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@ The so-called "Hierarchy problem": how to stabilize the Higgs mass 1y ~ 10~ '"°M, ...
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@ Baryogenesis: how to generate a matter-antimatter asymmetry  — ~ A0
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o (in the absence of an asymmetry, we would get : 'V _ "'V -19)
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@ What makes the “dark matter" B R RS
but also:

Dark energy, the flavor puzzle, neutrino masses, strong CP problem, gauge coupling unification
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Sakharov’1967

W méf Lf B is conserved, the present
6 BW/M v L0 baryon asymmetry can only reflect

(highly fine-tuned) asymmetric initial conditions

M p Méf There must:-be a preference for matter or antimatter,
C C 4 Lo otherwise, baryon and antibaryon excesses
charge charge parity are produced at the same rate

conjugation conjugation

@ Dywrture fron WM/W

At thermal equilibrium, the:system relaxes
to maximize its entropy, i.e. towards the state of
vanishing chemical potential for baryon number
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Start with an equal number of X and X:

X — uu AB =2/3 branching ratio = r
X — etd AB = —1/3 branching ratio = 1-r
D@ AB = —2/3 branching ratio = T
Y — e d AB = 1/3 branching ratio = 1- 7

The net baryon number produced in the decays of X and X is
r(2/3)(1-r)(-1/3) + (-2/3)(1-T)L/3)Kr - T )

If Cor CPis conserved: pr=T

C and CP act on Dirac spinors as: . C C’ET , b i ~04)
c =TT P
B~ylp SS9 Ol = 4ty Pl S —gply

If C and CP are conserved, B=0. If the universe is initially in an eigen state of C and CP, it remains
in this state if [H,C]= [H,CP]=0 . To generate BzO0, it is necessary to violate both C and CP.
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Absence of back reaction = Out of equilibrium condition

(B)y = Tr (e 2 B) = Tr [(CPT)(CPT) ‘e ?2B)]

In other words, the thermal average of B vanishes:
(assuming CPT)

=Tr (e P#(CPT)*B(CPT)] = —Tr (e "2 B)
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A beautiful mechanism to generate the matter-antimatter
asymmetry of the universe involving electroweak (EW) physics only:

% L vislitedut éﬁ%mmm te SV
@ CMCPW@WA&L%/M/%S/M

% OM/%/W é/ﬁ@/fu&f it the EW /%w .



.l.-‘ e

é@f é/ Cohen-Kaplan-Nelson 90

A beautiful mechanism to generate the matter-antitiatter asymmetry of the universe involving EW physics only.

CP violation at phase interface,
responsible for mechanism \\

of ‘charge separation \

(CP violation)

S

el 5

Very active sphalerons = | \\
S

e

(C & B violation)

Convert chiral asymmetry _ < v
into baryon asymmetry :
dnp X N7 Chirality =
dt \ZﬁW | Flux
, in front of
the wall
=> NON thermal distributions™

of particles

(Out-of-equilibrium)
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In the SM, the only source of CP violation is the Kobayashi-Maskawa phase

where 1. ~ 100 GeV

Had quark masses been heavier, the Kobayashi-Maskawa phase could
be the only source of CP violation playing a role in baryogenesis

see recent proposal for time-variation of Yukawa couplings
Berkhooz-Nir-Volansky '04



The electroweak phase transition is not first order.
Using the standard mexican hat scalar potential for the Higgs,

the phase transition is 1rst order only if A7, < 72 GeV

However, it is easy to modify the Higgs sector in such a way that
the EW phase transition becomes first order.

fecm/ W@ versus L/f/% Wé -
V(@)
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We presently have no clue on the nature of the Higgs potential.
LHC will help shedding light on the nature of the EW phase transition.



@ GUT baryogenesis

@ Leptogenesis

In the last few years , a lot of experimental and theoretical activity in neutrino physics.
Leptogenesis has become a favourite scenario for bayogenesis.
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A mininal eetension of the. Standand Model

The simplest extension capable of generating non vanishing neutrino

masses is to add one right-handed neutrino per generation
right-handed

Majorana neutrino

mass matrix

Dirac neutrino
mass matrix

charged lepton
mass matrix
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Neutrino
mass matrix

See-Saw formula:

In the lepton flavor parameters, there are now three phases
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CP asymmetry IS TN, St T T(N; =107 IR E ]m[(mDmD)jk:]

k#j
only sensitive to CP violating phases appearing in 7 p

Unfortunately, it is difficult to test as one can hardly extract information on the phases relevant
to leptogenesis from low energy CP violation (as measured in neutrino oscillations)

In any case, even if leptogenesis is the answer to the baryon asymmetry puzzle,
there is still strong motivation to search for CP violation in experiments

Indeed, present and near future measurements have a strong impact on
theoretical understanding of New Physics and model building at the TeV scale...
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To prevent the Higgs mass from getting a large radiative correction,
new degrees of freedom are needed at the scale e T

However, those tend to spoil the successful fit of the SM to EW precision
measurements and various measurements related to flavour (CP not really a pb)

In particular, any generic new physics model will introduce effective flavor-changing
Fermi operators of the form ¢, ¢,q3q4

A2

Measurements of meson mixing and CP violation put severe constraints on A

K physics gives strongest bound: s
A2
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— A > 10*TeV




While the Standard Model scalar sector is unnatural, its flavour sector is impressively successful.
This success is linked to the fact that the SM flavor structure is special:

@ Charged current interactions are universal

@ Flavor Changing Neutral Currents are highly suppressed

Aﬂ qrlension o MV ruilieo %@@ me\/ié\/%w&j.
CER 17, 5crir il i

v/ Minimal flavor violation i.e. flavor violation related to Yukawa couplings only

v Flavor suppression mainly in first two generations

v' New flavor physics mainly in the up sector
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AdS geometry: The energy scale
varies with position

A solution to the hierarchy problem
without supersymmetry

4d graviton Higgs or

alternative

VAR —
dynamics for ﬁ> {\/z EW ~J Pl c kmr

Planck - /\ .

Slice of AdS 5

—2k 7 lyl
3 2, 2
dx“+r dy

heav : ;
light fer.mioyns Fermion masses depend on their

location in the extra dimension.




The supersymmetric extension of the Standard Model contains 43 new phases!

W =3 (YeH.QuUL; + YiHiQuDy; + Y HiLiEr;) +nH,Ha

6,]

Soft supersymmetry breaking terms

Lot = — (4’1 H,QuU1; + AL HuQ Dy + AL HyLEy; + BH,Hy +h. .;)

Qu:D
a Z (mb)u Aj — Z (ﬁi:j:-z.j:(}*l_}{ﬁﬂﬁl +h-ﬂi)*
a)=1

all scalars (a



Supersymmetric CP violation

Standard model Supersymmetric
diagram for K system diagram

measurements of flavor changing and CP violating processes lead to very
constrained structure of the soft supersymmetry breaking terms and
provide clues on how supersymmetry breaks
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The main goal of high energy physics is to find the theory that
extends the Standard Model into shorter distances.
Flavor and CP physics are very good tools for such a mission

CP violation plays a crucial role both in understanding New Particle
Physics beyond the SM and in cosmology

More data is needed to look further for fundamental physics using
low energy flavor-changing processes.



