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Abstract 

We ~xamine the pos.,ihilit.y that a heavy fourth fatuily with mirror quantum numlwr' j, ti~<· 

drivi11g furrr f.,r radial in· SU.t,X .M.~ -breaking in th<' framework of sup<•r,ymtn<'lrir 

Gl"T"s coupl"d '" 'i=l 'll('<'rgravity. \Ve compare lite results to the cao<: of a "'"'lll<'rtlial 

fourth family. 
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1. Introduction 

We consider a supersynuuetric grand unified theory coupled to N=l supergravity with four 

gennations of quarks and leptons. It is conceivable that the fourth gerwrat.ion is a mirror 

family which is the rase. for instance. in supersyrnmetric cr -models based on the 

exceptional group E 6 [1]. 'VIirror fermions [2] are fermions with 51A.3 x SU.2 x AA.-1 quantum 

numbers identical to those of the known quarks and leptons but with opposite handedness. 

We assume that ~np•·rgra,ity is broken and that the matter fidds of the GFf feel the su

persymmetrir breakin!; at the scale 11fw (=the weak boson mass (3- 7]). Formally this can 

be arrangr·d as follows: The effects of the breaking appear in the effect.ive Langrangian as 

explirit soft breaking terms with cor·ffi~i••nt uf 0('1'11 51:a) , where .""a" is the gravitino mass 

(6].Therefure one simply has to assume 'tlla,~, to be of the order of IHw. 

By looking at the onelonp renormalizatiun group equations evolving from the Planck scale 

(1\fp) to i\111· sev<·ral groups have shown that with this assumption the Sl.Lz" .U1 -

invariance of i.IH· vV~inberg-Salam theory can b~ broken radiatively to electromagnetic U 1 

[3.7]. In fact they have shown that Mw can be fitted to its experimental value by considering 

Wl312• as a freP paramder and choosing it adequately. Those groups work with three families. 

In general the l>IL.z.x Ak1 -breaking is driv~n by the biggest Yukawa et>Upling. Therefore 

lower limits Oft the possible value of th~ t-quark mass could bf, "deriwcl''. 

\Yith a fourth family that is not possible any more. A reasonable assumption might seem 

that now the top uf the fourth generation should drive the 51.lz.lC Al.4 -breaking (4]. If the 

fourth family is a mirror family even this is questionable. Therefore we have scann•·d through 

all initial values lor the Ynkawa rouplingSnf the fourth generation. We also ronsiderecl the 

possibility that thes" are not too far from the corresponding value for the top quark, i.e. we 

did not negler:t thP inllnenre of thr third family on the breaking. 
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2. Renormalizatiou Group Equations 

Besides the four families we work with a minimal set of other fields. This means just two 

additional Higgs double~s Hand H' with opposite U1 -charge.For the case that all four familit·s 

are ordinary families the renurmalization group equations have been given in appendix B of 

ref.[5]. We call this "cas<• N". Let ·u3 be the Yukawa coupling of the f.-quark and '" 4 • d4 be 

the quark Yukawas of the fourth family. We assume that all other Yukawa couplings have no 

influence on th" SU.1.xAL4 -breaking. Then the superput•·ntial is (5] 

Her<' Q,. are the ldt hande<l quark doublets of the n-th family and U,., D, the corresponding 

right handed singlets. Now we assume the fourth family to be a mirror family ("case :\!'' ). 

0 nt' has 

{~·) 

since the only cliffen·nn· between the two cases are the opposite U1 -charges. ln ( J') w•· have 

excluded a term ... Q.l Q.., , which would give rise to a pathological phenume nolngy 

of the mirror ft·rmions ('2]. The rt•normali•ation group equatiuns depend only on the S<tllares 

of tlw rharg•·' and <tsk only for what types of particle couplt· to what. Therefore the renor

mali?.ation grunp <·quations for rase M ran be almost read off from those for rase I\' and will 

nut be wrilt•·n down h<:rf in full. We give only one charad•'ristic example: Consider thr mass 

of thf' lli~gs [J · in I he soft lm.·aking terms. For cast• ;'-; wr have 

(.l.) 

an· th•· coupling constants of the 

""~. 'J..,l. 
thP ,·on''"'Pouding ganguw lll<tSS('~. t is n·lat.ed to t.h(· rer10nllalization 111ass 

scale S \'Ht are the ,.,[( masses of ~he fif'lds i and '7.< are I he 

cor·fficirnts of the cotT<''i'ondiug trilinear soft terms. 



For case J'vl we have 

(3) 

The reason is simply that one should sum uver all contributions from particles which couple 

to II' in th<~ supcrpotcntial. Some remarks are in order. 

i) Fur " 3 = 0 it is appropriate to say that the two cases differ frum each otlwr only by the 

int<·rchang<· ufH and H'. The reason is that. in this cas~ all the renormalization group equations 

are identical up t.o Wlu -"'It•. fur u,-0 there is no real difference between the two cases 

from the standpoint of the n•normaliza:t.ion group eqnations. One must include the top to see 

a difference. Thr- influence of the top quark will be the bigger th.e smaller the mass diffPrence 

between the third and fourth family is. We shall discuss this in detail in section 4. 

Th•· equival<·tH'f' of the .two cases for 1A.3 11 0 extends to the masses of U4 and D4 .This 

is obvious. since in cas•· :" the mass of U 1 is proportional to -<H'> .while in rase :\1 it is 

proportional to <II> (c·.Lequation (l)). (Exrhanging "'" and "'II• means exchanging 

the values of <\h· and <H'> ). One may con,·ert these considuations into an argument 

that in cas<: l\1 WI(IL,.,<WI(l)~, whereas in case;\! 1'1\ (14.,)>W~l1l~)is to be expected. For this one 

needs the assumption that the ma'S relation vnUA.3'»"'(~) for the third family is a hint for 

a hierachy 1<1\'>1 >\<II:.\ and is only partly due to a hietachy of the top- and bottom

Yukawas at I he Planck "·al<·. 

For -u,3 ,f: 0 a difff'f<·!lce betwf'en ease l\1 and case N aris<•s. For one 11:; is driven by d 4 

in case i\l and by 11.1 in case N an.! 11 4 aud d 4 behave difierent.ly because of thrir different 

charges. Serond 'i:J contributes to H' in both cases. so that one cannot exchange the role of H 

and H' any more. Thndorc the quark masses are not c:orn·lated any more in the two cases. 

ii) We have ncluded a direct mass term between the two heavy families in case M. Therefore 

thf're is no mixin!; allowed between the third and the fourth family. Since we are interested 

in ca:-,e N only for n·a:-.ons uf cou1pa.risun. we negh·ct tuixing also in case~. 



iii) Let us n11lect tlw free· pitramel.t'rs that can be varie·d. At the Planck scale we put all soft 

masses equal to m31l. .The trilinear soft breaking terms arc· all assumed tn have codlicients 

'l•(Mp)= ~.W~.11 7. • whe·re t.\.0 is a free parametr·r in the· range O.S<o..,< 3 

S'i mi larly for the· bi li 11 l'ar soft te·mo • ""' <tss umc·s a "''" flicic: nt (3 = b. m11,. with OS<.. b
0 

<. L 

aiJHp. !' anclt.hc· !'• arr• also assnmr•d t" be of th•· oreler o[ t.lu· gravitino mass: 

fl(Kp).,.c 0 m114 ·f"• (M~)~cL.-m 111 l.lifh. O.ij. <c..,tt.< A.S 

and all /-";. h•·inp; equal at J[p. Thes~ assumptions can be justilir·d in the simpl<·st of su

pergravity IIH•d••b [fi]. Il•·sides that thc·rt' a1·e th•• thn·l' Yukawa-couplings. which in principle 

ruay take an.v val lit' lwt.Wf'l'll 0 and, say. 5. 

The prnn·dnn· is llt1W a.s follows: On•· picks np any of the possible values of a.01 b. 1 c 0 and 

d.. and kee·ps them fix<·d. N<•W <Jill' looks for values of v.3 (Mp) 11.1~(Mp) and c.(.~(l1p>. which 

realize the hrNtking of s·L1.2 .c,(L1 
(c.f. section 3). This is done numnirally. •\t this stag<· 

...,
311 

is chos•·n t11 lw llJU G.rV. This is no restrirlion. because• the symnwtry breaking cines 

not depend 011 Wl 31,. .llavi11g fnu11d appropriate values of v. 1(t\p),U.~(Hp) and <A.,.<Hp)<Jill' can 

('hang•· W\'!.I.Z. in snrh a way that the vacutmt exp•·rtatinn ,-alne' come out as t.llt'y should 

l< 1\)a. + <. H'>1 ... ITa. .. (AH &tV)'). 

In general th<· raHgt· nf values of V..,(l'1t) 1 1l.,l~,.l and d..,l.,p). that give the desired <ytttml'\ry 

bn·aking .. i:-; qui! P rP~I rirt.Pd. From thal onf• can deduce f(•st.rict.ions on t ht· possiblt> llHl....-:;s,·s 

of lA.1- 1 .U..,- and 

also ~·ari('S Q..0 , b. 
1 

c.0 

)
14 

-quark. ThP restrictions are w<·akE·nf'd. ho\YPVPr. a~ soutt a"' nnP 

a11d d0 .The n·,ults will be discussed in detail in s<·•·tion ·!. 
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3. Spontaneous Symmetry Brealtirug 

We have the lliggs potential as usually assumed in the literature [7]. Spontaneous symmetry 

breaking sets in at lhat value oft, where 

( ~ 1.) ( ~ 2.) (iii. 1. S : : 'It\ II T,.. 'lwllt, T /4 - 1- r ('t) 

becomes negative. hH the pot~ntial to be bounded from hdow 

($') 

must remain positive over the whole range Mw< '!: <. M, . This usually impli~s that the 

point. where S becomes negative is not far above Alw. It also implies that 
' 

deli nes an angle 9 . e should he choosen in such a way that . tos~Q <.0, \f "'.t <'It\"-
t II If' 

v can be given by means of this angle. 

2 
('1-) 

In fact 9 

H': 

parametrizes the relative strenth of the vacuum expectation values of II an,! 

(& ... ) 

< w > ... u lAse (8b) 
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Because of (1) and (8) the quark masses are 

~~.~.~ .. AA.J \r I 'd.s e I (1a.) 

~~.~.~ .... 4,.. U' IL<Js91 (9b) 

"""]) .. "" at., 11 1~"'91 

in case N. To gd case M one has to interchange cos and sin in (9b) and (!Jc). 

From equation (:3) aJtd the initial conditions (iii) one can deduce that ~H' changes linearly 

with ~l11 . The same is true for tow~ 11 and J'- . Therefore according lo equation ( 7) it 

is also true for v -- a' was anticipated at the end of section 2. 

4. Results 

First w•· di~russ the featur~s that are independent of whether one considers case!\ or l\1. 

ca.) The \'alues of th•· Yukawa couplings· at Jiw usually are rather independeut from the choice 

of their initial values at Mp (c.f. fig. 1 of ref. [4]). 

b) The point, at which the symmetry breaking sets in. is mainly determined by the maximum of 

these initial values. For initial values above 0.5 S becvtues negative almdy at high energies. 

sotllat at 11lw the consistt.·ncy condition C>O is violated. (In such a case one has to 

calculate one loop curn·•·tions to decide which is the true vacuum [4,8]. We will not pursue 

this possibility here. hut stick to smaller values of the Yukawa couplings, where the symmetry 

is broken at the tree lHel.) c) For initial values below 0.05 S never beunnes negative. 

The effect b pro<luees an upper limit for the masses of the heavy quarks. If one scans through 

th•· q.,-b0 - ,, _ d.0 -parameter space one does not find bigger masses than 200 GeV (8]. 
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The combined efferts a and b restrict the values of masses for a fixed set of parameters 

and d.0 . If these are also varied, however, no quantitative predirt.ions are 

possible any more. Thndore we will discuss only the qualitative features of our result.. As a 

characteristic example we may choose <I.., .... A,b .... o.&,c..-=o.!r,rl.cO.&, "'J1.1,, =100 Ge\'. 

\Ve know that cases l\'1 and N are <~qui valent. for u.J.,. 0 up to a trivial interchang•· sin 9 

~ cos 9 Varying the ratio u..,{M,) I d.,. (Mp) one can acromodale any ma>s 

ratio 'M (AA.~) /"M (.i>.,) in both cases. There is no 'trict proportionality between the two 

ratios. In fact tile value of e is aiWMBIICh that it makes "'""' [ lol {~.) ~.<D.~ 1 larger 
. ""(b,.)' ""'""~' 

than ""Q;ot ( ~'t~11rl ~, <"..t) 1 , Le. e always supports the highN mass quark. If one 
.C..,(Mr)' 14~(Mp) 

switches on a small ~A-..tll"'p) , this pwdures not ouly a top mass, but also increases ""(.l.l.,) 

and .., (D~) by an amount of the ord<·r of the top mass. To examine the differenc<·s 

betw<·en the two cases i\[ and N we considrr certain spedlic cases. In case :'i we think it 

is an interesting phenoJnuwlogical pos.~ibility that 11\(A.l~) ~~ I.ALJ) )Wh (.b~). Therefon· we 

f'Xamined th<· extr<'lllf' rase II.,.(Hp) ...... J.(Hp)•:t.,..
1
ci.,.: 0 . We found that ther<· is a broad 

window \O.~l. ~c..,~ O.H.) which allows for spontaneous symmetry breaking. ~ {41...1) 

and 'M(l.l.,) ruJue uul. til<' S<lme and vary in the range 100 GeV ~w.(A.t.3,~)~ iflS\Jc.V~ll "' 

interesting that nnd<·r lh<· ahuvc assumptions only a Hry tiny SSJ3 winduw exists iu rase l\L 

In fad for r<tse l\1 th<' intPresting phl'nomennlogiral possibility is M(l>'t)"""'(AA.1) >..,(CL.). 

The assoriateJ <·xtr<'lllf' case is IL.,(Mp)=c..,(~p)=: c.M, lA.,.;; 0 . This time there is a window 

lo.ll.~c. .. ~ O.~S) only in rase l\I, but not. in cas•· N. The masS<·s vary in the range 9~1 

GeV!.'IY\(4.1.1)~-!.Z.S"I.Kv''*\ .~(;Gc.'/'-M(.D,.)~I.l.16c.V~)('rhe J)., -mass always comes out slightly 

smaller I han the top ma". This is nut a significant effect. It can be rners<·d easily by 

choosing d..,{l'lp) slightly bigger thau v..1 (Mp). ) 

In table 1 we ha\'e list<·d the width of the SSJ3 window for some interesting cases. anwng 

them also casts wh(·n· ;\I and N do not beha\'e difl'erently. ( \\'e know aln·ady from section 2 

that the rows a.b aHd c of table J must lw symmetric under exchange of :\1 and N. i'iuw we 

set that the '<LIJif' is t ru•· fm I he row d.) 
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5. Conclusions 

We have examined the eJ[ect of a heavy mirror family on supergravity induced breaking of 

SU.z ll #.~ . As compared to a sequential family the role of fourth up- and down-type 

quarks in the alignHH'nt of the vacruum is reversed. Therefore naively one experts the mass 

of the fourth up-type quark to be lower than that of the fourth down-type quark. \'lie have 

discussed some reuormalization group arguments in favour of this expectation. \Ve haw also 

examined tlw influence th•· top quark has on it. In particular we have elaborated on the 

possibility that the 1.11ass 11[ the top is higher than that of the fourth up-type quark. Our 

results should nnt be tak••n a,; quantitative predictions, because there are two many unknowns 

in the gam<·. For instatwe we did not discuss the electron of the fourth family which may or 

may not have a bigger influence on the symmetry breaking than the top. Also we did not 

discuss in detail the effect 11f other values a0 , b0 , c0 and d0 • We only note in passing that 

for all of them a similar picture arises. Varying them is only of use, if one wants to fit the 

bigg•~st quark masses tu S<.ome future experimental value. 
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Footnote 

This range r<:mains tnt•· <:vt·n for oth•·r values of a0 ,b0 ,c0 and do likc,for instance.the supergra

vity inspired [0] cumbination o..., .. 3,1.0 :.Z. 1 t,=d..~A .Note that fur these values the width 

of the windows is in gt"nHal smaller than for those discussed in the main text. 



Table 1: SSB windows; the error is always 1 in the last digit 

a = 1 b = .8 c = . 5 d =.8 a = 3 b = 2 c = 1 d = 1 ' 0 • 0 0 0 0 0 0 0 

Yukawas at M case M case N case M case N 
p 

' u4 >> d4, u3 0. 1'T 4 - 0 . 362 0. 1'T 4 - 0. 362 0.226 - 0.343 0.226'- 0.343 ,) 

(<~ u3 >> d4, u4) 

·, dL. >> u 3, u4 0.172- 0.384 0.172 - o. 384 0.243- 0.357 0.243 - 0.357 '! 

u4 = d4 » u3 0. 168 - 0. 172 0.168 - 0.172 0. 178 0.178 

\ u3 = u4 = d4 0. 1 1 1 - 0. 120 0.111- 0.120 0.135-0.136 0.135- 0.136 .; 

. ) u3 = u4 » d4 0. 160 0. 1 1 0 - 0. 196 no window within 0. 152 - 0. 189 

the numerical error 

') u3 = d4 » u4 0. 1 1 0 - 0. 1 96 0. 160 0.152 - 0.189 no window within 

the numerical error 
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