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Lightest Higgs boson mass in the minimal supersymmetric standard model with four generations
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We study a bound on the lightest Higgs boson mass in the minimal supersymmetric standar@M&&1id)
with four generations by solving the one-loop renormalization group equations. We show how the bound
depends on the fourth generation fermion masses as well as the top quark mass. We also briefly compare the
bound with the one in the MSSM with three generatidi®0556-282(196)02923-2

PACS numbds): 14.80.Bn, 11.10.Hi

With the discovery of the top quark at the Fermilab Teva- Now, we impose the possible constraints on the fourth
tron[1], the Higgs boson is now the only unknown sector ingeneration fermion masses. The recent precision tests of the
the context of the standard mod&M). Despite the remark- SM [14] and the good agreement between the direct mea-
able successes of the SM in its excellent agreement with theurements of the top quark mass at the Tevafigrand its
precision measurements at present eneridésit is gener-  indirect determination from the global fits to the electroweak
ally believed that the SM is not the final theory of elementarydata[14,15 demonstrate that no significant violation of the
particle interactions. The minimal supersymmetric standardsospin symmetry for the extra generations is observed. Thus
model (MSSM) [3] is one of the most popular extensions of the masses of the fourth generation isopartners must be
the SM. Because of the nature of supersymmé8YSY),  highly degeneratésee, e.g.[10]). To reduce the number of
the Higgs sector in the MSSM consists of two parameters we will consider the fourth generation fermions
CP-conserving Higgs doublets with opposite hypercharge. yith the common mass,. Recently, the limit on the masses

In the SM, the Higgs boson mass is usually considered ast the extra neutral and charged leptons, and mg, has
an adjustable parameter because the quartic coupling of trlfeen improved by the CERN:*e~ collider LEPL5 to

Higgs potential is arbitrary. Nevertheless if certain theorethy, 59 Gev andme>62 Gev[16]. For the extra quarks,
cal assumptions are Imposed, Upper and lower bounds o tﬁe direct lower limit on their masses is somewhere near 100

\Talggi gost(;gilint] assielc(;a Sn ; i e?/tggnke)s\} e-rrhbeoai?jugre]r?he g tH?f t2§ev [10]. On the other hand, the upper limits on the fourth
yy 99% eneration fermion masses coming from vacuum stability are

boson mass which depends on the top quark mass and t o .
cutoff scale beyond which the SM is no longer vald, about 250 GeV for the scales af=10°-10* GeV at which

while an upper bound follows from the requirement that no W physics begingl.7,18. Taking into account these obser-

Landau singularity appears up to a sciBé In the MSSM, vations, we will restrict the range ah, to 50<m,=<250

an intrinsic upper bound on the lightest Higgs boson mass ig'ev In our apaly5|s. The existence Of. th? degenerate fourth
obtained from the quartic Higgs coupling which is no Iongergenerat!on with the range of mass as indicated above should
arbitrary but is constrained by SUS®,7] not spoil the successful description of the electroweak data

On the other hand, since there is still no experimentahlg’g’lq' In addition, we will assume that the fourth genera-
evidence for the absence of extra generations, it would als on quark§ are not ‘T“.Xed with the known quarks. This is
be interesting to study how the Higgs boson mass is Iimite(POSSbIe since the mixing angles are so small that the new
in the presence of extra generations. In the SM with extrapart'deS leave Tevatron detector s without decays.
generations, several authdi&-10] have derived the upper We denote the fourth generation b,@) for quarks and

and lower bounds on the Higgs boson mass as functions (ﬁ\IE) for Ieptons_ and their Yukawa qouplings by
the extra fermion masses. i (i=T,B,N,E). Since the low energy effective theory be-

In this paper, we study a bound on the lightest HiggsIOW M susy is nothing more than the SM with four genera-

boson mass in the minimal supersymmetric standard mod<%I ns, we can use the SM renormalization group equations
with four generationgMSSM4). In order to do this we adopt GEs for the gauge couplings and Yukawg couplings.

a basic assumptiofL1] that all super partners of the SM  1he one-loop RGEs for the gauge couplings are
particles and another Higgs scalar orthogonal to the lightest

one have masses of order of the supersymmetry breaking s

scaleM g sy=1 TeV. Then, the effective low-energy theory kdg/dt=big7 (=123 @
below M g5y is equivalent to the SM with a single Higgs

doublet and four generations. This is the main difference

between Ref[12] and our analysié. with b;=(2N+3%), b,=(3N—-2), by=(3N—11).

!Recently, there are several attempts to regard the top quark digdere N is the number of generations of quarks and leptons,
covered at the Tevatron as the fourth generation quark in order ta= 1672, t=In(u/M;) andg;(i=1,2,3) are the gauge cou-
resolve R, anomaly[13]. In this paper we do not consider this pling constants of (1), SU(2), and SU3), respectively.
possibility. Upon writing the one-loop RGEs for the Yukawa coupling,
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malization group boundary condition at=M gygy, We im-
pose the following SUSY relation on the Higgs coupling

Aw) [21],

M(Msysy)=[95(Msusy) + 5(Msusy) 1cos28,  (8)
where taiB is the ratio of the two vacuum expectation values
(v,/v4). Theinitial values aM for the gauge couplings are
taken to be

10 | gl(MZ):O-3578v (9)
P I eSO
i 9,(M)=0.6502, (10)
50 ) . . . . . ) L
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Note that the uncertainties of our numerical results due to the
experimental errors ofj;(M,) and g,(M,) are negligible
but is not so for the case af,(M;). Later, we will briefly
discuss the uncertainty due to the errora@fM ). For the
Yukawa couplings of the top quark and the fourth generation
fermions, we impose the mass relation as a boundary condi-
tion:

my=h;(m)v/+2, (12
wherev = \uZ+v2, andi=t,T,B,N, andE. In order to cal-
culate the Higgs boson mass,, we will use the relation
[11]

MM = Ax(my)/[g5(M2) +g5(M2)].  (13)
FIG. 1. Plots of the lightest Higgs boson mass as a function

of m, for m=170 GeV; (8 at Mgysy=1 TeV and (b) at In Fig. 1, we show the lightest MSSM4 Higgs boson mass

Mgysy=10 TeV. The solid and dotted lines correspond to them, as a function of the fourth generation masg for

MSSM4 and the MSSM3, respectively. The upper and lower linesn, =170 GeV (a) for Mgysy=1 TeV and (b) for

of each correspond twos28|=1 and 0, respectively. M susy= 10 TeV (solid lineg. We have also plotted in Fig. 1,
o ] ) for the sake of comparison, the corresponding lightest Higgs

we neglect the contributions of the first two generations angyoson mass in the MSSM with three generatigMSSM3)

the bottom quark. Consequently, we can wfit&,20 (dotted lines. The upper and lower lines for both, MSSM4

and MSSM3, correspond fzos23 =1 and 0, respectively.

We see that, for small values of,, my is rather insensitive

to m, and cannot be distinguished from the corresponding

MSSM3 Higgs boson mass for fixed values of

my, Mgysy, andB. However, for large values ah,, my

rapidly increases am), increases and there is a mass gap

between the MSSM4 and the MSSM3. As one can see from

Fig. 1, the difference ofn, between|cos25|=1 and 0 be-

kdh/dt=h[3hZ+3— £ g?-595-803], (2
kdhr/dt=h[$(h2—h3)+3— 1 g?— 395893, (3)

xdhg/dt=hg[ 3 (h3—h%)+3 — &95— 395-803], (4)

—h.[3(h2_h2 _342_ 242

wdhy/dt=hy[3(hy—hg) +2— 391~ 293, 5 comes smaller a3\, increases and is significantly reduced as
so o 52 9.2 bothm, and M g5y increase. We can see that, fof=170

kdhg/dt=he[3(hg—hy)+2— Fg1— 705, (6)  GeV andMgysy=1(10) TeV, the upper bound an,, varies

from 120 (136) to 258 (355 GeV asm, is varied in the
range 50—250 GeV. The lowest valuerof; (which occurs
for my;=50 GeV and cos23|=0) is 92(116) GeV.

Figure 2 showsn,, as a function ofn, for several values
of m; with |cos28|=1 andMgysy=1 TeV. We regard the
curves in this figure as the upper bounds on the lightest
Higgs boson mass in the MSSM4 as a functionnof for
(7 each value oim; at Mg sy=1 TeV. For a givenm,, my

increases amy, increases. As one can also see from Fig. 2,
Note that the Higgs coupling constaktis no longer arbi- the dependence ahy on m; becomes weaker a%, in-
trary but is constrained by the SUSY relation. As a renor-creases.

with 3 =3(h?+h2+h3)+hZ+hZ. For the Higgs coupling
constant\, the renormalization group equatioRGE) is

k dN/dt=127\2+4N[3hZ+3(hZ+h3) + (hZ+h3)]
—4[3h{+3(h%+h3)+ (hi+hi)]

—3\(g3+303)+ 397+ 29305+ 505
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FIG. 2. Plots ofmy as a function ofm, for several values of
m, with |[cos28|=1 andMgysy=1 TeV.

Now, we discuss the uncertainties contained in our calcu
lation. Our numerical results have been obtained by integrat-
ing only the one-loop RGEs. For consistency, we also ig-
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are of the same magnitude as of the neglected two-loop con-
tributions to the RGE. If we include two-loop contributions
to the RGEs and maximal SUSY scale threshold corrections,
my, can be increased by about 10—25%ngsvaries from 50

to 250 GeV form;=170 GeV andMgysy=1 TeV, while

my, in the MSSM3 by about 10%. Thus, for large values of
m,, we expect quite sizable contributions of those correc-
tions tomy . We will postpone the details of the two-loop
analysis to a future work elsewhere. There is also uncertainty
due to the experimental error of strong coupling constant.
The shift ofmy, due toAag(M;)=*0.005 is about 5 GeV.

In conclusion, we have studied the upper bound on the
lightest Higgs boson massy in the MSSM with four gen-
erations by solving the one-loop RGEs. We have considered
the fourth generation of quarks and leptons with the degen-
erate massn,. We have shown how the upper bound on
my depends orm, as well asm;. In the region of large
m,, the upper bound omy, increases am, increases, while
it is rather insensitive tan, in the region of smalim,. We
have also compared the bound with the one in the MSSM

with three generations.
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