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Plan of the talk

● Motivation
● My past work on Belle 1
● Initial studies on B2BII

   → signal MC 

   → generic MC

           → comparison of two FEI’s



  

Studying inclusive D
s
 X production in both  upper and lower D

s
 vertex:

B+→D
s
+ X0      and    B-→D

s
+ X- -

Motivation

● Very accurate theoretical predictions for the inclusive decay rates 
→ precise tests of the Standard Model

● B → D
s
(*) X decays account for a large background contribution to the semileptonic channels

(like b → s ll transitions )

B-



  

Experimentally measured the most common exclusive B decays do not fill out the inclusive 
value! 

Motivation

 lower D
s
 vertex 

B-

Phys.Rev.D 75 (2007) 072002

231 million BB-bar events recorded with the BABAR

→ sum of low Ds
-

       vertex ~ 1 x 10-3 

J.Wiechczynski et al Phys.Rev.D 80 (2009) 052005

Phys.Rev.Lett. 100 (2008) 171803 (BaBAR)

J.Stypula et al, Phys.Rev.D 86 (2012) 072007
Phys.Rev.Lett. 107 (2011) 041804  (BaBar)

inclusive:

exclusive: 

Physical Review D, 108(3) – LHCb (2023)



  

Inclusive study of charmed mesons 
→  missing mass (mx) analysis:

● orbital excited D** production – seen in mx
● potential observation of radial excited states

 upper D
s
 vertex →   spektroscopy of cq (q= u,d) states

Motivation

● For L=0 → well known D and D* mesons
● For L=1 → four D** states
                       broad  D

0
* and D

1
' states (j

q
=1/2)

                       narrow D
1
 and D

2
* states (j

q
=3/2)

Radial excitation states (n=2):
For L=0 → D' and D*'

q

q

q q

Phys.Rev.D 75 (2007) 072002

Phys.Rev.D 62 (2000) 112003

Current values:



  

2. Reconstruction of the D
s
(*) meson

    from the remaining tracks

Method of the analysis and PLANS

1. Full reconstruction of B
tag

 
    meson in hadronic mode

tag sig

● Spektroscopy of cq → Inclusive method, independent on the charm meson decay!
Jarek Wiechczyński

mx

3. 
→ BF calculaction for different charge configurations 

→Study of the missing mass (mx) 

Oliwia Krasowska
PHD student, Krakow



  

Quick overview from my past work at Belle:

A lot of offline tools have been prepared for this study!

→ missing mass (mx) analysis for B+ → Ds
(*)+ X

https://belle.kek.jp/secured/belle_note/gn1473/BN_dsx_ver1.pdf

● Analysis was performed using Belle1 software (basf1)
 → my own modules module in C++

● Utilization of FullRecon package (NeuroBayes based 
- hadronic tagging) for B

tag
 reconstruction

● The analysis was already at the stage of internal 
Belle refering process ... 

Belle Note 1473

https://belle.kek.jp/secured/belle_note/gn1473/BN_dsx_ver1.pdf


  

Decay channels:

D
s
 was reconstructed in three decay modes:

and      D
s
* → D

s
γ

So far, only charged
 B decays were considered!

B+→D
s
D0

B+→D
s
D*0

B+→D
s
*D0

B+→D
s
*D*0

Reference channels:

Simulated data samples:



  

|m
Kπ

 – mK*| < 61.5 MeV 
   (2.5σ of weighted width)

Cuts on intermediate resonances

|m
KK

 – mϕ| < 14.7 MeV 
(3σ of the Breit-Wigner’s width)

|m
phi pi 

– mDs| < 12.1 MeV

mD
s
 and ΔM (for D

s
*) cuts:  

M
bc 

& ‘nbout’
cut optimization

|ΔM-0.1438 GeV| < 0.0145 GeV

|ΔE + 3.4 MeV| < 45.9 MeV

ΔE 

B
tag

B
sig



  

Number of D
s
 candidates   VS   D

s
 decay mode

Best candidate selection 
→ performed after applying all the cuts

MCgen

→ applied for B
tag 

 and D
s
(*) multiple candidates

→ based on ‘nbout’ and (mass diff)2/σ2



  

Missing mass analysis (signal MC)  - signal components

D
s

D
s
*

D0 D*0 D**0 2 Breit-Wigners 

+ histo templates (wide states) 



  

D0 D*0

D
s
*

D
s

X-feed 
factor: 3.65 
± 0.28

X-feed 
factor: 4.16 
± 0.22

Missing mass analysis (signal MC)  - Crossfeed components

D**0



  

charged
mixed
charm
uds

D
s

D
s
*

Mx distributions – contributions from 4 types of generic MC



  

D
s

D
s
*

Mx distributions – specific signal and X-feed contributions from MCgen ‘charged’  



  

mx       weight

Coefficients (weights) as
an additional variable in the ntuple
(function of nbout and Btag_mode):

No weights weighted

„Weighted fits”  can be used for MC samples for better
 agreement with the data

Correction factors accounting for different 
efficiency of B

tag
 reconstruction for data & MC



  

MBC component:BCKG component:

MDS component: SIG component:

Background analysis – 4 components based on M
bc 

& m(D
s
) distributions



  

mx

mx

FIT 2D

!(mD
s
cut)

!(M
bc

cut)
MDS
(+BKG)

MBC
(+BKG)

Background analysis – fits in different bins of missing mass

2x FIT 1D

also for 
(blinded)

 data!

Integrated over
signal region



  

PDFs components for simultaneus fit to both mxs - MCgen 

Fixed-shape signal/xfeed
components with fixed relative
normalization between D

s 
and D

s
*

BCKG MBC MDS SIG
rest

F i x e d  / b o u n d e d       n o r m a l i z a t i o n 

D
s

D
s
*

+ + + +

+ + + +

From 2D fits



  

Simultaneous Fit to MCgen (signals + x-feeds + 4 background contributions)



  

Comparison of data (mx in control regions) and scaled MC

D
s

D
s
*



  

Initial studies on B2BII

●  Dedicated Monte Carlo:  
    B- → Ds

- D**  and  B+ → Ds
*- D** 

Ds →ϕπ  
ϕ → KK

D
s
* → D

s
γ

● Btag reconstruction with (default) hadronic FEI
● FastBDT algorithm to distinguish good gammas (from D

s
*) from beam bkg & fake photons     

  → pybdt_bb>0.3 and pybdt_fp>0.3   (Meihong Liu)

(Belle1 decayDec)



  

Btag variables

ΔE ΔE 

Mbc Mbc

sigProb

SigProb>0.01

(preliminary, arbitrary cuts)

SigProb>0.01

|ΔE|<0.15

Mbc>5.27



  

Ds
(*) variables

m(K+K-) m(ϕπ) dM

|mphi-1.021|<0.02 |dM-0.1438|<0.015|mDs-1.968|<0.02

(preliminary, arbitrary cuts)

Best candidate selection:
    Btag:  the best sigProb value
    Ds:    the highest χ2 probability (vx fit)
    Ds

*:   the lowest |dM-0.1438| value

Ds
* is favoured over Ds if:

 |dM-0.1438|<0.015   and   Eg>0.12  (good photon) 
E gamma

Eg>0.12photon
for D

s
*



  mx mx

Missing mass distributions

Ds
*  reconstruction Ds

  reconstruction 

X-feed

Signal MC: B- → Ds
(*)- D**



  

Study of generic Monte Carlo (Belle 1)

● One stream of MC (uds, charm, mixed, charged)

● Using B2BII

● Comparison between default FEI and custom FEI (Roman, Murad) 

● For both Ds  and Ds
* reconstruction 



  

Mbc m(Ds) MXΔE 

Custom
FEI

Default
FEI

B → Ds X reconstruction on Belle MC generic 

tagging side signal side

charged
mixed
charm
uds

Upper vertex only



  

tagging side signal side

Custom
FEI

Default
FEI

Mbc m(Ds) MXΔE 

B → Ds
* X reconstruction on Belle MC generic 

Upper vertex only



  

Custom
FEI

Default
FEI

Btag  decay modes composition

Ds reco Ds
* reco

Upper vertex only



  

● Analysis has just been restarted from the beginning using basf2 software

 → collaboration with IITB (and maybe IITM) group

● Full Event Interpretation (hadronic FEI) is used to reconstruct B
tag

 
→ possible utilization of the custom FEI

● Both branching fraction (for different charge configurations) and recoil 
mass (Mx) will be studied

● We aim to combine Belle1 (B2BII) + Belle II data sample

● Plan of adding neutral B0 → Ds X

Status & plans



  

BACKUP



  

D
s
D0

D
s
D*0

D
s
D

1
0

D
s
*D0

D
s
*D*0

D
s
*D

1
0

Nominal fit  

934 ± 30 150 ± 11
751 ± 32 315 ± 13

58 ± 9 (D
1
0 only) 20 ± 2 (D

1
0 only) 

Toy MC for simultaneous fit to MCgen



  

Attempt to systematics –  D(*)0 signal shape: two Gaussians + fraction

 Fit to missing mass distribution for D
s
D0 signal 

    – only shape parameters are floating

→ Coleration Matrix for shape parameters:

Covariance Matrix

 Generation of 1000 sets of shape parameters (width1, width2, frac)  based on Covariance Matrix



  

  Fit for each set of fixed shape parameters  (width1, width2, frac) → 1000 fits 

→ distribution: Nsig (and Nbckg)  - free fit parameters

Crystall Ball
D0

→ syst. ~0.8% (??)

x 1000



  
MC
data

          Ds momentum distribution

Particle Physics Summer Student Programme 2022 (IFJ PAN, Krakow)

→ inclusive BF



  

Particle Physics Summer Student Programme 2017 (IFJ PAN, Krakow)
→ X analysis for B+ → Ds

- X

      n(e-)       n(e+)       n(μ-)       n(μ+)

      n(K-)       n(K+)       n(π-)       n(π+)



  

Particle Physics Summer Student Programme 2017 (IFJ PAN, Krakow)
→ X analysis for B+ → Ds

- X

      n(e-)       n(e+)       n(μ-)       n(μ+)

      n(K-)       n(K+)       n(π-)       n(π+)



  

Main cuts

1.5 GeV < mx < 3.2 GeV
|m(D

S
)-m(D

S
)PDG| < 3σ

|ΔE + 5.8|  <  40.0 MeV
M

bc
> 5.27 GeV

cs-nbout > 0.01  B
flav

 * d
flav

 < 0

 L(K/π)>0.4 (for K)
 L(π/K)>0.1 (for π)
 L(mu,e)<0.95 (veto)

B
tag

 = B
+
 

● B
tag 

of highest nbout
● best D

S
: 

B tag: Signal side: Best B
tag

 and D
s
(*) selection:

(m(D
S
)-m(D

S
)PDG)2

σ2
min

 Ds*:
photons to Ds* cannot come from 
z π0 which are defined as:
   - 118 MeV < m(π0) < 150 MeV 

   - Eγ1,2  > 50 MeV

   - chi2 < 50

 Ds* is prefered over Ds if:

- Eγ > 130 MeV
- |m(D

S
*)-m(D

S
)-0.1438|<13 MeV (mass diff.) 

After applying all cuts:

D
s
* → D

s
 γ

CL
DS

 (from mass constained fit)

➔  

➔  or



  

Eγ cut optimization

FOM = FOM
Ds

 + FOM
Ds*

FOM
Ds(*) 

= 

S – sum of the D0 and D*0 yields
B – sum of the combinatorial 
      background and crossfeed

Mx distribution for D
s 
and D

s
*  fitted simultaneously for mx<2.2 GeV 

FOM      MCgen (charged)

0.13

cut value

D
s
*D

s

MC generic 
(charged)



  

Truth Matching – Ds
Ds flag==1 Ds flag!=1

Removed in favour of Ds*
Removed by better Ds candidate
Kept

MCgen B±

BestDs:



  

Ds
TM

!(M
bc

cut)

D
s

D
s
!TM

Btag
TM

!(mD
s
cut)

(all)

BKG

MDS

BKG

Determination of the shape parameters for (BCKG, MBC,  MDS,  SIG) comp. in a wide regions of mx 

(„NEW”)

MBC

fixed

FITs 1D

1.

2.



  

TM (good B
tag

 and good D
s
)

fixed
fixed

3.

4.

All events

fixed
fixed

Extract: 
SIG parameters

fixed
fixed

Extract:
- argus for MDS
- polynomial for MBC

(„NEW”)

FITs 2D



  
D

s D
s
*

MCgen: 1D-FITs vs 2D-FITs

BCKG MBC MDS BCKG MBC MDS



  

BCKG MBC MDS BCKG MBC MDS

D
s D

s
*

MCgen: 1D-FITs vs 2D-FITs
             (rescaled)



  

MDS BCKG MBCBCKG MBC MDS

1D-Fit results for DATA and MCgen 

0.997 ± 0.014            0.820 ± 0.063              1.224 ± 0.053

1.121 ± 0.020            1.036 ± 0.047              1.183 ± 0.133

1.065 ± 0.011            0.910 ± 0.024              0.554 ± 0.098

1.122 ± 0.067            1.096 ± 0.104              1.217 ± 0.275

1.164 ± 0.037            1.195 ± 0.099              0.871± 0.259

0.972 ± 0.035              0.877 ± 0.067              0.887 ± 0.228

SF
data

- scale factors

based on normalizations’
comparison

 



  

MDS BCKG MBC

D
s D

s
*

BCKG MBC MDS

1D-Fit results for DATA and MCgen  scaled



  

Data

MC

Fit1D Fit2D

SF
data

Possible strategy:
● use background shapes 

obtained from Fits2D 

● Scale them by SF
data 

coefficients

● Fix them in the fit to data

● ….

Strategy for DATA



  

Crystall Ball Bif. Gauss

D0 D*0

1000 fits for the whole MCgen sample 
with shape parameters’ variation for D0 i D*0:

● width2/width1 (!!)
● frac

1) 2) 1000)

...

syst. ~ 1% syst. ~ +1.9%
- 1.4%

(results for D
s 
reconstruction only)

Systematics
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