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From the requirement of the absence of the Landau pole -

singularity for the effective top quark Yukawa cdupling constant
Et up to the Planck scale in SU(5) supersymmetric model we find

for the top quark mass an upper bound mt's 187 Gev. For the

SU(5) fixed point solution, which can be interpreted as the case

of composite superhiggses we find m, = 183 Gev. From the
requirement that the mb/m‘c prediction of the supersymmetric SU(5)

has been succesfull wei find.‘thét 145 Gev "< m < 190 Gev.
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BepxHee orpaHudenKe Ha Maccy T-kpapka
B cynepcmuerpmoﬁ SU(S)-Moneml

H3 tpeGomanmna orcyTcTBMA no/moca J'Iatmay ‘ana adzd)ekrnn-
HOl TOR KBapKOBOH IOKABCKOM - KOHCTAHTH - h 'BILIOTh 110
macmraba I[Inanka B cynepcmue’rpmuoﬁ SuU(5) - Moncml MBI
HAXONMM BepXHee OTpPaHHYeHMe Ha Maccy. TONi KBapks m, ¢ <
< 187 GeV. HOna SU(5) d:mccnponannoro pelleHu#, HHTED-
OPEeTMPYEeMOTO  KaK COCTABHOW CYNEpXHIC, Mbl IOJydaeM

m, = 183 GtV. H3 rpeGoBaHua YCTIEITHOCTH NP eACKA3aHHUA

/mf B CynepCHMM eTp HUHOM SU(S) MBI nony-meMMS GeV <

.m < 190 GeV
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At present one of the most urgent problems in experimental high

energy physics is the search for the top quark. The existing lower

‘bound on the top quark mass mt>91(3eV [1] means that the top quark

Yukawa coupling constant ht is not small and probably the. top
quark plays an essential role in electroweak symmetry

breaking.The precision tests of the standard model with the

-electroweak readiative corrections allow to extract the value of

the t-quark mass. Recent analysis [2] gives m, = (132 +§g)Cev.
for the Higgs mass my = m, . In refs.[3,4,] from the requirement

of the absence of the Landau pole singularity up to some scale of
about 0(1016) Gev for the top quark effective Yukawa coupling
constant an upper bound on the top quark mass of the order of
O(ZOOCeV) has been ‘derived in supersymmetric extension of the
Weinbef'g—Salam model. |

In this paper we obtain an upper bound on the t-quark mass in
SU(5) grand unified supersymmetric model from the requirement of
the absence of the Landau pole singularity up to the scale

19

MPI=10 GeV. For the fixed point solution of the renormalization

group equations in SUSY SU(5) we find that m, ~ 183 GeV. We also

estimate that if at GUT-scale h (MCUT) = 2% gS%MCUT) then the top

quark mass is in the range of (184 - 162) Gev. Further from the
requirement of the right prediction of m1:/mb in SU(5) we find
similar bound on t-qvuark'm'as;; 145 Gev < m, < 190 GeV.

Consider the supersymmetric SU(5) model [5] with standard

kinetic terms and with the superpotentiai _
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Here we consider only the third (top -quark)\Superlmatter

0

3

B16c Tred .

wW=2

generation andb neglect the Yukawa couplings of the first and the
second generations. The ﬁodel confains the matter supermultiplets
ﬁa(g), TocB(lo) which corresporid to the third generation and the
superhiggses ®(24), ﬁa(g), Ha(5). The nonzero vacuum solution

<b> = Diag(2,2,2,-3,-3) breaks the SU(5) gauge group to the
electroweak SU(3)eSU(2)eU(1) gauge group. For energies higher
then the grand unified scale MCUT we have effective restoration of
the SU(5) gauge group. We shall neglect all Yukawa coupling |
constants in the effective potential except that one for the top

quark Yukawa couplihg constant A,. The corresponding

9
renormalization group
equations in one loop approximation have the form (for the case

of three generations) [6]

22, w202 o2 =2

dh{/dt=A(h{)"-B h{ g, (2)

-2 _ -2.2

dg5 /dt - _b(gs) ’ (3)

b = 3/87%, A = 9/81%, B = 192/80n°

Here g5 is the SU(5) gauge coupling, t =In(M/p) and ht = 7&2. The

solution of the eqn.(2,3) has the form

g = g2/(1+ glou), (42)
- ) - . 0

1/ h? =éx/(§§(3-b)) Li1+g20t) + (1/ h 2-A((B-b)g2) ™)

(1+ggbt) (4b)

2

foutr/4m = 1/24 for the

We shall use the numerical values eyt = 8
4



185

SU(5) gauge coupling constant at the unification scale

16

M = 107" Gev. From the requirement of the absence of the

GUT
Landau pole singularity up to the Planck scale MPL = 1.2 1019 Gev

from the equation (4b) we find that the t-quark Yukawa coupling

constant ht(MCUT) < 1.4. For the renormalization group equations

(4a,4b) the infrared fixed point solution [7] is

2 -
ht-kg

2

= k=(B-b/A =18 (3)

‘. _
For the infrared fixed point solution (5) we find that hg(MGUT) =

0.94. It should be noted that in our analysis we neglected all

Yukawa coupling constants in the superpotential (1) except that
one for the top quark constant. However the neglected Yukawa
coupling constants give positive contibutions to the B-functions

that can only make the bound ht(M < 1.4 more stringent.

cut)

For the special fixed point solution (5) the ultraviolet
asymptotics for the propagator of the superfield Ha(S) is (for
the scalar component of the superfield)

Dy(p%) ~ ~(i/p%)in(-p?/n)°- (6)

From the equal-time commutation relation

[0,H,, Hg]lx°=y° - GaB(l/iZH)és(x—y) Q@

for the scalar component of the superfield Ha(5) and thé
Kallen-Lehmann representation for the propagator DH(pz) we find
that the ultraviolet asymptotics for the DH(pz) propagator is
—i/p?‘ZH (here ZH is the wave function renormalization). Thus we
find from the relation (6) that the wave function renormalization
ZH is equal to zero in the limit of the regularizafion removing.

Therefore we can treat the superfield Ha(S) as compobsi:ce, namely:



the probability ZH =|<<p|<t>>|2 (where ¢ is the "bare" state and ® is
the "renormalized" state) of the physical state being at the

"bare" state is equal to zero and besides the kinetic term for

the renormalized superfield H;en

H

of the regularization removing [8]. So the "compositeness"

= Zl/zHoc vanishes in the limit

condition allows to determine the top quark Yukawa coupling
constant and hence to pfedict the top quark mass.

The renormalization group equations for the SU(3)eSU(2)eU(1)
electroweak supersymmetric gauge theory allow to connect the top
quark Yukawa coupling constant at grand unified scale with the
Yukawa coupling constant at the scale of the supersymmetfy
breaking MSUSY ; to relate also the Yukawa coupling constant at the
MSUSY scale with the observable Yukawas coupling constant at the
electroweak scale Mw we have to use again the renormalization group
equations for the standard Weinberg-Salam theory. The

renormalization group equations have the form [9,10,]

2 _ 1 2.2 2/n 72 -2 -2
d ht/dt -Al( ht) —ht(Blg1 + Bzg2 + BBg3)’ (8)
-2 =2 | |

. 2 2 2 _ 2
with b1 = -22/16n", b2 = -2/16n ,b3 = 6/16n", A1 = 12/16n",

BI=(26/9)1/161’c2, BZ=6/161t2,'B3=(32_/3)1/16'n:2 for the supersymmetric
SU(3)eSU(2)eU(1) and with b, = —(82/6)/16n% b, = (19/3) /1672,

by = 14/1672, A, = 9/16n7, B, = (17/6)/167°, B, = (9/2)/1672,

B3 = —16/161\:2 for the standard case. The solution of the equation

(9) can be represented in the form

3 —
1/REM) = T (1 + gib B0 (/B2 - A, (10)

6

sl
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2

%,t)"B1/Pildr, t = In(M/p)

T
3
K(t) = J{ T (t+g
0i=1
Numerically we find

5 .y 0.088
(h3(0.1Tev) = —4——— + 0.815 (for M

— = 0.1Tev), : (11)
B (MgyT)

SUSY

Using our previously derived bound Et(MCUT) < 1.4 we find that

Ht(O.lTev) < 1.08 for M = 0.1Tev. The top quark mass is

SUSY
equal to m, = Ht(mt)<H> . From the experiment we know that
<H>z + <ﬁ>z = (174 Cev)z. In the supersymmetric Weinberg-Salam
model with soft supersymmetry breaking we have the following
inequality [11] for the Higgs boson mass:

my smzcos(ZB), tg(B) = <H>/<H> (12)

Using this inequality (12) and the experiment‘al bound my > 59 Gev
[12] we find that <H> > 160 Gev. Moreover for big values of the
top quark Yukawa coupling constant <H> « <H> , in the rest of
this paper we shall assume' that <H> ~ 174 Cev. The corresponding
bound for the top quark mass is m, < 187 Gev. Note that from the
requirement of the absence of the Landau pole for the effective
top-quark Yukawa coupling constant up to the GUT scale we find
that m, < 193 Gev.

For the fixed point solution (5) we find that Et(O.lTev) = 1.05
and mt=183 Gev for <H> =~ 174 Ce\;. It appears that the top quark
mass depends rather weakly on the Yukawa coupling constant at '
grand unified scale provided it has the order of the grand

unified coupling constant. For instance, for O.5g§CUT < B-%(MCUT)



< ZQE%CUT we find that 162 Cev < m, < 184 Gev and for ggCUT/3 <
E%(MCUT) < 3g£2'>CUT we find that 151 Gev < m, < 186 Gev. To obtain
the top quark mass predictions for the MSUSY = 1 Tev we have to
solve in addition the renormalization group eqdations in the
region MSUSY <E < m_ . We have found that the corresponding
values of the top quark mass are increased approximately by 37
compared to the case when Mg oy = 0.1 Tev.

It should be noted that a relatively large top quark Yukawa
coupling constant Et(Mw) is also required if we want to preserve

the succesfull prediction of the standard SU(5) in SUSY SU(5)

~ M__ one can
w

for mb/m_c. Namely, in SUSY SU(5) with MSUSY

find [6] that

my(My)/m = [oy(M_ ) /o] Py (M) 10799 (13)
where
g\
- +IZH%(MCUT)F)_1/12, F - (4m)72 [ f(t)dt,
Mcut

0(t) = (o0oyp/%3) 18 oy /oy(t)) Tegyp/ayty) 13799

t = In(M/p).

For mb(mb) = (4.25 + 0.15) Gev [13] the "experimental” value of

+

mb(mw)/mr is 1.8 + 0.05. The main uncertainties come from

the not well known threshould effects and from the

nonexact knowledge of strong coupling constant which according
to recent mesurements is [14] &gl(MZ) = 9.26 + 0.43. As far as
the overall uncertainty is around 10% we shall require that the
theoretical and "experimental” values have to coincide also only

up to 10%. From this requirement we find ‘that 0.14 < H%(MCUT) <

3.6. For the top quark mass we find that 145 Gev < m, < 190 Cev.

t
8
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To conclude we have found that the most probable values for

top quark mass are in the range 150 - 190 Gev.llf we combine our

+24
-26

is between (150 -160) Gev.

bounds with the bound mt =(132

find that the prefered value of m

) Gev obtained in ref.[2] we
t
It should be noted that similar bounds have also been established
for the case of general two Higgs doublet model [15] and for the
case of SUSY broken at high scale [16].
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