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CKM Quark Mixing Matrix

Matter in the Standard Model

Matter built of families of fermion doublets
Leptons
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d0, s0 andb0 are weak eigenstate

Charged current weak interaction throughW � boson
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In general : weak eigeinstates6= strong eigeinstates
F mixing between families possible
F (neutrino also mix but in a di�erent way)
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CKM Quark Mixing Matrix

CKM Matrix (I)

Mixing matrix has to be unitary :V + V = 1
Two families of quarks! one mixing angle (real)
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Three quark families! 4 degrees of freedom
F 3 angles
F 1 complex phase! CP violation
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the V is Cabbibo-Kobayashi-Maskawa Complex Matrix
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CKM Quark Mixing Matrix

CKM Matrix (II)

CKM matrix structure
F mostly diagonal
F crossing of famillies suppresed
F the futher from diagonal the less probable the transition is
F values not predicted and have to be measured
Wolfenstein parametrization
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� = sin � c � 0:224� 0:012

Least known parameters :� and �
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CKM Quark Mixing Matrix

Unitarity Triangles

V + V = 1 ! six unitarity triangles with the same area

Ha Noi, September 24th 2009 The 5th Interna-

tional Conference on Flavor Physics
(5) NGUYEN MAU CHUNG

EPFL Guest from Ha Noi University



Neutral B Meson Mixing

Phenomenology

jBs;H i =
1
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1
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(jBsi � j Bsi ) CP even

Initial particles and anti particles
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Behavior in proper time
F P(t)B 0 ! B 0 =

1
2�

et=�
�
cosh

�
�� st

2

�
+ cos � mt

�

F P(t)B 0 ! B 0 =
1
2�

et=�
�
cosh

�
�� st

2

�
� cos� mt

�

ps
0 0.5 1 1.5 2 2.5 3 3.5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

unmixed
mixed
total

 Osci. Prob.0
sB

Ha Noi, September 24th 2009 The 5th Interna-

tional Conference on Flavor Physics
(6) NGUYEN MAU CHUNG

EPFL Guest from Ha Noi University



Neutral B Meson Mixing

Flavor Decay Asymmetry

Determine Asymmetry A0(t) =
N (t)unmixed � N (t)mixed

N (t)unmixed + N (t)mixed
� cos(� mt)

In a perfect world
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Unbinned likelihood �t :P � exp(� t=� )[cosh(�� st=2) � D cos(� mt)]

F measure� ms
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Neutral B Meson Mixing

Mass Di�erence� ms

� ms is needed to reduce the error on
 and on the apex of triangle

 is poorly known from direct measurements
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Channels B 0
s ! D �

s h�

ChannelB 0
s ! D �

s � + (I)

The decayB 0
s ! D �

s � + is 
avor speci�c and a single diagram
contibutes

F B 0
s decay toD �

s � + andB 0
s to D +

s � �
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Analytical decay rates with a possible mistag probability!
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Channels B 0
s ! D �

s h�

ChannelB 0
s ! D �

s � + (II)

Flavor asymmetry : observedA obs
f (t); theoreticalA th

f (t)

A obs
f (t) = D A th

f (t) A th
f (t) =

R f (t) � R f (t)
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the dilution factorD reduces toD = (1 � 2! ) in the case of pefect resolution
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Channels B 0
s ! D �

s h�

ChannelB 0
s ! D �

s K � (I)

The decayB 0
s ! D �

s K � is not 
avor speci�c

F two tree diagrams for the
decaysB 0

s ! D �
s K �

F B 0
s (B 0

s ) can decay, with
or without oscillation, to
D �

s K + or D +
s K �

F can be used to determine
weak phase� s + 
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Channels B 0
s ! D �

s h�

ChannelB 0
s ! D �

s K � (II)

Similar topology asB 0
s ! D + � �
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F wrong tag! assumed to be equal for both channels

F
� s + 
 from B 0

s ! D � K �

� s from B 0
s ! J= �

�
�! clean way to measure the angle


F 
 now known to be70+27
� 30 (direct measurements) and67:8+4 :2

� 3:8 from all data
included in the �t.
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The work of GPHE Ha Noi

The GPHE Ha Noi

Groupe de Physique des Hautes Energies (GPHE)
F cooperation in HEP between EPFL and HUS since 2006
F formed o�cially since 2008 with the help of EPFL
Activities
F CERN and LHCb Software (DaVinci, Gaudi ...) have been installed in the

GPHE Laboratory
F analyzedB 0

s ! J= + � using DaVinci and Monte Carlo Data DC04 as a
tutorial step

F now aware of the methods and the techniques used in analysis
Analyses data from LHCb together with LPHE Lausanne
F concentrate on the decaysB 0

s ! D �
s h� , whereh� stands for� � or K � .

F analysis ofB 0
s ! D +

s � � is certainly our priority
F use now the Monte Carlo data MC09 generated for

p
s = 10 TeV

F tune cuts : waiting for Monte Carlo background data to be produced at 10 TeV
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The work of GPHE Ha Noi

Preliminary cuts forB 0
s ! D �

s � +

D +
s daughters :K + ; K � ; � +

F P > 2 GeV
F Pt > 300 MeV
F Min IP � 2 > 9
F DLL K=� < � 10 for pion
F DLL K=� > 2 for kaon
F DLL K=p > � 10 for kaon

� � bachelor
F P > 2 GeV
F Pt > 500 MeV
F Min IP � 2 > 9
F DLL K=� < � 10

D +
s candidates

F Pt > 2 GeV
F Min IP � 2 > 9
F Mass window � 21 MeV
F Vertex � 2 < 15
F FSPV(� 2) < 100

B 0
s candidates

F Min IP � 2 < 16
F Mass window � 50 MeV
F Vertex � 2 < 10
F FSPV(� 2) > 64
F cos(� ) > 0.9999

Analyzed 994912 events
35484 candidates were selected,� 12.5 h CPU time
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The work of GPHE Ha Noi

B 0
s reconstruction
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The work of GPHE Ha Noi

Inside LHCb programme

The LHC restart
F scheduled for the middle of November 2009 and planned running from then to

fall 2010.
F run with pp collision at

p
s = 10 TeV in 2010

F real data allowB 0
s ! D �

s � + studied

Previous Monte CarloB 0
s ! D �

s h� study
F with Monte Carlo data DC04 :� 4 � 106 selected events
F expect 140 k events in the integrated luminosityL int = 2 pb� 1 with the ratio

background signal B/S< 0:05
F allow the� ms measurement in the �rst data taking year withL int = 0:5 pb� 1

and sensitivity� stat (� ms) = 0 :012ps� 1 for � ms = 17:5 ps� 1
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Conclusion

Conclusion

The next step
F in �ve year of running at energy

p
s = 14 TeV and luminosityL int = 10 pb� 1

F the precision of
 + � s will be � 4:6� with tag and untag events
F we can also determine the strong phase di�erence between thetwo decay

amplitude to� 4:5�

LHCb is ready for data taking
GPHE Ha Noi will fully participate to the experiment
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