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Too good to be true .
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Hints from experiment

-
)

<» Standard Model (SM) of elementary particle
interactions works marvelous

New Physics from électro-
weak precisionimeasurements
(Z pole and beyo#

<> Preference for a light Higgs




Hints from experiment
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Hints from experiment

T
<»Other 2-30 effects present in low-
energy precision meask ents

| N

<Muon anomalous magneticmoment, (g-2)

u
<-B physics (several small5H
effects)




Higgs sector

<>Comprehensive exploratlon
of scalar sector main

challenge for comg

< In SM, flavor_phys!cs 1P rﬁatel_y
connected with Higgs sector via
Yukawa matricessVgq,=U,U,), hence
Indispensible part of this program




precision tool

<-Many properties of nem!teles (if

discovered) will not be sured at LHC

<> Requires facilities offerm/hlgh precision:
high-luminosity facilities.at low energies
(B, K, neutrinos, g-ﬁ DMs, Ovif3 decay,
etc.)
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Precision stuUtli

Overdetermmmg the unitarity

triangle
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Determinations of the UT
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Determinations of the UT
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Determinations of the UT
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Determinations of the UT
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Determinations of the UT
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Determination of VAl B—>np

<> B—PV modes receive
smaller penguin

contributions than
B—PP modes

<~ Allows extraction of y
with small theoretical
errors from time-
dependent B—1p rate

<> Result:
y = (628)° |

[Beneke, MN (2003)]




Tree vs. penguin processes

fitter
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CP-conserving vs. CP-violating

fitter
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fitter
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excluded area has CL > 0.95
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Summary

<> CKM model of flavor and.CP violation works

spectacularly! )
<- Definitely the main sgﬁrcao hese effects

<> New Physics can.only give¥€orrections to the

CKM picture —

< Still, there iIs'a possibilit-y for finding some
significant New PhysICs effects in the flavor
sector




CP asymmetries in B—=0K¢,m’ K.

< Interference of <Penguin graph real
mixing and decay: to excellent approx.
BO«—— RO

NS

DK
<> Phase structure

identical to goldens
decay B—=J/y K

<> Theor. prediction:
S(DKs) - S(J/p Ks) = 0.02:0.01 | B

[Grossman, Worah (1996)]




2005: 7 reasons for excitement

Charmonium
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[Beneke, MN
(2003)]
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Current situation

-
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Current situation
—

<> Combined average
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New Physics in B4-B, mixing?

<»Plausible explanation«of these effects

<>Possible and even naturalsin extensions
of SM with new pauti near TeV

scale (e.g. SUSY, new

g 3 N —
dimensions ...)
— see talk by L. Siivestrini

osons, extra




New Physics in B -B, mixing?
§\
<»General parametrization:

fitter

BEAUTY 2006

Best fit prefers new, CP-
/iolating phase 6,#0

< After discovery of new
particles at LHC — allowed

parameter space for new
flavor parameters




Other small deviations

- .

<> B.-B, mixing phase 2 off SM value

Lenz, Nierste, hep-ph/0612167]

<> NNLO prediction for B==Xgis¥ .40 lower
than world-average experimental result

[Misiak eti@al., hep-ph/08MER82Becher, MN, hep-ph/0610067]

Bi (B — X ) Combined theory error: £9%
=288 T U6 e O e,

<> Re-opens possibility for sizable New Physics
contributions!




Crucial question

Are any of theseléiiects real?

What one would needm them are O0(0.1-0.2)
New Physics contributions to the decay amplitudes!




Crucial question

<> We probably won’t establish New Physics In
any of these channelsgprior\to LHC data

<> After LHC (or Tevatrgm ISCOVery, we would
reinterpret the effelts i erms of
measurements of new,flavor parameters

< Yet, 1t’s fundamentallygmportant that some
of the effects are reﬁLn, Jecause only then
will we be able to distinguish New Physics
effects from SM backgrounds!




Flavor physics 1s hard

-

<> Interpretation of New Physics signals in weak
decays is difficult due to SMybackground

<~ In presence of New Physicsyimethods that

are clean in the SM ofte come sensitive
to hadronic uncertaintie

<~ Consider how difficult'is has been to
determine the'4'parameters of the CKM
matrix, for which there'is no background
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Particle physics at a
crossma\

On the verge of dlscovery’?




The big questions

Despite great efforts in >30 years, have made
little progress on really hard, questions:

< Mechanism of electroweakisymmetry
breaking, responsibleifo sses of

elementary particlei?/
<> Nature of scalar sector?
< How stabilized? i

<> Curiously: most of mass In Universe from
chiral symmetry breaking (QCD effect, well
understood)!




<> Why SU(3)xSU(2) xU(1)¢2
<>Do other forces exist?

< Right-handed currents? . ] ]
o (3) (3) (3)
S? ~

strange bottom

<~Why 3 generation
<> Dynamics of flavor? S %@
2>

<> New quantum number? | -
<» Curiously: required !o?EP violation, but not

responsible for matter-antimatter asymmetry!
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The big questions

<> What explains hierarchy-of Yukawa matrices?

<»Fermion masses and mixings
<-Why different for quarh\ﬁm tons?

< What creates neutrifo masses?
<» Do right-handed néutrinos%st?
<> Majorana or Dirac masses?
<> Sterile neutrinos?
<> See-saw mechanism?




.-The blg questlo,ns |

& New questlons i '*’ . o
- <>What is dark»md ter?: Wh isdark - . v
- energy?: ’.; g o
i <>T'heory of i ,l'a'o
; | ‘ ':‘ ".' ‘-.:'-'.o

N W -

‘e ".




Conventional picture

SUSY, extra dimensions,

Sector of EW syrhmetry breaking
(stabilization of weak scale)

Many ideas:

Weak scale little Higgs, fat Higgs, ...

|VlGUT IVlPI
technicolor, composite Higgs, /

Quantum gravity
(superstrings?)

Unification of gauge couplings




Conventional picture

Great desert?
101 GeV 102 Series of ever more fundamental
Effective field theories?

Standard Model How many layers of New Physics?

Many ideas:
AQCD My Megysp SUSY, extra dimensions, |VlGUT I\/lPI

| technicolor, composite Higgs, /
Weak scale little Higgs, fat Higgs, ...

Quantum gravity
(superstrings?)

Sector of EW syrhmetry breaking
(stabilization of weak scale)

Unification of gauge couplings




A note of caution

<> All hope for New Physics.at TeV scale rests

on fine-tuning problem }r
<~ Experiment tells us th@cat y!
e

<> Either we’ve been un nd New Physics
Is really just around-the“l;/mner, or
something may be wrong.with this reasoning

<> Worth questioning some of the salient
assumptions




Radical questions

-

<»How sure are we that Ms.and M are
fundamental scales?

v Unification of gauge coupli nd neutrino
masses hint at New Physics

x But gravity only tested do ’(t
corresponding to scale~1011 GeV

x Assumption that Newton’s law holds over another
30 orders of magfﬁtfuﬂéﬁgms preposterous
_ <~ Models with extra dimensions eliminate
44 JIPlanck scale (ADD) or explain it in terms
¥ 4y of warped geometry (RS)




Grand unification

Temperature
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- Quantum gravity era 2 19
0K .10 GeV
7 14
[ Inflationary epach 10 K..10 Gev : ]
48 i ; 3
= 46 - | n
2 \ | " —
- - 2 a2 L . ; _ 1
-%) ‘o 7’3 F ]
% . 10 K 100 GeV <8 = . E
2 "or - — —;
R N e - Quark confinement 34
©
- b S, e -~ Neutrino transparency
= Deuterium stable -
o .g s = £ Transparency point g_ .
ol 3 > e S for ight =
w = 7} . 4 25
1K 10 eV .
Presant time
23
22
21
20
19




Radical questions

<> How sure are we about existence of New
Physics at the TeV scale?
o

Hierarchy problem (stabilization of x
weak scale), based on naturalness
assumption

full of “unnaturally” small

Unification of gauge couplings with
TeV-scale SUSY .

Need for dark matter (WIMP with x  Alternative explanations for dark

mpw~T€V would fit well) matter exist (e.g. axions, warm
sterile neutrinos, ...) [Kusenko et al. (2003)]

< Split-SUSY models ignore fine-tuning
problem and postulate New Physics only at
very hlgh scales [Arkani-Hamed, Dimopoulos (2004)]




Beyond the Standard Model

O

-«

Some scenarios

—




Starting point

<> SM is an effective field theory, tested to

energies ~ 100 GeV, and bélieved to break
down and some higher:scale:

—
<> Flavor-conserving ops.: Agwss>1-10 TeV

(“little hierarchy‘problem”)
<> Flavor-violating ops.: Ar,>10%3 TeV provided
c;=0(1) (“flavor problem”)




Complication

< Already know examples where cutoff is much
higher, A~1014-16 GeV

<> Neutrino masses (d=5 operators /
<> Proton and lepton-number,violating processes

<> In first case there is a well-motivated mechanism
explaining this (heaWﬂ‘g'hﬂanded neutrino, see-

saw); in second case some symmetry needs to be
invoked (e.g. R-parity in SUSY)




Complication

<Below, will assume that there exIsts
some New Physics at sc\es not too far

from TeV scale (oth y@partlcle

physics Is dead, ...)




Possible interpretations

A. Flavor violation related.to EWSB
(Apy~Agwss), then:
<> Need a symmetry to k@p* c; small, e.qg.
minimal flavor vioIaELon ) hypotheS|s

<» There should be measur effects in present
data (i.e., some puzzles'should be true)

< Is indeed “natural” to get O(0.1) effects with
New Physics at TeViscale
<> Best possible scenario! Super B-factories
would do for New Physics what B-factories
did for SM!




Possible interpretations

B. Flavor violation not related to EWSB
(Apy»Agwse), then:

< Sad ...

<» Strange, since virtu‘émy extension of SM
that can solve the hiera fproblem contains a
200 of new flavor parameters

E.g., extra dimensionimodels offer a new
approach to understand “generations™ in terms
of fermion localization

[Arkani-Hamed, Schmaltz (1999); Grossman, MN (1999)]




Possible interpretations

C. Flavor violation related to EWSB (Ar,~Agwsg)
but Agysg»1 TeV. much higher than
anticipated, then:

< Pessimistic, but notiexc

<> Examples of such modelﬁiﬁ (“finely tuned SM”)
e.g.: S

= Sphit-SUSY ArkamiEfamed, Cohen, Katz, Nelson (2002)]
< Little Higgs mo@iﬂ%&ver of such models) with UV
completion at a high scale (involve some New Physics,
but effects can be kept small using MFV)

<> LHC will test this scenario. If true, we’ll only
explore Higgs sector, not much more




Possible interpretations

<»In this scenario, flavorphysics (and

other low-energy measu?éments) can
orobe mass scalescf)?r .@hding
oeyond LHC/ILC rangg

-However, there won't be a tool for a
direct confirmationtof a potential
Indirect discovery




Overview scenarios

AFV~AEWSB

Expect visible effects
@ B-factories;
Need symmetry (MFV?)
to suppress large FCNC

_ —
Flavor violation

related to\EWSB?

Limited potential
of LHC/ILC;
Low-E experiments
extend New Physics reach,
but interpretation difficult

)

AFV»AEWSB

Must explain why;
Low-E experiments offer
important clues about
TeV-scale physics
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Potential impact of a Super
B-fag@‘

Never stop eXpIoring!




Role of Super B-factory

<»In best case scenario«(A): help to

determine or place.constraints on
flavor parameters, o?‘%@ new

particles (e.g., quark uark-gluino
couplings in SUSY‘KK fermions, ...)

<Much like B-factories'did for b- and t-
quarks (Vcb’ Vub1 Vts1 th1 [31 Y)




Role of Super B-factory

<> In more pessimistic scenario (B): absence of
new sources of fIavor-vioIeRIOn at TeV scale

would teach us importa es8ons about
nature of EWSB, and*perhaps.even SUSY

breaking, fermionylocaliz tion in extra
dimensions, etc.

<> In some very raremmi’dden processes
(u—ey, or B—=X,vv) one can probe scales into
the 10%3 TeV range or even higher




Role of Super B-factory

<> Like In electroweak precision measurements,
New Physics effects must show up at some

level of precision In flmrﬁsics

2 In the worst case that' welwould not see any
large signals in B physics;a Super B-factory
would play a similar role.as LEP. played for
the understanding OFEWSB

<> It would then iImpose most severe constraints
on model building for the post LHC era




Role of Super B-factory

<»In worst case scenario«(C): flavor
physics our only hope tolearn anything
beyond the SM, but wollld this be

J
fficient to keep theffield alive?
suffici P F iV

—







Conclusions

<> Flavor physics a vital component in the
exploration of the TeV scale
e

<> Complementarity with*"CHG/
<> Impact will depend iﬁ‘_v@er there is some

flavor structure near Te ale

<> Compelling physics case for a Super B-
factory; would 'betasino=brainer” if any of
the present hints turn out to be true ...




