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In this paper we (liscuss the possihility of an ext('J!ded cledrO\\'eak gauge group 

SUd2) 0 Uy(l) ® STh '(2). This group has a natural low energy limit. New ,~auge  vector 

hosons lV· and Z· are predicted in a region below 1-2 TeV. The new IlPut.ral current cou

plings are detennined from the general properties of the model. Sonw plwuomenological 

consequences are presented, The model implies iu au inne-ase in the Higgs' production 

cross-section for electron-positron colliders. 

'I'll(' st;lIldard dedro\\'eak IIHHkl has 1)('('11 Sllc('('ssfl1l ill all experilllental tests. The 

;1l.!:IT('Ill('llt 1)('1\\'('('11 t1l('0I\' ;llId ('XIH'Iilllel1t:t! data is IIOW at the \('\'el of ql1antulII correc

li(ilIS. :,\('\"'1tlw!,'s,' tilC'!" i,' ;1l',('!l('1;,IIll'lid' tltat till' st;t!ldald d""!!O\\"';I!, lIIodel is !lot tl1l' 

List tllC'()I~' I'!WI" i.s;' Llzg,· 1I11]);llI'r Ill' ,'X1I'IJd,''[ tlwolit':' tll;d try to illlj>IIl\'(' tl)(' stalldard 

lIlode!. At least t\\'O l-';eIHTal cowlitiolls 1I111st 1)(' satisfied I,y ('xt(,]ld(·d lIIodds: the first 

OlH~  is to reproduce the sta.ndard model resuIts up t.o tlw cllergi('s HOW availahl(~  awl the 

second is a more unified description of fundamental intelactions at higher energies. This 

program has not been successful so far. In many extended models the standard model 

results are obtaincd only after some fine tunings behavior of parameters and the tmknown 

(possibly very large) scnle of llnificntion makc predictions of new p)lt~noll1ena  with very 

large uncertainties. 

In this paper we discuss a class of modds which improve these two points ill a natural 

way; the low ('Ill'rgy limit is a ("OIlS('que!u'C of the structure of the model and the new 

interaction scale can Iw detenninc(l. This is done 1)y a new dedroweak symmdry group 

SUI,(2) 0 Ud1) C) 5['1:(2) ( froIllllO\v Oll called SUS'). 

From a theordi('al poiut of view t.his group can 1)(' justifh'cl ill two ways. The first 

approarh is the superstring inspired models with an E R 0 £8 st.ructure. The low ('nergy 

limit is compat.ihle with Slh(2)OUy(1)c;)G Imt there is no dear predidion on the content 

of G. The most popular possibility so far st.udiecl is some combinations of new U(1)'s, In 

Witten's! original suggestion we have this simple possibility but larger groups such as a 

new SUI, '(2) are also lllelltioned. A f(·w authors:.! lmv(' (liscllssed somc' 1'lH'nol1wnoiogicai 

conscc!1tences of this kiud of model. 

The second motivation for the SU S' group comes from composite modds. A general 

consequence of composite nlOdds is that the standard electroweak theory must be viewed 

as au effective model. The dynamics of composite models is unknown and it is very difficult 

to make prcclictiolls in this direction, But if the IV and Z arc composite particles this does 

not mean that the st.<Ulclanl Illodel lllust Iw abandoned. On the coutrary, we can follow 

the sbuHlarcl modd appnmeh in onll'!' to answer the fuwlamcntal quest.ion lIU composite 

models: where an' t.1J(' ('xeitcd states of the IV awl Z? 
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The minimal hypothesis that we must do in order to obtain an effective theory in

cluding new W· and Z· is a new gauge group SUI, ·(2). The main consequences and the 

details of this approach were developed some time ago:!". 

In both cases - sll\H'rstrillg inspired or ('oll1\)(lsite lllodels - t.he choice of a new SUL *(2) 

group has a very appealing consequence: we must include a new Higgs' doublet (with 

symmetry breaking scale v"), similar to the standard Higgs ((0 I<pl 0) = v) in order to 

give mass to the new 1V· allli Z·. This means that the low ('llCrgy phenomenology of 

the standard model is practically IInchanged without the fine tunings of cullplings. In 

particular, we still have the ratio of neutral to chargefl current equal to one (p == 1). 

In the SUS· model we have five inpllt parameters - three couplings g, g' and g., 

and two vacuum cx\wdation values II and v·. Since sin2 Ow is an identity, we have four 

experiment.al parameters 0'. G /.', 1UW awl 1Uz. The main point of this paper is to consider 

that at energies well above the symmetry breaking scale the two coupling constants 9 and 

g. associated to SUr.(2) and SUI- "(2) respt,ctivdy are equal, 9 = g•. \Vith this condition 

we can determine uniquely all couplings and the tv· and Z· masses. 

It is a remarkable p1'Operty of the SUS· model that the new scale v" implies new 1-V· 

and Z· masses below 1-2 TeV. TIle usual Z couplings with matter are practically the same 

as the standard mod!'l ow's al1l1 till' lIew Z· ('(mplings wit.h ordinary lIIa!t('r an' fixed and 

naturally small. 

In table 1 we show a possible choice of quantum lllunLers for the basic SUS· repre

sentation that preserves the standard model phenomenology. For the general notation and 

details the reader can use reference 4. 

\Vith this assignmellt. IIcutral current couplings are determined and show little de

pendence on mixing CllIgles. The new charged current couplings comes only in the case of 

Illa<;s mixing between ordinary and Ill'W Il'ptons, 

In figure 1 we show till' SU 5" prediction for t.lH' lIew gallgl' boson IIJaSSI'S. TIll'rt' is 

it strollp; dcpl'ndl'nCl' on tlH' IV 1l\;IS,'i, Inll \\',' ('all S('l' d(~arly tlla!. till'/(' is ;111 111'1"'1' \H)l\l1d 

011 1UI\'" illld 1H7" of tlH' ord,'!' of 1 '1',,\', All till' standard I'al'allll'tl'l~;  ;11" 1;11,1'11 frolll 11ll' 

averaged LEP /('s,t1ts" III ti,l'.;Il/('c; ~ ;11111 :3 \\'1' ~;ll()\\'  till' ddr''!'''III'''S _\1' 1'<\/ ['SI','-,'· 

fol' tlH' Z e1,'cay dU1IIIll'ls, [\"'11 fIll ;\ rl'bti\,,'l~'  !;11'l'.;I' llIIXIIIl'.; "III" () 1 till'/(' is 110 
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significant difference between the two models. All inten~sting  case is given by the decays 

Z ----+ N N, N iJ. As the couplings are very small, even in the case of new neutrino with 

zero lIlass we have a small contribution to the invisible Z width as shown in figure 4. This 

opl'ns thc possibili t.y of new zcro mass neutrinos. 

One of the most interestin1?; predictions of the SUS· model is the new Z· behavior. 

A sharper determination of the tv lIlass would improv(~  the Z· mass strongly. If we take 

"Uw = SaGeV the new Z· mass is to be fotllld around 512GcV. In figure 5 w,~ show the 

e+ c- ----+ 11+ 11- total cross section. \Ve stress that the only paranle!.''!' tlmt is significantly 

affeded by the tV lIlass is the new Z· (and ~V·)  mass, 

Another clear prediction of the SUS· model is given in the Higgs' sector as the 

coupling Z· ZHo 1,2 (where 1 Hnd 2 refers to the ordinary and new Higgs) is determined 

\Vl~  can calculate the prOCt~ss  c+c- ----+ Z· ----+ IIs,.,Z ----+ HS.\I,L+,L-, 

As in the standard model, the Higgs' mass can not be ,h·tenllined theoretically. But 

if we take 1\1W = SOGcV we sec frolll figure (j that there is an enormous ell!l,UlcClIlent in 

the total cross section for c+('- ----+ II~MII+IL- cOIIl\Hln·,1 to tlll' standard nlOdd n'sllit for 

a 300Ge F HiMs. 

In cOllclusion the ext"llIled SUd 2) c~O U}/ (1) 0 SUL • (2) Illodd IlI'sid,'s I1l~W  inl.erestillg 

physical predictions has a unicl'1l' charact{'ristic of introducing a very Slllallll\lllIbt~r  of new 

\>aralllet'~rs  alld shows a llat,\InJ low-elll~rgy  lilllit cOlllpatillle wit.h (~x\wrilll"lltal data. 
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T1 Y T·:1 

/'[ l!~  1 II 

I L -1/2 -1 () 

0 -2 0 

NL 0 -1 1/2 

EL 0 -1 -1/2 

ER 0 -2 0 

~+  1/2 1 0 

cJlo -1/2 1 0 

,p.+ () 1 1/2 

en 

(p.o 0 1 -1/2 

TaLle 1: Possihle quantum numbers for the usual and new leptous ill Uj(~ SUS· model. A 

similar assignment can be given to quarks. 
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FIGURE CAPTIONS 

1.� The new tV· aIlll Z· Inass{'s in the SUS· lllodei. 

2.� The known Zn -----> e+e-; Vl/ difference ti[ = [SM - [sus-. 

3.� The total and hadrouie willth diffen'uce for the knowll ZO decays. 

4.� Partial width for the new decay channels ZU --+ Nv; NN. The lH'W llelltrino mass is 

taken equal to zero. 

5.� The cross section for e+ e- --+ Jl+ Jl-. 

G.� A st.andard Hi,l';gs (Mil = 300GIl-') prodlldion ill t.he SUS· nlOdcI. 
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