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Introduction

The basic framework

Extensions of the Standard Model with
m The same gauge group SU(3)c ® SU(2)L ® U(1)y,

m An enlarged matter content through the inclusion of weak isospin
singlet fermions

TP, Th ~(3,1,4/3) B, Bl ~(3,1,-2/3)

m N.B. Although leptons can be included too, we only consider
quarks in the following
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Introduction

New terms in .Z

In addition to the usual Yukawa terms,

Ly = =G @ V) why — G ® Y &, + hec.

m if we add an up vectorlike quark, additional terms:
Lr = —qui ® Y} Tor — Tor yri vy — My Tor, Tor + hec.
m if we add a down vectorlike quark, additional terms:

Lp = —qui ® Y}, Bor — Bor ypi diy — Mp Bor, Bogr +h.c.
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Introduction

Mass diagonalisation (1)

With SSB (®) = (9), in the up case,

B Sy Ay Jj _ .
Z = — (s Tor) (qu J UYT) (UR> —dpi 0Yq'; df +hec.
Y1j Mr ) \Tor N
N M,
M.

The usual bidiagonalisation is

ULt M, M} UP = Diag,? ‘o , M
" u u uu Mu uu — D — me m
USTNII NI, U = Diag,2f L = 8 Cnr

Ut MM U¢ = Diag,? ; . ma
sT er d 5_ . gd2 —»L{g Md L{g:Dlagd:( mg mb)
Uyp M; Mg Uf, = Diag,
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Introduction

Mass diagonalisation (2)

Through quark rotations

UR ur,
u}:@ 9 qu CR . ulL _u CL U u :
<T0R) =Ug tr ; <TOL) =Uy t Ur,Up 4 x 4 unitary
Tr 171,
dr dr,
(di) =uUg | sr | 5 (di)=ui|se UL, U 3 x 3 unitary
bR bL
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Introduction

Fermion couplings to gauge fields (1)

m Charged currents
(WTJ;“V“ +h.c.)
=g " Y
in the mass basis
T =dge Y (Vorm) db, a=1,2,3,4; b=1,2,3
The CKM matrix is
= @Dy, j=1.2,3

Vud us Vub
v | Vi Vi Va
Via Vis Vi
VTd VTs VTb

It has orthonormal columns
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Introduction

Fermion couplings to gauge fields (2)

m Neutral currents (A)

Lyyy =€ Ay Il

with
2 i 2 i
Jem = *SUJLi Y ur + 73uRi ’y“ UR-‘F

1- : 1- .
— gdLi ’yp' dlL — ngi "/” le+
2 u 2 u
gTOL y* Tor + gTOR Y Tor

remains diagonal, as it should, in the mass basis

1 -
Jh = aawua—gdbwdb, a=1,2,34;b=1,2,3
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Introduction

Fermion couplings to gauge fields (3)

m Neutral currents (Z)

g
Lowz =5~ Zu Iy

with -
JY =tap; M up —dpi A" dp, — 252 JH
gives, in the mass basis,
JY = tp, Y(VV ul —dpe v d§ — 252 T8,

a,b=1,2,3,4;¢=1,2,3

Miguel Nebot U. of Valencia & IFIC




Introduction

Fermion couplings to gauge fields (4)

Explicitely, the mixing matrix is embedded in a unitary matrix

VU
Vud Vus Vub UU4
| Ve Ves Ve | Ua -
U= Vv, V. V| Uua 4 x 4 unitary
Via Vrs Vi | Ura

The FCNC couplings are thus controlled by
(VVT)ij =0ij — Ui4U;4
For example, the tcZ coupling is

———— [cL" (U Uit + tey" (U, Ulyer] Zy C Lyyz
2 cos Oy

while the t¢Z coupling is

oyt (1 — U, D)t Z, C &,
o5 O (= Unl* )t 2, C ZLyyz
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Introduction

Summary of this (biased) pocket introduction to models with (up)
vectorlike quarks:

m New mass eigenstate (eigenvalue mr)
m Enlarged mixing matrix Vi, q4;, wi = u,c,t,7T and d; = d, s,b
controlling charged current interactions

m Presence of tree level FCNC only in the up sector, naturally
suppressed if we think in terms of “Mixing ~ %”, seesaw-like.
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Introduction

Motivations

The Standard Model shows an outstanding consistency for an
impressive list of flavour-related observables. . .
Nevertheless, recent times had brought interesting news

m Time-dependent, mixing induced, CP violation in By — J/U®
measured at the Tevatron experiments,

m Same sign dimuon asymmetry 4 in B decays measured at the
Tevatron experiments too,

m (Hints from b — s penguin transitions.)
m (DD mixing at B factories, )
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Introduction

Can we expect some help from vector-like quarks?

= New contributions to ME: (quarks T running in the box) to
address the BY~B? mixing phase,

m Deviations from 3 x 3 unitarity to modify Ffé’ and address the
dimuon asymmetry.

m New contributions to loop processes (rare decays)

m (Short distance contributions to D°~D° mixing)

... maybe something else
m rare top decays t — ¢ Z observable at the LHC ?

m enhanced rare decays Bs; — ppu?
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Introduction

Phase convention/Notation

With no loss of generality one can rephase

0 X
T 0 0
agU=|_g3 745, 0

where

B = arg(—V. Vi ViaViy) v = arg(—V,aVin VeaVes)
Bs = arg(—V, Vi Vi Vi) X' = arg(—=Ve Ve ViaVis)

G.C.Branco, L.Lavoura Phys. Lett. B208, 123 (1988)

R.Aleksan, B.Kayser, D.London, Phys. Rev. Lett. 73, 18 (1994), hep-ph/9403341
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Constraints

Constraints — Shopping list

m Agreement with purely tree level observables constraining V'

|Vud|7 |Vus‘7 ‘Vub‘v ‘Vcd|7 |Vcs|7 |Vcb|’7
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Constraints

Constraints — Shopping list

Agreement with the following observables potentially sensitive to New
Physics
m Mixing induced, time dependent, CP-violating asymmetry in
BY — J/UKg
m Mass differences AMp,, AMp,_, of the eigenstates of the effective
Hamiltonians controlling B}-BY and B?-B? mixings
m Width differences AT'y/Ty, ATy, ATST of the eigenstates of the
mentioned effective Hamiltonians, related to Re (F?Qq /Mg"),
q=4d,s

m Charge/semileptonic asymmetries A, Agll, %, controlled by

(T /M%), g = d.s

A. Lenz, U. Nierste JHEP 0706, 072 (2007), hep-ph/0612167
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Constraints

Constraints — Shopping list

m Neutral kaon CP-violating parameters ey and €' /ex
E. Pallante, A. Pich, Phys. Rev. Lett. 84, 2568 (2000), hep-ph/9911233
Nucl. Phys. B617, 441 (2001), hep-ph/0105011

A. Buras, M. Jamin, JHEP 01, 048 (2004), hep-ph/0306217

m Branching ratios of representative rare K and B decays such as
Kt — ntvp, (KL — pji)sp, B— Xgy and B — X 00~
FlaviaNet WG on Kaon Decays, arXiv:0801.1817
A. Buras, M. Gorbahn, U. Haisch, U. Nierste, Phys. Rev. Lett. 95, 261805 (2005),

F. Mescia, C. Smith, Phys. Rev. D76, 034017 (2007), arXiv:0705.2025
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Constraints

Constraints — Shopping list

m Electroweak oblique parameter T', which encodes violation of
weak isospin; the S and U parameters play no relevant role here.

L. Lavoura, J.P. Silva, Phys. Rev. D47, 1117 (1993)

J. Alwall et al., Eur. Phys. J. C C49, 791 (2007), hep-ph/0607115

I.Picek, B.Radovcic, Phys. Rev. D78, 015014 (2008), arXiv:0804.2216

Beside experimentally based constraints, agreement is also required
for every parameter entering the calculation of the observables: QCD
corrections, lattice-QCD bag factors, etc.




Constraints

Constraints — The experimental values

[ Observable Exp. Value Observable Exp. Value
[Vl 0.97377 & 0.00027 Vel 0.2257 & 0.0021
V.4 0.230 £ 0.011 V. 0.957 £ 0.095
V. 0.00431 £ 0.00030 V., 0.0416 + 0.0006
v (77 £ 14)°
Ajui 0.673 £0.023 Ajwe 0.540 £ 0.27
AMp, (X ps) 0.508 + 0.004 AMpg, (X ps) 17.78 £ 0.12
zp 0.0097 & 0.0029 AT 0.1340.10
erc (x10%) 2.232 4 0.007 € Jex (x103) 1.67 £ 0.16
Br(Kt — ntwp) | (1L.737102) x 10710 || Br(Kr — pf)sp <2.5x 1079
Br(B — Xs£T¢7) | (1.60£0.51) x 10~° Br(B — Xs7) (3.56 & 0.25) x 10~ %
Br(t — c2) <4x1072 Br(t — uZ) <4x1072
ATs (X ps) 0.075 + 0.036 ATCP (x ps) 0.15+0.11
AT /Ty —0.011 + 0.037 A —0.0096 + 0.0029
A9, —0.0047 £ 0.0046 A3 —0.0017 & 0.0091

Table: Experimental values of observables.




Constraints

Constraints — Summary

m Tree level

Vu d
Vc d

V., U
Vo U

SIS

V ‘: ° V. U. + 7 = arg ( - Vud VJb ‘/cfi ‘/cb)
td ts “th 34
‘f"’,]w( " \1 g \1 b U 44

m Kaon physics
U4

‘/’u s ‘rz b
‘/C d ‘/(:s ‘: b [/“TQ 4
Vie Vie Vi Usa

§<
5

s Vrp U
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Constraints

Constraints — Summary

m BY physics
14 |4 v L /“‘71 4

ud ‘us ub
ed v(‘s ‘/( b U 24

‘/;‘, d ‘/'[ s ‘/f b b': 34
Via Vs Vip Usa

m BY physics

V ud "/u s V ub Uia
‘/(,d ‘/(’,H ‘/(:b Ls.—)-'l

V,, Uss
Vi U
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Constraints

Constraints — Summary

m Electroweak precision (AT)

‘f vd V us
‘/( d V cs
V;‘,d ‘/ts

VT d VT

S

m D% DY mixing, rare top decays

"“ d ‘le s
‘; d ‘i s
‘le d ‘f s
‘1 'd ! /T s

Miguel Nebot
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Results

Method

m Likelihood function of model parameters and constraints

m Use likelihood to conduct an exploration of the parameter space
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Results

Preliminary plots: the phase (3

—21n(L), Vector-like quark model vs. Standard Model
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Preliminary plots: the phase [

—21n(L), Vector-like quark model vs. Standard Model
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Results

Preliminary plots: the asymmetry A;/ys

—21n(L), Vector-like quark model vs. Standard Model
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Results

Preliminary plots: the semileptonic asymmetry A¢,

—21n(L), Vector-like quark model vs. Standard Model
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Results

Preliminary plots: the dimuon charge asymmetry A

—21n(L), Vector-like quark model vs. Standard Model

8 \ 8 |
| |
6
|
|
4 | 4
|
|l
2 U 2
0010 0008 0006 -0004 0002 0000 0002 ~0010 0008 0006 -0004 0002 0000 0002

Miguel Nebot — U. of Valencia & IFIC




Results

Preliminary plots: the enhancement in By — ufi

—21n(L), Vector-like quark model vs. Standard Model
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Conclusions

Conclusions

m Through a new isosinglet @ = 2/3 quark and associated small
violations of 3 x 3 unitarity, we can enhance some observables
partially accounting for the differences with the SM expectations.

m However, if one tries too hard to accommodate these differences,
the model may start to run into problems, other observables may
suffer ...

m ...those are preliminary results, many parameters and more than
30 observables are involved, a complete and more detailed version
of this analysis is necessary (and is in progress),

m ...and new experimental results are necessary too!
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Thank you!
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