:)elr

.t
Bt - )t Dt —i
X2 = X;r4 = x3(.4) e lr ,X13 = _X;r4 = —x§4) e 'r X23 = _XL = —xh) e '

i) + (s £ 20 )r (7))
&
1

2i
r

Ac(B)A = (X12_ + X — Vt

Jre(e”) +
Ac(D)A; = (X21_ + X21 27) vt (6 ))* + (X23 % t X2327i & (Eysi) )
)r(

.
Fyy = 0,[X4p,X54] = 0,2DoX,, — XA4— =0,DX4, =0

2i
F —0260XA4+XA —OaXA4_0




XA = x§4) _l

BPS solutions. | Preserved Killing spinors. | Number of SUSY.
X, = mﬁ)eﬂ% for A=1,2,3. e 4
(3 BPS)
XA4:£E44) i3 for A= 2,3, e, ), 8
X, =0. (i BPS)
Xy = J:gf)eil‘ e ) egi), efli). 16
Ay, =X, =0 (2 BPS)
Xy, =X, =X;,=0. eH, ) egi), efli). 32
(Unique vacuum)

A=1
) _ )
Yon iwny
e = _ ot wn(+)

rH = —2R$ +2wMJ,,.
Ae(B)Ac = DpyAc + BpyAc
A/l_l we® _ BC1 )
A — 5 /Avy - ZL[XABIX ]EC
_ 2i
N Nt (DY _ €3}
Ayda = ( 2DoXap = Xap T)V (EB ) 2D Xppy" ( )
ip
AcryAa —e4tel 2 v [lW(+)64( FOl +iF?3 4+ jw(HF02 w(+)Fl3)y ny
+H{iw P LAF3 + F12) + (—2i[Xpp, X54] )}n(+)]

_ lu —W( ) l . .
Riylg =e"a'e "2 ¥ [((—ZDOXA4 + Xa, 7) (iw®™) - 21D3XA4> (774(}”)

+(=2DyX,, — 20D, X4, wD)y? (nf;))*] 4.




—FOr 4+ iF23 4 jwMF02 — wF3 =

iwMSFIFO3 + F12) — 2i[X,5, X541 = 0
20\ . ,

(—ZDOXA4 +X,, 7) (iw™) —2iD3X,, =0
—2D1 X, — 2iD; X, ,w™) =0

F01 — _W(+)F13 F23 — _W(+)F02

wHEHEF + F12) — 2[X,5, X841 =0

i
(DO - ; - W(-'.)D3>)(A4 = 0
(Dy +iw™D,)X,, =0

F12 — F03 — O, F13 — —W(+)F01, FOZ — _W(+)F23

i
(30 == w33) X, = 0,(0 + wH0,)X,, = 0

72 — p2 —
L YS,lg,T3 =R YS,lg,T3 = S(S + 1)YS,l3,T3
L3YS,l3,r3 = lSYS‘,l3,r31R3YS,l3,T3 = TSYS,lg,T3

A

R,+Xy, =0

L
D N 7RO AR X

520,|l3]<s

i 2
007,°(8) = x3,°(6) = Zw (=iw M) (1)

.25+1
B0 =il
sl i—25+1t
XA4 = XA;3€ r Ys,l3,w(+)5(9' o, ltb)

520,|l3|ss

0, F°1 + wHa,F01 =0
0, F3 + wMo;F32 =0

2
9, (wHF) — 9,F23 + —cot O(wHF1) =0

9, (sin 8F23) + w(Ha,(sin 9F°1) =0

9, (sin OF°Y) — w3, (sin OF?3) =0

sin OF 1= Z (Bs,la ()Re [Ys,l3,w<+>s(9r¢r ¢)] — A5B(t)Im [Ys,ls'w(+)s(6,¢’ zp)])

1
sz§,|l3|ss

sin OF23 = Z (455(ORe [V, Wi (0,6, 9)] + BHs OV, ,(0,6,9)] )

1
527,|l3|55




du—wPa,v=0,0,v+wHau=0

91 (Au + Bv) + wHa,(Bu — Av) = 0,0, (Bu — Av) —wHd,(Au+ Bv) = 0

2
sin GF°1 = Z aSgRe [YS,13,W(+)s (9, ¢, —w® ;t + “Sz)]

52§,|13|Ss
2
sin OF%3 = Z ags)lm [Ys,lg,w“)s (9. RVETASY St aﬁ;)]
SZE,llngS

0 2
FO1 — Z ag;;(:Sllstan""(Jr)l3 (E) sinS~1 Ocos (l3¢ +s (;t - W(+)1/)) + af{;)

sz%,|l3|ss
F# = ) Wt (%) st Bsin ([ 2 ) )
= g, Cs,1;tan 5 sin sin [I3¢ + s ;t—w P +ag),
i
SZE,|13|SS

S,l3 S,l3 S,l3 (+) (+)
X140 Xon,X3,° €C, ag,, =>0,0< . <2m

4 1 2 i 2 5
Hle=o0 = f P T (ZIal* = W =X 0554 410, |* + 103X, ),
]9|F;4v=0 = 0!
2 i
]¢|Fuv=0 = f d3Q?Tr (— (;XA4 - W(+)03XA4) 6¢XA4 + (cec. ))’
2 i
]¢|Fuv=0 = f d3Q?Tr (— (;XA4 - W(+)03XA4) 6¢XA4 + (cec. ))’

) 2 i
Rglpu,,:o = lf d3Q?T1’ (; | X4 % — W(+)X4Ba3X4B):

1
Hlyas_, = f d3Q?Tr((F°1)2+(F23)2)
]ngAB=0 =0

T
]¢|XAB=0 = W(+)2_ng d3QCOS eTr((F01)2 + (F23)2)

r
olnoy =W 5y | OTHEN? + (7))

RfﬂXAB:0 =0

8 2 sl 2
Hlp,=0 = g7 (2s + 1)*Tr|x, ?|
520,|l3]ss
—4 sl3(2
]¢|FW=O =7 2 (2s + DI Tr|x, |,
520,|l3|ss
4 2
]w|pw=0 = ?W(” Z (2s + 1)sTr|ij3| ,
520,|l3|<s

|2

2 l
Rilfm0 = —— Z (2s + DTr|xg"

520,|l3|ss




2 1 s(2s+1) \2
H a=wHZ = 222 7 e (a™ )
o =W OTh], =g 2 s ™)

525,|l3|ss
r l3 (25 + 1) +) 2
]¢|XAB=O B Z_gZ Z 2(12 —s2) Tr (asrlz) '
sz§,|l3|55

yont” = iwOp”

_ i, —iwe¢ _
ei ) = e_?teT(CQ - W(_)}/ng)Tli )

_ 6 0
Cp = COS =, 59 = Sin 5

rH = 2R' 1 + 2wJ,

Ay
_ip, —iwe

=e 4 e 2 X
[{(—iw<-)c9)(1~"°1 —iF?3) — cg(F%? 4+ iF3) + s9(F%3 — iF1%) — Zi[XAB,XBl](—w<-)sg)}y1n§‘)
+{—isg(FO — iF?3) + sow () (FO2 + iF13) + cgw O (FO — iF'2) - 2i[ X5, X* Jco " | + -+
Bla

i, iwg
=e4e 2 X

20\ _ . . 2
[{(_ZDOXAI —Xa1 ?) (lW( )Ce) - 2D1XA1(_W( )59) — 2D;Xy4(isg) — 2D3XA1(1C9)} (775 ))

20\ o o 9\
+{(~2DoXar = Xar =) (is0) = 2D1Xan (c6) = 2D, Xy (iw ) = 2D5Xs (=iw Osg) s (n7) |
{—isg(FO1 — iF?3) + sqwO (FO2 + iF13) + cqw O (FO3 — iF12)}8} — 2i[X4p, XBcy = O,
{(=iwcy)(FOL — iF?3) — cg(FO2 + iF3) + 59 (F%3 — iF'%)}5; — 2i[ X5, XB](—wPsp) = 0,

20\ () ) ; ;
(—ZDOXA1 — Xy, 7) (iweg) — 2D, Xa, (—wDsg) — 2D, Xy, (isg) — 2D3X4, (ic) = 0,
2i

(—ZDOXA1 — Xy, 7) (isg) — 2D1X,, (co) — 2D X, (iwPcp) — 2D3X,, (—iwFsy) = 0,
F%2 = —yw(F23gec 6 4+ F%tan 6, F13 = —w(FO%gec § — F1%tan 0
1
[X4p, XB1] = Z{stec O(F° — iF1?) — (F?3 + iF*Y)tan 0}5}
DoX4 = iX (‘)ZD X
0441 = T A1 w Foedal
DlXAl = iW(_)(_COS 9D2XA1 + Sin 9D3XA1)
F%2 = —yw(cos OF23, FO = wsin 9F23
F12 = —ywgin 9F%1, F13 = —ycos GFOL

[ 2 )
(60 +;+;W 6¢>XA1=O

(61 — iw((=cos 60, + sin 963)) X4, =0




Xa, = X2 (OY 7 (0,0,9)

S,
520,|r3|<s

—i 2
aoxj'f ) = ij.lrz, (®) — ;W(_)(iw(_)s)xj':3 ()

.25+1
S,T: Sr3 —l——t
xA13(t) = xA13e r
.2s+1
S1r3 —l——t
X4 = xA13e T Ys,w(‘)s,r3 6,9,9)

520,|r3]|<s

2
0pFO = —w(— 9, FO1

2
atF23 = —W(_) ; 0¢F23
03F% = —w(9,(cos OF?3) + 9, (sin OF1))

1 - — -
(— pr 0y + cot 98¢> (sin OF°Y) = —w( g, (sin GF23)

6= > QWY 0, 0.0

1
327,|l3 |<s

- 2 (-
0:Ci) (1) = ~i=sCL) ()

.2 .2 . (™)
=) _ (=) —izst (=) —isst+ia
Csr, () = Csrpe T =age T T3

)
_ E (-) —isst+ia
G = aS,T3 e r ST3 Ys,w(‘)s,r3 (9, ¢, lll)

1
SZE,ll_g |ss

) e 2 .
FOl — Z a_g'rgcs,‘r?’tanW( )T3 (E) SinS—l GCOS (—T31,b +s (W(_)¢ —_ ;t) + a_g’r;) )

sz§|r3|55
_ - 6 2 _
F?3 = Z ag'rz cS,T3tanW( s (E) sin~! Bsin (—r31,b +s (W(_)¢ - ;t) + a_glrg,
527,|r3|55

=)

S,13 S,1r3

S,13 )
X15°,%75°%,x15° €C, agr, 2 0,0 < Usr, < 21




Hip,, =0 = % [ @ame (S0 P+ 1025, [+ (035, [+ S w00, 005%)
GlFm, =0=0
i 2
Jol, =0 J d*0— Tr< 2 (—;XA1 - w(‘);D¢XA1)> DypX41 + (c.c. ))
Jy| = f BT (—2 (—EXA - w(_)EDd,XA >D¢XA1 + (cc. ))
F;wzo g2 r 1 r 1

, 2 i 52

1
Hligeo = | 0T+ 0
Jolx,p=0 =0

T
Jopmo =W 252 f dPATr((FO1)? + (F)2)

]w|X =W ‘)—f d3Qcos OTr((F°Y)? + (F?3)?)
AB=

8 2
Hl|p,=0 = r2g2 (25 + 1)?Tr|x, |
5§20,|r3|<s
4 - 573
Iolgyo =5g7w ™ D, st 0STIRT
Kk g s20,|13|<s
_ 4 2 D Trles™ 2
]¢|Fuv=0 —? —(2s+ Dy rle1 |
§20,|r3|<s
2
1 _ S,T-
Mo =757 g, T
520,|r3|<s
~ 1 s(1+2s) -))?
Hlx,p 0o =w0 ]¢X =0=? Z 2(52—r3)T (Srs)
AB SE%,'TngS
T r3(1 + 2s) -))2
]‘/’|XAB=0 - 2_92 Z 2(rf —s2) Tr (as,r3)
szf,|r3|ss

Sl3 lﬁt
XA4 = Z XA4 e T Ys,l3,w(+)s(9'¢'l‘b)

520,|l3|ss

0 2
FO1 — Z Cl( [)CS l3tanW(+)l3 (E) sin®~1 Bcos (l3¢ +s (;t — W(+)1,b> + aﬁj{i)

0 2
F23 — z ag l)CS latanw(+)l3 (E) sin’~1 @sin <l3¢ +s (;t - W(+)¢> + aS;)




3
520,|l3|<s

1
525,|l3 |ss

F23 —

1
szi,l I3]ss

XA = Z xA3

s)ls iﬁt

e’r ORCAD)

sl

6 2
Z ag,)cs zstan""gr)l3 (E) sin®™* fcos (l3¢ ts (;t

@, (0 2
Z a.gl)cs 3tanW3+ ks (E) sin’~1 @sin (13¢ +s (;t -

wiw)+ o))

W§+)lp) + a's(z))

Parameter region.

Preserved Killing spinors.

Number of SUSY.

Iifg 12413 I;Afg a(ﬂ generic. n,i“ 2
with yoni™ = iw®p{t. (£ BPS)

I;;B = 13, 13— 0 for Vs, Is. ngﬂ ni(f) 4
with ”;077(+) (Hngr). (% BPS)

xylr, wl, a(flg =0 for Vs > 0,13 # —w' s, 7](7) U(H 4
z3ls =0 for Vs, I3, with 7077( ) = u-(i)nﬁli). (£ BPS)

Ve af,; = 0 for Vs > 0,13 # —w s, 775),771 ,ngﬂ,nf) 8
a3t = a3l =0 for Vs, Is. with "1'0771(;) iu(i)n(i). (+ BPS)

rif = I;f:‘ =13 s — 0 for Vs, Is. nﬁ)jng ), n(H n(ﬂ 8
with ,077( ) = u(+)77(+). (3 BPS)

5,,3 =0 for Vs > 0,15 # —w s, nii) ngi),n(i) néi) 16
P =yt = aylr =0, for Vs, s with “0771(4 ) m(i)n(i). (2 BPS)

Parameter region. Preserved Killing spinors. | Number of SUSY.

r‘j-"* 154“' 124[3 a, +) generic. 774+ 2
with ",OT)(H iwy (H (= BPS)

w3l = a5l = 0 for Vs, Is. S gt 4
with o1 ( ) = 1u(+)77(+). (L BPS)

rjﬂfa I;f a;;) =0 for Vs > 0,13 # —ws, 771 ,n(H 4
x5 = 0 for Vs, I3 with ~q ( ) = u(ﬂn(i). (£ BPS)

;;3 =0 for Vs > 0,13 # —ws 77£ ) nﬂ(fr) 6
154!3 agg) =0 for Vs >0,y = le =0 for Vs, l5. | with roTi(H m(ﬂn(ﬂ. (% BPS)

I;fg aiﬁg =0 for Vs > 0,13 # —w s, 775 ) 772 ) 77§+) 77,5 ) 8
w5fs = gl = 0 for Vs, 3. with *07751 ) = w(ﬂnf). (3 BPS)

sry —i ysT
X = e T V00,69,

DI =

SZE,|T'3 |<s

wr, o ias5—1 =)
Cs,r,tan 3 (E sin Ocos (-1 +s(w T ——

_ 0 2
Cs,rStanw( )1y (E) sins~1 Bsin ( Y +s (W( )¢ _ —t) gri)




dspy s> = —dt? + p~2(d6? + sin? 0d¢?)

Parameter region. Preserved Killing spinors. | Number of SUSY.
Ty, Ty, Ty 5 al r):{ generic. 1]_1(__) 2
with yon{™ = iwp{7). (+ BPS)
z3y? = a3y* = 0 for Vs, r3. n£_) n(_) 4
with "}"ﬂ?’?f_l ) = iw(- )n( ), (1 BPS)
5T i ,al,) =0 for Vs, ry £ —wHs, n ) 'q(” 4
z37e = 0 for Vs, r;. with "}roﬁg u(i)rj(i}. (L BPS)
z3y%, 23y wyy® = 0 for Vs > 0,73, E ). 4
al7) =0 for Vs, rs. (L BPS)
23 = 0 for Vs, 73 # —wHs ??1 ,r?f), 6
xe Laly) =0 for Vs > 0,15 xr? = 0 for ¥s,ls. [ with o) = w7, (< BPS)
s ag s = 0 for Vs, ry % —wPs, T}i J; 7}'& ); T}'EH, ?;L(ﬁ_) 8
zy? =y, = 0 for Vs, 3. with "}"U??St) = z'w(i)n‘(f}. (1 BPS)
7y? = 2y? = 2 = 0 for Vs, rs. ni_J , nE_J ng_), 7;14_ 8
with ’}"0"‘?( iw(= )7]( ), (1 BPS)
zy7® = z7* = 0 for Vs > 0,73, ni ), ryi” 8
xe = = al7) =0 for Vs, rs. (1 BPS)
al ,%, =0 for ¥s,ry # —w'*s, TﬂiJ:ngi),n S ,r? =) 16
s = a3 = i = 0 for Vs, rs. with 7‘07; m(i)n(i}. (2 BPS)
2573 =0 for Vs > 0,73, 7}£_JJ7}'( J, q§+), ?]‘H_) 16
T7Y = i = aly) = 0 for Vs, rs. (+ BPS)
T = 7 = 7 — L] = 0 for Vs 7y mEapmc2pmcapmcay o
(Unique vacuum)

Aj=a,A3=¢
Fo1 = fo1, Foz = foz:Fu3 = Du¢: Fip = f12 —

1
s=% [ @l |- 4f,wff”——D DA + b fia — 3 120?
g3

1 1
_ED XapDHXAB —;X X484+ - [XAB'¢][X ]+ [XAB:XCD][XAB XP]

+iW) YDy + Z(IIJA)TPtlpA +iW) [, Yal + @) [Xap, @p)T] + YalX4B,5]

Duf™ = ilp, DY ] — i[Xap, DYXE] + uy*" D, = 0
DMD[,L(l) + .u'f12 - u2¢2 + [XABl [¢1XAB]] =0
2
1%

DﬂDMXAB - ZXAB + [¢r [XAB' ¢]] + [XCD' [XAB'XCD]] =0

1
R =i f d*Q—Tr(—=X“2D°X 5 + D°XBX,p)
93

1 1 N2 1 L.\ 2 1 1 1 1, 2
H=| d?’Q—T (_ 0¢ Z(fiJ ZIDadZ +Z1DDI2 + = |DaXanl? + = |DXAB
f 72 rz(f )+4(f) +2|0¢| +2| o] +2|0AB| +2| |

1 1 1 2
—udpfiz + §#2¢2 + > [[Xa5, ®11* + 7 I[Xap, Xcpll* + ) |XAB|2)




, 1 . | , ,
Pl = f d*Q—Tr <f° uf " +D°¢D'¢ + 2 (D°X,p DX + D‘XABDOXAB)>
93

in 2 iu 2 iu
0r$a = —ZSA,VB §a=——Po “aVgia= ——Pp $a

_ife L -1
Sa=e te 290196 2921¢nA

AgAy =i(Ga) puta — Wba)Tpuéa)
Asp =(§a)"Pa — WYa)Téa
AgXAB =i(—£ABCDfC¢D — ) Wp)t+ (53)*(1/)A)T)

1
Bytha =(—iDubpk + 3 fuud® = 1bp™?) €4 = 2(DuXasp = [, Xas]) o)’

. iu .
_ZL[XAB'XBC]EC — XaB (P#VZZ - ZPH) (¢g)

Yoll1 = iwny
pu'H = Ri +wjy
% = —wD?¢psec 8 + D°ptan 8,D ¢ = —wf'sec 6 — (f;, — u¢)tan 6
[X4p,XB1] = %{WSEC 0(D°¢ — i(f1o — ugp)) — (D% + if *tan 6}4;
DXy = &

2
D;X,, = iw(—cos 6D,X,, + sin 6[ig, X4, ])

XA1 - W“Dd)XAl

f0% = —wcos 00°¢}, 0, = —wudy¢

fiz = np —wsin 6f°1,01¢ = —wcos 6f°1
{
(60 + 7# + uw6¢)XA1 =0,(0; +iwcos 80;)X,, =0

0ef = —wpdy O, udge = tan 89y (sin 6f°1)

1
Xa1 = Z lee_m(ﬁf)tys,ws(g: ®)

520
for = Z agscgsin®~1 Gcos (s(wep — ut) + ag)
1
525
0%¢p = ascgsin®~t Gsin (s(we — ut) + ay)

w As .
¢ = ¢y — ;Z ?cssms Ocos (s(wep — ut) + a;)
1

SZE




1 1+ 2s
—2< (2s + 1)2Tr|le|2 + Z gTr(aS)z )
95 2s
S>E
Jo =0
w 1+2s
—2 Z 2u(2s + 1)sTr|x], | Z %Tr(as)2 )
K 520 s>t S
2
R =L Z 2s + DTrxg. |
3520
Parameter region. Preserved Killing spinors. | Number of SUSY.

T35 Thss x14,as,gﬁo: generic. i 2
with yom, = fwn;. (3 BPS)

r,=1z7,=0 for Vs. s T 4
with Ypm4 = iwna. (+ BPS)

Ty,, Ty;, Ty, = 0 for Vs > 0, M. Pl
as = 0 for Vs, rs. (1 BPS)

T;, = T;, = z;, = 0 for Vs. e T T35 7y 8
with Ypm4 = iwng. (1 BPS)

x5, = 0 for Vs > 0, Ny e 8
xj, =1, = as = 0 for V¥s. (3 BPS)

éD: gel]el‘ic, 7?1: ??2_7 7?5: 7?4' 16
ri, =x; =z}, =a, =0 for Vs. (Vacua)

—iEt M1
Cn1n2n3€ Z1 ZZ Z3

ni+ny+nz=E/R
0 pu 0 i
Yy = v @ pxf = Coyp ™y, @ px¥

1
YW = 3 *yY —v"v*)

0 -i@ry) 0 o)
P P » cos —e —sin —e
_ —l503 —i50, —i503 _ 2 2
g—eZeZEZ—.gM 6 ie+y)
Sln —e 2 COS —e 2
2 2
g —ie+y)
cosie 2
zi=rgt=rl g —icerw
smie 2

2
T
dsgs = |dz|? + |dz?|* = Z(dez +sin? 6d¢? + (dy + cos 8d¢)?)




2 _ 2 2
dsk, g = —dt? + dsk

r r r
e? =dt el = Ed@,ez = —sin 8d¢,e3 = E(dl/) + cos 6d¢)

2
r T r
eto = 1,65 =E,e£ =§sin 9)3% =ECOS 9,331 =E
t_ 1 0 _— ¢ — P _c P _Z
eo=lel =26 =0 r( cot ), e; "
W21 = ;(COt e, —533)’0013 = ;ez,wz3 = —;el
1 1 1
Wr21 = ;COt 0, w321 = —;,0)2,13 = ;,w1,23 = 7
2 2 9
O = =0y, Oy =—( Jy — cot 80y), O3 = =0y,
r 7 sinf ,
r T r
Op = =0y. 0y = =(sinfdy +cosbds). Oy = =0s.
2 2 5
R 1 1
Log = _Eaa‘g' Rug = gaa

A A

[ia' i‘b] = ieabci'c' [Ra' Rb] = l€gpcRe, [ﬁa: Rb] =0

L= i(sin ¢0g — csc Ocos Ppay, + cot Hcos ¢a¢)
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CONCLUSIONES.

De los resultados obtenidos en el apartado anterior, se concluye: 1) que la supergravedad cuantica
relativista consiste en la deformacion extrema del espacio — tiempo cuantico; 2) que la deformacion
extrema del espacio — tiempo cuantico, se desarrolla en dimensiones altas; 3) que las dimensiones o
supermembranas formadas por la referida distorsiéon, comportan otros puntos lejanos del espacio —

tiempo cuantico, en los que, la dimension temporal es diferente para cada caso; 4) la formacion de

dimensiones altas, supone la existencia de multiples regiones que no convergen en un mismo espacio —




tiempo cuantico, sino en distintos sectores espaciales, por lo que, la transdimensionalidad y la
multidimensionalidad ocurren a escalas infinitas y en ramificacion, pues parten de una dimension cero
o de origen; 5) la supergravedad cuantica relativista, obedece a la interaccion de una superparticula,
llamada también particula blanca o estrella, es decir, aquella cuyo centro de masa y energia es
extremadamente denso, capaz de deformar el espacio — tiempo cuantico en forma extrema, formando
asi, la supergravedad. Sin embargo, esta particula también puede alcanzar la velocidad de la luz, por lo
que, se la denomina supraparticula, con las mismas propiedades que la aqui referida. Asimismo, la
superparticula o supraparticula, segun sea el caso, también produce supergravedad cuando interactua
con el supergraviton, esto es, con la supercompafiera del graviton, por lo que el espacio — tiempo
cuantico distorsionado, se ve permeado y por ende, mutado por el campo supergravitonico vinculante;
y, 6) la supersimetria de gauge y su modelamiento matematico, permite conciliar la relatividad general
y especial y la mecanica cuantica, en la medida en que, estamos ante campos cuanticos en los que
interfiere la dualidad holografica y el principio cosmologico.

ACLARACIONES FINALES:

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

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

equivaliendo lo mismo.

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

2. En todos los casos, este simbolo F, sera reemplazado por este simbolofo por este simbolo f.

Simbolo a ser reemplazado. Simbolos de reemplazo.

F i
i




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

Campos Relativistas propuesta por este autor.

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

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

posteriores publicados por este autor, segiin corresponda.
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