ELSEVIER

2 February 1995

Physics Letters B 345 (1995) 15-24

FI

PHYSICS LETTERS B

Implications of a heavy top in supersymmetric theories

G.K. Leontaris 2, N.D. Tracas®

2 CERN, TH Division, CH-1211 Geneva 23, Switzerland !
b Physics Department, National Technical University, GR-157 80 Zografou, Athens, Greece

Received 18 April 1994, revised manuscript received 12 November 1994
Editor: R. Gatto

Abstract

In the context of the radiative electroweak symmetry breaking scenario, we investigate the implications of a heavy top
quark mass, close to its infrared fixed point, on the low energy parameters of the minimal supersymmetric standard model.
We use analytic expressions to calculate the Higgs masses as well as the supersymmetric masses of the third generation. We
further assume bottom-tau unification at the GUT scale and examine the constraints put by this condition on the parameter
space (tan B, @), using the renormalization group procedure at the two-loop level. For supersymmetry breaking scale varying
in the range (250-1000) GeV we find only a small fraction of the parameter space where the above conditions can be
satisfied, namely 1 < tan8 < 2, while 0.114 < a3(Mz) < 0.125. We further analyse in brief the case where all three
Yukawa couplings reach the perturbative limit just after the unification scale. In this case, due to the large corrections on the
bottom mass from sparticle loops, the top-mass and tan 8 predictions are significantly lower than those estimated when such

corrections were ignored.

1. Introduction

In the last years there has been a revived interest
in the supergravity unified models and their low en-
ergy effective theories, mainly due to the fact that LEP
measurements are in good agreement with a gauge
coupling constant unification scenario with supersym-
metric B-function coefficients down to the scale of ~
1 TeV. However, the existence of supersymmetry will
only be confirmed when new particles - the super-
partners of the standard model spectrum - will be ob-
served in (near) future experiments. Thus, the study
of supersymmetric grand unification is very important
and should be seen in conjunction with the predictions
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for the new particles which may be observed soon. So
far, the constraints put by the unification of the three
gauge couplings require a superpartner mass spectrum
in the range of (0.1-1) TeV which can be accessible
in the near future.

There is another experimental fact the last few
years which seems to be related with the fate of the
electroweak symmetry breaking in an effective super-
symmetric low energy theory. Experimental evidence
shows that the mass of the top quark has a lower
bound m, 2 110 GeV. Although this result is disap-
pointing from the experimental point of view, on the
other hand, it fits perfectly with the idea of radiative
symmetry breaking scenario suggested several years
ago [1,3]. Indeed the renormalization group improved
SUSY Higgs potential breaks the [SU(2) x U(1) Jgw
symmetry when the top Yukawa coupling is large
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enough to drive one of the soft supersymmetry break-

ino naramatars {n m2
g Pu.uuuvualo \u(uu\a] II;HZ} ll\—éauvu

Grand unification based on the most popular groups,
with the minimal number of fermion and Higgs con-
tent, implies additional relations in the initial values
of the parameters of the theory. Thus, for example in
the Yukawa sector, one such well known constraint
requires the bottom and tau lepton Yukawa couplings
hy and h,, to be equal at the unification scale Eg
hy(Eg) = h,(Eg) (D
In certain cases, and particularly in string derived uni-
fied models, additional constraints on the Yukawa sec-
tor of the theory are often obtained, i.e.

hy(Eg) = h(Eg) =~ h(EG) ~ &suing (2)

where h; is the top Yukawa coupling and gsyin, is the
value of the unified gauge coupling at the string scale
Esiing > Eg ~ 10! GeV. In particular, a large top
Yukawa coupling which is implied by the last equality
in Eq. (2), motivates again the study of the fixed point
solutions proposed several years ago in the context of
non supersymmetric theories [2].

Motivated by the experimental fact that the top
quark mass is rather high as well as from the afore-
mentioned theoretical speculations, in the present
work we wish to study the implications of the above
considerations on the low energy theory. In order to
minimize the arbitrary parameters and to avoid com-
plications with flavour changing neutral currents, we
assume universality of the scalar mass parameters at
the GUT scale. Using renormalization group tech-
niques, we derive the mass formulae of the scalar
masses (in particular those affected by a large top
quark mass) and examine their properties ciose to
the infrared fixed point of the top mass. Furthermore

we investigate the regions of the parameter tanf =

(H»)/(H;) which are compatible with the above con-
straints and the minimization conditions put by the
renormalization group improved Higgs potential.

2. Radiative symmetry breaking in the presence
of a !n-avv top onark

L= 258 Q-=1=

One of the most appealing features of supergravity
theories is the radiative symmetry breaking mecha-

nism [3] which may occur in the presence of a heavy
top quark mass. Indeed, the renormalization group im-
proved Higgs potential breaks the electroweak sym-
metry if the top Yukawa coupling is large enough to
drive the m? 7, Mass parameter negative below a certain
scale Qg.

At the tree level the supersymmetric Higgs potential
can be written as follows

Vo(Q) = mi|H,|* + m3|Ho|? + m3(e;;H\'Hy + h.c.)
+ 58+ (H ~ |Ha)" + L By Hy?

(3)

where Hy = (HY,H;") and H, = (Hf ,HO) are the

ctandard Hiaoc cninarfialde and = tha ant
stanaarag IgES SUpct 11108 and cu istne auuo] mmetric

tensor in two dimensions. We have also introduced the
two Higgs mass parameters

m} =my + u (4
m} = my, + p’ (5)

Finally my, , and m; are the soft SUSY breaking mass

terms and u is the Higgs mixing mass parameter.
The above tree-level potential Vp(Q) depends

strongly on the energy scale Q. It has been shown [4]

hawwavar that a sareant minimizatinan nracadura can
HUWLYLL, l.llal a LVULITAL HTHIHIULALIVIL PLVAAUIULLY vaill

be achieved (making the potential relatively stable),
if one includes the one-loop corrections AV, (Q)

! str[,M4(1n—A£—§\] (6)
dr?2 0\ Q@ 2]

whara AA2ic tha fald danandant traa laval mace matri
wihiere /v~ 15 N G GEPENGant 1&VEL INAss

squared. Thus finally

AV(Q) =

Vu(Q) =Vo(Q) + AV (Q) (7

The symboi Sir stands for the superirace which is de-
fined as follows

Strf(M?) =Y (=D Qs+ D f(m])  (8)

with g; being the color degrees of freedom while m;
and s; are the mass and the spin of the corresponding
particle.

Now, electroweak symmetry breaking occurs if the
following two conditions are met:
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~ The supersymmetric Higgs potential should develop
an asymmetric minimum below some scale Q@ <
Qo. This requirement is expressed by the condition

m(Q)m3(Q) —m3(Q) <0 (9)

— The Higgs potential should be bounded from below.
This requirement sets the second condition, which
reads

mi(Q) +mi(Q) > 2|my(Q)[ (10)

The minimization conditions Vg /dv; = 0, where v; =
(H;), result the well known equations

2 2 tan?
1902 _ M~ patan” B
Mz = =i (1)
2
1 ms
58in2B8=— 12
A 4

where we have introduced the new mass parameters
u? = m}y + u? + o7, which take into account the
corrections to the Higgs potential from the one-loop

contributions o

dAV

7= (13)
From the above equations one can conclude that the
one-loop corrections to the Higgs potential appear
in the minimization conditions through shifts of the
Higgs mass parameters m? — m? + o2. It has been
shown [5] that, although 31 particles contribute to
o? corrections, there are finally large cancellations
which reduce significantly their effect to the elec-
troweak symmetry breaking. Moreover, the one-loop
contribution of the t-squark-quark sector to the masses
of the neutralinos, Higgsinos and gauginos seems to
be well below the 10% [6] (except in the unfavorable
case of a very light tree-level mass).

The most important contributions arize from the
squarks of the third generation and the top quark mass.
Therefore, it is obvious that the Higgs mass parame-
ters my, and the t-squarks play an important role in
the minimization of the Higgs potential.

The scale dependence of my, and ¢-squarks is given
by the renormalization group equations [3] which can
be integrated to give the following results. The mpy,
Higgs mass parameter is given by

my, = mg + Cu, ()m3 (14)

where ¢ = InQ, mg and m;/; are the universal scalar
and gaugino mass parameters at Eg, and Cy, ~ 0.57
for t ~ In M. For the rest of the scalar masses, denot-
ing for convenience m;, = i, m;, = fi; and my, =
fit3, we can write the general analytic form [7]

2 = agml + Ca(O)ml ) — nd% (1) —nd3 (1) (15)

where a, depends on the Killer manifold and hereafter
we assume that @, = 1. The quantities &2 ,(¢) are
given by

82(1) = ( (1)

2
2 2
) sinﬂ) (3mol (£) +mi o (1))

(16)
and,

my (1) )2Ei(t)

2 A2 __3_ e e———
8A(t) = AA(t) 2 (Zwqu(t) Sinﬂ

(17)

where v =246 GeV and I, J, A% and E2, are integrals
containing functions of gauge couplings, i.e.

to

1=/d%(ﬂ) (18)
fo
J=/d:’yg(t’)6(t') (19)
. 2¢ 4
A% = h—'(’T)AZ(t’)dt' (20)
87
Ei=/dt’7é(t’)Ai(t’) (21

t

with 1o = InEg, C(t) = Yo, Ca(t), while yo(t) =

n=1

H;l (ajo/a j)%/ %% _Clearly, a large top mass implies
also a large value of the top-Yukawa coupling, and
therefore the negative contributions 8% will become
also significant. It is possible then to have m% = m3,
negative, and the radiative symmetry breaking sce-
nario will take place.

A very interesting possibility arizes in the case
where the top mass is close to its infrared quasi-fixed
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Fig. 1. Surfaces of constant |u| in the parameter space (g, m;s). The upper surface corresponds to tan 8 = 1.1 while the lower one

corresponds to tan 8 = 5.

point. The evolution of the top quark coupling, as-
suming all the way down supersymmetry, is given by
_ h()ye(®)

(1+ 22h2(10) 1 (1))

In this case, i.e. for h2(t,)/4m ~ 1, since I(t ~
Inm,) > 1, we can approximate the above

(22)

t

2—77' (1)
730 @

i.e. independent of the initial value h,(fp). Thus
my(fixed) = m¥sinf ~ (190-200) sinB GeV, de-
pending on the precise values of a3, Eg elc.

The scalar masses of m;,, m;, and the Higgs which
couples to the up-quarks, take a very simple m-
independent form in this case. For h, = h,(fixed)
Eq. (15) simplifies to

h,(fixed) = (23)

n J
61
As far as one assumes A(Eg) < 3|my|, corrections
due to A-contributions to the above formula have been
found to be very small and thus they have been to-

tally ignored. Calculation of the various ¢-dependent
quantities at ¢ ~ Inm;, gives [8,7]

= (1~ g)m(2,+ [Cn(t) - ]m?/z (24)

Ci(t) =530, Cy(t) ~490, C3~.57,
I~113, J=~59 (25)

There are some worth-noting properties of the above
mass formulae. Indeed, first note that m;,_ depends only

on m% /2 Up to A corrections which have been found
negligible. A second property is that the dependence
of the sum mt?L + mZ, on m}, vanishes at the limit
m, — m,(fixed). The above properties have also been
noticed in Ref. [9]. It is interesting to see the impli-
cations of the above simplified formulae in the case of
the minimization conditions of the Higgs potential. We
start first with the Higgs mixing parameter u involved
in the minimization conditions Eqgs. (11), (12).

Ignoring one-loop effects for simplicity, the u pa-
rameter can be given in terms of the known parame-
ters I, J, the unknown Higgs-vev ratio and the initial
values (mo,m;/2), by the following equation

1 (k42 , K J 5 212
|"|=7‘2'{k2-1'"°+(k2—17_1>m'/2”MZ}
(26)

with £ = tan 8. In Fig. 1, we plot the |u|-values
in the parameter space (mg,m;;), for tanB = 1.1
and tanB = 5. For the most of the parameter
space, |u| < 1.5 TeV. Of course, as tan8 — 1, u
grows larger, and a fine tuning problem may arize in
Eq. (11), in order to obtain the correct experimental
value of Mz. Thus, to avoid fine tuning, we may put
the condition on tan 8 > 1.1, which finally translates
to the bound M, = m,(pole) > (150-155) GeV.

The u-parameter plays also important role in the
squark mass matrices. In particular, the z-squark mass
matrix is
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Fig. 2. Contours of constant rmy, , in the parameter space (1o, my ), for two values of tan 8 = 1.1 and 5. (a) and (c) corresponds to the

lighter eigenstate while (b) and (d) to the heavier one.

M2 M2
M2 = ( LL LR ) ( 27 )
M %R M %?R

with eigenvalues given by

2
2 M+ My \/(M%L — Mg)" +4Mi,
fia ™ 2

(28)

where

J
M3, + Mg = 3mi+ (C1 + G ~ a)m%/z +2m;

+ %mzz cos2f

J
Mi, — Mig=1imi+(C - C+ a)m%/z

+ (3M% - M%) cos2B

Ml = m? (Asin 8 + ucos B)

In Fig. 2 (assuming p > 0), we plot contours of the
above eigenmasses in the parameter space (mg, m) ;)
for the choice A(Eg) = —\/§mo, and two representa-
tive values of tan B in the low range (1.1-10), namely
tan B = 1.1 and tan B = 5. In most of the parameter
space the light eigenstate preserves the independence
of mo mass parameter. For reasonable initial values
of the parameters mg and m, s, the squark masses are
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well bellow the 1 TeV, and therefore accessible to fu-
ture experiment.

Notice finally that the one-loop contributions to the
effective potential will also result to a shift in the |x|
parameter. Making use of the fact that in the limit
my ;2 > mgy we can approximate

2 2 2
m; m: m:
ln—12‘—~1n-—'22~1n( P)

ML M M’

we may obtain an analytic form for the one-loop cor-
rected |u| parameter, when m, and m;, , corrections
are taken into account [5]

el = /(s + 2 /(1 - 02) (29)
where
o
ﬂ2=m{[(MiL+M%m)(%—P2)
+ (M2, — M%) (3 —35in’ 6yw) — p?A%) (Inp*— 1)
2y 12
2010 2 pok+1
Q2= a; PHKE+1) (ln _2_1) (31)
T 8wcos2Ow | K2(k2—1) p

with p =m,/Mz, p = (m;)/Mz and o the tree level
parameter defined in (26). For moderate values of
m, /2 however, these corrections are not going to alter
substantially our previous results.

3. Bottom-tau Yukawa unification and the IR
fixed point

One of the great successes of the most popular
GUTs: is the equality of the bottom and tau Yukawa
couplings at the GUT scale which lead to the correct
prediction of the experimentally determined relation
myp =~ 3 m, at low energies. Several groups [ 10] have
examined the effects of Ay, h; relations implied by var-
ious unified theories, assuming minimal supersymme-
try with grand unification at an energy scale close to
10'® GeV. It has been claimed that the GUT relation
hy = h, implies a heavy top quark with a value of the
Yukawa coupling close to its infrared fixed point. In
this section, we wish to present a detailed numerical
analysis in the context of the GUT constraints men-
tioned above. We will mainly discuss the constraints

on the parameter space (tan 8, a3) when bottom-tau
Yukawa unification is assumed and examine the con-
nection of this constraint in relation with the top-mass.
We will further examine the case where the three
Yukawa couplings reach the perturbative limit just af-
ter the unification scale. Our analysis will be done at
the two-loop level, taking into account the contribu-
tion of the Yukawa couplings, and in particular that
of the k; into the running of the gauge coupling con-
stants. The case where all three Yukawa couplings are
equal at Eg occurs theoretically in (minimal) SO(10)
[11] and in SU(4) x SU(2)y x SU(2)r [12].

We shall present now a detailed description of the
procedure we are following. We adopt the so called
bottom-up approach starting from Mz. Which are the
inputs at this energy level?
~ the experimentally known values of «, sin? By =

0.2319+0.0004 and a3, or equivalently of the three

gauge couplings a;, { = 1,2, 3. The relatively small
experimental errors on @ and sin? @y permit us to
talk about the “bands” of a; and a; in the running
of those couplings while we treat a3 as a “free”
parameter, inside its experimental limits of course.

On the other hand, the obtained values for sin? 6w

and the physical top mass at the one loop level are

correlated by the formula [13]

sin? Ow(mz) = 0.2324
—1077{(m,/GeV)? — 1382} £0.0003  (32)

while a should lie within the range obtained from
low energy data

al(mz) =127.94+0.1 (33)

~ the value of the SUSY scale Es: as we are go-
ing from the electroweak up to the GUT scale, at
Es the beta function coefficients change from the
non-supersymmetric to the supersymmetric ones.
In the usual approach this was considered as the
average mass of the SUSY spectrum, or equiva-
lently all sparticles were assumed to have degener-
ate masses. The correct procedure however would
be to take in to account the decoupling of each
sparticle at its mass and change the beta function
coefficients successively starting from the heavier
down to the lighter sparticle, until we reach the elec-
troweak scale. The precise effects of these low en-
ergy thresholds have been discussed recently in the
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literature [ 13-15]. It has been pointed out [13] that
in the case where the squark and slepton spectra are
assumed degenerate, taking into account only con-
tributions with leading exponents, one can define
an effective SUSY scale to account for the above
mention effects which can be given approximately
by the following formula

ff /aZ(mW)\ % | | 1| | (34)
={——" | |ul=s3lu

§ k az(mg) >

It is obvious from the above formula that E‘;ﬁ de-
pends strongly on the value of the |u| parameter.
Since we are studying here the constraints on a3,

sin® By and m, low energy values, it suffices for
our purposes to assume two limiting cases of Eg,
namely Fg ~ 1 TeV and Es = .25 TeV. We should
also note however, that GUT threshold effects may
also affect our predictions, in particular that for the
strong gauge coupling. Such corrections however
are more or less model dependent [13,14,16] and
will not be considered in our present analysis.

- the value of tan 3, starting its role when we reach
the energy Es where SUSY is valid.

- the value of the h, Yukawa coupling of the top

quark. Essentially it is a free parameter as long as
it gives the mass of the top quark in the allowed
experimental region (110-190) GeV while being
compatible with Eq. (32). We use the 1 loop QCD
corrections to define the pole mass M, of the top
quark

4
M, = (h(M)v/V2) (1 + 3—as(M,))
- the values of A; and A, taken from the relations

ho(Mz)v/V2
N ’

my(mp) = m, = h(Mz)v/V2

We take the mass of the bottom quark m;,(my) =

(4.15-4.35) GeV while that of the 7 lepton

m,(m;) = 1.7841 GeV. The factor n,, appearing in

the mass of the bottom quark, includes the 1 loop

QCD corrections from my to Mz.

Between Mz and Es, which we take to be in the
range (0.25-1) TeV, we run the couplings with the
B-functions of the S.M. At Eg we apply the following
boundary conditions for the Yukawa couplings

h h
s_ T s__Tb S ..
hy = sin 8’ hy cos B’ e

h:
cos B

Then onwards we run the couplings using the MSSM
B-functions. At an energy Eg, around 10'6 GeV, the
“bands” of the couplings a; and a; meet and deter-
mine what we call “the unification band”. The strong
coupling a3(Mz) should be chosen so that it passes

ﬂnrn“nh thic nnification hand in ardor tn achisva aanaa
HMUUELL WIS WLV GLIVIE Uailu 1N OrGer 1o acnieve paugv

coupling unification. A short comment is in order at
this point. Since we are using 2 loop B-functions the
differential equations for all the couplings are coupled
(this fact shows its presence even harder when we de-
mand one or all the Yukawa couplings to grow large
at Eg). Therefore the unification band is not uniquely
determined but depends, though not strongly, on the
particular choice for a3 as well as on the Yukawa cou-
plings at Mz. We try to find the values of tan 3 that
permit the growth of A, to the perturbative limit (h, ~
3.5) at the energy scale Eg; or later, checking always
that a3 passes through the unification band. At the
same time we try to unify, again at Eg, the other two
Yukawa couplings: hy( Eg) = h,(Eg). This could be
achieved by varying the mass of the bottom quark in-
side its experimentally allowed region. Finally we try
to arrange the possibility that all three Yukawa cou-
plings grow to the perturbative limit at E¢. This last
step could be achieved by using large values of tan 8.

We approach, step by step, the above three points,
constraining in each step the aliowed region of the pa-
rameter space of our inputs. In Fig. 3 we plot, for sev-

eral values of the mass of the top auark M. tan 2 ver-
P quark M,, tan [ ve

sus a3(Mz) demanding gauge coupling unification
and h;(Eg) < 3.5. Let us explain the features of the
graphs. The lower limits on a3(Mz) appear because
the lower the gauge couplings the larger the slope
dh,/dt (recall that gauge and Yukawa couplings have
opposite contributions to the B-functions). This fact

narmite h. to grow very fast QI'IA reach the nerturbative
PCIMIS 72, 10 gro TEaCH uid pérursauye

limit before gauge couphng unification is achieved.
The same line of thought explains the slope of the
“lines” in Fig. 3. Choosing a higher a3(Mz) we need
a higher initial point 4} (Es) to reach the perturbative
limit, therefore we need a smaller tan 8. The turning
edges of each line is more intriguing. At the right end
the value of 22 ( M>) ig so hich that althauch k. nar

LRI Z 7 10 OV Lligll Uidyy aiuiVugll 7ip puis

mits gauge coupling unification, a3 ( Eg) passes above
the unification band of (ay, ;). Choosing a higher
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Fig. 3. Allowed regions in the space of (tan 8, @3(Mz)), in order
to achieve gauge coupling unification, for several values of the top
mass M, and Eg. Shaded regions cotrespond to b — 7 unification.

value of tan B8 (therefore smaller 4,) da;/dt grows
to larger values. The coupling a; receives the biggest
contribution, the unification band shifts to higher val-
ues and allows a3 to pass through it. Of course, in
that case h,(Eg) < 3.5. Similar arguments explain
the left end of the lines. Now a3 (M7) is so small that
very easily drops below the unification band. Choosing
a somewhat higher a3 (Mz) permits a higher tan 5.
Again, in this case, A,(Eg) < 3.5. Therefore the al-
lowed region for each M, is inside the envelope-like
shape.

Our next step is to demand hy(Eg) = h.(E¢). For
each M,, in Fig. 3 we plot shaded regions correspond-
ing to the allowed range of mp(my) = (4.15-4.35)
GeV. We notice that b—7 unification requires M, to be
near its fixed point, being closer to it for Eg ~ 250
GeV.

The last step is to require all three Yukawa couplings
to grow large near Es. To achieve that point we need
a large value for tan 8 (for hj and h,) and a large M,
(for h,). If large bottom corrections arizing from finite
contributions of sparticle loops were ignored the tan 8
and m, predictions would be rather high. Particular
cases, consistent with the my(m;) range, where this
is achieved are shown in the Table 1.

Trying to achieve those large values of h,, hp and A,
with a lower value of M,, one needs to choose either a
lower value of a3 (Mz) or a smaller tan 8. The latter

Table 1

Input values for three cases where all three Yukawa couplings
are near their perturbative limit at the gauge coupling unification
energy Eg, ignoring large corrections to the bottorn mass (Masses
and energies are in GeV).

M, Eg a3(Mz) tan 8 Eg

180 250 0.120 63.0 10163
180 185 0.119 62.3 10163
180 185 0.118 62.3 10160

does not help since, at such large values, sin 8 does
not change much while cos B does, preventing h; and
h. to reach the perturbative limit. On the other hand,
the change of a3(Mz) does not affect 4, in contrast
with h, and h,,.

The analysis of the large tan 8 regime becomes
more complicated however, due to large finite correc-
tions mentioned above [14,17,18]. In particular, for
the case of t-b-7 unification, the uncertainties for the
m, and a3 predictions are found to be substantially
large. Thus, for az(mz) =~ 0.12 as in the case of
Table 1, one may show [18] that there is an upper
bound on the above predictions namely M, < 150
GeV and tan 8 < 41. A way out of this difficulty was
proposed in Ref. [14] where a Peccei-Quinn as well
as an approximate continuous R symmetry were im-
posed to keep these corrections small. However, as
stated in [18] the approximate preservation of such
a symmetry (whose breaking is characterized by the
parameter €g = mz/m;) in general is not consistent
with the radiative symmetry breaking scenario. In par-
ticular when b-t unification and universality of the
scalar mass spectrum at the GUT scale is assumed, it
is necessary that m? nZ m3 which in turn implies that
gluinos have approximately a mass of the order of the
squark masses and therefore €z cannot be small. In
this case the corrections to the bottom mass are rel-
atively large. On the other hand, the unified Yukawa
coupling h, = hp = h, at Mgy is forced to values sub-
stantially lower from its non-perturbative region. For
the case of Table 1 for example, we find that bottom
mass corrections are about 18-20% implying M, and
tan B predictions as those of Table 2.

Thus, there is a significant lowering of the top-mass
prediction compared to the case of Table 1 where
no corrections were included. The precise effect of
the above corrections however would require a bet-
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Table 2
Prediction for M, and tan 8 in the b-r-7 Yukawa coupling unifi-
cation scenario, including large corrections to the bottom mass.

M, Es a3(Mz) tan 8 Eg
149 250 0.120 40.5 101620
149 250 0.117 40.5 10'6.15

ter knowledge of the initial parameters myg, A, etc at
the GUT scale. The specific choice of the mgy, m, /25
the sign of u etc, play a very important role and we
need a better understanding of the underlying theory
which determines the above parameters. A systematic
approach to this problem appears in Ref. [18]. A de-
tailed analysis of these effects however, is beyond of
the scope of this work.

In conclusion, in this paper we examined the impli-
cations of a heavy top quark, and bottom tau unifica-
tion at the GUT scale, implied by popular unified mod-
els, in the minimal supersymmetric standard model.
We have assumed a top Yukawa coupling close to its
infrared fixed point and we have given analytic forms
of the r-squark masses and the Higgs mass parame-
ter responsible for the radiative electroweak symmetry
breaking scenario. We have found that m;, does not
depend on the my mass parameter, while all masses
under consideration are very weakly dependent on the
trilinear scalar parameter A. The bottom-tau unifica-
tion turned out to be very restrictive. We have found
only small ranges in the (tan 8, a3)-plane where this
condition can be satisfied. Moreover, this condition
demands a heavy top with a mass close to its infrared
fixed point, as was previously assumed. In the case
of the large tan 8 scenario, if large corrections to the
bottom were ignored the above requirements could be
satisfied only in a tiny region with tan 8 =~ 63. Large
bottom corrections however, invalidate these predic-
tions. In the case of 7~b-r Yukawa unification and as-
suming universality of scalar masses at the GUT scale,
it is found that top mass is less than 150 GeV while
tan 8 < 41.
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