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Overture
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A very important year for
the humanity !
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1676 : The Discovery of the
Microuniverse (Animalcula)
(The Empire of Bacteria)

Antoni van Leeuwenhoek

%24.10.1632 27.08.1723 ':';.f ':-53 il
~500 Microscopes
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(Magnification
by ~300)



Animalcula Hunters

Antoni van Leeuwenhoek Lazzaro Spallanzani

*24.10.1632 27.08.1723 *12.01.1729 4r12.02.1799
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Robrt Koch
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An Excursion towards the Very Short Distance Scales:

Microuniverse

Nanouniverse

Femtouniverse

Attouniverse

High Energy Proton-Proton
Collisions at the LHC

High Precision Measurements
of Rare Processes (Europe,
Japan, USA)

1 105m |

1 10%m |

| 5:102'm |

110 |
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1676 - 2020

Bacteriology
Microbiology

Nanoscience

Nuclear Physics
Low Energy Elementary
Particle Physics

High Energy Particle
Physics (present)

Frontiers of Elementary
Particle Physics in 2010°s

Zeptouniverse




The Technology for the Microuniverse

Robert Koch
*11.12.1843 27.05.1910
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Technology to go beyond the Attouniverse







Most important Message from this Talk

Antoni van Leeuwenhook discovered in 1676

‘ Animalcula ‘
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Most important Message from this Talk

Antoni van Leeuwenhook discovered in 1676

‘ Animalcula ‘

We all expect to discover ‘New Animalcula ‘

in the coming years with the help

of ‘ LHC ‘ and ‘High Precision Experiments‘
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But how will these
New Animalcula look like ?
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But how will these
New Animalcula look like ?
Overture Completed!
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Amsterdam Symphony No. 2
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Amsterdam Symphony No. 2

1st
Movement

: Beyond the SM (13 min)
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Amsterdam Symphony No. 2

1st
Movement

2nd
Movement
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Beyond the SM (13 min)

. Expectations and first Messages from
" New Animalcula (18 min)



Amsterdam Symphony No. 2

1st
Movement

2nd
Movement

3rd
Movement
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Beyond the SM (13 min)

. Expectations and first Messages from
" New Animalcula (18 min)

: DNA Tests of Flavour Physics (2 min)
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Amsterdam Symphony No. 2

1st
Movement

2nd
Movement

3rd
Movement

4th
Movement

Amsterdam0411

Beyond the SM (13 min)

. Expectations and first Messages from
" New Animalcula (18 min)

DNA Tests of Flavour Physics (2 min)

Finale: Vivace ! (2 min)
(hep-ph/0910.1032): “Flavour Theory : 2009”
(hep-ph/1012.1447 ): “MFV and Beyond”



1st Movement

Beyond the SM
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Fundamental Lagrangian of the
Standard Model

L= Lgauge + Lot + LHiggs + Lvikawa

| |

a a (v b by %
A —iGWG “ = Wa, W — 2By, B
(QC‘D) (Elect];)weak)

Lfermion — Z szL (l/)/MD;{L) wa ' &fR (lf}ﬂuDﬁR) 77be
A ’
Litiggs = [/i PP+ 4(90T%0)2]

LYukawa — _Z ngpw + e, fZQ7l
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Standard Model of Strong and Electroweak Interactions

Low Energy Effective Quantum Field Theory
based on (<200 GeV)

spontaneously

SUQ3) ® SUQR); ® U(1)y —2 SUB) ® U()gep

broken

which describes low energy phenomena in terms
of 28 Parameters that have to be determined from
experiment.

22 among these parameters are in the Flavour Sector !
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(Nobel Prize 2008)

Dirac Medal
(2010)

N. Cabibbo M. Kobayashi T. Maskawa
(1935-2010)
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In our search for a more
fundamental theory we need
to improve our understanding

of | Flavour
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Crucial Question

What is the Origin of
Particle Masses and the Reason
for their Hierarchy and

Hierarchy of their
Flavour-Changing Interactions ?
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Which Dynamics could be responsible for the observed

structure of |Electr0weak Sxinmetry Breaking | and of
|Patterns seen in Flavour Physics| ?

1. Could it be an elementary SM Higgs system with all
problems of instability under radiative corrections
(hierachy problems) ?

Crucial questions in Particle Physics

2- Could it be a new strong dynamics with a composite
Higgs or without Higgs at all ?

3- Could this dynamics help us understanding matter-
antimatter asymmetry and the amount of dark matter
in the universe ?

.c Would these dynamics explain anomalies in flavour physics ?
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We need

New Physics

(new particles and forces)

in order to answer
all these questions and
solve all existing problems !
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We need

New Physics

(new particles and forces)

in order to answer
all these questions and
solve all existing problems !

New Animalcula !!!



Complementary Methods to Search
for New Physics

Direct

: | Limited by the available
Searches

Energy

Indirect

S b ‘ Quantum Fluctuations
earches

(Limited by precision)
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Indirect Search: Precision Measurement of

Decays of Mesons and Leptons

B" > 17V,
2
Standard + + _ g
S| Br(B —>1 VT)SM =|A M2

A, B — parameters of a given theory

Contribution Br(B+ S 1ty )

of a new ,

charged Heav 2 :
article M M

%0 Signal of a

A= BI'(B+ —> TV, ) B Br(B+ TV, )SM new particle

29 Amsterdam0411



2.

In Order to identify New Animalcula
through Flavour Physics

We need

Many precision measurements of
many observables and precise theory.

Study Patterns on Flavour Violation
in various New Physics models
(correlations between many
flavour observables).




3. Correlations between low energy
flavour observables and

Collider Physics (LHC, Tevatron)




Basic Diagrams in FCNC Processes

Penguin i ; New Physics
Family enters here

(GIM broken v Similar

at one loop) .diafll;i]ms
in

— S b s —V  other and EDM’s
Diagrams __ box diagrams
b S d —V
S
Tree S W(\}NK£</\/\< >\M\AA< S>H ........ <
Diagrams d b b

(GIM broken ’ 7 S Generated Double Higgs Penguin
at tree level) S\ through in SUSY
b / mixing with
b New Gauge

Bosons
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Master Formula for FCNC Amplitudes

Long Distance

Lattice)

(Non-perturbative

A(FCNC) Z B,n?c"vcmw

/=

NP can add
new B,’s absent
in SM

(New Operators
with new

Dirac Structures)

33 Amsterdam0411

Flavour and CPV
in SM and MFV Short Distance
enters only here Functions

Y &

Qrr

(right-handed
currents, S, P)

(Perturbation TH)

(real for MFYV)
F,(m,, NP)‘[
N

Renormalization Only Loops
Group (QCD) if GIM works
LD < SD

NP can add

new loops and
trees with new

flavour parameters
and CPYV phases

| non-MFV |
<=




CMFV| i

(constrained MFYV)

i

LHT

susy

(Littlest Higgs (flavour models)

with T-parity)

=

(Randall-Sundrum)
(Warped Extra Dimensions)

4th G

(NMFV)
(GMFYV)

Most popular BSM Directions

|2HDM |

7

jeie

| RHMFYV |

(Langacker...)

Vector-Like
Quarks

(Hou.., Soni.., Lenz.., Melic) (Branco...,
Munich del Aguila)

l | Non-Decoupling |

New gauge bosons, fermions, scalars in loops
and even trees with often non-CKM interactions.
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-ﬂ--
-mJ .

Patterns of
Flavour Violation
around the
Flavour Clock

hep-ph/1012.1447
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Basic Questions for Flavour Physics

New Flavour
violating

CPV phases?

Right-Handed
Charged
Currents?

Flavour Conserving Non-MFV
CPV phases? Interactions?
(Non-CKM)

Scalars H9, H=
and related
FCNC’'s?

New Fermions?
New Gauge
Bosons?

* How to explain dynamically 22 free
Parameters in the Flavour Sector ?
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Superstars of 2011 - 2015
(Flavour Physics)

S

yo

€Pin B’ - B

(B, > ¢9)

Y
from Tree

Level
Decays
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B, > pp
(Bd — u+l~t_)

K"> n*vv

K, > n'vv
(K, )

(B+ — ’C+VT)

n—ey
T—> Ky
T—>ey
u—> 3e
T — 3 leptons

(Bd — K*;fp,_)

e'/e )

(Lattice)

EDM’s
(g-2),

*) Direct.P in
K, —an




Dynamics of Two-Body Non-Leptonic B, Decays

in Correlation with B Decays
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Dynamics of Two-Body Non-Leptonic B, Decays

in Correlation with B4, Decays

Magnificent Seven

R. Fleischer
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Charm, Charm, Charm ...
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... and more Charm

Charm, Charm, Charm ...
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... and more Charm

Charm, Charm, Charm ...




... and more Charm

Charm, Charm, Charm ...

1091 (Rothschild / Mondavi Opus One Napa
Ikaros Bi gl Valley 2005))
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Big Superstars for 2011-2013

Sy B, —»>up p—> ey

Mixing induced Br(BMl - u*p‘)SM Br(p—ey)
CP Violation

(B’ —B") =3.2-10°(1-107™)[ |2 0(10~)
(S ) ~ (.04 CP-conserving Lepton Flavour
vP/sm Quark-Flavour Violation
Violating

(SwKs )SM =0.30 Precise prediction for g, (CP'in K, —mr)

Mixing induced and

CP })Iiol_a;cion Precise measurement of CKM phase
(Bd _ Bd) =Y
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Expectations and First Messages
from New Animalcula
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‘Departures from Standard Model Expectations

(- _
K’-K’ (k) JSK‘SM ~0.83£0.10 (AJB, Guadagnoli)
8K

exp

0.80+0.04 (SM) (UTfit)
0.672+0.022 (exp)

112

QF< Bod _Eg (SwKs) (SwKs

)
LHCb ?
S
B’ - B’ (Syo) ( ""P)e"l’ ~10—20  (CDF,D®,
\ e (chp )SM Lenz+Nierste)
Br(B+ — 1:+v) 0.04 (Sw)exp ~ 0.8 :Lg;

=P ~2.2+05

SM

Br(B' — t"v)
r (Right-handed
45-107°  Inclusive Decays (B — X lv) currents?

_3 . Crivellin;
=<3.5-107° Exclusive Decays (B—plv)  Manneletal.
AJB, Gemmler,

and SM - CKM fit Isidori)

Vub

46 Amsterdam0411



47

Amsterdam0411

Alexander Lenz & U_Irich Nierste
Masters of B! — B! Mixing
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Alexander Lenz & Ulrich Nierste

Masters of B! — B! Mixing

New
Animalcula ?



Possible Simplest Solutions : ;
Soni, Lunghi

AJB, Guadagnoli

|V,,| from inclusive decays is correct lLJTfltter_s
i - 0 PO . enz, Nierste +
New negatlve'ep phase Prew IN B, — B, Mixing CKMfitters
Laiho, Lunghi,
van der Water

A ( B ( B ) Fleicher et al
Syx. ). =sin2B>S , =sin(2B-0o, Blanke et al
B Vs Jsm v ™ Gronau+Rosner

0.80 0.68 foreo,, =10°

=)

Dynamical Model : |Non-Supersymmetric | Two-Higgs
Doublet Model with Flavour Blind

Phases (AJB, Carlucci, Gori, Isidori
Correlated AJB, Isidori, Paradisi)
Implications:

* Large S, Br(Bs — u+|,l_), Br(Bd —> u+u_), EDM's

49 Amsterdam0411

gx and Br(B+ — ’L‘+V) much closer to experiment




(non-SUSY) General 2HDM wi_th MFV and FIavc_:ur Blind
CPV Phases (in Yukawa Couplings)

(AJB, Carlucci, Gori, Isidori) Provides correct pattern

(1005.5310)

|

mf(tanB)Z(V;th)2 (tiny)

N
2
Q

=
mzw jE

b — -
b
m, m 2 . 2 .
. In b d 4 1(pnew
S k. >--A;ﬁ-< ~ | Mo Im! (tanB)*(V,, Vi) e
d d _ H _
b e —

...... m: (tan B)Z (Vt*ths )2 o Pnew

em
N
N
Q
=
mzw jE

S S 6, m, 1 \‘

e _nH ~ ol H ~ ~ Large
Syx, =sin(28-8;) S, =sin(6]') 0" " m, 17 RG QCD
- effects
sin28>S tanp ~ 10— 20 Q,r

(|ex| enhanced) M, = 250GeV
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lexl vs S, and S , vsS |

in a General 2HDM with MFV and Flavour Blind CPV

Correct pattern of NP effecs

Correlation between various EP Effects
2HDM - (But the effects appear a bit too weak)

(AJB, Carlucci, Gori, Isidori)

SyKs

' : ‘ ' : : - —
-1.0 -0.5 0.0 0.5 1.0Srw -1.0 -0.35 0.5 1o V¢

1005.5310
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More on 2HDM with MFV and Flavour Blind Phases

Correlation between CP Effects

U)OQ . H ~ L] H
¥ Sk, = s1n(2B -0, ) S0 = s1n(€)S )
0.85
i L 0, My 1 BCGI
0.75 Yukawa * 9:{ - IIlS - 17
0.7
OH
i ] d
0.65 LHiggs . O—H 1
0.6 |- S
0.55
Kagan, Perez, Volansky, Zupan
0.5 Paradisi, Straub

Dobrescu, Fox, Martin
Blum, Hochberg, Nir
Ligeti, Papucci, Perez, Zupan

AJB, Isidori, Paradisi 1007.5291
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More on 2HDM with MFV and Flavour Blind Phases

-9 i
10 | I - I -} -] Ll 11 I | -] -] N -} - -]
-1 -0.75 -0.5 -0.25 0 025 05 075 1
CDF 8.
DO
LHCb

53 Amsterdam0411

AJB, Isidori, Paradisi 1007.5291

T T TTITa T T 11T

T T T T

RRRLLY|

Y

LALRLLLLL B L L B LR L B R L

R T T |

I T

I TR T T (|

(AR ST N NN TN T T N W TN T T S S O

-1

-0.75

-0.5 -0.25

025 05 0.75

S

1

Vo



Model Expectations

0.80 (4G) (Fourth Generation) (t') (Soni, Hou, Munich, Lenz)
0.75 (AC) (abelian flavour, SUSY) (Higgs penguin) ABGPS
0.50 (RVV) (non-abelian flavour, SUSY) (Higgs penguin)
0.75 (RS) (Heavy KK Gauge Bosons) (Duling et al (08))
10.30 (LHT) (Mirror Fermions at work) (Tarantino et al (09))

N
A\

(Syo)sm = 0.04

ABGPS | = Altmannshofer, AJB, Gori, Paradisi, Straub
0909.1333
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‘Implications of an Enhanced S,

1- Enhanced Br(BS — l~l+l~l_)
(SUSY flavour models, 2HDM ___ , 4G)

MFV 2
2. Enhanced Br(Bd — u*u_)
(2HDM _. , also in some SUSY flavour models)

MFV ?

3. Br(B, - p'p”) forced to be SM - like in 4G

.. K* - n*vvand K, > n’vv forced to be SM - like
(LHT, Randall - Sundrum)

5. Automatic enhancements in SUSY - GUT models:
Br(p—>ey), Br(t > py), (g-2) , d,, d,




*

B >p'nand B, > p'u”

Z-Penguin (SM
+ Boxes CMEFYV)

= + . -9 Error
SM BI'(BS —> U U ) (3°2— 0°2) 10 dominated
_ : by B
Br(B, > p'p )= (1.0£01)-107"| e
AJB (03)
- Canb
CMFV Bl‘(BS —> u+u_) B ‘C(B ) AM_ || Valid in st:(r)ln i
“Golden =4 > ~|| all CMFV ‘ol gg
Relation* Br(Bd — ”+”_) B, T(Bd) AM, || models ;Iliosill;eSY
(AB=1) 4 955(: 03 ~ AB=7 i
. 4G
attice

95% CL

LHCb

56

Br(BS —> u*u_) < {

3.3-10° (CDF)
5.3-10° (D0)

‘Br(Bd Spp)<1-10° (CDF)‘

Fleischer

| LHC should be able to discover B, > pn"u” even at the SM level | et al




B,, = 11 in Various Models

(tan|3)2 tanB

Babu, Kolda (99),..

susv ] HA< v |Be(BL, > ) -

(tan[})6

.+100

M,

Can reach CDF, DO and

LHCDb bounds

Br(BS,cl —> u+u_)4G o
Br(BS,d — u*u_)SM -

Br(Bs,d —> u+u_)

SUSY < 20

Br(BS,d — u+u_)SM

Br(BS,d —> u+u_)LHT <13
Br(Bs,d — u+u_)SM

Br(Bs,d — u*u_)R
Br(BS,d —> u*u_)SM

> <1.1

(Z-penguin)
(Blanke et al) (09)
Larger effects without

57 Amsterdam0411

(Z-penguin + Z-tree with

r.h. couplings)

(Custodial protection at work)
custodial protection (Haisch et al.) (Gori et al) (08)
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Muon Anomalous Magnetic Moment

g = 2,0023318418
gl = 2,0023318367

gZXp . gZheory _ (51 1 16) < 10_10

width of a hair ~ 0.1lmm 10 'm o
Munich-Salzburg 100 km  10°m 1010
Disagreement by 3o
(8-2), -
a = Need (Aau)NeW ~ (2_ 3).10

" 2 Physics

Amsterdam0411



CDF, D0
LHCb

SUSY | | ABGPS |
(0909.1333)

Aauvs chp

2x10-%

I x 10710

59 Amsterdam0411

0.0 035 1.0 _1i0




Br(BS —> u+u_) vs S .

4G

BDFHPR
(1002.2126)

Similar
Result
by Soni et al. See also Hou
et al. and
Lenz et al.
1.x 1[]_B 1.x 10_3_
8.x107Y 8.x10-9|
r; 6 -9 i~ 9:
vy OX 10 % 6.x1079]
= - [
5 L :
S 4.x1079 < 410
a :
2.)( 10_9 2.)(10_9:
[] . L . L
10 1.0 91.0
CDF DO
No Impact
on Aau

Sy

1.0

Adding ¢’/ Constraint

4G has hard time to describe simultaneously €’/¢
and S, > 0.2 if Bg g within 20% from large N values
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ABGPS Br(Bd - u+u_) VS Br(BS - u+u_) SUSY
(0909.1333)

AJB; Hurth, Isidori, Kamenik, Mescia

)
2% 107, 2x 107
.-.i. .l.
T"‘ i ™ 1x107°
3 : “
+ E ‘|‘1 v ;.'
o : < 5% 10-10 +t
I---* i L ::‘:::E"‘
Sa) E AQ N
e’ : e’ . :_";
% | o070 et
aa i Mm - - A
5 1 x 10717 .,h, '
j s s
02x10® 5x10°%1x 1077 Ix10°2x10° 5x10°1x102x 10 5x10~% x 10~
+ - .
BR(Bs—u" 1) BR(Bs—u )

RVV2 | (RH currents) LH currents
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Br(Bd —> u+u_) Vs Br(Bs —> u+u‘) 4G

BDFHPR

1.x1079
8.x107 10t
i —~ I
2 2 6.x10710¢
= = L
5 S
) S 4.x10710
[aa] [l
2.x10710+
G I el L . L L L
0 2.x1077  4.x107? 6.x1079 8.x107 1.x10°8
Br(Bs—u p")

Very different patterns
compared with SUSY,
2HDM, MFV
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Important Messages for
K - n*vv and K, - n’vv Funs

These decays are very sensitive to
New Animalcula ! (NP)

Absence of New Animalcula Effects
in B-Physics will not preclude their
discovery through K —» n*vv and
K, »> rn'wv.




Lepton Flavour Violation, A(g-— 2)lLl and EDM's

(MEGA) Br(p—ey)<1.2-10"! mm) 10-3(MEG) SM:10-54
1
(au )SM < (au )exp (3°10-) a” = E(g — 2)u
(Reganetal) d.<1.6-10%7 mmp 103! (d gy = 10738
[e cm]
(Baker etal) d_<2.9-1026 mmp (28 (d,)gy = 1032
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Lepton Flavour Violation, A(g-— 2)lLl and EDM's

(MEGA) Br(p—ey)<1.2-10"! mm) 10-3(MEG) SM:10-54
1
(au )SM < (au )exp (3°10-) au = E(g — 2)11
(Reganetal) d.<1.6-1072 mmp 103! (d gy = 10738
[e cm]
(Baker etal) d_<2.9-1026 mmp (28 (d,)gy = 1032

Y |MEG: Br(p—ey)= 0(10‘12) Rumours
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ABGPS

Correlations in the SU(3) Flavour

SUSY Model (RVYV)

B Solution to (g-2), anomaly
10-11, TP ——DE

10712

3

BR(u — e)

~1.0 ~05 00 05

66 Amsterdam0411

1.0

10—27?_
10—28;

10—2‘)i

d, [e cm]

. 10—30

10—31:

10—32.

lo;lb

10-15

10+

'1'0'—13' )

BR(u — ey)

-12 .10_._“
MEG ?
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Correlations within SUSY-SU(5)-GUT with RH Neutrinos

1030 [AS*

10-31[: Tt

10—32 :

10_33 1 BR(p—ey)<1071L =
| BR(p—ey)<10712 o
|| BR(u—ey)<10-13 o

1034

Amsterdam0411

—04 -03 -02 —0.1

.0'2.

03 04

€x /€x

BR(u—ey)

1010

10—11

10~12 :
10-13 -
10-14 |

10—15 |

AGp < 1x1079 »

Ady > 1x107% o
AGy >9x1070 o

-0.4

AJB, Nagai, Paradisi, 1011.1993

-03 -02 -0.1



Correlations within SUSY-SU(5)-GUT with RH Neutrinos

) ; -
' ST Dt S : 5 ]

i z . & g ¥ r .

10_7 . . N 2 4, . v - ®

= e e A e Mg =
- b .
4 1 ' P e’ b (P -
) - Pl -

1078

1079

10—10

l 1
Sy

AJB, Nagai, Paradisi, 1011.1993
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Jril Movement
DNA Tests of

Flavour Physics

mmmmmmmmmmmmmmm



DNA Tests of Flavour Models

O, - Observables

M. - Models beyond SM

M, Mo M3 My Ms
Op | dkk | Kk * * *
Oy | %k *ok | kkk | kk *
Oz | Yk | Kkk | *k * *
Oy | dokok | Kk * | kokok | kk
Os | Y |[Y%%%k| X *k | kX

mmmmmmmmmmmmm

*** Very large New Physics effect

* %k
*

Moderate New Physics effect

Very small New Physics effect




ABGPS

DNA Tests of Flavour Models 0909.1333

AC RVV2 | AKM oLL FBMSSM | LHT RS 4G
DY — DO * % % * * * * * % % ? * %
€K * *kk | kkk * * *x | hkk | Kkk
S *okdk | dkk | hkk | K * *okok | kA | dokok
Seks k% | Kk * * * & * %k % * 7 * X
Acp (B — Xs7) * * * * % %k * % %k * ? *
Arg(B — K*utp) | % * * | kkk | khkk | Kk ? * %
Ago(B — K*utu™) * * * * * * ? * %k
B — K®yp * * * * * * * *
By — utu~ *hkk | kkk | kkk | hkk * % % * * * % %k
Kt - ntuip * * * * * *hk | kkk | kkk
K; — v * * * * * *xk | hkk | kkk
I — ey dokk | kkk | kkk | kkk * %k % *hk | kkk | kkk
T — Wy Xk %k | kkk * * % %k * % % *hk | kkk | kkk
w+N—se+ N 1. 2.0.40. ¢ ¢.dB.¢.¢. 4B . 0.0.1 * % % dkk | hkk | hkk
d,, 1. 0. 0. 40 .¢.¢.48.¢.¢. 4B .1 * %k %k * 1. 8. 8.1 *
d, *hkk | dkk | Kk * * %k * * %k *
(9-2), *ohk | kkk | kk | kkk| kkk | K ? *

Amsterdam0411
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2020 Vision

NEW SM

Db DP * *
€K * %k
Se * %k
Seks *
Acp (B — X) *
Ars(B — K*u'tp™) * &
Ao(B — K*utu~) *
B — KMy * ok ok
By — ptp~ 1. 0. 8. ¢
K' — ntui * k
K, — nvi %k k
p— ey 1.8, 8¢
T — Uy * Kk
p+N—>e+ N * %k
d, * %k
de ¥k k
(9-2), ok




Finale: Vivace'!
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Future Machines

An Excursion
beyond the MFV | ILC
Attouniverse — I — SUSY ‘
’ | SLHC
LHC, Tevatron Little
B, K, D Physics gy | Higgs =)
SM Neutrino Physics | SFF
Lepton Flavour |
2010 Violation (L—eY) ‘ ‘ 4th G ‘
dn 9 de9 (g-z)u |
N SB
Correlations l'
crucial to T RS =)
identify 29 | SK
New Physics
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Superstars of 2011 - 2015
(Flavour Physics)

S

yo

€Pin B’ - B

(B, > ¢0)

Y
from Tree

Level
Decays

mmmmmmmmmmmmm

B, > pup
(Bd — u+l~t_)

K"> n*vv

K, > n'vv
(K, )

(B+ — ’C+VT)

n—ey
T—> Ky
T—>ey
u—> 3e
T — 3 leptons

(Bd — K*u+u_)

e'/e )

(Lattice)

EDM’s
(g-2),

*) Direct.P in
K, —nan




Many Thanks to my Collaborators

M. Blanke B. Duling A. Poschen-

M. Albrecht M. Blanke B. Duling K. Gemmler
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4G

B. Duling T. Heidsieck C. Promberger T.Feldmann S. Recksiegel

2 HDM

G. Isidori D. Guadagnoli

RH Currents

> 4

K. Gemmler G. Isidori
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More Collaborators

I.Bigi P. Ball A. Bharucha M. Wick L. Calibbi M. Nagai
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More Collaborators

P. Ball A. Bharucha M. Wick L. Calibbi M. Nagai

C. Grojean S. Pokorski E. Stamou
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Backup
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R,,7) Unitarity Triangle

R, P
Reference UT | (coming ) Universal UT
(Goto et al) decade) F PP (this of CMFV
=90 decade) | BGGyS, BBGT)
(Onp=0, ryp=1)
(P,m)
1|v,| (0:) 1|v,| . [AM,
X:V' =Ky R, =—- ~ & Inp
cb \ }4 Vcb / AMS
=1.21+£0.04
Tree Level Lattice -
Determination
Loop
(NP free) Determination
. (Not NP free)
0.0) (o,) () (10
= =0
Flavour | | Py =7 % S, =sin(2B + 20, )
Matrix =1 | Ty # 1

Pnp 0[Oy %0
Np#zZ1 |y #1
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Unitarity Triangle in LO Approximation

la=90° sin2p = 2/3 |

(Y) | 1 )

‘5=sinBcosy n=sin[3siny‘

mmmmmmmmmmmmm



Correlations in a Flavour Model

with LH Currents

= Br(B, > p'p)<6-107

6" IXIO_B_"""""""""""",.:..
_ -9
4 5x10 |
| -9
2 2x10
© |
= | 1x107° s
" |
280 <1 5x107"° "
<t _
-9/
' 2x 10710
—4 1 x107'°
_6;: __________________________
-0.4 -0.2 —04 -02 00
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3.x107 0y . -

o & =

L 'é - ]

2.5%x1070 ¢« ® .
E s, ]

i 1. ]

= 2.x1070F S W & .
L ’ . 3 .
k= u i
T15x1070 ‘e * -
ow [ .
T Lx10F ., . "
A ey .

| & o Yo

K, > n’vv vs. S (RS)

vo

(Simultaneous Large Enhancements unlikely)
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K, > n’vv vs. S (LHT)

vo

(Simultaneous Large Enhancements unlikely)

Blanke, AJB, Duling,

S | I
Bri F.;m—a TV Recksiegel, Tarantino

2.=10 "

1.5 % 10311

1. % 1010

L Sy

Amsterdam0411



B,o>p'p vs. K' > vy (LHT)

Blanke, AJB, Duling,
Recksiegel, Tarantino

BriB,—u" u VBr{B—u™ u gy

Lower Bound on
Br(BS —>u’ u_)
from T-even

- sector

—— Brik —mx vw)
1. % m“i] 5 % m"E . m“.‘.i' 5 % m“'“
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Br(K; »7"v)

1.2x1079F

1.x1079}
8.x10710}
6.x107101

4.x10710}

2.x10°10]

1.0
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Clear Distinction between MSSM and LHT

MSSM

LHT

93

Amsterdam0411

MSSM
Br(u‘ — e‘e*e‘) 1
Br(u‘ — e‘y) 161

Br(t »up'p’) 1

Br(r‘ —> u‘y)

~)

4335

Both

can
reach
MEGA'’s
p—cy
bound

LHT
0.02 -1
0.04-0.4

(Brignole, Rossi)

+ (Ellis, Hisano, Raidal, Shimizu; Arganda, Herrero; Paradisi)

. (Blanke, AJB, Duling, Poschenrieder, Tarantino) (2007)

del Aguila, Illana, Jenkins (2008), Goto, Okada, Yamamoto (2009)




Impressive Success of the CKM Picture | (GIM)
of Flavour Changing Interactions (NFC)

(Once quark masses determined : only 4 parameters)

1. All leading decays of K, D, B!, B, mesons
correctly described

2. Suppressed transitions : K’ -K’, B, -B,, B, - B/
mixings found at
suppressed level

a. CP-violating Data (K, B,) correctly described

.. CPin B.?
B—> Xy, B> X111 |OK
! (2-2),2




5- Very very highly suppressed transitions in the SM
consistent with experiment: (not seen)

Standard Model Exp Upper Bound
Br(B, > p'p )=3-10" ~410°8
Br(K, - n'vv)=3.10™" ~6-10°8
Br(K, > pe)z 10 ~10-"2
Br(p—>ey) ~ 107 ~10-1

d ~ 107?ecm ~10-26ecm

mmmmmmmmmmmmm



Number of new Flavour Parameters

4G

LHT

mmmmmmmmmmmmm

(Quark Sector) (physical)
Real £P Phases
36 27 (R-parity)

S 2

7 3 some

sensitivity

18 9 to UV

9 1



Standard Model Predictions for Superstars

1Syo = 0.035+0.005 Br(B, > p'p )= (3.240.2)-10”

(Sye),,, =0-52%0.20 Br(B, »>p'p) <4.2-10°

Br(B, > p'p )= (10£0.1)-107"
Br(Bd - u+u_)exp <10-10°

Br(K* — n'vv)=(8.4£0.7)-10™"

Br(K+ —)TC+VV) =(17+11)-107"

Yep = (75£15)°| (tree)

mmmmmmmmmmmmm

Br(K, - n'vv)=(2.840.6)-10™"
Br(K, > n'vv) <6-107

exp
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(without taking correlation between them)

Upper Bound | Enhancement of | Enhancement of
Model |on (S,,) Br(B, > p'p”) | Br(K* - n*vv)
CMFV 0.04 20% 20%
MFV 0.04 1000% 30%
LHT 0.30 30% 150%
RS 0.75 10% 60%
4G 0.80 400% 300%
AC 0.75 1000% 2%
RVV 0.50 1000% 10%
Lo RS = RS with custodial protections
RH Currents AC = Agashe, Carone U()g

Amsterdam0411

RVYV = Ross, Velaso-Sevilla, Vives (04)  SUQ)g




Dominant New Flavour and CP Violating
Interactions at O(pyp)

SUSY: a) Misalignment of quark- and squark
mass matrices, similarly for lepton sector
GIM b) Effects enhanced at large tanp : ;"

Typical scales(200-1000 GeV)

LHT: New flavour and CP violating mixing
matrices in the interactions of SM fermions

with mirror fermions mediated by Wy, Zy, Ay
Typical scales (500-1000 GeV)

RS: New Heavy Gauge Bosons (KK) Related to the
New Heavy Vector-like Fermions (KK) || explanation

of hierarchies
Tree Level FCNC's mediated by B AR i
KK Gluon (AF=2) and Z(AF=1) ’ mixings

| RS-GIM |

(Typical scales M. =2-3 TeV)

9

©
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(AJB, hep-ph/0101336, Erice)

SM Operators + Additional Operators
Al |
CMFV | (Y) MFV | (YpY})
CKM
SM, 2 HDM at low tanf} | MSSM with MFV
LH without T-parity 2 HDM at large tanf
Universal flat ED
cl o]
New beyond CMFV beyond MFV
Flavour
(CP) LH with T-parity MSSM with (;) ,z#0
VlOlatl.Ilg Some Z.-models RS, Other Z’mOdelS,
EESIOE) o LR Models, NMFV
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Correlation in Warped Extra Dimensions | (RS)

—1 —0.5 0 0.5 1
150¢F | | ' 3150
M.Blanke, AJB,
B.Duling, S.Gori,
= A.Weiler (2008)
.75 e 175
Z S
7 ' '!":l-‘,_.‘SM
=X OF 10 Model Independent
“E ﬁl'-"'.... " -I; Correlation
7z a0 .-:'- o
< _75 M 75 (Ligeti, Perez,...)
_150% l l l 150
—1 —0.5 0 0.5 1
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Correlation in LHT

a"l:;.I ‘_1; M Blank.e, AJB, Duling,
2L ol Recksiegel, Tarantino

30F
: 20F
-‘. E
| | 1 1 1 ] 1 5_':5.':..5.
0.2 I 0.2 0.4
-10¢ o
. T .
~20f ‘
-30f
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Correlation in 4G Model

AJB, Duling, Feldmann, Heidsieck, Promberger, Recksiegel (BDFHPR)

0.004 1

I |

|

L |

0.002 | % l

L |

|

|

S - |

@, 0.000F |

.ﬂ r |

|

|

—0.002} ey

" |

_ I

|

~0.004 - -
~1.0 05 0.0 0.5 1.0
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Correlation in Flavour SUSY Models

ABGPS

—109, —05 0.0 0.5 10
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Minimal Flavour Violation (MFYV)

MFV

low-energy effective theory

SM Yukawa Couplings are the only breaking
sources of the SU(3)° flavour symmetry of the (Y Yp)

D’ Ambrosio, Guidice, Isidori, Strumia (02) Chivukula, Georgi (87)

-

CKM the only source of Flavour Violation
but for Y, Y, new operators could enter

CMFV Operator structure of

SM remains

<>

AJB, Gambino, Gorbahn, Jager, Silvestrini (00)

105

Ali, London
Related  Ratz et al (08) | Spurion Technology |
Studies © Smith et al (03) —
Zupan et al (09) AGIS .
py—— Kagan et al (09) Feldmann, Mannel

VERY STRONG
RELATIONS
BETWEEN

K and B Physics
and generally
AF=2 and AF=1
FCNC Processes

also beyond
+— MFV
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Prima Donna of 2010 — Flavour Physics
Mixing Induced CP Asymmetry in B, > yo (S, || (AS)

*)

(TH very clean; Analog of S

VK )

Sﬁ Vts = _‘Vts e_Bs
. _ new \“o
S = s1n(2‘[3s 20, ) = 0.035‘ (B, = -1°)
CDF : Hints for a much larger ‘ New Phase in B(sl _ ﬁg mixing ‘
DO value
. CDF: (0.8 o)
e S, ~0.50+0.30 [ DO : (1.20) ] from SM
+ CKM fitters
1008.1593 (Personal estimate)
But both cannot exclude
Still unclear situation values above 0.5 !

107 Amsterdamoail *) See however Faller, Fleischer, Mannel (08)



Blanke et al (08)
0 — Goto et al (08)
Br(K, > n vv) Recksiegel et al  (09)

2.x10710F |
. jloeackn] susv

15x10710F L. . /]
I . i

1w 10~ 10} ! - (E787, E949 Brookhaven)
| |

5. 1071 | L

aw T .

o : BI'(K+ —> TE+VV)

0 1. % 10-10 2,

x 10710 3, 510710 4, 5 10-10
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(AJB, hep-ph/0101336, Erice)

SM Operators + Additional Operators
Al |
CMFV | (Y) MFV | (YpY})
CKM
SM, 2 HDM at low tanf} | MSSM with MFV
LH without T-parity 2 HDM at large tanf
Universal flat ED
cl o]
New beyond CMFV beyond MFV
Flavour
(CP) LH with T-parity MSSM with (;) ,z#0
VlOlatl.Ilg Some Z.-models RS, Other Z’mOdelS,
EESIOE) o LR Models, NMFV
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3 x 3 Flavour Code Matrix

(hep-ph/1012.1447 ): “MFV and Beyond”

Left Right Scalar Currents

Model LH RH SH

MFV

(Beyond MFV) BMFV

(Flavour Blind

Phases) el

110 Amsterdam0411



Flavour Code Matrices

CMFV LH RH SH
MFV *

BMFV

FBPs

LHT LH RH SH
MFV *

BMFV ]

FBPs

2HDMy| LH RH SH
MFV * *
BMFV

FBPs A A
SM4 LH RH SH
MFV *

BMFV L

111 Amsterdam0411

FBPs




Flavour Code Matrices

FBMSSM| LH RH SH
MFV * *
BMFV
FBPs A

RHMFV| LH RH SH
MFV *

BMFV u
FBPs

SLL LH RH SH
MFV * *
BMFV L L]
FBPs

RSc LH RH SH
MFV *
BMFV ] l

Amsterdam0411

FBPs




Flavour Code Matrices

AMK | LH | RH | SH
MFV | * *
BMFV | = m —
FBPs
RW2 | LH | RH | SH
MFV | * *
BMFV | o m O
FBPs

AC | LH | RH | SH
MFV | * *
BMFV m o
FBPs
SSU(G),y LH | RH | SH
MFV | % *
BMFV | m m 0

FBPs
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Higgs

X force

X bosons
Y bosons
gluon
quarks
electron
positron
neutrinos
muons
tauons
photon

bosons

1
1
meson : '

baryen Excellence Cluster Universe - Research Areas:

ion

: : ¢ : E: Dark Universe .
<lehi PR B: Matter & Forces a3 D: Early Universe » F: Black Holes :

star A: Planck Scale & Strings g C:Particle Hierarchy < .

* Today

Time (sec, years) 10%s 1073 107"% 1075s 10%s 10%y 13.7x10%

Temperature (Kelvin) 102 10% 10'® 10" 15 2.7
Energy (GeV) 10 10 1000 107" 10712 2.3x107"

© Excellence Cluster Universe « www.universe-cluster.de

Amsterdam0411




BDFHPR (1002.2126)

Soni et al.
I
See also { Hou et al.

1.2x1079F
1.x1079
i — -10
= = 8.x10
& L 10
6.x10"
5 5
— =
anl] m 4. % 10—]0
2.x10710
) 0 [ ¢ TP - ) )
4.x107 1 0 1.x10710 2.x10710 3.x10710  4.x10°10

Br(K T —rxtvv)

With ¢’/¢ Constraint

Much larger enhancements than
in LHT, RS, SUSYTf possible
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Extensive
TH efforts
over

20 years

K" > n*vv and K, — ©t"vV| @°>-penguins)

(TH cleanest FCNC decays in Quark Sector)

Buchalla, AJB; Misiak, Urban (NLO QCD) + +o=
AJB, Gorbahn, Haisch, Nierste (NNLO QCD) Br(K' —n'v)
Brod, Gorbahn (QED, EW two loop) Br(KL N nOVV)
Isidori, Mescia, Smith (several LD analyses)

Buchalla, Isidori (LD in K, = n’vv)

=3.210.2

SM | : ‘Br(K+ — v =(84£0.7)- 10-“‘ ‘Br(KL — V)= (2.6+0.4)- 10-11‘

Exp |: [Br(K'>n'vv)= (1733).1011 ‘Br(KL —1"w)<6.8-10°"

| Future : |

116 Amsterdam0411

(E787,E949 Brookhaven) (E391a, KEK)
NA62 Both very J-PARC KOTO
Project X (FNAL) sensitive to

t New Physics t
CP-conserving CP-Violation in Decay

TH uncertainty 2-3% TH uncertainty 1-2%
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Can SM describe simultaneously

€P in K and B, Systems?
; (NLO) (NLO)
SM A ) ) .
™ = BV Vo RESinZB0E7S, (x) + (1 ne™ ..
—— —
BJW (90) HN (94)
2009 S5 (precise and lower by RBC-UKQCD
B, =20.72+0.03 0
2010 * ‘ = ~10% vs 2007) Aubin et al.
Ee + Isidori (10) : .
Large N (LD Effects) (Nierste; Vysotsky)
B, =0.70
BBG (87) NNLO QCD QCD . QCD
* calculation of M. >Nt Brod + Gorbahn (10)
BG)  [le!|=(1.92£0.22)-107] [le,,,| = (2.229£0.012)-10~
(BaBar

Bello) using ‘(sin 28),, =0.672% 0,023‘ (NA48, KLOE, KTeV)
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Possible Solutions to g¢ - Anomaly

SM ~ 2( 1 252 . QCD CD .. QCD
‘SK‘ NKSBK‘Vcb (E‘Vcb Rt Sin ZBntt SO(Xt)-I_F(TI?t ’anc 9mc9")
t Add New Physics to g AJB
b ] Guadagnoli
CMFV |S,(x,) > S,(x,)+AS;" | or simply Ag, (Non-MFV)
3 ~ . 0 L h.
z Increase |sin2f3 = 0.67 = 0.85 @ np =_—8.1 S (l)lllllig i
0
S,k =sin(2B+20,)
VK, NP Large |V <$&=) | Super-B
(Utfit; BBGT; Ball, Fleischer:; . o =
Branco et al)
& Increase R, ‘ Y = 5c1<1w ~ 67° = 82° “ LHC *
‘ Increase |[V,,|~(41.2-107) = (43.5-107) 4¢==) |Super-B
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Direct Search: Production of New Heavy Particles
\ 7( nght Particles

proton Compllcated proton
mmsdp>  hut calculable <G
process
j \ Einyc =14 TeV
Heavy Particle

For a Heavy Particle with mass M we need
c=1 at least E =M if single produced (t)
E , = 2M if pair produced (tt)
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Search for New Physics in 2010°s

through Flavour Physics

To search for NP in

rare K, B,, B, D decays,
€P in B, D decays,
Lepton Flavour Violations

Correlations will be
crucial to distinguish
various NP scenarios

|

Specific Plots | (Correlations)

\ S
ACP(B—> Xgy) Vs S
Br(t—>py)  vs A( )u
Br(t — ppp)vs Br(t — py)
Br(p — 3e) vs Br(p— ey)

NP Models

Patterns of Flavour Violations in specific
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