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IntroductionIntroduction
Introduction

B→D0K
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BackgroundsBackgrounds
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Dalitz plane
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Cartesian 
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LHCb is the dedicated B physics detector at the LHC
integrated luminosity of 2fb-1 per year, σbb= 500μb
1012 bb i

coordinates

Summary
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1012 bb pairs per year.

One of its main goals is to study CP violation



LHCb current statusLHCb current status

Muon detector

Calorimeters

RICH-2
Magnet

OTMuon detector RICH 2 OT

RICH-1

VELO
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Will be ready for data taking later this year



B →D0/D0(K π+π-)K
Two interfering trees (no loops)

B D /D (Ksπ π )K
Introduction
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Same final decay mode of D0/D0→Ksπ+π- produce 

Backgrounds

B/S ratios

Dalitz plane
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A(B-→D0K-) = r eiδe-iγA(B-→D0K-)A(B-→D0K-) = r eiδe-iγ

interference effects Sensitivity

Cartesian 
coordinates

γ the unitary triangle 
CP angle, from b→c, 
b→u interference

A(B-→D0K-)
= rBe e γ

A(B-→D0K-)A(B-→D0K-)
= rBe e γcoordinates

Summary

rB = (VubV*cs/VcbV*us)fc
δ the CP conserving 

strong phase
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All three parameters can be extracted by fitting the 
amplitudes in the Dalitz plane of the D0 decay

B ( ub cs cb us) c strong phase



Signal annual yield
K

Signal annual yield
Introduction

B

D0 π+

Ks
0B→D0K

Annual yield

Backgrounds

π-

Selection cuts (pT, vertex χ2, Δmass etc…) applied to 

Backgrounds

B/S ratios

Dalitz plane (pT, χ , ) pp
MC data at 2fb-1, sample size of 0.4M events
Few min of data taking

Maximises the S/√(B+S) ratio

Sensitivity

Cartesian 
coordinates Maximises the S/√(B+S) ratio

No triggers applied, but expected εtrigger ~ 40%
Selection efficiency: 

coordinates

Summary

(0.86 0.03) %
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Purity: 
Estimated annual yield:

95.1%
~10K events/yr



Four background typesFour background types
Introduction 1. Pure combinatoric
B→D0K

Annual yield

Backgrounds

K comb/fake

KsBBackgrounds

B/S ratios
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Sensitivity
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2. Dπ background
coordinates

Summary

D0

K mis-ID π

π+
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Four background typesFour background types
3. DK combinatoricIntroduction

B→D0K

Annual yield

Backgrounds

K comb/fake

+

KsB

4 D* bi i

Backgrounds

B/S ratios

Dalitz plane

D0

true
π+

π-

4. D* combinatoricSensitivity

Cartesian 
coordinates K/π/μ

X

coordinates

Summary

D*

K/π/μ

D0 trueB

true/mis-ID
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D*
π



B/S ratios
1. Pure combinatoric

bb gives us the most generic background type
Introduction

B/S ratios 

bb gives us the most generic background typeB→D0K

Annual yield

Backgrounds
Bbb/S < 0.7 @ 90%C.L

2. Dπ background
Dedicated MC sample of 5K events

Backgrounds

B/S ratios

Dalitz plane |50MeV|

Sensitivity

Cartesian 
coordinates

Dπ bkg 
Signal BDπ/S = 

coordinates

Summary
0.24 0.06

8 B mass MeV

Arbitrary 
normalisation

B mass MeV



B/S ratiosB/S ratios 
3. DK backgroundIntroduction

Estimated from large sample of B→D*(D0(HH)π)X
We use the D* sample as a source of true D0

Look at frequency of this 

B→D0K

Annual yield

Backgrounds

DK bkg

Signal

|50MeV|
being paired with a 
random or fake K
Mother mass lands 

Backgrounds

B/S ratios

Dalitz plane Signal

B /S 0 22 0 01

in the B mass windowSensitivity

Cartesian 
coordinates BDK/S = 0.22 0.01coordinates

Summary

9 B mass MeV

Arbitrary 
normalisation



B/S ratiosB/S ratios
4. From same D* sample also extract the D* 

b k d XX

Introduction
background

D*

K/π/μ

D0 true

X

B±

true/mis-ID

D*

K/π/μ

D0 true

X

B±B±

true/mis-ID

B→D0K

Annual yield

Backgrounds

From fit and 
extrapolation

D*
π

D*
π

D* bk
Signal

Arbitrary 
normalisation

Backgrounds

B/S ratios

Dalitz plane extrapolationD* bkg

BD*/S = 0.069-0.335

Sensitivity

Cartesian 
coordinates

From direct

BD*/S  0.069 0.335coordinates

Summary
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From direct 
calculation in tight 

mass windowB mass MeV

|50MeV|



Background on Dalitz planeBackground on Dalitz plane
D* background not yet includedIntroduction g y

Signal

B →D0/D0(Ksπ+π-)Kmost sensitive 
to γ

B→D0K

Annual yield

Backgrounds g
Dπ
DK
Pure 
combinatoric

Backgrounds

B/S ratios

Dalitz plane
combinatoric

ρ(770)

Sensitivity

Cartesian 
coordinates

K*(892)

coordinates

Summary
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SensitivitySensitivity
γ most sensitive to DK background

set B /S = 0 7 B /S = 0 24
Introduction

set BDK/S  0.7, BDπ/S  0.24
D* background yet to be added

Two models (Belle + BaBar) used to fit the Dalitz plot
Both model dependent methods of extracting γ

B→D0K

Annual yield

Backgrounds S. Brisbane will show model independent method
Unbinned maximum likelyhood fit

500 toy MC

Backgrounds

B/S ratios

Dalitz plane
Fit i (γ) ( ) (δ)

Sensitivity

Cartesian 
coordinates

Fit scenario σ(γ) σ(rB) σ(δ)
No 
background 6 0.01 6

coordinates

Summary

background
2fb-1 + bkg 12 0.02 11
10fb-1 + bkg 5 0.009 5
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10fb  bkg 5 0.009 5
+12Belle: γ = (76     (stat) 4(syst) 9(model))-13Input: 

γ=60 , rB=0.1, δ=130o BaBar: γ = (76     (syst+stat))-24
+23

Moriond



Cartesian coordinatesCartesian coordinates
Fit using cartesian coordinates (a la Introduction DK+, D→KSπ+π-

Contours give -2Δ(ln L) = Δχ2 = 1, corresponding to 60.7% CL for 2 dof
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Contours give -2Δ(ln L) = Δχ2 = 1, corresponding to 60.7% CL for 2 dof
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Contours give -2Δ(ln L) = Δχ2 = 1, corresponding to 60.7% CL for 2 dof
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Contours give -2Δ(ln L) = Δχ2 = 1, corresponding to 60.7% CL for 2 dof
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Summary
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DK+, D→KSπ+π-

Contours give -2Δ(ln L) = Δχ2 = 1, corresponding to 60.7% CL for 2 dof
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Summary
Majority of LHCb detector is in 

Summary
Introduction j y

place, and will be ready for data 
taking.

B→D0K

Annual  yield

Backgrounds
Preperation to measure CKM angle 
γ from the decay:

Backgrounds

B/S ratios

Dalitz plane

B →D0/D0(Ksπ+π-)K
at LHCb is well in advanced.

Sensitivity

Cartesian 
coordinates

LHCb is set to make precise 
measurements of γ with the first 

coordinates

Summary
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γ
data.



Spare SlidesSpare Slides
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Signal tight selection cutsSignal tight selection cuts
Particle DD Cut LL Cut

D0 daughters: K Pt > 1.2 GeV > 1.0 GeVD daughters: Ks

D0 daughters: π Pt > 0.4 GeV

|mass-1864| < 40MeV < 30 MeV

Vertex χ² < 25 < 15

D0 candidates

χ

Pt > 2.0 GeV

PV SIPS > 1.5

D0 – Ks distance > 10mm

D0 B SIPS 2D0-B SIPS < 2

cosθD > 0.9998

Bachelor K
Pt > 0.7 GeV

PV SIPS > 4

ΔLLKπ > 2, ΔLLKp > -2

|mass-5279| < 50 MeV < 35 MeV

cosθB > 0.9999

Vertex χ² < 6

16

B candidates
Vertex χ² < 6

Vertex < 5  additional tracks within 2σIP

Pt > 4.0 GeV > 3.5 GeV

PV SIPS < 4



Selection cuts for D* sampleSelection cuts for D  sample
Particle DD Cut LL Cut

D0

daughters: Pt > 1 2 GeV > 1 0 GeV

D* Channel Cut

D0 → Kπ K:
Pt > 0.6 GeV

π:
Pt > 0.6 GeVD0 KKdaughters: 

Ks
Pt > 1.2 GeV > 1.0 GeV

D0

daughters:π Pt > 0.4 GeV

D0

candidates |mass-1864| < 40MeV < 30 MeV

Pt  0.6 GeV
PV SIPS > 3.0
ΔLLπK > -5

Pt  0.6 GeV
PV SIPS > 3.0

ΔLLKπ > -2, ΔLLKp >-5 

D0 → KK

D0 → ππ

Signal D*

|mass-1864| < 15MeV |mass-1864| < 20MeV

Vertex χ² < 25 < 15

Pt > 2.0 GeV

PV SIPS > 1.5

D0 – Ks distance > 10mm

Change D0 daughter cuts to ones 
from (LHCb/2006-066) on D* 
sample

at 2σ at 2σ

D0-B SIPS < 2

cosθD > 0.9998

Bachelor K Pt > 0.7 GeV

PV SIPS > 4

ΔLLKπ > 2 ΔLLKp > -2

Keep the rest of cuts on D0, K and B
Taking the looser cut between the 
DD and the LL
Take a 2σ cut on D0 mass

ΔLLKπ > 2, ΔLLKp > -2

B
candidates |mass-5279| < 50 MeV < 35 MeV

cosθB > 0.9999

Vertex χ² < 6

Apply same cuts (apart from D0

daughter cuts) to both Signal and 
D* samples
Look at the tight B mass window 

d l 10 i
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Vertex < 5 additional tracks within 2σIP

Pt > 4.0 GeV > 3.5 GeV

PV SIPS < 4

and also, a 10x wider B mass 
window

B |mass-5279| < 500 MeV



D0 distribution from D*D distribution from D
Pt Angle distributions θ

D* sample

D0 mass Angle distributions φ
Signal sample
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Belle/BaBar modelsBelle/BaBar models
Both isobar models with:

amplitude+phase 
extracted from 

# of 
resonances

D*+→D0π+ sample

Decay amplitudes:Decay amplitudes:

m = Ksπ invariant mass
f(m ² m ²) Dalitz amplitudes
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f(m , mm ) Dalitz amplitudes



Belle/BaBar modelsBelle/BaBar models

doubly-Cabbibo 
suppressed
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Belle/BaBar modelsBelle/BaBar models
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r.m.s fit errorr.m.s fit error

Fit error on γ rFit error on γ, rB, 
δ as a function of 
rBrB
“Worst case”
scenarioscenario 

Baseline fit

Fit with acceptance 
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p
correction


