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Experimental challenge : 

• Reconstruct B ➛ 3π & 4π final states in a
high multiplicity environment

• Neutral π° in ρ+ρ-, ρ+ρ°, (ρπ)° decays

z

R

I  - Time dependent Dalitz analysis of Bd➛(ρπ)°

II - SU(2) analysis of B ➛ ρρ modes

IntroductionIntroduction
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Resolved πo : 
neutral pion reconstructed from a pair of isolated photons

mass resolution ~ 10 MeV/c²

mass resolution ~ 15 MeV/c²

πo reconstruction efficiency

<ε> = 53%
33% from resolved

+  20% from merged

Resolved π0

all π0s

all π0s

Merged π0
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«Merged» πo : 
High energy πos form a single Ecal cluster with merged photon 
showers. 
The photons pair are reconstructed thanks to a dedicated
algorithm based on the expected shower shape.

Bd→ π+π-π0 events
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I I -- αα fromfrom BB➛➛((ρπρπ))oo

Thanks to the interferences between the transitions
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The time dependence of the tagged Dalitz plot distributions
provides all the required information : f(s+,s-,t, Btag)
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we can simultaneously extract α with amplitudes and strong phases. [Snyder,Quinn,1993]
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Maximize a Likelihood with 9 parameters (  +  background fractions     )r
r

α
r

Experimental
acceptances

Experimental
resolutions

Experimental
(mis)tagging
tag = +1/0/-1

Background
contamination

Experimental ingredients
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Multivariate selection based on :

TheThe BB➛➛33ππ selectionselection
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• Particle identification
Charged pion Id, neutral πo clusters, ...

• Kinematical criteria
Transverse momenta, ...

• Vertexing criteria
Impact parameters, vertex isolation, …
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33 millions of inclusive BB events
➛➛ 15 mn of LHCb @ 2.1032 cm-2s-1

3 signal events selected & passing the trigger
5 background events in side-bands (D(s)π,D(s)ρ) & rejected by the trigger

N3π = 14x103 evt/2fb-1

7x107x10--4450%3.5%4%
εεtottotεtrigεselεdet+rec

1 million of fully simulated B➛ρπ events
➛ ~10 days of LHCb @ 2.1032 cm-2s-1

➛ 1300 evts selected  ≈ 2004 Babar statistics
➛ 50% with merged π°s

Few millions of specific charmless B decays
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3%5 daysBu→ρ+ρ0

17%1.5 hOther Bu→ charmless

29%1.5hOther Bd→ charmless

9%4 daysBd→ρ+ρ-

5%12 daysBd→Kππ0

6%1.3 daysBd→K*γ

B/SEq. LHCb time

Assume B/S =1 in the following

Consistent with : B/S~ 20%    (B/S < 80% @ 90% CL)

Signal Signal yieldyield andand background contaminationbackground contamination
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ExperimentalExperimental inputs in inputs in thethe fit : signal fit : signal acceptanceacceptance
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➛ The lower corner of the Dalitz plot is highly depopulated due to the cut on the πo energy.
However, the upper region of the Dalitz figure contains enough interference to allow the α
extraction.

➛ region of low lifetime depopulated due to the
large impact parameters required in the selection
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FlavourFlavour taggingtagging
• Tagging efficiency εε = 40±2 %
• Wrong tag fraction ωω = 31 ±2 %

➛ εeff = ε (1-2ω)²= 6±2 %

NB : the untagged sample also enters in the global fit :

ExpectedExpected resolutionsresolutions ::

0

20

40

60

80

100

120

140

160

180

5 5.1 5.2 5.3 5.4 5.5 5.6

B mass (GeV/c²)
0

50

100

150

200

250

300

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

∆t (ps)
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Resolutions are 
dominated by 

calorimeter energy resolution

ExperimentalExperimental input in input in thethe fit : fit : resolutionresolution & & taggingtagging



SimulateSimulate thethe experimentalexperimental effectseffects ((resolutionresolution, , acceptanceacceptance, , wrongwrong tag, ...)tag, ...)

MaximizeMaximize thethe likelihoodlikelihood wrtwrt ααfit fit andand thethe background ratios background ratios rfitfit (12D fit)(12D fit)

Assume a set of theoretical parameters αgen

Simulate a set of Gedanken experiments accordingly

Simulate backgrounds according to rgen ratios
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AssessingAssessing thethe LHCb sensitivity on LHCb sensitivity on αα : : thethe methodmethod

Flat

+ +

ρ resonant B➛(Kρ,K*π)➛Kππ
(γ-dependent)

50% 45% 5%

Bkg structure poorly known. Assume B/S = 1 and use a mixture made of :

Yield = 104 signal events ~ 1 year of LHCb data taking

The same proper time distribution, resolutions and tagging dilution as signal are assumed
On real data informations on background will be extracted from the side-bands
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85% converge to the correct solution

15% converge to a pseudo-mirror solution
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90% of experiments w/ σα < 10°

The correct solution
generaly corresponds 

to a deep (if not
deepest) minimum



LHCb sensitivity to LHCb sensitivity to αα
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AnotherAnother scenarioscenario for T & Pfor T & P
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Extracting α via the 3π Dalitz analysis requires an accurate control of the inputs.

The final analysis will be much more difficult than this prospective study
Babar achieved the analysis in 2004.
First results from Belle expected for summer 2006

→ Not likely to be a ‘first year’ analysis for LHCb but very promising results.

∆α ~12°(arbitrary) large ρ3 contribution in signal not accounted in the likelihood

∆α ~ 7°ρ’ and ρ’’ contribution in signal not accounted in the likelihood

∆α ~ 0°ρ/ω mixing in signal not accounted in the likelihood

∆α ~ 5°Dalitz acceptance not accounted in the likelihood

∆α ~ 0°Proper time acceptance not accounted in the likelihood

∆α ~ 1°Non-uniform wrong-tag - averaged in the likelihood

∆α ~ 4°Include 5° uncertainties on γ in Kππ model

Impact of an imperfect knowledge of the experimental or phenomenological  
ingredients  feeding the likelihood

SystematicsSystematics



• 5 times larger

• is small (HFAG 2006  : B00 < 1.1x10-6)

• The time dependent asymmetry for B ➛ ρ0ρ0 provides
additional information, in principle experimentally
accessible

The method
B ➛ ρ+ρ- decay has been measured to be an almost pure CP-eigenstates
⇒ Measuring the time dependent asymetry of B ➛ ρ+ρ- provide αeff = α + ∆α

⇒ Measuring SU(2)-related modes, ρ+ρ0, ρ0ρ0 allows to put constraint on ∆α
⇒ Resolving the full (ρρ) system gives access to α (modulo 8-fold ambiguities)
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II II -- αα from from B B ➛➛ ρρρρ
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Many advantages of the (ρρ) system over (ππ) 
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LHCb performance for B LHCb performance for B ➛➛ ρρ++ρρ-- &  &  BB±± ➛➛ ρρ±±ρρ00

ExpectedExpected annualannual yieldyield ( 2fb( 2fb--11) : ) : 

Selection for B ➛ ρ+ρ- &  B± ➛ ρ±ρ0

➛ Multivariate selection as forB➛ρπ
➛ 2 & 1 neutral pion(s) in the final state, respectively
➛ Overall efficiency : 0.01% & 0.045%
➛ B mass resolution dominated by Ecal resolution : 80 MeV/c² and 52 MeV/c²
➛ Proper time resolution : 85 fs & 47 fs

B± ➛ ρ±ρ0 : 9000 B/S  ~ 1
B   ➛ ρ+ρ- : 2000 B/S  < 5  @ 90%CL

One year of LHCb is not competitive with current B factory performance.
Will need several years to provide a sizeable contribution to C+-, S+- measurement

The main contribution of LHCb to the B➛ ρρ analysis
could be the measurement of the B➛ ρ0ρ0 mode
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SelectionSelection
➛➛ multivariate selectionmultivariate selection
➛➛ overall efficiency : 0.16%overall efficiency : 0.16%

ExpectedExpected annualannual yieldyield ( 2fb( 2fb--11//yearyear) : ) : 

LHCb performance on BLHCb performance on B➛➛ρρ00ρρ00 selectionselection

< 1000HFAG 2006 : BR < 1.1x10-6 @ 90% CL

0
7
0

Nsel
< 400015 mnBB inclusive
3002.5 daysBd→ π+π-π+π- (NR)

< 6001 daysBd→ K+π-π+π- (NR)

BEq. LHCb time

B mass resolution
σ(mB)  ~ 16 MeV/c²

Proper time resolution
σ(t)  ~ 32 fs

Background contamination Background contamination 
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Prospective for 2fbProspective for 2fb--11 @ LHCb : @ LHCb : settingsetting a a scenarioscenario

Babar :

Current B Factories error on B+-, B+0 meas. : ~ 15%

The prefered value from CKM fit (weak constraint)

(C00,S00) = (0.195,-0.35) or (-0.035,-0.44)

Rescaling the expected LHCb performance for B→ππ
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636.0
32.0

00 10)19.054.0( −+
− ±=B

• Branching ratio : B00 = 0.5 10-6

• LHCb will achieve σB00/B00 = 20%

• Scenario for C00 & S00

• Resolution on  C00 & S00 : σC/S00 = 0.4



Prospective for 2fbProspective for 2fb--1  1  @ LHCb : @ LHCb : thethe resultsresults

measuringmeasuring BB0000

B00 = 0.5x10-6

σB00/B00 = 20% 

& & measuringmeasuring CC0000

σC00= 0.4 

& & measuringmeasuring SS0000

σS00= 0.4 

°+
°−°= 14

81.98α



Prospective for 2fbProspective for 2fb--11 @ @ LHCbLHCb : : anotheranother scenarioscenario

Very low B → ρ0ρ0 branching ratio : the decay is not observed with LHCb

→ Stronger limit on B00

Assume the background contamination is as high as the currently
estimated upper limit (i.e. 4000 evts / 2 fb-1)

→ B00 < 1.3 10-7 @ 90% CL could be achieved

|∆α|<17°

|∆α|<6.3°

( )°±= 126.96α



Prospective for 2fbProspective for 2fb--11 @ @ LHCbLHCb : : ρρρρ//ρρππ combinationcombination
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ConclusionsConclusions

TheThe timetime--dependentdependent BBdd➛➛((ρπρπ))0  0  DalitzDalitz plot plot 
MeasuringMeasuring αα withwith LHCb : LHCb : twotwo complementarycomplementary approachesapproaches

o No ambiguity on α in [0,π] but pseudo-mirror solutions.
o With 2 fb-1 LHCb may achieve σstat< 10° on α
o Require an accurate control of  the ρ-lineshapes and the experimental distorsions. 
o Ambitious but promising.
o Probably several years to setup the analysis

TheThe timetime--dependentdependent BBdd➛➛ρρ++ρρ-- asymmetryasymmetry + SU(2) + SU(2) analysisanalysis
o 8-fold ambiguity on α in [0,π]
o Several years of LHCb needed to improve the current Bd➛ρ+ρ- measurements
o With 2 fb-1 the main LHCb contribution could be the measurement of Bd➛ρ0ρ0.
o Accessing the ρ0ρ0 time-dependent asymmetry will reduce the degenerascy of mirror-
solutions and improve the current α determination.
o Performance strongly depends of the actual values of C00 and S00.

DuringDuring LHC LHC eraera thethe stat. stat. errorerror on on αα couldcould reachreach thethe fewfew degreesdegrees levellevel
SU(2) breaking effects, electroweak penguin contributions could be an issue
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BB→→ρπρπ : : sensitivity to sensitivity to thethe otherother parametersparameters
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BB→→ρρρρ branchingbranching ratiosratios
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BB➛➛((ρπρπ))oo : : anotheranother scenarioscenario for T & Pfor T & P
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The lower corner of the Dalitz plot is highly depopulated due to selection
Can we fully remove this region of interference between rho-bands ?
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• Depopulated lower corner (no background)

• Fully removing the lower corner (no background)

➛➛ TheThe lowerlower DalitzDalitz corner corner carriescarries usefuluseful
but but notnot essential information. essential information. 

SensitivitySensitivity to to αα : : lowerlower DalitzDalitz cornercorner
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αgen=77.35° αgen=106.0°

•2 background classes: {0.5(res), 0.5(flat)}

-σ
-σ

+σ

+σ

BB➛➛((ρπρπ))oo : impact : impact ofof B/S on alpha B/S on alpha errorerror


