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Amplitude analysis of B0s → K0K±π∓
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CKM angle γ using Β0s→ Κ*Κ in an isospin analysis 

Non-zero ∆Γs allows effective lifetime measurement 

U-spin multiplet Β0s→ Κ*0Κ0(Κ*0Κ0) to Β0→ Κ*Κ

Search for CP in charmless 3--body decays of neutral 
B mesons to final states containing a K0 meson
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Amplitude analysis of B0s → K0K±π∓
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CKM angle γ using Β0s→ Κ*Κ in an isospin analysis 

Non-zero ∆Γs allows effective lifetime measurement 

U-spin multiplet Β0s→ Κ*0Κ0(Κ*0Κ0) to Β0→ Κ*Κ

Search for CP in charmless 3--body decays of neutral 
B mesons to final states containing a K0 meson
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Amplitude analysis of B0s → K0K±π∓
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Updated branching fraction measurements

of B0

(s) ! K0

S
h+h0�

decays

The LHCb collaboration†

Abstract

The charmless three-body decays B0
(s) ! K0

Sh
+h0� (where h(0) = ⇡,K) are analysed

using a sample of pp collision data recorded by the LHCb experiment, corresponding
to an integrated luminosity of 3 fb�1. The branching fractions are measured relative
to that of the B0

! K0
S⇡

+⇡� decay, and are determined to be:

B
�
B0

! K0
SK

±⇡⌥�

B(B0! K0
S⇡

+⇡�)
= 0.123± 0.009 (stat) ± 0.015 (syst) ,

B
�
B0

! K0
SK

+K��

B(B0! K0
S⇡

+⇡�)
= 0.549± 0.018 (stat) ± 0.033 (syst) ,

B
�
B0

s ! K0
S⇡

+⇡��

B(B0! K0
S⇡

+⇡�)
= 0.191± 0.027 (stat) ± 0.031 (syst) ± 0.011 (fs/fd) ,

B
�
B0

s ! K0
SK

±⇡⌥�

B(B0! K0
S⇡

+⇡�)
= 1.70 ± 0.07 (stat) ± 0.11 (syst) ± 0.10 (fs/fd) ,

B
�
B0

s ! K0
SK

+K��

B(B0! K0
S⇡

+⇡�)
2 [0.008� 0.051] at 90% confidence level,

where fs/fd represents the ratio of hadronisation fractions of the B0
s and B0 mesons.

Published as J. High Energ. Phys. (2017) 2017: 27

c� CERN on behalf of the LHCb collaboration, licence CC-BY-4.0.

†Authors are listed at the end of this article.
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CKM angle γ using Β0s→ Κ*Κ in an isospin analysis 

Non-zero ∆Γs allows effective lifetime measurement 

U-spin multiplet Β0s→ Κ*0Κ0(Κ*0Κ0) to Β0→ Κ*Κ

Search for CP in charmless 3--body decays of neutral 
B mesons to final states containing a K0 meson



Overview of the analysis status

„Effective‰ untagged time-integrated Dalitz-
Plot analysis strategy has been used        

[limited statistics for flavour tagging] 

Dataset selection, efficiency and background 
modelling common to all K0Sh+h- modes 

[optimised FoM for DP analysis] 

Dalitz-plot fitting results and systematics 

[BR measurements and first observations of the  
Κπ S-wave contribution]

This talk covers some aspects of the first Dalitz analysis of B0s → K0SKµπ∓ decays 

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop
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Method: effective untagged time-integrated analysis 
                   [LHCb-ANA-2014-045] 

Amplitude fit model features for B0s → K0SKµπ∓ decays 

[Non-public results]: L = 3fb�1 � 2011 + 2012 dataset



Decay channel Β0s→ Κ0SΚ±π∓ corresponds in fact to four different DPÊs: 

Β0s(Β0s)→ Κ0SΚ+π− and Β0s(Β0s)→ Κ0SΚ−π+ final states.  

Leading diagrams are dominated by either Κ*(892)  or Κ*(1430) contributions:

B0s → K0K±π∓ decay features
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The decay-time distribution for B0
s and B0

s meson decays to a final state f               

(e.g. B0s→Κ0SΚ+π−) can be written as:

B0s → K0K±π∓ decay-time formalism

In the case of B0
s decays, the integration between zero and infinity leads to : 

Premise: additional information on the phases 
between amplitudes from the AΔΓ term.

*

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop  8



The additional final state has a similar decay time equation. Hence, one can access:

B0s → K0K±π∓ decay-time formalism

  Even in absence of CP in decay, in general Nf ≠ Nf 

   With no CP in decay, the asymmetry between Nf and Nf  is limited to 2yRf/(1+R2
f) 

  
  If cos(φs+δ) = cos(φs-δ) → no CP in the interference between mixing and decay. 

In this framework different Dalitz plot analyses can be performed: 

  
 Method I : Untagged and time integrated 
 Method II:  Untagged and time-dependent 
 Method III: Tagged time-dependent 

Sensitivity studies in a non-LHCb paper is 
being performed. Results for Β0s→K0Sππ

C14-07-02 arXiv:1411.2018
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Note that for B0s → K0SKµπ∓ decays there are four amplitudes, which even in the 
absence of CP,  two independent amplitudes remain, Af and Af.  

In an untagged analysis it is in general impossible to disentangle the two components, except: 

B0s → K0K±π∓ Dalitz-plot analysis

[B0→ Κ+π-π0] - Final state assumed to be flavour-specific,                                                            
so that one of the two possible contributions vanishes.         
   

 [B0(s)→ Κ0Sπ+π-] - In time-integrated DP                                                                                         
analyses, resonances are either flavour                                                                                               
specific (e.g. Κ∗+π-) or self-conjugate                                                                                              
(e.g. Κ0Sρ0).           

 Remark: cannot perform a untagged Dalitz-plot analysis of a non-self-conjugate,         
non-flavour-specific final state without some assumption on Af and Af. 

ToyMC Laura++ ToyMC Laura++

LHCb-PAPER-2017-033, arXiv:1712.09320

Phys.Rev. D83 (2011) 112010 
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Consider an untagged decay-time-integrated Dalitz-plot analysis for B0s → K0SKµπ∓,             
the simplified combined decay time for a final state is given as 

Integrating over time and inserting the definitions, the signal probability density 
function  that can be used in a fit is determined to be 

B0s → K0K±π∓ Dalitz-plot analysis

Conclusion: either time-dependent or independent 
analyses cannot be performed without the need of 
flavour tagging for B0s→ K0SK±π∓ decays.

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop  11



Flavour-tagging is unattractive with the current statistics, so an effective DP model is used: 

B0s → K0K±π∓ Dalitz-plot strategy
B
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0 s
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K
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0 s
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0 s
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K
0
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+LHCb Internal LHCb Internal

Although the presence of CP violation can be investigated, due to the approximations in 
the model, the complex coefficients obtained are not of trivial interpretation.  

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop  12



Dataset, mass fit, efficiency and background maps

Analysis selection in a nutshell

Remark: common strategy developed for all K0h+h� channels



Series of studies to enhance the DP signal yield and/
or the amplitude fit sensitivity 

Alternative MVA approaches investigated,            
(e.g. uBDT and Neurobayes using sWeights)  

PID criteria: DLL to ProbNN variables 

DP FoM optimisation for the optimal isobar 
parameter sensitivity (Stat+Syst effects) 

Method: : series of ToyMC studies have been done  
to verify the uncertainties on the DP observables.  

Results: FoM2 seems to  
provide the best response

Dalitz-plot selection strategy
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Strategy similar to the BR paper, where a simultaneous 
fit of all *four* hypotheses combinations is performed 
splitting between DD/LL and 2011/2012a/2012b 

Split between the two final state charge types 

Total yields correspond to ~ 430 Κ0SΚ+π− and      

~ 490 Κ0SΚ−π+ events  

Mass fit model and results
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Similar approach used in similar Dalitz plot analyses (e.g. PRL 113 (2014) 162001): 

In summary, e.g. Β0s→ Κ0SΚ+π− DD 2011:  

Efficiency map strategy and corrections

DecProd cuts/Generator level PIDCalib

MC/data track 
correction

- L0 Hadron MC/data correction 
- Overlap in the HCAL

Geometry Selection Particle identification
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Two main contributions are considered in the model: combinatorial (∼10%) and 
cross-feed from from B0→Κ0Sπ+π−decays (3%). 

Background distributions
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First amplitude analysis of B0s → K0K±π∓ decays using an Isobar approach

Dalitz-Plot fit machinery and results

[Non-public results]: L = 3fb�1 � 2011 + 2012 dataset



Simultaneous unbinned DP fit based on the JFit   
[arXiv:1409.5080] framework is performed for each 
event i and signal/background k component as  

Dalitz-plot fitting

Multiple solutions : 

   It is possible the during the process of minimisation the fit finds multiple solutions.  

   To ensure a global minimum, each fit is repeated 100 times with randomised values  
  

   The solution with the smallest negative log-likelihood is taken as the default result.
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Phase-space distributions
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Fit results - Invariant mass projections

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop
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Fit results - helicity angle projections
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Fit results - isobar parameters
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visible CP violation at this level of precision. The real and imaginary parameters obtained1248

for the two final states are, however, rather di↵erent, as discussed further in Appendix L1249

where the choice of reference amplitude is also explained. The main conclusion from these1250

studies is that the magnitudes of the complex amplitudes, and hence also the fit fractions,1251

are determined more reliably than the phases. Consequently, there is no significant evidence1252

for CP violation seen in the results of the fit.

Table 33: Results of the default fit to data to the K0
S
K+⇡� Dalitz plot. The statistical

uncertainties are evaluated from toys. Note that the sum of the fit fractions need not be 100%
due to interference e↵ects (e.g. between the two K⇤

0 (1430) components).

Isobar model coe�cients
Resonance Fit fraction (%) Real part Imaginary part
K⇤(892)0 13.2± 2.4 1.00 0.00
K⇤

0(1430)
0 33.9± 2.9 �1.33± 0.24 0.90± 0.31

K⇤
2(1430)

0 5.9± 4.0 0.01± 0.20 �0.67± 0.15
K⇤(892)� 15.6± 1.5 0.28± 0.48 1.05± 0.19
K⇤

0(1430)
� 30.2± 2.6 �1.45± 0.24 0.42± 0.58

K⇤
2(1430)

� 2.9± 1.3 0.05± 0.19 �0.47± 0.14
Total fit fraction 102

Table 34: Results of the default fit to data to the K0
S
K�⇡+ Dalitz plot. The statistical

uncertainties are evaluated from toys. Note that the sum of the fit fractions need not be 100%
due to interference e↵ects (e.g. between the two K⇤

0 (1430) components).

Isobar model coe�cients
Resonance Fit fraction (%) Real part Imaginary part
K⇤(892)0 19.2± 2.3 1.00 0.00
K⇤

0(1430)
0 27.0± 4.1 1.13± 0.17 �0.38± 0.34

K⇤
2(1430)

0 7.7± 2.8 �0.48± 0.18 0.41± 0.21
K⇤(892)+ 13.4± 2.0 �0.59± 0.32 0.59± 0.32
K⇤

0(1430)
+ 28.5± 3.6 1.17± 0.23 �0.32± 0.57

K⇤
2(1430)

+ 5.8± 1.9 �0.16± 0.25 0.52± 0.14
Total fit fraction 102

1253

The distributions of data and toy MC generated from the fit model for the standard1254

and square Dalitz plot are shown in Figs. 54 and 55. A simple comparison in equally1255

populated bins between the data and fit model is shown in Fig. 56, while more detailed1256

and reliable GoF probes are provided in Section 10.3.1. In addition, invariant mass and1257

helicity projections of data and toy simulation generated from the fit model can be seen in1258

Figs. 57 and 58, for both K0
S
K+⇡� and K0

S
K�⇡+ final states. These correspond to the1259

combined K0
S
and year datasets. The fit model appears to fit the data very well in these1260

projections, with only a few points lying away from the blue line.1261
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Systematic uncertainties

Fixed parameters in the DP fit 

Mass and widths of all resonances 

Blatt–Weisskopf radius parameters 

LASS parameters r and a 

Fit is repeated varying each of these         
and RMS of distribution is examined 

Κπ S-wave model 
EFKLLM model is examined 

Addition/removal marginal components    

Examples: insertion of insertion of           
the a2(1320)µ resonance 

  
“Effective” flavour average approach 

Time-dependent toys to assign mis-
modelling of the model approximation

Signal/background yields from mass fit 

Statistical: propagate using covariance    
matrix RMS from ensemble of 100 fits 

Fixed Parameters: similar to stat errors 

Alternative model: 1-CB and constraints      
on the background shape (nominal diff) 

Background modelling 

Histograms are varied 100x and the data       
is refitted RMS from ensemble  

Efficiency mapping 
  

Maps: similar to background model 

PIDCalib: different binning scheme 

Fit intrinsic bias 

Pseudo-experiments

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop  24



The results for the various sources of systematic uncertainties are given below: 

Dominant uncertainties come from the Κπ S-wave model, e.g. the choice                   
of the alternative line shapes to the LASS model for the Κ∗±,0(1430) states

Systematic uncertainties summary

LHCb Internal

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop

11 Systematic uncertainties1324

There are two categories of systematic uncertainties that may a↵ect the determination of1325

the observables in the Dalitz-plot fit: inaccuracy in the experimental inputs used in the fit1326

and the choice of the nominal model. The systematic uncertainties on the fit fractions are1327

gathered in Table 38. Note that the information on the uncertainties on the magnitudes1328

and phases of the complex amplitude have been omitted, since only branching fractions1329

are reported as results. Additional information related to the procedure to obtain these1330

systematic uncertainties is given in Appendix N.1331

11.1 Experimental uncertainties1332

The experimental systematic uncertainties originate from the imprecision introduced from1333

the external inputs in the Dalitz-plot fit, such as fixed yields and e�ciency/background1334

phase-space maps. These are evaluated as follows1335

i. Uncertainties on the signal and background yields obtained from the mass fit are1336

examined from scaling the errors obtained from the whole mass fit range to the signal1337

region. While statistical uncertainties are available from the covariance matrix in1338

the nominal result, systematics a↵ecting the yields are extracted similarly as for the1339

branching fraction measurement in Ref. [24]. These account for two di↵erent sources1340

of uncertainties: parameters constrained to the values determined from simulated1341

events and the choice of the models used in the nominal mass fit.1342

– A series of pseudo-experiments are generated from the nominal mass fit which1343

are fitted by varying all of the fixed parameters according to their correlation1344

Table 38: Summary of the systematic uncertainties on the fit fractions (%). The columns give
the contributions from the di↵erent sources described in the text.

Fit fraction (%) uncertainties
Resonance Yields E↵. Bkg. SDP Fit Bias Add. Res. Fixed Par. Model Alt. Total
K⇤(892)� 0.19 0.52 0.18 0.19 0.03 0.71 5.40 5.48
K⇤

0(1430)
� 0.12 0.63 0.23 0.34 0.06 2.12 22.00 22.1

K⇤
2(1430)

� 0.14 0.29 0.12 0.58 0.10 1.82 2.20 2.94
K⇤(892)0 0.22 0.40 0.18 0.92 0.02 0.35 7.00 7.09
K⇤

0(1430)
0 0.16 0.89 0.34 0.36 0.06 4.38 3.30 5.58

K⇤
2(1430)

0 0.13 0.69 0.31 1.30 0.20 4.42 3.60 5.90
K⇤(892)+ 0.39 0.62 0.12 0.46 0.12 0.75 1.10 1.60
K⇤

0(1430)
+ 0.47 0.69 0.38 0.76 0.16 6.44 13.00 14.6

K⇤
2(1430)

+ 0.07 0.41 0.20 0.24 0.15 4.13 4.50 6.14
K⇤(892)0 0.37 0.39 0.34 0.25 0.25 0.51 3.00 3.13
K⇤

0(1430)
0 0.36 0.62 0.43 0.79 0.67 0.90 3.90 4.22

K⇤
2(1430)

0 0.14 0.37 0.23 0.80 0.06 1.04 5.50 5.67
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Slice in m(K±π∓) region: 1.1 - 1.6 GeV 

LHCb Internal
Phys. Rev. D 83, 039903 (2011)
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The Κπ spectrum is modelled: 
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Many alternative scenario have 
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0 (1430) - LASS float K⇤
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EFKLLM is used as alternative 
lineshape model (large systematics) 
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Series of ensembles were generated and fitted with and without the resonance included 

K*0(1430) resonances are seen with more than 15 standard deviations

Significance of the Κ∗(±,0)(1430) states

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop

12 Results1428

12.1 Significance of the K⇤(0,±)
0,2 (1430) states1429

In order to obtain a value for the significance of the K⇤(0,±)
0,2 (1430) states being present1430

in the data, ensembles of simulated pseudoexperiments are generated with parameters1431

corresponding to the best fit to data without the resonance of interest. These 1000 samples1432

are fitted both with and without the given resonance included and the resulting 2�NLL1433

distribution from the toys is fitted with a �2 shape with the number of degrees of freedom1434

floated. From extrapolating the tails of the distributions of the di↵erence in NLL values1435

as shown in Fig 64, the p-values to find as large or greater a di↵erence as seen in data are1436

4.8⇥ 10�67, 6.6⇥ 10�52, 7.4⇥ 10�5 and 1.8⇥ 10�6, respectively. These correspond to 17.3,1437

15.2, 4.0 and 4.8 standard deviations, including only statistical uncertainties. The largest1438

systematic uncertainties are those due to the alternative models, discussed in Appendix I.1439

It can be seen that in all alternative models the K⇡ S-wave remains highly significant,1440

while the tensor contribution is not significant in some fits. Therefore, we consider that1441

we have observed the B0
s ! K⇤

0(1430)
±K⌥ and B0

s !
( )

K ⇤
0(1430)

0
( )

K 0 decays.1442
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Figure 64: Fits of �2 functions to the 2�LL distributions obtained from fits to toys containing
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The fit fractions of the resonant components can be converted into quasi-two-body BF: 

Results are in good agreement with, and more precise than, the previous measurements 

Measurements for Κ∗±0(1430) are largely dominated by S-wave modelling

Branching ratio results

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop

fractions involving the two K⇤
0(1430) resonances and find them to be:1461

B

⇣
B0

s ! K⇤
0(1430)

±K⌥;K⇤
0(1430)

±
!

( )

K 0⇡±
⌘

=

(19.4± 1.4± 0.4± 11.0± 2.0± 0.3)⇥ 10�6 ,

B

⇣
B0

s !
( )

K ⇤
0(1430)

0
( )

K 0;
( )

K ⇤
0(1430)

0
! K⌥⇡±

⌘
=

(20.5± 1.6± 0.6± 3.8± 2.2± 0.3)⇥ 10�6 ,

where the fifth error is due to the uncertainty on the proportion of the (K⇡)⇤0 component1462

due to the K⇤
0(1430) resonance.1463

For the various K⇤ resonances, we can further correct by their branching fractions1464

to K⇡ to obtain the quasi-two-body branching fractions. The branching fractions to1465

K⇡ are [86]: B (K⇤(892) ! K⇡) = 100%, B (K⇤
0(1430) ! K⇡) = (93 ± 10)% and1466

B (K⇤
2(1430) ! K⇡) = (49.9 ± 1.2)%. In addition, the values of B (K⇤

! K⇡) are1467

scaled by the corresponding Clebsch-Gordan coe�cients, i.e. for both
( )

K ⇤0
! K±⇡⌥

1468

and K⇤±
!

( )

K 0⇡± a factor of 2/3 is used.1469

Moreover, in order to simplify the propagation of the uncertainties, these are likewise1470

combined using Eq. 48. These uncertainties are examined in Appendix O. The branching1471

fractions for the modes of interest are determined to be1472

B
�
B0

s ! K⇤(892)±K⌥� = (18.6± 1.2± 0.8± 2.8± 2.0)⇥ 10�6 ,

B
�
B0

s ! K⇤
0(1430)

±K⌥� = (31.3± 2.3± 0.7± 17.8± 3.3)⇥ 10�6 ,

B
�
B0

s ! K⇤
2(1430)

±K⌥� = (10.3± 2.5± 1.1± 11.5± 1.1)⇥ 10�6 ,

B

⇣
B0

s !
( )

K ⇤(892)0
( )

K 0
⌘

= (19.8± 2.8± 1.2± 3.0± 2.1)⇥ 10�6 ,

B

⇣
B0

s !
( )

K ⇤
0(1430)

0 ( )

K 0
⌘

= (33.0± 2.5± 0.9± 6.1± 3.5)⇥ 10�6 ,

B

⇣
B0

s !
( )

K ⇤
2(1430)

0 ( )

K 0
⌘

= (16.8± 4.5± 1.7± 14.8± 1.8)⇥ 10�6 ,

where the uncertainties are respectively statistical, systematic related to experimental and1473

model uncertainties, and due to the uncertainty on B(B0
s !

( )

K 0K±⇡⌥), B (K⇤
! K⇡) and,1474

in the case of K⇤
0 (1430), the uncertainty of the proportion of the (K⇡)⇤0 component due to1475

the K⇤
0(1430) resonance. Here B

⇣
B0

s !
( )

K ⇤(892)0
( )

K 0
⌘
means B

�
B0

s ! K⇤(892)0K0
�
+1476

B
�
B0

s ! K⇤(892)0K0
�
, etc.1477

The measurements of the previously observed decay modes B0
s ! K⇤(892)±K⌥ and1478

B0
s !

( )

K ⇤(892)0
( )

K 0 are somewhat larger than the results reported in Refs. [25] and [99],1479

namely1480

B
�
B0

s ! K⇤(892)±K⌥� = (12.7± 1.9± 1.9)⇥ 10�6 , (55)

B

⇣
B0

s !
( )

K ⇤(892)0
( )

K 0
⌘

= (10.9± 2.5± 1.2)⇥ 10�6 . (56)

Partly this is due to the increased BF of B0
s ! K0

S
K±⇡⌥ from the updated analysis using1481

both 2011 and 2012 data. Moreover, there are many improvements that have been brought1482
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Summary 

 Due to the approximations in the amplitude model, an untagged time 
independent approach can only provide information about the fit fractions 

 All the steps of the analysis are finalised and paper draft is close to completion 

Results for Κ∗0,±(892) resonances indicate a good agreement with       
previous measurements 

Systematics related to the Κ∗(1430) resonances are currently the limiting         
factor in the measurement 

Nevertheless, first observation of the Κ∗(1430) states is obtained 

 Full potential (e.g. CP) of this channel will be only possible in LHCb Run 3-4

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop  29



Secondary minima

Isobar parameters for Κ0SΚ+π− Isobar parameters for Κ0SΚ−π+

LHCb Internal

LHCb Internal

LHCb Internal

LHCb Internal

LHCb Internal

LHCb Internal

LHCb InternalLHCb Internal

NLL Ref
�NLL = 1.48

�NLL = 3.54
�NLL = 4.44�NLL = 7.14

�NLL = 8.12
�NLL = 10.1

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop
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Framework : machinery developed to extract inputs from data and MC and provide to 
Laura++ to produce Toy MCÊs. 

FoM selection optimisation framework

Loop over 
MVA cut 

DD and LL 
Yields 

Fit to 2011  
Data

Build Eff 
Map

Background 
Shape

MC

2011 Right 
sideband

Laura++ Gen

Laura++ Fit

500 Experiments

FoM Par 
Sensitivity Stat

Laura++ Gen

Laura++ Fit

Systematics 
Efficiency

Systematics 
Background

Uncertainty 
TEfficiency

sWeights from 
data FoM Par 

Sensitivity Syst

Uncertainty in each parameter is 
evaluated individually and summed 
in quadrature separately for the phase 
and amplitude.

x 20 Fits         Best Fit

Each exp 

New 100 
acceptances

R. Silva Coutinho (UZH) - Multi-body b -hadrons workshop
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