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2000 slides………………….

Flavour dynamics
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comments

50 (rejection factor 40)

On which axes to project the contents
in an understandable way?



New results
Recent results
A glance to the future

The choise of the axis:   1) the 1’s :    Vus
2) the 0’s :    CKM, rare decays, 

P-T-CP violations,
several new observations of rare decay

3) kaonic “atoms” and Hypernuclei
4) thanks……
5) good lunch!



Determination of |Vus| in Semileptonic KL Decays

KTeV measures 
form factors needed
to calculate phase
space integrals
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KTeV measures 
B(KL→πeν) and 
B(KL→πµν)
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….  an earthquake in the KL system…..



Comparison of KTeV and PDG Branching Fractions

An earthquake in the B.R……..
Nice work….well done



Branching Fraction and Partial Width Results

Decay Mode Branching Fraction Γi (107 s−1)

KL→πeν 0.4067±0.0011 0.7897±0.0065

KL→πµν 0.2701±0.0009 0.5244±0.0044

KL→π+π−π0 0.1252±0.0007 0.2431±0.0023

KL→π0π0π0 0.1945±0.0018 0.3777±0.0045

KL→π+π− (1.975±0.012)×10−3 (3.835±0.038)×10−3

KL→π0π0 (0.865±0.010)×10−3 (1.679±0.024)×10−3

Partial widths use KL lifetime of τL=(5.15±0.04) ×10−8 sec.

NA48  preliminary ….Ke3 B.R   39.5 +-0.3 +-0.3



Semileptonic Form Factors:
×3 more precise than PDG×5 more precise than PDG
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Form Factor Results

Parameter Value (×10−3)

λ+′ 20.64 ± 1.75
λ+′′ 3.20 ± 0.69
λ0 13.72 ± 1.31



Consistency of  Branching Fraction and Form Factor
Results with Lepton Universality
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|Vus| Results

For KL→πeν: |Vus| = 0.2253 ± 0.0023
For KL→πµν: |Vus| = 0.2250 ± 0.0023

|Vus| = 0.2252 ± 0.0008KTeV ± 0.0021ext

KTeV error: branching fractions, form factors
Ext error: f+(0), KL lifetime, radiative corrections

( )2 2 21 0.0018 0.0019ud us ubV V V− + + = ±

KLOE and NA48  will follow?...................

…..1st b
ig news…

….



(..as in KTeV..)





NA48



New New ideasideas
Hyperon decays (Vus)
Cabibbo et al. have revisited the subject 
focussing on vector form fact.
δVus~0.0027 (exp) but O(1%) or more 
SU(3) breaking effects NOT included, 
lattice?

τ decay (Vus) Jamin et al. 

ms from sum rules or LQCD 
as input, may become 
competitive with B-factory
results. At present
δVus~0.0045, low values

λ using fπ/fK from lattice Marciano (2004):  

R.C.

Use LQCD for fπ/fK . Present MILC result 1.201(8)(15)
Staggered fermions, partially unquenched.  From there we get

λ= 0.2238 ± 0.0003(exp) ± 0.0004(rc) ± 0.0030(lattice)
Compatible with other determinations. MILC error debated.
Great potential for improvement



CONCLUSIONS

♦ We presented a quenched lattice study of the K→π vector 
form factor at zero momentum transfer

♦ The calculation is the first one obtained by using a non-
perturbative method based only on QCD, except for the 
quenched approximation 

♦ Our final result, f+ (0) = 0.960 ± 0.005stat ± 0.007syst is in good
agreement with the estimate made by Leutwyler and Roos and 
quoted by the PDG

♦ In order to increase the accuracy of the theoretical 
prediction the most important step is to remove the quenched 
approximation

Lubicz



THE 0’s



Italy Frascati, di Nazionali Laboratori 2004,  NEDAΦ

Conclusions from NA48- rare decay

First observations of the KS→π0e+e− and KS→π0µ+µ−

decays:

Branching Ratio measured for KL→e+e− e+e−

BR( KL→ e+e− e+e− ) = ( 3.30 ± 0.24stat ± 0.14syst ± 0.10norm ) × 10−8

BR(KS →π 0 e+e−) =  2.8 9
2.3(5.8 0.8 ) x 10syststat

+ −
− ±

BR(KS →π 0 µ +µ −) =  1.4 9
1.2(2.9 0.2 ) x 10syststat

+ −
− ±

[PLB576 (2003)]



Upper Limit determination
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Using this upper limit we can calculate some parameters 
directly related to CP and CPT test.

This limit makes completely negligible the contribution of this decay on Im(δ) reducing of a 
factor ∼2.5 the  uncertainty on  Im(δ)

20/02/2002 20Italy Frascati, di Nazionali Laboratori 2004,  NEDAΦ



Italy Frascati, di Nazionali Laboratori 2004,  NEDAΦ

Branching ratio & Confidence level
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Italy Frascati, di Nazionali Laboratori 2004,  NEDAΦ

The KL π°νν quest…..
has started…….

KOPIO …….



Italy Frascati, di Nazionali Laboratori 2004,  NEDAΦ

0’s  or very small…..

T- KEK E246
P- Hyper CP  FNAL
CP-



KEK E246 experiment

■ Stopped K+ experiment with a SC toroidal spectrometer
■ Measurement of all decay kinematics directions

– Double ratio measurement with small systematic errors

Features

History
■ 1992-1995 :   detector construction
■ 1996-2000 :   data taking
■ 1999          :    first result published with 1/4 of data

Imξ  = -0.023 ± 0.007(stat) ± 0.003(syst)
[M.Abe et al., Phys.Rev.Lett. 83(1999) 4253]

■ 2001-2003 :   analysis
■ 2004 (this conference) :  report of the final result

By products:
■ K+→µ+νγ   : PT   = -0.0064 ± 0.0185(stat) ± 0.0010(syst)

[V.Anisimovsky et al., Phys.Lett. B562 (2003) 166]
■ Κe3, Κπ2γ, Κe4,  ...

C. Rangacharyulu
Saskatoon, SK

Result of 
T-violating Muon Polarization 
Measurement in the K+→π0µ+ν



Transverse Muon Polarization in K+→π0µ+ν

= very small

Kµ3 decay form factors and 
T violation

History of Kµ3 transverse polarization experiments

• KL→π−µ+ν Bevatron 1967       Imξ = -0.02 ±0.08
• KL→π−µ+ν Argonne      1973       Imξ = -0.085 ±0.064
• KL→π−µ+ν BNL-AGS   1980      Imξ =  0.009 ±0.030
• K+→π0µ+ν BNL-AGS   1983      Imξ = -0.016 ±0.025



Final Result
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Argonne

BNL

BNL KEK
KEK

PT = - 0.0017 ± 0.0023(stat) ± 0.0011(syst)
( |PT | < 0.0050 : 90% C.L. )

Imξ = - 0.0053± 0.0071(stat) ± 0.0036(syst)
( |Imξ | <0.016 : 90% C.L. )

■ This limit constrains the parameters of some non-standard CP violation 
models with high sensitivity.

■ We are going to propose a next generation PT experiment at the high
intensity accelerator J-PARC.









good!



0’s in the complex plane

TRIANGLES:
Vcb
Vub
angles



Inclusive |Inclusive |VVcbcb| | measurementmeasurement strategystrategy
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• fΓ , f0 : heavy quark expansion (HQE) formulae*
• mb and mc : running quark masses (at µ = 1 GeV)
• µG, µπ, ρLS, ρD : non-perturbative QCD parameters

*Gambino & Uraltsev
hep-ph/0401063
hep-ph/0403166

Problem: large uncertainties in mb, mc, µ’s and ρ’s
Solution: Measuring mb, mc, µG, µπ, ρLS, ρD, 
simultaneously to Br(B→Xc e ν) and |Vcb| using 
HQE’s predictions of El and MXc moments.
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8 June 2004

inclusive Vcb

rate
b

c

W
|Vcb|

mb,mc
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G,µ2
π

shape

shape

from the shape get non-perturbative parameters though the ‘moments’
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Fit Fit resultsresults Accepted by
Phys. Rev. Lett.
hep-ex/0404017

babar

MXc

Excellent agreement between lepton and hadron moments!

χ2 = 15
Ndof = 20

and El moments as a function of minimum El cut

used in global fit
not used in global fit

Excellent agreement between data and HQE predictions! 



||VVcbcb|: |: resultresult andand comparisoncomparison
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No No signsign of of deteriorationdeterioration
forfor higherhigher cutscuts

Kinetic scheme:
Small pert corrections
Minimal set of parmts
No 1/mc expansion

Uraltsev & PG



8 June 2004

mmbb, , mmcc: : resultresult andand comparisoncomparison
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Conversion of mb and mc from kinetic mass to MS scheme by N. Uraltsev (hep-ph/9708372, hep-ph/0302262 , hep-ph/0304132)



Exclusive |Exclusive |VVubub||Phys. Rev. Lett.
90:181801,2003 

Much more to be expected soon:
larger dataset
additional decay modes
reduced theoretical uncertainties 
form factor(s) measurement
new recoil techniques

∫L dt = 50.5 fb-1
νρ ∓A±→0B ( )

( ) ( ) 40

339.0
56.0

10)(60.0)(47.0)(42.029.3

10)()(25.0)(22.064.3
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theosyststateBBr

theosyststatVub

νρ

Strategy: untagged identification of B→ρ e ν decays with “ν reconstruction”
• Signal extracted by requiring:

– very high momentum electron
– ∆E = Ebeam - Eρ - El - Emiss compatible with zero
– Mππ compatible with ρ mass

• Rather high theoretical uncertainties (~15%)
• Relatively high yield: 834 ± 102 events (only electrons and 50.5 fb-1)

GeV/c

exclusive
analysis
advantage MCMC



The B0 – B0 mixing technique is well-known and  well-
documented:

1. Determination of vertex and flavor of the two B’s 
2. “∆t” between the two B’s estimated from distance between vertices

(1) Phys.Rev.Lett.88:221802,2002 
(2) Phys.Rev.Lett.88:221803,2002 
(3) Phys.Rev.Lett.89:011802,2002 
(4) Phys.Rev.D66:032003,2002 
(5) Phys.Rev.D67:072002,2003 

1006.0008.0500.0 −±±=∆ psm d

ps
B

029.0012.0529.10 ±±=τ

Results (23×106 BB):

(3)

(averaged 1,2,5)

«« classicclassic » B» B00 -- BB00 mixingmixing
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CDF and D0  are coming……with a lot of statistics



ALFA or Φ2



Prospects of α  from B→ρρ
Penguin

Tree

Both tree and penguin amplitudes contribute.

If no penguins: With penguin contributions:
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The B→ρρ decay
B0 → ρ+ ρ- is a VV-decay The decay can proceed through 3 partial waves: 

S (L=0, CP even),  P (L=1, CP odd),  D( L=2, CP even)
3 helicity amplitudes: 

λ=0  →  longitudinal polarization. Pure CP even eigenstate.
λ=±1→ transverse polarization. Mix of CP even and odd eigenstates.

The decay B0 → ρ+ ρ- has been observed at BaBar and its BR and polarization 
measured: (PRD 69, 031102 (2004) and hep-ex/0404029, submitted to PRL)

03.003.099.010)5430( 6 ±±=×±±= −
longfBR    ,  

B0 → ρ+ ρ- is an excellent candidate for measuring α:

§ Longitudinally saturated 

§ Relatively large BR

§ Small penguin pollution

§ Two charged tracks in the decay for vertexing



B→ρρ Signal Selection

Also use the ρ-mass and ρ-decay angle (helicity) to distinguish signal 
from background.

Events with clean tags.

2*2
beamES

*
BpEm −=B-mass: *

beam
* EEE B −=∆Missing energy:

Full likelihood   
Background             
Data



Summary

●

– Non optimal B0→π0π0 BR (large penguins).

● B→ ρπ quasi-2-body analysis performed but no model-
independent constraints on α
– Non-CP eigenstate and penguins not under control.

● B→ρρ provides the most stringent constraint on α. This 
analysis has been carried out at BaBar, and the result is 
(with some simple assumptions):

No significant constraint on α from B→ππ

DDDD
penguinsyststat 1341096 ±±±=α



GAMMA or Φ3



babar
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B0→ l+l−

B(B0 → µ+µ−) < 1.6 × 10−7  (90% CL)
B(B0 → e+ e−) < 1.9 × 10−7  (90% CL)
B(B0 → µ e ) < 1.7 × 10−7  (90% CL)

Best published Limit: 
Belle (78 fb−1) PRD 68,111101(2003)

171 pb−1 (hep-ex/0403032)

B(B0 → µ+µ−) <1.5×10−7 (90% CL)

CDF preliminary

W −

W +
ν

Very small in Standard Model
- B(B0 → τ +τ −) ≈ 3 × 10−8

- µ and e modes helicity suppressed
- possible large enhancement from

non-SM scalar currents (e.g., MSSM)
- important window for New Physics

Belle



First Observation of D0 → ϕγ

● In SM, short distance contribution negligible ( < 10-8)

● Long-distance contribution due to vector meson dominant [Burdman95, Fajfer97]

● Rate predicted in range [ (0.04-3.4)× 10-5],  90% CL limit from CLEO <1.9 × 10-4

● Reality check when considering long-distance effects in b→dγ for determing Vtd

Short-distance Long distance

D0 Φ

Belle
78 fb-1

+7.4 0.5

0 0.70 0.15 5
0.61 0.1

6.5 1.0

7

Observe 27.6 ( ) ( ) events 
Significance

( ) [2.6
5.

0  ( ) ]
 is 4  !

10

stat syst

B D stat
σ

γ + + −
− −

+
− −

→ Φ = ×

“ An anchor for future development
of  non-perturbative QCD” Belle



Observation of D+  → µ+υµ (CLEO-c)
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K  with  π
p
d
He

Λ with nuclei



50 years of Hypernuclear Physics50 years of Hypernuclear Physics
The 1st round 

1953 Discovery of Λ hypernuclei
Emulsion detectors --- CERN PS, BNL AGS K− beam

Λ potential depth about 1/2

The 1st round 
1953 Discovery of Λ hypernuclei
Emulsion detectors --- CERN PS, BNL AGS K− beam

Λ potential depth about 1/2

The 2nd round
First Counter Experiments CERN & BNL
1973 Stopped (K−,π−) at CERN
1974 in-flight (K−,π−) at CERN PS and BNL AGS

very small spin-orbit splitting

The 2nd round
First Counter Experiments CERN & BNL
1973 Stopped (K−,π−) at CERN
1974 in-flight (K−,π−) at CERN PS and BNL AGS

very small spin-orbit splitting

The 3rd round
New reactions with New Detectors
1985 (π+,K+) started at AGS
1990 S=-2 searches at AGS and KEK (Emulsion-counter hybrid technique)
1993 S=-1 Λ Spectroscopy, Weak decay, SKS spectrometer
1998 γ ray spectroscopy (Hyperball)

ΛN potential definition
Γn/ Γp puzzle in the non-mesonic decays

The 3rd round
New reactions with New Detectors
1985 (π+,K+) started at AGS
1990 S=-2 searches at AGS and KEK (Emulsion-counter hybrid technique)
1993 S=-1 Λ Spectroscopy, Weak decay, SKS spectrometer
1998 γ ray spectroscopy (Hyperball)

ΛN potential definition
Γn/ Γp puzzle in the non-mesonic decays

Solved!



FINUDA performances: FINUDA performances: 
Bhabha eventBhabha event

e+

e−

e+e− invariant mass (GeV/c)

Ks → π+ π−

e+e− → e+e−

ρ0 → π+ π−



ππ−− reconstructed momentum spectrumreconstructed momentum spectrum
in the 8 targetsin the 8 targets

Clean hypernuclear structures Clean hypernuclear structures 
present in all targetspresent in all targets

sel. sel. 
cutscuts



First  results  onFirst  results  on
hyperhyper--nuclear spectroscopy nuclear spectroscopy 

from the FINUDA experimentfrom the FINUDA experiment
at DAat DAΦΦNENE

CongratulationsCongratulations
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Deeply-Bound K-Nuclear States

A new paradigm in Nuclear Physics

K-

Atomic states

Nuclear state

Yoshinori AKAISHI
Akinobu DOTE　

　Toshimitsu YAMAZAKI



Evidence for K-ppn

Oct.16, 2003  M. Iwasaki et al.
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Concluding Remarks

Nuclear K bound state
_

Mini strange matter
K behaves as a “contractor”.
_

Very interestin
g!  

A new means to investigate
hadron dynamics in dense&cold matter

Formation/Decay-
channel

spectroscopies
Chiral restoration?

Color superconductivity? 
Kaon condensation?

Strange hadronic/quark matter? 

DAΦNE
SPring-8

J-Lab
GSI

J-PARC

Few-body K nuclear systems would provide
experimental data of fundamental importance

for hadron physics with strangeness.

_



Purpose
Weak decay mode of Λ hypernucleus

ΓΓpp　　(Λ+ ｐ→ ｎ + ｐ)
ΓΓnn　　(Λ+ ｎ → ｎ + ｎ)

Non Mesonic(NMWD)

q ~ 400MeV/c

1/τHY =Γtot

Γm

Γnm

Γπ
_　(Λ→ ｐ + π－)

Γπ
0　(Λ→ ｎ + π０ )

Mesonic

q ~ 100MeV/c

ΓΓ2NN　　(ΛNN → NNN ) ?

Direct determination of the             ratio !!!!Direct determination of the             ratio !!!!ΓΓnn//ΓΓpp

How to solve a puzzle



Γn/Γp Status

5
ΛHe : 0.61±0.081±0.082 (E462) 

12
ΛC : 0.58±0.06±0.08 (E508) 

: (0.45~0.51)±0.15 (E307/E369)

10 0.5 1.5
Γn / Γp

Exp. 

OPE
OME, 
DQ model

5
ΛHe : 0.43 ±0.12 ±0.044±(E462)

12
ΛC : 0.34 ±0.13 ±0.05 (E508)

Singles

Coincidence
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NT:   20cm×100cm×5cm
T3:  10cm×100cm×2cm
T2:   4cm×16cm×0.6cm

NT:   20cm×100cm×5cm
T3:  10cm×100cm×2cm
T2:   4cm×16cm×0.6cm

Solid angle
Neutral: 26.5%
Charged : 10%

Decay armDecay arm

Active Target

SETUPSETUP

beambeam

Charged particle：
・TOF (T2→T3)
・tracking（PDC）

Neutral particle：
・TOF (target→NT)
・T3 VETO

(KEK-PS K6 & SKS)

NTNT
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ΓΓnn//ΓΓpp

Results

Various ExperimentsVarious Experiments
E508  E508  

OMEOME OME,DQOME,DQ
OPEOPEOPEOPE

E462  E462  E307E307 E307E307 E369E369

Szymanski 

Szymanski etet alal..

55
Λ

1212
Λ

5
ΛHe (E462):0.45 ± 0.11 ± 0.04 (Final !!)

12
ΛC (E508):0.40 ± 0.09(statis.) (Preliminary !!)

Theory(OME or DQ)Theory(OME or DQ)

Theory(OPE)Theory(OPE)



Chiral PT  and scattering lenght







Resulting K-p Spectrum
(all background fit-components subtracted)

DAΦNE 04 / JZ



DEAR Results (preliminary)
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New theoretical studies:
Ivanov et al. 2003 / 2004
Meißner, Raha, Rusetsky 2004

DEAR prelim.

DAΦNE 04 / JZ



Results on the Shift and Width

2 independent analyses starting from the raw data
giving consistant results

Combined results =>  preliminary DEAR average
to be published in Phys.Rev.Lett.

Shift:     ε1s =  - 194  ± 37 (stat.) ± 6  (syst.) eV

Width:   Γ1s =     249  ± 111 (stat.) ± 30 (syst.) eV

aK-p =………………………………………..

Higher statistic with a better detector

Congratulations !

DAΦNE 04 / JZ





Kaon spectra and Statistics
K±⇒π±π+π-
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Direct CP violation @ NA48/2 82



..so..be careful…. Cabibbo has joined NA48…..
NA48 are striking again!
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Comparison with
CMD-2

we have evaluated the
dispersion integral for the ππ channel

in the range 0.35 GeV2 < Mππ
2 < 0.95 GeV2

Federico Federico NguyenNguyen

comparison with CMD-2 in the range
0.37 GeV2 < Mππ

2 < 0.93 GeV2
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How the plot from M. Davier et al. (2003) 
modifies…
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BNL, Muon g-2 Collaboration, 2004
Positive and negative muons combined

Electroweak:

Light-by-light:

Hadron (CMD2
+KLOE):

Without electroweak

Ex-theory=37 +- 10



Many new  results

A very active field

A very long future  

Very clever and dedicated people

Let me have your comments……in a polite way….

..and thanks to the organising committee!



EXOTIC SPECTROSCOPY
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