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Symposium on Physics of Elementary Interactions in the LHC Era; April 21-22, 2008, Warsaw

OutlineOutline::

�� introductionintroduction (for (for nonnon--expertsexperts));;

�� selectedselected resultsresults;;

�� beautybeauty physicsphysics inin thethe LHC era;LHC era;

�� beautybeauty physicsphysics inin PolandPoland;;

�� summarysummary..

BEAUTY PHYSICSBEAUTY PHYSICS
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FLAVOR IN THE STANDARD MODELFLAVOR IN THE STANDARD MODEL

THREE FAMILIES OF MATTER
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� What is flavor?     Why three families?   

W
-

s uVus

W
-

b cVcb …

FORCE CAREERS

W
-

b uVub

VVudud ≈≈≈≈≈≈≈≈11 >>  V>>  Vusus≈≈≈≈≈≈≈≈0.2  0.2  >>  >>  VVcbcb ≈≈≈≈≈≈≈≈0.04  0.04  >>  >>  VVubub ≈≈≈≈≈≈≈≈0.004 0.004 

� What determines the Vij and the mass pattern?
0
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THREE FAMILIES OF ANTI-

MATTER

� How antimatter disappeared in the Universe?

Standard Model Standard Model doesdoes not not givegive answersanswers..

Unswered questions remain even if SUSY is found at LHC.

Long-term step-by-step experimental approach in flavor 
physics needed to address these grand questions.
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mixing rate: 

∆md=0.507 ±0.005 ps-1

1.5 1.5 psps

4.7 4.7 GeVGeV

life-time

properties of
b quark

mass

⇒⇒⇒⇒⇒⇒⇒⇒ many interesting decay modes

⇒⇒⇒⇒⇒⇒⇒⇒ time-evolution can be studied

⇒⇒⇒⇒⇒⇒⇒⇒ reasonable production rates

Beautiful mesons:
B0 ↔↔↔↔ B0 oscillations
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BEAUTY IS A SPECIAL GIFT FROM NATUREBEAUTY IS A SPECIAL GIFT FROM NATURE

Various characteristics of beauty decays and their relations provide stringent tests

of the SM and offer a unique place to look for effects beyond the SM (BSM).
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+ -

BEAUTY & CP VIOLATION (CPV)BEAUTY & CP VIOLATION (CPV)
� CP-transformation:

LARGE LARGE CPCP--ASYMMETRIESASYMMETRIES EXPECTED IN THE BEAUTY SECTOR EXPECTED IN THE BEAUTY SECTOR 

C PCP

&  mirror reflection (P)charge conjugation (C)

� CP-SYMMETRY: physical processes in nature occur in precisely the

same manner if all particles were converted to their

antimatter opposites using the CP transformation.                 

.� 1964: CP VIOLATION discovered in KL decays

)ee νπνπ
−++− →>→ eN(K)eN(K 0

L

0

L absolute difference between
matter and antimatter!

H. Christenson, J. W. Cronin, V. L. Fitch,       

R. Turlay, Phys. Rev. Lett. 83, 138 (1964)

� 1972: CPV in the SM requires 3 quark families M. Kobayashi, T. Maskawa,
Progr.Theor. Phys.  49, 652 (1973)

� 1977: b quark discovered at FNAL                

asymmetry: 0.2%÷0.3%
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FNAL: TEVATRONpp (2000 GeV) 

~109bb/year;    σ(bb )/ σtot~ 10-4

CDF  &  D0 

SLAC:PEPII e-(9.1GeV)×e+(3GeV) 

Lpeak=1.2×1034/cm2/s         BaBar

KEK:KEKB e-(8GeV)×e+(3.5GeV) 

Lpeak=1.71×1034/cm2/s   ~108BB/year; 
Belle

ENERGY FRONTIER

BEAUTY  FACTORIESBEAUTY  FACTORIES

e+e- →→→→ ϒϒϒϒ(4S) →→→→BBhh →→→→bb + X 

b/b ⇒ B0 /B0, B±, Bs, Bc, ΛΛΛΛb, ...

beauty-factory B-factory

LUMINOSITY FRONTIER

Γ(ϒ(4S)→ BB)>96%; B = B0,B+

σ(BB )/ σtot~ 0.25 

world record

>millionBB-pairs/day >800 

millionsBB-pairs so far
interesting results on Bs from test runs at ϒ(5S)

>550 millionsBB-pairs so far

BB00→→→→→→→→J/J/ψψψψψψψψKKss

LHCLHC
101055÷÷÷÷÷÷÷÷101066bb/s;  bb/s;  σσσσσσσσ((bbbb )/ )/ σσσσσσσσinelinel~ 0.006~ 0.006

ATLAS                                                   
CMS                                                      

LHCbLHCb – dedicated beauty physics exp. 
optimized @ L=2×1032/cm2/s

general purpose experiments; 

beauty physics at the beginning

of LHC operation (L~1033/cm2/s) 

Lpeak ≅≅≅≅2××××1035/cm2/s        
→→→→2××××10 9BB/yr
→→→→2××××10 9 ττττ+ττττ-/yr

SuperBelleSuperBelle (upgrading Belle)

SuperKEKBSuperKEKB (upgrading KEK)

final target ~8×1035/cm2/s
smooth transition: 50 ab-1

INFN      Lpeak >1036/cm2/s 
Frascati
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HIGHLIGHTS & HOT TOPICSHIGHLIGHTS & HOT TOPICS

selected out of > 500 papers
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Time evolution may be 

interesting.

OBSERVATION OF CP VIOLATION IN BOBSERVATION OF CP VIOLATION IN B00→→→→→→→→J/J/ψψψψψψψψKK00

dN/d∆t(B0→J/ψK0)

Asymmetry:

large CPV in B0 system !

S

B0

first seen by Belle & BaBar in 2001

ACP(∆t) ∝ dN/d∆t(B0→f) - dN/d∆t(B0→f)

ACP(∆t) = S sin(∆md∆t)

B0

The idea from I. Bigi, A. Carter and A. Sanda,   1981
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VERIFICATION OF THE UNITARITY CONDITION              VERIFICATION OF THE UNITARITY CONDITION              

⇒⇒⇒⇒⇒⇒⇒⇒ FUNDAMENTAL TEST OF THE SMFUNDAMENTAL TEST OF THE SM

unitarity
condition:

Vub=|Vub|e
-iγγγγ

Vtd =|Vtd| e
-iβ

BEAUTY,  CPV & THE STANDARD MODELBEAUTY,  CPV & THE STANDARD MODEL

γγγγ ββββ

αααα

• sides of the UNITARITY TRIANGLE (UT)
can be determined from decay rates

• angles of UT can be extracted from
CP-asymmetries

for B0→J/ψK0 : S = sin(2ββββ) 

|V|

|V|

cb

ub

||

||

ms

md

∆
∆

Kobayashi-Maskawa model 
of CPV is now a tested theory

� VCKM -Cabibbo-Kobayashi-Maskawa matrix

. . . contains information on the strength of flavor-changing weak decays

CPV in K0

1

CPV in B0→ρπ→ρπ→ρπ→ρπ,…

Makoto Kobayashi
receiving the EPS prize

Manchester, July 2007
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NEW PHYSICS SEARCHESNEW PHYSICS SEARCHES

M [GeV/c2]

“data”

Vtd =|Vtd| e-iββββ

another example:      

B decays through

penguin loops

CURRENT B-FACTORIES STUDY TOP PHYSICS !

top mass  at energy frontier: 

CDF & D0 @ TEVATRON

coupling (including CP-violating phase) at

luminosity frontier: Belle, BaBar

If new physics at O(1)TeV…

⇒⇒⇒⇒ It is plausible to expect  its effects in B decays.
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B0→ϕK0, B0→ϕη’… similar to B0→J/ψK0

B0→J/ψK0

NEW PHYSICS SEARCHES IN NEW PHYSICS SEARCHES IN bb→→→→→→→→ss TRANSITIONSTRANSITIONS

but decay rates… ~10-5÷÷÷÷10-6 decay rate 8.7×10-4

ϕϕϕϕ,ηηηη’… J/ψψψψ

STANDARD MODEL   
S(ss)K0 = SJ/ψψψψK0 = sin(2ββββ) 

average from

B0→(ss)K0 decays

2.1σ deviation

from SM

another puzzle: 

polarization in B→ϕK*

ACP(∆t) in B0/B0→(ss)K0

fT(fL) – fraction of transverse(longitudinal) polarization

SM: fT/fL ≈≈≈≈ 0.1
Exp: fT/fL ≈≈≈≈ 1
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ACP= +0.07 ±0.03 (stat) ±0.01(syst)

Belle Collab., Nature, 452, 332 (20 March 2008)

B
_

→K
_

π0

B0→K+π
_

B+→K+π0

M(Kπ)

B0→K
_

π +
dM
dN

ACP= -0.094 ±0.018 (stat) ±0.008(syst)

0.0370.164A A∆A CPCP ±≡ =− ±
)()(

0
πKπK

mm
 

BB→→→→→→→→KKππππππππ puzzlepuzzle

asymmetry:

SM:   ∆A ≈ 0
~4σ deviation from SM?

ACP ∝ N(B→f) - N(B→f)

⊕⊕⊕⊕ ⊕⊕⊕⊕ ????????
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HINTS OF NEW PHYSICS IN HINTS OF NEW PHYSICS IN BBss ??

Bs ↔↔↔↔ Bs

mixing rate: 

∆ms=17.77 ±0.12 ps-1

first evidence:       2006            

CDF & D0  @ TEVATRON

||VVtsts|/||/|VVtdtd|| ≈≈≈≈≈≈≈≈ 55

Consistent with indirect measurements

from other constraints on CKM elements: 

∆ms=18.6 ±2.3 ps-1

d ⇒⇒⇒⇒ s

ACP(∆t) ⇒ SJ/ψK0⇒ arg(Vtd)

2007-2008

first constraints

from CDF & D0 

Combined analysis of the available Bs measurements ⇒ arg(Vts)≠≠≠≠0  >3σσσσ

M. Bona  et al. (UTfit Colab.),  arXiv:0803.0659 [hep-ph] (March 2008)

ACP(∆t) ⇒ SJ/ψϕ ≡ sin(2βs) ⇒ arg(Vts)  ≅ 0
SM
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BEAUTY IN THE LHC ERABEAUTY IN THE LHC ERA
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BEAUTY IN THE LHC ERABEAUTY IN THE LHC ERA
� If new physics found at LHC

⇒ the effects in B/D/K/τ decays;

→ flavour structure of new physics?

→ CP violation in new physics?

� Otherwise…

⇒ Search for deviations from 
SM in flavor physics will be one of 
the best ways to find new physics.

D. Hitlin
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KEY  MEASUREMENTS KEY  MEASUREMENTS 

� Unitarity triangle with O(1%) precision:                

tree (|Vub|, γγγγ) vs loop (|Vtd|, ββββ)

sin(2β)=0.736±0.042

Indirect measurement from
other CKM elements

2.9 σ deviation ”|Vub| tension”
M. Neubert, Moriond 2007

sin(2β)=0.668±0.028

direct measurements from

ACP(∆t) in B→fCP

� Inclusive measurements (preferred by theory):

b→ u, b→ sγ, b→ dγ, b→ sl+l- …

� Non SM CP-phase:

high precision b→s studies, ββββs;

� Non SM right-handed currents:                          

CPV in B→K*γ;

� Charged Higgs:

searches in B→τντ and B→D(*)τντ; n
o

 d
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By S. Stone,                                   
SuperB numbers : M Hazumi

Quite complementary 

to each other !

� Scalar interactions:                                            

Bs→µ+µ-

Sensitivity Comparison ~2020

Super-LHCb 100 fb-1 vs

Super-B factory 50 ab-1

(p
re

lim
in
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ry

)

Bs

c
o
m

m
o
n

•LHCb

•Super B

sin(2ββββs)
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TOWARDS TOWARDS SuperBelleSuperBelle

A. Matyja et al. 
(Belle Collab.),  
Phys. Rev. Lett.  99,
191807 (2007)

K.F. Chen, A. Bożek
et al. (Belle Collab.),     
Phys. Rev. Lett.  91,
201801 (2003)

Polarization measurements in B→ϕK*

TheThe neededneeded decaydecay modesmodes & & techniquestechniques establishedestablished atat BB--factoriesfactories

m
ajo

r a
chie

vem
ents

at Belle
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BEAUTY IN POLANDBEAUTY IN POLAND

only current activities in
dedicated beauty experiments
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since 1994 group from
IFJ PAN (Krakow):

5 physicists (postdoc’s)

3 electronic engineers

2 PhD students

13 countries, 
57 institutes,
~400 collaborators
data taking since 1999

KEKB / KEKB / BelleBelle

Mt. Tsukuba

KEKB Belle

~1 km in diameter

silicon vertex
detector

silicon vertex
detector

HALNY                                                  
- READOUT MODULES FOR SVD1         

MASTER AND REPEATER  
BOARDS  FOR SVD2

TESTS OF 

READOUT 
MODULES 
FOR SVD3

for 
SuperBelle
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LHCb – Large Hadron Collider beauty experiment       

� Study of CP violation for B and Bs mesons. 

� Search for rare B i Bs decays.
� Precision measurements to find the effects of 

New Physics

Outer
Tracker

� Polish teams in LHCb
� Krakow – IFJ PAN (G. Polok) 

and WFiIS AGH (B.Muryn)

� Warsaw – IPJ (M. Szczekowski)

� Contribution (from 1999)

� Design and production of Outer Tracker

� A system for monitoring of OT layers 
position

� “Timing and Fast Control” for DAQ

� Development of trigger algorithms

� Simulation and reconstruction software

� Tools for data analysis
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Construction of Outer Tracker

� Present status
� OT installation finished

� Connection of electronics in final phase 

� Integration with central DAQ system advanced –

detection of cosmic rays. 

A straw

Production of panels

Outer Tracker in 
experimental cavern

A module

Production of modules Tests

� Polish contribution
� Prototypes of OT module

� Technology of production

� Production of panels (1000 m2)

� Production of modules

� Design of readout electronics

� Design of OT mechanical support

� Position monitoring system
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SUMMARYSUMMARY

� The flavor sector of the Standard Model passed fundamental tests; 
Kobayashi-Maskawa mechanism is a dominant source of CP violation.
( but we know this is not enough)

� Yet there are several measurements that are uncomfortable for the 
Standard Model:

� ”B→Kπ puzzle”;

� ACP(∆t) (and polarization) in b→→→→ s;

� constraints on βs from Bs decays;
� ”Vub tension”;

⇒ interesting questions to the next generation beauty experiments.

� Comprehensive and detailed studies of beauty will remain crucial in the
LHC era.


