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\\'C 'y ••tclllalicaJ1y slmly Ihe three family exlcllsioll (lf [he Pa[i.Salam gaugc group with an anomaly-free single irrcducih1c rcprcsent<llioll
whirh l"Oll[aill' the known quarb ami Icptons wilhollt mirrtlr fcrmiom. In Ihe rolll",1 01'lhis Illodel wc implcment the survival hypothesis,
lhe lIl11dilil'd !lor;lOntal survival Ilypo[hcsis, ami ¡,;al¡,;ulall.'[he Ifl'l' kn-I masses rOl' Ihe gauge h(lsoll and fermion tiekb, We ¡¡Iso use Ihe
nlell<kd sur"i,,;!1 hyrothesi ..•in ordcr 10ca\cublL' Ihe mass s(,:alc, tlSill~ [he renormali/atinll ~rour cquation. The interncting Lagrangcan with
allthe ~nown amI rrcdicted ~;llIgc in[cractions is l'xplil'itly disrla)"I.'d Finally Ihe stahilily of lhe prolon in this modcl is estahlished,

};('.\"I\'(II"{/.': Unilicatioll: ,:!liral color

Se esludia ,iSlclll{¡ticalll(,llte la l'\tcllsiún con [res familias lid gruro lIl' norma dc Pati-Salam nm una sola represent<lción irreducihle libre de
dllom;llías, la cual conlil'flC los qllarks y kplOlles l'tH1o(,:idossin fL'rmiollC' l"JX'jO_Enl'l conlexto de esle modelo se instrumenlan las hip<ltesis
de sllpcn'i,'cnci:l, y dI.' supcrviwllda horilOlllal modilil'i1da y ,(,' l'akuLlI1 las m;lsas a nivel ,írnol rara los hosones de norma y los campos
krmiúllit..'os. SL'('mplea tamhién la !lip(ílCsis de supcrvin'l\cia L'\IL'lldid;1p;n:l cakular la.; escalas de masa usando las ecuaciones del grupo
de rCllofmalilación. El I.agrangiallo de illlcr,Kciún nm todas las illleracciollcs dt.' norma wllocidas y predichas es mostrado explícitamente,
Finalmente se est;lhlccc la estahilidad del pnJ!t'm

{)C.HTipror('s: Unilic;¡jún: color quiral

!'ACS-l!.I:,.!:\: 12.IO,Dm

1. Intrnductinn

Thc rl.~nonnali/.ahility ()f thc original Pati-Salalll 111 llIodel
101" lJllilicalioll of llavors ami forl.'cs rcsts 011 Ilw exis-
ICI1<:eof cOl1jll~alc or mirror partncrs uf onlinary Il-!"mions,
t\-lirror ICrtlliol1s arc lcrllliolls with quantulll Ilumhcrs
wilh resrect lo the Slandard r\'10dcl (SM) gauge group
SUO¡,.c>SU(2),,0U(I)¡. idenlieal lo lhose of lhe kno,,"
ljuarks ami Icptons, l.'.'u:ept lhat thcy have: oppositc handl.'d-
nc'iS frlllll onlinary fcrlllions_ Their cxislencc \'itiale Ihe sllr-
vival hypothesis 121 acconling to which chiral fcrlllions l!lal
I.-¡mpair off while rcspecling a symmctry will do so, acqlliring
mas'iC, graler than or cqual lo lhe mass scah: 01"that synllllC'
Ily.

Today '\"(' kn~lw how tu canccl anolllalil.'s wilholll inll"04
ducill1! IlIlW¡II11cd mirror fcrmions. As a maller nI facl, lhe
Ihrcl' family cxtensiol1 of lhe Pali-Salam IlHldcl wilh()lll mir-
ror ferlllion, 'I,'a.' prcscntcd recently in lhe lileralun:, wilb
sllmc ¡¡SPCCIS01' Ihe Illodcl hriel1y analy led in lhe original
rdcrl'nl'l.' I:lj. BUI a systcmatic analysis 01' Ihis model is slil!
lacking. In whal follows wc do "ud, analysis, paying special
al1l.'llIiolllO tlw implclIlcnlalion oftlll' ,ur\'iVill hypothcsi, 12]
:lllll 01 ¡hc llloditicd hori/OIl[a! sUlsi";l! hypolhesi_, [11. (For:l
lcchnical c.xplanalioll 01' thl.' tCl"lllillology uscd in [his anide
"I.'CAppcndix A.l

Thc Illodcl unJcr considcration unilics non-gravitational
forces \\'ilh thrce falllilies 01' llavors, using Ihe gauge group

(,':= Sl"(fi), ,e) SU(G)" (7) SU(Glc" (7) SU(GlcL x Z,

'I,'hcrc ( indicales a dircct producl, x a ,,"ernidircct onc,
ami /.1 ~(1, !', p:!, p]) is Ihe four-c1crncnt cyclic group
aeling "p"n ISU(6)¡' sueh \ha\ if (A, B, e, D) is a rep-
resenlat;"n "f ISU(611' wilh A a represenlalion of lhe
tirsl j",ll'tor, IJ nI" Ihe seconJ, e 01' thc third, ami
D of the I""rlh. then p(,.l,B,e,D) = (B,e,D.A)
a",1 lhen Z,(.I.IJ, C,LJ)=(A, [J, e, D) (f' ([J, e, D, A) (j)

(('. J) .. 1. !J) '1' ( J) ... 1. IJ. e). The eleetrie eharge operator in
(; is dcfincd as [;q

wlll'rc ( lJ - L) f.( HJ stands for the loca) Aoclian
faclor or (BitryolI - L('ptonh(ll) hypcrchargc asso-
l'ialed \\'ilh llll' diagonal gcnerators Y(JJ-1Jl •.(R) =
Iliag( k, k. k. -1. 1. - 1)/.(") of SU(6)cw.,,).

Thl.' ilTedul.'ihk n:prCSl:nlillioll (irrep) uf G which con-
t;¡ins (Ile knowll Ii:rrniolls is

d111) = ¿,<,¡';. 1. 1. ti)

= 1'(11.1. 1. ti) •. 1'(1. 1. G.G¡ 'r,,jo( 1,G.G. 1) (p ~'(G,G. 1. 1).
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2. The Model

2.1. Tite gauge hosons

For the gaugc hoson fielJs we define:

a) For the 70 gauge líelds 01 SU(6)CI" and SU(6)cII

The modcl undcr considcralion contains 140 spin I gaugc
hoson lields. 144 spin 1/2 Weyl lermion líelds, and a eonve-
nicntly largc number of spin O scalar fields. We use for lhem
the follO\ving notation:

(2)

CL(CR)

- -
D, G~ G1 XI YI Z,- -G'2 D2 G' .\"2 Y, Z,, 3

1 - - -
ACL(CII) = j2 G~ el D3 X3 Y3 Z3

XI x, X3 D.• p- pO,
Y1 )r'l Y3 p+ D, p,+,
Z, Z, Z3 pO P2- D.

where

D'CI.(CII) = (GíJcL(CII) + I'£B(B-L)L1RI

+ /!sBtYL(R)' J = 1,2,3;

(3 1
D"CLtCR) = -V ¡¡¡B(U-LILIRJ - J3(j8n'L(R)

1
- j282YL(R);

t\ ••..o exotic spin 1/2 Icptoquarks with electric charge 2/3;

(3,1, -2/3) E!l(3, 1. 2/3) refers to one exotie spin 1/2 lep-
loquark \Vith clcctric charge -1/3, and the nine stales in

(8 + 1, 1,O)=(S.I.O)+(I,I,O) ('1"aits)+('1llOlIe) are the 50-
called dichromalic fermion multiplels [G] (al so nOfles) which

helong to the (3, 3) representation ofthe SU(3)CR0SU(3)CL
subgroup 01'SU(6)c 110 SU(6)c l ..

NOlice Ihar contrary lo Ihe original Pati-Salam model, the
G symmetry and lhe representation eontent 01' l/'(144) for-
hid mass lenns for fermioll flclds al the unifkation scale, hut
aeeording to the survival hypothesis [2] the veetorlike sub-
structures poinlcd in this seclion (all Ihe exolic particles in

the moJel)' shoulJ get masses al scales aboye .AI z, the known
weak intcraction mass scalc.

n 4
D'CL\<JIII = V ¡OBU/-L)L\Rl - J3(jBn'L(/l);

(3 l'
DG(,I.(ClIi = '-V ¡¡¡B(II-I')','R' - J3(jBl1'I.(R)

1
+ j2B'YL(III;

wilh (G~I)CL(CH)' 6,11 = 1,2,3 Ihe gaugc fields asso-

eiated wilh SU(3) CL(GII) (GlCL(GII) = BIyCL(CIII/j2

~,(G, 1. 1, G) ~ 3(3. 2, 1/3) $ G(1,2, -1) E!l3( 1, 2, 1)

~,(1, G.G, 1) ~ 3(3, 1, -4/3) $3(3, 1,2/3) <lJG(l, 1,2)

ff' 9(1. 1. O)<Jl3(1. l. -2)

~,(G,G. 1. 1) - !J( 1. 2, 1) E!l9( 1, 2. - 1)

"'(1.1.G. G) - (8 + 1. LO) E!l2(3, 1, '1/3) <lJ2(3,1, -.1/3)

,jI (3, 1, - 2/3) $ (3, 1, 2/3) <B5( 1, 1, O)

<lJ2(l,1.2)GJ2(l.1,-2).

The model descrihed hy the strueture IG, !¡J(IH)J is a
grand lI11ilkation Illodcl which conlains the thrcc falllily SM
gaugc group, Ihe thrcc family Icft.right SYIlllllClric CxtCIl-

sion olthe S¡"¡ [51ISU(3)c.(,)SU(2)r0SU(2)1I0U(I)(II_L)1
and lile thrcc family dliral color cXlcnsion 01" lhe
SM [GI ISU(3)CII0SU(3)CL0SU(2)L 0U( 1),,], r:inalIy.
le. ~,(14,1)1 is the ehiral extension 01 the vector-color-

like model descrihed hy [7,8] el' =' SU(6)r 0 SU(6k,0
SU(6)lIxZ" ami ~''-(108) = ~,I'(G,G,l) <}, ~'\'(G.I.G) <B
~l,\!(I,{¡,G), whcn: SU(6)c in e\' is the diagonal suhgroup
"ISU(6)"II'<' SU(6)cr e e, and 1,1'(108) e 1,'(l4-1)

Thal \G.I.'(1-1.t)] is free 01' anomalics 3nd Lloes nol COI1-

lain mirror fcrmions follows from its particlc ('onten!. To sec
t!lis \Ve first shO\\' thallhcrc is a uniquc way lo cmhcd Ihe S~1
gauge group lor lhree lamilies in [G.~'(J4.I)1 [3J and then
wrile lhe l)uanllll1l numhcrs for 1/J(144) wilh rcspccl to Ihe
suhgroups of lhe Sf\..1 which are Ilhe nOlation designares oe-
ha•.ior under (SU(3lc, SU(2)L, U( 1),- )J:

whcrc lhe ordinary left-handcd quarks corrcspol1d to
.10.2.1/3) in .'(G, 1. 1, G). the ordinary right-handed quarks
eorrespontl to 3(3. 1, -4/3) $3(3, 1, 2/3) in 1/'(1, G,G, 1). the
kno\\'n Idt-handed leptons are in three 01' the six (1,2.-1)
01'1'(G, 1, 1, G). amI the known right-handed eharged leptons
are in Ihree 01 the six (1,1,2) 01 1/:(1,G,G. 1). The exotic lep-
lons in 1¡!'(G.l.l,G) oelollg lo the vcclorlikc rcprcscntation
:1(1.2.-1) <lJ3(1,2,1) (veetorlike with respeet to the SM
quantulTlnumbcrs) and Ihe exolic Icptons in ~I(1, 6, G, 1) be-
long lo Ihe vectorlike representation 3( 1, 1, 2) (j¡3(l, 1, - 2) <lJ
!J( 1, 1, O), where thrcc lineal comhinations 01' Ihe ninc sta tes
\vilh quanlum numoers (1,1,0) could be idcnrifled as Ihe
righl-hand~d nculrinos,

~'(G.G, 1,1) is formed hy 36 exotic spin 1/2 Weyl
fermions (we call thcm I/ol/es bccaus(.~they have zc!"o Icplon
and haryon numhcls), 9 with posi1ivc dCl:lric charg:rs. l) with
ncgativc (lhe chargc conjugalcs lO lhe POSilivc ('nes). and IR

are neutrals; alllogcrher constitute a v(.'t'wrrkc reprcsentalion
",ilh respCCI lo the SM.

Also aH Ihe particles in "NI, l,ü,ti) fllfIn a vcclorlike
rL'preSCnI<llioll wilh respeCI 10 the SM. "",'hcrc 5(1,1,0) EP
:2( 1. 1.:2) ~~1:2(1, 1, -2) stands for nine cxolic f<.-rrnions,
liw \vith l.era clc<.:tric chargc (nemes), two with clcl:tric
chargc + 1 and Ihe other (Wo wilh elcclric chargc -1
('pin 1/2 dilcptons); 2(3,1,4/3) <lJ2(3.1, -4/3) refers to

/«'1', A/('X. rú, -as (2) (1999) 109-121
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(G)

where the rows (columns) now represent flavor (color) de.
grees uf frccdolll. The notarion we are lIsing wilh the leplon
lields in <iJ(I,G,G,l) unrcla(eu in principie lo (he leplon fields
in t"(G, 1. 1. G) is eonsislenl wilh lhe SM quanlum numbers
ror 1/J(G, 1, 1, G) ElJ l¡1( 1, G,G, 1) presenled in lhe Inlrouuelion.
The known leptons (v,.. e-, 11/1, IL- . liT' T-) and the known
quarks are Iincar comhinations of the leptons and quarks in
';'(G,l, I.G) (p~J(I.G,G,I), up 10 rnixing Wilh exolies. Qur
notalion is such that (J, ú,' .. ; A, E,.' .; 0', {3,... : Ll, n,' ..
s(anu ror SU(6)¡" SU(6)/I, SU(6)cl., ami SU(6JcIl (ensor in-
dices rcspective]y.

For lhe sake of completcness wc also wrile:
!lI 91 !lA ;fr Yr "'r
.) ,} ,)

!Ji [Fi !J;j

!Jf !Ji !Ji
~1(1,I,G,G)" ~,:; =

,ty Yy "'y

Xb Yb Zb

:1',. Xy :l'b '\1 li l~

y,. Yy .'1b 11 l~ l;

"'r Zy Zb [~ [i [~ L

where O), i,j = 1. 2. 3 are lhe (qunils) + (quolle) spin 1/2
lI()ne~; .1". y and z are the spin 1/2 Icptoquarks wilh clec-
lrie charges 2/3, -1/3 and 2/3 respee(ively, r¡,j = 1,2 are
spin 1/2 diJcpton flclds wilh clectric charges as indicated, and
'J,j == 1. ... 5 are fivc nones with zero elcctric charge.

+B"CL(CII)/16, G;CL(CII) -B'9CL(CU)/..fi +
B"CL(cu¡/16, G~CL(CU)= -2B'9CL(CU)/16 sueh (hal

I:,(GílcL(CU) = O, and B1gCL(CU¡and B'yCL(CU) are
the gaugc fields associatcd with the diagonal generators 01'
SU(3)CL(CII). E(IJ-LIL(R' is (he gauge boson assoeialed
wilh the generalor Y(lJ-LlL(R)' and D1yL(ll.) and Bl't'L(Il)

are (wo gauge bosons assoeialed wilh lhe SU(6)CL(CU)di-
agonal genera!ors YIL(II) = Diag(2, 2, 2, -1, -4, -1)/ /i5
and ¡:'L(U) = Diag(O,O,O,-I,O,I) respeelively. X"lj
and 26 are spin I leptoquark gaugc bosons wilh electric
charges -2/3, 1/3 amI -2/3 respee(ively, wilh J = 1,2,3 a
color indexo P,.:i=, h == 1,2; and pO are spin 1dilcpton gauge
bosons with electric chargcs as indicated.
b)For lhe 70 gauge fields 01'SU(6lL and SU(6)u

Al B'+ H'O ni llf niI 1
B'- ..12 B- H'O n- HOI , 3 o ,
_'0

E+ E'+ H~o B:!1 HI , .43 6 ,
AL(u)=j2 _'0

H'o (3)ni H3 B'- A, B-
6 , 6_O _'0

B'+H2 B+ Ho B+ A.~5 8 9_O _'0
B- H, B- H6 B~- .016 L(11)3 7

2.3. The Sl:alar Conh.'nt

j = 1,2

(,,["1,11)) _ 1/•.•...I[o,bl -,

( I".!JI ) _ lO
"'1 [..I,I)J - v 3.\/

[a, bJ = [1,2] = [G,3) = [4,5];

[It, JJ = [4, 5J

In arder to sponlancously hreak the G symmetry down to
SlJ(3)c<&U(I)E.lI, and lo implernenl a( (he same lime Ihe
survival hypothesis amI the horizontal survival hypothesis,
we need to introduce Ihe following rathcr complicated sealar
sector: Firsl wc introduce lhe scalar fields 91 amI Ó2 wilh
Yaeuurn Ex!,eelalion Yalues (YeYs) sueh (hal (<p,) - (<p,) _
.11, where

<Pj =>;\j(DOO) = Z,4>j(15,1, 1, 15)

_"In,") + <p[o,'1 + 4>[",111 + 4>[A,IJ)
-"][o,ó) j[",n) j[A,Il) ][a,b)

j = 1,2, anu [.,.] slands for (he commu(alor 01'(he indiees in-
sirle the braekets. Thc VeVs for Qj, j = 1,2 are convenicnlly
chosen in the following directions:

(9\'¡:!ÓI) = 13M ror [", bJ = [4, 1) = [2,3J = [5,GJ;

[o, J] = [5, G]

for [A, E] = [4,1) = [2, 3J = [5,GJ;

p,n] = [5,GJ

for IdJ = [A, EJ = [4,1] = [2,3]

= [6,5J

where the diagonal and the prirned entries in Eq. (3) are re-
la(ed lo lhe physieal fields as explaineu in lhe Appendix B.

2.2. The Fermionic content

For (he spin 1/2 \Veyl f¡elds we use (he following definilions:

d, d2 d'J el1 c?~ Cl3
"1 112 113 -n? 1 ni2 -1I?3

1/'(G. 1, 1, G)¡, = s( 82 83 -e;l e~~ e23
7l~1 +

-1l~3el c, C3 HU
bl b, b3 -{';l ('Oc -C3332

II 1, 13 7lg1 nt2 llg3 L

-= ljJ~ (4 )

where lhe rows(columns) represen( eolor(llavor) degrees 01'
freedom, (", d, c, s, b, 1) are lhe quark fielus wilh eolors
J = 1,2,3 as indiea!ed, (eij,Hij), i,j = 1,2,3 are leplon
\Veyl fields with electric chargc as indicated. the rninus signs
are phascs chosen for convcnience. and the upper e symbol
slands for charge conjugalíon.

di ui s' cí b' l'1 I ,
d~ ll~ sí ('í bí I~
d3 113 se C3 b' ¡e

l¡1(I, G,G, 1)= 3 3 3

E"!i VOc -Etl NJf -Et, VOc-1 11 J 31

1:-12 1Vi; £1, lVi2 E~2 N;12
E+ -N?:r £13 -lV~j -E13 Nfs 1.13

= ljlg (5)

R,'". Mex. Frs. 45(2)(1999) 109-12(
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11is l'asy lo sho\\' [!)Ilhat (q]) + (o~) "¡lh Ihe \'eVs as
indiL';IIL'd hn:;¡J.,.s

and thal Ihe main ellcct

Illhen follows thal

«(l:;:~u) . . . \'
SI'(G),-" >SII(G)('f ..-, Sl(G)(CI.'¡('''1 =SU(G)( ..

f (,[-',111 ). h k
() ():l.[.\,lIj IS 10 rca

aprroprialc way as \\iC "",'il1SUC!)U:;U(I)(H_I.)/I III ;In
•.•l1orll y ••ho\\'.

t=inally \\'l' introduce

for ¡ ..1.11] = [1.2] = [G.:\] = [.1.;;1:

[-". n] = [1. ';]

fol' [u.!J] = [.\. I!] = [2. 1] = [G. :\1

= [l. ,,].

I [-',11:) ¡:¡ \/
IU:.![ 1.11] = \ .).

(; -+ SI'(2), (.) 8[1(2)" (.)8U(:\)(". n 5[;(:\)(."

él U(1)( 11_1.1,. ,., U (1 )(11_ 11".

o, = ,.',(2.-,!J2) = o,(G.G.G.G) + ó,(G.G.G.G)

(he i.:hiral \"~xtL'n:\i{)1lnf lhe kft-right s)'IllIllL'lric cxtcllsioll 01
,he S~1.

NL'\t \Ve introduce

", = o,¡'-'¡~I) = .%',,,,,(1.1.(1:,+21).(1,;+21))

= ",¡/lb + .n'l + ,--"H + ..\/1
.1,0/1 (,J:l,till (,1:1,,\/1 V:l,!I1>

with IhL' fol1owing VEVs: {O.'ll.::n} = O. and (O'i~\fl) = .\Iz
tú,. (a.AI = 1<>.<>1:(!1.,,) = (1.1) = (2.2) = (,1,.11 = (4.4) =
(5.5) = (6,(1); ;lIId :11"0 ror (a.I\)=(U. (\ )=(55). As wc will
sho\\' in lh~ ne,l Sl'l'lioll llll' Illain dkcl 01' (Ol) is lo hr~ak
SL'L2)1. ,U(I h dowll lo U( 1 )J.'\1.

with lhe folhm:ing VEVs: 3. Tn'e (l'n.-) l11ilsses

,"'/ . ..'>.!! = I. ... G.

fol' [-". !!] = ..'>/1 - !!..'>

= [A, LJ] = [.l.!;],

Tlll' scalar lield..; and Il1eir VEVs inlrouuccd in th~ prcvious
s~cli()1l alJo\\' l'nr Ih~ following Irec IC\'l.~tlIlasscs:

J.1. 1\lasSl'sror ~au~('hosolls

(."'') (.111) (J
(J.I,"'I = 0:1.(1/' = . A Icdiou..; calculatioll I~)I in thc sector 01' Ihc c()variant deriv:t-

livc illlhc Lagrangian "llOws lh~ follO\ving resulls:
l. ((Jj) + (02) producc..;:

:l

fl.\1) = y' .\1' { 18 [L (I.\w"¡' + 21\ :iC,,¡' + I.%',\{'/I') + 211':',J' + 11'11'/ l' + 11'",".1' + ~Hi"l + ni"I,]
~=I

'" ) }+ .-1;111. + .I¡,l!,+ :U;l!, + (L -> 11) . (7)

WhLTl' y j..; thl.:'gílugc coupling con"lall( for Ihe silllpk group
n. ami IhL' c(lcf!icicllts ('; ami (-: arL' such Ihal /'1 = ('2 =
1'.1/'2 = f'l = (",/'2 = ('tJ:~ = 1'7 = (',,, = I ami
(/I¡:~ = f'~/"2 = c~:= (.11/'2 = ("~./3 = (":¡ = l. (fhe rc1ation.
ship hL'1WL'CIl lile unprimcd licllls in Eq. (7) i.lIld 111l'primcd
Olll'S in Eq. Ol ¡.., prcscl1tcJ in Appcndix B.)

A..; il is ckar frollllhc lorlllcrcqualioll. «(/'I) + (<"'1) orcaks
c: dO\\"IllolhL' dliral cxlellsioll oflhL' lL'ft-righl SYl1llllclriL: ex-

IL'nsioll nf Ihe 5M.

2, FuI' «):I) wc splil the analysis.

2a. «(:)::,1.6.11) prodlKCS:

= (;,./,\1,'. [2t (IX"", - .\,\{,,,I' + 1\,1'/. - l,e"l' + 1.%'"," - Z,e"I')
,\...::1

,
t~t (21J'" '1. ~ r" ,,,I! + (lJ"" - /J,,,u)' + (11,," - /J,,'" f) + (l1( 11- '1" - 1!(l1~/.I,Y + 2jr2-,. - f'?"I'

,=1

.,(,(,,, (" l' 1(" """')]+ - I ':J.('" - ':!('U + ',a'f. - r/wul- + 1(".1("'. - (,':IC/{!- (X)
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( 10)

((.'1/) = .'/'I!{TriAi-I, - 2A"I.A('" + Af:."

+ AiJ~ - '2A/.hAllh + Ajll/.

+ (;{Ai.1l~ - '2A/_hAllh + A1{JiJ)

I A;"l!, - 2A,.¡),.A(.¡¡/" + AL"I!'I

- 2(AI. - A,,):'(AI'I. - A(,,,):,}

as slaled breaks SU(G),." U SU(G)" down lo SU(4)~." 0

S['(2)~." Sl'(I)'!, SL'(2)71 ['(1)",;,. where U(I)",;,
is aSS(lL'ialed wilh Ihe ullhrokcll gauge hoson (D~I./( +
W~,)//,i.

It is ;¡Iso a maller 01' a carclul analysis lo rcalizc thal
(',',,)+ (ó,) .•. (':':l) hreak> (! dowll lo SlJ(:lJ<; 0 SlJ(2)1. 0
U( 1h'. Ihe gauge group of Ihe SM.
J. (rP1) with lhe VEVs as indicated produces:+ 1f"~'III'+ I/'k"l' + IJi,,,I' + IJi,,,I'

+ IJi:,,, l' + IB,"I' + IfJ",l' + 111:,,,1'

+ III~"I'+ II/lld' + ~(Il~.,,-\V~,)']('1)

¡\, il is deal frolll Ihe lúrllln cx.prcssioll. (('/j'.'in) nrcaks
SU(h)(,¡ SU(6)c/( ---¡.SU(h):-:as Illcnlioned ncforc.

2h, (')¡~.;'JIII) 101' I~.\1] = [.1. n] = [./.[;J produces

ami

Thc mixing helwcen SU(6)('/( ano SU(6)u is givcll hy U~'H

\VI
:" The analysis show, also that (Ó!I~:.~~~'I)'wilh 1111;VEVs

I

where (( .\/(.) is gi\"cn hy Eq. (H), ano h = 6.•.•;) ami h = 6(,(j
are G x G I1wlri(l's wilh onl)' (lile enlry JilTeren( from tero.
whi<.:h produce;

I

+ (I: IJ'M", r) + 11'1/.1' + 11',L1' + (1, ~ 11) + (;(,.1", - ..1,,11)' + (+", - D ..". - +,11 + O",,) '] (11)
,\=1

¡-",,,.[(l5 + 21),1. 1. (15 + 21)J}

+ '/I-<l'."(ri.1. 1. G),¡.(1.li,tl.l)ó,(G.tl,G.G) + 1f.C.

where .1/,. i = l." . ,1 are YlIkawa C111lpling constants orordcr
Olll'. \Vhcn lhe Iliggs Iklds ~¡),'i = 1-1 dcvclop lhe VEVs as
indicaled in Scc. 2 ..\ Ihey produce Ihe rollowing masses ror
Ihe fcrlllion ¡iclds:

COlllhining Ihe forlller equalions wc sce Ihal Ihe only
gaut!e 110sol1..•Ihal relllain ll1<lss.lcss arl':

1. The ei~hl lidus n~?= ((;:,."1, + n:,.(',,)I.fi.J"1 =
I.:!,:L (L,I (,'~-"i = ()).a",socialel! \••..ilh Ihe gauge hn,,,oll<; rOl"

SlJO)( ..

, .\ = 7;,; [Il';' + Il';; - ¥(1J1II_L),. + lilll_I.),,)]
which is lhe pholon lIehl. Thcn llsing Ihe il!clllily _,\ =
:--ill 011' 1t .;~ + ¡'os HI\,lJ) .. \\'hcre Ru' is lhe weak rnixing an~
gk. \\l' t!et ~ill Hn- = :~/J:!S al Ihe C scale. anl! li}, =
¡:lIl';; - ';:;(IJ(IJ_',I<. + B"'_'.I,,)]/JT!J '" Ihe l1oso" as,
'IK'ialcd wilh U( 1h-.

I .,
-<'4'(tl.I.I.GI<.'(G,I, l,(i){ t",q,(15

1=1

1.1.15)

3.2./. ,\lm.H's/;wII (ÓI) + ((,"J

J.:!. ,\Iasscs for f('rminll ficlds

Wilh Ih\.' scalar licld ..•ollhe llIodcl (Ji. i
l'IlII'.lrUI..t the rollowing YuJ..:a\\'.1 terllls.:

1 ....• ,1 we can

-<",'(0, I.l.li)u'(tl, 1.1.(;) ¿;~I.'1,(<1',(1".1.1.1',)) pro,
duces:

l. ~ la ..."cs (Ir IInkr \1 for all Ihc c\ol ic /lOf/c •.•• in l'{G. G. l. 1).

1 Tll\.' l'olluwing Dirac lllaSSl's:

""J)t-,( •.• ) .; 1- - t . + +
L_" - = "J:.~( 1'"1:1 -+- )~t ~1) + /I"1"1(}'I'~1 -+- )-"1(:11) -+- I/:;:!O'¡f:ll-+- )1':21) + -"ll()'II:~"1,j + )~EII)

+ -":.!l ( ) '1 I:'tl ..•..) "-.!1:':t'1 ) + '\¡;O -1 I:'tl + )'1F:!\ ) + /:'~I"1( ) "1-"~':'i+ ):! -,,:1;') -+- /~'~"1() '1x~:~'+ ) l.\':~lr)

-+- /:'.\110-1 .Y:i':~'-+- ) ~ X~lr) + ,~ti~o-11I~:j + ) '111\11) + ¡'~~ O '1,,\1.: +- ) ~ 111;1) + (I~~ O '1 Ij~i:1 t )í 1I~1) + JI.( (12)
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where 1'i = ../3.11.'1" i 1, 2. Equation (12) allo\Vs
LIS tu idcntify 1\(1':!C~3 - }'i ell). h:(}'1(~13 - Y¡ C3¡) and
,(J,e3:, - J',,,:!,) with , = (1'.' + J',')-'I' as a hasis
for lhe knowll chargcLl Icft.handcd leptons (c-, p-, T-) L;

,,(J , E:, - 1',E;-,), ,,(1'2E;'; - J',E:i,) and ,,(1'2£:; -
}'J £21) as a hasis for lhe known chargcd right-handcd Icptons
(f'-.¡I-.T-)U; h:(Ylll~3 - Ylll?I)' h:(Y2n~1 - Ytll?3) and

t,() 2n~L - )'III~I) as a oasis for (vn VIO vT)¿, and h:(Y2Xff-
J. \'0') /.(J' ¡\,()c J' \,0') 'I"d "(J" J\,(k J' ,\,0') .,s '\ b"l' 11" :1 :11- 1" 13' " :! 33- }.I21 ,,< u.

sis ror (IJ~,v~,"~)L.
As can he sccn fmm lhe formcr cxprcssion, alllhe vector-

likc particlcs Wilh rcspcct lo the chiral cXlcnsion of lhe len.
right sYll1l1lcLric cxtcnsion 01'lhe SM acquirc masscs 01'ordcr
.\/. as il f.hould he according lo the survival hypothesis [2]
(sce Appendix ¡\j.

3.2.2. A/assesjivlIl (</>3)

ZI~'(I,I,G,6)~'(I,I,G,6)(</>3(J,1,(15 + 21),(15 + 21)))
prmlucces the following masses:
l. Dime masses l'or all the exotic fields in ¡jJ(I, 1, G,6) of
order J1c. via the Yukawa tenn Y31l);;-t/J~,2(9~,t~n}

2. The rollowing Majorana masses:

sin28l1'(Mc:) = tr(T¿d/tr(Q2),

may be lIscd, whcrc Ihe traces can be cvaluatcd using any
faithful rcpresclllation (reducible or irreducible) of lhe sim-
ple group.

Now. [SU(6)j' is not simple, but [SU(6»)' x Z., is. There-
fore \Vecan ealeulate the traces for ¡jJ(14.1)and plug them in
the former expression. Note that allthe four seetors of ¡jJ(144)
musl be uscd in the eomputalion of the traces due to the faet
lhat a single sector is nnt a t~lithful representation of G be-
cause it is not 2.1 invariant. Aftcr the algcbra is done we get
sin:l(;Jl\'(.\/o) ::::0/28 in agrcelllcnt with the prcvious ealcu-
lation. and lhe same value ohlained for lhe lhree family ex-
lension 01" the Pati-Salam l110dclwilh mirror fermions [12].

Now. ir we define !JI, g~. and [/3 as lhe gauge coupling
constants for U(I)", SU(2)L. ami SU(3)c respectively, the
lhe embcdding 01' the SM moJel gaugc group for three fam-
ilies in IG. ¡jJ(144)J. and the fOfmer value for sin28¡v imply
thal al the G seale the follo\Ving rclationships holds [3.12]:
y" = ,J!V2'!J2 = !J/../3. and y, = )3/19y. Alscales
\Vell bclow the G scale the former rclations are nat longer
valid bccause the emhcdding syrnmclry G is not manifest.
thcn the cffective coupling constants must he evaluatcd using
the renorrnalization group cqualions.

4. Mass scales

4.1. Thc clectroweak mixing anglc

Thcrc are several ways lO ealculate the eleetroweak mixing
angle al the unification scale (Ale) for a grand ullified thcory.
For a simple gauge group the relationship [11]

Ó'I. wilh the VEVs as stated in the previous section. produces
the following mass terllls:

L'(loi4) :::: t (,hU.I.A + ,I,A7"n) (An.6. )
.Hz .'}4 'i-n 'f/l:J,. 'i-'l:J,.¥/1 Y.I,nA

".2. 'fhe renormalizalion group cquations

Ncxt we introduce the rcnormalizalion group equations and
use standard dccoupling lheorcm argurncnts [13) in arder 10
calculate lhe muss scalcs.

For generality. let us analyze the {wo mass scale syrnme-
lry hreaking paltern

G ,\f~¡c G¡ ~ SU(3Jc <:9 SU(2)L <:9 U(lh'

~ SU(3Jc <:9 U(1)EM

\Vith Mil » M » Mz, and GI = SU(G)L <:9 SU(4)~ <:9
U(I)" 0 .... \Vhere SU(3Jc e SU(4)~ and SU(2)L e
SU(G)¿. For this t\Vo-stage gauge hierarehy the runing eou-
pling conslants of the SM satisfy thc one loop renormaliza-
tion group equations [14]

(,;' (Mz) = J,o-1- !J¡\fR1n C{;) - !J;\fln U~),(15)
where Oi = !Ji /4". i = 1,2,3, Cl = y2/4", and Ji are em-
bedding eonstants given by ft = 19/3, ¡,= 3 and h = 2.
Thc beta functions are:

I{ll 2 .
!Ji = - - Ci(\'ectors) - - C,(\\'ey1-femllons)

4" 3 3

- ~ C; (scalars) }, (16)

where Ci (. .. ) is the index uf the representation to \Vhieh the
(- .. ) particles are assigned, and the Ci(\\'eyl-fermions) and
Ci(sea1ars) indexes musl he properly normalized \Vith the
emhedding factor f¡.

( 13)

[.(I>ú .1.",1 B("ld,<JI )
.Hn :::: Y':flf'l:J,.'1Jn Y3,[A,lJ]

::::!JJ.Jlu(NJfLJV~{I, + NJfl,.N~fL

\,0, \,0' + \,0' \,OC )+ J HL' 'lIL J 31LJ 231. ,

3.2.3. A/as.<esjivlII (<),)

3

::::Y4;.\lz [L tdLt{)L + jY~fLllg1L + N3~21.nj2L
6=1

+ N~3Lng3L + E~21.e~~L+ h.c.] 1 (14)

fmm where we can illllllcdiatcly scc thal the top quark (but
not the holtolll quark) gets a trce level mass 1/It = Y,I,\lZ.

Thc algebra also shows that Eq. (14) contains a small mass
terlll for one 01' the neutrino fields [10J. This is the way how
we achieve the modifico horizontal survival hypothesis in the
context 01' the Illodel prcsentcd here.

Rer'. Mex. Fú. 45 (2) (t999) t09-t2t
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Now, using lhe relationships c-2 = !1¡2 + !J:;'l amI
tallOIl' = 91/!J2, valitl al a1l cnergy scalcs, we gel from
E'I. (15):

~n-I (11.) _ ".,I(Mz)
28 t:M ¡ Z - 2

(1M" 31,\1" 3..M") ('1)J'l • J.) , U1 I '11+ -.-------- 11 -
2 28 28 M

(
o~' 3f,:~1 :11.,;\1) (M)+ ----- --- 111 - ,(17)
2 28 28 M y,

(1 X)

and

x {n:¡I(;\Iz) +- (O':'" _ 0;''')111 (,'.111)
2 2 3 JI

(b::
1 W) ( .,\1 ) }+ - - - 111 -- .
2 3 .Hz

lulions lo lhe renormalizalion group cquations. So, we are
going to soive those equations under the assumption that the
extenoeo sUlv;val hypothesis holos [151. Using lhis hypoth-
esis, dccoupling the vcctor-likc representations in tjJ(144)
according to the Appelquist-Cnrazzone lhcorcm [131. and
lIsing lhe experimental values [IG] sin20¡\,'(~\fz)

0.2:11D.oj(Jlz) = 0.117 ano oE~,(Mz) = 127.G we gel
(he solutiolls 1\1 = ,:).0 x 10\\1;1, and Alu = 5.51\[. When
Lhe Ihreshold efTecls amI Ihe experimenlal errors are taken
into account. lhe solulion is compatiole wiLh lhe amazing rc-
sult Mil = ¡\fe - JI - 10' » Mz - lO, GeVs, which
implics tlwt ol1ly one stage sYl1ll11cLryorcaking paltcrn is rc-
qllired, and Lhere is only olle l1lass scale OClwecn the G and
the clectrO\vcak selles.

So, our Illodel is compatiblc wilh lhc symmetry brcaking
pallern:

e ~ Sü(3)c- @SU(2)L @ U(1),.

~ SU(3)c@U(1)EM,

As il is well known. lhe Higgs lields play an importan! role
in lhe hela functions [15J and can Jraslically changc Lhe so-

I

5. Illtcractillg Lagrallgian

\\'hcre JI '" lO¡'; CicVs. :lml ~\I7. '" 10'lGcVs is the clcc-
troweak mass scalc. Noticc also that the lower value of th~ G
scale sonens the gaugc hierarchy prohlclll.

Using lhe covariant derivative for G \Ve can wrile the follO\ving interacling tcnns:

e'" = !/[0(G.1. LG)AeIA'(G. L l,(i) - ~,(G, L l,())AL~'(G, L I.G) +- ~'(I.G.G.l)AII~I(l,G,G,I)

- ~'(I,G,G, l)A,,"ljJ(I,G,G,l) +- ~,(1,I.G,G)ACII\"(I,I.(),G) - \"(1, LG,G)AcL~,(1, I,G,G)

+- ~'(G.G,I.I)AL~'(G,G,l.l) - \'(G.G,l.l)AlldG.G,I.I)]

'= Lel. +- LII - LI. - LCII. ( 19)

As far as the ordinary particles are conccrncd, cach tcrl11 in
Cllt Illay he wrillcll as

(, = £..qfJ + £..~l + £..ll
I 1 1 1

for i = eL, R, L, eL. where '1'1.'11,and 11st,no for quark-
I

I
quark, quark-Icpton and lepton-Iepton intcraclions respec-
tivel)'. Also ror our concern here. only lhe lerms in Eq. (19)
wiLh knowll ficlds musl he evalll:lled explicitly.

Aftcr the algehra is done \Ve get lhe following expres-
sions:

3

["11 11 '" [ "1' (- o ) l' (+ o )('1. = J2 ~ '\ÓCI. IlIL' tllUJl~ + e¡L .,jjDU + YJCJ, án. tj¡UóL + e/L' tl,D,I/,

+ z~tCI. (ü~~J,",¡J/JL + e:~J,."'1¡,D,liJ.) + h.{'.],

L" !J [DI' (-O o -- -) DI' (-+ + -o,. o,.)e/. = J2 .lel. 1111•. ,¡¡1111, + el! •. tl,elL + ~,C'L I1:.!L.,¡¡ll:lJ. + en, 'file:.!!.
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(20)

(21 )

(22)
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whcrc \Ve have dcfinco the following thrcc compo-

nenl veelors: U, (lI"r"t,). D, = (d"s,,¡,,):
II? = (-'II?,,1I8¡,ng¡). ni = (ut2' '/l.:t2''/lT2) , 1l~: =
(-/l?3,-II~J,II~3); el (f'II,-c21,-e:J¡)' c~c =
(('?~,('~}, ('~~~)and n:l = (C13, e2:J' -e3.1)'

"/tl ,,/1 1 rll .. '1 hL(,R' L('n UI1t .t.-CR are cxprcsslOns SImi ar lo t eones

prcssented in Eqs. (20), (21) and (22) with the following
changes: rcplaccmcnt of eL -1' CRin 311lhe gaugc liclds,
changing 01"lhe quark liclds UL and D L hy thcir corrcspolH.I-

ing chargc conjugalcd flclds Uf ano DÍ .. and changing nf lhe
I

Afler lhe algchra is done we gel lhe following cxprcssions

Icptoll vcclors u? ni. Il~. el' e~c and e3" hy N?C
( \'''' \'UC V"') N- = (\'- \'- \'+) NU' =-111,121,131' 2 11:1,122,132':1

(-N:':í',-Njl{,Ngj"): Ei = (E~,-Ei,.-Etd. E~ =
(E7,. E~" E~,) antl Ej = (E~I' E1;, -E:t,), respeclively.
Thl,.'n the right~hallded f1elds \\'ill show up in the final ex-
prcssions hy using the identity \Í,I¡I~í = -f.nl,JJxR. Then
-[cu w¡JI he just CeL wilh the SUhSlilutions L -+ R and
{n, e} -+ {N, E} everywhere.

Ncxt for [L ami Cu wc have the result Ihat Cj,\U) = O.
Th [/Ir¡ d ,"/1 h . 1 .en qll) an l...[,(Il) can e convelllent y wntten as:

cqq(iI) = C¡(I)I1' + Ct¡(I)J1 + [q(I)A + Cq(l)1J
L(H) [,(U) 1,(R) L(U) L(ll).

'1 [ ¡¡o,' ¡¡u,.
"',11 _ !J '"""' 11. (, - 1) H(J11 -¡ I 3L (-; . , 1) J¡O/I-
L¡, -..r:. uS J2 (JI. {¡,uJ!. + Sr,¡,l/l({j[, + 1[, )¡jI.II'( ¡jL + J2 (JL {I,HM. - .';J1.fll( ¡jL + 11. t¡jLf¡,UóL

!l0J' HOI' _ ]
+ ~' (J,JI'{W"JI, + [ól,{¡ICÓI.) + ~' (fM,,¡,('JL - bóLlw'iU) + lu', ,

3

L't\ = ,)!f 1:)L [A~I[1L (/¡jL (I,dn + iIJl,I¡¡llóL - b,il,~iJ,bH - [uII,fJL)
-v.; ó=1

4"
+ ' j&1. ((/óL "flldÓL + fióL f¡l1lóL - 2'<¡ót~/JI'<¡6[.- 2¡;61.~fll('M. + bJLflliJóL + tól,r¡lfór-)

\"+ ."~L (tlól.I'lldr,¡, - fir,¡,fpllJl, - 2'<¡,\[,I'JI'''óL + 2('ól.II,CóL + ból.lllbóI. - [óI. "(¡ltJI.)

+ A;',IL ('/H""d" - iI" 1,,""- - b,I.I,,1,M. + 1M.1,,1,1)] .

(23)

(24)

(25)

Again, - C':? is jusI Cfl with the suhstitution L -7 R evcrywhcre.

(26)

Th . ,. rll . '1 t rq'l 1e exprCSSlOns or '-'l.(U) are very Slml ar (} LL(ll)" n

faet [Ii is just ,C:,'l with the suhslitutions Dó -7 e¿; and

Uó -7 lló, in lhe expression for (la:. and UJ -7 1Ji =
(0+ U). _(0+.0)/-"'II.n11,-1113' (ó -7 1}1 - 1l:H,1Ln.-H13' J -+
1/3 = (ngl, lI:t.!. n~:i)' rió -7 él = (Cll. c?~. cI3). SJ -7 f1 =
(-f'21' c~2'('l:i) ami bó -7 f:J = (-ci'i. e~~í,-f';'i.l); ami lhe
cxclusion 01' thc sum in lhe othcr exprcssions. Now, - £'ll

is just C~~with the suhsLilulions L ~ R and {ei), 1lij} -7

{Eij, N¡j} cverywheTc. Ir now (lile introduces ins{cad
01' lhe mathemalical leplons introduced in 1/,(6, 1,1.6) (jJ

,jJ(1.6,6,1), the more natural set 01' leplon fields I =
(C,II,T}, u = (ut"IJ¡IlUT), 11 = (1I12,lln,ll32) and e =
(C?2.f'~2.e~2)' givcn hy
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whcrc

(C:2.""II)I. = (tll"e-h,\.1;

(Ei3' Eil )1. = ('''¡i, e+)I,'\.1;

(1I~3.1l?1)1.:::: (e?2.ve)I../\1;

(Nil;.Nrfh:::: (E?~,v~)J.)'.1;

(e~l,e:~tlL::::(n;-2,II-h.,\,1;

(Ei'3. Ej¡)r. = (N,i,I'+)¿.\.1;

(n?3,1l~lh:::: ('~2.1I1.h.'V1;

(,"le "OC) (EO' e) "113,)\131 J.:::: '22,V¡,l..'VI;

(e~l,e:!,)r. = ("32,T-hM;

(Et,. Ei,)L = (Ni" T+)I"\.1;

(1l~3,11~lh:::: (eg2,Vr)L.'\;f;

( .vOe NO") (EOe e) "
J 33' 21 L:::: 32'VT L.lVI,

Y:z )
-Y, '

filen the formcr Lagrangians can he pUl inlo the fmm

3

["', Y "" { 'v'" [}r (- - -) U + Ir ( -- -- --) Del,:::: fijL- ti.. óel. 1 lle,-Vr,-l/¡t l. "It JI. 1 -(? ,T ,JI L'~fll !JI,

V':' ó=!

+ 1". (, + U -e D)!JeL tlL . '/1 JI, + el, . lit JI.

+ .Z" [y (di -o -O) U + l' (- - - - - - ) D,., Jet 1 -e22,-e12,c:~2/_'llt ól. 1 n'.U,nI2,-1I:¡21.'~(11 /jI,

+ DgCL ,,'1[Y/(nL"' '/,ni: + el.' ~fJ,el,) + }}(7/~' '"'I1.11~+ DI. '/I,VL)

+ Y,l, (¡i;: . "I,.h + "l.. '),.Vr. + Il.e)]

+ p2:~/{'l [ l/ (Ir L . IOl IIL - Id, . lcJn - 11,[,. ~rnl.n)

+ Y, lí Oll .. ~iollL + [:.n '/oi31. -L:n ',oi1l, + [TI. ',oid, - lel. ',oi/lL -7pl, . foirl,)

+ Y}(IIL' "Inl"L + In. ')n/d, + (l/.' "Inl,.d]

+ Pl-+¿:~h:[Y¡ (1;;1.0"2' loild, + LfL0"2 ',oid, -7rl,(12 'rllieL) + Y2(ií,t:?/ocg:?+ jlt:?/oe~:? -11.i1fOe?2)]

+ [,+.n '[lr (-+ O -+ ° _+ ° )lel. h: 1 ll:fl/Oe3:? - H1:?fO('U - l/u/oC::!:!

+h.C.}.

{
\VD }

['l\\' U Id, [-- ''''\II~l'I-. - ",'1.' ",/1"1. + -II~ /- - ] [1\'+ (- 1- + - JI -) I ]1, = JG J2 nL , , " ,. "1,. 1, - "l .. "1,,"', - ,,1, "l.' 1" L eL . "1 nI, + '.1' •

Rc\'. Mex. Fís. 45 (2) ( [999) [09- [ 21

(28)

(29)



(IX A. PÉREZ-LORENZANA. \VILLlAi\1 A PO;';CE AND ARNULFO ZEPEDA

Lit = ~{ IJ} [In' ",,,11/, + ,,'yi(Il/. '¡"I,1. - lel. . ¡,,/,.I.) + ¡;'l}(I,I .. "(,,1,,1.

-t3L. '(litL) + ~2}'1 li(l:n. "lo/d. + tIL . ,ni'tI- + lel. . ~,()I:!I. + 1TL"!n1lL)]

+ l!~r [eg~LI'(lE~~L - t',2y¡2(llLfoeL + 11:~'LLín1l12L) + ,....'.!};2(J1:!21.I'nIl12L + fZlnJliJ

+ 1'.:
2y¡ Y2(fi22/,fUeZ - il;;"n')'nJ1i. + ¡Il-~inlll:?L - fl~/(\II:; ..uJ J

}/.?í1 [- ., ,') - -. ,) "~o) - -+ j},' l-n(1j ',oil/, +1\-}I-(lrJJ7:~ '~(nld,-11l-G'3' )(J~d+ ,.,.-}],-(t:H,G':J '~'nlllJ -1f'LG':\ " "(Olll/.)

- ,,2}'1 lí(73f.G':i' ) ••/d, + 11[.(13'"joll¡f, + 1,,¡.r73' In[.n + 'd.G.l' ~lnlll.)]

HO" [+ v0' IX!.' InLXL + ,..2y;2(7/¡[, . ,n/TL -7:1/, ','n{I/,) + ,....,'2};2(1u. . "(n1:1/, -Id,' '"'I'nl,./,)

- h:
2
}'1 Y2(ln' "(niel. + l:n' Ini,L + !pL' "lnl:n + Ir!,' "in/Id]

Hg¡\[-c (' 2'2- - .,/'.)- -+ vi (ILa] ',nL1,/, +1'.: }¡ (/31,O";I'In/JI. -ljl/JT:'o "'¡'n/rl.) +f,-l£(lrlJl:'o . In Id. -/2La:¡'IcJn)

+ ,,2y¡ Y,(I31.(1:< '¡"I,I. + 12/.(1:<'¡"leL + 7,<1.(1:<'¡"I:<1. + le 1.(1:<.¡"III.)] + fU:.}, (30)

.1.1 !I {,,, ["1" 1" "1' l' .'1" (1 "1 ¡ 1)[.1. = 2)2 .'11///. 11.' In 11. - 31.' In 3L + ti. J d.' fn d. - :'01.')0 :11.

+ f{2)"/(iI/,' Intl/, - Id,' )'0 Id.) + h,2 ()/ - )}) (7u. . ~1(\12/.- l/l! .. )'u/'/d

+~:!))"IY2(21:H, 'In/,l!, -/11, '10/,.1. -I:n "'in/d, +lt.l",)]

A~~IIJ [-(" e -e '. -{O (' - -+ J3' 1l1.' In/u, - 2LU . ~(nL21,+ In' In!;H, + ljd, . '"'(n/¡d, + I:!l. ')nl.,n

+¡.¿2 (y]2 -2Y}) (71'1.'In/¡'L + In 'I,JH,) - h':! (2}/ - ):/) (711. '~("/¡L + lT1. ''Yn/d,)

.4\1,1/[-(" (" -e e - - -+ J3' 2L2La:¡ ''YnLl/. - 11/.0'3 . In/¡L - 13LO";l '~(n/31. + hUY:I ''YcJn + ljd.a]' )'n/IIL

+,...,2 (Y¡:! _ 2Y:/) (1('/.a3' lo~'L + l:Jl,a3' )'nIJL) - h':! (2y¡2 - Y/) (11/,a3' InllL + lrLa:¡ ''Yn/TI.)

+A~'I\l.(lSLa:I''Yn(I'1. -lrLf7;i . {n 1[1.. +h':!)/(1d,f7:I'ln/,'L - l:H.O":¡'lnl:¡I.)

+ h-?}'}(1I/.a:~ .. ln/I/. -lrJ.a3' lnir/.) + h',2 (y1
2

- y}) (1"2LI1:1.,'nl-.n -ljd,a:! ''Ynl/IL)
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"l' l' (-- o - - l) - - - - )] I }-h"- 1:2 J11,lnC32L+TLln('I:!L+II;12LlnJ!,I,+II"UI,""nl/Tl. + 1.(', ,
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(32)

whcrc ••••..c havc uscd ¡hC following leptonic douhlcts: [1 ==
(1-. /11) for 1 = e, JI, T and ~ == (ni2, e?2) for i = 1,2,3; and

the rolaling matrices 6, Slahilily 01'lhe Prolon

(33)

In thc suhspacc 01" the fundamcntal rcprescntation 01'
SU(6k:u0SU(6k:L Ihe haryon nUlllher for G can he asso-
ciatcd with the 12 x 12 diagonal subrnatrix

Re,', AI<'\', Fi" ~5 (2)( 1999) 1I~)-121
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[J = diaK[(J/3, 1/3, 1/3,0,0,0)$ (1/3, 1/3, 1/3,0,0,0)].

Sincc this malrix docs no! corrcspond lo a lineal comhina-
tion 01' gcnerators in G then lhe baryon number is nol gaugcd
in this model (lhcre is no! a gauge bosson in G associalcd
with [JI.

Now due to the staled direetions of the VEVs for 1>" i =
1-4 in See!. 2.3, it is a lIlatterofalgebra to show thal [J(1),) =
0, i = 1-4. Thereforc [J is not brokcn sponlaneously by
Ihe sel 01' Hig:g:s nelds uscd for lhe brcaking 01' G down lo
SU(3)c0U(I)[o'M. So, [J is pcrturbatively eonservcd in the
contcxt of the model prcscntcd here, and lhe prolon rcmains
perlurbatively stable.

Anothcr way lo sec this is tu use t'Hooft [171 argulTlcnt
and to considcr two gcncrators B L and e in the subspacc uf
[he fundamental reprcsentation for SU(6)CR0SU(6)Ct de-
fincó as

[J L = Diag.[( 1, 1,1, -1, -1, -1) $ (1,1,1, -1, -1, -1)]

which is a gcncralor 01' Ihe G algebra which distinguishcs
haryon <lmllcpton numhcr, and

(-)= Diag.{(I, 1, 1, 1, 1, 1) $ (1, 1, 1, 1, 1, 1)]

\,I,'hich generates a U( I)H global sYllllllclry of the model. BL
and (.,)are spontaneously broken by (1),), i = 1-1, but Ihe
lineal combination B = (BL + (-))/G is no!.

7. Cnllcludillg remarks

\Ve have studied in detail various aspeets ofthe [SU(G)]' x Z,
graml.unilicalion model. using the fields in Ihe rcpresentation
ql(144) = Z, <,!I( G, 1, 1, G) as presenled in the main tex!. The
Illost olltstanding reatures of the model are:

• The evollHion fmm low to high energics 01' lhe gallgc
couplings in G. Illcet togelhcr al a single point al lhc
scale JI "-' 108 GeV, in good agreernenl with preci-
sion data tests of the SM. \Ve cmphasize that Ihis is
Ihe only realistic (small number of low cncrgy Higgs
douhlcts) non supcrsymmetric modcl fm tluce families
which descends lo the SM group in one single slcp, as
a detailcd analysis shows 118].

• The low lInification scale does not conflicl with dala
011 proton sttl.hiJily hecausc baryon nurnhcr is pcrturha-
tively conservcd .

• Unlike the model presented in Ret'. 12, (lur Q'(1.14)
does not contain mirror fcrmions, and il is not veclor-
I¡¡';c witll respec{ 10 G. Thcrcforc the survival hypothe-
sis [2J and the deeoupling theoreml13] can be properly
implerncnled. in slIch a way Ihat all lhe exotic fields in
~I,(1-14) gel very large masscs (of the arder of the lIni-
licalion sl'ale).

• At Irce level Ihe (lnly ordinary charged fermion ticld
which gel mass (orlhe onler Alz) is the t quark, in con-
sislcncc with thc modificd horizonlal survival hypoth-
csis lS]. Masses for the olher standard eharged [ermion
lields should he gcnerated as radiative corrections,

• The mass terms ror the neutral particles of the model
show that a generaliona! (Ihree fami!y) see-saw mech-
anism Illay easily he implement in order to explain the
slllatl neutrino masses [lOJ,
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Appendix A

The terminology lIsed in the rnain lext h;IS heen properly
Iranslated frolll c1assical papers on grand unificd lhcories
from ti ftccn years ago.

Surv;v,,1 tlypolhesis [2]

Por a symmclry group O with O' e G, if Gis sponlaneously

hroken down lo G' al the lllass scale.\1 (G ~ G/). then ae-
cording lo the sllrvivai hypothesis, any set 01' fcnnion fields
whieh are vector representations of GI shouJd gel masscs of
order .\1. In other \Vords. "at each encrgy scalc the on!y rel-
evant fennion are lhose which are chiral with respect to the
surviving symmetry",

Extended Sur\'i\'alll)'l){)thesis [15]

It claims Ihat only the sealar fields which aequire VEVs at a
particular mass scale, aClJuire masses al Ihat scale. with the
resl of Ihe scalar ficlds acquiring rnasses at Ihe unifieation
scalc. In olher words, "lIiggses acquire Ihe maximum mass
compatihle with the pattern of symmetry hreaking"

Itorizolltal Survival 1I,)'I)()thcsis r <1]

It cJaims Ihat only the particles in the heaviest farnily of
quarks ami leplons acquire masses at trce level from dirncn-
sion four Yukawa couplings. with all the olher families gel-
ling masses via radiative corrections,

~I()d;fied tlorizonlal Survi"al tlypothesis [8]

Jt elaims thal ror a universe wilh lhree families, only the IOP
quark and VT aequire Iree level masses (the last one lowcr
down with the appropriale sec-saw Illechanism), with the
masscs rOl" all Ihe other known ferrnions gcnerated via ra-
dialivc COITCctiOIlS.
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Appendix B

In this appendix \Ve introduce sorne rnathematical Jcfinilions uscd in the maio tcxl.
Firsl, Ihe diagonal enlries in Eq. (3) are reJaled lo lhe physicallie[ds hy

Al I 1/ VG 1/2 1/Jf2 1/2 1/Jf2

nfh -I/VG 1/2 1/Jf2 -1/2 -1/Jf2
A3 I/VG O -2/Jf2 O -2/Jf2 A11I

A4 -I/VG O -2/Jf2 O 2/Jf2
A2H (34)
AlA045 I/VG -1/2 1/Jf2 -1/2 1/Jf2
A2A L(R)A6 (.IR) -I/VG -1/2 1/Jf2 1/2 -1/Jf2

wherc the gaugc fields l\'2(ll)' AUIL(N)' A21/ L(R). A1AL(R),

ami A2t1L(H) are reJalcd lo the following set ofdiagonal gCll-

eralors 01"SU(Ó)L(R):

YII'L(FI) = Diag(I, - 1.1, -1, 1, -1)/V3;

YA"".,,,, = Diag(l, I,O,O,-I,-l)/J2;

YA"'L'''' = Diag(l, 1, -2, -2, 1, I)/VG;

l'A'ALU" = Diag(I,-I,O,O,-I,I)/J2,
(37)

(
H'O)O 1

O H~o
1 /f'oJ H~ ""'

1/V3) (B''''')-1/.j2 Bl"" (36)

I/VG B~"" L(R)

O
O
1
-1

1
1
O
O

1/V3
O

-2/.j6(

1/V3
1/J2
I/VG

In ordcr to sirnplify matters we have defined

(35)l'A"".,,,, = Diag(I,-I,-2,2,1,-I)/VG,

ano

rcspcctivcly.
The prirned f¡clds in Eq. (3) B¡ot, 1 = 1,6,9 are relaled

lo a sel of unprirncd ones by Ihe cqualions

Wilh the forrncr dcflnitions H'2(R) ami ~Vt(R) are the

gauge f¡elds associaled wilh Ihe gauge group SU(2)LIR)oflhc

left.righl symlnctric model.
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