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The obsenability of the Higgs bosonvia the WW decay channel at
the Tevatron is discussedtaking into accourt the enhancemets due to the
possibleexistenceof the extra standard model (SM) families. It seemshat
the existenceof new SM families can give the Tevatron experimerts (DO
and CDF) the opportunity to obsene the intermediate massHiggs boson
beforethe LHC.
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1. Intro duction

It is known that the number of fermion generationsis not xed by the
standard model (SM). Asymptotic freedomof the quantum chromodynamics
(QCD) suggestghat this number is lessthan eight. Concerningthe leptonic
sector,the large electron positron collider (LEP) data determinethe number
of light neutrinosto be N = 2:994 0:012[1]. On the other hand, the avor
demacracy (i.e. demacratic massmatrix approad [2 5]) favorsthe existence
of the fourth SM family [6 9].

Direct seartesfor the newleptons ( 4; 4) and quarks (us; ds) led to the
following lower boundson their masseq1]: m-, > 1008 GeV; m , > 45GeV
(Dirac type) and m , > 395 GeV (Majorana type) for stable neutrinos;
m , > 903 Gev (Dirac type) and m , > 805 GeV (Majorana type) for
unstableneutrinos; my, > 199GeV (neutral current decays), mg, > 128GeV
(charged current decas). The precision electroveak data does not exclude
the fourth SM family, even a fth or sixth SM family is allowed provided
that the masseof their neutrinos are about 50 Gev [14,15].

In the Standard Model, the Higgs bosonis crucial for the understanding
of the electroveak symmetry breaking and the massgenerationfor the gauge
bosonsand the fermions. Direct searhesat the CERN e* e collider (LEP)
yielded a lower limit for the Higgs bosonmassof my > 1144 GeV at 95%
con dence level (C.L.) [1].

In this study, we presen the obsenability of the Higgs boson at the
Tevatron and nd the accessiblemass limits for the Higgs boson in the
presenceof extra SM fermion families (SM-4, SM-5 and SM-6).

2. Anticipation for the fourth SM family

Accordingto the SM with three families, beforethe spontaneoussymme-
try breaking, quarks are groupedinto the following SU(2) U(1) multiplets:

u? 0. 40 ? 0.0 t0 0.0 .
dEE Ur; dr sé CR; SR b% ;0% 1)

where 0 denotesthe SM basis. In one family case,e.g. d-quark massis
obtained due to the Yukawa interaction

LW = ad u d o dr+ h.c. )

which yields

L@ = midd; (3)
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— Pp——
where md = ad P 2andp = 2mw=gy § 1= 2Gg  246FeV. In the
samemanner,m¥ = a4 = 2 m¢=a®* = 2andme=ae¢ = 2if isa
Dirac particle.

In n-family case

(d — X d 0 A0 * 0 X d 400 .
LY = aij ur; dLi 0 dR] + hC) mij di dj ) (4)
i =1 i =1

where df denotesd®, dJ denotess® etc. and md  ad 3

Before the spontaneoussymmetry breaking, all quarks are masslessand
there are no di erences between d°, s°, °, etc. In other words, fermions
with the samequantum numbers are indistinguishable. This leadsus to the
rst assumption[2,3]:

Yukawa couplings are equal within ead type of fermion families

al a'; a' a'; a a; @ a: (5)

The rst assumptionrgs_ultsin n 1 masslesyarticles and one massiwe
particle with m = naF = 2(F = u;d;"; ) for eah type of fermion F. If
there is only one Higgs doublet which givesDirac massedo all four typesof
fermions (u; d;"; ), it seemsnatural to make the secondassumption[6,8]:

Yukawa couplingsfor di erent typesof fermionsshould be nearly equal

d

a u

a@ a a a: (6)
Consideringthe massvaluesof the third SM generation
m m < mp m; (7)

the secondassumption leadsto the statemernt that accordingto the avor
demcacracy, the fourth SM family should exist. In terms of the massmatrix,
the above argumerts mean

0 1
111 1
0_a%1111§
MP= P51 1 11 (8)
11 1 1
which leadsto 0 1
00 00O
4a%0000§
m .
MZ=®5@0 0 0 0A" ©)
00 01

wherem denotesthe massbasis.
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Now let us state the third assumption:
The coupling a:IO 2 is betweene = gy sin w and gz = gw=C0S w .

Therefore, the fourth family fermions are almost degenerate,in agreemeh
with the experimertal value = 0:9998 0:0008[1], and their commonmass
lies between320GeV and 730GeV. The last valueis closeto the upper limit
on heary quark masseswhich follows from the partial-wave unitarity at
high&gergies[lO]. It is interesting to note that with the preferablevalue of
a 29w the gvor demcacracy predicts the massof the fourth generation
tobemy 4a= 2 8my 640GeV.

The massesof the rst three families of fermions, as well as obsenable
inter-family mixings, are generateddue to the small deviations from the full
avor demccracy [7,11,12]. The parametrization proposedin [12] givesthe
values for the fundamertal fermion massesand at the sametime predicts
the valuesof the quark and the lepton CKM matrices. Thesevaluesare in
good agreemeh with the experimertal data. In principle, avor democracy
providesthe possibility to obtain the small massedor the rst three neutrino
specieswithout the see-sa medanism [13].

The fourth SM family quark pairs will be produced copiously at the
LHC [16,17]and at the future lepton hadron colliders[18]. Furthermore, the
fourth SM generation can manifest itself via the pseudo-scalaquarkonium
production at the hadron colliders[19]. The fourth family leptonswill clearly
manifest themselhes at the future lepton colliders [20,21]. In addition, the
existenceof the extra SM generationsleadsto an essetial increasein the
Higgsbosonproduction crosssectionvia gluon fusion at the hadron colliders
(see[22 25] and referencestherein). This indirect evidencemay soon be
obsened at the Tevatron.

3. Implications for the Higgs pro duction

The crosssectionfor the Higgs bosonproduction via gluon gluon fusion
at the Tevatron is given by

71
P! HX)= 0w SgQAg W@ (10)

H

where p = m2=s, g(x; Q%) denotesthe gluon distribution function and

G 2(?. ,
o(gg! H)= ﬁéé—lll (11)
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is the partonic cross section. The amplitude | is the sum of the quark
amplitudes | 4 which is a function of 4 (qumH)z, de ned as[26]

3
lg = 5[4 a+ q@q DFC ol (12)
I
e 2
f( g = 4 arcsin pi: for 4 4> 1, (13)
q
P 2
f(q) = |n1—|9174;‘ for 4 4<1: (14)

The numerical calculations for the Higgs bosonproduction crosssectionsin

the three SM family caseare performedusingthe HIGLU software [27]which

includes next to leading order (NLO) QCD corrections [28]. In HIGLU,

CTEQ6M [29] distribution is selectedfor g(x; Q2), the natural values are

chosenfor the factorization scaleQ?(= mﬁ) of the parton densitiesand the

renormalization scale (= my) for the running strong coupling constart
s( )

Quarks from the fourth SM generation cortribute to the loop mediated
processin the Higgs boson production gg! H at the hadron colliders re-
sulting in an enhancemeh of o by a factor of = jly + Iy, + I4,j?51j2
Fig. 1 shaws this enhancemen factor as a function of the Higgs bosonmass
in the four SM families casewith m4 = 200, 320, 640 GeV. For the extra
SM families we nd that b-quark loop cortribution increases by 9% 4%
depending on the Higgs boson massin the range 100 200 GeV. In the in-
nitely heary quark masslimit, the expectedenhancement factors are 9, 25,
and 49 for the casesof four, v e, six generations,respectively. Fig. 2 shows
the enhancemen factor in the four, v e and six SM families caseswhere
quarks from extra generationsare assumedto be in nitely heavy whereas
m; = 175 GeV. We also include the QCD corrections [28] in the decy of
the Higgs bosonby using the program HDECAY [30]. Below we deal with
the massregion 115< my < 200 GeV, therefore the formulation of with
obvious madi cations for v e and six SM families casescan be a good ap-
proximation. Theoretical uncertainties in the prediction of the Higgs boson
production crosssection originate from two sources,the dependenceof the
cross sections on parton distributions (estimated to be around 10%) and
higher order QCD corrections.

Recerily, DO and CDF collaborations have preseried their results on the
seart for the Higgs bosonin the channelH ! wWw() 1 | | [31 36].
Further luminosity upgrade of the Tevatron could give a chanceto obsene
the Higgs bosonat the Tewatron if the fourth SM family exists.
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Fig. 1. The enhancemen factor as a function of the Higgs boson massin the
four SM families casewith m4 = 200, 320,640 GeV (upper, mid and lower curves,
respectively).

TABLE |

The branching ratios depending on the massof the Higgs bosonin the three, four,
v e and six SM families cases. The asterisk denotes that the calculations are
performed assumingm = 50 GeV for the extra families.

Mass  SM-3 SM-4 SM-5 SM-4* SM-5* SM-6*
(GeV)

100 1.02 10 2 6.73 10 ® 5.05 10 3 6.73 10 ® 5.05 10 ° 3.30 10 3
120 1.33 10 ' 8.11 10 2 595 10 ? 1.21 10 ? 1.15 10 ? 1.03 10 2
140 4.86 10! 335 10! 263 10 ' 4.29 10 ? 4.15 10 ? 3.86 10 ?
160 9.05 10 1 848 10! 8.05 10! 3.43 10! 3.35 10 ' 3.20 10 ?
180 935 10! 923 10! 914 10 727 10 721 10 7.09 10 *
200 735101729 101! 725 101! 6.34 101 6.31 101! 6.24 10?

The Higgsdecey width (H ! gg) is altered by the presenceof the extra
SM generations,due to this e ect, the H | ' WW () branching ratio changes
as shown in Fig. 3. The deca widths and branching ratios for the Higgs
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Fig. 2. The enhancemen factor as a function of the Higgs boson massin the
four, v e and six SM families caseswhere quarks from the extra generationsare
assumedto be in nitely heavy.

Fig. 3. The branching ratios for the decay modeH ! WW () in various scenarios.
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decays are calculated using HDECAY program [30] after somemaodi cations

for extra SM families. Details on how the branching ratios of all Higgs decay

channels change for extra SM families can be found in [25]. In this gure

4n, 5n and 6n denotethe casesof one, two and three extra SM generations
with neutrinos of mass= 50 GeV, respectively. We presern the numerical
valuesof the branching ratios depending on the Higgsbosonmassin Table.

SM-4 and SM-5 denotethe extra SM families with unstable heavy neutrinos,
whereasSM-4*, SM-5* and SM-6* correspond to the extra SM families with

m = 50 GeV. The di erence between SM-4 (SM-5) and SM-4* (SM-5%) is
due to additional H'! 4 4 decg channelin the latter case.

4. Results and conclusions

In Fig. 4, we added our theoretical predictions for the caseof two extra
SM families (SM-5) with unstableheavy neutrinos(m > 100GeV) aswell as
the possibleexclusionlimits for the integrated luminosity L = 2fb * and
8fb 1. It isseenthat the recert Tevatron data excludesSM-5at 95%C.L.,
if the Higgs masslies in the region 160 GeV < my < 170 GeV (i.e. this
massregion is excluded if there are two extra SM families with unstable
heavy neutrinos). With 2 fb ! integrated luminosity, the fourth SM family
with an unstable neutrino (SM-4) can be veri ed or excludedfor the region
150GeV < my < 180GeV. Similarly, SM-5 can be veri ed or excludedfor
the regionmy > 130GeV with 2 fb 1. The upgraded Tevatron is expected
to reach an integrated luminosity of 8 fb ! beforethe LHC operation, which
meansthat SM-4 (SM-5) will be veried or excluded for the Higgs mass
region my > 140 GeV (120 GeV). However, the LHC will be able to cover
the wholeregionvia the goldenmodeH ! ZZ! " and detectthe Higgs
signal during the rst year of operation if the fourth SM family exists [25].

In Fig. 5, we preser our BR(H ! WWwO)) predictions for the
casesof one, two and three extra SM families with m = 50 GeV, SM-4*,
SM-5* and SM-6* respectively. If the Higgs massliesin the region 165 Gev
< my < 185GeV/, SM-6* is excludedat 95% C.L.. When Ly = 2fb 1is
reached, the Tevatron data will be able to exclude or verify SM-6
(SM-5) for the massregion my > 150 GeV (155 GeV). With 8 fb 1 in-
tegrated luminosity, this limit changesto my > 145 GeV (150 GeV) and
SM-4 will be obsenedor excludedin the rangel160GeV < my < 195GeV.

In Table I1, we presern the accessibleHiggs masslimits at the Tevatron
with Lin; = 2fb 1 and 8 fb 1 for the extra SM families.
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Fig. 4. The excludedregionof = BR(H ! WW()) at 95 % C.L. together with
the expectationsfrom the SM model Higgsbosonproduction and the enhancemelts
due to the extra SM generationswith heavy neutrinos.

TABLE 11

Accessiblemasslimits of the Higgs bosonat the Tevatron with L,y = 2fb * and
8 fb ! for extra SM families.

2fo 1 8fb 1
SM-4 150< my < 180GeV 140< my < 200GeV
SM-5 > 135GeV > 125GeV
SM-4* 160< my < 195GeV
SM-5* > 155GevV > 150 Gev
SM-6* > 150 Gev > 145GeV

Another possibility to obsene the fourth SM family quarks at the Teva-
tron will be due to their anomalousproduction via the quark-gluon fusion
processqg ! aq, if their anomalouscouplings have su cien t strength [37].
Note that the processqg ! o is analogousto the single excited quark
production [38].

In conclusion, the existenceof the fourth SM family can give the op-
portunity to obsene the intermediate massHiggs bosonproduction at the
Tevatron experimerts DO and CDF beforethe LHC. The fourth SM family
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Fig. 5. The excludedregionof ~ BR(H ! W W()) at 95% C.L. together with
the expectations from the SM model Higgsbosonproduction and the enhancemets
due to extra SM generationswith m = 50 GeV.

guarks can manifestthemselhesat the Tevatron as: Signi cant enhancemen
( 8times) of the Higgsbosonproduction crosssectionvia gluon fusion; Pair
production of the fourth family quarks,if mg, and/or my, < 300GeV; Single
resonart production of the fourth family quarks via the processqg! Q.

This work is partially supported by the Turkish State Planning

Organization (DPT) under the grant No 2002K120250,2003K120190and
DPT-2006K-120470.
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