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The fourth family

Another sequential generation of fermions
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The fourth family — pros ...

Some arguments in favour of the fourth family

» Baryogenesis (CP-violation and phase transition)

[Hou '08, Carena et al. '04, Fok & Kribs '08, Kikukawa et al. '09]

» Solution to certain flavour physics problems

[Hou '06, Soni '09]

» Unification of the gauge couplings

[Hung '97]

» Softening of the Higgs mass bounds

[Novikov et al. '02,'09, Frere et al. '04, Kribs et al. '07]
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and cons

Invisible Z decays

N, = 2.9840 + 0.0082
[LEP '06]
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and cons

Invisible Z decays

NEERE — 2 9840 + 0.0082 But neutrinos do have a mass.
[LEP '06] [Super-Kamiokande '98]
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and cons

Invisible Z decays
NEERE — 2 9840 + 0.0082 But neutrinos do have a mass.
[LEP '06] [Super-Kamiokande '98]
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and cons
Electroweak precision observables
History of the PDG reviews [Erler/Langacker]:

> 1994: “one heavy generation of ordinary fermions is allowed at 95%
CL”
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and cons

Electroweak precision observables

History of the PDG reviews [Erler/Langacker]:

> 1994: “one heavy generation of ordinary fermions is allowed at 95%

cL”

> 1998: “an extra generation of ordinary fermions is now excluded at
the 99.2% CL"

» 2010: “an extra generation of ordinary fermions is excluded at the 6
o level on the S parameter alone. This result assumes [...] that
any new families are degenerate. [...] a fourth family is disfavored
but not excluded by current data.”
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The SM4 parameters

The SM quark mixing matrix
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CKM3 _ Eums CKM3 /CKM3
% = Vv Ve Vs
VCKM3 CKM3 VCKM3
1 0 0 C13 0 si13 67'513
= 0 3 s 0 1 0
0 —s3 23 —si3e2 0 a3
C12C13 S12€13

—512C23 — Ci2523513€ 13

$12523 — C12C23513€/013

Otto Eberhardt

C12C23 — S12523513€°13

—C12523 — S12C23513€ 13

The Standard Model with four generations

cjj = cos 0j;
sij = sin 0j;
c2 si2 0
—s12 c2 0
0 0 1
5136*1513
S23C13
C23C13

6/ 16



The SM4 parameters

The Wolfenstein parametrisation of the CKM matrix
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The SM4 parameters

The Wolfenstein parametrisation of the CKM matrix
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The SM4 parameters
The 4 x 4 CKM matrix
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The SM4 parameters

The 4 x 4 CKM matrix
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The SM4 parameters

The “old” parameters

Quarks: my, My, Ms, Mc, Mp, M, 91279137923’ ¥13
. ¢ pl b ¢
Leptons: Mygy My, My, Me, My, My, 015,073,053, @13
Higgs: my
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The SM4 parameters

The “old” parameters

Quarks: my, My, Ms, Mc, Mp, M, 91279137923’
. L pl b
Leptons: Myg, My, My, Me, My, M, 012, 013, 053,
Higgs: my

¥13

?
¥13

The new parameters
Quarks:  my,my, 014,024,032, 14,024

. L L L 14 L
LeptonS m]/4, mf4, 914, 924, 934, QD14, SD24
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The SM4 parameters

The “old” parameters

Quarks: my, My, Ms, Mc, Mp, M¢, 912a9137923’
o / ¢ /
Leptons: Myq, My, s My, Me, My, M. 075,075,055,
Higgs: my

The new parameters

Quarks:  my,my, 014,024,032, 14,024

o ¢ / / v v
Leptons: My,, My, 074,054,034, P14, P54

14 free parameters
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Constraints to the SM4

1. Masses
Higgs — /]
Up-type ,
Quarks ou ec rom—t
Down-type od o oh ——
Quarks
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Constraints to the SM4

2. Tree-level observables
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Constraints to the SM4

2. Tree-level observables

3 decays 4 Vs Vb
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Constraints to the SM4

2. Tree-level observables
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Constraints to the SM4

2. Tree-level observables

3 decays 4 Vb
Vcb’

th Vts th/

semileptonic Vea Ves [Vep Ve

meson decays (single) top production
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Constraints to the SM4

2. Tree-level observables

3 decays 4 Vb
Vcb’

th Vts th/

semileptonic Vea Ves [Vep Ve

meson decays (single) top production

vV _VE
v =arg 29U from CKMfitter fits
Vcd Vcb

W — v decays
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Constraints to the SM4

3. Electroweak precision observables

SM4 loop contributions to Z and W processes (examples)
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Constraints to the SM4

3. Electroweak precision observables

Fermion mass differences
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Constraints to the SM4

3. Electroweak precision observables

Fermion mass differences
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Constraints to the SM4

3. Electroweak precision observables

Fermion mass differences
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Constraints to the SM4

3. Electroweak precision observables

Fermion mass differences
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Constraints to the SM4

4. Flavour observables
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First results of o global fit

Moduli of the CKM matrix without and with EW and flavour constraints:
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Outlook

» Global fit combining all observables
» Allowing for non-trivial PMNS structure

» Waiting for new experimental results
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Back-up slides
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Inputs |

me € [150,1000] GeV
my € [128,1000] GeV
M., € [46,1000] GeV
my, € [100,1000] GeV

mu € [116,1000] GeV

|Vua| = 0.97421739903¢

|Vus| = 0.2254 + 0.0013

[Vib| = (3.92 £ 0.09 (staty £ 0.45 (5ys) ) - 107°
|Ved| = 0.230 4+ 0.011

|Ves| = 0.98 £ 0.01 (star) £ 0.1 (5ys)

|Vep| = (40.89 + 0.37 (staty £ 0.59 (sys) ) - 1073
|Vis| = 1.0 + 0.099
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Inputs [l

S 0.03 £ 0.09 0.867
T 0.07 + 0.08

U

B(W — ev)  0.1075+0.0013 0.110 -0.195

B(W— > ) 0.1057 +0.0015  -0.132

B(W- > 7v) 0.1125 = 0.0020
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