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<»LHC is a discovery an:_._ﬂmv
not a precision tool |

<> Many properties of :m?&.@mm (if

discovered) cannot b& Bm@ma at LHC
<> Need for facilities oim:.@,:.m:mmﬂ precision:

high-luminosity experiments at low energies

(B, K, neutrings,; g=2,.EDMS; Ovf[5 decay, ...)

<> Complementarity with energy frontier!
— talk by M. Carena




Introduction

-

<>At present, best indications for
New Physics comesfrom low-energy
precision experiments.
<>Muon anomalous.m etic moment

"B physics’(severalintriguing effects):

<»sin2p: tree vs. penguin (2.60)
<sin2f vs. UT fit (2.90)




Introduction

o
& Other small effects: — talks by P. Ball, P. Gambino

<> B.-B, mixing phase 26 o: mam_cm
z, Nierste, hep-ph/0612167]
> NNLO prediction for By Xy 15 .40 lower than

225 -average mxumzam: “result
[Misiak et al.h 32; Becher, MN, hep-ph/0610067]

WZW y X) Combined theory error: +9%
2,098 80 pert = U182 et 0 1 s =009, )i 105

 Beyo(E,>1.6 GeV) = (3.55 £ 0.24 £ 0.09 £ 0.03) - 10

exp

<> Re-opens possibility for sizable NP contributions!




Introduction

-

<> We probably won’t establish New Physics in
any of these channels -_u:.oﬂlﬁo LHC data

<~ But after an LHC (or %@3 discovery, we
would reinterpret the'efféctssin terms of
measurements of 'hew.flavor parameters

< If effects arereal, low-energy experiments
(LHCb, Super-B, K) Will'contribute greatly to
comprehensive exploration of TeV scale




Introduction

-

<»Important: scenariosswith O(0.1) New
Physics contributions ﬁmVB_u:.ﬁcamm
still possible (not :WWm%_E MFV)

v
<rIndeed, favored by _u.m_Qm\mﬁ data!
R —
—
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Two intriguing puzzles

@

Hints for zm,,z P <m_.mm in rare B
decays and/or'B-B mixing




CP asymmetry in B—=J/y K.

<> Interference of <=Decay amplitude
mixing and decay: ﬂm/mﬁo excellent

B0 «—— RO oximation:

N

J/p K

< Time-dependent n_&b

asymmetry
measures sin2f

S(J/y Ke) = sin2p=0.675+0.026 (WA)




CP asymmetries in B—=OK.,n’K

< Interference of <Penguin graph real to
mixing and decay: ex€ellent approx.:

B0« RO

\ exm\

<> Phase structure .
identical to mo_amj&

anm< W|v.._\E —Am [Grossman, Worah (1996)]
<> Theor. prediction:

S(DK) - S(J/w Ke) = 0.02+0.01

Similar for n’K,: 0.01£0.01  [Beneke, MN (2003)]




2005: 7 reasons for excitement

¢ K
0.34+0.20

n K

Theory

o Aw+o.: " " o [Beneke, MN

(2003)]

mm@+omm

o —029
evAm +0.30
0.55 — Q2

KKK

omw+oAq

Ks Ks Ks :
0.26+0.34 :
Average (s- _omsmc_:v

_ _OAw+o_ON | H

0.8 -0.6 -04 -0.2

S-penguin

Deviation of 3.80!




Current situation (2006

sin(2B™) = sin(2¢:™) S

T

b—ccs <<o_;wa Average ] 0.68 = 0.03
¢ K’ ><mﬁmm@w " 0.39 = o;m
_ . Theory

" | “ [Beneke, MN
Ks Ks Ks Avetage =& 70 Y. (2003)]

K ><mlm@m

n'K°  Avefage

o Kg ><mmm@m

f, K’ Avefage 0.42+0.17

KKK Aver , 0,58 = 0.13 1343 .
A s _ 0582013005 | [ISIFIINS theory shifts

0.2 0 ) 0.4 0.6 0.8 1 and uncertainties;

INVeRE 0.50:0.06 |~ 052:005

Deviation of 2.60




Current situation (2006)

"

<> New Physics explanation would invoke non-standard
penguin contributions, _uwm_nmwm/wq in electroweak
sector (effect insensitive’to’New Physics in mixing)




Current situation (2006)

"

<> New Physics explanation would invoke non-standard
penguin contributions, vwm_nmwm/ws\ in electroweak
sector (effect insensitive'to'New Physics in mixing)

<~ If we believe this is a statist] lUcCtuation, then all

determinations can be m<m_.m
sin2B8=0.647+0,024 ,

<» This value is significantly smaller than SM

expectation! ——
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Precision determinations of

Breaking ,H:m 10% barrier
—




Inclusive semileptonic decays

< Hadronic phase space

is most transparent in
Charm background ““the ﬁlm_upmm mﬂ n_mxiux

actice, P,« P_ for
HWm:.B_.:m:.:m the

N:m_um-ﬁc:n:.o: region




Inclusive B—light decays

"

<> Factorization formula:

n_iw¢:m_40

Hard and jet f
(P .

<> Large logs resummed using RGEs
<> Shape function universal (process-independent)




Strategy

"

<> Extract shape function from B—X.y photon
spectrum, then predict arbitrary distribu-

tions in B—X v decay h, Lange, MN, Paz (2004):
B . MN, Paz; hep-ph/0504071]

<> Functional form constrai€d*by model-
independent moment retations

» Knowledge of m, and tau helps
> Variant: no:mﬁﬂcnﬁ%@?:nﬂo:

-

independent relations™ between spectra

(equivalent) [MN (1993); Leibovich, Low, Rothstein (2000);
Lange, MN, Paz: hep-ph/0508178]




Predictions for various cuts

my [GeV]

My < Mp
Eff = 84%

a

Functional Form

Eff =75%

a

Functional Form

7> > 8 GeV? 35%

a

Functional Form

0> = (Mp — Mp)’
Eff =18%

a

Functional Form

P. < M%/Mjg
Eff = 65%

a

Functional Form

mh > 2.2 GeV
Eff =11%

a

Functional Form

Rate ' ~ (m,)2

Theory Error

7%

7%

10%

15%

7%

19%



Results for various cuts

nom w n m__ ,?_

X

j :?7

ﬂewmo_iw - > 2.1Gov
«BABAR T,w;
«BABAR [81] E. > 2.0
«BELLE [8 gm > 1.9 GeV

0 GeV

4.02 = (
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8

87
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_Iu
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»ﬁuy%*

wH—%++w++%+%Hig

_
u
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u
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_
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u

t\..ww-l—w-l—t\..t\..;-l—

=] 1 =]
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Average of
2

x> =5.9/6, CL=0.43

#wT%A

Status 2005

Most recent HFAG update: |V | = (4.52+0.19+0.27)-10-3




Shape-function free relations

<»Example for P,=E;-Pysspectrum:

O.V C.V
dI’ . 1 dl’,
1Py —= = |V|" | dP. W(APy) =~ -
exp. input theory exp. input

<>Weight function mm;c%mﬂé? calculable

<>Small hadronic uncertainties enter at
order 1 \BU [Lange, MN, Paz: hep-ph/0508178]

BaBar analysis (Feb. 2007): |V | = (4.40+0.30+0.41,+0.23)-10-3 consistent




Combined result

-

<> Theory error on |V, | i5:5;10% for several
different cuts (10% now no/zm_mzmc{m -
seemed unrealistic onlys .m?émma ago)

% Average of different ext tions gives |V,
with a total erroriof,6%a "

V| = (4.49 + 0.28)10°
< Needed to match the precision of sin2B

Exclusive B—mlv + most recent lattice date (HPQCD ‘06): (3.97+063 ,.)-103




Impact of precise |V, |

<» Combined average
sin28=0.647+0.024
below “tree” value
sin2B8=0.794+0.045
deduced from |Vl
and |Vl

Deviation 2.96 (!)

Increased precision
in [V, | and recent
measurement of
B.-B, mixing (DO,
CDF) crucial

-
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| excluded area has CL > 0.95:
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New Physics in B,-B, mixing?

<»Most plausible explanation of the effect

<»Possible and even :mEﬁy in extensions
of SM with new parti near TeV scale
(e.g. SUSY, new Z’ b _Amu extra
dimensions ...)

<-Requires 06;%2 Physics
contribution to mixing amplitude




New Physics in B,-B, mixing?

-

<»General parametrization:

fitter

BEAUTY 2006

Best fit prefers new, CP-
violating phase 6,#0

< After discovery of new
particles at LHC — allowed

parameter space for new
flavor parameters
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Why do | cm:.m<m, these
effects might W real?




New Physics?

<> It is not easy to affect rare B-decay processes,
since by far n_OB_.:m:H._om;d.ﬁ QCD penguin
comes from mixing with SM ‘quark operators

<> New Physics contribdtio Can be sizeable for
dipole operators,electroweak penguins, AF=2

operators

<> AF=2 operators mgoimmx (Z) penguin
receive largest GIM violations (terms ~m,?)




New _u:<m_.nm~

<-Physical processes s mm:m5<m to these
coefficients are B- w.::x (B4 and B,)
and rare, _um:mc_: -domi mn_ B decays

<rIndeed, this is E:mﬁm “See deviations
from ﬂ:m Standard Mod Zoam_ (experimental
situation stable'since several years)




Summary

<-If present effects are«real, future
flavor physics mxnmaﬁ:mym will help to
determine or _u_mnm»/no traints on
flavor parameters ofys € new
particles (e.g., n_qm.__.ﬁm_cmﬁx-m_c_.:o
couplings in"SUSYgeKK fermions, ...)

<>Much like B-factories did for b- and t-
n_Cm_x_Am A<nU~ <cvu <ﬂmu <\R_u @u <v




Summary

.

<> Otherwise, absence of new sources of flavor-
violation at TeV scale wouldsteach us
important lessons mcoqﬁ/:mcv% of EWSB, and

perhaps SUSY breaking %
- b~ o .
<~ Super flavor factories would'play a similar
role as LEP did for the*tinderstanding of EWSB

< It would impose severesconstraints on model
building for the post-LHC era




