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The CKM matrix :

Status and sensitivity to New Physics
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This talkThis talk

•• IntroductionIntroduction

•• The CKM Global Fit as of Summer 2009The CKM Global Fit as of Summer 2009
•• Experimental, theoretical inputs, resultsExperimental, theoretical inputs, results

•• Selected topics from the CKM global fitSelected topics from the CKM global fit

•• a , , eK , , Vub , , b and and B� tn
•• will skip  NP in will skip  NP in BB (s(s)) mixingmixing

•• A hint on the future : CKM from rare A hint on the future : CKM from rare kaonkaon decaysdecays

•• ConclusionsConclusions
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The CKM MatrixThe CKM Matrix
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Unitary-exact, phase independent Wolfenstein paramet risation :

Vud , Vus and Vcb determine A and l

r +ih are determined from the angles and sides of the UT 
_    _



���������	

��� 
���������� ���� ��������� ��	��� !�"#�$ ���! é ������%�& ��! ��' �0

Inputs to the global CKM fitInputs to the global CKM fit

OOA : 3.87(9)(46) ×10 -3HFAG incl.+excl. B ®®®® Xdln|Vub|

OOA : B Bs/BBd= 1.05(2)(5) + fBs + fBdWA HFAG B d- � d mixing DDDDmd

OOA : B Bs= 1.23(3)(5) + fBs + fBdCDF Bs- � s mixingDDDDms

OOA : f Bs/fBd= 1.196(8)(23) & fBs= 228(3)(17)WA: BaBar/Belle            B-®t®t®t®t -nnnn

OOA :  B K= 0.721(5)(40)K°- � °(KLOE, KTeV)|eeeeK|

WA HFAGbbbb

isospin SU(2) WA pppppppp/rprprprp /rrrrrrrraaaa

GLW/ADS/GGSZWA HFAG B -®®®® D(*)K(*)-gggg

Method, theoretical parameters, referencesExperimental sourceParameter

Towner & Hardy , PRC 77, 025501 (2008)Superallowed b decays|Vud|

f+
Kpppp (0)=0.964(5)K l3 (WA Flavianet) |Vus|

HFAG incl.+excl. B ®®®® Xcln|Vcb|

Frequentist hypothesis-testing approach : 

confidence intervals obtained through DcDcDcDc2

dedicated RFit scheme for theoretical uncertainties
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The The RFitRFit statistical scheme, OOA statistical scheme, OOA 

• theoretical uncertainties are bounded over a range without any preference

• minimisation explores uniformly the theoretical para meter space

In presence of multiple, different estimations of t heoretical parameters,

we use the ``educated RFit’’ approach  to obtain Our  Own Averages (OOA) :

• central values : weighted average from statistical errors only

• statistical errors : combination of statistical err ors

• theoretical errors : use the RFit range for the most  precise input 

OOA for Bsdecay constant
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The Global CKM fit : resultThe Global CKM fit : result
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The Global CKM fit : resultThe Global CKM fit : result

Overall consistency at 95% C.L.

Global fit p-value : 45% (0.8 ssss)

Fit dominated by :

sin2 bbbb , DDDDmd/DDDDms , aaaa
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2) CKM Matrix: The Standard Model Fit.  The Global CKM fit : resultThe Global CKM fit : result

Using CKM angles as only 
inputs…

Excluding CKM angles 

from the inputs …
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2) CKM Matrix: The Standard Model Fit.  The Global CKM fit : resultThe Global CKM fit : result

CP-violating observables

as only inputs…

CP-conserving observables

as only inputs …
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2) CKM Matrix: The Standard Model Fit.  The Global CKM fit : resultThe Global CKM fit : result

Using Loop-level processes

as only inputs…

Using Tree-level processes

as only inputs …
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The Global CKM fit : resultsThe Global CKM fit : results
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The Global CKM fit : discussion onThe Global CKM fit : discussion on b



���������	

��� 
���������� ���� ��������� ��	��� !�"#�$ ���! é ������%�& ��! ��' ���

The Global CKM fit : discussion onThe Global CKM fit : discussion on b

CKM angle CKM angle b measured with a ~1measured with a ~1 oo accuracyaccuracy

Indirect constraint has similar precisionIndirect constraint has similar precision
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The Global CKM fit : discussion onThe Global CKM fit : discussion on b

CKM angle CKM angle b measured with a ~1measured with a ~1 oo accuracyaccuracy

Indirect constraint has similar precision Indirect constraint has similar precision ……

……butbut prefers a larger value (more on this later)prefers a larger value (more on this later)
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The Global CKM fit : discussion onThe Global CKM fit : discussion on a
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The Global CKM fit : discussion onThe Global CKM fit : discussion on a

CKM angle CKM angle aaaaaaaa now measured with a ~4now measured with a ~4 oo accuracy !accuracy !
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The Global CKM fit : discussion onThe Global CKM fit : discussion on a

3 contributions to aaaa :

• Isospin analysis of B� pp , B� rr

• Time-dependent Dalitz analysis of B� rp

The dominant contribution is B� rr
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a from from isospinisospin analysesanalyses

0A2A2-A 000- =+++

(plus a similar relation for the CP-conjugated ampl itudes)

Triangular relation on amplitudes :

• neglect EW penguins

• shifts a by ~ 2o

• A+0 pure tree : no DCPV

• testable against data

• neglect isospin-breaking effects

13 unknowns

– 7 observables

– 5 constraints

– 1 global phase  
= 0  �

2 isospin
triangles and one 
common side 

B+–, Spp , Cpp

B+0, ACP

B00, (S00), C00

a, 

T+–, P+–, 

T+0, P+0, 

T00, P00

AccountConstraintsObservablesUnknowns

a can be resolved up to an 8-fold ambiguity within [0,p]
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IsospinIsospin analysis of analysis of B� rr : the triangles: the triangles

Both B and B isospin triangles do not close (consisten t within errors)
mirror solutions are degenerated in a single peak
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IsospinIsospin analysis of analysis of B� rr : the lucky shot: the lucky shot
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IsospinIsospin analysis of analysis of B� rr : breaking effects: breaking effects

At this level of accuracy, consider potential isosp in-breaking effects : 

• rrrr /wwww mixing

• finite rrrr width

• EPWs

• …

Similar issue :Similar issue :

ff++--/f/f0000 normalisationnormalisation at B factoriesat B factories

A 6.5% (2.4A 6.5% (2.4ssssssss ) effect as of today) effect as of today

…… similar conclusionsimilar conclusion
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The Global CKM fit : discussion on The Global CKM fit : discussion on Vub
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The Global CKM fit : discussion on The Global CKM fit : discussion on Vub
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The Global CKM fit : discussion on The Global CKM fit : discussion on eK
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The Global CKM fit : discussion on The Global CKM fit : discussion on eK
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The Global CKM fit : back to The Global CKM fit : back to b

CKM angle CKM angle b measured with a ~1measured with a ~1 oo accuracyaccuracy

Indirect constraint has similar precision Indirect constraint has similar precision ……

……but prefers a larger value but prefers a larger value ……
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The Global CKM fit : discussion onThe Global CKM fit : discussion on B� tn
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The Global CKM fit : The Global CKM fit : b andand B� tn
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Non-trivial correlation of indirect constraints on b and B� tn …

Can be shown that V ub and f Bd are unrelated to this correlation (next slide)
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The Global CKM fit : The Global CKM fit : b andand B� tn
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Theory-free estimation of B Bd and f Bd

Simultaneous constraint on B Bd and f Bd
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Beyond the global CKM fit : Beyond the global CKM fit : B� tn
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Fine-tuned solution can be ruled out

By using other semileptonic information
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2) CKM Matrix: The Standard Model Fit.  A word on the rare A word on the rare kaonkaon decay decay K+� p+nn
_

• Recent E949 update (arXiv:0903.0030 with 5 events (& incl. E787)):

• BR parameterization as Brod & Gorbahn ’08  (PRD 78, 034006) 
NLO QED-QCD & EW corr. to the charm quark contribution 

as(mZ)=0.1176(20) & mc(mc)=1.286(13)(40)

Charm term Pc(X) controlled at ~few % 

4�!,���#!��5�!��#��+��/�6*�7�/��,�
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2) CKM Matrix: The Standard Model Fit.  A word on the rare A word on the rare kaonkaon decays decays K+� p+nn and and KL� p0nn

• Recent E949 update (arXiv:0903.0030 with 5 events (& incl. E787)):

• BR parameterization as Brod & Gorbahn ’08  (PRD 78, 034006) 
NLO QED-QCD & EW corr. to the charm quark contribution 

as(mZ)=0.1176(20) & mc(mc)=1.286(13)(40)

BR [10 -10]= ���
������ �
�� +

-

Prospective study : assume

• K+� pppp+nnnnnnnn measured by NA62 (~10%)

__
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2) CKM Matrix: The Standard Model Fit.  A word on the rare A word on the rare kaonkaon decays decays K+� p+nn and and KL� p0nn

• Recent E949 update (arXiv:0903.0030 with 5 events (& incl. E787)):

• BR parameterization as Brod & Gorbahn ’08  (PRD 78, 034006) 
NLO QED-QCD & EW corr. to the charm quark contribution 

as(mZ)=0.1176(20) & mc(mc)=1.286(13)(40)

BR [10 -10]= ���
������ �
�� +

-

Prospective study : assume

• K+� pppp+nnnnnnnn measured by NA62 (~10%)

• KL� pppp0nnnnnnnn measured by J-PARC (~15%)
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2) CKM Matrix: The Standard Model Fit.  A word on the rare A word on the rare kaonkaon decays decays K+� p+nn and and KL� p0nn

• Recent E949 update (arXiv:0903.0030 with 5 events (& incl. E787)):

• BR parameterization as Brod & Gorbahn ’08  (PRD 78, 034006) 
NLO QED-QCD & EW corr. to the charm quark contribution 

as(mZ)=0.1176(20) & mc(mc)=1.286(13)(40)

BR [10 -10]= ���
������ �
�� +

-

Prospective study : assume

• K+� pppp+nnnnnnnn measured by NA62 (~10%)

• KL� pppp0nnnnnnnn measured by J-PARC (~15%)

• Use eeeeK (and eeee’/eeee ?) to lift ambiguities

(pessimistic scenario: no improvement of theoretica l errors)

A strong constrain on the CKM matrix 

only using Kaon inputs
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SummarySummary

•• KM mechanism at work, main source of CP violation

• Increased precision on  a

• keep an eye on possible non-SU(2) effects 

• sin2b vs B� tn (and/or Vub and/or eK ) 

• issue of hadronic/lattice inputs 

• eagerly waiting for updates from B factories

• g !

• new news on B� tn ?

• Results from TeVatron and soon LHC, to test for NP scenarios

• Support Kaon physics ! 


