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After repeating arguments on naturalness of the 
fourth SM family n’th time (repetition is the base of 
education!), I will present some results of our 
studies (see also following presentations by Erkcan 
and Orhan) since the last 4th family workshop
http://cdsweb.cern.ch/record/1114576
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http://cdsweb.cern.ch/record/1114576
(for resume of the workshop, see B. Holdom et al., 
Four Statements about the Fourth Generation, e-
Print: arXiv:0904.4698 [hep-ph]) 

The second Workshop is beeing planned…



1. Two kinds of New Physics

1. New Physics Beyond the SM (preons, SUSY and so on)

2. New Physics Within the SM structure #

Electroweak: massive neutrinos, fourth family (LHC)
Strong: small xg etc (QCD Explorer, recently renamed as LHeC)  
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Hypothesis:  QCD – Confinement
EW – Flavor Democracy

# In debris of the MSSM, SUGRA and so on, we forgot the SM itself. For example, MSSM-3 
contains ~ 200 free parameters put by hand !!! (or infinite number of SUGRA points)



2. Why The Four SM Families

• SM does not determine the number of fermion families
– LEP data (& Cosmology) N ≥ 3 (N = 3 for  “massless” ν, 2mν < mZ)
– QCD Asymptotic Freedom: N ≤ 8

• Precision EW data: SM-3 and SM-4 have the same status
(SM-3: mH < 180 GeV, SM-4: mH ~ 300 GeV)
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• Flavor Democracy → Fourth SM Family

• There are some indications: 
- B-decays, BAU 
- CDF bump (but cross-section!)



For interpretation of the CDF Excess see
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Before the LHC actual data (2011 ?),

Tevatron will collect 10 -15 fb-1 per 

experiment and, therefore, has the

chance to discover fourth family

quarks if m4 < 500 GeV 
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Periodic Table of the Elementary* Particles

family νννν l u d

1 < 2 eV 510.998910(13) keV 1.5 to 4 MeV 4 to 8 MeV

2 < 190 keV 105.658367(4) MeV 1.15 to 1.35 GeV 80 to 130 MeV

3 < 18.2 MeV 1.77684(17) GeV 171.2(521) GeV 4.1 to 4.4 GeV
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4 > 45 GeV, … > 100.8 GeV > 256 GeV > 128 GeV

* Elementary in the SM framework. At least one more level (preons) could exist.

Also, mγγγγ = 0 (<10-18 eV) mg = 0 (< few MeV) 

mW = 80.398(25) GeV mZ = 91.1876(21) GeV

mH > 114.4 GeV

+ CKM and PMNS matrices



PDG 2008
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CDF 2009: 

m t' > 311 GeV (2.8 fb-1) 

m b' > 325 GeV (2.7 fb-1)



Yukawa couplings

In standard approach: mf = gfη (η ≈ 245 GeV) gt / ge = 0 ( mt / me ) ≈ 340000

Moreover, gt / gνe ≈ 1.75⋅1011 (if mνe = 1 eV) compare with mGUT/mW ~ 1013

However, see-saw mechanism …

For same type fermions: gt / gu ≈ 35000÷175000, gb / gd ≈ 300÷1500,

gτ / ge ≈ 3500

Within third family: g / g ≈ 40, g / gτ ≈ 100, g / gντ > 10000
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Within third family: gt / gb ≈ 40, gt / gτ ≈ 100, gt / gντ > 10000

et cetera

Therefore, 3 family case is unnatural

Mass and mixings pattern of the SM fermions is the most
important problem of Particle Physics !!!

Hierarchy: m u << m c << m t m d << m s << m b m e << m µ << mτ



Flavor Democracy and the Standard Model

It is useful to consider three different bases:

- Standard Model basis {f0},

- Mass basis {fm} and

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

where md = adη/√2, η = <ϕ0> ≅ 247 GeV. In the same manner mu= auη /√2,
m = a η /√2 and mν = aν η /√2 (if neutrino is Dirac particle).
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me= aeη /√2 and mνe= aνeη /√2 (if neutrino is Dirac particle).

In n family case

where d1
0 denotes d0, d2

0 denotes s0 etc.

/√2



Flavor Democracy assumptions

Before the spontaneous symmetry breaking all quarks are massless and
there are no differences between d0, s0 and b0. 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:

.,,, νν aijalal
ijauau

ijadad
ija ≅≅≅≅
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The first assumption result in n-1 massless particles and one
massive particle with m = n·aF·η /√2 (F = u, d, l, ν) for each type of the
SM fermions.

This assumption is valid for any mass generation mechanism if the 
same-type fermions (e.g. all u type quarks) acquire mass in the same 
way.



aalauada ≈≈≈≈ ν

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:

)2(/3 sqrtatm
b

mmm ηττν
====

For 3SM case this means:
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tm
b

mmm <<<<< ττν

Taking into account the mass values for the third generation

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

tbττν

Alternative to Flavor Democracy – 4 Higgs doublets 
(1 per fermion type).



Above arguments, in terms of the mass matrix, mean
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Therefore, the fourth family fermions are almost degenerate, in good agreement
with experimental value ρ = 0.9998±0.0008.

If a = 1 the predicted mass value is coincide with the upper limit on heavy quark

S. Sultansoy 21.08.2009, CERN 14

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

If a ≈≈≈≈ gw flavor democracy predicts m4 ≈≈≈≈ 450 GeV.

First three family fermions masses arise due to small deviations from full democracy

First three neutrino masses are doubly suppressed, by both 
flavor democracy and see-saw



Arguments against the Fifth SM 
Family

The first argument disfavoring the fifth SM family 
is the large value of mt≈ 175 GeV. Indeed, partial-
wave unitarity leads to mQ ≤ 700 GeV (≈ 4 mt) and 
in general we expect that mt << m4 << m5. 
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in general we expect that mt << m4 << m5. 

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



Impact on Higgs
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Impact on Higgs 
(cont.)
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a ≈ gW→ m4 ≈ 450 GeV

mq4(pole) ≈ 500 GeV

h ≈ gW → mH ≈ 300 GeV

in this case

Impact on Higgs 
(cont.)
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in this case:



Fourth Family Hadrons (ongoing study)

The condition for forming new hadron states is well known:

|VQq| < (100 GeV / mQ)3/2

i.e. |VQq| < 0.09 for mq4 = 500 GeV.

Let us consider the process pp → u4u4+X, where u4 is hadronized into
D0

4=(u4u) and the latter oscillates into D0
4=(u4u). 
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This can result in µ+µ+, e+µ+, e+e+ + 2 (b)jets events, (depending on 4x4 CKM).   
…



4. Future Colliders

u4, d4 l4 ν4 η4 ψ4 Hadrons

LHC P, S, A(R) W → l4ν4 Z,H → ν4ν4 ? ? P
SLHC,.. P, S, A(R) W → l4ν4 Z,H → ν4ν4 R, R S, S P

QCD-E(ep) A(R) S S - -

QCD-E(γp) A(R) - - - -

e+e- if KA P, A P, A P, A - R P
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e+e- if KA P, A P, A P, A - R P
γe if KA - A(R) - - -

γγ if KA P, A P, A - R - P
µ+µ- P, A P, A P, A - R P

P – pair, S – single, A – anomalous single, R – resonant production

Black – good, Blue – very good, if KA – if kinematically allowed



My personal feelings: 
md4 ≈ 500 GeV, 
mu4 is a little bit lighter, 
ml4 ≈ 450 GeV, 
m ≈ 150 GeV (m ≈ 1÷2 TeV), 

Epilogue

S. Sultansoy 21.08.2009, CERN 21

mν4 ≈ 150 GeV (mR ≈ 1÷2 TeV), 
mH ≈ 300÷350 GeV.

This picture will be confirmed (or excluded) in mid 2010’s


