
CKM  FITSCKM  FITS

Statistics Statistics (Frequentist approach:  (Frequentist approach:  Rfit*Rfit*))
Input  Values Input  Values 
Global  Fit  Global  Fit  ResultsResults
Charmless TwoCharmless Two--BodyBody BB--Decays Decays 
-- BBNSBBNS
-- FleischerFleischer--Mannel boundMannel bound

& & NeubertNeubert--Rosner boundRosner bound+BBNS+BBNS

** A.A. HöckerHöcker, H., H. LackerLacker, S., S. LaplaceLaplace and F. Leand F. Le DiberderDiberder ,  ,  
EurEur.. PhysPhys. J. C21/2 (2001) 225, LAL 06/01, . J. C21/2 (2001) 225, LAL 06/01, hephep--phph/0104062/0104062

Updated results  and  Updated results  and  CkmFitterCkmFitter Code:Code:
http://www.slac.stanford.edu/~laplace/ckmfitter.htmlhttp://www.slac.stanford.edu/~laplace/ckmfitter.html

9th International Symposium 9th International Symposium 
on on Heavy Flavor PhysicsHeavy Flavor Physics

CaltechCaltech, Sept. 10, Sept. 10--13, 2001, 13, 2001, Heiko LackerHeiko Lacker



STATISTICS  in STATISTICS  in RfitRfit

* Definition of the fit problem:  ?? ²²((yymodmod) =) = --2 ln 2 ln LL((yymodmod)     )     
LL((yymodmod) =  ) =  LLexpexp((xxexp exp -- xxtheotheo((yymodmod)) * )) * LLtheotheo((yyQCDQCD))

* “Educated guesswork” (quenched approx., SU(3)“Educated guesswork” (quenched approx., SU(3)--break., ...)break., ...)
Critical piece  of  information  from  mind  of  physicistsCritical piece  of  information  from  mind  of  physicists

ln ln LLtheotheo((yyQCDQCD)=0)=0
within allowed range within allowed range -->>

No contribution toNo contribution to ?? ²²yymodmod

Theoretical uncertainty Theoretical uncertainty 
not described by not described by a a PDFPDF
butbut consideredconsidered as anas an
«« AllowedAllowed rangerange »»



PPROBINGROBING THETHE SSTANDARDTANDARD MMODELODEL
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Interpretation Interpretation of  of  ?? ²² byby building a test building a test statisticsstatistics

1.1. DetermineDetermine ?? ²²minmin;;yymodmod ----> > yymodmod,,optopt={={?? , A,, A, ???? ?????? ?? mmtt, , BBKK,...},...}

2. 2. Calculate  Calculate  xxexpexp,,optopt == xxtheotheo((yymodmod,,optopt)  )  and and generate  generate  
xxexpexp measurements  according  measurements  according  to  to  LLexpexp

3. Determine 3. Determine for each for each set set xxexpexp the the minimum minimum ?? ²²---->F(>F(?? ²)²)



METROLOGYMETROLOGY
yymodmod ={={a a ; ; µµ}={}={???? ????? ?; ; ?? , A,, A, mmtt, , BBKK,, ...}...}

Set Set Confidence Levels Confidence Levels in in the the aa space,space,
irrespective irrespective of the of the ?? valuesvalues..

Maximize agreement Maximize agreement between between data data and theoryand theory::
CL(CL(aa) = ) = MAXMAX?? { CL({ CL(aa, , ?? ) }    () }    (Upper bound of Upper bound of CL)CL)

? ?? ? ²²((aa) = ) = ?? ²²minmin;;?? ((aa) ) -- ?? ²²minmin;;yymodmod

CLCL((aa) = ) = ProbProb(( ? ?? ? ²²((aa), ), NNdofdof ))



INPUTSINPUTS

errorsrelevant    less  with  parametersother  
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F. F. Parodi Parodi & H. & H. NeilNeil

CLEO leptonCLEO lepton--endpointendpoint
measurementmeasurement usingusing
bb-->>ss??????not included yetnot included yet



GLOBAL FIT: RESULTSGLOBAL FIT: RESULTS
Global fit Global fit including including sin2sin2???? 4)(?  2.3?2

min ??



GLOBAL FIT: RESULTSGLOBAL FIT: RESULTS
Global fit Global fit including including sin2sin2??
? ms :  modified amplitude method

Used in this analysis. 

Global fit Global fit including including sin2sin2??
? ms :  likelihood ratio

Not used in this analysis; proper
translation in CL should be proven
by a realistic MC simulation.



OneOne--dimensional Constraintsdimensional Constraints



Different Statistical TreatmentsDifferent Statistical Treatments

withoutwithout sin2sin2??



ResultsResults (5% CL) (5% CL) 
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Charmless Twobody Charmless Twobody BB--decaysdecays

BBNS BBNS implemented implemented Consider Consider 
in CKMfitter             in CKMfitter             these fitsthese fits as:as:

BBNS:  QCD  FACTORISATION  APPROACHBBNS:  QCD  FACTORISATION  APPROACH
M. Beneke, G. Buchalla, M. Neubert and C.T. Sachrajda,M. Beneke, G. Buchalla, M. Neubert and C.T. Sachrajda,
"QCD Factorization  in  B "QCD Factorization  in  B --> > ?? K, K, ????????Decays   and Decays   and 
Extraction of Wolfenstein Parameters",  hepExtraction of Wolfenstein Parameters",  hep--ph/0104110ph/0104110

Y. Y. --Y. Keum, HY. Keum, H--n. Li  and A.I. Sanda,n. Li  and A.I. Sanda,
“Penguin  enhancement  and  B “Penguin  enhancement  and  B -->>?? K decays K decays 
in  perturbative  QCD",  hepin  perturbative  QCD",  hep--ph/0004173ph/0004173

M. M. CiuchiniCiuchini,  E. Franco, G.,  E. Franco, G. MartinelliMartinelli, , 
M. M. Pierini Pierini and L.and L. SilvestriniSilvestrini,,
“Charming  Penguins  strike  back",“Charming  Penguins  strike  back",
hephep--phph/0104126/0104126

S. J.S. J. BrodskyBrodsky and S.and S. GardnerGardner,,
Evading theEvading the CKM CKM HierarchyHierarchy,  ,  hephep--phph/0108121/0108121

b ( cc c c ) d?

sudakovsudakov ??

F1 * F2 ?F1 * F2 ?
Endpoint  SingularitiesEndpoint  Singularities??

Annihilation ?Annihilation ?
See talkSee talk: M. : M. NeubertNeubert

See talkSee talk: Y. Y. : Y. Y. KeumKeum



INPUT VALUES: BBNS FITINPUT VALUES: BBNS FIT
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See also the talks fromSee also the talks from
CLEO, Belle and BCLEO, Belle and BAABBARAR
at this conferenceat this conference



Fit Fit toto BR and ACP BR and ACP withinwithin BBNS BBNS 
compared to compared to standard CKM fitstandard CKM fit

0.375)- 0.061, (  )  , (

at      7)(   2.042
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5% CL5% CL

32%32%

90%90%

Theoretical Theoretical 
uncertaintiesuncertainties::

mmss,, mmcc,, ?? ?? ?? RR?? KK

scale dependancescale dependance ??
GegenbauerGegenbauer moments:moments:
?? 1K1K, , ?? 2K2K, , ?? 22??

F(BF(B-->>?? ),), ffBB

XXHH,  X,  XAA

?90 around FitsBest ??



FleischerFleischer--Mannel Mannel ++NeubertNeubert--RosnerRosner +BBNS+BBNS
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BR fixed at present
values, 100 fb^-1 for 
each experiment, 
BABAR and Belle



BB-->>?? ++?? --: time: time--dependent dependent 
asymmetry within asymmetry within BBNSBBNS

BBAABBARAR:: SS???? = 0.03 +/= 0.03 +/-- 0.560.56
++BBNSBBNS ((Quoted theoretical error Quoted theoretical error <<<<

Present experimental errorPresent experimental error))
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SUMMARYSUMMARY
-- CKM fit: consistent CKM fit: consistent picturepicture
-- sin2sin2?? is competitive with the otheris competitive with the other ((theoretically limitedtheoretically limited) ) 

measurementsmeasurements;  ;  ConsistencyConsistency: : BBAABBARAR <<-->>BelleBelle ??

-- ||VVubub|: |: -- LEPLEP experimentsexperiments: all inclusive : all inclusive results results in agreementin agreement
-- LeptonLepton--Endpoint measurement usingEndpoint measurement using bb-->s >s ????((CLEOCLEO))

-- ||VVcbcb|:|: -- ||VVcbcb|(|(exclexcl.) .) from from BelleBelle agrees with agrees with LEPLEP resultsresults
-- Moment Moment analysis analysis ((CLEOCLEO) ) ----> > substantial improvementsubstantial improvement

-- SeeSee alsoalso the new the new results fromresults from the Bthe B--factoriesfactories at this conferenceat this conference
-- ?? mmss : : Sensitivity limitSensitivity limit further improvedfurther improved

-- BR(BBR(B-->>???? //KK?? )/A)/ACPCP(B(B-->>KK?? ??:: best best BBNSBBNS fitsfits aroundaround ??=90 =90 degdeg..
-- Implementation Implementation of of other approachesother approaches
-- Further theoreticalFurther theoretical discussiondiscussion neededneeded
-- More More statistics to come statistics to come -->  >  Calculations Calculations to to be tested be tested in in detaildetail



||VVcbcb||
CLEO

Belle

||VVcbcb| exclusive:| exclusive:
LEP, CLEO, BelleLEP, CLEO, Belle

Ikaros BigiIkaros Bigi and and Nikolai UraltsevNikolai Uraltsev,,
AA VademecumVademecum on Quarkon Quark--Hadron Hadron 
DualityDuality,, hephep--phph/0106346/0106346
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?? mmdd

 ph/0108242-hep
 alpha_s^2,order  to QCD full in rules

 sumar pseudoscal from constants

 decay f ,f and masses quark bc,
 Narison, S.

 ph/0108110-hep ion,Approximat
 Loop-Three in Rules Sum QCD from

Constant  Decay MesonLight -Heavy
r Steinhause M. and Penin A.A.

:Rules Sum from resultsRecent 

. Bffor  Results Lattice use We

(s)(s)

d

BD

dB

Precision measurementsPrecision measurements of of 
decaydecay constants in constants in charm sectorcharm sector
highly welcome highly welcome ! ! --> CLEO> CLEO--CC
Important input for Important input for ?? mmdd//?? mmss !!
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At presentAt present, , wewe do do not not use use the likelithe likeli--
hoodhood ratio. A ratio. A rigorous proof that the rigorous proof that the 
likelihoodlikelihood ratio ratio providesprovides a a properproper CL, CL, 
for for the presentthe present data situation, data situation, should should 
be given by meansbe given by means of a of a realisticrealistic Monte Monte 
CarloCarlo simulation.simulation.
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