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Engin ARIK: papers on the fourth SM family

Search for the fourth family up quarks at CERN LHC. E. Arik et al., Phys.Rev.D58:117701,1998.

With four standard model families, the LHC could discover the Higgs boson with a few fb**-1.
E. Arik et al., Eur.Phys.J.C26:9-11,2002. e-Print: hep-ph/0109037

Consequences of the extra SM families on the Higgs boson production at Tevatron and CERN LHC.
E. Arik, O. Cakir, S.A. Cetin, S. Sultansoy, Phys.Rev.D66:033003,2002. e-Print: hep-ph/0203257

Anomalous single production of the fourth SM family quarks at Tevatron.
E. Arik, O. Cakir, S. Sultansoy, Phys.Rev.D67:035002,2003. e-Print: hep-ph/0208033

Has the anomalous single production of the fourth SM family quarks decaying into light Higgs boson been observed
by CDF? E. Arik, O. Cakir, S. Sultansoy, e-Print: hep-ph/0208099

Fourth generation pseudoscalar quarkonium production and observability at hadron colliders. E. Arik, O. Cakir, S.A.
Cetin, S. Sultansoy, Phys.Rev.D66:116006,2002. e-Print: hep-ph/0208169

Turkish comments on 'Future perspectives in HEP'. Engin Arik, Saleh Sultansoy, BOUN-HEP-2003-01, GU-HEP-2003-
01, Jan 2003. 11pp. e-Print: hep-ph/0302012

A Search for the fourth SM family quarks at the Tevatron. E. Arik, O. Cakir, S. Sultansoy, Eur.Phys.J.C39:499-
501,2005. e-Print: hep-ph/0308170

Search for anomalous single production of the fourth SM family quark decaying into a light scalar. E. Arik, O. Cakir,
S. Sultansoy, Europhys.Lett.62:332-335,2003. ¢-Print: hep-ph/0309041

Observability of the Higgs boson and extra SM families at the Tevatron. E. Arik, O. Cakir, S.A. Cetin, S. Sultansoy,
Acta Phys.Polon.B37:2839-2850,2006. e-Print: hep-ph/0502050
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Comments on the possible discovery of the Higgs boson with mass ~ 160-GeV at the Tevatron. E. Arik, S. Sultansoy, e-Print:
hep-ph/0508089

Quark mixing with four standard model families. E. Arik et al, Balk.Phys.Lett.15N1:9-12,2007.

The impact of the fourth SM family on the Higgs observability at the LHC. E. Arik, S.A. Cetin, S. Sultansoy,
Balk.Phys.Lett.15N4:1-5,2007. e-Print: arXiv:0708.0241 [hep-ph]

ATLAS Scientific Notes

With four Standard Model families, the LHC could discover the Higgs boson with a few fb-1/ Arik. E et al., SN-ATLAS-
2001-006; ATL-COM-PHYS-2001-019.- Geneva : CERN, 2002 - 7 p. - Published in : Eur. Phys. J. C 26 (2002) 9-11

ATLAS Notes

PRODUCTION AND DECAY PROPERTIES OF THE PSEUDOSCALAR QUARKONIUM / Arik. E et alATL-PHYS-
2000-002. - 1999. - 17 p.

Observability of Standard Model Fourth Family Quarks at CERN-LHC / Arik, E et al., ATL-PHYS-99-005. - 1999. - 21 p.

Enhancement of the Standard Model Higgs Boson Production Cross-section with the Fourth Standard Model Family
Quarks. / Arik, E et al., ATL-PHYS-98-125. - 1998. - 18 p.

ATLAS Theses

ATLAS Transition Radiation Tracker and Higgs Physics Related to Extra Standard Model Families / Cetin, S A (Supervisor
E. Arik) CERN-THESIS-2004-020 - Istanbul : Bogazici Univ., 2002. - 130 p.

+ a numerous presentations
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Preface: A little bit history
—1930’s

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

EM i1nteractions mediated by y
Strong int-ns mediated by n* and nt°
Weak int-ns - Fermi (four-fermion contact)

Leptons: ¢ and v; Mesons: ©*and n¥; 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 u !
We were looked for m —mesons but found something different. This new
particle seems to be produced by strong interactions, but interacts with

matter by EM interactions.
Real m —mesons were discovered 10 years later in emulsion experiments:

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 (Flavor Democracy or DMM approach)

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

Also,

Scale:

Periodic Table of the Elementary” Particles

v (direct)

<2eV

<190 keV

<18.2 MeV

> 39.5 GeV

510.998910(13) keV

105.658367(4) MeV

1.77682(16) GeV

> 100 GeV

m, =0 (10 eV)
m,, = 80.396(25) GeV
m, > 114.4 GeV

T. ~ 247 GeV

u

1.7 to 3.1 MeV

1.18 to 1.34 GeV

171.9(1.5) GeV

> 256 GeV

m, =0 (< few MeV)
m, = 91.1876(21) GeV

d

4,1to0 5.7 MeV

80 to 130 MeV

4.1 to 4.4 GeV

> 128 GeV

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

S. Sultansoy@ICPP-2
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(Particle Data Group), JP G 37, 075021 (2010) and 2011 partia Stable Neutral Heavy Lepton Mass Limits
Mass m > 45.0 GeV, CL = 95% (Dirac)

Sin2(2H12) _ UBE&tg:g%g Mass m > 39.5 GeV, CL = 95%  (Majorana)
‘&mgl _ (?_59_'__0_21) %« 10~5 eV2 Neutral Heavy Lepton Mass Limitso

) : Mass m > 90.3 GeV, CL = 95%
S|n2(2H23) > 0.92 U] . (Dirac v coupling to e, p, :; conservative case(7))
Am3, = (2.43 £ 0.13) x 1073 eVv2 Ul Mass m > 80.5 GeV, CL = 05%
sin2(2H13) < 0.15, CL = 90% (Majorana v coupling to e, ji, T; conservative case(T))

b/ (4th Generation) Quark, Searches for Recent CDF exclusions

Mass m > 190 GeV, CL = 95% (pP, quasi-stable b/)
Mass m > 199 GeV, CL = 95%  (pP, neutral-current decays) 372 GeV with 4.8 fb-1

Mass m > 128 GeV, CL = 95%  (pP, charged-current decays) (d4 — tW)

Mass m > 46.0 GeV, CL = 95% (et e, all decays)

t’ (4th Generation) Quark, Searches for

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

358 GeV with 4.6 fb-1
(U4 — qW)
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Fourth SM family ?

Exotic leptons and quarks ?

New bosons (IVB and Higgs) ?
| SUSY ?

Preons ?

Extra dimensions ?

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

Hadron, Lepton and Lepton-
Hadron Colliders

Dogus U, istanbul, 25.06.2011
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Phys.Rev.D83:054022,2011

arXiv:1009.5405 [hep-ph]

Inflation Systematic Confirmed Clarifying |Fundamentals
Fredictions |experiments
Chemical Elements|Mendeleyev Periodic Table| New elements | Rutherford p, 1, e
Hadrons Eight-fold Way New hadrons | SLAC DIS quarks
SM fermions Flavor Democracy Fourth family 7| LHC 7?7 Preons 7

Table I. Historical analogy

In my opinion, mass and mixing patterns of the SM
fermions are the most important puzzles of particle

physics.

Resolution of these puzzles should be the highest

priority of the HEP community.

S. Sultansoy@ICPP-2
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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).

Since 1990 almost blocked by two (incorrect/wrong) objections:
1. LEP-1 data on invisible Z-decays

only “active” neutrinos (in SM LH v) are in game

historical “paralogism” (V-A — massless v=v,)

but according the SM (g-1 symmetry) RH v is the partner of RH up-quark

2. Precision EW data (more important, see slides below)

S. Sultansoy@ICPP-2 Dogus U, istanbul, 25.06.2011
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Milestone

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

Summary of the Workshop: Four Statements about the Fourth Generation.
B. Holdom, W.S. Hou, T. Hurth, M.L. Mangano, S. Sultansoy, G. Unel.
PMC Phys. A3: 4, 2009. e-Print: arXiv:0904.4698 [hep-ph]

These statements are:

1. The fourth generation is not excluded by EW precision data.
2. SM4 address some of the currently open questions.
3. SM4 can accommodate emerging possible hints of new physics.

4. LHC has the potential to discover or fully exclude SM4.

S. Sultansoy@ICPP-2 Dogus U, istanbul, 25.06.2011
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1. 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 to 99.999% CL
on the basis of S parameter alone”

PDG 2006
This conclusion is wrong !
Graham Kribs

CERN Aug 2007

S. Sultansoy@ICPP-2

Flavour in the era of the LEC, CERN May 13-17 2006

The Fourth SM Family: Present Status

Saleh SULTANSOY

Gazi University, Ankara, TURKEY & Institute of Physics, Baku, AZERBAIJAN

1. Perindic Tahle of Fl v Particles

i) LEP data

Three SM families withm ;,<m; /2

ii) Precision EW data

2000:
2002:

2004:
2006:

the 4" family excluded at 99% CL
3 and 4 families have the same status
5 and even 6 families are allowed if my =50 GeV

6°th SM family is excluded af 36 ...

299

H.J. Su, M. Polonsky and 5. Su. Phys. Rev. D 64 (2001) 117701
VoA Movikow, L.B. Okun, A.N. Rosanoy and M.1. Vysotsky, Phys. Lett. B 529 (2002) 111

May 16, 2006

5. Sultansoy

Dogus U, istanbul, 25.06.2011 14




An extra generation of SM fermions is excluded at the 6 o level on the basis of the
S parameter alone, corresponding to Np = 2.85 £ 0.20 for the number of families. This
result assumes that there are no new contributions to 7" or U and therefore that any new
families are degenerate, and is in agreement with a fit to the number of light neutrinos,
N, = 2.991 £ 0.007. However, the S parameter fits are valid even for a very heavy fourth
family neutrino. This restriction can be relaxed by allowing 1" to vary as well, since 1" > 0
is expected from a non-degenerate extra family. Fixing S = 2/3m, the global fit favors a
fourth tcumh contribution to 7" of 0.22 £ 0.04. However, the qlmlm of the fit deteriorates
(Ay? = 3.2 relative to the SM fit with Mg forced not to drop below its LEP 2 bound of
114.4 GeV) so that this tuned 1" scenario is also distavored but only at about the 90%

This statement from PDG 2010 is wrong !! SM4 points | 1

projects_hepforge.orglopucemd

SM3

b
4]

My, GV | 410 | 440 | 440 | -

=0drTT T T T 1 T 17T T T 1 T T 1 T T 1

Red ellips 16 : | I I | | Mgy, GV [ 300 | 390 [ 390 | -
CL 68.27%; D'SE_ E mig, GV | 450 (300 300 | -
Blue ellips 26 02 N - m, (L),GeV | 105 | o1 | o5 | -
CL 95.45%; qu— / + ’ _ e, (H), Gev]2300|2000{ 2000 -

- % ] m, GeV | 200|250 | 115 | 115
Black cross — SM3; °F é’/ g ey |001]002]|002] -
Green, red and blue b S— R 0.07|0.560.036| 1.7
crosses — SM4 - —_— g 0.17|0.15| 000 | 0
points 1, 2 and 3. B N B - S e '[;.4 T o1olotel ozl o
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... more about OPUCEM

Oblique Parameters Using C with Error-checking Machinery

OPUCEM: A Library with Error Checking Mechanism for Computing Oblique
Parameters.

Ozgur Cobanoglu, (CERN) , Erkcan Ozcan, (University Coll. London) , Saleh Sultansoy,
(TOBB ETU, Ankara) , Gokhan Unel, (UC, Irvine) . May 2010. 10pp.

Published in Comput.Phys.Commun.182:1732-1743,2011.

e-Print: arXiv:1005.2784 [hep-ex]

http://projects.hepforge.org/opucem/

Up today, OPUCEM is the sole library on the subject which includes Majorana neutrinos.

Majorana neutrinos drastically change the situation: for example, degenerate fourth family
quarks are allowed. Also, allowed parameters space 1s essentially enlarged.

Below:
Several slides from Gokhan’s presentation at METU seminar (11.05.2011)

S. Sultansoy@ICPP-2 Dogus U, istanbul, 25.06.2011 16


http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Cobanoglu%2C%20Ozgur%22
http://www-library.desy.de/spires/find/inst/www?icncp=CERN
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Ozcan%2C%20Erkcan%22
http://www-library.desy.de/spires/find/inst/www?icncp=University+Coll.+London
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Sultansoy%2C%20Saleh%22
http://www-library.desy.de/spires/find/inst/www?icncp=TOBB+ETU,+Ankara
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Unel%2C%20Gokhan%22
http://www-library.desy.de/spires/find/inst/www?icncp=UC,+Irvine
http://projects.hepforge.org/opucem/

oblique parameters
&
BSM physics

Computer Physics Communications
10.1016/.cpc.2011.04.018

e ——

11 May 2011 - METU Physics Dept. Seminar

Gokhan Unel / UCI

In collaboration with

Erkcan Ozcan / UCL — Now at Bogazici Univ.
Saleh Sultansoy / TOBB ETU

Ozgur Cobanoglu / CERN — Now at Dogus Univ.
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software implementation: O P U CE M *

Oblique Parameters Using C with Error-checking Machinery

® A free and open-source C++ library for calculating STU parameters.
= c++ version tested on Linux & OSX with g++ (>v4) windows branch exists

® The aim is to provide minimum-dependence code to facilitate the

sharing of formulas, such that:

= Article authors can provide typo-free versions of their formulas that
match their published numerical results.

= Cross-checks are done to compare formulas in different papers directly.

=Reviews by any interested party is possible.

=Further studies can refer to a certain version of the code and future
errata can easily be done.

e Hosted on CEDAR Hepforge: https://projects.hepforge.org/opucem/

= contains source code, documentation, examples, screenshots, "how to” files

*A typical Turkish drunk trying to show his (otherwise suppressed) affection to his friends says this word. It literally means “I'll kiss youl”

S. Sultansoy@ICPP-2 Dogus U, istanbul, 25.06.2011 18



18

Opucem provides

e Calculations

=Implementation of exact 1-loop and approximate formulas, each
reviewed across multiple papers and validated to reproduce
published numerical results.

e Error checking machinery
=Safe functions that cross check reported results automatically.
= Approx. formulas vs. exact formulas.
=| imiting cases: Majorana vs. Dirac, 2ZHDM vs. SM Higgs.
=Proper handling of real degeneracies (NaNs avoided).

e Examples & Accessibility
=»GUI for SM & SM4 (fourth family) cases
=Auxiliary tools to draw ST error ellipses.
=Driver code for quick computations

S. Sultansoy@ICPP-2 Dogus U, istanbul, 25.06.2011 19



OPUCEM 21

meanwhile...

4th .
0 4th generation
- [ fitter 2.){ 3 L L T R 2
0.4 [ peetminary b ] C M, -00 Gay — 3
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i i E-
01— — E
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A =T e F B0%, 9%, 3% CL 11 contours |
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04 .03 -0.2 0.1 o 01 02 0.3 0.3 05 -100 &0 0 S 100

m, -m, [GeV]

e With 4th generation getting more popular, many groups are now implementing it into various
tools/fits.

= The implementation of the Dirac case is rather straightforward, thanks to Dirac SM4 being the
"simplest extension” of SM3.

= Most recently, we saw results from the Gfitter group, confirming ours (and those of others).
¢ note that 3-4& family mixing & majorana neutrings are not in Ghtter implementation.

e OPUCEM also implements Majorana-type neutrinos.
= Not implemented in any other tools, fitters yet.
= Is considered more "natural” by some theorists.
= Is more relevant to heavy Higgs scenarios, as you will see in the next slides.
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Majorana neutrinos

® assume Mv4= 80 GeV, lowest allowed by PDG; other mass values = free parameters:
= set the heavier neutrinos partner to 1 TeV, equivalent dirac mass = sqrt(m«M) where m,
M are heavy and heavier Majorana neutrino masses
= scan other fermions from 200GeV up to 1 TeV (Partial Wave Unitarity limit)
= scan some Higgs values: 115 150 200 250 300 350 400 450 500 600 700 800 900 GeV.

e Is this plausible from an EW point of view? YES! See contours below.

mv4=80 GeV

R

mv4=180 GeV
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more correlations
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some results in Majorana case
For Malorana fype reutrines] T gy ]

e SM4 w/ Majorana vs have considerable 3 - ki il . : |
parameter space within 2o errors " ml B0 Gev | ml =80 Gev | “ i1 280 Gev |
= see the RHS results, w/ m2=1TeV el Ml ellal: :

e S-T contribution is same for a Dirac | . | .

neutrino & Majorana neutrinos of equal mi %80 GeV ] ml =580 GeV/
mass (ml=m2). S )
0.5

e Keeping ml-m2 constant, increase m2/m1  F

0.4F —%

from 1 to n in steps of 0.5. 03k E
= n is the value of the ratio at which D'2§ =
ml<=80GeV. 2E E

01 ?ﬁ ;

e Large neutrino mass differences make a uf_é,/ =
heavy Higgs compatible w/ EW precision _g_@_/// E
data _g_gi_ _i
masses(GeV) | 1w ds Vi e4 H -D.B;— _;
A 300 | 300 | 245 | 355 | 115 | -04F E
B 335 265 265 335 450 | OFF———pH " 0.4

C 435 | 455 | 365 | 435 | 900 S
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Outlook
® conclusions & suggestions

= Our tool, opucem, is debugged and freely available to download

= Using the EW precision data, we see that a fourth generation is more plausible than
some people are used to think.

» The Majorana type 4th family neutrino is only available in opucem.
= Using the opucem GUI, you can check your favorite mass values rather easily
» Majorana type neutrinos allow higher Higgs masses
= Existence of these additional fermions is very interesting from an experimental
point of view.
» Direct searches of the additional fermions (see presentations in exotics meetings)
» Enhancement of the Higgs production (see presentation in Higgs (HWW) meetings)

» exciting possibilities for early discoveries... 9 BT .
- — -
® opucem TO DO list g ln

= Using the existing work ! SR pemesn, g /
» find the available parameter space of the already implemented models, ! _
al

—— My
compatible with EW data ] i
» implement GUI for other already implemented models. N -+
= Improvements to the existing work N
» implement other models ‘
» import infinite precision library from gnu 0 300 40 500 $00700 800 10N
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conclusions

v There is now a free and mostly debugged library to calculate the EW
oblique parameters for various models.

» Your contributions on your favorite model are most welcome.

v Using this library we calculated likelihood of various fourth SM family
(SM4) scenarios.

» In some regions of the parameter space SM4 is more compatible with the EW
data than SM3.

» Some fermion masses, within are low enough to raise our hopes for the initial
LHC data.

» DMM predicts mv4 = mE4 ~ mU4 ~ mD4 .

b SM4 with Dirac or Majorana neutrinos mass up to ~200 GeV favors small difference between quark
masses, complying to DMM.

b SM4 with higher neutrino masses favors large difference between quark masses but also doesnt exclude
a small difference (i.e. DMM).

» The masses compatible with EW precision data define a donut (ring) in the (mU4-
mD4 , E4) plane. e oo ma

S. Sultansoy@ICPP-2 Dogus U, istanbul, 25.06.2011 25



Second Approach:

Flavor Democracy favors the Fourth SM
Family

in other words:
Existence of the fourth family follows from the

basics of the Standard Model and the actual
mass spectrum of the third family fermions.
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Yukawa couplings

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

Moreover, 0/ 9,e =~ 1.75:10" (if m , = 1 eV) compare with mg,;/m,, ~ 10"

However, see-saw mechanism ...

For same type fermions: 9,/ g, = 35000+175000, g, / 94 = 300+1500,
g./g,~= 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)

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;

P. Kaus and S. Meshkov, Mod. Phys. Lett. A 3 (1988) 1251;

H. Fritzch and J. Plankl, Phys. Lett. B 237 (1990) 451.

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 still
may be observed at the Tevatron.
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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 {}.

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

| (/0]

|L|,t

0 0
; ,b
R Lbo J R
Ll

0
R
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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, (7 4 o )|d vhe. = L -m qd
J\\(DO R d

where m, = a n/N2, 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

00 she = & md’q0, md =adn N2

170 d |

L@ 2 galzo g0 T
Y .4 Ij| Li Lij| 0| R ij i’
i,j=1 7| Jlo¥) i,j=1

where d,’ denotes d?, 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-aF-n N2 (F =, d, 1, v) 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 second _assumption, namely,
Yukawa constants for different types of fermions should be nearly

equal:

For 3SM case this means:
m, = m_ = mbz mt:3a77/sqrt(2)

Vv, T

Taking into account the mass values for the third generation

m, << m_< m_ << m
g b

Ve

{

the second assumption leads to the statement that according to the
flavor democracy the fourth SM family should exist.
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Above arguments, in terms of the mass matrix, mean

0

-

(1 I 1 1)

L1101 0
=M™ =4ani2

1 1 1 1] 0

| |
L1111J Lo

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
energies

M.S. Chanowitz, M.A. Furlan and 1. Hinchliffe, Nucl. Phys. B 153 (1979) 402

oS O

[E—
- _

0
0
0
0

o o o O

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

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.
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Arguments against the Fifth SM
Family

The first argument disfavoring the fifth SM family
s the large value of m~175 GeV. Indeed, partial-
wave unitarity leads to m, <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 "light" neutrinos are
expected.
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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
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Fourth Family at TeV scale colliders

Linac-LHC mucn collider
Clolliders Tevatron LHC ILC /LI QCD Explorer|Energy Frontier
Beams fa oy e we | =y = ™| P Te o
g [P), SM decaye |60, 70| [30, 44, 58, 50, 64, 65, 67]| [48, 55 |48, 55 |45]
g [F), Anom decayes
dy (P}, SM decays [70] [30, 50, 64, B5, 67, T8] |48, 55 |48, 55 [48]
dy (P, Anom decays | |14, 45, 60]
qalAF)
4[5 |66 ] |74, 78|
g3, A}, SM decays |51, 53 [69, 73] [52]
ay(S, A), Anom decays|[50, 51, 53, 54] |62, 63, 65] [52, B2, 63 |62, 63, 72|
L(P) |48, 55 |48, 55 [46]
g( P [77] |28, 40, 77 [48, 55, 56| [45]
Ly (AF) [73]
l4(8, A) [E8] [71] [57] [57]
va(S, A) [61] 61]
Scalar Cuarkonia [30, 49] |48, 55
Vector Quarkonis [47, 48, 55 [46], [47]
Hadrons [47] [47]
Phys.Rev.D83:054022,2011; arXiv:1009.5405 [hep-ph]
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The Fourth SM Family at hadron colliders

a) Significant enhancement (~9 times) of the Higgs boson production
cross section via gluon fusion. May provide first evidence!

b) Pair production of the fourth family quarks (at the Tevatron if m4, and/or
m,, <400 GeV)

c) Single resonant production of fourth family quarks via the process

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

d) Pair production of the fourth family neutrinos (via Z and/or H)
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ATLAS gty §0d Vs SnTimanc Vo &
T boncai Chauias Mingan? 25 Mgy 1230

These large data sets will allow very sensitive studies of the properties of the wop quack. The
mass of the top quark will be measured with a precision of less than 2 G\ dominated entirely
by systemiatlc errars, The top quark Yukawa coupling can be measured with a precislon of Less
than L0 for a Higes mass of 100 GeV. The 1 spin correlatians predicied in the 5M can be ab-
served, and used to probe foranomalous couplings or CF viclaton Heavy resonances decaying
ta £t could ke detected with masses up to 2 TV for g = BR great=r than about 10 §b. Rare decays
of the tap quark can be probed down 1o branching ratles as low as of arder a few tmes LGS Fi-
mally, the detall=d study of thres differsnt mechanisms of electroweak single top preducton wdll
wield a wealth of Informaticn including precision measuremenis of ¥y, measurement of the W
ardl r polarisaticns, and szarches for anomalous eouplings

18.2 Fourth generation quarks

Data from LEF and SLC Imply the existence of only thres SM families wdth Ught neuirinos.
Hawever, exira generatlans with heavy neutrines are net excluded, and models which include
themn bave been propossd. The current experimental Bmits an fourth family quarks and leptons
are my = 80 GeV :.riqu = 128 GeWV [15-29]. The measurement of the p paramerer [LB-29] con-
strains the mass splicting becween the doublet members of possible heavy generations of
quarks: E,jc,/FAm = < (48 GeV)E, (B GeWiZ where o Is the colour facior, and where the frst
{mecand) llmit correspanads 1o a Higes mass of abaut B0 GV (200 G2V, Considerng cnly fourth
Eamily quarks, an analysis ghves Am = |[midg —miigl | < 43 GeV [TZ GV,

Te take a specific mods] as an example, the democratic mass matrix (DMM) approach, devel-
cped as cne possiblity for selving the prablem of the masses and mixings of the fundamental
particles is considered. In the DMM approach, the 28 s extended to include a fourth gensra-
tion of fundamental fermions, with masses gypically in the range fram 300 10 700 G4 [15.65]. [n
order o avedd wialation of partial wave unitarity, the quark masses should be smaller than
about 1 TeV [15-56]. A few efforts have been made to parametrss the CE} matrix o take Inta
account a pessible feucth famdy [13-5T)[18-55]. These me<dels predict that the fourth generatlcn
quark masses are close o each ather, and that cwobody decays of fourth family quarkes are
dominant over thresbody decays. Guided by these models, two seis of mass values:
mfl.r‘_l = m[d‘fl = 300 GV oand mﬁ.r;l = m[d‘] = 540 GV together with the CEM values in referenc-
es [16-55] and [18-57] are studled.

A fourth generation of fermicns would conerbute ta the loop-mediated processes in Higgs pro-
ducticn {gg — H) and decay [H — v H — gg) [185]].

18 Hnaep gua'ks a5 Mo (=34

S. Sultansoy@ICPP-2

ATLAS Sdistar amd ghysin pabi vt
Tacfviicw' Swngn fapost

This effect would both enhance the Higgs pro-
duction crosssection, and modify the branch.

Lt g
24 My a0

Table 18-18 The snhancemsnt, compared o the pre-
diction of the fhree gereration 58, In Higps production

ing tatks for Higgs decay. Table 1315 2nd cecay cus fo 2 fourlh generstion of fermicns of
summarisss a few examples of the predicted T35 A2 e or B30 He

enhancement, relative to the thres genemiden M
=M, a fourth genematlon would give in the val-
ues af gxBR for the chanoels H — yy and
H = ZZ The enhancement is typlcally a factor  Mazz  m=130 m=g40 m=320 mg=edo
of approximately 7-10 far the H — ZZ (and (30 Dev Gy sl GV
also H— WW) channels, and up o 2 for 5 LI1& L1E 07 119
H —yr The enhancements are almast inds-

Enhanosmesnt In 0= SR

Higgs % BRI — 1 o BR{H = 5%

pendent of the assumed mass of the fourth 13 1.2 138 016 L]
Earmiby quarks or any cther parameters, 15 2.1 212 138 15
Of course, as discussed belove, more clear =vi- 1M 14 1.2

dence far the exdstence of a fourth genemilon
of quarks could be obtained by s=arching for
them directly. Fourth family quarks would he
produced in pairs at the LHC. The expected production cross-ssction as a function of beaey
quark mass was plotted In Figure 1B-1, and shows that o = 10 pb for a quark mass of 400 Ge
decreasing to =0, 25 pb for a mass of 800 Gl

LEd B30 o]

1821 Fourth family up quarks

The fourth generatlan up-ty pe quark () wul_JLd predominantly decay viau;— Wh. The expect-
ed event topologies are thus the same as for f production, sxcept for the different mass of the g
quark. The best channel for cheerving ugry producton would be the ‘single leptan plus jets”
mode whene ane W decays lepionicalty { W — [+) and the other hadronically (W — i) [1580).

Events of the topclogy ugry — WWE — (I ([H56 were generated with FYTHLA and simulated
with ATLEAST. Events were selected by requiring Epmis o 20 GeV and the presence of an isalat-
ed electran or mwan with pr = 50 GeVand || < £5 The lepton isalation criteda requined the
separatian in pesudorapldity Sazimuthal angle space betwesn the lepron ard amy Jet ta excesd
04, ard that the total transverse snergy deposition in cells within a cone AR < 0.2 arcund the
lepton mot excesd 10 eVl Two very hard [pr = 250 GeV) Jets were required to be tagged as
bjetz. An addidenal pair of jeis, not tagged as bjels, was required b0 satisfy
60 GeW «my, o 100 GeW in erder 1o be loosely consistent with my,. Accepeed W candidates wers
then ool e with the btagged jets ta search for evidence of uy — Wh — jib. The mass resclu-
tion and efficlency  were 21 GeV and  L1%, respectively, for mijuy = 320 GeV. For
miu ) = EAD GeV, the comesponding values were 40 GeV and 06%,

The background is dominated by (f preduction with subssquent decay f — ({ilbE This back-
ground process has the same final state as the signal. as well as a largs cross-sectian. 1o additon,
there are smaller backgrounds from W+ 4 Jets, WW = 2 jets, and Z2 + 2 jets. The hard kinematic
culs are effective at reducing the backgrounds, The W and WW backgrounds ars further sup-
presssd by the requirement of two b tagged jeis. The background from 22 + 2 jet productian,
with one & decaying leptenically and the ather to b, is very small after cuts,

[22] 18 Mwady quasks a5 modas
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Pair production at the LHC,
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G. Sajot, PLHC2011, Perugia

4th generation quarks : b’

5.8 ib!

Introduce a fourth generation of chiral fermions

arXiv : 1101.5728

Direct searches m,' =338 GeV = b =tW

gf — b'h — tt WW - bBWWWW

Signal : 1 + mET + = 5 jets (= 1 b-jet)

2D-analysis performed : Njets and HT = £ ET (on |, jets, mET)

. Vot
g [g 6] 7] = s — Median
Sk - =+ Data £ k el

E Bkg,+ b 2 .ﬁg:r
5]
— Total Bkg. o 1 [Josm
4 & ]
4 | T4 z === Theory
[ Il LF 5 J
Lk . ! QD - == Observed
H 1 1 I Di-bosen
|
5w " —= Data 3
el s = 1;1!gluuu. " L¥!
st BT W (mbe350 GeV) B0 3000
S0 500 1000 1500 2000 2500 500 Quark mass [GeVicT]
TenHy
PLH LPsC and Grenoble University nﬂh‘) = 372 GeV

S. Sultansoy@ICPP-2

PRL 1086, 141803 (2011)

4th generation quarks : t’

5.6 tbr

A small mass splitting is prefered between t' and b’

= m(b") + m(W) = M(t’)

Signal : I, mET, 4 jets (= 1b-jet)

l=eorp
1 COF Aun 2 (5.6 1)
Pralimmnary Dhasrind
E 109} A 5 Gav]
i -
E i Wjnts, EW
104 I

a0
B
c
E o
El
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PLHC 2011 Perugia 6 - 11 June
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N. Bousson, PLHC2011, Perugia

pI—————N  How to detect new heavy quarks with

b

— g

%" __\ ::: :::, L This will depend on: W Mixing with lighter generations

= W

E . Assuming unitarity of a 4xd4 CKM matrix, quark mixing of 4G to the other 3 is

E constrained to be small from fit to flavor-physics data [12]:

: |V ] < 0.06, |V | <0027, and |V ;| < 031 at 3o

g L L It has been recently pointed out [13,9] that if mixing angles are tiny (~10-"7< G, < ~109)

= el L ) and my,~mp,, heavy quarks could have a proper lifetime of 10" <ty < 1s !

heavy q“"" mans [Ga¥] = Their decay length could range from:
Q404 production rate is much 1- few millimeters 2- to many meters |
. = Potential displaced vertices =< Could even decay outside ATLAS
higher than @Tevatmn [11] close to the interaction point (so-called ‘stable’ particles)
. |_1- By looking at top-like decays ... |
Signal Boosted Wl Bisaiad g
ignal: * . P
Large p of W daughters f **2 =i L — =
= ~collinear decay products 4
U4 searches: i\ it Main background is tthar production

The idea is to apply cinematic cuts and use variables reflecting the higher pt spectra of decay products

EIEETENEN Di-lepton channel: both Ws= [+v, assuming B.R. U4 2g=u.d.c.5.b + W= 100% Lepton+jets channel: :
Most discriminating variables are:
e, [T - Ww
ﬁ *;23 e *Hy: ~ scalar sum of all transverse energy in the event qq 2 "lvq q qq
: ol S -\ t f t d it rby lepto -
= 32 - colinear- INVAriaNt mass of a n.e“umr.l.r.l.n and i s.n!ea v lepton +has more statistics
i —=" + allows to reconstruct the
Froces 2] Procss o] mass of the hypothetic quarks!
I.r a0z z —+ up =6
v g schan o 14 WW 08 Assuming BR Q4->b+W = 100%
gnur top Wit e }"f Jﬁ b-jets identification allows to kill
—+ i o M o almost all QCD hackgrnund
RITTTY S S — AL Prplmimary O, 350 G Dnlinsar Mam
A 2D cut (H, M__,) is applied to discriminate S from B:
Hi TR G M fie] o 100 0 i E I [_’“::‘u:‘"
L Toeal B A4+ 07 =50 WA=08+1L7 0104 =01 B3+ b4 08 E BTLAS Profimindey  — pmass fpistad
signal ATL05+19 T14£02£03 304004023 1a+0001 B P

B

Obmaresd A0 iL [} g 12w
0

With 37pb1, ATLAS already excluded at —

95% C.L. a heavy quark with mass below
270 GeV in this channel [14] "= o ® w0 o 9w

Mt Before and afier the trianghe cur for the 230 GeV mass 0, ki (G’
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L. Sonnenschein, PLHC2011, Perugia

% Search for heavy bottom-like quark

Exclusion limits on production cross section
» Zero events selected. No excess over estimated SM background vyield
» Bayesian 95% C.L. upper limit on & as function of M,
CMS 34pb™ \'s = 7 TeV
3102 E B B L B B
2 F .
I;D | ; ]
e 10k Limit at 95% CL: M, > 361 GeV/c* |
e e expected :
© ”' “=._ observed
1 — ( "'l..i"\-_ : kP =
= Hﬂ?f"{-l__ -Iq"'n. ]
[ rfj{d{'; iy, i
B 8 rr_.“ﬂr}_-: .
» Hﬂj N
10.-1 N S R S S AR N
300 350 400 450 500
M, [GeV/c?]
Lars Sonnanschein, RWTH Aachen, 11l. Phys. Inst. A Soarches In CMS5
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The Fourth SM Family at the CLIC

m,, > 310 GeV at 95% CL

my, >m,,
m,=mgy,

m ,(D)=m,

Vs > 600 GeV is needed

S. Sultansoy@ICPP-2

o(pp—tt) (pb)

0.1t

CDF Run 2 (2.8 tb')
Preliminary

t'—=Wq, = 4 jets

Ht vs M,eco

range of
expected 95% CL
upper limits

theoretical prediction

Bonciani et al.
1

I L ' [l
200 300 400 500
t' mass (GeV/c?)
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CLIC Yellow Report: CERN-2004-005, hep-ph/0412251
Pair production Quarkonia

Table 6.11: Cross sections and event numbers per year for pair prodaction of the fourth-3M-famely fenmons with mass 320 GeV
at CLIC {50 = 1 TeV, L0 =2.7 ¢ 10™*cm 5! amd L., = 10Mcm %Y Table §.14: Tha production event mumbers per year for the fourth-SM-family vy quarkorda 2t 2 CLIC 1 TeV option
' with my, =1 T8V

Uyt dydy U gy (a3 (dsda)
eTe” option 7 (fb) 130 &0 36 15 e =y 26 600 10 400
Wewlvear 35000 16000 23000 4100 efe” =i —H 510 50
etem — ay — ZH 60 &0
¥ option 7 (fl) 4 2 58 -
Wofvear 3400 200 5700 -
Tabla 617 Cross sactions and evest pmbers per year for pair production of the founih- SM-family fermions with mass 540 GeV Table 6.13: Decay widths for main dacay modes of oy for my =130 GaV with myy = 1 T2V
a CLIC {5y = 3 TeW, L = 1 ¢ 10P%em %% and Ly =3 ¢ 10Mem =257
_ _ (2e47ig) (dady)
uqTig dady lala 14T
ot~ option ” () 16 . 0 . [{ihy — £7€7), 1077 MeV 189 73
Wewlvear 16000 8000 10 000 2000 [y — v}, 10-2 MeV 3.2 19
[(ya — dd), 10-2 MeV 1.4 1.7
7Y option r@® n : . - [(shy — Zo). 10-1 MeV 15 37
N vear  E100 600 14 000 - Pl — ZZ), 10-1 MV . s
[y — ZH ), 10-1 MeV 1.7 55
[y — vH), 10-1 MV 144 i6
1 (g — WHW ), MeV 0.8 1.2
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Future Studies for CLIC

» 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

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

* ldentification: u, vs isosinglet T (Little Higgs)
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The Fourth Family and the Higgs Boson
Tevatron 200

100D T
) = DO Run il — 1460 g
a ! — 2
. = - e | * -
Ak =EeiE g
1 10
) H— Wbl
= . ]
e B 1w e
10 ot o R
& w .
th : - TT S g
4" Generation Model it o -
T 1 o L R A .
1 - o & i LI
Topcolor = Al
— =
e 0,1 o
] =
-
L
10 "Jf;Sta mdard Maodel Standard Model [(SM-3)

0,01

10 120 140 160 180 290 80 100 120 140 180 180 200
Higgs mass (GeV) Higgs mass [GaV)

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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Tevatron 2005 -2006

PRL 96, 011801 (2006) PHYSICAL RE

~ E )
| E ﬁmW%wammw
g """-"'.-"_.-' .-_._,__ _..--'.- fffffff
— Dz - *:’ e,
L I o84 CL Limit
- u < e Expected
IT ol - ;«;,';‘ . » —— Observed
TP 8 i
Y F O —
° 1 3 /ﬂ Generation Model ~——
=T
[ X —_
10 u / Standard Model ——
:l 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I

100 120 140 160 180 200
Higgs mass (GeV)

FIG. 2 (color online).  Expected and observed upper limits on
the cross section times branching ratio ¢ X BR(H — WW™) ar
the 93% C.L. together with expectations from standard model
Higgs boson production and an alternative model. The LEP limt
on the standard model Higgs boson production is taken from [1]
and the 4th generation model prediction is described in [6].

S. Sultansoy@ICPP-2
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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

2 fb1

int 8 fb-1

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

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

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

g

eXBRH=WW) {pb} _
2

=k
=

a1

Excluted at LEP

0.0

Standard Model (SM-3)

BO 100 120 140 160 180 200

Higgs mass (GeV)

”hee.xuiude-d r&gmnof-:rf BRH — Wi 1.':1,1: 95 ': L o

S. Sultansoy@ICPP 2

T oTE
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o1 |3
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.- Excluded at LEP .

E. ARIK ET AL.

Standard Model (SM-3)

ED

. The excluded region OE

—— 2L R

Dogus U istanbul, 25_ 06 2011
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Phys. Rev. D 82, 011102(R) (2010) arXiv:1005.3216 [hep-ex]

N I L I L L L
(d) cDF+DORunTT 7 Expected
=48 -5.4fb" —— Observed
' ' [ =1 s.d. Expected
|| *2s.d. Expected

4G(High Mass)

95% C.L. Limit/4G(low Mass) Prediction
W

O s N — 4G(Low Mass)=1-
I s — e
0 120 140 160 180 200 220 240 260 280 300

my, (GeV)

Assuming the presence of a fourth sequential generation of fermions with
large masses, we exclude at the 95% confidence level a standard-model-like
Higgs boson with a mass between 131 and 204 GeV.
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Compare with SM3

M. Casarsa, PLHC2011, Perugia

Winter '11 Tevatron high-mass combination [F%)

M. Cosarsa

S. Sultansoy@ICPP-2

-]

95% CL Limit/SM

Tevatron Run II Preliminary, L = 8.2 fb '

IimpL'L'l’.utl I ;
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+2a Expected

T I T I T T T
Tevatron
Exclusion

March 7. 2011

170 180 190 200
my, (GeV/c™)

25% C.L. exclusion of
the mass range
158 < M, < 173 GeV/c?
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Higgs reaults formmn the Tewatron — PLHE 2011
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M. Mannelli, PLHC2011, Perugia

H->WW -> 2|
Results with 36

o 334_ LI T T T T T T T . m LI I} L] LI B LI | L L
B OMSNE=ITVI =36pet 1 B ETTOMBEZUTeVL =36pb
E]ﬁ:— BN o, BRH — WW — 202v), 8M El BN o, BRH—-WW — 22}, 5M 3
= E LAty uH'ER['H.I—iW—'lllIv]I.EMJ- E b~ e oy HR(H — WW — 2w}, M4 E
1 14 _'lppcrlnu_i',-ulnzwed — 14 = mpper lmut, chserved —
: g wpper limit, expected + o 1 1t B upper limit, expected = 1o ]
= 120 srmesens wpper limid, expecied * 2o - = 12 mreese upped limit, expected = 20 3
? 10/ 4 10f 3
3 E 3
I 3 ) - .
Z o 1 29 E
D 4 1 24 ;
:' :_ . :!E_ '-:-._._. '__
r - e S R s 1 T
O 200 300 400 300 GO0 {I‘DEI 200 300 400 SO0 i L]
Higgs boson mass [GeVic] Higges boson mass [GeVieT]

In the region 150 GeV < My < 600 GeV, within a factor ~ 2 of SM for My, ~ 160GeV

With 36pb~ 95% CL limits on = x BR (H -> WW) 2 ~ 4pb can be placed

a Higgs Boson in the 4t0 Generation scenario can be excluded at 95% CL
In the mass range 144GeV <My < 207 GeV

June 2011

S. Sultansoy@ICPP-2

. Marcello Mannelli CERMN
Higgs Search Results from CMS On behalf of the CMS Collaboration
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M. Escalier, PLHC2011, Perugia

- 1" - 15/21
Exclusion limits
9 individual channels 9 combination
o c ATLAS Predminary & E i —e— Obsorved PCL
E 11]‘;— lm.:u.m'.w-rm' E ng_ ATLAS I\:.r:lﬁw -EMPE?.EEL Sh{_z
- = ; [ra-mspmt 0 ainTa d
a C ] - <= Expaciad, CL
5 e o
g AL E
[=2] . ]
A Y
C affb He W = b i i, T oy A =-E
100 200 300 400 ?[ﬁ:::] i \ | 5 l:u:;;::_n{-‘: E
current H—=> W oo m\ ann 400 500 600
m [GeV]
9 Atlas approaching SM (x1.6 SM)
& : T arias Fraiiminary 3 ..
g ) SM4 Tevatron excl. limit
g 0E e
2
m 1-_
'k . o OZEE Incorrect expression!
‘“" e For correct one see previous
SM4 excluded for my : 140-185 GeV (CMS) slide.
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A. Kumar, PLHC2011, Perugia

Combination of channels

By combining the results for the three channels shown before

& assuming twice amount of Data (~ ATLAS + CMS)

2weCME Preliminary: projecton for T Ted, 1 /b7 s f7000

3
o
Dg 10 by + HWW + MEZZ

ol
B, O enihiriesn BES
BN DL mschmon BN
. ' N s 1 aechuietn st (%5 f7i )
i i 40K
Hagas

]
.m_[Geic?|
= Expected exclusion range for SM Higgs: 140 < mH < 200 GeV

= The Higgs boson with a mass my< 500 GeV would be excluded,
should a fourth generation of heavy quarks exist
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Conclusions

Higgs in SM4:

Tevatron excludes via H-WW Higgs boson with a mass
between 131 and 204 GeV. With 10 inverse fb per experiment
DO+CDF could cover 120-250 GeV region via H->WW , 200-
300 GeV via “golden mode” and upto 350 GeV via
H—Z7—1lvw/llqq.

At the LHC with 1 b1, the golden mode will cover almost all of
the Higgs mass region at levels higher than 5 ¢, whereas the WW

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

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

A double discovery at the LHC 1s 1n the realm of the possible:
the fourth family neutrino and a heavy Higgs boson

S. Sultansoy@ICPP-2 Dogus U, istanbul, 25.06.2011 57



Conclusions (cont.)

Fourth family quarks:
* Depends on masses and mixings with first three families

e CDF excludes u4 with mass below 372 GeV and d4 with mass
below 358 GeV. With 10 inverse fb per experiment DO+CDF
could cover masses upto 400 GeV.

« LHC with 1 fb-! is sensitive to masses upto 500 GeV.

« Fourth family quarks are most probable candidates for discovery
(following the Higgs boson)
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Back-up

Slides from Gokhan’s
presentation

at CERNTR meeting
(18.09.2008)
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§

i%recently renewed interest on 4t family

Fourth Family Matters*

N. Gékhan Unel
University of California, Irvine

CERNTR
18 September, 2008.

L

Beybhmd the 35M generai'ioh Wo rks]wop September 2008
(1) the present situation or state of affairs : we can do nothing to change matters

(2) be of importance; have significance -  him, animals matiered more than human beings Theory, EW, flavour aspects, Current & future searches
’ (including LC) were covered.

PFourth Family (FF) 5 ‘?Direct quark searches- ATLAS.."

£FF is the simplest “modification” to SM as we know it #Recent study scenario w/ dominant 1-2 family mixing
today —u4/d4 pair +WiWi , light jets
; o . , -semi leptonic mode with both q4 reconstructed & compared
oSM does not glve #Famliles. not a true mOdlﬁCGﬂOﬂ -FAST simulation of detector response (recent comparison w/ GEANT: realistic enough)
epredicts 4 new heavy fermions w/ m >100GeV e el e

-MLM matching not done: pessimistic results

—unT‘kS are to be searched for -BG estimated from data(MC), automatic “signal finder”
: ol B L Wb

o - invariant Mass Tor q, g 102 : L J ! =}
$Why not approach (bottom-up) = i ]
= —— VWijj (v=z, W) E
oFF is NOT excluded (details later) 2 b — wwob g“‘ 3 3
~ 2 — WWDDj
$Predicted by DMM (top-down) It B
ebefore SSB, same yukawa couplings g /
£ al
equasi-degenerate u;, d; expected: - 7
Imas-musl < mw/2 o2 il il
o i " "_ 200 300 400 500 600 700 SBOmQI:OGe:j
*UPPer Ilmlf m< 1 TeV 300 400 500 600 700 800 z o =
Ozean, Sultansoy, Unel hep-ex/0802.2621, '“:n". (GeV) discovery limits: 1 fb~! up to 600 GeV
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What about the Higgs decays to FF members ?

eIn particular to vy

22

S0 3
3 T o
fdﬁﬂz 8
400F 74
350/ 6
) Cuhadar-Donszelmann , Karagoz Unel, Ozcan,
300 4 Sultansoy, Unel, arXiv:0806.4003 [hep-phl,
o 3 4 2 vy 97000 h v4
1 >— Ey -< b e <
200 ; q Ty 9.000 Ty
150 BDI ' I1II]IEII ' llé!fl : ‘IIJ-EII' I‘IIEIEﬁ ' %éﬁ ' IEIII.'(.ll ' 0 D'Eﬁﬂe 3 b.EHChmﬂ.rk Pﬂjln'l'ﬁ with leFEr’EH'l' mass
M, (GeV) values all in the 2u+4j final state BrR (v4 = pw ) =
68% (PRD72,2005, 053006)
| Tpp— Z—1 40y (fb} | mp (GeV) | Tgg—h {Pb} | My, {GeV} | BR(h — vavy ) | Tpp—vyiy—WWoup [fb}
S1 782 N/A N/A 100 N/A 362
S2 782 300 a0 100 0.088 1583
S35 144 500 10 160 0.0565 321
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