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B Introduction |

* SM expects lepton coupling to EW gauge bosons to be flavor-universal, but tension exists P
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« In the semileptonic decay process of B mesons, R (D ™)) is defined as the branching ratio ,
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B S tatus

* We are doing analysis of R(D*) and R (D) with hadronic tag

The R(D*) have been measured with hadronic tagging method use 198 fb~1 data

¥\ +0.041 +0.035
R(D™) = 0.262_0.039(stat)_0.032(syst) [Phys. Rev. D 110, 072020]

« In this time, we measure both the R (D*) and R(D) use 365 fb~1

* CWRI1 is on-going

e Lastest note
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072020
https://docs.belle2.org/pub_data/documents/5/

. Reconstruction

Tag side

. * Reconstructed B decay modes:
* One of B mesons 18 fully  (ry Event Interpretation)

[ BO -> D+T_(Q_)UT—(Q—)
reconstructed with
B —> DOT_(Q_)I_/T—(Q—)
hadronic decays,

through the Full Event BY —> D**(=> D°m*)T™(€7) Ur-(o-)

IIltGI‘pI'GtEltiOIl (FEI) BO _> D*t(—> D+H0)T_(Q_)I7T—(g—)

B? —> D*0(—> DOm0 t=(27) U (-

* Exclusive hadronic HER ¢~
— BO_ D>|<O _ DO —(0- —T_ _
tagging method : L g (== D) ()0
Efficiencies B?: 0.23%, » 2D Fitting to extract R(D™))
B+:0.30% Efcira = EEV
arXiv:2008.06096 * Signal side M2, = (Pyeam — P —Ppo — Py) 2

(Leptonic 7 decay)
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https://link.springer.com/article/10.1007/s41781-019-0021-8
https://arxiv.org/abs/2008.06096


Bl Data and Correction [

* Data: 365fb-1, proc13+prompt
 MClI5rd:
generic BB, continuum(cuds) 1444{b-1
BG MC of D**lv, gap mode

« Several corrections are applied to data and MC, in order to improve data/MC agreement
* Correction factors are applied following performance recommendation
— track momentum scale (tracking data Moriond23 v1)

photon energy bias correction (PhotonEnergyBiasCorrection MC15rd June2023) j (applied for data)
hadron, lepton PID (leptonid official rel6 mc15rd) )
slow 1™ efficiency (provided by tracking group)

p efficiency (PhotonEfficiencyDataMCRatio RunIMC15rd April2024)

0 . . . 0 .
11" efficiency (provided by neutral group locally by using our 11" selection :
v y neutral group locally by using | (applied for MC)
mode dependent FEI efficiency ( provided by provided group)
form factor correction (following WG1 recommendation)

D** branching retion correction (following WG1 recommendatiom)

B hadronic decay branching ration (following PDG)
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Bl Selection: B, ,,

* Biyg selection criteria is the same as FEI calibration analysis of B —> X€v and B —> D) g

variable selection criteria

event nCleanedTrack > 4
Btag PFEI = 0.01, MbC > 5.27 GeV, -0.15 < AE < 0.1 GeV, COSQTBTO <0.9
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Bl Sclection: By, [

« nCDCHits is removed to increase statistics (+~30% stat.)

ko » reject low K: fake rate correction is not available on systematic framework (—~10% stat.)
« p>0.4(0.7) GeV is applied for PID, reach ECL(KLM) (—~20% stat.)

“H * BremsCorrection is added to electron

Kg < distance cut is removed because data/MC looks no problem (+~5% stat.)

charged track dr < 2cm, |[dz] < 4 cm

I good track, P2V > 0.1 orp < 0.3 GeV, pr > 0.1 GeV/c

K good track, P2V > 0.1and p > 0.3 GeV, pr > 0.1 GeV/c

Hglow p > 0.05 GeV/c

Kg KsSelector “standard”

° pi0:eff40 May2020, y: |clusterTiming| <200 ns, 122.4 < M < 143.0 GeV, combination of minC2TDist and zernikeMVA

Hglow pi0:eff50 May2020, y: |clusterTiming| <200 ns, 118.3 < M < 147.0 MeV, combination of minC2TDist and zernikeMVA, p > 0.05GeV
e p > 0.4 GeV, PglObal > 0.9(BDT), Bremss correction

H p > 0.7 GeV, P9°" > 0.9(likelihood)

D, D* mode dependent D mass, D* — D mass difference cut

Bsig q2 > 4 GeV?



Bl Selection: ROE |

* ¥ energy is increased to 100(FW), S0(BR), 100(BW) for better data/MC

* photon MVA variables(fakePhotonSuppressionMV A, beamBackgroundSuppressionMV A) are added to reject fake

photons and beambbackgroud

« 119 veto is enhanced to reduce D** v, hadron BG

ROE

ROE mask Tracks dr < 2cm, |dz] < 4 cm, pr > 0.1 GeV/c,nCDCHits >0

Clusters energy > 0.08(FW), 0.05(BR), 0.06(BW), |clusterTiming| < 200 ns
minC2TDist > 15 cm, fakePhotonSuppressionMVA > 0.2,
beamBackgroundSuppressionMVA > 0.5

Charged track nROE Tracks <1
Neutral cluster N (79) < 1 with eff30

MC is luminosity normalized _
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Bl Selected events

« Expected yields of candidate categories and D) modes at 363fb~! in MC after all selections. The SM R (D*)
value at 0.254, and the R (D) at 0.30.
« ~600(300) B —> D*T~ D, (B —> DT~ D,) events are expected.

Table 3.11:
all selections.

xpected yields of candidate categories and D* modes at 365 fb™" in MC after
e world average R(D'*) values are assumed for yields of B — D*771..

Category \ Expected yields in MC

D*a D%t DroapDte DS D% DYDY D D
B < D'ry 107 14 63 104 372 fil
B = Drv 0 ] 1.4 21 240 101
B = Iriv PRI 7 306 2379 U888 478
B < Dy (.9 24 6.9 216 220 1229
B < D**fv, D**rv and gap 196 37 120 442 1583 557
hadronic B decay R 14 44 162 605 279
continuum 2.1 0.5 2.2 33 181 B4
others 0.2 ] 0 0.1 (.8 42
Total 2758 360 1543 3358 15686 3793
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. Selected events: M 2 _

miss

 MC distribution of M2 for each D™ decay mode in each D™ decay mode
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. Selected events:EeE,?ﬁ a

« MC distribution of EESE, for each D decay mode
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« MC distribution of EESE, for each D decay mode with high missing mass squire cut(1.5<E &L <6.0 for
D* and 3.0<EZSL <8.0 for D)

. Selected events:EeEg} a
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Bl Data/MC agreement at sideband

* Summary of sideband regions used to check Data/MC agreement

sidebane _____|selection __________lenhancedmode ______|ckeckitem

q* sideband

10 veto sideband
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signal effieincy

2 2 _ (k)
g < 3.5 GeV B —> D™ Qv signal PDF
BG yield
EgEr™ > 1 GeV hadronic BG BG PDF

M2, > 2 GeV continuum BG
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Bl 2 sideband

e Data/MC comparison of the number of elected events at q° sideband

1/15/2026

Table 5.2: Data/MC comparison of the number of selected events in the g° side-band.
The error shows statistical error of data. systematic error is not included in the error.

Category The number of selected events)

D*t 5 DOzt DY 5 Dtg® | D*®? — D%°® D*% 5 D% Do Dt
Data 1422 144 712 1481 5585 1988
Total MC 1432 170 707 1476 5443 1928
Data/MC ratio 0.993 0.848 1.007 1.004 1.026 1.032
(stat. error) + 0.026 =+ 0.071 + 0.038 + 0.026 + 0.014 =+ 0.023
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D* and D (D->D"%) mass difference (GeV)

related D decay, the difference is taken

as systematic error.




* Distributions of the E

e q? sideband: EE¢L
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* Distributions of the M Izniss in each D™ decay mode at q2 sideband

B g2 sideband: M?2
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Bl 1° veto sideband

« Data/MC comparison of the number of elected events at I1° veto sideband, and the data yield is 10-40% smaller

than MC expectation in each sample
 In order to investigate this issue, new MC category of un-measured hadronic B decay” and ”D**£v gap mode”

are added

Table 5.5: Data/MC comparison of the number of selected events in the 7° veto side-
band. The error shows statistical error of data.
Category The number of selected events
D%y Pyt PRy Dg® DR 1950 D*0 — D% B D
Data 85 24 49 397 1421 764
(£ stat.) +9 9 = + 20 + 38 + 28
MC B — D**{v, gap mode 22 3.1 19 79 354 131
MC hadronic B decay, unmeasured BR 28 11 17 90 287 293
MC B — D**{v, non-gap mode 13 1.4 9.9 34 191 78
MC hadronic B decay, measured BR 34 11 31 124 420 215
MC continuum 5.5 3.6 5.5 67 348 199
MC others, B — D™ ¢y 10.4 1.5 4.4 15 118 30
MC Total 116 31.7 86.9 408.8 1718 946
(+ 100% error of unmeasured BR) + 22 + 28 % 3.1 = 11 +: 19 £ 17 =+ 79 == 90 + 354 £ 287 £ 131 + 293
Data/MC (stat.) 0.75 + 0.08 0.76 £+ 0.15 0.56 = 0.08 0.97 + 0.05 0.83 + 0.02 0.81 + 0.03
(+ 100% error of unmeasured BR) £ 007 D25 2000 £:044 £ 015 £ D16 £ 024 L0098 &4 0224 DIT =013 4 0.36
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B 1:° veto sideband: M2,

* Distributions of the M Izniss

in each D™ decay mode at q2 sideband
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(e)B~ —> Dt 0,




B 1° veto sideband: EECL

« Distributions of the ESgk, in each D decay mode at g2 sideband

22 F E r : 5
50 | MC is area normalized 9 B MC is area normalized 10 | MC is area normalized
18 ;_ data 8 E_ data L data
1 F - 8 |
B E e TE e F
= 6 N
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. Signal extraction e

generator level

« PDF category is updated not to use “isSignal” but generator information categorization

B D
9 PDF category [ Dv
* Binning is updated to reduce MC statistics error [ D*lv
B Div
EEGL for all samples: B D*"gap
D™
[0.00, 0.05, 0.10, 0.2, 0.3, 0.4, 0.6, 0.8, 1.0, 2.0] GeV @ hadron
2 continuum
M 1 ,iss for all samples: % Other

[-2,-0.5,0.0,0.5,1.0, 1.5, 2.0, 3.0, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0, 10.0] GeV?
e fit 5 samples:

BY —> D**tv(combined D** —> D%+ and D** —> D* 1Y)

Bt —> D*0rp D*0 —> DO O

Bt —> D*0tp, D*0 —> DOy

BY —> D*tp

B~ —>DOltp
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. Data fitting

* pre/post fit parameters

BR(B —> D*@v) is larger than MC expectation with statistical error

number of gap mode (NN (gap)) is smaller than MC expectation

1/15/2026

Table 9.4: Fitted parameters to the selected events

Sfoo
Lo
N BB

0.4861 4= 0.0080
0.5113 = 0.0108
387.1 &= 5.6

parameter§\ prefit postfit with stat. error

R(D*) \ 0.242 4+ 0.019

R(D) - 0.439 = 0.055
(\BR(B — D*¢v) 0.1013 0.1101 & 0.0025 |

M}?(R — Dﬂu) 0 0437 00431 4+ 00013

N(gap mode), B — D*trv 118.27 21.4 4+ 24.8

N (gap mode), B* — D*°7p(D*° — 7°D?) 70.996 41.6 =15.1

N (gap mode), Bt — D*%7v(D*° — ~+D?9) 229.43 53.4 = 49.6

N(gap mode), Bt — D°%rv 776.79 240.3 4= 93.5

N (gap mode), B° — DV7v 271.10 89.5 +46.4

N(D**¢v), B — D*+ru 110.70 60.1 = 31.2

N(D?0), BY — D7 (D" — #9DP) 16.064 28.0 £23.0

N(D*¢v), B+ — D*°r1(D*° — ~D°) 206.19 190.5 =+ 58.3

N(D**¢), B+ — D v 774.99 731.1 = 134.0

N(D**¢v), B® — D+ru 283.32 204.2 + 63.5

N (hadronic B ), B — D**rv 98.644 86.0 £ 25.3

N (hadronic B ), Bt — D*%7v(D*° — 7n°D°%) 41.766 354 12.2

N (hadronic B ), BT — D*%7u(D*° — D) 157.28 165.6 = 38.2

N (hadronic B ), B* — D°%rv 566.68 469.2 + 94.6

N (hadronic B ), B° — D v 266.88 125.6 &+ 25.3

0.4861 £+ 0.0080
0.5113 £ 0.0108
387.1 = 5.6
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Bl Data fitting |

* Measured BR(B —> D*2v) is consistent with past measurements within systematic error:
« PDG(1.20)

* input to FEI calibration (HFLAYV 2022) (0.40)

* 2 sideband (1.40)

Table 9.2: Comparison of the measured BR(B — D®){v) with this analysis and previous
measurements. HFLAV 2022 is used for input of FEI efficiency calibration analysis of
B — Xww. Sum of BR(B® — D™¢v) and BR(BT — D™®{v) are shown.

pdg live HFLAV 2022 this analysis this analysis
q? sideband  selected events
BR(B — D*tv) 0.1013 0.1071 0.1038 0.1101

+0.0013 (stat.+sys.) +0.0026 (stat.+sys.) =+0.0027(stat.) =£0.0025(stat.)
+0.0070(sys.)  £0.0070(sys.)

BR(B — D/{v) 0.0436 0.0466 0.0436 0.0431
10.0010 (stat.+sys.) =£0.0013 (stat.+sys.) =£0.0012(stat.) =£0.0013(stat.)
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B Data fitting |

« To enhance the signal contribution in the E g distribution, the additional requirement M? >

miss

1.5 GeV?/c? is imposed for D* modes and M2:.. > 2 GeV?/c? is imposed for D modes

« Inthe M2, plots, the y-axis is zoomed.

Belle Il Preliminary [L dt = 365 fb™

% 180 D** D*° (— 7° D°) D*° (— y D) 5 ol o R,
<% 160 — N
8140 [} =5:D/1V
0 120 L. |BREoo-
o ronic ca
\--5100 - Ezggllinuun?de Y
a 80 i [ others
5 o0 ‘ ;
"g 40 mE
© L Ly — s
o= : =— o 5 '-1 , - 5 - : — = : o 7____7,, : = —-—-—--—-——
Eé,,ﬂih}i**}; I ERAL T SR ‘g*&i**.};**;{'& : *HH{»*{{{,}{' 3 SIS PR T A I B S
== . - = . . 3 0 2 4 6 8 1% ‘ 5 2 0 2 4 6 8 0 * < 3 . . -
m,SS[C:‘-eV /c* ]
Belle Il Preliminary — [L dt = 365 fb™
S\ ! D*a (ﬁ },Da) l : D+ -gaf.f)'rv
5 M2, >1.5 GeVc M2_ >2.0 GeVi/c? &5 01 v
To) @5 —D/,v
[an] s —-D niv
o &3 D" /v
- [ hadronic B decay
g [ continuum
E [ others
o
=
(1]
&)
_ = - T e e o e e - S E————
z ety 4 ¢ : F;” : ; L**{'{, bod i iy it 4 4 ¢ ; }**4** £ ¥
0 02040608 1 12 14 16 1.8 oS ne BEGE 1 15 14 45 an § DG Da 1 T IA TELE B o oo o ce w0 2w m ap aa B POVSR6 08 1 12 1A G618 2
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Bl Data fitting |

* Summary of the uncertainties

e Result of fit
R(D*) = 0.242 = 0.019(stat.) £ 0.016(syst). R(D) = 0.439 £ 0.055(stat.) = 0.045(syst.)

1/15/2026

Table II. Summary of the systematic uncertainties on R(D*))
and their correlation. The description of each source is pro-

vided in the text.

Source R(D*) R(L?) P
Simulation sample size 4.8% 8.4% —0.44
gap-mode branching fraction 2.6% 2.6% 0.00
B — D**1~ /(¢ )y branching fractions 0.3% 1.3% 0.25
Hadronic B decay branching fractions 1.6% 1.5% —0.26
Form factors 0.5% 0.9% —0.70
Continuum background 2.4% 21% 0.93
Fraction of fake D) 0.5% 1.2% 0.00
Fit bias 0.3% 1.2% 0.00
Low-momentum 7°, v efficiency 2.2% 2.4% 0.99
Other efficiency corrections 0.5% 0.8% 0.48
B-tagging efficiency of data 0.9% 1.8% —1.00
B-tagging efficiency of B — DTv 0.1% 1.8% 1.00
M?Z,;.. resolution 0.5% 0.8% 0.48
Total systematic uncertainty 6.7% 10.29% —0.11

Statistical uncertainty

8.3%

16.3% —0.40

P =— 0.40(stat.) + 0.20(syst.)
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Bl Data fitting |

« The 68% confidence-level region in the R(D) — R(D*) plane from this analysis, compared with previous

Bellell measurements , the world average, and the SM predictions

Belle Il preliminary

45
045 i work e
——— Belle Il had. tag 2024 4+ sMm
Belle Il sem.tag 2025 — .~ SM exp. R(X)
040 i ——— Belle Il had. R(X1;)
0.35 When included in the world average,
*Q e . .
® 0301 = our results reduce the deviation from the
W x\ ; SM from 3.8c to 3.60.
0.25 '
0.20 -

0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
R(D)
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B Summary |

« R(D™) measurement with hadronic tag:

+

R(D*) = 0.242 + 0.019(stat.) = 0.016(syst.)

R(D) = 0.439 + 0.055(stat.) + 0.045(syst.)
P =— 0.40(stat.) + 0.20(syst.)
*  When included in the world average, our results reduce the deviation from the SM from 3.8c to 3.60.

« CWRI is on-going
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B Asimov Fit: M2

miss

* Asimov fit projection to the M Izniss in each sample

< E —— Data -~ F — Data < F — Data
% 1400 — R G O ey §’ 1200{— I D*tv
3 1200F . 3 o0 0 Dw g8 r Cow
QO 1200 [ D*Iv o E = 1000 — -
o F e F o o 1000E [ D*v
< tooof— I O S, 1500 I ov S ol Bl o
- = ~ = >~ 800|—
2 F o s E oo+ 2 O o
S 800/ had £ 400 £ c
o E [ hadron Z E I hadron o 600[— [ hadron
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B Asimov Fit:E

« Asimov fit projection to the E

ECL
extra

ECL

extra 10 €ach sample
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& 1000 B D 3 I D*tv
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. Systematic error o

* Summary of the systematic uncertainties

Table 7.1: Summary of the systematic uncertainties.

Error source R(D*) R(D) p

B — D**(~ 7, branching fractions 0.6% 1.3% 0.02
MC statistics 4.2% 8.2% -0.40
gap mode branching fractions £100% 0.1-6.5%  0.1-6.3% 0.0

gap mode branching fractions 1.6% 2.1% -0.49
Hadronic B decay branching fractions 1.7% 2.9% 0.06
Continuum background 1.4% 1.9% 0.95
Slow 70 v efficiency 1.5% 3.0% 0.99
Other efficiency corrections 1.0% 1.0% 0.80
FEI efficiency of data 0.3% 1.1% -1.0
FEI efficiency of B — D7v 0.1% 2.4% 1.0

M2, . resolution 0.3% 0.9% 0.55
Fraction of fake D) 0.7% 1.4% 0.08
Fitter bias 0.3% 1.4% 0.00
Form factors correction 0.4% 1.0% -0.34
Total systematic uncertainty 5.1-8.3% 10.6-12.4% -0.20
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B B-—> D" b branching fractions I

« D**¢D branching ratio are taken from WG1’s study with FLAV2023: GapUpdate.pdf

« gap mode of B —> D™ n¢@p is largely changed from FLAV 2021:
3.77+3.77 —> 8.8+8.8(B")

4.09+4.09 —> 9.2+9.2(B+)

- %0 A
Decay BR in MC (x10~*) BR from HFLAV2023 (x10~) B3 b (+Dwjlsy - (Mewnts)  (07209)/2
— " — B~ = D{"(= Drrn)l"v, - (8M events) (0.7+0.9)/2
g = Do+(—> Dan % = \3M events) (0.7£0.8)/2 B~ = D= D*nm)t7; ~ (8M events) (224+1.0)/2
B D" (+Dyn)ewh  — (AW events) (0.7£0.8)/2 B~ = D{%(= D*an)tw, - (3M events) (2.2+1.0)/2
B — Dy (= Dam)wy — (8M events) (20+1.0)/2 B~ = D= Dn)t5;  — (8M events) 92492
B D{*(= D)t - (8M events) (20+£1.0)/2 B = D= Dm)is - (8M events) 92492
E) — Dyt (= Dp)"v  — (8M events) 8.8+8.38 B~ = D%, 0.50 0.30£0.20
B — D*(— D*n)t"7, — (8M events) 8.8+8.8 B~ = D'’ 0.50 0.30 £ 0.20
B’ 5 DOrtim, 092 0.30 4 0.20 B =D w100 0.30 £ 0.20
B’ - D'rtp, 0.92 0.30 % 0.20 B-—=Dtrlv 100 0.30 £ 0.20
B = D%, 046 0.30 £ 0.20 B~ =D K l7, 030 0.29+0.19
B = D%, 046 0.30 £ 0.20 B LKty 0 0.30+013
B’ = Dt 7.04 59+ 10 B™~ Dilv, 7.57 64+10
B’ - Dyt 3.62 12418 B~Dyt, 389 It
! i /0 s
B - Dt 4.01 26404 g_ j g ’}Ofe Ve g% :2;'2110(')429
B’ = Dt 3.47 2.99 +0.27 I ‘ o
=0 e B~ = Dt v, 1.3 5.6£5.6
B = Dfr v, 13 52452 e
el s N B~ Dy, 1.3 36+36
0 ' s B~ - D7, 2.0 36436
S T 24l i B-=D% 7, 20 95425
B = Dt rw, 2.0 23423
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https://indico.belle2.org/event/12225/contributions/79423/attachments/29422/43491/GapUpdate.pdf

. Hadronic B decay branching fractions

* The branching fractions of hadronic B decays are fluctuated following their errors in the following table

decayModeID B in MC B in PDG

Deeay [10—3] [10—3]
B+ — DD 1681 9.0 9.0 = 0.9
B+* —» D D" 1682 8.2 8.2+ 1.7
Bt — DD 1683 7.6 7.6 = 1.6
Bt — Dt D" 1684 17.1 71x213
B+ — D3’ D 1689 4.2 —
B+ — D5 Dr+ 1690 4.0 =
B+ — D*Op+ 1727 0.63 0.63 = 0.17
B+ — DODIf 1764 7.6 -
Bt — DODt 1773 0.45 0.4 £+ 0.1
DD B+ — DDt 1774 0.94 0.94 & 0.42
B° — DrD~ 1833 7.2 7.2 + 0.8 . . . .
50— DD 1534 0 s0&11 If the measured branching ratio is not available on
B° —» DD~ 1835 7.4 7.4+ 1.6
B° — Dt D*" 1836 17.7 I 7T=1I.
B° — D3 DF 1841 4.2 — : :
50 pi-Div 1842 10 - PDG, they are fluctuated = 100% by uniform function.
B° - DD~ 1928 7.4 —
B° — DX D 1929 V74T =
BY — DD~ 1939 3.5 3.5 = 1.1
B° — DD 1940 9.3 9.3+2.2
Bt — DOD+K© 1701 1.55 1.55 £ 0.21
Bt — DOD*+tK© 1702 3.8 3.8 = 0.4
Bt — DDVt K© 1703 2.1 2.1 +0.5
Bt — DOD*+ KO© 1704 9.2 9.2+1.2
Bt — DOD*K+ 1707 6.3 6.3 = 0.5
DD K Bt — DD OK+ 1708 11.2 11.2 =+ 1.3
B° — D* DK+ 1856 10.6 10.6 & 0.9
B° - D-D+K° 1857 0.75 0.75 = 0.17
B° — D*D+K° 1858 1.7 1.7+ 0.1
B® - D-D*TK° 1859 4.8 4.8 + 0.4
B° —» D* D"+ K?° 1860 8.1 8.1 + 0.7
B° —» D-D+tK*° 1869 2.5 —
B° — D* D"+ K*° 1872 5.0 -
Bt — D DOx° 1692 1.8 —
B+t — D+ DOgx0 1694 1.8 —
B+ — D n%rtat 1746 15 154 7
B+ — ptDO° 1731 13.4 13.4 =+ 1.8
B+t — ptD*0 1732 9.8 9.8+ 1.7
Bt — D*9a; 1740 19 19E5
D*na(7°) ete. B° — DYDw° 1845 1.8 s
B° — D+ DO~ 1846 3.7 —
B° — DX D~ 7%0 1848 2.2 -
B° — ptD— 1879 7.6 7.6 £ 1.2
B° — ptD*— 1880 6.8 6.8 = 0.9
B° — D*qxtm® 1882 8.35 8.2+ 0.5
B° — aif D~ 1886 6.0 6.0 = 3.3
B° — af D*— 1893 13.0 13.0 & 0.27
B° —» D*ntata—a® 1998 17.6 17.6 = 2.7
B — D*ptn0® 1990 1.5 —
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Bl FEI efficiency

* Weight is applied in each Bi,g mode to scale MC to match data in q? sideband

» Difference of fit result is assigned as systematics

1/15/2026

600

500

400

300

200

100

data/MC ratio
PO P 0000 o PO 0D PO

_U_lrlllll]lrlll

MC is luminosity normalized

5 10

25

—data
.D“rv
Dl}r\r
-EI*IV
Mo
Dnn
[Ehadron

CJeontinuum

[CJother

0 35 40
Btag decay mode

1800

1600 MC is luminosity normalized ;:t::

1400 E;

1200 EgL

19% -
[CJother

800

0 5 10 15 20 25

Btag decay mode

30

35

40

data/MG ratio
L= I e T N G e ] ]

33



Bl Other efficiency corrections |

* Uncertainty of below correction are estimated:
hadron PID correction
lepton PID correction
slow 1™ efficiency
p efficiency

7Y efficienc

mode-dependent FEI efficiency

1/15/2026 34



Bl From factors correction

The weights for translating the form factor uncertainties to the shape

555 %2 1 ndf 10.36 /8
uncertainties of semileptonic B decays are defined as: S e s
150

FMC v drnew e
Fnew dFMC

* Update the form factor model from R(D*)@189 fb-1, e.g. BLPRXP

W; =

IHIl\I\\l\ll\ll\!\‘!\lll

1 I 1 ! P
3).1 -0.08 -0.06 -0.04 —-0.02 o} 0.

. — %2 / ndf 18.79/ 26
is used to replace BGL and CLN oof- v __evaen
80 ? sigmal 0.010’:2i 0.00057
. . . 7O sigmaR 0.007521+ 0.000528
*  Weights: normal weight +/- 16 weights x No. parameters sof-
50
. 40
* The event weights are calculated by Hammer oF
20 %—
Form factor model Parameters 10 i—
Semileptonic B decay E o e i ol el aid ] e | per o by P g iy g
MC14ri MC15rd MC14ri MC15rd TeSOE=GoS =004 00§ Sur Dok ToL s B
B-> De-v, BGL BLPRXP 8 9
B —> D*¢-v, BGL BLPRXP 6 9 -~ B
= "Np—r HE 0.08 250
B—-> (D{, D)0 U, LLSW BLR 3 3 % 008
B-> (D, D})e-u, LLSW BLR 4 4 § ooaf 200
~ o0.02|F
B-> Dt 7, CLN BLPRXP 3 9 £ of =l i
= g b 100
B -> D*170, CLN BLPRXP 5 9 B e
B—> (Df, D))t 0, LLSW BLR 3 3 oxE =
B—> (D, D)0, LLSW BLR 4 4 OB o o oo O O O, O s
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Bl Fraction of fake D [

« There is peaking structure inD** —> DY+, D** —> D* %, D*0 —> DO
« The fraction of correctly reconstructed D) is reweighted following the fit results at g2 sideband and PDF is

regenerated, then Asimov fit 1s performed.

Table 7.5: Data/MC comparison of the number of selected events at ¢ side-band. The
error shows statistical error of data. systematic error is not included in the error.

Category Fraction of correctly reconstructed D*)
Dt — Dzt D** D2 D' D% D> D% DO Dt
before fit 0.929 0.853 0.850 0.500 0.907 0.919
after fit  1.000 0.831 1.000 0.501 0.865 0.892
+ 0.043 e ofl ¢ T + (.151 + 0.070 £ 0.034 = 0.065
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Bl Selection: ROE |

ECL : :
* E ciir shape is much cleaned than the last analysis BO —> D*+g-5(D** —> DOrr%)
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Bl Selection:BCS |

* There are multiple candidates in an event after the selections

* A best candidate selection is thus applied following five steps in following orders:

1. Biag probability with the highest pgg;

2. D™ mode selection: D** —> DO+, D*+ —> D+t D*0 —> DOp0 pD*0 _> DOy DO D+

3. D™ mode dependent selection: smallest y 2

4 . D branch ration

5. Random: for events still have multuiple candidates. The best candidate 1s selected randomly(~1.7%)
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Figure 5.1: Invariant mass of D° in each decay mode at g? sideband with all selections
including the mass selection.
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B g2 sideband
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Figure 5.2: Invariant mass of D+ in each decay mode at g? sideband with all selections
including the mass selection.
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B g2 sideband
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Figure 5.3: Mass differences of D* and D in each decay mode at g? sideband with all
selections including the mass selection.
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Fited bias |

 The fitter bias is seen depends on R (D*) and R (D) input values

* The maximum bias in the figure is taken as systematic error
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Fitter bias of R(D*)(left) and R(D)(right) with Asimov fit. x and y axisare input value of R(D*) and R(D) , and z axis
is the bias defined as (R(D™)) — R(D(*))input)/R(D(*))mput
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Bl Correction of branching ratios

* Values of the branching ratios of signal and background are different between the Belle II simulation and PDG
» The differences are evaluated and corrections are applied to MC

branching ratio of B —> D) gp

branching ratio of T —> ¢vD

branching ratio of D*

branching ratio of D

branching ratio of hadronic B decay

branching ratio of B —> D**£@p decay
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e Expected Yields -
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e Expected Yields -
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e Expected Yields -
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