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Overture

Dedicated to Alexander Khodjamirian

Happy Birthday to you !!
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A very important year for
the humanity !
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Antoni

1676 : The Discovery of the
Microuniverse (Animalcula)
(The Empire of Bacteria)

van Leeuwenhoek [
*24.10.1632 $27.08.1723  AQEEEER | W
~500 Microscopes
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Animalcula Hunters

Antoni van Leeuwenhoek Lazzaro Spallanzani
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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 |

\

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




Most important Message from this Talk

Antoni van Leeuwenhook discovered in 1676

‘ Animalcula ‘

9 Siegen1011



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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Siegen Symphony No. 5
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Siegen Symphony No. 5

Dedicated to Alexander Khodjamirian

Happy Birthday to you !!
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Alexander The Great
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Alexander The Great

Winning this time in Siegen !
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Siegen Symphony No. 5

1st
Movement

:  Basic Strategy (7 min)
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Siegen Symphony No. 5

1st
Movement

2nd
Movement

Basic Strategy (7 min)

. Expectations and first Messages from
New Animalcula (7 min)



Siegen Symphony No. 5

1st
Movement

2nd
Movement

3rd
Movement

Basic Strategy (7 min)

. Expectations and first Messages from
New Animalcula (7 min)

: New Animalcula Fairytales (7 min)
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Siegen Symphony No. 5

1st
Movement

2nd
Movement

3rd
Movement

4th
Movement

Siegen1011

Basic Strategy (7 min)

Expectations and first Messages from
New Animalcula (7 min)

New Animalcula Fairytales (7 min)

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



1st Movement

Basic Strategy
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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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(Nobel Prize 2008)

Dirac Medal
(2010)

i
4T

N. Cabibbo M. Kobayashi T. Maskawa
(1935-2010)

24 Siegen1011



(High Energy Price 2011)

Sheldon Glashow John lliopoulos Luciano Maiani

|GIM |
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Indirect Search: Precision Measurements of

Decays of Mesons and Leptons

B" > 17V,

Standard
Model

A, B — parameters of a given theory

Contribution Br(B+ — T+VT)

of a new ,

charged Heav : ;
article M M

%0 Signal of a

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

Siegen1011




Most popular BSM Directions
(NMFV)
CMFV ‘ (GMFYV) ‘ 2HDM ‘

(constrained MFYV)
ol [susyl (2] [u]
(Littlest Higgs (flavour models) (Langacker...)

with T-parity)

Vector-Like | | Gauge
4th G Quarks Flavour %

Models
(Randall-Sundrum) (Hou.., Soni.., Lenz.., Melic) (Branco...,

(Warped Extra Munich del Aguila)
Dimensions) ) L-R
| Non-Decoupling | Models

New gauge bosons, fermions, scalars in loops
and even trees with often non-CKM interactions.
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m1Fm
Eal) e Rk

Patterns of
- Flavour Violation
SSU(5)gy 9
8

around the
Gauge

Flavour Clock |
l 5 4
m Models enera
| 2HDM
*

31 Siegen1011

74

LMU

hep-ph/1012.1447



Superstars of 2011 - 2015
(Flavour Physics)

S

yo

€Pin B’ - B

(B, > ¢9)

Y
from Tree

Level
Decays

B, »>pp”

(Bd — u+l~t_)

K"> n*vv

(B+ — ’C+VT)

K, > n'vv
(K, )

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




Expectations and First Messages
from New Animalcula
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‘Departures from Standard Model Expectations

(KO - K" (EK) ‘SK ‘SM ~ (0.83+0.10 (AJB, Guadagnoli)
‘SK exp (Brod, Gorbahn)
_ N 0.80+0.04 (SM) (UTtit)
GP{ Bi~ B, (Suc) (S )= 0.672+0.022 (exp)
S
B’ - B’ (Sy0) (Svo ). ~10-20 (CDF, D,
\ e (chp ) Lenz+Nierste)
SM
+0.1
Br(B* - 1'v) 0.04 (Svo),,, =08

34 Siege

=P ~2.2+05

SM

Br(B' — t"v)
r (Right-handed
4.4-10°  Inclusive Decays (B — X lv) currents?

_3 . Crivellin;
=<3.4-107° Exclusive Decays (B—plv)  Manneletal.
AJB, Gemmler,

and SM - CKM fit Isidori)

Vub

n1011
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Alexander Lenz & U_Irich Nierste
Masters of B! — B! Mixing




Alexander Lenz & Ulrich Nierste

Masters of B! — B, Mixing J—

New
Animalcula ?
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News about New Physics
from Summer Conferences

DO, CDF, LHCb

-0.1<S, <0.4/%

*) Altmannshofer + Carena
1110.0843
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Possible Simplest Solutions

AJB, Guadagnoli
New negative SP phase ¢, in B, —B! Mixing  Ulfitters

Lenz, Nierste +
‘ |V,,| from inclusive decays is correct CKMfitters

Laiho, Lunghi,
van der Water

Fleischer et al
/}\ (SWKS )SM = sin2p — S\va = Sin(ZB — (pnew) Blanke et al

Branco et al

Soni, Lunghi

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) |2HDM
Implications: MFV

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

* Enhanced S, B (BS — u*u‘), Br(Bd — u+u_), EDM's

Siegen1011




(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)

Y
N
Q

=
mzw jE

m}(tanB)*(V,,V,,) e

€UJ
N
Q
=
mztv :E

m(tanB)’(V,,V,,) €~

em
N
N
Q
=
mzw jE

S
H
S = sin(2[3 — GH) S =z~ sin(GH) ed ~ m, ~ 1 L\arge
Ve d ve ~ s/l 16" " m, 17 RG QCD
- effects
sin2p > S, tanB~10-20| |Q,

(|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
o6 L (potential) 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

41 Siegen1011



Insight after Summer Conferences

‘'Phases in
1-0.1<S,, <04} = {Higgs Potential
kfavoured

A4

LHCb, CDF, DO

See also: Altmannshofer + Carena
1110.0843 (MFV-MSSM
+ higher-dimension
operators)

42 Siegen1011
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See also: Altmannshofer + Carena
1110.0843 (MFV-MSSM
+ higher-dimension
operators)

0.9F T T A I ]




More on 2HDM with MFV and Flavour Blind Phases

T T TTITa T T 11T

TTTTIT

Ty

RRRLLY|

LALRLLLLL B L L B LR L B R L

31
10
o7 i AU SN SIS PR SN SIS S S T TR N D N T O
g 07 05 025 0 025 05 075 1 4 -075 -05 -025 025 05 075 1
LHCb

44 Siegen1011

AJB, Isidori, Paradisi 1007.5291
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Solution

Siegen1011

But |V, could turn out to be small !

Vol = [Vypley = 34 - 1073 AJB, Guadagnoli
(2008)

But (s). = 0.8(c,)

SM exp

m=) Need new contributions to g,
without new phases in B’ — B!

mixing



New Animalcula
Fairytales
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Models with non-MFYV Interactions facing
Large S,

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))

0
IA

(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)

Automatic enhancements in SUSY - GUT models:
BI‘(H — ¢y )9 BI‘(T —> MY )9 (g_ 2)u9 de9 dn




CDF, D0
LHCb

SUSY

| ABGPS |

(0909.1333)

Aauvs chp

[l T
L
1 % wle

-I.‘;“--.t q....':t

»
-

2x10-%

I x 10710

49 Siegen1011
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ABGPS Br(Bd - u+u_) VS Br(BS - u+u_) oy
(0909.1333)

AJB; Hurth, Isidori, Kamenik, Mescia

)
2% 107, 2x 107
.-.i. ..l.
T"‘ i ™ 1x107°
Y :
+ E ‘|‘1 v ;.'
< : L 5x10710 TR
12 e s
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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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

*

52 Siegen1011

MEG:

Br(u—>ey)<6-107"

(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



Correlations in the SU(3) Flavour

ABGPS

10_“:_'

10712

3

BR(u — ey)

—16.
10 _10

SUSY Model (RVYV)

B Solution to (g-2), anomaly

RIS T T

10—27?_
10—28;

10—2‘)i

d, [e cm]

) 10730, »

1073}

— | VA SRy S SR S VI S| 10—32|_ L il . LG i
-0.5 0.0 0.5 1.0 10716 10°1 10~ 14

53 Siegen1011

'1'0'—13' )

]0—12110—!1

BR(u — ey)

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

Siegen1011

—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



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

Siegen1011

*** Very large New Physics effect

* %k
*

Moderate New Physics effect

Very small New Physics effect
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N DNA Tests of Flavour Models 0909.1333

AC RVV2 | AKM OLL | FBMSSM | LHT RS 4G

D° — DO *hkk | K * * * *hkk | ? * Kk

€K * | kkk | hhkk| K * *hk | hhkk | hk

‘ 8ia *hk | hokk [ kokk |k * Kk | hkk | hokk
SpKs *okk | hk | k| hkk | kkk * ? * Kk

Acp (B — X4) * * * | kkk | hokk * ? *

Ars(B— K*utp) | % * * | kkk | kkk | Kk ? * Kk

Ago(B — K*utu™) * * * * * * ? * %

B — K®yp * * * * * * * *

‘ B, — ptu okok | hokok | hokok | hokk | kK * * | dokok
K+ — ntui * * * * * *hok | dkok | dokk

Kp, — wui * * * * * *hok | dkok | hokk

g Fookok | okok | hokok | ok | kkk | kokok | hkok | hokok

T — py dokok | hkk | k| hkk | kkk | kkok | kkok | hokk
p+N—>e+N okok | hokok | hokk | hokk | kkk | dkk | kkk | hkk

d, *okok | hokok | hkk | hk | kkk *x | hkk | K

d, *okok | hkk | kk | K * ok *x | hhkk| K

(9-2), *okok | hokk | kk | hokk | kkk * ? *

Siegen1011
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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




News from the

Last Moment




Can ‘VUb‘excl - ‘VUb‘incI be explained

through right-handed currents?

Crivellin; Chen + Nam; Feger, Mannel et al.; AJB, Gemmler, Isidori

Vio|, =3.38 (36)-107° | | |V,,| =4.27(38)-107| | |V,,|, =4.70 (56)-10°

V|
2R ‘Vub‘v -

L _
Vub ‘Vub ‘A -

VL +ag’V) V| =~

inc

| Generally: in principle yes |

A 2
VUb - a8 VUb

But a very detailed analysis of SU(2),® SU(2)z® U(l)g.. || pr*e

with g, #9g; V| #VR (mixing) including FCNC constraints + || gemmler

EWP constraints shows that in this concrete model the (H)eide;ieck
ctoper

effect of RH currents too small !!

59
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2011




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, > ¢9)

Y
from Tree

Level
Decays

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, —an




Should we be frustrated
after Summer Conferences ?
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Should we be frustrated
after Summer Conferences ?
No, no, no !!!
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Should we be frustrated
after Summer Conferences ?
No, no, no !!!

Exciting Times are just
ahead of us !!!

Siegen1011



66 Siegen1011



We do not yet know
how they really look like !

67 Siegen1011



But we know something:
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But we know something:
Alexander became 60 !!!
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But we know something:
Alexander became 60 !!!

200y Birinday \n

=27 ENO
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Backup
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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
73 Siegen1011



More Collaborators

L. Calibbi

o
L. Merlo

C. Grojean

J. Girrbach
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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
H
Tree W\NKI\S\/\< >\M\AA< S> .............. <
Diagrams b b

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

Bosons
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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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Similar
Result
by Soni et al.

Br(BS — u+u_) vs S, 4G

See also Hou
et al. and
Lenz et al.

olL—
-1.0

No Impact
on Aau

Sy

BDFHPR
(1002.2126)

AJB, Duling, Feldmann,
Heidsieck, Promberger, Recksiegel

1.x1078

8.x1079}

1.0 ~05 0.0 0.5 1.0
Syg

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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