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Sample composition

Divide B — D¢v samples in 6 components:

1.B = Dfv;

2. B —- D*fu:

B — D%y B — D ev

L

3. B — X/v + gap modes, where X is D**, DUzy + lepton (real or fake); | need a validation

4. Real D: real D + lepton (real or fake); | Detailed composition study using a wrong charge channel

5. Fake D: a random Kz/ Kz combination + lepton (real or fake);

6. Continuum: background from ete™ = ¢gg, g € [u,d, c, s].

constrained from data:
using D mass sideband + off-res




N ew se I ect | on Full selection in backup

—

~ Removed cuts on variables with a large data/MC disagreement:
1. M(ROE)<5.2 GeV for D¢, M(ROE)<6 GeV for Dv.

2. KakunoFoxWolfram(h20)>0.18 (removed only for D% sample).

© New cut on M(D?¢)>3.2 GeV to further reduce the real D component.
~ Removed the tight cut on TreeFitter)(2 (> 5%) probability; replaced by )(2 > 1%.

© Cut on p(m)>0.35 GeV (only for D™ ¢v sample) to remove the systematic due to slow tracks.

~ Removed nCDCHits>20 cut for mesons (K/x): not required anymore for PID corrections.
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XZv component
Electron sample



XZv composition

Studied the X£v component after the BR and gap modes corrections.

Divided the X£v component in different sub-components:

B — Dl

oo g_m
1. D**¢u P e

60000 —pum Real D

50000 %_- Fake D + con
2. Gap mOdeS 40000%—
3. D*TV / -

X?v component Pp+
4. Dtv
B — D%
5. D¢y £=misID lepton Similar proportions for the other
samples (see backup)

O.

XZv component dominated by D**£1 and gap modes decays.



XZv validation

Found a cos@py sideband region [-12,-3] to validate these decays.

anokrétlguum Take them from off-res data and InvM(D) sideband.

D*¢v
D,¢v
D(;kfy (no gap) ey

enriched XZv decays in the cosOyy sideband
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Data/MC disagreement observed in the cosOyy sideband. 6



Simultaneous fit

- Fit the XZv component in the cosOgy sideband region to constrain these decays.
Perform a 2D simultaneous fit between DY and D~ samples using (pg,p;") variables.

> Real D components free in the fit, all the others are fixed.
. Gaussian constraints on D,, D;, D,, Dy BR with the corresponding uncertainties:

1. D, gaussian constraint (unc. 16%)
2. D, gaussian constraint (unc. 18%)
3. Dll gaussian constraint (unc. 21%)

4. D, gaussian constraint (unc. 11%)

Assume isospin symmetry to link the BR on the constraints between B* and BY samples.

- For this test, the BR of gap modes is fixed to O since a fit using it as gaussian constraint
(unc. 100%) returns a value compatibile with O.



Projections
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Fit results

The simultaneous fit returns the following results:

Fit parameters Expected values Fit results relative unc. Fitted/Expected

BB — D,tv) (0.97 +- 0.05)%
B(B — D,v) 0.42% (0.33 +- 0.07)% 21.1% 0.84
B(B — Ditv) 0.42% (0.30 +- 0.05)% 16.2% 0.75
BB — D,tv) 0.29% (0.32 +- 0.03)% 9.9% 1.08

realD(DPev) 9268 9998.5 +- 540.5 5.4% 1.08

realD(D~ev) 1890 1936.2 +- 190.9 9.8% 1.02

Use the fit results to scale the D** and real D components.



Data/MC agreement: DVev sample

Check data/MC agreement after scaling D** and real D components according to the fit results.
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Data/MC agreement: D~ er sample

Check data/MC agreement after scaling D** and real D components according to the fit results.
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Muon sample
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Simultaneous fit

Studied the X component after the BR and gap modes corrections.
Divided the XZv component in different sub-components.

- Fit the XZv component in the cosfyy sideband region to constrain these decays.
> Perform a 2D simultaneous fit between DY and D~ samples using (pj.p}) variables.

> Real D components free in the fit, all the others are fixed.
© Gaussian constraints on Dy, Dy, D,, Df BR with the corresponding uncertainties:
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Data/MC agreement: Do,uu sample

Check data/MC agreement after scaling D** and real D components according to the fit results.
Before After Before After
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Data/MC agreement: D~ uv sample

Check data/MC agreement after scaling D** and real D components according to the fit results.
Before After Before After
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Summary

~ Improved the selection by removing cuts with a large data/MC disagreement.

Apply cuts to further reduce background components.

> Applied all the corrections to MC: update the branching fractions and fill the gap.

* Found a cosfyy sideband to validate the X£v decays.
Performed a 2D simultaneous fit between D and D™ to constrain the X£Zv decays.

Observed a good data/MC agreement after scaling X£Zv and real D components

according to the fit results.

Next steps

> Test further configuration for the sideband fit (split DOrrfr and D(*)mﬂv templates). (done)

. Divide the real D component in sub-components to constraint better these decays. (done)

> Perform a simultaneous fit between the signal and control region to constrain the X£v decays.
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Backup
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Real D validation: Dev sample

Signal region Control region
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1. From a true lepton (secondary) and a D from the same B.
2. Events with a D and a fake lepton (same/different B).
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Selection of D samples

- |dr|<1 + |dz|<3 for all tracks

“ binaryKaonID>0.6 (for D~£v) + binaryKaonID>0.1 (for D£v)
~ MuonID_noSVD>0.9, PIDgp(e) >0.9

° Treefit: y* > 1%

~ ROE mask: [dr|<1 + [dz|<3 + pryg < 3.2
~ VisibleEnergyCMS>4 GeV, thetainCDCacceptance

- R2<0.4
- ¢cosTBTO<0.75

- pSM* € 10.8,2.2]

- psMs € 10.5,2.5]

© InvM(D) € [1.865,1.874] for D=¢v, InvM(D) € [1.86,1.87] for D°£v
< InvM(Y) > 3.2GeV

© cosOgy € [—2,1.1]

< Cut on p(r)>0.35 (remove the systematics for slow tracks)

< KakunoFoxWolfram(h20)>0.18 (only for D™ v samples)

© pEoE < 2.8GeV
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Branching fractions corrections

< Update the MC branching fractions according to the PDG:

Decay RBBYMC) B(BT)(update) RB(B°)(MC) BB update) D** FF model
RNONZM 0.76%  (0.66 +-0.11)%  0.71%  (0.62 +- 0.10)% BLR
CRSNVIZS  039%  (0.42 +-0.08)%  0.36%  (0.39 +- 0.07)% BLR
RN  (043% (042 +-0.09)%  0.40%  (0.39 +- 0.08)% BLR
CRd VIAZ8 037%  (0.29 +-0.03)%  0.35%  (0.27 +- 0.03)% BLR

PRSIV 728 053%  (0.62 +-0.89)%  0.49%  (0.58 +- 0.82)% PHSP
PN A 026% (022 +-0.100%  0.25%  (0.20 +- 0.10)% PHSP

B — Dntv EPIEA (0.38 +- 0.38)%  0.22%  (0.41 +- 0.41)% PHSP
PRESTAN  0.20%  (0.38+-0.38)%  0.22%  (0.41 +- 0.41)% PHSP

The correction of the branching fractions leads to a modification of the form:

%r}ew

Nrew = NMC__L__

J J gMC
J

NJMC = # of events in MC for the j-component, %’;”C = BR in MC, @;‘ew = update BR.



Gap modes

~ In our MC, the gap modes DOrafv and D(*)m,”v have been generated with phase-space
leading to a very soft lepton momentum.

< It seems physically less plausibile than a decay kinematic in which the hadronic particles are
more correlated to each other.

~ Remove these gap modes in our MC sample and replaced them by
B - D¥**[ - DOrr]fv B — D¥*[ - DOyliv

Decay Sim.events Lumi (ab-1) D** FF model

B — D\[ — Dzrltv : BO: 16, B+: 14

B — Dy — Drzltv 8- 10° BO: 16, B+: 14 BLR
B — Dy[ — D*zzltv 8. 10° BO: 3.2, B+: 2.8 BLR
B — Dy[ —» D*zaltv 8.10° B0O: 3.2, B+: 2.8 BLR
B — D¢ - Dnltv 8-10° BO: 1.8, B+: 1.8 BLR

B — D\[ —» D*n)tv 8- 10° BO: 1.8, B+: 1.8 BLR

o BB - DYntv) set to 0; BR saturated by production via D** BR.



D** resonances

© Issue is spotted with the modelling Dy and D, resonances.
First observation of this issue by Henrik.

~ Due to their large width, some events are generated with D** mass larger than the nominal
one leading to an unphysical enhancement in the w ~ 1 region.
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Events that exceed 3 times the width of D(;k and 2.5 times of D, are rejected.



XZv composition

Studied the XZv component after the BR and gap modes corrections.

Divided the XZv component in different sub-components:
1%

1
B - D%

1. Dty

4. Gap modes

5. D¢y

6. D¥*fp




Projections (pre-fit)
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