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RESUMEN

Como ha quedado demostrado en trabajos anteriores, las particulas elementales que conforman la fuerza
nuclear fuerte, entre ellas los quarks y los gluones, pueden acreditar las caracteristicas que son inherentes
auna particula oscura o blanca e incluso, una supraparticula e hiperparticula, ésta ltima, cuando alcanza
o supera la velocidad de la luz, sin embargo, en este articulo, se propone un planteamiento alternativo
para la hadronizacion. En sentido estricto, la hadronizacion es la combinacion de quarks y gluones para
la formacion de otra particula con distinta masa y energia, denominada hadron, todo esto, debido al
confinamiento que los une. Suponemos, que un plano cuantico — relativista, los quarks y los gluones, se
combinan, por la deformacion del espacio — tiempo cuantico, causado por cualquiera de éstos, sea en
condicidn de particula oscura o blanca, segun sea el caso. Por tanto, en un espacio de gravedad cuantica
o de supergravedad, la hadronizacion es posible, en la medida en que la gravedad en si misma, interfiere
transversalmente en el proceso de confinamiento, recalcando que, la hadronizacion puede formar

particulas oscuras o blancas de naturaleza hadrénica.
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Relativistic Quantum Chromodynamics. Hadronization in Supergravity
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ABSTRACT

As has been demonstrated in previous works, the elementary particles that make up the strong nuclear
force, including quarks and gluons, can accredit the characteristics that are inherent to a dark or white
particle and even a supraparticle and hyperparticle, the latter, when it reaches or exceeds the speed of
light, however, in this article, An alternative approach to hadronization is proposed. Strictly speaking,
hadronization is the combination of quarks and gluons to form another particle with different mass and
energy, called a hadron, all due to the confinement that unites them. We suppose that a quantum-
relativistic plane, quarks and gluons, are combined by the deformation of quantum space-time, caused
by any of these, whether in the condition of a dark or white particle, as the case may be. Therefore, in a
quantum gravity or supergravity space, hadronization is possible, insofar as gravity itself interferes
transversally in the confinement process, emphasizing that hadronization can form dark or white

particles of hadronic nature.
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INTRODUCCION

El confinamiento, en cromodinamica cuantica, consiste en la combinacién ineludible de los quarks y los
gluones, en la medida en que, los primeros, no son susceptibles de aislamiento, por lo que, para su
deteccion, éstos se asocian a los gluones, con la finalidad de formar hadrones (color neutro), los cuales
pueden ser de caracter mesonico o barioénico. Ahora bien, la cromodinamica cuantica despierta interés
para la formalizacion de la Teoria Cuantica de Campos Relativistas, en la medida en que: 1) posee la
particula subatémica con mayor masa en relacion a las demas particulas que componen el modelo
estandar, siendo ésta, el quark top; y, 2) para efectos de detectar, en especial los quarks, se requiere del
proceso de hadronizacion, ya que aislar un quark, en especial el quark top, es de dificil realizacion (en
el caso del primero) e imposible en el caso del segundo, pues, para aislar un quark, se requiere de un
paquete de energia tan extremo, directamente proporcional a la distancia de su punto de origen, que
finalmente se forma un par quark — antiquark, en tanto que, respecto del segundo, se ha dicho que es
imposible la hadronizacion pues, al ser tan pesado, se desintegra rapidamente, sin que sea posible su
detencion, a diferencia de los otros tipos de quarks, los cuales, al ser ligeros, son susceptibles de
hadronizacion. Ahora bien, esto ayuda a reforzar el hecho de que, en primer lugar, si existen particulas
supermasivas en el modelo estandar, siendo ésta, por ejemplo, el quark top, aunque el boson de Higgs,
también presenta esa particularidad, y por otro lado, que a nivel cronodinamico, la relatividad general y
especial son posibles, en la medida en que, a mi criterio, es la gravedad la que impide la disociacion del
quark respecto del gluon, es decir, es la responsable del confinamiento de color que da lugar a los
hadrones, los cuales, al ser de color neutro, podrian calificar como particulas blancas o estrella. De ahi
la necesidad de la Cromodinamica Cuantica Relativista, como un modelo tedrico apto para explicar los
fenémenos antes referidos.

RESULTADOS Y DISCUSION

Retomo el desarrollo matematico desplegado en el volumen I de este manuscrito.




Modelo de Hadronizacion de una particula blanca u oscura en un plano cuantico relativista, bajo

condiciones cromodrinamicas. Calculos complementarios.
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_ . 1 a — — \NQ -
~(¥a),,(@)%Dyu(q),, + 5 (Wa) (¥a),, — 2(ba) ¢(Pa),
1 . _ 1 . .
+ o' Bl - 350 adq))
8q;= \/Egjifaj(ll)q)a + \/Egjif_dj(lﬁq)d
6q;= \/ijifaj(ll)q)a + \/Efjigdj(lqu)d

. 1 _..
8(¥), = V2erat U ba; + =69 (0" )yaDut

_ 1. N2
5(%)}-, = ——Zf“’(a")ayqu]' - Ee};afwd’q}'

N
. 1 _. .
6(11)‘7)1/ = —V2e,,§Y g, + Ef“’ (0")yaDva;
7 1 . V2o
5(1/%7),-, = _ﬁfa](ov)ayDVQj + Rfyafwd’%’
6Smatter =0,

88 = 8(Sym + Smatter) =0




[Muv' Mpﬂ]z _i("uvao ~ NucMvp = ypMys + ”uaMup)
[Muv' Pp]= i(”vppu - Uuva)

i1— B i
[Muv' Qa]— _(UMV),,QB
{00} = 20! B,V

. 1/ 1
[Ti]’ Qka] = - E (‘%Qia - 5611 Qka)

) 1 ) )
[/, 74] = 2 61 - o)
[®, Qia] = Qi

1 _ 1
]aB: = E(a-lw)aBMuv ; ]d[;: = E(O-MV)QBMMV ; Poc[?: = (O-M)aBPu

p:M, - H ,p(x#) = x, 0t

1
p~VH > M,,p~1(h) = ETI‘[hO_'M]

. twist
I - «a

]c’zB:=]aﬁ + kTaﬁ

twist

H™SE 1 = SUQ), x SU@)g X U(L).
twist _ twist _
Qi = Qpe and Qiz — Qpa-

Ope = 00 & (103 and G = (3.2)

2’2

twist 1 af 1
Qﬂa - Syi=—=¢ Qﬂaeaé“uv::ﬁ(auv
_ twist

ap
N )

1

Qpa — 6":=EQM(G")B'

Qﬁ’a

< 1
Sy = Oy = ES‘“’”"&M
(8w, 6w} =26, =0
{6W' 5u} =0y

{6,6,} =0
{614' SPU} = _(Supavav + Gup9s — glwap)
{5W' 6m/} =0
[R, 6] = +6w
[R,6,] = -5,
[R, 6] = +6u,

§2=0,{6,6,} =9,.{6,,6,}=0
-1

i 1 1 -1 -1
2w S 2, (5,0,5) 5 1(0,0)"! @ K (1,0)

+1

- - 11 11
fa =1 (073) ~0(z3)

+1

1 B
Apa = 0= e Aipa) © Kyt = Z(qu)a

Ao = Yui= /Tﬁd(a_u)g

ABa)




Xuv = )Z;n/ = Eg;n/po)(pa

1
Apa = 5 (Apay + Apay)

twist

(Aw /‘{iar /Tit'zr ¢! d;) - (A;u ll)w Xpuvs T ¢v (5)!

twist 1 1 +
Sym = Stym = ?Trf d*x (EFL;/FWV - XMV(DMl)[)V - Dv’l’u)

1_ 1_
DK = = FD,DH + 2 Gk )
1 1 1.
=SB}~ 5 (810 - 3516, 6116, 8]

8¢ Ay = —Dye
85/1 =[e, A, A= )(.1/},77:¢'¢;:

6égSTYM =0.

SWAu= Y,

6Wl/)u= _D[.L¢
Sydp=10

SWXuv = Fut/
Swd =21

1 _
5w =516, 8]

1 1
6#‘41/: E)(,uv + ggmﬂl
1 + 1 _
6u1/)v= Fuv - EF;H/ - Téguv[(p: Pl

1 _
6;,]7 = E Dud)

6;4)(01' = %(suaervqg + g;thqS - g,utDUi)
8udp =Y,
=0
6;411‘40 =_(£uvarl/)T + g;wl/}v - gvo'lp;t)
6#1/1/)0' =_(£uvo'rDT¢ + g;va¢ - gvaDu¢)
S =0
6/11/‘5 =8)(uv
6;11/’7 = _41;;:1—/
5uv)(rn' Z% (Suvar + GusGvr — gur.gva) [¢' 4;]
+(P;;rgvr - Fv_;gur - F;:‘;:gvo + Fv_!n:'guo)

+(£uvrr aF?r:t — &uvr aFatx + ot aFvTx — &orv aF;(—z)
SwStym = 6uSTYM = 6quTYM =0

8 =63+ (6)

1 Y
(88} = ~ 598 5+ (®)

{6w, 8.} =0, + 8] +(®)




{SW! 6;11/} = (g:) + (6)
{Suvr é}m’} = (g*t) + (®)

{SM' 690} = _(Eupavav + 9up0o — gfwap)
+(g¢) + ().

=
g

13
3

<

5]
—

o

Gt
| N| =
~——

l

jan}

5]
N[+~ N| -~

—~
<
~
Nt
]
N =
Rt
[}
{
IS
]
—
N| —
[}
~——

twist
Smatter - Tmatter »

1 4, (1m¥ ° oY u ¥
STmatter = ?Trm d X(EH DHD Hy +H (o )y;’/l/)uv

g 1y 1y 1_
—v;, (6", H, + §H nuy, + §H @"™)ypx v + ganHy
1 ~ o
- guy(a‘”’)yﬁwaﬁ + @ (a")yy DY — 9;,(6M)Y Dy,
1_ - 1y — 1y -6
+§uy¢uy - 2v7¢>vy + 1_6H {¢, (l)}H}, - 3—2H HyH Ha)
— 1 ap — 1 ap \/_ —
SwH, = ﬁe QpeHy = ﬁe (V2ugqegy) =y,
SwH, =1,

1
Syu,= ﬁeaﬁ(ﬁsyad)H,;) = +¢H,

1 1 1
vy = 756 (= (0)ay Dby = =3 (0")ug DLHE

1 —
6Wﬁy = — E (O'v)ayDvHa
1 ,_.ap vz a
6 Hy = E(JM) (Vavaepa) = (Jn)yd”

_\ap 1 1 1 B
6ﬂuY = ﬁ (UM) (ﬁ (Uv)ydeHB) = EDtu - E (J#V)yDvHﬁ

Syt = 20T, — = (a,) DV
wlly =5 Putly =5 0w ), P Hp

1, _wap(V2 1,_ _
vy =) (Esy,,w,;) =20, 3

_ 1.\ =8
6#”}" ZE(UH’)Y’?(I)H




SyvHy= \/—(qu) * (V2uagyy) = ~(0); e

Sty = —(am,)yu,,

Suty= %(aw)“ﬁ (VE,abty) = (a0), 8ty

Sy ly = (qu) $Hg

Sty = 5 _ (o)™ (—%(al)wml{ﬁ) = %(aw);(cu)aymﬂﬁ
= %(au) ByD,,H/” - %(aV)ByD#Hﬁ - %sﬂm(af)ﬁyulﬂﬁ
= %[(aﬂ) 5, DvHF = (a,,)ﬁyDMHﬁ]+

STy = %[(au) S D = @)D, |

5 0STyM
SyHv
N
=[¢'X;W] - [¢' XW] + (Du‘/’v - DV¢u)
1y 1_
—§H (U‘W)yﬂuﬁ - guy(O'I'W)yBHB,

8];V)fuv =[¢r Xuv] -

Swixuw = Fib — H (am,) H,

SwXuv =F — H (am,) H,
8/,t¢v =F;l:/ 6guv[¢ ¢] H (Juv) HF
8um = —4E} + EH (a,w)y BH

1 _
6,u1/Xpo' =§ (suvo"t + JuoGvr — g,u‘rgvrr)[d’: ¢]
+(F;'4+¢-rgvr - Fv-'z-rgu'r - F;';rgva + thgua)
+(E,uva aFrE — &uvr athx + ot aFv_;z — &ov aF;:(—z)

1
16 [guo(apv)y b — Gup (o-av)y p
T =Y
+9pv(Tov)y P+ gav(o'up)y ﬁ] (HﬁHy +H Hﬁ)
St = Stym + STmatter
SWST = SI.LST = 6[[[157' =0

Sy =6yA+A

1
= 4 wWwpt+ _ _
a=Te [ atx (50 Es — 5604, + 1010, 6)
+lﬁg(a Y xn +iay¢§H Y ¢H)
16 ‘X EE T PRy Tg P )

8Sp . 8Sy
v —+ 7 —
2 l) Ladd ovY ovY

[‘YW"S&‘]]: [ 59] = [ uv'69] =0
§i=1685+ ()
1
{80 8,}= 59083 + (©)
(Bw .} =0, +87 + ©




(6w, 8} = (G + (a)
{8;11/’ apa} = (Gy) + ()
{6;1: 6pa} = _(gupcrvav + gupaa - guaap) + (G + (9)

€4(x) - c%(x),82 > s

sA,= —Dyc
sYpu= {c ’/’u}
SXuv= {C:X/w}
sn={c,n}
9= [c.)
s¢=[c, ]
sc=c? = %fabccbcc
sc=b
sh=0
sH = [c,H]
sH = [c,H]
su={c,u}
su = {c,u}
sv={c,v}
sv = {c, v}

w o Sy, et o 5, vk o g,
u u I 9
Q =s+ wby + &5, +v#0, — we Foi

2
Qc=c? — w?p — wetA, + i—6q3 + v,
Qw=20
Qet =0
QuHt = —we#

Qc =b+v#9,C
Qb = we*d,c+vHa,b

02¢=0%h=0
Sgr = QTrf d*xcoA

gv eH
= TrJ’ d*x (bﬁ”AH + €0*Dyc — widky, — 756”)(1,# - 556#70

9(8) =9(Sr+S47) =0




QA =—Dyc + wyp, + gz—v)(w + %ﬂn +vvd,4,

0w, ={c. .} - oD+ (R~ 3 Fi) ~ 16,1
+vVa, P, + H (a,,u) HA gV

Qe ={C, Xoo} + WES, + g (S,mv + YuoGvr — GurGve )DV P
+0V 0y X g7 — 2ﬁy(cnn)yﬁHﬁ

on={ent+5 [¢>¢>]+ Du¢>+v an

Q¢ =[c,¢] - S”lliu +vY v¢>

0¢ =[c,$] + 2wn +v"0,¢
2
Qc =c? — w?p — wekA, + i—6q§ +vVa,c

Qw =0
Qet =0
QuHt = —we#

Qc=b + vhd,c
Qb = wekg,c +v*a,b
QHy = [¢,H,] + wuy + Su(du)ydv"‘ +vHa,H,
OH, = [, H,] + wi, + s”(au)yaﬁd +vko,H,
u 1 1 By u
Qu, = [c,u,] + wpH, + & (ED“HV - E(Jﬂ")yD Hﬁ) +vho,u,
o Y U DN S
Qi = [c,7,] + wpH, + & (ED“HV - E(Jﬂ")yD Hﬁ) +vh0, 1,
! v a1 a6 hHA u
vy = [, vy] _E‘U(U )ayDyHY — 168 (Gu)yﬁ¢H +vHo, vy
_ _ 1 v —a 1 _ B _
07 = [c, 7] —50(@")ayDH — EE”(G”)yﬁtpH + 19,7,

0%2=0on (4,¢,¢,n,HHcwev,Eb)

g° 88
QZIIJU = T(‘)gu SxHo
g° i oS oS 6S
+§£ £ (g;w s5YY Gvo Sk Iuv 51/)”)
2
g )
QZXO"L' = _7(‘)2W
+g2 u( 88 N &8 65)
8 we g[lO"L'V 6‘4}1} g[LO' 61/)1— g[ﬂ' 51/}0-
g2 &8 &8
Quy = 2 ((ue (o”)yy 724 £ W)
2
g 65
Q% = 7((»8 (a“)w sur T 6u7)
g2
7<(u 6vy —wet(q ")BV é'ul;)
9%y, _e w?— — wek(ay)
A vy Higy 6u




L-c , XV-H,
D-¢ , X'-H,
Ok > A, , UV -,
oy, U o,
p-¢ . Vs,
o7 . Vo,

BK - Xuv

’

Sext = Tr f d*xd*iQd!
Squad = Trj d*x(Q;; @ i)

2 (L2 1224 L 2% 1 UV 1 2
Squad =9°Tr dx(ng Buv_Z“’B sufv—ﬁssfu§v+ 3

58

[P N S ;
—5 80,07 + 50V = wekU%(a,) |V )

Y= ST + ng + Sext + Squad

S(E) =0
5 =T f a* (52 0% (b4 v19,0) 2+ (wehdyc + #ab)‘m)
@) =Tr | & (S 500 v Out) 5zt \WE e+ VOB )
, 05
—WE W

— 4 i 2 *l ) _
P =Tr | dhx (9,00 o+ 0,07 <) =0

oz

— — Acl

vk H

Ag =Tr J' d*x(Loyc — D3, — OV, A, + £V 0,1,
—pdyb +18,n + B9, x5 — XY, H, — XV9,H,
+UYd,u,, + UY0,1, + VY0 vy +V70,0;)
T =5+ viag
o8
vk

S() = wekAg

S(5) = T f g 8% 6% +b62+ “p 6%
@) =Tr | dx|Goriger t 05z T O ulyy

- _de4 62 5§ 88 & 8% . 48
=) X Soisnt Tsoisnl T Dec T @E sy




Tjd“ 62+ _6% _
r N\oc T |“Bp|) "

AY =Trf d*x([c,L]1 = [A,Q] = [¢, D] + [, €] — [¢, p] + [, 7]
+[x,B] — [H,X] = [0, X] + [w, U] + [@, 0] + [v,V] + [5,V])
[B.P]=0
[P}u Muv] = (rlllqu - 77/1qu)
[Muvs Mps| = = Mvo + Mo Myp = NuoMyp = 1hpMys)

[Te,TP] = if TC.

{0i. @)} = 20t B.6Y
[Pu" QtlZ] = [Pw Q_di] = 0
[Qtlv MuV] = (JuV)D, ﬁQLB

[Q_dj'MMV] = (U_uV)aBQ_f
{0k, @)} = eapz¥
{Q_di'Q_pj} = 3&32%5'
[QL. T4 = B ;Q),
[T% Qail = Bl Qu
[29.4] = [z, 1] =0

Zij — a;;ij

QL — U Q¥ Quy — Q_a'rkUka

[QarR] =Qu [Q_c'uR] = _Q_a'!

0= Z ({Qi’ (Qli)f} + {Qé: (in)*}) = —4NP, = 4NH

(WIH|Y) =0
W, = Lo PrMPo
w =5 8uwpo
C2 = CpCH

CIW = B”Pv — BVP#
1_
Bu = VVu - ZQdﬁﬁaQa-
(5"|B) = +|B), ()N |F) = —|F)
(O Qa = =Qa(HV, (DY Qs = —Qu (MY
0 = tr[(-)"{Qu, Qe}] = 20%,6Y P,tr(—)™r,

tr(=)Nr =0

{06 0y} = 2M844 5
{Qa: QB} = {Q_diQ_Bj} =0




(aa) =

{a:;,, (aé)T}= st s
fabat} = {(@)" («))} = 0

ak|Q) =0Vi,a

(May..an

Qo >=F( an) (ag, ) 1€2)

=3 ()=

n=0

{Qw Qﬁ]} 2 (ZE 0) §i
{040} = {Qur 0p;} = 0
= \/_Ql

1 Ai
= (a' ) = ﬁQi

{a',a]} =&
(o) = (el qf) =0

all;) =0

1
) Ly
Q/H%;il....,in) - main - g, 1Qp).
N
N
=2 ()=
; n
i=0
{04, 04j}= 2M6ji6ad
{0 Qp} = eapzV
3 A= T
{Qair Qpj} = —eapZl,

U =y ZRUT), 7,

=£®D (for " even)
(£®D 0) (for ¥ 0dd )

i=(a,R),j=(2S),

{oa®, G55} = 2M5,400 6%
{QgR‘ QES} — gaﬁgab6RSZS
{ ‘aaR’ Q‘ES} — fdl';fabSRSZS




[Qa + gaﬁ(lea’R)T] (ag)f = alR

[0 —eap(0f)']. @B =Bl

bR =

HH<ﬂ

(af, a5)= (6%, bS) = {a®, b5} = 0
(a8, (a§)"} = 68" (2M + Z5)
{8, (5) } 845085 (2M — Zg).

19) (spin 0)
(a)'10) (spin 5)

1
ﬁ(aa)*(aﬁ)*m) = —Feap(ay)*(ay)*m) (spin 0)

R(@)f () = f(z(9)x),

F = F(x,,64,0:)
g(x,0,0) = o i(X*Pu+07Qy+6,0%)
Zm = (x;u O e_a)
g= ei€™ L giC*Hy
g = cilE# P )
k = ei(x”Pu+9“Qu+§déd) = ?™Km

W”Mm,: ’

go © e? "Kn = o2 ™Kmg3 g
" ca B i _ ipa K =a
x'#=xt +a* +in%o,, 0% — 0%, 1% + w*x,
1
0'* =06%+ T]a +ZWI_WO'”WZ 59,;

0 = ¢ + ¢ 2 GP 5w,
(g1°92)° e?"Km
g1 ° (g2 ° e*"Km)
F(z) = F(x,0,0).

0qF = F(z+62) — F(2) = 6gmX™F(2),

£,=0,
d
Lo= 69“+w 0 6
Ty= 4 6%0%,0
Q—W‘I'la 0neOu
a 1_. 3}
va v
{)ﬂvz_(xu - Xy u)__el}[;l W+ 63; aga'

{fatp} =0, {{’a,{’a}—ZLO' L

[‘gu,fa] = 0, [{)0{' ’guv] 2 uva{)ﬁ

R@)fy(2) = D (720} (e()2)




F(x,6,0) = f(x) + 0%xa (x) + 0ap*(x) + 0%6,g(x) + 050h(x)
+60%04,0%7,(x) + 0%0,04A% (x) + 0,0%0%E 4 (x) + 0%0,0,0%s(x)

8,F(x,0,0) = 8, f (x) + 0“8y xa(x) + 046,P%(x) + 6%6,6,9(x) + 6,6%6,h(x)
+0%GH B8, T (x) + 0%0,0,6,1%(x) + 0509096, 84 (x) + 0%6,0,6%8,5(x)

_ 0 . U A N d sna M1
D, = FI T +i0,,0%0,, Dy = T3¢ 100,40,
{Dg, Do} = —2i0},0,

{Dtl'Dﬁ} = {D_a'ﬁﬁ} =0.

ljdGD(x, 0, 6_) = 0,

0 s @
Da=w+210'ad9 W
_ d

YT
D(y,0) = ) + V20 (¥) + 00F ().

O(x,0,0) =¢(x) + V20 (x) + i05#09,p(x) +

+OOF (x) — %aaaulp(x)aﬂé + %99% 0 ¢ (x).

Do ®*(x,0,0) = 0.
ot = ot(yt,0) = p*(y1) + V269 (yT) + 06F*(y1).
O;D; = (¥)$; () + V20[h; 1) ;) + b (Y, (] +
+00[d; NF; () + ¢;NF: () — vi ;)]

D?2F =&  ischiral
D2F = &t is antichiral

Vt(x,0,0) =V(x,0,0)

V(x,0,8) = C(x) + i0x(x) — i0x(x) + \/LEGGS(x)

- é%ST(x) — 001BA,(x) + 1000 [,T(x) + %ﬂaﬂx(x)]
— i 1 1

—ivo6 [A(x) + Ea”au)f(x)] +50000 [D(x) +50 C(x)] .

V—oV+o+ ot

D+ DT =¢ + ¢* +V2(0y + 0Y) + 66F + 00F* + 05460, (¢ — ™) +

1 _ 1 — _ 1
+-—=60005"0,y +—=600"60,y +—-66000 O (¢ + ¢*).

C—C+p+o*
x— x— N2y

S— S—iV2F

A, — A, —i0,(¢ — ¢Y)
A— A

D — D.




_ _ — — 1 —
V(x,0,0) = —00#0A4,(x) + i000A(x) — i600A(x) + EBQBBD(x)

_ 1 —
V2(x,6,0) = — 560864, (x) A (x)
V™(x,6,0)=0,vn = 3.

_ 1 _
We(x,8,8) =~ DDD,V (x,6,6)

_ _ 1 _
We(x,0,0) =~ DDD,V (x,6,6).

DaW, = 0,D W, = 0
W[V + @+ ot = w[v].
i
We(3,0) =—200) + [0 8D = 5 (0H0")0 £ (0,4, ) = 04, ) | 0
+600,0,A%(y) =
= —iA() + [5,1 PD — 2 (040" BF,W(y)] 85 + 600", 0,71(y)

s=f d‘*xU d29c1>+f dze‘rb’f]
s=f d‘fxf d*ev

1
S = f d4x{d49¢j—¢l + [f d29 (Eml]d)LCI)] +

1
+§gijkq)iq)jq)k + Aiq)i) + h.c. ]}

5= f dix {_a#‘f’fa”@ — ipiG* O + F{F + [mu' (¢iFj - %‘/’ﬂ/}i) +
+9iji(PihiFi = Yipdx) + AiF; + hec.])
8y = V21,

6711/)1' = i\/ia”ﬁaﬂd)i + ‘/ET]FE
8, F: = iN2n5" 9,9,

oL

=5 = F + A + mi i + gijedidj =0
0F;

oL .

== Fp + A + myd; + gijepip; = 0
0F;

_ 1 1 _
L=—ii0"0p; — 0%9"0up — syt — Emz}ll’il/)j +
—Gijkbi¥jbr — gipbidi — V(dy d7),

V = (FiF) = (mucdi + Gijiehid;) MinicPrm + Gonie Pim®rn)-
S= f d4x{f d*oof®; + U d26 W(®) + h.c.]}

OW(P)|?
D

V(@) = |

& = D2y ot = p2yt




S= f d*xd*o{(D?¥t)(D*¥) — 2m(¥D*¥ + ¥ID?W +

- 43—‘? [w(D2w)? + WT(DZWT)Z]}

1.
Jd‘*xf dZB‘{»':J d‘*xj d49(—ZD2>‘P

®, = e AD,, with DyA=0
of' = elaeA’®f with DAt =0

V' =V +i(A-ATY),
4 zla 2‘1——0: 4 toqiv
S=| d*x dGZW w, + dBZWaW + | d*0P; etV d; +
2 1 1
+ [f d=6 (Emuq),'q)] + §gijkq)icbjcbk) + h.c. ]}
(®)ij = TjPa, (‘bf)ij = TOL Vi = TV,
tr(T4T?) = C(r)6%° [T, TP] = if% .T¢
Q' = e~ibp, @t = pleir’
Vo VeV = e iffeVei
8V =V' =V =iLy;[(A+ At + coth(Ly,,)(A— AT)]
1—
W, = —ZDDe‘VDaeV
F, = 0,4, — 0,A, +ig[A, A,]
W, — W, = e AW, et
s=| a* ! ! dzowew, dow,we d*ge "V ote’d
= xd—rtr ng o + @ + e e +
aafl 1
4 1 a papv ija=u a 1 anpa Tpu

S = dx{—ZEWF — iA%G*D,A +ED D* —-D,¢"DH¢p
—ipGrD, P + FTF + iV2g(pTTA% — 1°T %) + gDp T}

D¢ = 0,0 +igAiT*d

Dy = 0, + igAST
DA% = 0,49 + igf® p ALA°

vo = 528", 4)"

Sep= 28y

Sep= iV20HED, ¢ + V2EF

8¢F= iN20HED, + 2igT A e
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[Dyelw=o = [6Ms + Zw}d[‘ijs] X [(FMS)A (aMln Qﬁﬂ
w=0 w=0
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a0y |48 = 4800, Fine = (0 2 O
El, =FEj = FM‘}u 0,
Ao (x
1500 = (*582) @m0, (1) = o@D r)
G;n/ = e_4uguv(x): Gy = —1,

Gyw = Gy = Gy = 0.

S= ssm+f dx\/—(g(d )¢2R(g)+ ¢ - a¢)
SSYsz ddx\/—_g<

+ LA“}/"D”AG>

_d-4
A d—2
9ym = gYM¢0

d—4
6. A = g_ WYt e 6. AL = —2¢ a2y, A% + h.c.
YM

1 d
Dye= Eyu(f - De) and (d — 4)7*D, (qbﬁe) =0
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Dyea(x) = 0uga(x) + 7 Wi () Yape(¥)a

1 1 \M
W =vMy, =w,Vy = (—,0,0) VM = (2w,——,0)
2 ” 2
1 a4 , 0 —iv2w
Vi= By = (5,-w,0) v =wri = (517 —wr) = | :
2 ; 2 — 0
V2
d4*2X\GS(W) = (d%xdudw)e 24" [—g8(w)
ﬂ/ﬁr\N w U v ﬂ’f\N w u 12
Cary = w 0 -1 0 CMN _ w dw —1 0
u —1 —4w 0 u -1 0 0
i 0 0 e g, i 0 0 etvgw
M\i L i\M woou v
I B L
w 201 0 Y + | —2w1 0
I 0 0 e e a 0 0 eXet
N\P woou A N\P woou A
w 00 0 w 2 0 0
ey = Dy =
v u 20 0 N U 8w —2 0
v 00 %g”@wg,,,, v 0 0 _26;} + QTL'Q'Manw
i\J ~+ b i\j =+ b
Wi — ! 0 0 0 b — ! 0 -2 0
w ? u
+ 100 0 + 12 0 0
a 0 0 %e#[ﬂawez] a 0 0 Qure“[“awei]
ﬁ\J _ ! +1 b
i ! 0 0 e (—2¢l + we 8,9,,)
+ 0 0 %5 buawgpr/
a e 2u (26‘.““ — we 7 wg,\g) fﬁe Dy Gper wﬁb (e)
MpP P 1 P P Psw yyM, LJ ij 1 ij [i &7l
VMTyn = 2wl,y _EF”N = 0y — 264,65, V¥ wyy = 2ww,, —Ea)u =-6.02

1. d-2
(ZWaW -0, +T) ax) =0

1 1 1,
(ZWDW - EDu) (X) = (ZWaW =50 +5TH ) £X) = 0
Q(X) = e@ DU (x, we*™), e(X) = exp (ul'*'~")é(x, we*®)

1
0=V -8,A% =V -DAS = V - 0A® = (2waw—iau)/\a

AY(X) = A%(x, we™)




0=VMFE, = (V-V+1)A%
VMVN = GMN
a 1 a P 1 P a
0=(V-V+1)A% = (2waw —S0,+ 1)AN - <2waN - Eru,v)AP.
AL (X) = eM™AG (x, we'™), AL(X) = AL (x, we™™), AL(X) = A2 (x, we).

'p +d),1a
2Dut3

= A% = exp (ud + ul*'~")1%(x, we*¥)

d
0= (V-D+E)Aa = (ZWDW—

85,A% = Ws%(X) and 8,A% = Vk(X) + WkE(X)
8,A4% = wer s (x, wett)

A 1_, '
8, A% = (5 [~ —weurt ))éf(x, wet) + wet RS (x, wet)

A9 (x, wet™) — Ay (x), A2 (x, wett) — </1u(§x)),i_“(x, we') - i(02%(x))

X™S0(4,2)

XM=y I)‘{y’so«s)

m I

1
VM@y) =56 MW = (fn

. . 24
i_yMpi —
) and Vi = VME}, = (mxm‘,o).
EVGMN = ZGMN' EVEI%J = Eﬁd'

x-0ln a = 1,ora(tx,y) = ta(x,y).
d—2
(x-0+=5")a=0

Q(tx,y) = t™*Q(x,y) ford + 2 = 12.

m\ g P o "
v =wg=]| o 0 :
Wi=| 0 |w=006P"0,1na| wi® =8 (9;Ina)

Tin = DimExy = OmEx + w[‘;,EN] i =RunV; =0
Fyng = DAy = 8,0A; + Ay X Ap; Fry = A; X A,

(Am X Al)a = fabcA‘lrJnA?' etc.

1
v SW)Q¥/2VGGMP GNOFyy Fyg
Iym
1
=~ S(x?)Q3/2q" ((an)2 +2a72(DpA))? + a4, x 4))°)

2
Ym

1 A A 2 (A 4 ’
=- - §(x?)03/2q5 ((an)2 +2 (Dm -t ;6,,1111 a) + (; X ;)

1 Ax) S

¢i1(x) =—— 0 (6).
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( A )+( A )a In a = (Db + P00 a)

m
agym agym

1
5 8GH) Dy + §10nin @)?

= 385G (D) + 0yln B t? + ¢8I0 )
§'(x?)(=2 + 2x - 0In a) }
+8(x?)(82]n a — (d,,In a)?)

4307 =5GP Dy + 8 (D — 5D (pln ]

1 1
200903y + 57 |

1 1
§(x¥)Q3/2qb {E ¢ D*¢p; + §¢,2(a,2nln a—(9p,ln a)z)}.
9%In a — (Oln a)? =0 > a(x) = x-band b™b,, =
1
a(x)=Q 4(x)=x-b
1o 2 2
55(96 YDy
1 2),,mn
_56(’5 IN™" Dy Dy
1 1 ..
—Ed(xz)(qu,’), + ¢;0mIn a)? = Ed(xz)q’),qu’), + total derivative
a6, y) = a3 () Pu(x), A = 1,2,-+,32.

%S(W)\/E/TVDA +he
— L 2 \/_ -3.7; m apl -3
=50(x*)VGa Px(I™D,, + TEL(9; + w; + A; X)) (a=3) + h.c
™D, + I™d,ln a3

i _
= E&(xz)(a6a‘5)1/)x 1., (o0 a=-trgreef Y(x)+ h.c
+2T!

+%I‘cda), +AX
Wi = 164 (a)In a) = 0
¢ =§868m8,,In a

1
~3T™dln @+ ST T™d,ln @ = 0.
%5(W)\/E/TVDA = %S(xz)lﬁ[x(FmDm + T, X))

4-g —— (F)* +5 3 ¢1D2¢1 gYM (¢r % 4’])
Lsym(x,y) = 8(x?) ™ _ _
+35 1/)[x(FmDm + gymlp; X)JP(x) + hee

g
R b 280D IS (focsb i)
L¥=4(x) = 5(x?) 49m

+3 [ XDYE + Gy fare PECTYD) T E] + h.c.
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1 31
Lyy = ——Zx/EB(W)QEETr(FMNFNQ)GMPGNQ
49ym

XM = (o™, x*)
Fn = 0mAp — 0nAp — i[Ap, Ay]
Fpy = DAy = 0mAy — i[Ap, Ay En = —i[A,, 4]

oy = <9m1(z)(a) 0 )ﬂ/E — \/Ealo_

a? ()M
1
Vy = (Wm(0),0), VY = ™, 0™, v, = Eamw, ™M = g™y,
0 =w-0—-"1a(o), v 9+4)20)£rGmn = 29Gmn
a(o) = Q~Y4(0)

\/503/2 =\/EQ3/2(110 =\/§a4

1 31
LYM = _—26(W)\/EQEETr(FMNFPQ)GMPGNQ
49vm

Epn F™ + ZaZ(DmAu)(DmA”)}

1 1 a*
= ——6(W)J§—Tr{
497m 2 —[A4. 4,][4%, A7)

1
le}lﬁdow = 0 ETr([AM' AV] [A%, AV])

9%,0%, _ 9%, 0%,

[ A1} & X6 = G -G

Tr(—)f d*¢

f d2&det(g)

axHoxv v
ap = Wﬁnuw det(g) = {X,, X, }{X*, X"}

| @sdet-gy o [ wsaer/=5
Lot = %MMW(X)) %Tr[ZVﬁ/l +pV1]
V=Gs(W (X)) = \/—gal®s(W (o))

S(W (X)W —-GAVDA
= 5(W(0))y/=ga®A(v,I™) {fmz)ma + G wITyA - i[4,, ,1])}

- i T ib
M\ i H H
ij | i
Wit (z,y) = wyl = W™ 0 0
ij _ T _ i ghn
wj; 0 Wy 5“5 d,Ina| 0

2 i

) o 1 A crhin S 10 ~n
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(a®2) @, I™{I™ Dy (2a®) + TH(—i[Ay, (2a%)])}
Y= (Aas)‘/ 49ym

i = gz SOV g5 T (G G D + ) + v (4,

A

( —a*Fp, F™ — 2a2(DmA#)(DmAﬂ))

1 1 . _
iyl = oo [ RaSW@)JaTr 43D +hc)
YM
+[A, AV ][4, AY] + PuTH[A,, Y]

Lshadow —

sym T 8g Tr{[AIUAv] [A¥, AV] + I»E+)7M[AM'¢+]}
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o' 1
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V2
, XO' _Xl' 2 w
X =——= ie‘zzq—iezz—,
Vz 27 2
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1
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0
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0400(x(q0)) = ﬁauao(x) =e"%We, (x)0,00(x),
0q(e%) = e}y (x)0,00(x)
i () = e (x)el ()Map

0q8 (x
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d—4 _ _
[— —— ([PTMe) 10yIn Q.+ (FYI72 Dye), = —(85U; - 67 U,f)] i
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Q(X) = e@ DU (x, wett)

£(X) = exp (ul“"" é(x, wett)

d—4 i
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= _Zwmn(fmn)g("l}c)irr + Zwu(lpc)p's(ﬂ])r + Ewml (Vm)g"l)g'(yl)sr
Suth® = CBu) = O (Suth)*

CN" W) ™) 71C™ = Py C0" (1) 1T 7HC™Y =
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— —\S
()’1]’1 + YJVI)T = 26,67
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0 1L, Qv/\Irm @1, 0
~m @7+ (rm ® }71))

0
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(FMN)A = E(FMFN - FNFM)A

A (an ®1, 0 ) . = -1, ®vyy 0
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T - ( 0 ~¥Ym ® 71)
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Qeurvature = (¢ - X)1 72
Gun = Nun + hyn (X)
W = XXV, VM = XMV = nyn XY
s&(X) = 88 (x, we*¥), s&(X) = e**8%(x, we*¥)
sE(X) = e8¢ (x,we*™)
k$(X) = exp (uF*‘"I +u(d + 2))RE(x, wet)
kG (X) = exp (ul*' =" +u(d + 4))RE (x, we**)
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[Am, An] = ita(fabcAbMAgl)
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{QiwQjg} = CapZijs {(jid,(jip} = CopZV,

{Qia! Q_J ﬁ} = 261 j(au)aﬁp;u [P;u Pv] = 0;
[Qiaﬁpu] = (.); [Q_l a Py] = 9;
A —. . L & =i
[]uv; Qia] = E (qu)a BQiﬁ; [];rw Qm] = E (J_uv) BQlﬁ;

[]uw Pp] = i(n#va - nvppu)' []uv'];w] = i(rIVP]MO' = Mvalup
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F0u) =0 (RG] =00, 00,
[Ra’ Pﬂ] = O’ [Ra'][l'l/] = 0;
[Zi]-,any] = O, [Z_U" any] — 0’
Q_i a= (Qia).r;

Qix € (2,0,N), Q" ;, € (0,2,N), under SL(2,C) x SU(N);
Z,:j +Z]l = O,Z_ij +Z_‘” = 0

NIN-1) ... NN-—-1
Zl']' € %,ZU € % under SU(N),
Z_ij = (ZU)*,Z_+Z+ = 0
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a
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B 1 = —u\B —uvya 1 _ - &
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Z = Z (al)UBl €A, (Y”V)II =Yl
l
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BleA
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l

2m >z

{Qiaw @7 p} = 28,5,/
{Qia' Q],B} =0, {Q_L ar Q_J ﬁ} =0
1

m

1 _.,
= =0 (@)= =0

5

{aia (aip)"} = 25/
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1 1
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1 1
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2VpP0 2
{an(a)} =6
{ap a1} = 0,{(ad*, (a))"} =0

{bi: (bj)T} =0,{b;, bj} = 0.{(bi)+' (bj)T} =0
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¥

i = 5.0
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std) . _ d std) . (iIC®ZY 0
(z519) = iC ® 24 (W even)) (2 )”._( : 0) (N odd),

z% = diag(z!, -,z @) with z! > 0

A" ®(Bj')=(4*B;")




(irj) = (1r1)r Y (Tl, 1)' Y (1! Tl), Y (Tl, Tl),
Qia = U™ Q0 (Qia).r = Q:zlz =U;'Q/ 4

{Qama: (anﬁ)f} = 2mé, 560' b6m n
{Qamar anﬁ} = iCaBCab(Zd)mnr{(Qama)Tv (anﬁ)f} = iCaBCab(Zd)mn

z4 = diag(z', -+, z""k2, 0, ---,0)

Ama+ = T(lea + lCay(QZ Y) )r (ama).r: = %((élma)—r - icayQZ m}/) ’
big:= %(lea - iCay(Qz my) )r (bma)f: = \/_17((Q~1ma)1- + icayéz my) ’

{ama, (anﬁ) } Sap (Zmé'mn + (Zd) ) { mas (bnﬁ) } Sap (2m5m71 (Zd)mn)
{ama'anﬁ} =0, {bma, nﬁ} = 0'{(ama)+' (anﬂ) } = 0'{(bma)f' (bnﬂ) } =
{ama bug} = 0'{(ama)f' (bnﬁ)f} =0, {amw (bnﬁ)f} = 0,{(ama)", bug} = 0.

2m > z!, forl = 1,---,rankZ.

zi=2m fori =1, ,r <rankZ

SUSY Twist Twisted SUSY
Ginternal X Gspacetime ) g Gl/ntema] X éspacetime
‘ decomposition SUSY (internal symmetry broken) diagonal summation
Ginvernal Ginternal X |G X G| x Gépa.cetlme S
(—> G’intcmal) =[G X Ginternal (axg—>g =g®0)
Gapacetime = [l X Glpacetime Gepacetime 1= [l X Gupacetime

1 1
]aﬁ: — 7 (auv)a/i]uv']dl?: = z ((T’W)a[;]uv

{Quar Q) = CijCapZ (@' 0 @' 4} = CVCepZ,
{Ql'a' Q_] ﬁ} =6; ]Pa[?' [Pa/?'PVS] =0,
[Qia yb‘] =0, [Q_L dlpyé‘] =0,
[]aﬁ'Qw] y(aQtﬁ)' []aﬁ' ‘ ] =0,
[]dﬁ' QiY] =0, []dB' y] y(aQ B)

Uap Pys] = Y(apﬁ)ﬁ' Uapr ya] CS(a Yy

Vap.Jys] = _C(aI(Y]6)IB) Veptysl = —C(m(yla)m)
[]aﬁ ]ya] =0,[Z,any] =0

[Ru Qky] - Ck(lQ])Y [RU Qky] Ck(lQJ)}’
[Rijs Rial =§C(i|(kRz)u)' [Rij, Pap] =0
[Rij Jag] = 0.[RijiJep] =0

];B: =]UL/3 + Raﬁ' or ];B =]dﬁ + Rdﬁ‘




2 - 2y 2 - 12

i - a i - a
2Q®02 = 1 &) 3
Qap — Quapy Qap)

1 _
Q:=5C* Quapy Hap = Qapy Gap = Qup

{Q.Q3 = Z {Hap, Hys} = CariyCorpyZ,
{Gapp Gyo} = CapCpsZ,{Q Hap} =0,
{Q' Ga/'?} = PaB'{HaB' Gys} = Ca(ypﬁ)s
[Q.Pys] = 0,[Hap, Pys] =0,
[Gapr Pysl = 0.[Pap Pys] =0,
Uag. @] =0.[Jap Q] =0,

i
Ve Hys] =5 CarrHaripy Uagp Hys| =0,

i i
Uap: Gys] =5 CearrGpyor Uapr Gys] = 5 CcarsGyiy

i i
Uap: Pysl =5 CanPpys:Uap Pysl =5 CaisPra)

i i
Vg Jys] =5 Cartrdsyipy UaprJysl =35 Carcdsnm
[]aﬁr]-yé‘] =0, [Zr aHY] =0
Aaﬁ d Aa[i’
Aip = Aag = M Xap
Aip = Wap
b~
¢ -p
Gij - Gaﬁ

n= Cuﬁl/)aB:XaB = w(aﬁ’)

SU(4) - SU(2) x SU(2),
su(4) - su(2) @ su(2) = (Y1/2(X22 + X34),/1/2X* +/1/6(V2X* - X2)}

& (VIZA(EE + X20) JTB(EA? + X°))

SU(4) - SU2) x SU(2) x U(1),
su(4) - su(2) @ su(2) ® (1) = {X23, X'} ® {x34,{/1/3(V2x® - x?)}

® (VIB(2K* + X°))

SU(2)y, X SU(2);, or equivalently ,SU(2)g X SU(2)y,

{4 - 2102, or equivalently, {4 - (?' 2)®1,2)
L —aaq, L= aa

SU(2), X SU(2); X U, or equivalently ,SU(2)g x SU(2); X U,

SU2), xSUQR)g %X U,
4-21H)01 DO A, . 4-(12)01,1HSA 1
{i S (@a) =aDa, or equivalently, { i>@a=ada
45021612
| i > (qd)=a®a )




4-21HBE

SU(4) » SU(2)L x SU(2),, { o

{Qiﬁ - Qaa,B - Qav QaaB
Q= Qup
Aa[? - Aa[?
/11'13‘ - Aaa,ﬁ = Na>Xaap
Ay = Vap
¢ij - ¢aa,bB = Pab, Gaﬁ
4—(2,1)&(1,1)5(1,1),
SU(4) — SU2)L x SU@); x U(1), { 2 ZDed)ed.1)
i— (a,00) = a o
Qip = Qamap ~ Qg @D, Q5"

Q‘iﬁ N QaEBa N Q‘(l;l),Q( 1)

Agp > AS)

ap
liﬁ N Aa@aﬁ N /1("’1) T](_l) X(;;l)
,T;.; _,,TaéBa . ¢(+1) (( a
0
bij = Padapes = BT 2)' e, Gtga)(= Pap Poa)-

-2,1)d1,2)

SU(4) - SU(2), x SU(2)r x U(1), { Ss@h=a®p

Quy = Quopy ~ 04,007, 05"
Q'y N Q“@B N Q(+1) Qc(g-yl)'Q(-'-l)
_ ©
Aa/; - Aa[?

T (+1 — -1
Ay = Aagpy _>¢(+. ) D x( )

i Ta®f (+1) ( n, ~( 1)
A - A y—>1/} Ty

©
iy = Pawpyes > BT CEDV,,

04 =" (Qsp) AT
BB

a=QJaa:= CABCaB(Q_T)BB,
CT=¢'C,ClC=1,CprC = (T, CYic =/ (y) ey = £1.
2D/2 _, 9D/2
Gr1 — Spin(D), A — o,
Qap — Qag-

D
1 ap
Z Qu1 up(yul Hp - l)aB'Qul o’ = (—1)P- 1)/22 > (CVu1 up) Qup

= 1 CaB
Q'_ZD/Z QaB




1 5yaf
Q=577 () Qup

D/4 1)/2 Hp+1"HD
( 1) /v )/ fﬂp Q#p+1 MD)

1
Qi"'ﬂp: (th ‘Up * (D )[

ap
2D/ ( 1)p(p /2 (Cyu “Up _(1+F5)) Qaﬁ

{Qaq QBB} =20 (Y*C Vgph, + FaBZAB
[]uvr QAa] = E (Yuv)a QABr [Rij' QAa] = E (Vij)A BQBa

1
{Q#r"#p’ QV1"'Vp—1} = ﬁn#r"#pv"r""’ppvp’ {Q#r"ﬂp’ QV1"'Vp} = mnﬂl'"ﬂpvvl'"vpz
4

i, _
[],uv; QP1"'Pp] = ES (_1)p(p /2 QIWPr"Pp +Z n[l»”PiQPr"V]"'Pp

i=1

+ Z =D (Tllumﬂlv]p;)Qpl---m---p,----pp
1<i<j<p
14

i=1

- Z (_1)l+](n[ulpi”v}p,—)Qpi---bi---bj---pp
1<i<j<p

p
[]iw' Qpr--pp] = if’(_l)p(p_l)/zz r’[I”PiQpl"'V]'"pp
i=1

Q:= CaBQaB: Qu: = (Cyu)aﬁQaB: qu: = (CYuv)aﬁQaB:
Q: = (Cys)aBQaﬁr Q[.L: = (Cysyu)aBQaﬁ: Q~uv: = (CYSYuv)aBQa/?'

pi= (% @Yot = (L), 0% = (1,-ir')

C:=iy'y® = (_gz _22),)/5: =yorly?y® = (1 0 )

0 -1
Ya Qs QF
Va = (wd)’QaB - (Q[O?l Qdﬁ)

Q—%mw+ﬁb“0—%wW CopQes
_(Uu)aBQaﬁ + (“u) Qc’tB'Qu = (Gﬂ)aBQaB + (Gﬂ) BQ(’ZB
v = (UMV)aﬂQaB + (U_uV)dﬁQa'B'qu = (UuV)aﬁQaB - (5uV)dBQdB

Qs =5(Q + 0,0 =2@ - D)
1 N
Qup =3 (0 + 0010 0% = ~(0,— 0,) (@)
1 5 1 ) y
Qap) = 4 (Q‘“’ + QMV)(UW)aB' QP = 4 (qu - qu)(ﬁ‘w)aﬁ




{QiwQjg} = CaptyjZ, {Qis Q,-[;} = CypNijZ,
{Qiw Qjp} = 29j(a") 3P0 [R.R] =0,
[Qia: Pu] =0, [Q_idv Pu] =0,
i _ . i & -
[]uvr Qia] = E (a-uv)a BQiﬁ: []uvv Q; a] = E (0_-;,11/) sz ﬁ;
[]uv' Pp] = i(rlvppu - "upPV)' []uv']pa] = i(WVp]uo ~Mvalup
_nup]va + nua]vp)r

[R% Q] = (X% /Qja [R% Q] = (XY /Qje
[Ra’ PM] =0, [Ra:]uv] =0,
[Z,any] =0,
Q_i a = (Qia)-r;

Q' =0YQ;,Q; = QI Oy + Qj; = 0,0y, = &
XDy = XD, X5 = (XD *Qy;
zt=1z
4 1 uv 1 u 1 i 1 ij
S=tr| d x(—ZFqu _EVMV +5Du¢ijD [0) +5Hin
i_< e 1 .
—ZA’IML- — AV, ] + 7 (1) Prarl [V, ¢kl])

/110( - /Uﬁ(C 1)[30{ “jir
=i (Vu)’1

A T
8¢y = —i ((i/lj — G +§Qijfk/1k)
B3 = — 2 FWVE, + 27R Dbl + Sy, + 275 HIG, — 20y #Y]G,
2wy i u¥isj uSi i) ik J
=ilZ.v5vk 7 Sy h 1 5K 1,5, 1
6Hy; = i\ v Dudy = Sy v Dudi + 504 ¢y YDy Ay
_ - 1 =
-2 ((i]’s[ll@jz] —iye[A ¢l +59ijfk)’5[/11.¢k1]) + 35k 4]
= i(_iYSYuvali + Zz_iysy;t[ljl ¢i]']

5,4, = oV,
z¢1} = l]
8,A = —w(y y#Du A —Zty [Aj ¢L-j])

8,Hyj = ( DD, +l< Q{7 2 }) [ ¢U])
5V, =w (DVF,I’ - 5{/1' YA} + iV 'Dud)ij])

1. N
0 =DM, + E{A‘,ysli} —i[¢Y, Hyj]

P, =id,
Qi zm_l(a )aﬁe ﬁa wzaz
Qiz = 35 —i0; F(0M) a0y ——9 @0z
Z =i0,
{Qla'QjB} aBQUZ {Qm:Q;B} BQUZ'
Qi Qip} =-294j(0")epP  [RuR] =0,
[QwB] =0, [QixB] =0,

[Z,any] =0.




D, =9,

Dia = 51z + (00 P, + 010,

_ a . i -

Did = ae__id + lei B(O’”)Bdau + EBMEJZ
D, =0,

{Dia, Djp} = iCopQy;D,, {ﬁiajjﬁ} =iC4p; Dy,
{Dias D} = 2iQ4(6") 43Dy, [Dy, D] =0,
[Diaﬁ Du] =0, [D_idﬂD’l] =0,

[Dz! any] = Or {Qid' any D} = 0;
{Qi,any D} =0,[Z,any D] =0,

VI: = D[ - lFI
V;= eKVe_K, or 6KV1= [VI,K],(SKFI = i[VI,K],

K = K(xr Z) + Bia(iri[l - i[K(xr Z)! Fia]) + G_id(il:id - i[K(xl Z)r Fid]) + K,(x' z, 9' 9_)
d,k(x,z) = i[[,(x,0 = 0,8 = 0,2),k(x,2)] + il,(x,0 = 0,8 = 0, z).
Fi’a|= Fia + 6Fitx| = 0'[_‘ild|= fid + 6fiéz| = 0, Fz’|= Fz + 6Fz| = 0,
Bl:=B(x,6 =0,0 =0,2)

Tigl= Tl 1= 0

[V.9)], = —iFy

8cFiy = i[5k V)], +ilV1.6¢Y)], = i[1V, k1Y) + i[9, [9,.K]],

=i [[VI'VJ]i' K] = [Fyy. K]
{Via,VjB}i = 204(0") 43V = {Dia T} = i{D) g, Tia} — {Tiaw [ip} + 20045 (0#) Ty

{Via Vip} = iQ:jCapV; = iFijap,
(Vieo Vi p} = 1945(0") 0V = iF oo
Fijap = Fjipa

S

Fijap = Wijap + Wiap

Wiag + Wiiap = Wiap + Wiiga = 0

Jiap —
ws ws ws

ijap = Wjiap = Wijpa
Wiap = CapWi, W + W = 0.

WE = Wy + Qi W, where QUW;; = 0 (X).
Wi g = - X%),whve
Gap =3 2, () g KW,
a
(X4);j € usp(4),

(U;W)aﬁ = (UHV)Ba

. < 1/ 1 oo 1 .
[Sii.Sji] = i€ St [SE, 5] = 0,5F: = E(_Eeijk]]k +]?> = _Eeijk(]i)]k




Ji= (TP + (57 =/

i _ i, \pa=
[]/wr Qia] = E (o-/w)a EQiﬁi []uv: Qid] = E (Juv) QLB

U, Fijii] = +Fijui [ Fijaz) = =Fijaz
U.Fijiz] = [ Fijzil = 0

I, Wi?’n] = +Win, 18 Wii'zz] = —Wa2
[]: VVii'lZ] = []' Wi§'21] =0

v, -V, F,
Fija[? =Ws=0

{Vien Vip} = iQ4;CapV, — iQi;CapW — iCopWij,
(Viao Vip} = 1945(0") Vo0
(Wy) =W = wi,we =w
wi: = o*k/twy,
(Vi Vig} = iQ4jCapV; — iCapWiji (Via, Vjp} = i0;jCpV, + iCopWyj
Vi Vip} = 19i(0") 45V,
[Viwvu] = —iFiqu, Wid' Vu] = +“fidu
[Viwvz] = —iGiq, [vidr Vz] = +iGi4
[V Vzl = =igu[Vi V] = —iFy
Qi = 0,(Wy) = W
[Va, [V5, Vel £ [Va, Ve, Vad} £ [Ve, [Va, Va3 = 0
[Vje, W] = 5iGig, [Vja, W] = 5iGig
1 o 1
Gig = —Z(U”C)a PFipy Gia = —Z(CU”)ngpu
[Via, VV]k] = ZiQi[ij]a + i'ijGia' [Vid: Vij] = Zi‘Qi[jG_k]d + i‘ijG_id
Fian = (0.C)" «Giys Fia = (C6,), PGig

i 1 1
{Via, Gip} = =710 )apFuv = 5 Capl Vs Wis] = 7 Cap[Waro W],

_ i 1 1
{Via, Gj/}} = —Zﬂzj(ﬁw)a/}ﬁw - Eca[? [V, W] + anﬁ[Mk'M/jk]'

} 1
{(Via, Gip} = —5 (0" )pa (149 = [V Wij]),

_ 1
{Vie, Gjp} = =5 (0" (0% gy + [V Wi ])-




[Viaw 9] = @) P[V7, Gig] + (3,C)" o[ G 5 W)
[Vie.9.] = —(5”V)§[Vv» G_iB] + (C‘fu)a Fl67 g, Wi,
[V, Gigl = —(a#C)q a[V,u Gie) +[G7 o I’Vij];
[V, Gial = —(Ca*)P 4|V, Gig] — [G7 o W),
[Vies [V2 Wil | = =i(0#C)a “(Qe[Vio Gic] + 20415[7, Gig])
+i(Qe[GL Wil + 20,5 GL Wigi])
=i[Gia Wik,
[Fiter [92 Wia]] = =i(Co")P ([ Gip] + 2625V, Gigg])
— (e[ Gl War + 2941;( Gl W]
+i[Gig W]

[Vzr [Vzr VV]k]] = [V;u [V#; VV]k]]
+i(Q‘jk{Giw Gia} - 4{Gjar Gk a})
—i(Qi{Gia, G} — 4{Gj, Gic *})
1 ml
*2 [W[m. [Wijm, W ]]
. . i i,
(V2094 = [V, ] = 2(6%) (Gia GL} + 7 [ [, W]

. T
[V, 9ul = ~{Gia G} = {Gia G} + 7 (W, [v,,wy]|

iji= Wi |,
. 2 ]
Aig + = 2iGiq |= g[ijWi Il =-2[Via. V1|,
_ _ 2 _ ; _
Aig 2= —2iG |= —g[Vja. Wi]]| ==2[Vie, V.|,

Hij = _l[vz,VV”] |
! i
= 15 e [V WAT} |= 5 e 65|
1. o
= 75 Tue (7 WAT) |= 3P0 65}
Vi 1= igul= [V, V]|
_ L BB o
_%(O'u) {Viﬁ.[VjB,W ]}|
_ LB .
=250 Vi [Vi W ]}|.
AI‘ = ivyl:
FH.V = i[vﬂ' VV] |

= () i 6 6} + (30) * (7 6 )|

- % ((U;n/)aﬁ{via' [Vip Wi} + (@w)dﬁ{via' 73 Wﬁ]}>| )

8b = 8(B 1): = (6B)|= [£"*Qiq + §'“Qi4, B]| = |€"* Dy + £ Dy, B

8b = £%[Dyy, Bly + §'¢[D;4, Bls|= €1[Vyg, By + %[V, Bl4|

8,b = 6,(B 1):= (6,B)|= [iwD,, B]| = |iw[V,, B]|




8¢y =6Wij |
=ER [V, Wij| + E% [Vier, Wi ] |
1 - - 1 o
=(s‘[i Ao + Eﬂijs‘kalka> - (s‘[i “Aa + Eﬂijfkalka)
8hiq =2i(EP{Vip, Gig} + EF(V, 3, Gia}) |
1
=E &i B(O-Mv)ﬁaﬁw
+i(0”)a[;f—kﬁ[vw bui| — (") gpSi BVu + ik Hyy — %fk aldw, ']
6/1._1'& = —Zi(f"ﬁ{vkﬁ,ﬁm} + f—kﬁ{vkﬁ,ﬁ_‘i&}) |
1_,
= Efl ﬁ(a_#v)ﬁaﬁw
+i(0M) & PV, i + (") pa&i PV, + 18Ky Hyy — %f_k aldw, ¢l
6Hyj = _i(fkﬁ [Vk[f’ 2 VVl]]] E—kﬁ [Vk[; [V, Wu]])
= i (6 P 53[50 £+ 504589(0) 70 2 P])
~i (£ @A [T ,;1 42048 () (9, 1)
l(f Fla g Pi +5 Qufkﬁ[’1 B ¢kl])
(8P bl + 500 8RR )
+%5kﬁ[ﬂkﬁ'¢i1’] +%f—kﬁ[jkﬁ’¢ii]
61/}1 =ifia[viw gu] + if_id [vid:gu] |
1. 1._. @ _
==& %(ow), PV dipl + 58 alGu)” p[v" Vi P]
1. . 1._. aar.
+58(0u) o [V 3] + 56 a(0) [V 0 4]
84, =i(€f‘a [Via' Vu] + éid[_vidfvu]) |
== 38(0),, 2 + 58 o(6) e

8,¢i= 1]V, Wy |
= —(UHL-]'

:\?"
Rod
15}

I

=—2w[V,, Gi,] |

10((0") eV 4] + (2L, b15])
—2w([V,, Gl |

i (€[, Aia] + [F b15])

w [V, [V wi]] |

=w ([V [V” ¢ij]] - l [¢ ilkr [d’j]l' ¢kl]]
( l]{AkY A y} {’1”’ })

i 71~ 5. 7)
8% =0V, g,]
=w ([Vv, EY] - %(U_)d“{/ﬁa' A} + % [¢U' [V ¢ii]]>
8,4, = _w[VZ' Vll] l
=—wl,.

NG

=

&
I

8, H;j




(818, — 6,60)b =—i (60 (E) + (£),,(&)") 10, b]
—i ((EDEOMaal(E)" — EDE©@Maal(8)) [0, b].

&b =Eia[vimB]J_r + f_id[via;B]i [
818,b = —(&)P ()" V}p, [Vig, B]+]— - (gl)JB(fz)iaW,B [Vie B]+]_

~E) (&) [V Vi Bl ), — (&) (&) 191 (Fia Bl 1

(8182 = 82600b = =i (E)F(0Maa(8)' = EF (0 aa(&)) [V, B]
—i((E)ia(ED™ + (£1):14(6)') [V, Bl — i((£)5(E)® — (&)} (£,)7%) Wiy, B] |

(818, — 8,60)b = —i (€ (0 ea(&) — EDF(0Maa(&)) [y 1]
—i((E)ia(E)™ + (€)1 (§2)) 19, b] + [ (G5 (62D — (€)% (62)7) py, b]
(818, = 852804, ==[Dyy, ((EDE(E2) — (€4 (62)79) ]
—i((ﬁ)ia(fz)ia + (51')@(52)1'&)[@: Au] 3
—i (EDF(0Maa(8)" — EH ) aa(8)') P
[V, 9u] = ~{6ic: 6} = {Gier G} + 7 [W, [0, W, ]
[V~ gu] =0

= [Vv! (* A)/,w]r (* A)uv + (* A)vu =0

S ~tr J' d*x({V,[V,GG]} + {V,[V,GG]}) |

Aliaip). = Z Alowyiom) Ali-ip], = z sgn(o)Ale o),

0EG), 0€EG),

3

. . .. PRNE 3

it =81+ E elkek r27iz2 = —(7t)
k=1

ot = (1,‘[‘),6“: = (1, —Ti)
Ci=12,Ch=(cN) " = -3, chi= (C) = —12, ™= (C) = ()=
C'=—(C) e =—(cH™
okg¥ + aVa* = 2n*,6taV + Vot = 2ntY
@7 = C'ak(c™)", or (aM)T = C;aH(C)T
(gu)’r =gk, (a—u)’r =gk
(0") gy (@) P

(Cap = Caps (€N =1C, (€1t = Capp (€™)F:= COF

CapC?P = 6),C,yCF = st
(") (V) + (6V) gy (G*)TF = v sk, (@)% ("), + (@) (a"), 5 = 217’“’5“
(GH)eB = Cﬁﬁcdy(gu)ay’ (M) ap = CpsCay(ff”)”




trohg¥ = 2nHv

_\6B .

(0M)ay(Gu) " =26, 8%
(U”)ai'(”u)ﬁ;s =2CapCys (cf")"‘}’(&#)ﬁ‘S = 20eBCYS

ohPa? + aVgPat = 2(mHPaY + n¥Pot —ntVaP)
GhaPGY + GVaPGH = 2P GY +nYPGH — nhVGP)

tr(c#6PoVa® — ovaPotha%),tr(6*oPcvo? — 6VoPct o)

otgPoV —gVaPot = 2ieMPog,
GhaPGY — GVaPGH = —2iekVPI G,

1 1
oWV = > (o*6V — aVaH),a"v. = 3 (gHa” — avoH).
(@5, (G*)5,
tro®V = (6*)% = 0,trg™’ = (6*V)4 = 0.

(") e = (") Cyp, ()2 = €V ()]

(@)*F: = CFY (M), (@) g5 = (@) Cya

1
ohve, = E(O-MCT*(O.V)T + (O—MCT*(O_V)T)T)’

(J#V)‘l' = —gh, (0—-#1’)1' = —ghv
5 UV 11/0 iUV FUV 11/0'— i =UV
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ES’J—” PIprpo™ = gk IESO—" PopTpo™ =0
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{50} = 0. 55w 9} = .

(a>‘f_ a 0
00%) a0t 90«

0 0
C*¥ — = ——, etc.
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[Xa,Xb] =i Z fachc
c=1

(XR)T = XR' (XI)T +X1 =0, where XR: = mX,X]: = 3X.
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[Vie, V] = —iFiqp [Vie, V] = +iFiau,
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QW =0, (W) = wi,
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1
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[Viou I/V]k] = Ziﬂi[ij]a + iﬂjkGia

[Vies W] = 2iQ41;Giga + iQGiae




P B o
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{Viou Gj[;} =- g {Viou [ka" m/}k]}

1
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W[ia' Gj]B} == aB[VZ' Wu] QU(U )aB

_ i 1
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{Via Gig} = i{Vig [VjB'_ v.]} i
= ~i(i{Vjp, Gia} + i%:i(6")pa[V2 Vi]) = (Vi Gia} — (0" pagp

{Via: G_]ﬁ} { i wz} - iQij(o'u)a[;gu'




{Via Gyp} = = é{via» [Vies, W1}
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90 = 1] = GOIC (T, (Vi V5]
=3@)" 7 )
90 =706 (7,64}
[Vie» 9] = i [Vta» % Vz]] = [V Gia] = (6.0)” IV, G
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1. B (s 1, \3 _
+§(ch) a[GI B Wi}'] - Z(Jﬂc) a[vz' Giﬁ]-
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= —8i[G" 5, W],

i

= —2Can(CF") (Vs G| = i(0) 35V Gi] — i) 5[V G
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- (ij[Gia,%] +204,[G, ka) + [Gm,ij]}

[ (V. V,. G} 725(00,,)3_{%_ 0] = i(5,)70Ca. Gs ), \
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3-76x107 —74+19x107% —7/3+63x1077 (-1,-1,2)
4-28x1077 —84+69x10¢% —2+1.7x10"% (2,0,-2)
7T-29x1077 —14+71x107° —24+1.0x107  (1,2,-3)
7T-29x1077 —144+71x107° —24+10x107% (—=1,-2.3)
9—41x1077 —=18+1.0x10™* —2+1.0x107°  (3,0,-3)
12484 x 1077 —28—15x107% —7/3—-12x107° (2,2, —4)
12+84x 1077 —28—15x107% —7/3—-12x107° (-=2,-2,4)
13-70x107% —264+1.7x10% —24+13x10~* (1.3,—4)
13—-70x10°% —26+1.7x107% —2+13x107* (=1,-3.4)
16-14x107°% —324+39%x107% —24+24x107°  (4.0,—4)
19—75%x10% —38+22x103 —2+1.1x10"* (2,3,-5)
19-75x 1070 —384+422x10% —2+11x10"* (=2,-3,5)
21 —34x 1078 —424+88x 107 —2+42x107°  (1,4,-5)
21 —34x 1078 —424+88x 10 —24+42x107° (—=1,-4,5)

2(1+ L)k? — (4 + Lk k, — (4 + L)k2

u1=—( ki (2 Y1k, g )2+0(L_1)

27Tk1(k2 + klk2 - Zkl)
2(1+ L)k2 — (4 + Lk ky — (4 + L)k?
u2=—( L% (2 Y1k, (2 )1+0(L_1)
anZ(kl + klkZ — 2k2)
2(1+ L)k? + (8 + 5L)k.k, + 2(1 + L)k?
u3=_( Yt + ( Yeeiky + 2( )2+O(L‘1).
27T(k1 + kz)(zkl + kz)(kl + 2k2)
2
B (ki ko) = 75 (0 + kky + KDL = 2) + O(L™) (ks # kg # k).
7 —3vVL+ 3L
— -1/2
7+ 3VL + 3L
— -1/2
4+ 3L _
Up = -5 +0(L7%?),
An?

o)

ae M =—5

(3L - 7) + O(L_4) (kl = kz =n, k3 = —Zn)

atata,as + -




CONCLUSIONES

Segun los resultados antes referidos, se concluye que, en un campo cuantico — relativista, los quarks y
gluones, para lograr el confinamiento de color, intermedia la gravedad o supergravedad cuanticas, segiin
el caso, es decir, segun la naturaleza de la particula subatémica de origen (particula oscura o blanca,
segun corresponda), lo que permite la formacion de hadrones (mesones y bariones respectivamente), los
cuales, al igual que las particulas que los originan, pueden ser particulas blancas u oscuras, segun sea el
caso. Téngase en cuenta, que si bien es cierto, que el quark top, es un candidato genuino para actuar
como particula oscura, debido a su enorme masa, sin embargo, no es susceptible de hadronizacion,
debido a que se desintegra inmediatamente sin que le sea posible confinarse, mas, como se ha dicho,
esta particula supermasiva, es capaz de producir gravedad, incluso en condiciones extremas y entropicas.
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 serd reemplazado por este simbolofo por este simbolo T,

equivaliendo lo mismo.

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

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

Simbolo a ser reemplazado. Simbolos de reemplazo.
+ i
i

3. En todos los casos, se afladird y por ende, se calculard la magnitud§que equivale a un campo de Yang

— Mills y por ende, a la teoria de Yang — Mills en sentido amplio, en relacion a la Teoria Cuantica de

Campos Relativistas propuesta por este autor.




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

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

posteriores publicados por este autor, segiin corresponda.
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