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LHCb
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CP Violation in charm 
decays

• SM only predicts significant CPV in 
Cabibbo suppressed decays

• In 3-body decays, CPV effects may 
arise in specific phase space regions
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D+ → K−K+π+ Dalitz plot
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D+ → K−K+π+ Dalitz plot
R. Aaij et al. [LHCb Collaboration], Phys. Rev. D. 84, 112008 (2011) [arXiv:1110.3970 [hep-ex]].
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Anisotropy Method
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SCP (i) =
ND+(i)� �ND�(i)p
ND+(i) + �2ND�(i)
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Anisotropy Method
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R. Aaij et al. [LHCb Collaboration], Phys. Rev. D. 84, 112008 (2011) [arXiv:1110.3970 [hep-ex]].
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Dalitz plot analisys

• Most precise results obtained so far by 
CLEO-C collaboration

• Necessary to interpret eventual CPV 
signs

• Important to understand S-wave 
behaviour and low KK mass region 
contributions
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Analisys tool

• We need a flexible tool which can 
accept different models.  

• Fitting and toy MC genaration

• Easy to use and adapt (including and 
excluding resonances, choosing 
models, constants, etc)
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Rio+

• Rio+ is based on the fortran code for 
Dalitz plot analysis used by FOCUS and 
E791, which was used in many 
publications.

• The code was built for D meson 3-body 
decays, but it can be used for any         
3-body decay

• It can generate toy MC samples and 
make Dalitz plot fits.
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Features

• Toy MC generation

• Fit - maximum likelihood method (ML)

• Fit - least squares

• Simulates also background

• Gaussian mass smearing

• Acceptance function

• Very simple and adaptable code 
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Features under 
construction

• PWA - binned amplitudes

• Masses and widths of resonances allowed 
as free parameters
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Integration Method

• Gauss Legendre quadrature
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Toy MC Generator

S13

S12

(s13, s12)
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Spdf(s13, s12)
Bpdf(s13, s12)
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Generated sample
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Fitter - ML

• Fit using maximum likelihood method
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Fitter - Least Squares 

• A bit more complicated, but good for 
large samples

• Adaptive or uniform binning

• Minimization:
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Example Fit
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Usage
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• Compilation through makefile in 
Log_Likelihood_Fitter folder: “make 
clean” to erase previous 
compilation and then “make”

• Runs with “./Log_Likelihood_Fitter”

• Requires .txt as input 

• Alternatively, one can run it inside root

• Compilation: .L Log_Likelihood_Fitter.h+

• run: 
Log_Likelihood_Fitter(“Input_Parameters.txt”)
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Input ntuple name
Integer associated with final state

Delta or gaussian distribution
Background distribution 

parameters

Seed
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Amplitudes and phases of each 
resonant channel, plus 

parameter limits and boolean to 
set parameter as fix

Background coefficients
and boolean to set 
parameter as fix

B/(S+B) ratio
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If you want to go further

• Add your resonant channels: Edit  
Amplitudes.h using predefined 
functions (lineshapes, form factors and 
spin amplitudes)

• Acceptance correction: just insert 
acceptance function inside 
GenericFunctions.h

• Changing constants: modify Constants.h 
(masses, widths, etc)
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Example: How to include 
a new Amplitude
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Add constants

Write your amplitude.
A few functions already 

written to help
Add your amplitude

Don’t forget

Identification string must be added in the correct order

Amplitudes.h

Constants.h
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Conclusions

• Analisys in first steps. Rio+ development ongoing

• We are still adding some features to our tool (PWA 
binned amplitudes, free masses and widths of 
resonances, flexibilization)

• Easy to use, easy to modify, good place to start if 
you want to use something beyond the simple isobar 
model

• Soon officially released, available now at:

http://www.if.ufrj.br/~dvieira/Rio+/
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Backup
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Toy MC Generator 
Fluxogram
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Read_Parameters:
Reads input parameters 

from .txt file

BkgNorm & MaxProb:
Calculates background normalization and 

maximum value of pdfs

Are all 
events already

 generated?

Generator:
Generates s12 and s13

Amplitudes:
Calculates each resonances 

contribution in (s12, s13) 

Spdf or Bpdf:
Calculates 

normalized 
PDFs in (s12, s13) 

Is the 
random number 

greater than 
Spdf?

Ignores

Saves in ntuple

Saves 
ntuple

Draws random number
to decide if it is a signal or 

a background event

Yes

Yes

No No
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Usage

• Compilation through 
makefile in 
ToyMCGenerator folder: 
“make clean” to erase 
previous compilation and 
then “make”

• Runs with:

“./ToyMCGenerator”

• Requires .txt as input

25

• Alternatively, one can run it inside root

• Compilation: .L ToyMCGenerator.h+

• run: ToyMCGenerator(“Input_Parameters.txt”)
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Output ntuple name
Integer associated with final state

Number of events to be generated
Number of samples to generate

Seed 
Delta or gaussian distribution

Mass limits

Background parameters distribution

• Each parameter is identified by a string

• User may change parameters order and even omit the ones for 
which he/her doesn’t care.

• Omitted parameters will receive a default value
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Amplitudes and phases of 
each resonant channel.

Background coefficients

B/(S+B) ratio
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ML Fitter Fluxogram
Read_Parameters:
Reads input parameters 

from .txt file

Reads the ntuple and 
stores the invariant 

masses

ComplexSigNorm:
Calculates integrals for the 

PDF normalization

 TMinuit 
*minimizer:

is the likelihood 
maximized?

SigNorm:
Calculates 

normalization factor

Calculates the negative 
log likelihood

Prints the final 
parameters

Modify parameters
No

Yes
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Fitter - Least Squares 
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S13

S12
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Least Squares Fitter 
Fluxogram

Read_Parameters:
Reads input parameters 

from .txt file

Reads the ntuple and 
stores the invariant 

masses  TMinuit 
*minimizer:

Is the χ2 

 minimized?

SigNorm:
Calculates 

normalization factor

Calculates χ2 for each 
bin and sum it up 

Prints fitted 
parameters

Modify parameters
No

Yes
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Reads the bin limits

If necessary, 
recalculates areas and 

integrals of the bins

ComplexSigNorm:
Calculates integrals for PDF 

normalization
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Usage
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• Compilation through 
makefile in Chi2_Fitter 
folder: “make clean” to 
erase previous 
compilation and then 
“make”

• Runs with “./Chi2_Fitter”

• Requires .txt as input

• Alternatively, one can run it inside root

• Compilation: .L Chi2_Fitter.h+

• run: Chi2_Fitter(“Input_Parameters.txt”)
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Input ntuple name 
Integer associated with final state

Delta or gaussian distribution
Background distribution 

parameters

Seed 

Uniform or adaptive binning
Number of adaptive bins

Number of uniform bins per axis

Uniform bins histogram limits

Recalculate normalization?
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Amplitudes and phases of each 
resonant channel, plus 

parameter limits and boolean to 
set parameter as fix

Background coefficients
and boolean to set 
parameter as fix

B/(S+B) ratio
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