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Abstract

We examine the possibility that a heavy fourth family with mirror quantum nambers is the
driving force {ur radiative SWyx AL, -breaking in the framework of supersyunnetric
GUT’s conpled to N=1 supergravity. We compare the results to the case of a sequential

fourth family.



1. Introduction

We consider a supersynunetric grand unified theory coupled to N=1 supergravity with [our
generations of quarks and leptons. It is couceivable that the fourth generation is a mirror
family which is the case, for instance, in supersymmetric @ -models based on the
exceptional group £,{1}. Mirror fermions [2] are fermions with susx SU 5 x M,! quantuin

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

We assume that supergravity is broken and that the matter fields of the GUT {feel the su-
persymmetric breaking at the scale My (=the weak boson mass [3-7]). Formally this can
be arranged as follows: The effects of the breaking appear in the eflective Langrangian as
explicit soft breaking terms with coefficient of 0(1!\3"') . where Mgy is the gravitino mass

{6]. Therefore one simply has to assume My, Lo be of the order of Mw .

By looking at the oncloop renormalization group equations evolviné from the Planck scale
(Mp) to My several groups have shown that with this assumption the Suvzxuq -
invariance of the Weinherg-Salam theory can be broken radiatively to electromagnetic U7,
[3.7]. In fact they have shown that My can be fitted to its experimental value by considering
Wy, a8 alree parameter and choosing it adequately. Those groups work with three {families.
In general the  SWyx AL, -breaking is driven by the biggest Yukawa coupling. Therefore

lower limits on the possible value of the t-quark mass could be “derived™.

With a fourth family that is not possible any more. A reasonable assumption might seemn
that now the top of the fourth generation should drive the  $lzx A, ~breaking [4]. If the
fourth family is a mirror family even this is questionable. Therefore we have scanned through
all initial values for the Yukawa couplinggof the fourth generation. We also considered the
possibility that these are not too far from the corresponding value for the top quark, i.e. we

did not negleet the influence of the third family on the breaking.




2. Renormalization Group Equations

Besides the four families we work with a minimal set of other fields. This means just two
additional Higgs doublets H and H' with opposite U7; -charge.For the case that all four famnilies
are ordinary faniilies the renormalization group equaiions have been given in appendix B of
ref.[5]. We call this “case N”. Let u3 be the Yukawa coupling of the t-quark and uy,d; be
the quark Yukawas of the fourth family. We assume that all other Yukawa couplings have no

influence on the Su'z,!(/uq -breaking. Then the superpotential is [5]

‘I:N‘é 'ulgUO3Q'3H‘+/U'HH‘+“'#“'HQ&Hl+d"f:DHQ"IH (4)

Here Q,, are the left handed quark doublets of the n-th family and U,,, Dy, the corresponding
right handed singlets. Now we assume the fourth family to be a mirror lamily (“case M").
One has

":M g us‘ulasu' + pHH « m M QO H + A, D, &, H (1)

since the only difference between the two cases are the opposite Uy -charges. In (1°) we have
excluded a term ~ €, Q, , which would give rise to a pathological phenvmenology
of the mirror fermions [2]. The renormalization group equations depend only on the squares
of the charges and ask only for what types of particle couple to what. Therefore the renor-
malization group equations for case M can be almost read off from those for case N and will
not be written down here in {ull. We give ouly one characteristic example: Consider the mass

M. of the Higgs H' in the soft breaking terms. For case N we have
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Here 34, 3 are the coupling constants of the 5AU~3 X Suzx u1 gauge group and

& . .
Maaa the corresponding gaugino masses. s related to the renormalization nass
&y

scale 3 via £ = In g{n? . ™M are the solt masses of the fields @ and M are the

coeflicients of the corresponding trilinear soft terms.



For case M we have
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The reason is simply that one should sum over all contributions from particles which couple

to 11" in the superpotential. Some remarks are in order.

i) For uz = 0 it is appropriate to say that the two cases differ rom each other only by the

interchange of H and H'. The reason is that in this case all the renormalization group equations

are identical up to my emy, . Four ;=0 there is no real difference between the two cases
from the standpoint of the cenormalization group eqnations. One must include the top to see
a difference. The influence of the top quark will be the bigger the smaller the mass difference

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

The equivalence of the two cases for Wym O extends to the masses of U7y and D, . This
is obvious. since in case N the mass of Uy is proportional to W'y .while in case M 1t is
proportional to ¢<H¥ (c.Lequation (1)). (Exchanging wy, and wm,, means exchanging
the values of <H» and <H'> ). One may converi these considerations into an argument
that in case M m(u4\<m(‘.b‘), whereas in case N w (ﬂ,.))hau},.) is. to be expected. For this one
needs the assumiption that the mass relation m(us]»m (DY for the third family is a hint for
a hierachy 1<H*>l» |<H>| andis only partly due to a hierachy of the top- and bottom-

Yukawas at the Planck seale.

For aay+ 0 a difference between case M and case N arises. For one us is driven by Jdy
in case M and by wy in case N and ug and 44 behave differently because of their diflerent
charges. Second iy contributes to I in both cases, so that one cannot exchange the role of H

and H' any more. Therefore the quark masses are not correlated any more in the two cases,

i1) We have excluded a direct mass term between the two heavy families in case M. Therefore
there is no ixing allowed between the third and the fourth family. Since we are interested

in case N only for reasons of comparison. we neglect mixing also in case N.



iii) Let us collect the free parameteérs that can be varied. At the Planck scale we put all soft
masses equal to Mg, The trilinear soft breaking terms are all assumed to have coeflicients
"la'.(Mp)" NgMayy, where a, is a free parameter in the range 05 <ag< 3
Similarly for the bilinear soft ternt one assumes a cocfficient 3= B,mm with 0.§¢<b, <2

at Mp. p and the pg arealso assumed to be of the order of the gravitino wass:
/“'(HP‘ T Co My M (HP\ = dya, wth 0% <C°:°La< 4.5

and all  pn. being equal al Mp. These assumptions can be justified in the simplest of su-
pergravity models [6]. Besides that there are the three Yukawa-couplings, which in principle

may take any value between 0 and, say, 5.

‘The procedure is now as follows: One picks up any of the possible values of a.olll:, Co and
d, and keeps l.hf_-m'lixc:-d'. Now one looks for values of W5 (Mp)uy{Mp) and rL“(ﬁF). which
realize the breaking of SW,w AL, ~ (c.f. section 3). This is done numerically. At this stage
™y, is chosen to be 100 G.eV. This is no restriction, becanse the symmetry breaking does
not depend on My, dlaving found appropriate values of wafMp),u (M) and d, (M)vne can

change Wy, in such a way that the vacunm expectation values come vut as they should
(CHY? + ¢HDYE = pr= (434 6eV)?).

In general the range of values of %{H,\Iu,’mr] and d,M,}. that give the desired symmetry
breaking, is quite restricted. From that one can deduce restrictions on the possible masses
of Uy-, k- and D, -quark. The restrictions are weakened. however. as soon as one

also varies a,,tb-” ¢o  and dyp.The results will be discussed in detail in section 1.



3. Spontaneous Symmetry Breaking

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

breaking sets in at-that value of t, where
St= (myvpt)my tpt) - {S‘/f | (4)

becomes negative. For the potential to be bounded frum below

C:= *h;"t'ml:-!-lf.»l—llp,»\ (5)
_ must remain positive vver the whole range My< %< H, . This usually implies that the
pouint where S becomes negative is not far abuve Ay . It also implies that
e = 1 4
S 28 = 128p1 [ (mg+m? g 20%) | ()
defines an angle 6 . 8 should be choosen in such a way that . cos 2@ <0 o5t qn:'< ’h:', .
v can be given by means of this angle. |
z 2 z 2 2 'R (1
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(g +43) s 261

In fact @ parametrizes the relative strenth of the vacuum expeciation values of 11 and
H:

CHY = v am@ (8a.)

<H'>_"" v ws & | (8b)




Because of (1) and (8) the quark masses are

myy = Mgy v lws @1 (3a)
My, = 4, v lwsol (3b)
Moy d,., v [an 8l (9¢)

in case N. Lo get. case M one has to interchange cos and sin in (9b) and (Ye).

From equation (3} aid the initial conditions (iii) one can deduce that wm,, changes linearly
with my, . The same is true for my, and A . Therefore according to equation (7) it

is also true for v -— as was anticipated at the end ol section 2.

4. Results

First we discuss the features that are independent of whether one considers case N or M.
a) The values of the Yukawa couplings at My usnally are rather independent from the choice

of their initial values at Mp (c.f fig. 1 of rel. [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 becomes negative almdy at high energies.
so that at My the consistency condition €»0 is violated. (In such a case one has to
calculate one lovp cotrections to decide which is the true vacuum [4,8]. We will not pursue
this possibility here. but stick to smaller values of the Yukawa couplings, where the symmetry

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

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

the ag-b,- ¢, - d, -parameter space one does not find bigger masses than 200 GeV [8].
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The combined effects a and b restrict the values of masses for a fixed set of parameters
Ro,bo,¢p and do . If these are also varied, however, no quantitative predictions are
possible any more. Thereflore we will discuss only the gualitative features of our result. As a

characteristic example we may chvose @p=4,b,=0.2,¢o=0.5,d,=0.8, My, =100 GeV.

We know thal cases M and N are equivalent for w;= 0 up to a tovial interchange sin
> cos @ . Varying the ratio '-h.(",]ld.., (M,) one can accomodate any mass
ratio . ™ () [wm (D) it both cases. There is no strict proportionality between the two

ratios. In fact the value of € is alwawsuch that it mmakes wax [ ™ (U (D) ] larger

D) ' (i)
E{!gﬂﬂ.d,_(ﬁl\ \ .ie. @  always supports the higher mass quark. If one
d'nu‘?) ""'Q(Mp’

switches on a small wy(mg) , this produces not only a top mass, but also increases m (4,)

than waex [

and w (D) by an amount of the order of the top mass. To examine the differences
between the two cases M and N we consider certain specific cases. In case N we think it
is an interesting phenomenological possibility that M(M,')‘:,m (ﬁL_,))m(.b.') . Therefore we
examined the extreme case u-,.(HP)zux(Hpﬁzzc“’d.,'; o . We found that there is a broad
window (0.4L&¢y% 0.4%) which allows for spontaneous symmetry breaking. w (Aly)

and wall,) come out the same and vary in the range 100 GeV & M(M-_,",.)& 425 6/ 1t s
interesting that under the above assumptions only a very tiny SSB window exists in case M.
In fact for case M the interesting phenomenological possibility is w @) 2w Wy > m (1) .
The associated extreme case is dyMpY=c, (Mp) =: Cry W5 0 . This time there is a window
o.alec, & 6.48) only in case M . but not in case N. The masses vary in the range 99
GeVeml)s 4285wy ¥} 366V em(D, <16V (The D, “mass always cones vut slightly
smaller than the top mass. This is nout a significant effect. It can be reversed easily by

choosing  d4{Mp) slightly bigger than wy(Mp). )

In table 1 we have listed the width of the SSB window f{or some interesting cases. among
them also cases where M and N do not behave differently. (We know already from section 2
that the rows a.b and ¢ of table 1 must be symmetric under exchange of M and N. Now we

see that the same is true for the row d.)




5. Conclusions

We have examined the effect of a heavy mirror fawmily on supergravity induced breaking of
su.ﬂ/u.‘ . As compared to a sequential family the role of fourth up- and down-type
quarks in the alignment of the vaccuum is reversed. Therefore naively vne expects the mass
of the [ourth up-type quark to be lower than that of the fourth down-type quark. We have
discussed some renormalization group arguments in favour of this expectation. We have also
examined the influence the top quark has on it. In particular we have elaborated on the
possibility that the mass of the top is higher than that of the fourth wp-type quark. Our
results should not be taken as quantitative predictions, because there are two many unknowns
in the game. For instance we did not discuss the electron of the {ourth family which may or
may not have a bigger influence on the synunetry breaking than the top. Also we did not
discuss in detail the effect of other values ag, &, co and dy. We only note in passing that
for all of them a stmilar picture arises. Varying them is only of use, il one wants to fit the

biggest quark masses tu suie future experimental value.
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Footnote

This range rentains true even for other values of ag,ly,co and dp like,for instance.the supergra-
vity inspired {5] combination ag=3 by=2 (o= do=4 Note that for these values the width

of the windows 1s in general smaller than for those discussed in the main text.
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Yukawas at Mp

W, > dh’ ug

(‘(;) 1.13 >> db,’ U.h)

u, = dh >> uy

Table 1:
a =1, b =
Q Q
case M
0.17L - ©.362
0.172 - 0.384
0.168 - 0.172
g.1117 - 0.120
0.160
0.110 - 0.196

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

case N

0.17L

0.172

0.168

S 0.1

0.110

0.160

0.362

0.384

0.172

0.120

0.196

case M

0.226 - 0.3L3
.23 - 0.357
0.178

0.135 - 0.136

no window within

the numerical error

0.152 - 0.189

case N

0.226 - 0.343

0.243 - 0.357
0.178

0.135 - 0.136
0.152 - 0.189

no windew within

the numerical error
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