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e What is Flavor exactly?

Standard model: Standard theory of Particle physics:

Based on the gauge group  [/(1)y x SU(2), x SU(3)¢

D(3.1) .

1

134

3 representations of the SM gauge group:  ()(3.2),.0/(3.1)

=

Three Generations
of Matter (Fermions)

Flavors — 3 replications in the SM of these 3 representations ! I n

| mass | 2.4 MeVic* 1.27 GeMfe?
charge —

Flavor physics: Study of the interactions between spin -
these different families rame -
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l Flavor dynamic described by Yukawas Interactions:

<15.5 MeVic:
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tau

meutring

le _ q_q,lﬁ qJ(SU + (}“};)H@UJH{ + (YD)IJ@DJHD + h.c. EI“V:

electron
neutring

0,511 MeVic® 1.777 Gewic*
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(E/\‘PTh Flavor physics within the Standard model:

i . 7N / N /N
Two basis are used: d' V., V. V.) (d
-+ Weak eigenstates s'|=| Vea Ves Vao!| |5
-~ Mass eigenstates: Yukawas diagonal
b"‘ V‘ld V‘lﬁ V‘lh b
i . N /7 7N/
Two unitary transformations needed: / > '\ X
F LR TR A a1 r LR P ] weak Cabibbo Kaobayashi mass
}f..’ — 1’{_.’}.2_.’ h_r }U — 1;_,1} Jr_JI"Jr_J eigenstates Maskawa (CKM) matrix eigenstates
CKM Matrix —» Mismatch between 1’:'3.-" LJU A pictorial representation of the =ix quarks’ decay modes

7 _ oyt
Veru = h.rlg

| = 3 mixing angles
-~ 1 CP violation phase
-~ Only source of flavor violation in the SM
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The Standard Model:

> General Framework of particle
physics since more than 30 years

> Theory well establish
experimentally (EWPT: G.,p...)

But several guestions arise:

> The Gauge Hierarchy Problem
> What about a Dark Matter Candidate?
> Gauge coupling Unification
i > Baryogenesis

> Flavor puzzle

o)
=

Beyond the SM: An Invitation 1/2:
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log Q g Q

One Example:

SM:1/a, 1/a, 1/ a, same order at high scale
In Reality they disagree by more than 7o

MSSM: Quasi-Perfect Match at ~10"°GeV
Encourage the quest for a unified theory
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T Beyond the SM: An Invitation 2/2:

The (SM) Flavor Puzzle: ‘

. _ TeV
b~ 1. Y. ~ 10 ‘3,}; ~ 107" t

B~ 1072 Y, ~ 1073Y,; ~ 1074
Ve ~ 1077, Y, ~ 1077 Y, ~ 107°

GeV | C

il
Vias| ~ 0.2, Vg | ~ 0.04, V| ~ 0.004, 8¢ g ~ 77° — )
. Y -
' 1
> For Comparison: ¢, ~1.g~0.6,¢ ~0.3, A~ 1 & ¢
p s . g g MeV | T R-oo A .

> The SM flavors parameters have structure:

smallness and hierarchy
keV

Why ? : The SM flavor puzzle Q = m;

eV |
All proposals are welcomed to: Y

'

stoll@lapth.cnrs.fr
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What is exactly SUSY?

Two New Spinorials Generators:

Tl _ (n
{QCL7 &y = (") apF
> Introduce a new superpartner of same mass

and of opposite statistic for each SM particle Q|b080n >= | f erm@'(m >

> A Symmetry linking Bosons and Fermions:

> No Superpartner observed so far:

e If SUSY is realized in Nature, it has to be a broken symmetry at the EW scale
Breaking spontaneously SUSY is NO easy task

L’ Explicit SB: Only via positive dimensions mass terms namely breaking
|

MSSM:
> True SUSY breaking mechanism
> Simplest SUSY extension of the SM BUT unknown
> At total (SM+MSSM), 124 free parameters > GUT theories reduces the number

of free parameters
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MSSM: particle content:

SM Particles Spin Spin Superpartners
Quarks (u i d L) 1/2 Q 0 (?1 I d L) Squarks
ul, 1/2 | @ | 0 s
dl, 1/2 | d | 0 d,

Leptons (v EL) 1/2 L 0 (f} é"L) Sleptons
el 1/2 | & | 0 &,

Higgs (Hf HY) o | H,| 1/2 (HfY HY) Higgsinos
(Hy Hy) 0 | Ha| 12 (Hy Hy)

i Gluon g 1 1/2 g Gluino
W bosons WO W 1 1/2 WO W Winos
B boson BY 1 1562 B° Bino
Graviton G 2 3/2 G Gravitino
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—+—— The New physic flavor puzzle 1/2:

— See Y Nir presentation:

Understanding flavor and CP violation
The SM must certainly be an Effective field theory:

We don't care about the UV dynamics:

- NP effects taking into account through NR operators (dim > 4)
- Introduce a new scale \ 5; p to which the SM is valid.

For example, we expect the dimension 6 operator:

2 .-:|I|H.;
(ffff.f;rbi.} + -'nlf_(ﬁL‘hJ hl’«::'
NP

Zad 9 Zri 2 Zhd
\2 ([dryusL)” + 17 (cLypuL)” + A2
NP ANF NP

2

]

Will introduce new contribution to the neutral meson mixing:

/ 2 .
J“”"H j;j “hd
Pl — A 7
mpg 3 i"'!., 7
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The New physic flavor puzzle 2/2:

For z;; ~ 1 For Anyp ~ 1TeV : |

r
1x10* TeV ek Tmltaa) = B 1
1x 103 TeV Amg 24 "= BxiFT
9x 10%2 TeV Amp 2 . 10~

Anp 2 e
9 x 10% TeV SuK Imilzia) = Ix10
4x10% TeV Ampg Zpd <, 0 X 15 °
|7 x 10" TeV  Amp, e o 2 1077

The flavor structure of NP@TeV must be highly non generic:

» New Physic flavor puzzle b
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,IJAiPTh Flavour Violation: MSSM case

Arise as in the SM case from a mismatch between
the rotation in the up and down squark sectors:

» Matter fields-->Weyl Spinors, need two 6X6
unitary matrix
 In the Up type-Sector:

Soft term

| 2 .9 ) 2
(E - gsm‘ byy | cos20my +m,, | 05

M2 = M: L (Mu RL) With for example:
’ Mu RL

Mu RR
1 /2 _ 2
(lw"ELL ) aff ! Q U ﬂﬁ—i_

Mass eigenstates given by'
) ) U U
dzag(m M TG 0 T )= RMR\
v ! 6X6 unitary (up-type) rotation matrix

) :Ru(ﬂLacLathuRaéRatR)
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LAEE The Minimal flavor violation hypothesis:

The SM FCNC protected,
GIM Mechanism:

Neglected:
MSSM: ,§L
z 4{ S
th%7
|44
MEV _hypothesis: _
Schematically:
 All flavor violation comes from the Yukawas 1 1211
« Practical way of dealing with flavor constraints Mi Ll.““ KM- j{][{ ‘KM (At")
 All soft-breaking terms are diagonal v {z | F
° i |! gk |

Very popular hypothesis but pessimistic
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J == A SU(S) footprint in the up-sector 1/2 :

SU(5): Most simple extension of the SM gauge group ; ( Lr_‘“h Jr“[{T[ 7 (4” )
M { ]

N g
Ay @ Soft trilinear parameter | $

If SU(5) holds at GUT or lower scale than: 4 ;; — A%] @ high scale

> This relations is not too much spoiled by RGE flow:
» Study mixing between the second and third generation

RGE induced asymmetry at the weak scale:

EW 32 _ ay — Oy (32/23 32/23
A" e, = 138 m, = f(a,**°, a7 QGUT scale)
=114,

Should be “small” in order to asses the SU(5) hypothesis ~ 1°
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A SU(5) footprint in the up-sector 2/2 :

10%

AT (GeV) @ GUT

-T0100r- . . — 1

|
]
1 . . A , . A , . . . . R
10101 102 103
ATZ (GeV) @ GUT 16
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QUESTIONS?
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Non minimal flavor violation: General Idea:

> Flavor violation beyond Yukawas couplings

» Opens up new sources of flavor violation
- Maybe relevant for LHC pheno and/or
Dark matter searches

A priori, controlled by 24 Independent

parameters .
Ij‘ulj:ﬁ A Lr'*r v 3 uRH “r{
Sy, Mg, M{fﬁ
t’.guRL _ (‘-’F) Tuga
-I'.\:.!.il - s s -
] 1.f2
1\"! Afﬁwn A IU.-L-J

May originate from microscopic dynamics:

> GUT theories
> Flavor symmetries
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