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Introduction

Tree-level only (direct measurement): Loop-level only (indirect measurement):

• Direct Ɣ measurements at tree levels is a "standard-candle" for SM ->Statistically limited

• To be compared with indirect measurements (with potential new 
      physics in loop level) -> Possible BSM sensitivity in case of discrepancy

• A 1° precision on direct measurements -> Test the global validity of
     CKM formalism up to at least 17 TeV Phys.Rev.D 89 (2014) 3, 033016

(LHCb) (CKMfitter)
LHCb-CONF-2024-004

2
= CKM Matrix complex phase = The parameter to access CPV !

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.033016
http://ckmfitter.in2p3.fr/
https://cds.cern.ch/record/2905625


• Direct Ɣ measurements at tree levels is a "standard-candle" for SM ->Statistically limited

• To be compared with indirect measurements (with potential new 
      physics in loop level) -> Possible BSM sensitivity in case of discrepancy

• A 1° precision on direct measurements -> Test the global validity of
     CKM formalism up to at least 17 TeV

• Directly measurable in interference between                   and                  
      processes (golden channel is                         ).

Introduction

Tree-level only (direct measurement): Loop-level only (indirect measurement):

Phys.Rev.D 89 (2014) 3, 033016

(LHCb) (CKMfitter)
LHCb-CONF-2024-004
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       ɣ measurement depends on            , the strong phase difference between                           and 

Similar method to the one in JHEP 01 (2019) 82 ( Belle, from Resmi P.K thesis)

-> Binned map of strong phase from JHEP 10 (2018) 178 (Resmi P.K, J. Libby, S. Malde, & G. Wilkinson-CLEO-c)

Generalized BPGGSZ formalism

Varies on Phase-Space of the 4-body decay

(with 0.82fb-1                  dataset)

Exclusively 
defined
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https://link.springer.com/article/10.1007/JHEP10(2019)178
https://link.springer.com/article/10.1007/JHEP01(2018)082


Generalized BPGGSZ formalism

One can then deduce        , the measured yields (cf paper LHCb-PAPER-2020-019):

                                        are fractions of                in bin i (η = efficiency at a given point in phase-space      )

    f± is a normalisation factor
Drives statistical
precision on Ɣ

= “Cartesian coordinates” or “CP-observables”

5

https://arxiv.org/abs/2010.08483


o                             and                               have a similar selection and efficiency mapping through 

o PID cut efficiency is the same for all of the 9 bins 
 

o 9×9 Migration matrix is similar between                              and 

Generalized BPGGSZ formalism

One can then deduce        , the measured yields (cf paper LHCb-PAPER-2020-019):

                                        are fractions of                in bin i (η = efficiency at a given point in phase-space      )

    f± is a normalisation factor
Drives statistical
precision on Ɣ

if

= “Cartesian coordinates” or “CP-observables”

All those hypothesis have been tested and validated ! 6

https://arxiv.org/abs/2010.08483


Strategy

   and       are taken as inputs from CLEO-c paper JHEP 10 (2018) 178

    are observables measured in LHCb

     ,         are CP-observables fitted with the simultaneous fit

             are free independent parameters in the simultaneous fit

                                   ,

Simultaneous fit on 36 categories :
o 2 channels
o 2 charges
o 9 bins

Note : In principle                     but left independent in Simultaneous fit

One can then deduce        , the measured yields (cf paper LHCb-PAPER-2020-019):

7

https://link.springer.com/article/10.1007/JHEP01(2018)082
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Strategy

   and       are taken as inputs from CLEO-c paper JHEP 10 (2018) 178

    are observables measured in LHCb

     ,         are CP-observables fitted with the simultaneous fit

             are free independent parameters in the simultaneous fit

                                   ,

Simultaneous fit on 36 categories :
o 2 channels
o 2 charges
o 9 bins

Extraction of physics parameters from         ,

Note : In principle                     but left independent in Simultaneous fit

One can then deduce        , the measured yields (cf paper LHCb-PAPER-2020-019):

8

https://link.springer.com/article/10.1007/JHEP01(2018)082
https://arxiv.org/abs/2010.08483


● Use of the reference mode                              that is topologically identical, statistically more 

interesting and less sensible to CP asymmetry

● Selection adapted for Runs 1 vs 2 and for        DD vs LL

● Selection based on 2 Multivariate-Analysis and unidimensional cuts on particle masses :

○ First MVA : MLP method on geometrical and topological variables from D and its daughters 

(impact parameters, vertex quality, vertex relative position, photons identification, etc)

○ Unidimensional cuts on        ,       and        masses

○ Second MVA :  MLP method on geometrical and topological variables from B decay

● Cut on PID likelihood difference to limit bachelor track misID

● Choosing the best candidate in case of multiplicity (mainly due to       ), thanks to a MVA trained 

on MC, discriminating true signal events 

Sketch the selection steps for this measurement
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Selection : Summary

103 to 104 rejection 
factor on background

Dominated 
by misID
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A complete study of physical background has been processed, using full simulation of >20 modes

Here is a list of studied backgrounds. Non-negligeable ones are surrounded for                           and 

Background Study

● Additional study has been made in       and       sidebands, limiting impact of KS-less and charm-less 
backgrounds to less than 0.66% and 0.15% on the signal respectively at 90% CL.

● Background components are included in global mass fit through parametric PDFs “RooKeyPDF” 
objects (after a smearing to adapt MC to DATA signal width)

MC produced in Square-Dalitz  +  
weighted with Laura++  to account 
for resonances (LHCb amplitude 
model LHCb-PAPER-2014-036)

No peaking background !
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https://arxiv.org/abs/1407.7712


Global Fit

Purity at 2σ: 84.8 %

#Signal : 32242±220

Purity at 2σ:  61.3%

#Signal : 1974±63

>2.5 × Belle stat

12



CP-fit on DATA

Run simultaneous unbinned minos CP-fit on DATA (36 categories):

● All shapes fixed by global fits (signal, physical and combinatorial backgrounds, cross-feed)

● Sum of the yields (integrated over bins) constrained to the yields in the global fits

● For fit stability, CP-observables           and           are fixed for                     channel, according to LHCb 

combination (-> systematic uncertainty)

● Consider two separate values for                                                    and  

● Fit method validated by Toy Study 

Reminder, for BELLE : 
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CP-fit on DATA

Run simultaneous unbinned minos CP-fit on DATA (36 categories):

● All shapes fixed by global fits (signal, physical and combinatorial backgrounds, cross-feed)

● Sum of the yields (integrated over bins) constrained to the yields in the global fits

● For fit stability, CP-observables           and           are fixed for                     channel, according to LHCb 

combination (-> systematic uncertainty)

● Consider two separate values for                                                    and  

● Fit method validated by Toy Study 

For Comparison, see Belle results:

Statistical 
uncertainty only

Blind DATA : central 
values shifted !
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https://link.springer.com/article/10.1007/JHEP10(2019)178


Interpretation : p-profile of the physics parameters

● Interpretation (GammaCombo – Prob and plugin methods )

● Statistical uncertainty only

Prob : Plugin :

● Precision on        improved by ~30% wrt Belle (2019)

The latest LHCb combination (Summer 2024) :

Prob = minimization of global 𝜒2

Plugin = frequency computed on 
simulated toys (1k toys per value)

Blind DATA
Blind DATA
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Conclusion and perspectives

● Most of the analysis is now done (selection, background analysis, global fit, CP-fit, most cross-checks 
and systematics, etc )

● >2.5× Belle statistics -> A statistical sensitivity of about 20°

● An Analysis Note under WG review + Presented as blinded results in a plenary talk at LHCb June 2024 
week in Glasgow -> First steps towards the journal publication for this pioneer measurement in LHCb

● Expect improvements with the upcoming BESIII strong-phase measurement (20fb-1 dataset on tape at        
                   resonance) -> Planned collaboration with Oxford team to update this analysis with Run 3 and 
BESIII inputs 

● This mode can also be used later to participate to an Amplitude Analysis of this D0 decay (good purity)

○ Foreseen analysis combined with measurements using decay

○ Quick and dirty feasibility study for BR measurement of                                already made

○ Not measured since Mark III in 1994 … 30 years ago !

○ Possible model-dependent analysis following the amplitude model

16



BACKUP
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LHCb Experiment

● One of the four main experiments at LHC (with ATLAS, CMS and ALICE)

● 20m forward spectrometer (2<η<5) : general detector specialized in beauty and charm study

● Physics program involves flavour physics, CP violation measurements, EW, exotic particles, heavy ion physics, …
-> Initially designed to study CPV and rare decays in beauty and charm sectors -> Extended program

● Excellent vertexing, tracking, momentum resolution and particle identification (K vs π)+photons reconstruction

Runs 1+2

18→ Almost all the sub-detectors are useful for my complicated mode 



LHCb Experiment

Displaced vertices
5 charged tracks

2 photons reconstruction = 
resolved π0

In VELO (KSLL) or after VELO (KSDD)

19→ Almost all the sub-detectors are useful for my complicated mode 



● 9 fb-1 integrated luminosity during Runs 1+2  -> More to come with run 3+4 (50 fb-1) and HL-LHC (300 fb-1)

● Already ~8 fb-1  in 2024

● High statistics for high precision measurements

LHCb Experiment

On September 17th
Runs 1+2
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The CKM Matrix, the Unitary Triangle and ɣ angle

• CKM Matrix describes transition between quarks through weak 
interaction -> the source of CPV in SM

             + Predicts 3 families of quarks (‘73) !   →          (‘08)
• Its elements can been determined from experiment 
      -> Parameterization with 4 independent parameters

2121



The CKM Matrix, the Unitary Triangle and ɣ angle

Unitary equations and triangle :
• CKM Matrix describes transition between quarks through weak 

interaction -> the source of CPV in SM
             + Predicts 3 families of quarks (‘73) !   →          (‘08)

• Its elements can been determined from experiment 
      -> Parameterization with 4 independent parameters

2222



The CKM Matrix, the Unitary Triangle and ɣ angle

• CKM Matrix describes transition between quarks through weak 
interaction -> the source of CPV in SM

             + Predicts 3 families of quarks (‘73) !   →          (‘08)
• Its elements can been determined from experiment 
      -> Parameterization with 4 independent parameters

• Goal : Sensitivity to BSM effects if unitarity triangle is broken by 
discrepancy between direct and indirect measurements

• The current state of ɣ measurements (LHCb-CONF-2024-004) :

Direct :                                            -> Tree Level = standard candle

Indirect :                                        -> Loops / Penguin diagrams

= CKM Matrix complex phase = The parameter to access CPV !
23

CKMfitter

Unitary equations and triangle :

23

https://cds.cern.ch/record/2905625
https://cds.cern.ch/record/2905625


• CKM Matrix describes transition between quarks through weak 
interaction -> the source of CPV in SM

             + Predicts 3 families of quarks (‘73) !   →          (‘08)
• Its elements can been determined from experiment 
      -> Parameterization with 4 independent parameters

• Goal : Sensitivity to BSM effects if unitarity triangle is broken by 
discrepancy between direct and indirect measurements

• The current state of ɣ measurements (LHCb-CONF-2024-004) :

• According to CKMfitter group, a sub-degree precision on direct 
measurement would test SM up to dozens of TeV energy scales

     -> Only possible in association of multiple analysis

The CKM Matrix, the Unitary Triangle and ɣ angle

-> Test of global validity of the CKM 
formalism in tree level diagrams

Direct :                                            -> Tree Level = standard candle

Indirect :                                        -> Loops / Penguin diagrams

24

CKMfitter
Phys. Rev. D 89 (2014) 033016

24

https://cds.cern.ch/record/2905625
https://arxiv.org/pdf/1309.2293.pdf
https://cds.cern.ch/record/2905625
https://arxiv.org/abs/1309.2293


The golden channel to measure ɣ angle

• Relative weak phase ɣ  measured in the interference 
between                     and                     transitions by amplitude 
modulation 

• Golden channel = 

2525



The golden channel to measure ɣ angle

• Relative weak phase ɣ  measured in the interference 
between                     and                     transitions by amplitude 
modulation 

• Golden channel = 

• Possible analogy with Young slits with a slit thinner than 
the other 

2626



Similar formalism for      , with :              and 

The Amplitude         for the decay from         to final state (at a given point in 
the D decay phase-space Ɗ ) is :

   ->           = strong-phase difference between                          and

   ->        (resp     ) = Amplitudes for                  (resp                 )      

   ->  

The probability density for a decay at a point in Ɗ :

As                               , we obtain : 

With :

(1)

(2)

Generalized BPGGSZ* formalism

Drives statistical precision on Ɣ

= “Cartesian coordinates” or “CP-observables”
27

*BPGGSZ = Bondar, Poluektov (Eur. Phys. J. C 55 (2008) 51)
 Giri, Grossman, Soffer, Zupan (Phys. Lett. B 253 (1991) 483)

27

https://arxiv.org/abs/0801.0840
https://arxiv.org/abs/0210433


       ɣ measurement depends on            , the strong phase difference between                           and 

Similar method to the one in JHEP 01 (2019) 82 ( Belle, from Resmi P.K thesis)

-> Binned map of strong phase from JHEP 10 (2018) 178 (Resmi P.K, J. Libby, S. Malde, & G. Wilkinson-CLEO-c)

Generalized BPGGSZ formalism

Varies on Phase-Space of the 4-body decay

(with 0.82fb-1                  dataset)

28

Exclusively 
defined

28

https://link.springer.com/article/10.1007/JHEP10(2019)178
https://link.springer.com/article/10.1007/JHEP01(2018)082


         and       are fractions of                in bin i

        is a normalisation factor

       ɣ measurement depends on            , the strong phase difference between                           and 

Similar method to the one in JHEP 01 (2019) 82 ( Belle, from Resmi P.K thesis)

-> Binned map of strong phase from JHEP 10 (2018) 178 (Resmi P.K, J. Libby, S. Malde, & G. Wilkinson-CLEO-c)

Generalized BPGGSZ formalism

Drives statistical precision on Ɣ

Varies on Phase-Space of the 4-body decay

(with 0.82fb-1                  dataset)

= “Cartesian coordinates” or “CP-observables”
2929

https://link.springer.com/article/10.1007/JHEP10(2019)178
https://link.springer.com/article/10.1007/JHEP01(2018)082


Companion measurement : The usual BPGGSZ analysis

• The 3-body decay mode used in BPGGSZ, with Run 1+2 dataset is currently the most precise ɣ 
measurement. The 4-body decay with       still not measured in LHCb

     

LHCb-PAPER-2020-019
3030

https://arxiv.org/abs/2010.08483


 JHEP 01 (2019) 82
• In                             : 815±51 events with ~60% purity at 2𝜎

• 95% Confidence level :

•      
-> Compatible with LHCb combination at 2𝜎, given the large error
-> Uncertainty dominated by statistics

State of the art : Belle Results

31→ Aim of this thesis : Perform equivalent pioneer measurement at LHCb
31

https://link.springer.com/article/10.1007/JHEP10(2019)178


Strategy

One can then deduce        , the measured yields (cf paper LHCb-PAPER-2020-019):

o                             and                               have a similar selection and efficiency mapping through 
 

o PID cut efficiency is the same for all of the 9 bins 
 

o 9×9 Migration matrix is similar between                              and 

if

η = efficiency at a given point in phase-space

Hypothesis : 

32
All those hypothesis have been tested and validated !

32

https://arxiv.org/abs/2010.08483


● Use of the reference mode                              that is topologically identical, statistically more 

interesting and less sensible to CP asymmetry

● Selection adapted for Runs 1 vs 2 and for        DD vs LL

● Selection based on 2 Multivariate-Analysis and unidimensional cuts on particle masses :

○ First MVA : MLP method on geometrical and topological variables from D and its daughters 

(impact parameters, vertex quality, vertex relative position, photons identification, etc)

○ Unidimensional cuts on        ,       and        masses

○ Second MVA :  MLP method on geometrical and topological variables from B decay

● Cut on PID likelihood difference to limit bachelor track misID

● Choosing the best candidate in case of multiplicity (mainly due to       ), thanks to a MVA trained 

on MC, discriminating true signal events 

Sketch the selection steps for this measurement
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Stripping selection



35

Selection
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● First MVA on D decay geometrical and topological parameters using a MLP method
○ Signal = Simulated phase-space signal with                                     + meson masses conditions
○ Background = Data events in m(B±) upper side-band and neutral mesons side-bands 

● 4 independent categories : Run1/2 with KsLL/KsDD samples

Selection : First MVA
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● First MVA on D decay geometrical and topological parameters using a MLP method
○ Signal = Simulated phase-space signal with                                     + meson masses conditions
○ Background = Data events in m(B±) upper side-band and neutral mesons side-bands 

● 4 independent categories : Run1/2 with KsLL/KsDD samples

● Tested 5 methods : Fisher, MLP, BDT, BDTD, BDTG -> retained MLP

Selection : First MVA

Run2 KsDD

Run2 KsLL



●                selection by optimisation of                  in left and right sides of the peak on DATA   

38

Selection : mass cuts
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●             selection by optimisation of                        in left and right sides of the peak on DATA
       Combinatorial Background modelled with a technique where signal PDF is driven by MC

  Exemple with Run 2 KsDD (Similar in other categories) : 

Selection : mass cuts

MC

DATA



●                         selection by optimisation of                 in right side on DATA  (arbitrary cut at 2.5𝜎 for left 

side, with test on tighter cuts)

Sum over the 4 categories :

40

MC
DATA

DD+LL

DD+LL

Selection : mass cuts
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Selection
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Selection : Second MVA

● Second MVA on B decay geometrical and topological parameters using a MLP method
○ Signal = Simulated phase-space signal with                                     + m(B±) within 50 MeV around PDG 

value 
○ Background = Data events in m(B±) upper side-band 

● Cut position chosen to maximize the statistical significance



● To limit misidentification of the bachelor track, we discriminate using a PID Likelihood Difference
● ~70.7% signal efficiency / ~2.6% misidentification efficiency for 
● For MC, ΔLL(K) variable corrected with PIDcorr tool

43

MC
MC

ΔLL(K) ΔLL(K)

Selection : bachelor PID
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Selection    

 

● Multiple candidates (~6%) are filtered, choosing the best candidate thanks to a MVA trained on MC, 
discriminating BKGCAT=0 and BKGCAT>0 (Variables uncorrelated to B mass)
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Selection    



Selection : Summary

103 to 104 rejection 
factor on background

46

Dominated 
by misID



A complete study of physical background has been processed, using full simulation of >20 modes

Here is a list of studied backgrounds. Non-negligeable ones are surrounded for                           and 

Background Study

● Additional study has been made in       and       sidebands, limiting impact of KS-less and charm-less 
backgrounds to less than 0.66% and 0.15% on the signal respectively at 90% CL.

● Background components are included in global mass fit through parametric PDFs “RooKeyPDF” 
objects (after a smearing to adapt MC to DATA signal width)

MC produced in Square-Dalitz  +  
weighted with Laura++  to account 
for resonances (LHCb amplitude 
model LHCb-PAPER-2014-036)

No peaking background !

4747

https://arxiv.org/abs/1407.7712


Charm-less background    

Charmless background has been studied :

→ Tested on                  sample

→ In D° side-band (                                    )

→ With

→ Once renormalised on selected 
signal, limit at 90% CL to 62 events 
in B->Dπ -> 0.19% of signal

48



Ks-less background    

→ Only for               (       and         vertexes are mingled ->        candidate vertex in VELO )  

→ Measured in        sidebands (                                                         ) with 

→ A portion of this peak (~4 evts) is residual signal 
(estimated from MC signal)

→ Counting for this, there still is a significant Ks-less 
background

→  Renormalising with the side-band width and to the 
total data sample (including                 ), this leads to  a 
proportion of signal of : 

→ Small enough not to be considered -> Only in 
systematics

49



                      background    

->  MC produced in Square-Dalitz  +  weighted with Laura++  for resonances

50

→ Not a peaking background

→ Has to be considered in the partially reconstructed 
backgrounds

→ For nominal fit, yield will be fixed compare to signal 
yield. The ratio between both has been calculated taking 
into account efficiency ratio and BF ratio.
→ Fixed yield to 4.82+-0.9% of signal yield

Dec ID : 13166541



Global Fit

• Signal : double-sided Crystal-Ball function
• Left tail fixed from MC
• Right tail, mean, width are free

• Combinatorial : free Chebychev polynomial of 
order 2

• Cross-Feed : Shape from MC (RooKeyPdf)
• Yield constrained from                      signal yield 

(see next slide)

• Partially-reconstructed backgrounds : Shape 
from parametric PDFs (“RooKeyPDFs”) to MC

• Most of individual components yields 
constrained one to the other from relative 
BRs and selection efficiencies 

-> Validated with toy simulation studies !

Purity in a 2σ interval : 
84.8 %

#Signal : 32242±220

51

Reminder : 9981±134 events at Belle
→ Statistics ×3
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Global Fit

• Signal : double-sided Crystal-Ball function
• Parameters fixed to                    fit ones 

• Cross-feed :
• Shape from                    data sample with misID 

mass hypothesis 
• Yield constrained from                    signal yield 

and MC efficiencies

• Combinatorial : free Chebychev polynomial of 
order 2

• Partially-reconstructed background :
• Shapes from parametric PDFs on MC
• Relative yields constrained from BRs and 

efficiencies

-> Validated with toy simulation studies !

Purity in a 2σ interval :  
61.3%

#Signal : 1974±63

52

Reminder : 815±51  events at Belle
→ Statistics ×2.5

52



CP-fit on DATA

Run simultaneous unbinned minos CP-fit on DATA (36 categories):

● All shapes fixed by global fits (signal, physical and combinatorial backgrounds, cross-feed)

● Sum of the yields (integrated over bins) constrained to the yields in the global fits

● For fit stability, CP-observables           and           are fixed for                     channel, according to LHCb 

combination (-> systematic uncertainty)

● Consider two separate values for                                                    and  

Private authorized unblinding

53

Reminder, for BELLE : 
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Cross-Check : Yields per category in DATA

Cross-check : measure the yields in each bin in DATA through individual fits per bins
• Shapes are taken from global fit
• Free signal yields

→ Expected yield computed from formalism
+          and         from CP-fit
+ Fi from CP-fit (led by                         )

5454



CP-fit Toy Study

Toy study on 2000 pseudo-experiments to test the extraction of CP-observables x±, y± from simultaneous fit 
to the 36 categories

• Pseudo-experiments signal yields generated from the formalism with inputs from LHCb 
combination CONF-2022-003-001.

• Fi fractions from first estimation on                     data sample 
• Combinatorial yields according to estimation in                     data sample 
• Partially reconstructed BKG yields to follow Fi fractions.

Generated 
Values

Generated 
Values

5555

https://cds.cern.ch/record/2836208


CP-fit Toy Study

• Pull distributions are Gaussian, as 
expected

• Relatively small biases (reduced in 
asymptotic regime)

• Well-estimated uncertainties

Reminder : x±, y± are the main parameters 
-> They are used to set the combination !

5656



❖ ci/si inputs -> Measured with 2000 pseudo-experiments : <20% of statistical uncertainty on x± and y±

❖ ci/si from CLEO-c are efficiency corrected -> we have effective ci/si due to efficiency variation across 
phase-space ! -> To be computed
➢ In standard GGSZ : measured using amplitude model -> very small uncertainty
➢ Can use first amplitude model version from Tomaso Pajero (CERN fellow) with                  

❖                      physics input (        ,         ,  Ɣ ) -> << statistical uncertainty (~1%)

❖ Uncertainty on first bin redefinition (detector resolution) -> To be computed

❖ Uncertainty on bias correction (see Pull study)

❖ CPV and matter regeneration for        meson system -> negligible in similar studies with low statistics

❖ Mass-shape parameterisation for signal and backgrounds

→ Measured at first level using a bootstrapping procedure -> a few % of stat. unc.

→ Impact from the shape variation between bins to be studied

Systematic uncertainties

Should be the main systematic

5757

https://arxiv.org/abs/1904.01129
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Selection efficiency consistency

Run 2
DD

Run 2
LL

-> Project efficiency on each phase-space dimension for both channels :
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ci/si input uncertainties

• Generate 2000 toys in signal only (10000 events B->DK / 164000 events B->Dπ  per toy), with physics 
parameters set to the LHCb combination while varying ci/si input (Correlation taken into account with 
Cholesky method)

• Toys fitted with the nominal simultaneous fit (fixed CLEO-c ci/si)

• Smaller uncertainty than the one estimated by BELLE analysis
Correlation matrix :

< Statistics

Remainder Stat :
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Systematic from physics input to                       decay

• Generate 2000 toys in signal only (10000 events B->DK / 164000 events B->Dπ  per toy), with physics 
parameters set to the LHCb combination while varying Dπ physics input (Correlation taken into account 
with Cholesky method)

• Toys fitted with the nominal simultaneous fit (fixed Dπ physics inputs)

Correlation matrix :

<< Statistics
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Systematic from mass-shape parameterisation
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Parenthesis : Measure BF of

● sPlot method (statistical subtraction) to project signal from global fit into two or three bodies 
mass resonances

● Use                       as normalisation channel 

MARK III @1992 : (6.2±2.3±2.0) %

It impresses me very much to measure a 
hadronic D decay BF @7%  44 years after 
that the D meson was discovered at SLAC 
in MARK I by G. Goldhaber and F. Pierre.

Quick & Dirty
+ Stat only 

For your eyes only !
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Parenthesis : Measure BF of For your eyes only !

Troubles with Non-leptonic Charm Decays (H. Lipkin 1980, i.e colours suppressed/favoured D decays)

≅9 (3 colors)

The                      systems seems to have less final state 
interactions, as expected due to the larger masses 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.44.710

