
L.",cN:J;L:1(}asl11 ov, R.Rodenberg 11 

PREPRINTINR ­ 783/92
OCT08ER t99T 

~,,--.--	 '~> 

Upper Bound on the Top Quark Mass for~"'" ~ 
..:JJ. ') ~, 

Supersymmetric SU(5) Model ~ ,,' ..~ 
. ~~-

~T (&
y~p 

From the requirement of the absence of the Landau pole J-.,;l 
,.~ 

singularity for the effective top quark Yukawa coupling constant
 

11 up to the Planck scale in 5U(5) supersymmetric model we find
 
t
 

for the top quark mass an upper bound m ~ 187 Gev. For the
t
 

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

of composite superhiggses we find ffit ~ 183 Gev. From the
 

requirement that the rob/m prediction of the supersymmetric 5U(5)

't 

has been succesfull we find ,that 145 Gev ~ m ~ 190 Gev .t 
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BepXHee OrpaHH'leHHe Hli M8CCY T-kB8PK8
 
B cynepCHMMetpH'lHOH SU(S)-Mop;ellH
 

H3 TPe60BaHHJI OTCYTCTBHJIII01DOC8 ll8IWY 'AlUI :J4J41eKTHB­

HOH Ton KBapKOBOH IOK8BCKOA' ";OHC1.'lIH~ .Itt' BD1IOT.AO 

MliCWTa68 DniIHK8 B 'cynepCHMMe'Q!H<lHoii SU (S) -MOP;eJJH Mlol 
HaXOAHM BepxHee 'OrpaHH'leHHe: H8 MaCCy.TOri KI'8PJ<lim ' 0;;

t 
0;; 187 GeV. ,!lim SU (S) 4lHKcHpol'liHHOrO peWeHHit, HHTep­
npeTHpyeMoro K8K COCT8B8:0~" cynepxHrc. Mlol nonY'l8eM 

m = 183 GtV. H:i TPe60BaHHa ,ycneWHOcTH npep;cKli38HHli 
t 

~/m1" B cynepcHMMeyPlNHoii SUeS) ~J nonyq8llM14S GeV 0;;' 

o;;:m CO 190 GeV. 
t 

© HHCTMTVT AA8PHbll< ..Ccn8A088H..M 
POCCMMCKOi't 8K8A8M.... H8VK 

H.B.Kp8CHHKOB, P.Pop;eH6epr
 

BepxHee orpaHH'leHHe H8 M8CCY T-KB8pKa
 
B cynepCHMMeyPlNHoM SU(S)-Mop;ellH
 

HaY'lHloJH PeA8KTOP C.B.AKYllHHH'leB
 
TexllJl'lecKHA pep;BKTOp H.H.JleWeHKO
 

IIpenpHHT HJlH - 783/92
 
OKTJlCSp. 1992
 

cJ).T 60x84/8 Y'I.-M3p;:n.0.4S 38K.1I"18376 T.1203K3. BecD1lamo
 

H3Al\TeJDoCKHH QTAeiJ HHCTHTy-ra JIJlepHJilx Hccnep;oBlIHHii
 
PoccHAcKoA aKBAeMuH HayK
 

1131Si, MOOKBa,3aropop;Hoe wocce, P;; 10, Kopn;9
 



At present one of the most urgent pl~oblems in experimental high 

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

bound on the top quark mass mt >91GeV [1] means that the top quark 

Yukawa coupling constant h t is not small and probably the- top 

quark plays an ~ssential role in electroweak symmetry 

breaking..The precision tests of the standard model with the 

electroweak readiative corl~ections allow to extract the value of 

the t-quark mass. Recent analysis [2] g~ves m = t 
+24

(132 _26)Gev. 

for the Higgs mass mH == mZ . 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 coupl ing 

M 
00 
f'-­

' 
constant an upper bound on 

O(200GeV) has been derived 

the top quark mass ,of the order of 

in supersymlnetric extension of the 

Weinberg-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 

I­
I 

t 
1 

the absence of the Landau pole singularity up to the scale 

Mpl =1019GeV. For the fixed point solution of the renormalization 

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

estimate that if at GUT-scale h~(MGUT) = 2± 1g5~MGUT) then the top 

quark mass is in the range of (184 - 162) Gev. Further from the 

requirement of the right prediction of m"t/mb in 5U(5) we find 

similar bound 

Consider 

on t-quark mass 145 Gev ~ 

the supersymmetric SU(5) 

mt ~ 

model 

190 GeV. 

[5] with standard 

kinetic terms and with the superpotentia I 
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W = ZO..SA T nI(.t(P.<x'H(3 - P(3H<X.) +(1/4)A £<X.(3}O£T T H A. T <1>3
1 v"f'I 2 a(3 }O £ +. 3 r + 

- z-
A4H<I>H +M1Tr<l> +MZHH (1) 

Here we consider only the third (topqu<;lrk). supermatter 

generation and neglect the Yukawa couplings of the first and the 

second generations. The model contains the matter supermultiplets 

p<x'(S), T <X.(3(10) which correspond to the third generation and the 

-<X. - ­
superhiggses <I>(Z4), H (S), H (5). The nonzero vacuum solution 

.... 

<X. 

<~> = Diag(Z,Z,Z,-3,-3) breaks the SU(S) gauge group to the 

electroweak SU(3)@SU(Z)0U(1) gauge group. For energies higher 

then the grand unified scale M we have effective restoratioq ofCUT 

the SU(S) gauge group. We shall neglect all Yukawa coupling 

constants in the effective potential except that one for the top 

quark Yukawa coupling constant A The corresponding
Z

. 

renormal ization group 

equations in one loop approximation have the form (for the case 

of three generations) [6] 

-Z -Z Z -Z-Z
dht/dt=A(h t ) -B h t gs' (Z) 

-Z -Z Z
dgS /dt = -b(gS) , (3) 

Here gs is the SU(S) gauge coupling, t =In(MIJl.) and h - A The2 .t
 

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

-Z Z 2 
gs = gS/(I+ gSbt), (4a) 

-Z Z -1 Z Z' Z 1
II h =.A(gS(B-b») (1+g bt) + (11 h -A«B-b)gS)-")S

Z Bib 
(l+g bt) (4b)

S

We shall use the numerical values <X. 1/24 for theCUT 
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SU(5) gauge coupling constant at the unification scale 

M = 1016 Cev. From the requirement of the absence of theCUT 

Landau pole singularity up to the Planck scale MpL = 1.2 1019 Cev 

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

constant ht(M ) ~ 1.4. For the renormalization group equationsCUT

(4a,4b) the infrared fixed point solution [7] is 
-2 -2 
h = kg 5, k = (8 - b)/A = 1.8 (5)

t 

, -2 
For the infrared fixed point solution (5) we find that hS(MCUT ) = 

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 (3-functions 

that can only make the bound ht(M ) ~ 1.4 more stringent.CUT

For the special fixed point solution (S) the ultraviolet 

asymptotics for the propagator of the superfield Ha.(5) is (for 

the scalar component of the superfield) 

(~) 

From the equal-time comlnutation relation 

3 
[a OHa. • Hpj IXO=yO = «5a.(3(1/iZH )«5 (X-y) (7) 

for the scalar component of the superfield Ha.(5) and the 

Kallen-Lehmann representation for the propagator DH(p2) we find 

that the ultraviolet asymptotics for the D (p2) propagator isH

-i/p2ZH (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 regularization removing. 

Therefore we can treat the superfield H (5) as composite, namely:a. 
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2the probability ZH = I <<p 1 $> 1 (where <p is the "bare" state and <I> 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 ren 
= Z 1 /2H vanishes in the limit 

ex. H ex. 

of the regulariz a tion removing [8]. So the "compositeness" 

condition allows to determine the top quark Yukawa coupling 

constant and hence to predict the top quark mass. 

The renormalization group equations for the SU(3)~SU(2)~U(I) 

electroweak supersymmetl~ic gauge theory allow to connect t.he top 

quark Yukawa coupling constant at grand unified scale with the 

Yukawa coupling constant at the scale of the supersymmetry 

breaking M ; to relate also the Yukawa coupling constant at theSUSY 

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 -2 2 2 -2 -2 -2
d ht/dt =A ( h ) -h (8 + 8 + 8 ), (8)1 t t 1g

1 2
g

2 3
g

3


-2 -2
dg. = -b.g., (9)
I 1 I 

. 2 2 . 2 2
With b1 = -22/161t , b = -2/161t ,b = 6/161t , Al = 12/161t ,2 3
 

2
8 1=(26/9)1/161t , 8 2=6/161t2 ,. 8 3=(32(3)1/161t2 for the supersymmetric 

2SU(3)~SU(2)@U(I) and with b = -(82/6)/161t2, b = (19/3)/161t , ,1 2 
2 2 2 2

b3 = 14/161t , Al = 91161t , 8 = (17/6)/161t , 8 Z = (9/Z)/161t , " 

1 
28 = -16/161t for the standard case. The solution of the equation3 

(9) can be represented in the form 

(10) 
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I. 

Numerically we find 

-2 -1(h (O.lTev) = O.1Tev), (11)t 

Using our previously derived bound ht(MCUT ) ~ 1.4 we find that 

h t (O.lTev) ~ 1.08 for MSUSY = O.lTev. The top quark mass is 

equal to mt = ht(mt)<H> . From the experiment we know that 

<H>2 + <H>2 = (174 Cev)2. In the supersymmetric Weinb,erg-Salam 

model with soft supersymmetry breaking we have the following 

inequal.ity [11] fOl~ the Higgs boson mass: 

(12) 

M 

~ Using this inequality (12) and the experimental bound mH ) 59 Cev 

[12] we find that <H> ) 160 Cev. Moreover for big values of the 

top quar,k Yukawa coupling consta.nt <H> « <H> , in the rest of 

this paper we shall assume' that <H> ~ 174 Cev. The corresponding 

bound for the top quark mass is mt ~ 187 Cev. Note that from the 

requirement of the absence of the Landau pole for the effective 

top-quark Yukawa coupling constant ,up to the CUT scale we find 

•. that mt ~ 193 Cev . 
, ... 

For the fixed point solution (5) we find that ht (O.lTev) = 1.05 

and m 
t 
~183 Cev for <H> ~ 174 Cev. It appears that the top quark 

mass depends rather weakly on the Yukawa coupling constant at I 

grand unified scale prOVided it has the order of the grand 

unified coupling constant. For instance, for 
2

0.5g5CUT ~ 
-2
h t (MCUT) 
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-2 2 . 
~ 2g we find that 162 Gev ~ ffi ~ 184 Gev and for gSGUT/ 3 ~ 5GUT t 
-2 2ht(M ) ~ 3g we find that 151 Gev ~ m ~ 186 Gev. To obtain

GUT 5GUT t 

the top quark mass predictions for the = 1 Tev we have toMSUSY 

solve in addition the renorrnalization group equations in the 

region MSUSY ~ E ~ m . We have found that the corresponding
w 

values of the top quark mass are increased approximately by 3'7.. 

compared to the case when = 0.1 Tev.MSUSY 

It should be noted that a relatively large top quark Yukawa 

coupling constant ht(M ) is also required if we want to preservew


the succesfull prediction of the standard SU(S) in SUSy SU(5)
 

for ffib/m-c. Namely, in SUSY SU(S) with MSUSY ~ M one canw
 

find [6] that
 

(13) 

where 

t = In(M/~). 

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

mb(ffiw)/m-c 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] CX;l(M ) = 9.26 ± 0.43. As far as
 
z
 

the overall uncertainty is around 10'7.. we shall· require that the
 

theoretical and "experimental" values have to coincide also only
 

up to 10'7... From this requirement we find that 0.14 ~ h~(MGUT) ~
 

3.6. For the top quark mass we find that 145 Gev ~ m ~ 190 Gev.t 
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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. If we combine our 

bounds with the bound m =(132 ~~:) Gev obtained in ref ~[2] wet 

find that the prefered value of m is between (ISO -160) Gev.
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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