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Recent Results from BABAR
• BaBar still produces a lot of 

results	


! 531 published papers and 

counting	



• Rare decays and symmetry 
violations: complementary to 
the LHC	



• Most recent highlights:	


" Probes of New Physics in 

Penguin Decays	


" Lepton Number Violation	


" CP Violation in B+→ Ks𝜋+𝜋0

≈ 5×108 BB 
pairs in 

BABAR dataset

_

PEP-II AND BABAR 

27 
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e+##3.1#GeV###

Center of mass: 10.58 GeV 
e+ e- � �(4S) (bb) � BB!!

Peak luminosity: 
L = 12.1 1033 cm-2s-1  
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Analysis Techniques at B Factories
• B decay data collected at 
𝛶(4S) resonance	


" Near threshold: spherically 

symmetric	


• Largest background from 

“continuum” QED udsc 
production 	


" “Jetty” events	



• Discriminate using topological 
“event shape” variables 	


" Measure in “off-resonance” 

data 
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26th May 2014 FPCP 2014

Analysis techniques: Continuum background and event topology

! Light quark continuum cross-
section is nearly 3 times the BB 
production cross-section 

! Largest background contribution 
in charmless B decays  

! Light qq continuum are 
distinguished from bb events 
using event topology: 
" B mesons produced almost at 

rest in the Υ(4S) frame – 
isotropic event 

" continuum produced with large 
kinetic energy – jet-like event
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Isotropic B event Jet-like qq event
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Analysis Techniques at B Factories
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26th May 2014 FPCP 2014

Analysis techniques: Kinematics and background 

! Use precise kinematical information from beam: mES (mBC) and 
ΔE 

! Combine event topology variables in a Neural Network or Fisher 
discriminant  

! Use vetoes to reduce large BB backgrounds contributions
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mES(BC) =
q

E⇤2
beam � p⇤2B

Signal
MC

Continuum 
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ΔE = EB
* − Ebeam

*
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Continuum 
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10

Signal efficiency
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ba
ck

gr
ou

nd
 re

je
ct

io
n

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Signal efficiency
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ba
ck

gr
ou

nd
 re

je
ct

io
n

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

MVA Method:
MLP_radial
Fisher
BDT

Background rejection versus Signal efficiency

FIG. 4: Comparison of the performance of three MVAs using the same variables. The MLP Neural

Network gives the best performance for this mode.
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TMVA response for classifier: MLP_radial

FIG. 5: Neural Network distribution for signal Monte Carlo and offpeak data.

D. Kinematic selections

The first kinematic cut is that the total energy in an event is required to be less than

20GeV. This is a basic sanity check. We use mES and ∆E as our pair of kinematic variables:

MC

Example MVA

• Multi-variate discriminating techniques common 	


!  Fisher, Likelihood, BDT, ANN, …	



• Precise kinematic discrimination: mES and 𝛥E	


• Multivariate max likelihood fits to extract parameters of interest
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Flavor Changing Neutral Currents

• FCNC: precision test of the Standard Model	


" For example μ→eγ	


! Sensitive to lepton mass differences in SM	



" Heavy quark transitions: b→sγ 	


! Sensitive to effective quark mass differences 	


! Rates and spectra: precision test of QCD	


! CP Asymmetry: sensitivity to New Physics

5

� FCNC – loop level process
� Precision Test of SM 
� NNLO QCD calculations

in the SM using OPE

b�s� Transition Rate in the SM

3

Effectively Coupling 
Constants

At Flavor 
Changing 
Vertices

� Several thousand 
diagrams evaluated in 
this calculation 
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HFAG, D. Asner et al., “Averages of b-hadron, c-hadron, and tau-lepton Properties,” arXiv:1010.1589 (2011)

M. Misiak and M. Steinhauser, Nucl. Phys. B764, 62 (2007).

μ+ e+
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Semi-inclusive Measurement of b→sγ 
CP Asymmetry 

6

arXiv:1406.0534, submitted to PRD 	


(Preliminary)

b s
W

γ	
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Semi-inclusive Measurement of b→sγ 
• Reconstruct B→Xsγ decays in 16 exclusive final 

states

7

20

B    X
s
 γ 

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

Measurement performed using a sum of 16 fully reconstructed modes
 Reconstructed states account for 52% (34%) of charged (neutral) 
B inclusive rate with 0.6<M(X

S
)<2.0 GeV

 
A

CP
 & ΔA

XSγ
 assumed independent on the 

specifc X
S 

fnal states and on M(X
S
) 

B favor from K charge and total fnal state 
charge

19

B    X
s
 γ 

Direct CP violation dominated by  
long distance effects in the SM:
-0.6%<ACP<2.8% 
[PRL 106 141801]

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

FCNC process forbidden 
at tree level: Probe the SM!

New particles in the loop could:
Enhance ACP up to 15% 
[Nucl. Phys. B 704 56, PRL 73 2809, PRD 60 
014003 ]
Induce a difference <10% between  
charged and neutral B mesons:

Measure Direct CP Asymmetry:

Dominated by long-distance effects in SM:	


prediction 0.6%<ACP<2.8%	


NP loop effects can enhance ACP up to 
15% and induce <10% difference between 
B+ and B0	


NP B704, 56; PRL 73, 2809; PRD 60, 
014003
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Semi-inclusive b→sγ: Results
8

25

B    X
s
 γ: Results 

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

A
CP

=(1.7±1.9±1.0)% 

ΔA
Xsγ

=(5.0±3.9±1.5)% 
Systematics from BKG dilution and detector asymmetry

In agreement with SM

ΔA
XSγ

Provides limits on poorly 

constrained Wilson Coeffcient C
8g

:             

                                               @ 90%CL 

[PRL 106 141801, JHEP 1204 008]

 

First MeasurementPreliminary

BaBar
Preliminary ℑ(C8g/C 7 γ)∈[−1.64,6.52]

ℑ(C 8g/C7 γ)

First Measurement !	


In agreement with SM

ACP = (1.7±1.9±1.0)%	


𝛥AXs𝛾=(5.0±3.9±1.5)%

arXiv:1406.0534	


(Preliminary)

Systematics dominated by measurements of bkg dilution D and detector asymmetry Adet

𝛥AXs𝛾 provides limits on a poorly 	


constrained Wilson coefficient C8g:BABAR 	



Preliminary

PRL 106, 141801; JHEP 1204 008
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B→ Xs l+l- Branching Fraction and 

Direct CP Asymmetry

9

PRL 112, 211902 (2014)

b s

l+ l-

W
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Electroweak Penguins: B→Xsll 
• FCNC Rare decays (BF ~ 10-6)	


• Sensitive to TeV-scale physics, 

e.g. SUSY	


" Direct CP asymmetry ACP suppressed 

in SM to ~1% level (PRD 54,  882)	


" NP may enhance the value, 

especially at high q2 (c.f. PRD 79,  
034017)	



• Existing puzzles	


! Large isospin asymmetries	


! Forward-backward asymmetries	


! LHCb angular analysis (L. Pescatore)

10

• In Standard Model (SM):
‣ FCNC are forbidden at tree level
‣ leading decay amplitude occurs at 

higher order: loop / box diagram 

• Small branching fractions O(10-6):
‣ large data samples of  the B-factories 

~430(BABAR) / ~710(Belle) fb-1 at Υ(4S) 
allow to study such processes

• New Physics (NP) contributions:
‣ other virtual particle in the loop

• NP probes:
‣ Altered branching fractions,
‣ Lepton number violation (LNV),
‣ CP asymmetry (ACP), 
‣ Isospin asymmetry (AI),
‣ Forward-Backward asymmetry (AFB)... 

3LLWI 2012, radiative penguin resultsSimon Akar — BABAR

Radiative penguin decays

• In Standard Model (SM):
‣ FCNC are forbidden at tree level
‣ leading decay amplitude occurs at 

higher order: loop / box diagram 

• Small branching fractions O(10-6):
‣ large data samples of  the B-factories 

~430(BABAR) / ~710(Belle) fb-1 at Υ(4S) 
allow to study such processes

• New Physics (NP) contributions:
‣ other virtual particle in the loop

• NP probes:
‣ Altered branching fractions,
‣ Lepton number violation (LNV),
‣ CP asymmetry (ACP), 
‣ Isospin asymmetry (AI),
‣ Forward-Backward asymmetry (AFB)... 

3LLWI 2012, radiative penguin resultsSimon Akar — BABAR

Radiative penguin decays

SM

SUSY
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B→ Xs l+l-
• Semi-inclusive measurement using the sum of 20 exclusively 

reconstructed modes	


" MC-assisted extrapolation to the total rate	


! About 70% of inclusive rate with M(Xs)<1.8 GeV reconstructed 	


!  Complementary to (and competitive with) LHCb	



• Final states:	


" 0 pions: K+, Ks	


" 1 pion: K+𝜋0, K+𝜋-, Ks𝜋0, Ks𝜋+	


" 2 pions: K+𝜋-𝜋0, K+𝜋+𝜋-, Ks𝜋+𝜋0, Ks𝜋+𝜋-	



!  CP-symmetric modes not used in measurement of ACP 	



• Well-identified leptons (l=e,𝜇)	


• Extract results by likelihood fit to distribution of kinematic 

variable mES and event topology likelihood ratio LR 

11
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B→ Xs l+l-: Results
12

12

BR=(6.73  +0.70       +0.34       ±0.50)10-6
    -0.64       -0.25

Reconstructed modes scaled to full 
rate based on a generator model         
[PRD 66 034002, PRD 65 074004, Nucl. Phys. 
B 802 40, PLB 380 199, PRD 55 4105, Nucl. Phys. 
B 574 291]

Result ~2 σ above SM prediction:
   (4.6±0.8)10-6                                                                            

     [Nucl. Phys. B 685 351]
Relative precision improved by 
factor ~2 with respect to previously 
published results

                        Stat        Syst          Model

XS=K        K*

q2>0.1 GeV2

BaBar

BaBar

B    X
s
 l+l- 

Opposite direction compared to evidence for 
deviation from SM observed at LHCb 	


(see L. Pescatore’s talk and backup) 

BABAR

BABAR

Theory Predictions 

13 Kevin Flood Lake Louise 2014 Feb 16-22 2014 

• Calculation of the fully inclusive B->Xsll rate is complicated 
by the presence of the charmonia, and the latest SM 
calculation is a decade old 
– (4.6 +/- 0.8) x 10-6 

• Theory efforts have instead been directed to the perturbative 
window 1 < s < 6 GeV2/c4,  
 
 

 
• and the region above the psi2S 

Theory 

Theory Our results 

Our results Perturbative region: 1<q2<6 GeV2

(Average Xsl+l- consistent with SM)
Above 𝜓(2S):

Theory Predictions 

13 Kevin Flood Lake Louise 2014 Feb 16-22 2014 

• Calculation of the fully inclusive B->Xsll rate is complicated 
by the presence of the charmonia, and the latest SM 
calculation is a decade old 
– (4.6 +/- 0.8) x 10-6 

• Theory efforts have instead been directed to the perturbative 
window 1 < s < 6 GeV2/c4,  
 
 

 
• and the region above the psi2S 

Theory 

Theory Our results 

Our results 

Theory Predictions 

13 Kevin Flood Lake Louise 2014 Feb 16-22 2014 

• Calculation of the fully inclusive B->Xsll rate is complicated 
by the presence of the charmonia, and the latest SM 
calculation is a decade old 
– (4.6 +/- 0.8) x 10-6 

• Theory efforts have instead been directed to the perturbative 
window 1 < s < 6 GeV2/c4,  
 
 

 
• and the region above the psi2S 

Theory 

Theory Our results 

Our results 

About 2𝜎 above SM expectation 
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B→ Xs l+l-: Results
13

17

B    X
s
 l+l- 

BaBar ACP=
BF B−BF B̄
BF B+BF B̄

Sample divided according to 
lepton kind and B favor 
(inferred  from K/π charges)
No model-dependent 
extrapolation of signal rates 
performed

A
CP

=0.04±0.11(stat)±0.01(syst) 
In agreement with SM A

CP
=0.0019 +0.0017   [PRD 54 882, Eur. Phys. J C 8 619]

Systematics dominated by statistical error of measurements on 
charmonium control sample

-0.0019

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

ACP (q2>0.1 GeV2) = 0.04 ± 0.11 (stat) ± 0.01 (syst) 
(in agreement with the Standard Model)

Measure ACP in q2 bins, for 
e,𝜇 final states separately and 

on average 
!

No model-dependent 
extrapolation of signal rates 

for ACP 

BABAR
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Time-dependent CP Asymmetry in 
B→K𝜋𝜋𝛾

14

(Preliminary)

b s
W

γ	
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CP Asymmetry in B→K𝜋𝜋𝛾
15

28

 Measurement of A
CP
 in B0   K

S
ργ     

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

SM predicts     

Look for enhancement due to 

new particle exchange

Experimentally: perform a time-dependent analysis of B0   K
S
ργ

Main Issue: dilution from irreducible BKG from non CP eigenstates:  

CP eigenstate B0     K
S
ργ Non CP eigenstate B0   K*(K

S
π)πγ

[Δt from distance between the two B0 decay vertices in the event]

S f CP=ms /mb=0.02 SM prediction

Experimental technique: time-dependent CP analysis of CP eigenstate B0→KS0𝜌𝛾

Non-zero asymmetry is a sign of new 	


physics effects (e.g. RH currents)	


Complementary to photon polarization	


measurements (c.f. LHCb)(𝛥t is the proper time difference between B decays)

Complication: dilution from irreducible background of non-CP eigenstate 
B0→K*[KS0𝜋]𝜋𝛾. Measure dilution from amplitude analysis of B+→K+𝜋-𝜋+𝛾

Non-CP eigenstate B0→K*[KS0𝜋]𝜋𝛾CP eigenstate B0→KS0𝜌𝛾
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 Measurement of A
CP
 in B0   K

S
ργ     

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

Time-dependent analysis of B0    Ksργ decays

BR(B0    Ksππγ )=(23.9±2.4+1.6  )10-6

SKsππγ =0.14±0.25+0.04

CKsππγ =-0.39±0.20±0.05
SKsργ =0.25±0.46+0.08

-1.9

-0.03

-0.06

Preliminary 
In agreement 
with SM

Systematics from resonance modelling and ΔE, mEs and Fisher parameters

BaBar
Preliminary

BaBar
Preliminary

BaBar
Preliminary

BaBar
Preliminary

BABAR	


Preliminary

BABAR	


Preliminary

BABAR	


Preliminary

BABAR	


Preliminary

CP Asymmetry in B→K𝜋𝜋𝛾
Max-likelihood fit to 4 variables: mES, 𝛥E, event shape Fisher, 𝛥t
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Figure 1: Distributions of m

ES

(top left), �E (top right) and the Fisher-discriminant output
(bottom) showing the fit results on the B

+ ! K

+

⇡

�
⇡

+

� data sample. The distributions have
their signal/background ratio enhanced by means of the following requirements: �0.10  �E 
0.075GeV/c (m

ES

), m
ES

> 5.27GeV/c2 (�E) and m

ES

> 5.27GeV/c2 ; �0.10  �E  0.075GeV/c
(Fisher). Points with error bars give the data. The solid histogram shows the projection of the fit
result, and the shaded areas represent the contributions from di↵erent backgrounds, as described
in the legend. Some of the contributions are hardly visible due to their small fractions.

intermediate resonances, as extracted from the fit to the mK⇡ spectrum itself. In this fit we measure
directly the relative magnitudes and phases of the di↵erent components of the signal model. From
these quantities we extract the branching fractions, summarized in Tab. 4, and compute the dilution
factor as described in Ref. [9]. The dilution factor was found to be

DK0
S⇢�

= 0.549+0.096
�0.094 , (2)

where the quoted uncertainties are sums in quadrature of statistical and systematic uncertainties.167

4.2 B0 ! K0
S
⇡+⇡��168

In the neutral B-meson decay mode, the maximum-likelihood fit to data yields 245± 24+13

�16

signal
B

0 ! K

0

S⇡
+

⇡

�
� events. This results in an inclusive branching fraction of

B(B0 ! K

0

⇡

+

⇡

�
�) = (23.9± 2.4+1.6

�1.9)⇥ 10�6

. (3)
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Figure 2: Distribution of mK⇡⇡ for TM B

+ ! K

+

⇡

�
⇡

+

� signal events (sPlot), extracted from
the maximum likelihood fit to m

ES

, �E, and the Fisher discriminant. Points with error bars give
the sum of sWeights. The blue solid curve is the result of the fit performed directly to this mK⇡⇡

distribution to extract the di↵erent contributions from kaonic resonances decaying to K

+

⇡

�
⇡

+.
Below each bin are shown the residuals, normalized in error units. The parallel dotted and full
lines mark the one and two standard deviation levels, respectively.

In both cases, the first quoted uncertainty is statistical and the second is systematic. Figure 4 shows169

signal-enhanced distributions of the four discriminating variables in the fit: �E, m
ES

, the Fisher-170

discriminant output, and �t. The result of the fit to data for the time-dependent CP violation171

parameters in signal events is172

SK0
S⇡

+⇡�� = 0.14± 0.25(stat.)+0.04
�0.03(syst.) , (4)

CK0
S⇡

+⇡�� = �0.39± 0.20(stat.)± 0.05(syst.) , (5)

where the first quoted uncertainties are statistical and the second are systematic. In order to obtain
the value of SK0

S⇢�
, we divide SK0

S⇡
+⇡�� by the dilution factor given in Eq. 2 and obtain

SK0
S⇢�

= 0.25± 0.46(stat.)+0.08
�0.06(syst.) . (6)

4.3 Systematic uncertainties173

In the analysis of B+ ! K

+

⇡

�
⇡

+

� decays, we studied various sources of systematic uncertainties174

a↵ecting the amplitudes extracted from the fits to the mK⇡⇡ and the mK⇡ spectra. These were175

propagated to the dilution factor and the di↵erent branching fractions deduced from the amplitudes.176

Among sources of systematic uncertainties on the K
res

amplitudes extracted from the fit to the177

mK⇡⇡ spectrum, we account for e↵ects from the fixed parameters in the maximum-likelihood fit to178

m

ES

, �E, and the Fisher discriminant, the fixed line-shape parameters of the kaonic resonances in179

the fit model, the e↵ects of adding kaonic resonances at high masses to the fit model, the procedure180
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signal-enhanced distributions of the four discriminating variables in the fit: �E, m
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, the Fisher-170

discriminant output, and �t. The result of the fit to data for the time-dependent CP violation171

parameters in signal events is172
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= 0.25± 0.46(stat.)+0.08
�0.06(syst.) . (6)
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In the analysis of B+ ! K
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� decays, we studied various sources of systematic uncertainties174

a↵ecting the amplitudes extracted from the fits to the mK⇡⇡ and the mK⇡ spectra. These were175

propagated to the dilution factor and the di↵erent branching fractions deduced from the amplitudes.176

Among sources of systematic uncertainties on the K
res

amplitudes extracted from the fit to the177

mK⇡⇡ spectrum, we account for e↵ects from the fixed parameters in the maximum-likelihood fit to178

m

ES

, �E, and the Fisher discriminant, the fixed line-shape parameters of the kaonic resonances in179

the fit model, the e↵ects of adding kaonic resonances at high masses to the fit model, the procedure180

8

Branching Fraction measurement:

CP Observables:

Correcting for dilution:
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Search For Lepton-Number Violating 
Processes in 

B+→h-l+l+ 
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Lepton-number violation in B+ → h− l+ l+

Introduction

• LNV and nuclear physics:
‣ neutrino-less nuclear double beta decays 0νββ to probe Majorana 

neutrinos (νm = νm)

• LNV in B decays:
‣ Another probe for majorana 

neutrinos:
Measure BF(B+ → h− l+ l+)  
h− = K−, !− ; l+ = e+, μ+

‣ Existing results:
- BF(B+ → h− l+ l+) < (1.0 − 8.3) " 10−6  (90% C.L.) [CLEO – Phys.Rev.D 65, 111102 (2002)]

- BF(B+ → D− l+ l+) < (1.1 − 2.6) " 10−6 (90% C.L.) [Belle – Phys.Rev.D 84, 071106 (2011)] 

- BF(B+ → K− μ+ μ+) < 5.4 " 10−8   (95% C.L.)   [LHCb – CERN-PH-EP-2011-156, arXiv:1110.0730]

- BF(B+ → !− μ+ μ+) < 1.3 " 10−8    (95% C.L.)   [LHCb – CERN-PH-EP-2012-006, arXiv:1201.5600]

D-/ 𝜋-/ 𝜌-/ K(*)-
u/c
_ _
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Lepton Number Violation
• Nuclear Physics: Neutrinoless 

double-beta decay 0νββ probes 
Majorana nature of neutrinos	



• LNV in B decays: another 
probe	


" Access to 2nd and  3rd (and 

possibly 4th) generation 	


! Different effective neutrino       

mass	


! Additional Majorana phases 

accessible	


! Or new physics in 2nd and 3rd 

generation 
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Lepton-number violation in B+ → h− l+ l+

Introduction

• LNV and nuclear physics:
‣ neutrino-less nuclear double beta decays 0νββ to probe Majorana 

neutrinos (νm = νm)

• LNV in B decays:
‣ Another probe for majorana 

neutrinos:
Measure BF(B+ → h− l+ l+)  
h− = K−, !− ; l+ = e+, μ+

‣ Existing results:
- BF(B+ → h− l+ l+) < (1.0 − 8.3) " 10−6  (90% C.L.) [CLEO – Phys.Rev.D 65, 111102 (2002)]

- BF(B+ → D− l+ l+) < (1.1 − 2.6) " 10−6 (90% C.L.) [Belle – Phys.Rev.D 84, 071106 (2011)] 

- BF(B+ → K− μ+ μ+) < 5.4 " 10−8   (95% C.L.)   [LHCb – CERN-PH-EP-2011-156, arXiv:1110.0730]

- BF(B+ → !− μ+ μ+) < 1.3 " 10−8    (95% C.L.)   [LHCb – CERN-PH-EP-2012-006, arXiv:1201.5600]

D-/ 𝜋-/ 𝜌-/ K(*)-
u/c
_ _

05/15/2013 Yury Kolomensky: CUORE and 0νββ 

8

• Observation of 0νββ  would mean
 Lepton number violation
 Neutrinos are Majorana particles
 Rate measures (effective) electron neutrino mass

Standard Model 2νββ decay 
τ ≥ 1019 y

0νββ τ ≥ 1025 y

Neutrinoless Double-Beta Decay

The measurable quantity is the half life:

4
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(light neutrino exchange mode)
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LNV: B+→h-l+l+  
• 14 decay channels	


• Multivariate background suppression (BDT)	


• Maximum-likelihood fit to 3 (or 4) variables	



! mES, 𝛥E, BDT [and D/K*/𝜌 mass]

19

No significant signal observed

6

This is compatible with the use here of a generic selection
procedure for the eleven reported modes.
The results of the ML fits to the on-resonance data

are summarized in Table I. The signal significance is de-
fined as S =

√
2∆ lnL, where ∆ lnL is the change in log-

likelihood from the maximum value to the value when
the number of signal events is set to zero. Systematic
errors are included in the lnL distribution by convolving
the likelihood function with a Gaussian distribution with
a standard deviation equal to the total systematic uncer-
tainty, defined later in this article. If the log-likelihood
corresponds to a negative signal, we assign a significance
of zero. The branching fraction B is given by ns/(ηNBB),
where ns is the signal yield, corrected for the fit bias, η is
the reconstruction efficiency, and NBB is the number of
BB pairs collected. We assume equal production rates
of B+B− and B0B0 mesons.
Figures 2 and 3 show the projections of the fit onto

the discriminating variables for two of the modes, B+ →
π−e+µ+ and B+ → K∗−µ+µ+ (K∗− → K0

S
π−). The

candidates in the figure are subject to the requirement on
the probability ratio Psig/(Pbck+Psig) > 0.9, where Psig

and Pbck are computed without the use of the variable
plotted. The other modes show similar distributions.
The systematic uncertainties in the branching fractions

arise from the PDF parameterization, fit biases, back-
ground yields, and efficiencies. The PDF uncertainties
are calculated by varying, within their errors, the PDF
parameters that are held fixed in the default fit, taking
into account correlations. For the KEYS algorithm, we
vary the smearing parameter between 50% and 150% of
the nominal value [23], and for the histograms we change
the number of bins used. The uncertainty for the fit bias
includes the statistical uncertainty in the mean differ-
ence between the fitted signal yield from the ensemble of
10,000 MC datasets described above and the signal yield
from the fit to the default MC sample, and half of the
correction itself, added in quadrature.
To calculate the contribution to the uncertainty caused

by the assumption that the qq, cc, and BB backgrounds
have similar distributions, we first vary the relative pro-
portions of qq, cc, and BB used in the simulated back-
ground between 0% and 100% and retrain the BDT func-
tion for each variation. The new simulated background
BDT PDF is then used in the fit to the data and the
fitted yields compared to the default fit to data. The
uncertainty is taken to be half the difference between the
default fit and the maximum deviation seen in the en-
semble of fits. All the uncertainties described previously
are additive in nature and affect the significance of the
branching fraction results. The total additive signal yield
uncertainty is between 0.2 and 0.7 events, depending on
the mode.
The sources of multiplicative uncertainties include: re-

construction efficiency from tracking (0.8% per track
for the leptons and 0.7% for the kaon or pion, added
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FIG. 2: Projections of the multidimensional fit onto a) mES;
b)∆E; and c) BDT output for the mode B+

→ π−e+µ+. The
points with error bars show the data; the dashed line is the
background PDF; the solid line is the signal-plus-background
PDF; and the solid area is the signal PDF.

linearly); neutral π0 and K0
S

reconstruction efficiency
(3.0% and 1.0%, respectively); charged particle identi-
fication (0.7% for electrons, 1.0% for muons, 0.2% for pi-
ons, 1.1% for kaons, added linearly); the BDT response
from comparison to charmonium control samples such
as B− → J/ψX− (2.0%); and the number of BB pairs
(0.6%) [12]. The total multiplicative branching fraction
uncertainty is 5% or less for all modes.
When forming the overall branching fraction for the

B+ → K∗−ℓ+ℓ′+ decays, we assume that the overallK∗−

sub-mode additive uncertainties are uncorrelated and the
multiplicative uncertainties are correlated.
As shown in Table I, we observe no significant yields.

We use a Bayesian approach to calculate the 90% C.L.

B+→𝜋-e+𝜇+

8
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−). The points with error bars show

the data; the dashed line is the background PDF; the solid
line is the signal-plus-background PDF; and the solid area is
the signal PDF.
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LNV: B+→h-l+l+ Results
20

  B → X+ℓ–ℓ’–  Results (plot) 

•  11 updated measurements.  90% CL UL in range (1.5 – 26.4) x 10-7.

•  Order of magnitude improvement for CLEO results.

•  Similar precision to Belle for B – → D+ℓ–ℓ’– 

PRD 89, 011102(R) (2014)	


471x106 B decays
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Dalitz Analysis and CP Asymmetry in 
B+→Ks𝜋+𝜋0 

21
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Charmless B decays

! Charmless B decays probe dynamics of weak and strong 
interactions 
" Interference between penguin and tree diagrams can lead to 

direct CP violation 
" Relative weak phase of tree and penguin gives Unitarity Triangle 

angles 
! Allows searches for New Physics from new particles in loops – 

look for enhanced BF or CP asymmetry (ACP)

3

To be submitted to PRD	


(Preliminary)
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Dalitz and CPAnalysis in B+→Ks𝜋+𝜋0 
• Dalitz analysis can be 

used to measure CP 
angle 𝛾 	


" Requires full amplitude 

and CP analysis of K*𝜋 
system	



• K𝜋 puzzle: isospin 
asymmetry 𝛥ACP in 
K𝜋 system	


" Look for insights in K*𝜋  

22
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Amplitude analysis of B+→KSπ+π0 by BaBar: Motivation

! Only B→Kππ Dalitz plot not yet studied 
previously by either BaBar or Belle 

! Most recent inclusive branching fraction 
upper limit for this mode set by CLEO 
Collaboration 

! More sensitivity to direct CP violation in 
B+→K*+π0 can shed light onto “Kπ 
puzzle” in the K*π system (Phys. Rev. 
D81, 094011 (2010)) 
" ΔACP predicted to be zero 
" Previous measurement of ACP(K*+π0) from 

final state B+→K+π0π0 by BaBar 
! Relative phases between the two K*π 

intermediate state can be used to 
measure CKM angle γ

15

B
�
B+ ! K0⇡+⇡0

�
< 66⇥ 10�6

CLEO: PRL 89, 251801 (2002)

�ACP = ACP

�
K⇤+⇡0

�
�ACP

�
K⇤+⇡��

ACP

�
B+ ! K⇤+⇡0

�
= �0.06± 0.24

BaBar: Phys. Rev. D84, 092007 (2011)

Phys. Rev. D74, 051301 (2006) 
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B+→Ks𝜋+𝜋0 Analysis
• Extract event yields from max-likelihood 

fit to 3 variables	


! mES, 𝛥E, BDT	


! 1014±63 signal events over 31k background	



• Dalitz analysis to measure individual 
contributions	



! Resonant contributions, strong and CP phases

26th May 2014 FPCP 2014

Amplitude analysis of B+→KSπ+π0 by BaBar: Dalitz analysis 
formalism

! Intermediate resonances 
appear as structures in Dalitz 
plot, described by their mass, 
width and spin 

! Overlapping resonant 
contributions lead to 
interference effects and access 
to phases 

! Resonance parametrisation 
(isobar model):

16

MCρ +(770)KS

K*0(1430)π+

K*0(892)π+

K*+(892)π0

K*+(1430)π0

( )

A =
X ( )

A i =
X

( )
c iF

�
m2

KS⇡+ ,m2
⇡0⇡+

�

complex coefficients decay dynamics

! Directly extracted parameters 
are ci  

! Other parameters (ACP, 
relative phases, BF) are 
determined from them
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FIG. 3: Data distributions and fit projections for (a) mES, (b) ∆E, (c) BDTout, (d) mK0
S
π+ , (e) mK0

S
π0 , and (f) mπ+π0 . Points

with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.

use the variation in the fit parameters to account for the567

uncertainty.568

To confirm the fitting procedure, 500 MC experiments569

were performed in which events are generated from the570

PDFs used in the fit to data. Small fit biases are found571

for some of the fit parameters and are included in the572

systematic uncertainties.573

We also account for uncertainties in the following pa-574

rameters describing the signal model: the masses and575

widths of the resonances and the value of the Blatt-576

Weisskopf barrier radius. The associated uncertainties 577

are determined by varying the parameters within their 578

uncertainties (given in Table II) and refitting. 579

The contributions to the uncertainty on the branching 580

fraction due to uncertainties on particle identification, 581

tracking efficiency, and the total number of BB events 582

are 1.0%, 1.0%, and 0.6%, respectively. We estimate the 583

systematic uncertainty on the branching fractions due 584

to π0 and K0
S
efficiency to be 0.6% and 1.1%, respec- 585

tively. Uncertainties from the various sources are added 586
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π+ , (e) mK0

S
π0 , and (f) mπ+π0 . Points

with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.
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! KS candidates reconstructed from 
decay to π+π- 

! Largest B background from D0 decays 
" Apply veto around D0 mass in KSπ0 

invariant mass 

! Difficulty: Modelling of large 
correlations between kinematic and 
Dalitz plot variables for signal 

! Strategy: Subdivide Dalitz plot into 
regions described by different PDFs 
and/or parameters 

! Fit to 32,000 candidate events in data 
returns a signal yield of 1014±63 signal 
events and 31,000 background events

17

To be submitted to PRD
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FIG. 3: Data distributions and fit projections for (a) mES, (b) ∆E, (c) BDTout, (d) mK0
S
π+ , (e) mK0

S
π0 , and (f) mπ+π0 . Points

with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.
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PDFs used in the fit to data. Small fit biases are found571

for some of the fit parameters and are included in the572
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Fit

Total 
bkg

Continuum bkg

Signal

BaBar preliminaryAmplitude analysis of B+→KSπ+π0 
by BaBar: the analysis

23
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Amplitude analysis of B+→KSπ+π0 by BaBar: Dalitz analysis 
formalism

! Intermediate resonances 
appear as structures in Dalitz 
plot, described by their mass, 
width and spin 

! Overlapping resonant 
contributions lead to 
interference effects and access 
to phases 

! Resonance parametrisation 
(isobar model):

16

MCρ +(770)KS

K*0(1430)π+

K*0(892)π+

K*+(892)π0

K*+(1430)π0

( )

A =
X ( )

A i =
X

( )
c iF

�
m2

KS⇡+ ,m2
⇡0⇡+

�

complex coefficients decay dynamics

! Directly extracted parameters 
are ci  

! Other parameters (ACP, 
relative phases, BF) are 
determined from them



Protvino, June 2014 Yury Kolomensky: New Results from BABAR

B+→Ks𝜋+𝜋0 Results 
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FIG. 3: Data distributions and fit projections for (a) mES, (b) ∆E, (c) BDTout, (d) mK0
S
π+ , (e) mK0

S
π0 , and (f) mπ+π0 . Points

with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.

use the variation in the fit parameters to account for the567

uncertainty.568

To confirm the fitting procedure, 500 MC experiments569

were performed in which events are generated from the570

PDFs used in the fit to data. Small fit biases are found571

for some of the fit parameters and are included in the572

systematic uncertainties.573

We also account for uncertainties in the following pa-574

rameters describing the signal model: the masses and575

widths of the resonances and the value of the Blatt-576

Weisskopf barrier radius. The associated uncertainties 577

are determined by varying the parameters within their 578

uncertainties (given in Table II) and refitting. 579

The contributions to the uncertainty on the branching 580

fraction due to uncertainties on particle identification, 581

tracking efficiency, and the total number of BB events 582

are 1.0%, 1.0%, and 0.6%, respectively. We estimate the 583

systematic uncertainty on the branching fractions due 584

to π0 and K0
S
efficiency to be 0.6% and 1.1%, respec- 585

tively. Uncertainties from the various sources are added 586
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with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.
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To confirm the fitting procedure, 500 MC experiments569

were performed in which events are generated from the570

PDFs used in the fit to data. Small fit biases are found571

for some of the fit parameters and are included in the572

systematic uncertainties.573

We also account for uncertainties in the following pa-574

rameters describing the signal model: the masses and575

widths of the resonances and the value of the Blatt-576

Weisskopf barrier radius. The associated uncertainties 577

are determined by varying the parameters within their 578
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The contributions to the uncertainty on the branching 580

fraction due to uncertainties on particle identification, 581

tracking efficiency, and the total number of BB events 582
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contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
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Amplitude analysis of B+→KSπ+π0 
by BaBar: Fit to combined B+ and 
B- candidates
! Negligible contributions found from 

higher K* and ρ resonances 
! First measurement of inclusive K0π+π0 

and K*+0(1430)π0 BF

18

K*+(892)

K*+0(1430)

K*0(892)

K*00(1430)

ρ+(770)

BaBar preliminary

13

TABLE XII: List of the variations in the CP asymmetries due to changing the signal model.

Asymmetry variation (%)

Systematic
Resonant contribution

Inclusive K∗0(892)π+ K∗+(892)π0 K∗0
0 (1430)π+ K∗+

0 (1430)π0 ρ+(770)K0
S

(Kπ)∗00 /(Kπ)∗+0 parametrisation −0.7 6.2 2.0 – – −8.1
ρ+(1450) 3.3 1.5 −3.4 −10.5 −11.6 −21.3
K∗

2 (1430) −0.2 5.7 −1.5 −7.5 −2.7 14.4
K∗(1680) −2.2 6.3 0.5 4.8 −1.9 12.3
Total 4.1 10.6 4.3 13.8 12.0 29.7

TABLE XIII: Measured CP-averaged branching fractions B, CP asymmetries, ACP (Eq. 18), and the CP -averaged phases as
measured relative to the K∗0(892)π+ reference amplitude. The first error is statistical, the second is systematic, and the third
is due to the signal model.

Decay channel B
(

10−6
)

ACP φ (◦)
K0π+π0 45.9± 2.6± 3.0± 8.6 0.07± 0.05± 0.03± 0.04 –

K∗0(892)π+ 14.6± 2.4± 1.3± 0.5 −0.12± 0.21± 0.08± 0.11 –
K∗+(892)π0 9.2± 1.3± 0.6± 0.5 −0.52± 0.14± 0.04± 0.04 −95± 43+48

−36 ± 70
K∗0

0 (1430)π+ 50.0± 4.8± 6.0± 4.0 0.14± 0.10± 0.04± 0.14 174± 11± 11± 6
K∗+

0 (1430)π0 17.2± 2.4± 1.5± 1.8 0.26± 0.12± 0.08± 0.12 −89± 43+53
−40 ± 18

ρ+(770)K0 9.4± 1.6± 1.0± 2.6 0.21± 0.19± 0.07± 0.30 −122± 43+55
−47 ± 68
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Amplitude analysis of B+→KSπ+π0 by BaBar: 
CP violation results
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FIG. 4: Data distributions and fit projections for (a) mK0
S
π+ , (b) mK0

S
π− , (c) mK0

S
π0(from B+

→ K0
Sπ

+π0), (d) mK0
S
π0(from

B−
→ K0

Sπ
−π0), (e) mπ+π0 , and (f) mπ−π0 . Points with error bars correspond to data, the solid (blue) lines the total fit result,

the dashed (green) lines the total background contribution, and the dotted (red) lines the qq component. The dash-dotted
lines represent the signal contribution. For all distributions in each panel, the signal to background ratio has been increased
by applying a tighter selection on mES, ∆E, and BDTout.

fraction and CP asymmetry of B+ → K∗+
0 (1430)π0,647

with a significance of 5.4σ for the branching fraction.648
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FIG. 4: Data distributions and fit projections for (a) mK0
S
π+ , (b) mK0

S
π− , (c) mK0

S
π0(from B+

→ K0
Sπ

+π0), (d) mK0
S
π0(from

B−
→ K0

Sπ
−π0), (e) mπ+π0 , and (f) mπ−π0 . Points with error bars correspond to data, the solid (blue) lines the total fit result,

the dashed (green) lines the total background contribution, and the dotted (red) lines the qq component. The dash-dotted
lines represent the signal contribution. For all distributions in each panel, the signal to background ratio has been increased
by applying a tighter selection on mES, ∆E, and BDTout.

fraction and CP asymmetry of B+ → K∗+
0 (1430)π0,647

with a significance of 5.4σ for the branching fraction.648
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Evidence of direct CP 
violation in B+→K*+π0

First uncertainty is statistical, second systematic, 
and third due to the signal model
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TABLE XII: List of the variations in the CP asymmetries due to changing the signal model.

Asymmetry variation (%)

Systematic
Resonant contribution

Inclusive K∗0(892)π+ K∗+(892)π0 K∗0
0 (1430)π+ K∗+

0 (1430)π0 ρ+(770)K0
S

(Kπ)∗00 /(Kπ)∗+0 parametrisation −0.7 6.2 2.0 – – −8.1
ρ+(1450) 3.3 1.5 −3.4 −10.5 −11.6 −21.3
K∗

2 (1430) −0.2 5.7 −1.5 −7.5 −2.7 14.4
K∗(1680) −2.2 6.3 0.5 4.8 −1.9 12.3
Total 4.1 10.6 4.3 13.8 12.0 29.7

TABLE XIII: Measured CP-averaged branching fractions B, CP asymmetries, ACP (Eq. 18), and the CP -averaged phases as
measured relative to the K∗0(892)π+ reference amplitude. The first error is statistical, the second is systematic, and the third
is due to the signal model.

Decay channel B
(

10−6
)

ACP φ (◦)
K0π+π0 45.9± 2.6± 3.0± 8.6 0.07± 0.05± 0.03± 0.04 –

K∗0(892)π+ 14.6± 2.4± 1.4± 0.5 −0.12± 0.21± 0.08± 0.11 –
K∗+(892)π0 9.2± 1.3± 0.6± 0.5 −0.52± 0.14± 0.04± 0.04 −95± 43+48

−36 ± 70
K∗0

0 (1430)π+ 50.0± 4.8± 6.1± 4.0 0.14± 0.10± 0.04± 0.14 174± 11± 11± 6
K∗+

0 (1430)π0 17.2± 2.4± 1.5± 1.8 0.26± 0.12± 0.08± 0.12 −89± 43+53
−40 ± 18

ρ+(770)K0 9.4± 1.6± 1.1± 2.6 0.21± 0.19± 0.07± 0.30 −122± 43+55
−47 ± 68

search on Matter (The Netherlands), the Research Coun-
cil of Norway, the Ministry of Education and Science of
the Russian Federation, Ministerio de Economı́a y Com-
petitividad (Spain), the Science and Technology Facili-

ties Council (United Kingdom), and the Binational Sci-
ence Foundation (U.S.-Israel). Individuals have received
support from the Marie-Curie IEF program (European
Union) and the A. P. Sloan Foundation (USA).
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! First evidence of direct CP violation in B+→K*+π0 

! 3.4σ significance estimated including statistical, 
systematic and model uncertainties 

! ACP for B+→K*0π+ consistent with zero CP 
asymmetry

Stat, syst, and model-dependent uncertainties

First measurements

5.4𝜎 significance 	


(first observation)

3.4𝜎 significance 	


(first evidence)

BABAR Preliminary
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B→K(*)𝜋 Results 
25

CPA
-0.6 -0.4 -0.2 0 0.2

0/+K

-/+K

)/(KCP A6

0/+K*

-/+K*

)/(K*CP A6

26th May 2014 FPCP 2014

New results for the “Kπ” puzzle in the K*π system

! The “Kπ puzzle” is used to indicate that ACP(K+π0) ≢ ACP(K+π-) 
! Calculation of ΔACP(K*π) using world average of ACP(K*+π-)=-0.23±0.06 

(HFAG, arXiv:1207.1158 [hep-ex])

21

�ACP = ACP

�
K⇤+⇡0

�
�ACP

�
K⇤+⇡��

BaBar Preliminary

�ACP (K⇤⇡) = �0.29± 0.16

ACP

�
K+⇡�� = �0.082± 0.006

ACP

�
K+⇡0

�
= 0.040± 0.021
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Summary
• Unique sensitivity to new physics in B decays	



" Complementary to LHC in SUSY parameter space	


" In case of discoveries, shed light on flavor structure of New 

Physics 	


" Complementary to other rare decays and precision 

measurements 	


! Muon g-2, μ→e conversion, μ→eγ, 0νββ 	



• High-multiplicity, inclusive and semi-inclusive final 
states accessible at B Factories 	



• Few puzzles and smoking guns 	


" Belle-II can improve sensitivities by 1-2 orders of 

magnitude
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Backup
27
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Rare B Decays
• Powerful (indirect) probe of New Physics	



" (Old) smoking gun: B+→τ+ν, sensitive to charged 
Higgs

28

Moriond EW, La Thuile, 2011 John Walsh, INFN Pisa

Rare Decays: Window into New Physics

• New Physics (NP) can be revealed in 
low-energy flavour processes

• Particularly fruitful areas of 
investigation are processes with small 
effects predicted by the Standard 
Model 

- Rare decays

- Flavour-changing neutral currents 
(FCNC)

• Strong constraints on already put on 
NP from these kinds of decays

2

(Haisch, arXiv:0805.2141)

2HDM-II

Moriond EW, La Thuile, 2011 John Walsh, INFN Pisa

B+$"+#

10

• Powerful probe of NP

• Sensitive to charged Higgs 
boson:

• Helicity suppression leads to 
higher BF for " final state in 
SM: 

Latest SM Value:

Inputs:

8/4@ICHEP20088/4@ICHEP2008 Rare Decays and New PhysicsRare Decays and New Physics P.ChangP.Chang              88

B (+�"$) = (1.2 ± 0.4 ± 0.3 ± 0.2�������!4�B (+�"$) = (1.79             ������������!4
���!0.49!0.51

BB++��""++$$

• In SM, decay rate related to decay constant and Vub

• Charged Higgs may contribute to BF.

'   B (B�"$)=  ( 0.78         )x10!4

      (CKM fitter 2008 prediction)

+ 0.09
! 0.13

• Previous results:

������������������ ����������������������������������

��
�
��� �������	, ����
��� �����2.6,

 +0.56+0.46

destructive

8/4@ICHEP20088/4@ICHEP2008 Rare Decays and New PhysicsRare Decays and New Physics P.ChangP.Chang              88

B (+�"$) = (1.2 ± 0.4 ± 0.3 ± 0.2�������!4�B (+�"$) = (1.79             ������������!4
���!0.49!0.51

BB++��""++$$

• In SM, decay rate related to decay constant and Vub

• Charged Higgs may contribute to BF.

'   B (B�"$)=  ( 0.78         )x10!4

      (CKM fitter 2008 prediction)

+ 0.09
! 0.13

• Previous results:

������������������ ����������������������������������

��
�
��� �������	, ����
��� �����2.6,

 +0.56+0.46

destructive

Charged Higgs contribution:

BSM (B+ ⇥ ⇥+�) = (0.80± 0.20)� 10�4

(using fB=190±13 MeV and Vub=(3.5±0.4)⨯10-3
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B+→τ+ν: Hadronic Tag Technique
• Reconstruct “the tag 

B” completely 	


!efficiency 0.28%	



• Reconstruct leptonic 
and hadronic τ decay 
modes (~70% BF)	



• Key discriminant: 
unassociated neutral 
energy Eextra	


" Look for excess of 

events @ Eextra~0

29

Moriond EW, La Thuile, 2011 John Walsh, INFN Pisa

B+ ! "+#: Experimental technique
• Few kinematic handles to 

reconstruct B+ ! "+# 

• Reconstruct “other B” completely 

- remove many tracks from 
further consideration

- look for signal in remaining 
tracks and clusters

• Reconstruct 4 " decay modes:

- e##, !##, "#, ## ⇒ about 72% 

of total BF

• Key discriminating variable: 
Eextra: sum of neutral energy 
not associated with either 
reconstructed B meson

• B+ ! "+# will show an excess of 
events at Eextra ~ 0.

11

Tag efficiency ~ 0.2%

B+B-

X 

D(*)

#

Hadronic tag Signal decay

&+

"+

#

Total efficiency, including " BFs: 8 x 10-4
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B→𝜏𝜈
30

40

                             B   τυ [PRD-RC 88, 031102 (2013)]

Events reconstructed in the e+νν, μ+νν, 

π+ν, ρ+(π+π0)ν channels requiring a single 

charged track

BKG from continuum & combinatorial 

reduced by means of a likelihood ratio 

exploiting topological variables.

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

From E
Extra 

ft:

BR(B      τυ)=(1.83+0.53(stat)±0.24(syst))10-4 (signifcance 3.8 σ)

Exceeds the SM prediction by 2.4σ (1.6σ) using V
ub 

from the exclusive 

(inclusive) charmless semileptonic B decays

Events selected on the recoil of fully reconstructed B     D(*) X, J/ψ X 

with Tag Effciency = 0.28 %

-0.49
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41

                             B   τυ

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

Inclusive Vub

Exclusive Vub
BaBar 

Stringent limits set in 
the (tanβ , mH+) plane:

Constraints on 2HDM type II model 

BaBar 
hadronic tag only
Inclusive Vub

BaBar 
hadronic tag only
Exclusive Vub

[PRD-RC 88, 031102 (2013)]B→𝜏𝜈

40

                             B   τυ [PRD-RC 88, 031102 (2013)]

Events reconstructed in the e+νν, μ+νν, 

π+ν, ρ+(π+π0)ν channels requiring a single 

charged track

BKG from continuum & combinatorial 

reduced by means of a likelihood ratio 

exploiting topological variables.
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ub 

from the exclusive 

(inclusive) charmless semileptonic B decays

Events selected on the recoil of fully reconstructed B     D(*) X, J/ψ X 

with Tag Effciency = 0.28 %

-0.49



Protvino, June 2014 Yury Kolomensky: New Results from BABAR

32

43

                             B   D(*)τυ

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

Tree level decay less model 
dependent, several observables 
sensitive to NP

BRs for the different lepton species are predicted to be different in 
the SM:

Theoretical & experimental uncertainties (Vcb, Form Factors, 
Particle identifcation, reconstruction effects) reduced in the BRs 
ratio
D, D* affected differently by charged Higgs exchange (different 
helicity)

B→D(*)𝜏𝜈
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44

                             B   D(*)τυ

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

[PRD 88, 072012 (2013)]

Yields extracted by means of a 
simultaneous ft to: 

Lepton momentum in the B 
rest frame

M2
miss=(Pe+e--PBtag-PD(*)-Pl)

2

R(D)=0.440±0.058±0.042
R(D*)=0.332±0.024±0.018

Systematics from BKG PDF shape

D(*)l events selected on the recoil of reconstructed hadronic B decays

Use only leptonic τ decays
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                             B   D(*)τυ

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

[PRD 88, 072012 (2013)]

Results above the SM prediction by 3.4σ SM

Adding Belle results: 
[PRL 99 191807, PRD 82 072005]
Deviation from SM prediction at 4.8σ

First 5σ 
observation

BaBar
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Amplitude Analysis of B+→K𝜋𝜋𝛾
35

33

Capri 2014, 23-25 May  2014                                                  M.Margoni Universita` di Padova & INFN

=F(A
ρ
, AK*, A(Kπ)S-wave)=0.549+0.096

-0.094

Extraction of the dilution from 
amplitudes of intermediate 
states decaying to Kπ and ππ

Full amplitude analysis in the 
m(Kπ)-m(ππ) diffcult due to 
small statistics

Perform a 1D ft to m(Kπ) 
using as inputs the BRs 
obtained from the m(Kππ) ft

BaBar
Preliminary

K*
0
(1430)+NR

           B+   K+π+π-γ Analysis  
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Amplitude Analysis in B+→Ks𝜋+𝜋0 
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FIG. 3: Data distributions and fit projections for (a) mES, (b) ∆E, (c) BDTout, (d) mK0
S
π+ , (e) mK0

S
π0 , and (f) mπ+π0 . Points

with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.
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To confirm the fitting procedure, 500 MC experiments569

were performed in which events are generated from the570

PDFs used in the fit to data. Small fit biases are found571

for some of the fit parameters and are included in the572

systematic uncertainties.573

We also account for uncertainties in the following pa-574

rameters describing the signal model: the masses and575

widths of the resonances and the value of the Blatt-576

Weisskopf barrier radius. The associated uncertainties 577

are determined by varying the parameters within their 578

uncertainties (given in Table II) and refitting. 579

The contributions to the uncertainty on the branching 580

fraction due to uncertainties on particle identification, 581

tracking efficiency, and the total number of BB events 582

are 1.0%, 1.0%, and 0.6%, respectively. We estimate the 583

systematic uncertainty on the branching fractions due 584

to π0 and K0
S
efficiency to be 0.6% and 1.1%, respec- 585

tively. Uncertainties from the various sources are added 586
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with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.
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Amplitude analysis of B+→KSπ+π0 
by BaBar: Fit to combined B+ and 
B- candidates
! Negligible contributions found from 

higher K* and ρ resonances 
! First measurement of inclusive K0π+π0 

and K*+0(1430)π0 BF
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TABLE XII: List of the variations in the CP asymmetries due to changing the signal model.

Asymmetry variation (%)

Systematic
Resonant contribution

Inclusive K∗0(892)π+ K∗+(892)π0 K∗0
0 (1430)π+ K∗+

0 (1430)π0 ρ+(770)K0
S

(Kπ)∗00 /(Kπ)∗+0 parametrisation −0.7 6.2 2.0 – – −8.1
ρ+(1450) 3.3 1.5 −3.4 −10.5 −11.6 −21.3
K∗

2 (1430) −0.2 5.7 −1.5 −7.5 −2.7 14.4
K∗(1680) −2.2 6.3 0.5 4.8 −1.9 12.3
Total 4.1 10.6 4.3 13.8 12.0 29.7

TABLE XIII: Measured CP-averaged branching fractions B, CP asymmetries, ACP (Eq. 18), and the CP -averaged phases as
measured relative to the K∗0(892)π+ reference amplitude. The first error is statistical, the second is systematic, and the third
is due to the signal model.

Decay channel B
(

10−6
)

ACP φ (◦)
K0π+π0 45.9± 2.6± 3.0± 8.6 0.07± 0.05± 0.03± 0.04 –

K∗0(892)π+ 14.6± 2.4± 1.3± 0.5 −0.12± 0.21± 0.08± 0.11 –
K∗+(892)π0 9.2± 1.3± 0.6± 0.5 −0.52± 0.14± 0.04± 0.04 −95± 43+48

−36 ± 70
K∗0

0 (1430)π+ 50.0± 4.8± 6.0± 4.0 0.14± 0.10± 0.04± 0.14 174± 11± 11± 6
K∗+

0 (1430)π0 17.2± 2.4± 1.5± 1.8 0.26± 0.12± 0.08± 0.12 −89± 43+53
−40 ± 18

ρ+(770)K0 9.4± 1.6± 1.0± 2.6 0.21± 0.19± 0.07± 0.30 −122± 43+55
−47 ± 68
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FIG. 3: Data distributions and fit projections for (a) mES, (b) ∆E, (c) BDTout, (d) mK0
S
π+ , (e) mK0

S
π0 , and (f) mπ+π0 . Points

with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.

use the variation in the fit parameters to account for the567

uncertainty.568

To confirm the fitting procedure, 500 MC experiments569

were performed in which events are generated from the570

PDFs used in the fit to data. Small fit biases are found571

for some of the fit parameters and are included in the572

systematic uncertainties.573

We also account for uncertainties in the following pa-574

rameters describing the signal model: the masses and575

widths of the resonances and the value of the Blatt-576

Weisskopf barrier radius. The associated uncertainties 577

are determined by varying the parameters within their 578

uncertainties (given in Table II) and refitting. 579

The contributions to the uncertainty on the branching 580

fraction due to uncertainties on particle identification, 581

tracking efficiency, and the total number of BB events 582

are 1.0%, 1.0%, and 0.6%, respectively. We estimate the 583

systematic uncertainty on the branching fractions due 584

to π0 and K0
S
efficiency to be 0.6% and 1.1%, respec- 585

tively. Uncertainties from the various sources are added 586
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FIG. 3: Data distributions and fit projections for (a) mES, (b) ∆E, (c) BDTout, (d) mK0
S
π+ , (e) mK0

S
π0 , and (f) mπ+π0 . Points

with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.
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π0 , and (f) mπ+π0 . Points

with error bars correspond to data, the solid (blue) lines the total fit result, the dashed (green) lines the total background
contribution, and the dotted (red) lines the qq component. The dash-dotted lines represent the signal contribution. For all
distributions in each panel, the signal to background ratio has been increased by applying a tighter selection on mES, ∆E, and
BDTout.

use the variation in the fit parameters to account for the567

uncertainty.568

To confirm the fitting procedure, 500 MC experiments569

were performed in which events are generated from the570

PDFs used in the fit to data. Small fit biases are found571

for some of the fit parameters and are included in the572

systematic uncertainties.573

We also account for uncertainties in the following pa-574

rameters describing the signal model: the masses and575

widths of the resonances and the value of the Blatt-576

Weisskopf barrier radius. The associated uncertainties 577

are determined by varying the parameters within their 578

uncertainties (given in Table II) and refitting. 579

The contributions to the uncertainty on the branching 580

fraction due to uncertainties on particle identification, 581

tracking efficiency, and the total number of BB events 582

are 1.0%, 1.0%, and 0.6%, respectively. We estimate the 583

systematic uncertainty on the branching fractions due 584

to π0 and K0
S
efficiency to be 0.6% and 1.1%, respec- 585

tively. Uncertainties from the various sources are added 586

26th May 2014 FPCP 2014

Amplitude analysis of B+→KSπ+π0 
by BaBar: Fit to combined B+ and 
B- candidates
! Negligible contributions found from 

higher K* and ρ resonances 
! First measurement of inclusive K0π+π0 

and K*+0(1430)π0 BF
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TABLE XII: List of the variations in the CP asymmetries due to changing the signal model.

Asymmetry variation (%)

Systematic
Resonant contribution

Inclusive K∗0(892)π+ K∗+(892)π0 K∗0
0 (1430)π+ K∗+

0 (1430)π0 ρ+(770)K0
S

(Kπ)∗00 /(Kπ)∗+0 parametrisation −0.7 6.2 2.0 – – −8.1
ρ+(1450) 3.3 1.5 −3.4 −10.5 −11.6 −21.3
K∗

2 (1430) −0.2 5.7 −1.5 −7.5 −2.7 14.4
K∗(1680) −2.2 6.3 0.5 4.8 −1.9 12.3
Total 4.1 10.6 4.3 13.8 12.0 29.7

TABLE XIII: Measured CP-averaged branching fractions B, CP asymmetries, ACP (Eq. 18), and the CP -averaged phases as
measured relative to the K∗0(892)π+ reference amplitude. The first error is statistical, the second is systematic, and the third
is due to the signal model.

Decay channel B
(

10−6
)

ACP φ (◦)
K0π+π0 45.9± 2.6± 3.0± 8.6 0.07± 0.05± 0.03± 0.04 –

K∗0(892)π+ 14.6± 2.4± 1.3± 0.5 −0.12± 0.21± 0.08± 0.11 –
K∗+(892)π0 9.2± 1.3± 0.6± 0.5 −0.52± 0.14± 0.04± 0.04 −95± 43+48

−36 ± 70
K∗0

0 (1430)π+ 50.0± 4.8± 6.0± 4.0 0.14± 0.10± 0.04± 0.14 174± 11± 11± 6
K∗+

0 (1430)π0 17.2± 2.4± 1.5± 1.8 0.26± 0.12± 0.08± 0.12 −89± 43+53
−40 ± 18

ρ+(770)K0 9.4± 1.6± 1.0± 2.6 0.21± 0.19± 0.07± 0.30 −122± 43+55
−47 ± 68
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Amplitude analysis of B+→KSπ+π0 by BaBar: non-CP 
phases

! Phases measured relative to each resonant 
amplitude 

! Poor sensitivity to some of the phases 
! Smaller uncertainties are found when 

measuring relative phases of two pairs of 
same-sign K*

19

BaBar Preliminary

Uncertainty is statistical only

9

TABLE V: Relative phases for the isobar amplitudes as measured from five fits to data, relative to each of the five isobar
amplitudes. All phases are quoted in degrees. Uncertainties quoted are statistical only. The matrix of phases is very close to
antisymmetric as expected. We observe that the uncertainties on relative phases vary substantially across pairs of resonances.

Relative phases (◦)

Reference amplitude
Resonances

K∗0(892)π+ K∗+(892)π0 (Kπ)∗00 π+ (Kπ)∗+0 π0 ρ+(770)K0
S

B+
→ K∗0(892)π+ 0 −96± 44 174± 11 −91± 43 −122± 38

B+
→ K∗+(892)π0 – 0 −90± 42 6± 10 −27± 26

B+
→ (Kπ)∗00 π+ – – 0 95± 42 64± 37

B+
→ (Kπ)∗+0 π0 – – – 0 −32± 25

B+
→ ρ+(770)K0

S – – – – 0

TABLE VI: Results for the fit fractions FFj (diagonal terms) and interference terms FFij in data for each resonant contribution
as measured from a fit in which amplitudes and phases are measured relative to the K∗0(892)π+ amplitude. Uncertainties
quoted are statistical only.

FFj and FFij

Resonant contribution K∗0(892)π+ K∗+(892)π0 (Kπ)∗00 π+ (Kπ)∗+0 π0 ρ+(770)K0
S

B+
→ K∗0(892)π+ 0.10± 0.03 0.0004± 0.0028 (17± 5)× 10−5 0.007± 0.005 −0.008± 0.007

B+
→ K∗+(892)π0 – 0.14± 0.02 −0.010± 0.007 (−3± 1)× 10−6 0.012± 0.008

B+
→ (Kπ)∗00 π+ – – 0.36± 0.05 (1.5± 6.1)× 10−5

−0.04± 0.02
B+

→ (Kπ)∗+0 π0 – – – 0.27± 0.03 −0.02± 0.02
B+

→ ρ+(770)K0
S – – – – 0.19± 0.04

periments were performed in which events are generated
from the PDFs used in the fit to data. Small fit biases
are found for some of the fit parameters and are included
in the systematic uncertainties.

We also account for uncertainties in the following pa-
rameters describing the signal model: the masses and
widths of the resonances and the value of the Blatt-
Weisskopf barrier radius. The associated uncertainties
are determined by varying the parameters within their
uncertainties (some of which are given in Table II) and
refitting.

The contributions to the uncertainty on the branching
fraction due to uncertainties on particle identification,
tracking efficiency, and the total number of BB events
are 1.0%, 1.0%, and 0.6%, respectively. We estimate the
systematic uncertainty on the branching fractions due
to π0 and K0

S
efficiency to be 1.0% and 1.1%, respec-

tively. Uncertainties from the various sources are added
in quadrature to give the total.

We account for relative variations observed when
changing the signal Dalitz plot model. The system-
atic uncertainties on the branching fractions due to the

(Kπ)∗0/+0 parametrization are estimated by replacing the
LASS model with another phenomenologically inspired
parametrization [38]. We take the differences in branch-
ing fractions from the nominal fit as the systematic un-
certainty. Another uncertainty reflects any changes in
the fit parameters of the nominal model when including
components that are omitted in the nominal fit, such as
the ρ+(1450), K∗0

2 (1430), and K∗+
2 (1430). All uncertain-

ties are added in quadrature to obtain the final system-

atic uncertainty due to the signal model and are listed in
Table VIII.
We determine systematic uncertainties on the CP -

averaged phases from the same sources as considered for
the branching fraction. The variations in the phases is
measured relative to the K∗0(892)π+ amplitude. Since
the difference between positive and negative shifts in the
phases shown in Table IX is large in some cases, we quote
for those phase shifts asymmetric systematic uncertain-
ties. In Table X, we list the variations of the phases
relative to the K∗0(892)π+ amplitude due to changes to
the signal model.
Reconstruction and particle identification efficiencies

cancel to first order in the fit to determine CP asym-
metries, and therefore the only uncertainties that are in-
cluded in the systematic uncertainties are due to fit and
signal model. In addition to this we do not evaluate any
uncertainties that were found to be negligible in the CP -
averaged fit.
An additional systematic compared to the CP -

averaged fit is due to the fixed CP asymmetry of the BB
background categories. We use the largest asymmetry
among the decay modes in each category to establish a
range over which to vary the asymmetry of that category.
We take the largest variation of each signal asymmetry
as the corresponding uncertainty.
The uncertainty due to the efficiency model is deter-

mined by swapping the efficiency maps for the positive
and negative Dalitz plot and fit the data. We then take
the difference in CP asymmetry from the nominal fit as
the uncertainty.
We list in Table XI the systematic uncertainties asso-
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