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Discovering Charm
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Constraining the CKM Matrix
A-worldwide effort!



DI-muon spectrum

CMS, /s =7 TeV
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The CKM-Matrix

W= - GF%L—*r[ev D = KOV

- _ 6. e.g.
= N = pev B = médv

\ S
Vud Vus Vub B = D{v

VCKM — Vcd Vcs Vcb
V%d Vis V%b

5 —> 110V ) / \

BB oscillations

t = Wb

0.22520 4 0.00065 0.97344 4 0.00016  0.041210-0041
-+0.00029 +0.0011 +0.000021
0.00867 Z ¢ 00031 0.0404g'gp05  0-999146 25 000046

(0.97427 +0.00015 0.22534 +0.00065  0.0035110- 50012 )

[CKM-Fitter Results; PDG 2012]
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Plon/Kaon ldentification

dE/dx (MeV/cm)
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R Detector - Leptonic decays




Mass difference measurement

t/ns

- . -15
Am = ”’(KL) — mi KS ) = (3483 + 0.006) x 10 GeV. M. Thomson, Modern Particle Physics
© Cambridge University Press 2013



CP Violation
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t/ns
le] = (2.264 + 0.035) % l()_3 and ¢ = (43.19 + 073)0 M. Thomson, Modern Particle Physics

© Cambridge University Press 2013



The CKM-Matrix

Vud Vus Vub
VoM = Vea Ves  Vep
V;fd Vis V;fb
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Determination @

Selle
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Beam energies:

Eetr = 3.5 GeV
Ee— — 8 GeV

CMS energy:

Eoms = MY(4S)

Main Process:

ete-— Y = BB

> Belle Detector
KEK-B Accelerator

[BaBar: similar]




Voo Determination @ Belle

=4 The Belle
@ Detector

Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid
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39 Oscillation Measurement

Entangled

Y(4s)

BaBar
Belle
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Bd O :
scillation Measu
rement

‘—————————_————___——_.——_——_———————

Consider:
B (bd :
Bo(bdi - D@y, T
AL e’
(Cd) U v " S \\;‘5.<5
Measure: idS” of lepton g ¢
ntifies B0 and B° d =
eC
N. s
oF + NsF




Nor + Nsg

Nor — Nsf¢

A(A1)

B4 Oscillation

0:5

Result

Belle
Collaboration

Amq = (0.507 + .005) ps-1
Via = (8.4 +0.6) x 10

M. Thomson, Modern Particle Physics
© Cambridge University Press 2013



Important: |§]| = 1

CP-Violation in the B-Meson System

Measure: . R
ko T(BYy— JJUKs)-T(BY, — J/UKs) &
Acp = RO UK 70 e
[(BY_y — J/¥ Kg) + T(BYL, — J/¥ Ks) .
= sin(Amygt) sin(20)
400 l I | 0.5 , l |

BaBar
Collaboration

< £ S sin(2B) =

5 =0 3 = 0.685 + 0.032

] g

0.5 | ' '

M. Thomson, Modern Particle Physics
© Cambridge University Press 2013



courtesy U.Uwer

Unitarity Triangle and CP Violation

Unitary CKM matrix: VVT= 1 Unitarity

[> 6 “triangle” relations in complex plane] Triangle

V \/ J = 8155,5855C15C, Cop SIND
td"tb

area = J/2

(S/ud ) Vus (\/ubT \/Ud ub
V — Vcd Vcs Vcb
\ N td | Vts \V th ) Re’ \/cd ch

Vud Vuz T Vcd ch T th \/tZ =0
VudVUZ + VchCZ + thVtZ =0 7

ViVus +VieVis + ViV =0

s ” us

> Important for Bqg and Bs decays




Determination of C

courtesy U.Uwer

2 Violation

Rescaled unitarity condition
VudVUZ T Vch; T thVtZ =0
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Determination of CP Violation

(b)

1 4 B9 —= J/P/Ks: sin 23

’ tan B = n/(1-p)
Amy

/ Kaon mixing: €
n 0.5 | €] -1 &«N (1-p+constant)

i ;" BO mixing: Amg

Amg determines |Vip|




courtesy U.Uwer

Unitarity Triangle from B Decays

Sides from CP violating observables




Unitarity Triangle from

3

Decays

courtesy U.Uwer

Angles from CP violating observables
[Rare decays; several 109 B mesons necessary]

Im

CPV: BY > mm, pm, pp

CPV: B9 > DK*, DKs, Kr1, DTt

BY > DK, KK

CPV: B0 > J/PKS
["Golden Channel"]



Constraints on p and n
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