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1. A little bit history
—1930’s

e, p,n+vy+v (Paul)+ m (Yukawa)

EM interactions mediated by y
Strong int-ns mediated by 7* and m°
Weak int-ns - Fermui (four-fermion contact)

Leptons: ¢ and v; Mesons: * and ©t¥; Barions: p and n.

Whole (visible) Universe 1s formed from a few particles:

Nuclei are bound states of p's and n’s, Atoms are bound states
of nuclei and e’s etc. Chemistry became the Science...

Whole technology of 20" century is based on this picture.
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This nice picture was destroyed in 1937 by the discovery of
We were looked for 1 —mesons but found somethine different.
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This new
particle seems to be produced by strong interactions, but interacts with

matter by EM 1nteractions.
Real ® —mesons were discovered 10 years later in emulsion experiments:
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M — e puzzle:
why the Nature needs the second “heavy” electron ...

— 1960’s: hadron (meson and barion) inflation = Quarks
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—1970’s
GIM = c-quark ") = 2 families

Experiment: charmed hadrons + 1-lepton + beauty

CKM = 3 families (CP phase, BAU 2))

—1990’s
Experiment: t-quark, m, > 114 GeV

Fourth family revisited (later)

") Also from g-/ symmetry (counterpart of v,)
2) today, is not sufficient (fourth family? Hou & Co)
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Periodic Table of the Elementary” Particles

family % I u d
1 <3eV 510.99892(4) keV 1.5 to 4 MeV 4 to 8 MeV
2 <190 keV 105.658369(9) MeV 1.15 to 1.35 GeV 80 to 130 MeV
3 <18.2 MeV 1.77699(+29-26) GeV 171.2(521) GeV 4.1to 4.4 GeV
4 > 45 GeV >100 GeV > 310 GeV > 130 GeV
Also, m, =0 (1018 eV) m, = 0 (< few MeV)
m,, = 80.396(25) GeV m, = 91.1876(21) GeV

my, > 114.4 GeV

Scale: N = 247 GeV

" Elementary in the SM framework. At least one more level (preons) should exist.
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S. Sultansoy

PDG 2008

37
Quark Summary Table

b’ (4™ Generation) Quark, Searches for

Mass m > 190 GeV, CL = 95%  (pP, quasi-stable b')
Mass m = 199 GeV, CL =95%  (pP, neutral-current decays)
Mass m > 128 GeV, CL = 95%  (pP, charged-current decays)
Mass m > 46.0 GeV, CL =95% (eTe™, all decays)

t' (4™ Generation) Quark, Searches for

Mass m > 256 GeV, CL = 95% (pB, t'F prod., ' — Wgq)

Free Quark Searches

All searches since 1977 have had negative results.
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Fourth SM family ?

Future ?

Exotic leptons and quarks ?
New bosons (IVB and Higgs) ?
SUSY ?

Preons ?

Extra dimensions 7

- Black holes, Un-particles ??
Un-physics 7?7

Hadron, Lepton and Lepton-
Hadron Colliders
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1st Int. Symp. on the Fourth Family of Quarks and Leptons,
Santa Monica, CA, Feb 26-28, 1987.
Published in Annals N.Y. Acad. Sci. 518 (1987).

Second International Symposium on The 4th Family of Quarks and Leptons,
Santa Monica, California, 23-25 Feb 1989.
Published in Annals N.Y. Acad. Sci. 578 (1989).

Workshop "Beyond the 3rd SM generation at the LHC era“
CERN, Sep 4-5, 2008
http://indico.cern.ch/conferenceDisplay.py?confld=33285
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2. Why The Four SM Families

(two approaches)

First approach — Why not ?
N >3 from LEP data

N <9 from asymptotic freedom

“A 4th generation of ordinary fermions is excluded
t0 99.999% CL on the basis of S parameter alone”

PDG 2006

This conclusion is wrong.

Graham Kribs, CERN Aug 2007

S. Sultansoy

Precision EW data:
2000: the 4th family excluded at 99% CL

2002: 3 and 4 families have the same status
5 and even 6 families are allowed if mN =
50 GeV

2004: 6 'th SM family is excluded at 30 ...

2007: with 4 SM families Higgs masses
between 115-750 GeV are allowed

H.J. Su, N. Polonsky and S. Su, Phys. Rev. D 64 (2001)
117701

V.A. Novikov, L.B. Okun, A.N. Rosanov and M.Il. Vysotsky,
Phys. Lett. B 529 (2002) 111

G.D. Kribs, T. Plehn, M. Spannowsky, T.M.P. Tait, Phys. Rev.
D 76 (2007) 075016

S. Sultansoy, CERN May 16, 2006
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Two (incorrect/wrong) objections:
1. LEP data
only “active” neutrinos (in SM LH v)
historical “paralogism” (V-A — v=v|)
but according the SM (g-1 symmetry) RH v is the partner of RH up-quark

hasiye — “right” snetrino

2. Precision EW data

S. Sultansoy ICPP, BOUN, istanbul, 31.10.2008
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Second Approach —

Flavor Democracy favors the Fourth SM Family

S. Sultansoy ICPP, BOUN, Istanbul, 31.10.2008 11



Yukawa couplings

In standard approach: m;=gM (N =245 GeV) 9,/9.,=0(m,/ m, )= 340000

Moreover, g/ 9, = 1.75:10" (if m = 1 eV) compare with mg,;/m,, ~ 10"

However, see-saw mechanism ...

For same type fermions: 9,/ g, = 35000+175000, 9,/ 94 = 300+1500,
9./9,=3500
Within third family: 9,/ 9, =40, 9,/9,= 100, 9,/9,,>10000

et cetera Therefore, 3 family case is unnatural

Hierarchy: m  <<m _<<m, m,<<m <<m, m, <<m  <<m,
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Why the four SM families

(S. Sultansoy, DESY seminar, December 13, 2000; hep-ph/0004271)

Today, the mass and mixing patterns of the fundamental fermions are the most
mysterious aspects of the particle physics. Even the number of fermion
generations is not fixed by the Standard Model (N 2 3 from LEP, N < 8 from
Asymptotic Freedom).

The statement of the Flavor Democracy (or, in other words, the Democratic Mass
Matrix approach)
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which is quite natural in the SM framework, may be considered as the interesting
step in true direction.
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It is intriguing, that Flavor Democracy favors the existence of the fourth SM
family

H. Fritzsch, Phys. Lett. B 289 (1992).

A. Datta, Pramana 40 (1993) L503.

A. Celikel, A.K. Ciftci and S. Sultansoy, Phys. Lett. B 342 (1995) 257.

Moreover, Democratic Mass Matrix approach provide, in principle the possibility
to obtain the small masses for the first three neutrino species without see-saw
mechanism

J. L. Silva-Marcos, Phys Rev D 59 (1999) 091301

The fourth family quarks, if exist, will be copiously produced at the LHC.

ATLAS Detector and Physics Performance TDR,
CERN/LHCC/99-15 (1999), p. 663-

Then, the fourth family leads to an essential increase of the Higgs boson
production cross section via gluon fusion at hadron colliders and this effect may

be observed at the Tevatron.
S. Sultansoy ICPP, BOUN, Istanbul, 31.10.2008 14
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ATLAY Smiwcfsy o pipacy fevovmanca Vo U
T tencan (st Miysent 2% gy 190

Thess Large daia sers will allow very sensidve studies of the properties of the top quark. The
mass of the top quark wili be measured with a precision of jes s than £ GeA] dominaied entineiy
b sy st ematlc srrors. The top quark Yukawa coupling can ke msasured with a precision of Less
than 10 for a Higgs mass of 100 GeV. The 1 spin correlation s predicted in the M can ke ab-
serverd, and used to probe foranomalous couplings or CP viclation Heavy resonances decaying
ta F conld ke detscted with masses up o 3 TeV for 0 = BR greater than sheat 10 fb. Rare decays
of the top quark can ke probed down 1o branching ratios as Ioe as of order a fewe times 105, FL-
mally, the detailad stuchy o Fthree different mechanismes of electroweak single top preductan will
wield a weslth af Infarmatien including precizien measuremeris of Vo, measirement af the W
and ¢ pclardsations, and s=arches far anomalous couplings

18.2 Fourth generation quarks

Daca from LEF and 5LC tmphy the existence of only thres 58 families with Ught newtrinces,
Hawewer, extra gensratbans with heavy newirines are net excluded, and models which include
them hawe been propassd. The current experimental imits an Jourth family quarks and leptons
are m = B0 GeW and m g = 128 GeV [18-29]. The measurement of the p paramerer [1B-29] con-
sralns the mass splictng benween the doublst members of possible heavy generatons of
quarks: I,(c,/ZAm® « (48 GeWV)Z (B3 GeViE, where o s the calour Factor, and evhers the first
{=ecand) limit correspands 1o a Higes mass of about 80 Ge¥ (300 GY), Considerdng enly faurth
Eamily qquarkes, an analysis ghees Am = |midgd —m gl | < 43 GeV (T2 GV

To take a specific modsl as an example, the democratlc mass matrix (OMM) ap proach, devel-
cped as one possibility for selving the problem of the masses and mixings of the fundamental
particles is considered. [ the DMM approach, the 58 is extended o include a fourth gensra-
ten af fundamental farmions, with masses typleally in the range fram 200 ta 700 SV [18-55). In
order to avedd wiolation of partal wave wnitardty, the quark. mases should be mmaller than
about 1 TeV [1256]. & fewy efforts have been made to parametrdss the CEM matrix o take Inta
account a possible fourth famdly [L&-57|[12-55). These medels predict that the fourth generation
quark masses are close o #ach other, and that rwobady decays of fourth Eamsily quarks are
dominant over threebady decays. Guided by thess models, two sets of mass values
mrLr‘_l - m[d‘j = 2P GV amd mﬁ.r‘,l = m[dJ] = 540 G2V ogether wwith the CEM valuies Ln referenc-
es [16-58] and [12-57] are stdied.

A faurth generaticn of frrmiens weuld contrbute to the loop-mediated processes In Higgs pre-
duction {gg — H) and decay [ — v H = g=) [185]1].

B Mndey guaks a5 empiovs (L3
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This effect would both enhance the Higgs pro-
ductian cross-section, and modify the branch-

Wi it
28 by 120

Table 18-18 The enhancemsrt, compared io the pre-
diction of the three gereration S8, In Higgs production

ing ratks for Higgs decay. Table 1318 2nd cscay cus %o 2 fourl generstion of fermicns of

summarisss a few examples of the predicied mass 330 Ge or 540 Gev

enhancement, relative to the threegenemtden  sm

EM, afourth generaticn would give in the val-

ues of gxBR for the channels H — gy and

H — ZZ The ephancement is typleally a factor Mass  m =330 m=880 = =220 m=840
LY

Enhanosment In 7 = SR
Higgs o BRIN =1 o= BERH — ZZ¥

of approximately 710 far the H —+ZF (and (36 Oy Gay asy
aler H o W) channele, ared up e 7 ofar Lz L1 LB n7m J—
H =y The snhancements are almost inde-

perdent of the assumed mass of the fourth 130 1.2 138 048 240
famiby quarks orany other parameters. 153 2.19 232 138 Tz
O course, as discussed below, more clear =vd- 179 LLd 1.2
dence far the exdstence of a fourth genemtlon ™ gm -

of quarks could ke obeained by szarching far
them directly. Fourth family quarks would be
produced in pairs at the LHC. The expected production cross-section as a function of heay
quark maes was plotted in Figure LB-1, and shows that @ = 10 pb for a quark mass of 400 Ge';
decreasing to =0 25 pb for a mass of S0 Geil

1821 Fourth family up quarks

The fourth generation up-type quark {uyg) would predominanty decay siau;— Wh. The expect-
ed event topelagies are thus the same as for o pre<luction, sxcept for the different mass of the uy
guark. The best channel for chserving uguy producton would be the ‘sngle leptan plus sts’
made whers ane W decays leptonically (W — ) and the ether hadronically (W — g [15-£0),

Events of the topelogy uytry — WWE — () ([i156 were generatsd with FYTHLA and simulatsd
with ATLEAST. Events were selected by requiring Epmis » 20 GeV and the presence of an isalat -
ed electran ar muan with pr > 5 GV and | g = 25 The lepton Isalation criteda required the
separation in pssudorapldity Sazimuthal angle space betwesn the lepron and anmy jet o excesd
0.4, and that the ol tmnsvemse energy depositon in cells within a cone AR < 0.2 around the
lepton pot excesd 10 Getl Tevo very hard (pr = 250 Ge') Jets were required 1o be tagged as
boets, An addidonal pair of jets, not taggsd as bjels, was required to satisfy
600Gl < my o« 100 Gl in order 1o be loosely corsistent with my,. Accepred W candidages wers
then oo ecl with the b tagged jets to search for evidence of u; — Wh — jib. The mass resolu-
tion and  efficlency  were 21 GeV and  LL%, respecthvely, for miug) = 120 GeV. For
miji ) = EAD eV, the comesponding values were 40 GV and 08%.

The background 15 daminated by T producton with subssquent decay F — (B This back-
ground process has the same final state as the signal, as well as a largs cross-sectian. In additian,
there are smaller backgrounds from W+ 4 Jers, WW+ 2 jets, and Z2 + 2 jets. The hard kinematic
culs are effective at reducing the backgrounds, The W and WW backgrounds are further sup-
presssd by the requirement of twe ktagged jets. The background from Z2 + £ Jet productian,
with ane Z decaying leptonizally and the ather 1obE, is very small after cuts.,

[-2-2 ] 14 My Guaiks aod mpdvis

ICPP, BOUN, istanbul, 31.10.2008
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Pair production at the LHC,
100 fb-1

E. Arik et al., Phys. Rev. D 58 (1998) 117701
pp = gty —> hh TWHI

Ugthy — 1 +2§ 42D+ P,

a) My = 320 GeV
I:l total background

H 1= 1+ 2b, s 2its s 1

dasdW |, (pb/ 20GeV)
(=
o
1

i W—1F0) s A jets
0z | -
| H U‘L.I_,—)'|i-r;bk_-r]_'et'5-rp’+

Kinermatic cut 2

B R Y el
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Flavor Democracy and the Standard Model

It is useful to consider three different bases:

: Standard Model basis {f},
. Mass basis {f"} and
- Weak basis {f"}.

According to the three family SM, before the spontaneous symmetry breaking
quarks are grouped into the following SU(2)xU(1) multiplets:

149 -V A0
L u() d(). L CO dO' L l‘O bO
40 R R O RR p0 'R*R
L L Ll
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In one family case all bases are equal and, for example, d-quark mass is
obtained due to Yukawa interaction

(d) _ [— p JW d)_ 5
LY aduLdL goo a’R+h.c. = Ly, ma,dd

where m = a nN2, n = <¢?> = 247 GeV. In the same manner m = a,n A2,
m,=a,nN2and m = a n A2 (if neutrino is Dirac particle).

In n family case

JICI { 50
9]21_161 Ll

¢+

-0
i o0 R a’O +he. = Z md d ld? md = dn/\/z

=1 Y v

where d.° denotes dY, d,’ denotes s? etc.
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Flavor Democracy assumptions

Before the spontaneous symmetry breaking all quarks are massless and
there are no differences between d?, s and b?. In other words fermions
with the same quantum numbers are indistinguishable. This leads us to
the first assumption, namely, Yukawa couplings are equal within
each type of fermions:

The first assumption result in n-7 massless particles and one
massive particle with m = n-an A2 (F = u, d, 1, v) for each type of the
SM fermions.

S. Sultansoy ICPP, BOUN, istanbul, 31.10.2008 20



Because there is only one Higgs doublet which gives Dirac masses to all
four types of fermions (up quarks, down quarks, charged leptons and
neutrinos), it seems natural to make the second _assumption, namely,
Yukawa constants for different types of fermions should be nearly

equal:

ad =g =gl =gV =g

For 3SM case this means:

m, =mp=m, =m, =3an/sqrt(2)

Taking into account the mass values for the third generation

<< < <<
mVT mZ. m A m /

the second assumption leads to the statement that according to the
flavor democracy the fourth SM family should exist.

S. Sultansoy ICPP, BOUN, Istanbul, 31.10.2008 21



Above arguments, in terms of the mass matrix, mean

I 1 1 1 O 0 0 O

1 1 1 1 0O 0 0 O
MO=ani2 = MM =4an/v2

1 1 1 1 0O 0 0 O

1 1 1 1 0O 0 0 1

Therefore, the fourth family fermions are almost degenerate, in good agreement
with experimental value p = 0.9998+0.0008.

If a = 1 the predicted mass value is coincide with the upper limit on heavy quark
masses, m, < 700 GeV, which follows from partial-wave unitarity at high

[
'Y aVYalSeade I VaYa)

energies

M.S. Chanowitz, M.A. Furlan and I. Hinchliffe, Nucl. Phys. B 153 (1979) 402

If a =g, flavor democracy predicts m, =450 GeV.

S. Sultansoy ICPP, BOUN, Istanbul, 31.10.2008 22



The masses of the first three family fermions, as well as an observable
interfamily mixings, are generated due to the small deviations from the
full flavor democracy

A. Datta and S. Rayachaudhiri, Phys. Rev. D 49 (1994) 4762.

S. Atag et al., Phys. Rev. D 54 (1996) 5745.

A.K. Ciftci, R. Ciftci and S. Sultansoy, Phys. Rev. D 72 (2005) 053006.

Last parameterization, which gives correct values for fundamental
fermion masses, at the same time, predicts quark and lepton CKM
matrices in good agreement with experimental data.

S. Sultansoy ICPP, BOUN, istanbul, 31.10.2008
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The first argument disfavoring the fifth SM
family is the large value of m=175 GeV. Indeed,
partial-wave unitarity leads to mqy <700 GeV = 4
m, and in general we expect that m, <<m, <<
ms.

Second argument: neutrino counting at LEP
results in fact that there are only three "light”
(2m,, < my) non-sterile neutrinos, whereas in the
case of five SM families four "Ilght" neutrinos are
expected.

S. Sultansoy ICPP, BOUN, Istanbul, 31.10.2008 24



Concerning the BSM Physics, Flavor
Democracy:

 Favors the RS-LSP scenario

» Allows relatively “light” isosinglet quarks
(E6 predicted)

For details see

S.Sultansoy “Flavor Democracy in Particle Physics”

e-Print: hep-ph/0610279; AIP Conf. Proc. 899, 49-52 (2007)
and references therein

S. Sultansoy ICPP, BOUN, istanbul, 31.10.2008 25



Masses and Mixings (breaking of democracy)
A.K. Ciftci, R. Ciftci and S. Sultansoy, Phys. Rev. D 72 (2005) 053006

1 I+ 14+ =5
1+ 1+2y 140 | — 5

_le_m:l={£ﬂ: l+58 1+5 14+« | — o

1= 1= l—a I+ta+23

Eighenvalues of the matrix give us masses of corresponding fermions
which are used to fix the values of parameters a, B and y.

S. Sultansoy ICPP, BOUN, istanbul, 31.10.2008



The quark CKM matrix is given as Ogcgy = Qu{'}f;,
where O, and O, are (real) rotations which diagonalize
up- and down-quark mass matrices. (We assume that 3
phase parameters in the quarks’™ CKM matrix are small
enough to be neglected.) With the parameters given in
Table 111, one obtains

These matrices should be compared with the experimental
one

0.9747 —0.2235 —0.0028 —0.0001 0.9730-0.9746 0.2174-0.2241 0.0030-0.0044
| 02232 —09738 —0.0439 —0.0006 02130226  0.968-0975  0.039-0.044 =
Ockm =1 00125 0.0422 —0.9990 —0.0008 0-0.08 0-0.11 0.07-0.9993
—0.0002  0.0005  0.0008 —1.0000 * * * *
Similarly for leptons
0.82 0.29 0.49 —6.43 X 10~
O — —0.55 0.60 0.58 128 X 107
CrM 0.12 0.74 —-0.66  8.14 X107
—2.34 X107 681 X107 4.64 X 107* 1.00

These matrices should be compared with the experimental

data

0.70-0.87 0.20-0.61
0.50-0.69 0.34-0.73
0.00-0.16  0.60-0.80

0.21-0.63
0.36-0.74
0.58-0.80

S. Sultansoy
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3. The Fourth SM Family at hadron colliders
3.1. The fourth SM family manifestations at the upgraded Tevatron:

a) Significant enhancement (~8 times) of the Higgs boson production
cross section via gluon fusion

b) Pair production of the fourth family quarks (if m,, and/or m , < 350 GeV)

qg = q, (if anomalous coupling has sufficient strength)

d) Pair production of the fourth family neutrinos (via Z and/or H)

S. Sultansoy ICPP, BOUN, istanbul, 31.10.2008 28



Tevatron 2004
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Tevatron 2005 -2006
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Accessible mass range of the Higgs boson at the Tevatron
E. Arik et al., Acta Phys. Pol. B 37 (2006) 2839

L. 2 fb-1 8 fb-1

SM-4 150 GeV <m,; <180 GeV | 140 GeV < my< 200 GeV
135 GeV < my 125 GeV < my,

SM-4* 160 GeV < m, < 195 GeV
155 GeV < my 150 GeV < m,
150 GeV < my 145 GeV < m,

Observability of the Higgs Boson in the Presence of ...

E. ARIK ET AL.
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Wrong approach (all channels)
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Correct approach (WW channel)

D@ Preliminary, L=1.7 fb'
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Another opportunity to observe the fourth SM family quarks at the
Tevatron is their anomalous production via qg-fusion if anomalous
coupling has sufficient strength

E. Arik. O. Cakir and S. Sultansoy, Phys Rev D 67 (2003) 035002
Eur Phys Lett 62 (2003) 332
Eur Phys J C 39 (2005) 499

S. Sultansoy ICPP, BOUN, istanbul, 31.10.2008
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See: Workshop "Beyond the 3rd SM
generation at the LHC era“ CERN, Sep 4-5,
2008

Link to Programme
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However, LHC will cover whole region via golden mode during the first year of
operation.  E. Arik et al., Phys. Rev. D 66 (2002) 033003
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* Link to ATLAS Higgs Working Group
Meeting 19.10.2007

* Link to Summary (G. Unel at Fourth SM
Family at the LHC era“ CERN, Sep 4-5,
2008)

S. Sultansoy ICPP, BOUN, istanbul, 31.10.2008
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3. The Fourth SM Family at the CLIC

m,, > 310 GeV at 95% CL

My, > My,
m,=mgy,

m ,(D)=m,,

Vs > 600 GeV is needed

S. Sultansoy

o(pp—t't) (pb)

ICPP, BOUN, istanbul, 31.10.2008
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Yellow Report cErRN-2004-005, hep-ph/0412251
Quarkonia

Pair production

Table 6.11: Cross sectioms and event numbers per year for pair prodaction of the fourth-3M-famely fenmions with mass 320 GeV
2CLIC 5 = 1 TeV, Ly = 2.7 = 10™em %57 amd Ly = 10 em 257

Uyl dydy i iy
eTe” option 7 (fl2) 110 &0 86 15
Wy year 35 000 16 000 23 000 4100
v option 7 (fb) 34 2 58 -
W var 3400 200 5700 -

Table 6.12: Cross sectioms and event numbers per year for pair prodaction of the fourth-3M-famely fenmtons with mass 540 GeV
A CLIC 5 = 3TV Loe =1 = 10 m =%  and Loy =3 = 10Mem~ 571

uqTig dady laly 1Y)
eTe” option 7 (fb) 16 3 10 2
W year 16 000 2000 10 000 2000
¥ option 7 (fl) 7 2 46 -
W g vear 8100 600 14 000 -
171

S. Sultansoy

Table §.14: The producton event mumbers per vear for the fourth-3M-family oy quarkonia at 2 CLIC 1 TeV option

with my, =1 TeV

(204777) {dads)
ete™ — 4y 26 600 10400
ete” — Yy —+yH 510 50
ete~ —ay — IH &0 20

Table 6.13: Dacay widths for main dacay modes of gy for my = 130 GaV it my, == 1 TeW

(eq70g) (dadq)

Uity — £5E7), 1077 MeV 15w

[(ihy — wi), 1072 MeV 3.2 19
Ty — dd}, 10~ MeV 1.4 17
T4y — Zv), 107 MeV 15 17
Ty — ZZ), 107 MeV 1.7 54
Tty — ZH), 10~ MV 1.7 55
Ty — vH), 10~ MaV 144 36
[y — WHW =), MV 70.8 71.2

ICPP, BOUN, istanbul, 31.10.2008
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Future Studies

« Detailed study of pair production of the 4-th family
leptons

* Impact of beam dynamics on the 4-th family quarkonia

« Anomalous production and decays of the 4-th family
quarks and leptons

* Uu,u,H and d,d,H final states
» |dentification: d, vs isosinglet D (Eg)

* |dentification: u, vs isosinglet T (Little Higgs)
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Conclusions

« Atthe LHC, in the presence of the fourth SM family, even
with 1 fb-1, the golden mode will cover almost all of the Higgs
mass region at levels higher than 5 o, whereas the WW mode

will be an important channel for the discovery of the Higgs
boson 1n the region 150-200 GeV.

* Such a discovery will assure the existence of the 4th SM family

* A double discovery in the first year of the LHC start up is in the
realm of the possible: the fourth family neutrino and a heavy
Higgs boson

e Possibly the TEVATRON or most probably the LHC data will
yield the final confirmation of the fourth SM family within few
years
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