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3. The Fourth SM Family at hadron colliders
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First approach — Why not ?

Precision EW data:

Nz 3 from LEP data 2000: the 4th family excluded at 99% CL

. 2002: 3 and 4 families have the same status
ANIRE i Y0 1 % (I (R IS ) (B 5 and even 6 families are allowed if mN =

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

“A 4th generation of ordinary fermions is excluded 2006: ??7?
to 99.999% CL on the basis of S parameter alone”

H.J. Su, N. Polonsky and S. Su, Phys. Rev. D 64 (2001)
PDG 2006 117701

V.A. Novikov, L.B. Okun, A.N. Rosanov and M.I. Vysotsky,

This conclusion is wrong. Phys. Lett. B 529 (2002) 111

Graham Kribs, CERN Aug 2007 S. Sultansoy, CERN May 16, 2006

CLIC 2007 Workshop S. Sultansoy, TOBB ETU, Ankara




Second Approach —

Flavor Democracy favors the Fourth SM Family
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u d

510.99892(4) keV 1.5 to 4 MeV 4 to 8 MeV

<190 keV 105.658369(9) MeV 1.15 to 1.35 GeV 80 to 130 MeV

< 18.2 MeV 1.77699(+29-26) GeV 174.3(5.1) GeV 4.1 to 4.4 GeV

> 45 GeV > 100 GeV > 260 GeV > 130 GeV

m,=0 (<6107 eV) m, = 0 (< few MeV)
m,, = 80.425(38) GeV m, = 91.1876(21) GeV
m, > 114.4 GeV

Scale: TN = 247 GeV

Elementary in the SM framework. At least one more level (preons) should exist.
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In standard approach: m;=gM (N =245 GeV) 9,/9.,=0(m,/ m, )= 340000

Moreover, 0/ 9, = 1.75:10" (if m , = 1 eV)

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

m,<<m_<<m, m, <<m <<m, m. <<m  <<m,
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S. Sultansoy, hep-ph/0004271

Today, the mass and mixing patterns of the fundamental fermions are the most
mysterious aspects of the particle physics. Even the
by the Standard Model

The statement of the Flavor Democracy (or, in other words, the Democratic Mass
Matrix approach)

H. Harari, H. Haut and J. Weyers, Phys. Lett. B 78 (1978) 459;
H. Fritzch, Nucl. Phys. B 155 (1979) 189; B 184 (1987) 391;

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

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 soon at the Tevatron.
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It is useful to consider three different bases:

According to the three family SM, before the spontaneous symmetry breaking
quarks are grouped into the following SU(2)xU(1) multiplets:
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In case all bases are equal and, for example, d-quark mass is
obtained due to Yukawa interaction

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

where d.° denotes d, d,’ denotes s etc.
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Before the spontaneous symmetry breaking all quarks are massless and
there are no differences between d9, s® and bY. In other words fermions
with the same quantum numbers are indistinguishable. This leads us to

the , hamely,

The first assumption result in

for each type of the

SM fermions.
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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 , hamely

Taking into account the mass values for the third generation

the second assumption leads to the statement that
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Above arguments, in terms of the mass matrix, mean

Now, let us make the , namely
Therefore, the fourth family fermions are amost
degenerate, in good agreement with experimental value
. The last value
IS close to the upper limit on heavy quark masses

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

flavor democracy predicts
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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.

, Which gives correct values for fundamental fermion
masses, at the same time,

Arguments against the Fifth SM Family

The disfavoring the fifth SM family is the large value of
m;= 175 GeV. Indeed, partial-wave unitarity leads to myp <700 GeV = 4 m,
and in general we expect that m; <<m, <<ms;.

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

« Favors the RS-LSP scenario

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

“Flavor Democracy in Particle Physics”
e-Print: hep-ph/0610279; AIP Conf. Proc. 899, 49-52 (2007)
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2. The Fourth SM Family and the Higgs Boson

four SM family case with m. = 200; 320 and

640 GeV (upper, mid and lower curves,
respectively)
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E. Arik et al., Eur Phys J C 26 (2002) 9

4: 5 and 6 SM families with infinite
masses (lower, mid and upper curves)

4 5 M, Geperalions

cemmmmees 2 A M. GEnerabiong

o B EM, Generations /

E. Arik et al., Phys Rev D 66 (2002) 033003
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Sultansoy, Phys. Rev. D 66, 033003
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FIG. 3: Branching ratio of the Higgs with fourth—generation
effects assuming m,. = 100 GeV and m, = 155 GeV, The loop
offects to H — gg and H — =y are largely insensitive to the
fourth—generation quark masses. For the fourth—generation
masses we follow the reference point (b).

Four generations and Higgs
physics.

Graham D. Kribs (Oregon U.),
Tilman Plehn (Edinburgh U.)

Michael Spannowsky (ASC,

Munich & Munich U.), Tim M.P.

Tait (Argonne) . ANL-HEP-PR-07-

39, Jun 2007. 11pp.
e-Print: arXiv:0706.3718 [hep-ph]
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'Silver' mode

S. Sultansoy and G. Unel e-Print: arXiv:0707.3266 [hep-ph] Aug 2007

1 W
. z 1 . W
b 1
:D N ] .
z ] W 1

Figure 1: The “golden™ (left) and the “silver™ (right) modes for heavy Higgs boson discovery.

oo

E i ||n3
|t
|
= -

- 10ﬂ [ T T 1 I T T 1 I T T 1 I T T 1 I T T 1 I T T 1 I T T 1 I T T T_]
Q0 — = h— WY —
- ® h—27 3

80 s h—>»wdvq
- v h—»tt =

T = - —
I =
= D S —

50 = —
0 —
3ﬂ :_ .____.____..F__--———-—-""' _:
-0 F =
: '—-_‘—t—_'_'_.—-— - * o :

10 F e —
ﬂ : 11 1 | 11 1 I | | T‘+ 11 1 I | I | T I 11 1 T‘T‘_I‘_;—‘T‘_* | I | :
pt- |

80 100 120 140 160 180 200 220
m_, (Gel

0

!

Figure 2: The heavy Higgs branching ratics as a funection of the heavy neutrine mass for twe example my values
300 GeV (dashed lines) and 300 GeV (solid lines)
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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)

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

d) Pair production of the fourth family neutrinos (via Z and/or H)
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D@ presentations, for example,
A. Kharchilava, hep-ex/0407010
W.-M. Yao, hep-ex/0411053 * means extra SM families with m,, = 50 GeV

V. Buscher, hep-ex/0411063

E. Arik et al., hep-ex/0411053
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FRL 96, 011801 (2006)
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150 GeV < m, < 180 GeV

140 GeV < m, < 200 GeV

135 GeV < m,,

125 GeV < my,

160 GeV < m < 195 GeV

155 GeV < m,

150 GeV < m,

150 GeV < m,

145 GeV < m,

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
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Wrong approach
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Correct approach

D@ Preliminary, L=1.7 fb'
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FLZ. 41 Expecied and obssrved 955 CL croms section ratio of the combined Run [[a and Buon [Ib analyses for H — WH™,
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Higgs — “golden mode”

Higgs — “silver mode”

Pair production — fourth family quarks

Pair production — fourth family neutrinos (via Z and H)
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Kribs et al , Jun 2007

Significance, 30 &

generation parameters of reference point (b).
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FIG. 4 Sealed LHC discovery contours for the fourth
peneration model. All channels studies by COMS are included.
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. Sultansoy e-Print: arXiv:0708.0241 [hep-ph] Aug 2007
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Fig. 3: ATLAS sensitivity for the discovery of the SM Higgs boson in the 4 SM family case with
an integrated luminosity of (a) 10 fb™, (b) 3 fb™ and (c) 1fb™ .
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'Silver' mode

S. Sultansoy and G. Unel e-Print: arXiv:0707.3266 [hep-ph] Aug 2007
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Figure 1: The “golden™ (left) and the “silver™ (right) modes for heavy Higgs boson discovery.
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Figure 2: The heavy Higgs branching ratics as a funection of the heavy neutrine mass for twe example my values
300 GeV (dashed lines) and 300 GeV (solid lines)
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The fourth famuly nevirine, vy, couples to the Higgs boson with a vertex coeffictent proportional to 1fs mass
providing a new decay channel. The branching ratios as a function of the vy mass for two Higgs mass values, 300

and 500 GeV, are presented in Fig. 2. As seen Br(h — vyVs) is maximized between 90 and 100 GeV as §.8% for
my =300 GeV and between 130 and 160 GeV as 3.7% for my =300 GeV. Below we compare the “golden” and
“stlver” modes 1n these mass ranges.

The decays of the vy are governed by the leptonic 4x4 CKM matrix. For numerical caleulations, we constder
the parametenization in [6] which 15 compatible with the expertmental data on the masses and the mixings 1n the

SM leptone sector. [n this case, the Br{vs — ul¥') ~ 0.68 and Br{vy — 1iF") ~ 0.32 which imposes the main
discovery signal as two muons and four jets considering the hadrontc decays of the 1" bosons i the final state.
Note that the “silver” mode contans only muons compared to both electrons and muons of the “golden” mode.
This scenatio with my = 300 GeV, leads to Be(h — vgVy — ™ jjj)=1.22 10~ which should be comgpared to
the “golden” mode branching ratio of 11210, giving an enhancement factor about 11. Corresponding numbers
for my = 500 GeV are 1.88 107" and 1.25:¢ 10~ respectively, yielding an enhancement of sbout 13 times. We
believe that an order of magnitude hugher statistics would compensate the posstble mefficiencies assoctated with

et detection and hadronic 7" reconstruction.
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An associated channel to the “silver” mode is the case where one of the /" boson decays leptonically: " — v
(£ = p,e). The final state in this case will be ¥~ €jjEr . The number of such events is 63% of the “silver”
mode discussed above, bringing the total enhancement facter up to 24 (18) compared to the “golden” mode for a
Higgs boson of my=300 (300) GeV.

If the fourth family neutrino 15 of Majorana nature, an expenimentally clear signature would be available,

namely same s1gn muons as decay products of vas. Although in this case, the number of expected signal events 1=
halved, the SM background 15 practically negligible making this mode deserve the name “platinum™ mode.

3 Conclusion

If Nature allows, a double discovery in the first year of the LHC start up 1s in the realm of the possible: the fourth
family newtrino and a heavy (my > 300 GeV) Higgs boson. For my = 300 (300) GeV the fourth family quarks
increase the Higgs production cross section to 7x 10* ( 2.5x10%) fb compared to 10* (5 x 10°) fb in the 3 family

SM case [7]. Consequently, the so called “silver” mode allows about 850 (470) Higgs bosons (and obviously twice
as many Vg) to be reconstructed with 1fb~! luminosity for my =300 (500) GeV and my, =100 (150) GeV. The
Monte Carlo simulation to verify this statement 15 under progress.
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t" at the LHC: the physics of discovery

EBob Holdom

Department of Phypaics, University of Toronio
Toronts O Canada M55 A7
Eomail: bob.holdo@utoronto. ca

ApsTRACT: A ssarch for a foarcth family at the LHOC s presently a low priority, buat we
argus that an effective ssarch can be conducted early with only a few Inverse femtobarns of
data. We dizouss a meihod basad on iovariant masses of single jets for identifying the ¥ s
originating from hesvy quark decays. This can signifcantly inoreass gsignal o background
in the reconstruction of the ¢ mass. We also study the variows ypes of physics that can
impact the background estimacs, most nocably highsr order effecta, initial scate radiscion,
and models of the underlying event.

KeEvworps: Hadron-Hadron Seattaring.
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Fourth generation of quarks :
July 05, 2007 u4 — b . W

ATLAS Exotics WG

Update on Search for 4t
Family Sequential Quarks

V. E. Ozcan

University Callege London

In collaboration with:
G. Unel & S. Su|tan50y penérations de matiire

Defay Fierre-Olivier

Update on Fourth Family
Quarks at ATLAS

E. Ozcan, S. Sultansoy, G. Unel

University College London,
Gazi University, Ankara, ™

CERN & University of California, Irvine Democratic model : simple exter;sian of standard model.

ATLAS Trigger & Physics Week Mu-Md,[~1 GeV
March 19-23, 2006, CERN Mu, >190 GeV

U, = W+b
Diefay Pieme-Olivier
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4. The Fourth SM Family at the CLIC

m,, >260 GeV !l CDF Run2 760 pb

Preliminary
t—Wa, = 4 jets

Hy V8 Myoco

CDF 760 pb-1

my, >m,,

range of
expecied 95% CL
upper limits

theoretical predictio
(Boncian & al. )

_ 150 200 250 300 30 400
m,, (D)= m,, t' mass (GeV)

olpp—t'T)B{t"—~Wq)2 (pb)

my,=mgy,

FIGURE 3. 93% CL upper limits for the cross section for #' production
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Yellow Report cerN-2004-005, hep-ph/0412251

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

Uyl dydy i iy
eTe” option 7 (fl2) 130 &0 86 15
Wy year 35 000 16 000 23 000 4100
¥ option 7 (fla) 4 2 58 -
My vear 3400 200 5700 -

Table 6.12: Cross sections and event numbers per year for pair prodaction of the fourth-3M-famely fermtons with mass 540 GeV
MCLIC 5 = 3TV Lae =1 = 107 m ™%  and Loy =3 = 10Mem~ %57

1ugTg dydy laly 14T
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 -

CLIC 2007 Workshop

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

(204777) {dads)
eTET — 4y 26 600 10400
ete” — Yy — vH 510 50
ete~ —ay — FTH &0 20

Table 6.13: Decay widths for main dacay modes of g for my = 130 GaV et my, == 1 TeW

(eq70g) (dadq)

Uity — £5E7), 1077 MeV L8y i

[(ihy — wi), 1072 MeV 3.2 19
Tty — dd), 10~ MeV 1.4 17
T4y — Zv), 107 MeV 15 37
Ty — ZZ), 107 MeV 1.7 5.4
Tty — ZH), 10~ MV 1.7 55
T4y — vH), 10~ MaV 14.4 36
[y — WHW—), MV 2
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It is known that fHavor democracy favors the existence of the fourth standard model {(5M) family. In
order to give nonzero masses for the first three-family fermions flavor democracy has to be slightly
broken. A parametrization for democracy breaking. which gives the comrect values for fundamental
fermion masses and., at the same time, predicts quark and lepton Cabibbo-EKobayashi-Maskawa (CEM)
matrices in a good agreement with the experimental data, is proposed. The pair productions of the fourth
SM family Dirac (#:) and Majorana (N ) neutrinos at future linear colliders with /s = 500 GeV, 1 TeV,
and 3 TeV are considered. The cross section for the process ete™ — pu T (NN, ) and the branching ratios
for possible decay modes of the both neutrinos are determined. The decays of the fourth family neutrinos
into muon channels (pg(N; ) — w= W™ ) provide cleanest signature at e ¢~ colliders. Meanwhile, in our
parametrization this channel is dominant. W bosons produced in decays of the fourth family nentrinos will
be seen in detector as either di-jets or isolated leptons. As an example, we consider the production of
200 GeV mass fourth family neutrinos at v = 500 GeV linear colliders by taking into account di-muon
plus four jet events as signatures.

DOL 1001 102 PhysRew D7 2053006 PACS numbers: 12.15Ff, 13.66.De, 14.60.Pg. 14.80.—)

CLIC 2007 Workshop S. Sultansoy, TOBB ETU, Ankara




Single Production of Heavy Charged Leptons at the ILC
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Abstract: A sequential fourth generation of quarks and leptons is allowed by
precision electroweak constraints if the mass splitting between the heavy
quarks is between 50 and 80 GeV. Although heavy quarks can be easily
detected at the LHC, it is very difficult to detect a sequential heavy charged
lepton, L, due to large backgrounds. Should the L mass be above 250 GeV,
it can not be pair-produced at a 500 GeV ILC. We calculate the cross section
for eM+e”-\to L\tau, which occurs through a loop, and find that the L can be

detected through this process over a wide range of parameter space. We
also consider contributions to the cross section in the two Higgs doublet
model and in the Randall-Sundrum model
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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

u,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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