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Semileptonic B Decays at Belle Il
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Precision CKM tests

Latest results on semileptonic and electroweak penguin decays at Belle Il - Maximilian Welsch
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Tag-Side Reconstruction using the Full Event Interpretation

( ( Displaced ( Neutral
Tracks )
Vertices J Clusters
) = o

(Comp. Softw. Big Sci. (2019) 3: 6)

e MVA based tagging algorithm reconstruction B

e flavor constraint: B:gg = Bs?g decays using a hierarchical approach

e kinematic constraint: e reconstruction of O(10,000) distinct decay chains

Py =Pt~ ~ PByy — Px. ~ Pe e up to 30-50% improved efficiency at same purity
compared to Belle Full Reconstruction
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https://link.springer.com/article/10.1007/s41781-019-0021-8
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|V,,| from B — mwe'y,
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e likelihood fit of my, in three = bins
miss q (pe -‘rPue) m2 _ (P P p p )2
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e observed significance 3.80 — 5.40 miss e'e tag ™

B(B? — n~ e1,) = (1.43 + 0.27 (stat.) + 0.07 (sys.)) x 10 %  (PDG: (1.5040.06)x10™%)

B(B" — e 1) = (8.33 £ 1.67 (stat.) = 0.55 (sys.)) x 10 ° (PDG: (7.8040.27)x10™°)
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|V,,| from B — mwe'y,
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e unfolded q2 spectrum translated into differential branching fraction dl’)’/dq2

o 7 fit of dB/dq2 o< \Vub|2ff(q2) using BCL form factor parameterization and lattice QCD constraints
(Ferm”ab/l\/”LC) (arXiv:1503.07839)

e combined fit — |V, | = (3.88 £ 0.45) x 10
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® (PDG: (3.67+0.15)x10 %)


https://arxiv.org/abs/1503.07839
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V.| from B® — D*¢'y,

reconstruct decay chain B’ — D" (— 50(—> K e )r )t

[ ]
e event selection based on:
e m
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e Am=mpx —mp
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® Miss = (P~ — P8y, — Pe — Pp*)
e main challenges: low momentum 7 efficiency
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— B(B® = D* ¢'y,) = (5.27 £ 0.22 (stat.) £ 0.38 (sys.)) % (PDG: (5.66-£0.22)%)
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o fit 9L o 72 (w)| V.
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parameterization, R;(1) & R,(1) constrained to HFLAV

averages (Nucl. Phys. B530, 153 (1998)
o newF(1)| V| = (35.3+£0.4%)107°
e p°=0944+021

— |Vp| = (37.94+2.7) x 10 (PDG: (39.5+0.9) x 10~ %)
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https://doi.org/10.1016/S0550-3213(98)00350-2
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q> Moments from B — X_ v,
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q = (pe +p,)


https://arxiv.org/pdf/1812.07472.pdf

q> Moments from B — X_ v,
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e likelihood fits to My distributions to determine background normalization

(q

e bkg. subtraction via event-wise weights
e event-wise calibration removing resolution & selection effects

e main challenges: background modeling at low q2, impact of B — X_{v, modeling on calibration
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q> Moments from B — X_ v,
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° q2 moments as functions of lower q2 thresholds

e first measurements for lower q2 thresholds in the region 1.5 — 2.5 GeV? (covering up to 77% of available
phase space)

e to be submitted to PRD soon, expect new inclusive ‘Vcb fit in the near future
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Branching Fraction of B — K*¢" ¢~

e reconstruct B — K*(— KTn ™, Kta?, ng*)ﬁf
e 2D likelihood fit to My, = (s/4 — p32)Y/? and AE = E} — /5/2
e BF measurement over entire q2 range excluding J/i & ¢ (2S) resonances

e observed signal significance 3.60 — 5.90

BB — K ) = (1.2840.2970%) « 107°  (PDG: (1.06::0.09) x 10~ )

0.09 6

(B — K'ete™) = (1.04 £0.487%723) x 10 (PDG: (1.1940.20)x10 %)

=
R

B(B — K007 )= (1224028 2%)x 10 ° (PDG: (1.0640.10)x10~°)
— independent check of R(K(*)) anomalies with a few 1ab™ "
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e precision measurements of |V, | and |V,,| import aspect of semileptonic physics program

at Belle Il
e LFU vioaltion in b — s¢/ transistions one focus of the EW penguin program

e first results (all new for Moriond):
° }Vub| from B — me' 1,
o |V.p| from B — D* ¢y,
° q2 moments of B — X v,
e BF measurements for B — K*¢*¢~
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SuperKEKB and Belle Il Detector
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B — me'y, Branching Fractions

4° bin

Signal efficiency Unfolded signal yield

AB

87 7r_e+ue

0GeV? < q° < 8 GeV? (0.189 & 0.002)% 155 £ 46 (0.61 £ 0.18(stat) = 0.03(syst)) x10
8 Gev? < ¢° < 16 GeV? (0.239 = 0.003)% 153 4 4.8 (0.48 + 0.15(stat) + 0.02(syst)) x 10 %
16 GeV? < % < 26.4 GeV2  (0.220 + 0.003)% 103 £ 42 (0.34 + 0.14(stat) & 0.02(syst)) x 10+
Sum - 411+ 78 (1.43 + 0.27(stat) & 0.07(syst)) x 10~
Fit over full g2 range (0.217 £ 0.002)% 420 + 7.9 (1.45 + 0.27(stat) & 0.07(syst)) x 10~
World average - - (1.50 + 0.06) 10~
q2 bin Signal efficiency Unfolded signal yield AB
.‘3Jr — 7\'Oe+ Ve

0GeV? < q° < 8 GeV? (0.329 + 0.004)% 120 £ 47 (2.90 + 1.12(stat) & 0.19(syst)) x10 >
8 GeV? < g% < 16 GeV? (0.439 =+ 0.005)% 181+ 51 (3.05 £ 0.91(stat) = 0.20(syst)) x 10>
16 Gev? < % < 26.4 GeV? (0451 + 0.006)% 145 4 4.9 (2.38 + 0.85(stat) & 0.16(syst)) x 10>
Sum - 455 + 85 (8.33 + 1.67(stat) & 0.55(syst)) x10 >
Fit over full g2 range (0.402 + 0.003)% 439 + 83 (8.06 & 1.62(stat) + 0.53(syst) x10 >

World average

(7.80 + 0.27) 10 °
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B — me'y, Systematic Uncertainties

Source % of % of
l’)’(B0 — 7 ety,) B(BY — 7roe+ue)
4° bin index 1 2 3 1 2 3
Nag 2.9
fro 1.2
FEI calibration 3.2 3.1
Tracking 0.6 0.3
7° efficiency - 4.8
Signal efficiency ¢ 1.3 1.2 1.4 13 1.2 1.3
Electron 1D 1.0 0.4 0.4 1.0 0.5 0.5
Pion 1D 0.4 0.4 0.4 -
Total 4.8 4.7 4.8 6.7 6.7 6.7
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B’ — D* £"v, Systematic Uncertainties

Systematic sources Relative uncertainty (%)
FEI efficiency 3.9
Low momentum 7 efficiency 4.1
Tracking efficiency 0.9
Lepton particle identification 2.0
Background 1.2
Ngg 2.9
fio 1.2
B(D*" == D) 0.7
B(D® = K'r) 0.8
ECL energy 1.0
Form factor 0.1
MC statistics 1.8
Total 7.3
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at Belle |11

|Vus| Measurements over Time 5 |Ven| Measurements over Time
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(Credit: Markus Prim)

e measured |V, | values compatible with WA
e precision limited data sample size

o future improvements with untagged analyses of SL decays (€ragged < 1% VS. €,ntagged ~ (20 — 30)%)
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q> Moments from B — X_ v,

Decay B(BT) B(B%)
B— Dy, (24+£01)x 1072 (2240.1) x 1072
B — D*ty, (55+£01)x 1072 (5.140.1) x 1072
B — Dy L, (6.6+£1.1)x10"°  (6.24+1.0)x 10>
B — D5 ty, (29+£03)x107°  (274+03)x 1073
B — D§ly, (42+08)x 107>  (3.940.7)x10°
B — D{tv, (424+09)x 107>  (3.940.8) x 10 °
B — Drrly, (064+0.9)x107°  (0.6+0.9)x 10>
B— D'rmly, (22+10)x107°  (2.04£1.0)x10°
B — Dntuy, (4.04+4.0)x107°  (4.04+4.0)x10°
B— D*nty, (4.04+4.0)x107°  (4.0+4.0)x10°
B — X ly, (10.8£0.4) x 1072 (10.140.4) x 102
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q> Moments from B — X_ v,

ai [Gev? /' 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
(%) [Gev?/c] 516 549 579 609 638 660 7.0l 732 762 793 823 853 882 0910 9.39
Calibration (MC Statistics) ~ Calib. Curve (Stat. Unc.) 063 056 049 043 038 033 029 026 025 026 028 030 033 037 040
Bias Corr. (Stat. Unc.) 010 009 009 008 008 008 007 007 007 007 006 006 006 006 0.06
Calibration (X, Model) B(B — Dtv) 010 009 008 007 006 005 004 004 003 002 002 001 001 000 0.00
B(B - D" tv) 033 029 024 021 017 014 011 009 007 005 004 003 002 001 0.00
B(B — D** ) 071 063 055 048 040 034 028 023 018 013 010 007 005 003 0.02
Non-Res. X, Dropped 031 063 075 076 069 060 048 039 032 025 018 014 011 008 0.06
Non-Res. X, Repl. w/ D, D; 034 049 051 045 037 029 018 010 004 002 000 003 003 003 001
B — Diév Form Factor 001 00l 001 00l 00l 00l 00l 00l 000 000 000 000 000 000 0.00
B — D" fv Form Factor 008 007 007 007 006 006 006 005 005 005 004 004 004 004 003
Calibration (Reconstruction) ~ PID Uncertainty 014 012 011 009 008 007 005 004 003 002 002 00l 00l 001 001
N,, Reweighted 030 027 024 022 020 018 016 014 014 013 013 012 011 010 010
Niracks Reweighted 109 100 092 085 078 072 065 060 055 051 047 044 041 038 035
Epniss — Pmiss Reweighted 026 022 021 019 018 017 015 015 014 014 013 012 012 011 009
Tracking Efficiency 013 012 011 010 009 009 008 007 006 006 005 005 005 004 004
Background Subtraction Spline Smooth. Factor 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00
Bkg. Yield & Shape 139 115 090 077 063 047 033 023 016 010 006 003 002 005 006
Other Non-Closure Bias 018 021 016 011 006 005 002 002 00l 002 002 002 00l 00l 002
Stat. Uncertainty 027 024 021 020 018 016 016 015 014 014 013 013 013 013 013
Syst. Uncertainty 214 199 180 164 144 123 102 08 077 0690 062 059 057 056 0.57
Total Uncertainty 216 200 181 165 145 124 103 089 078 070 064 061 059 058 0.58

Latest results on semileptonic and electroweak penguin decays at Belle Il - Maximilian Welsch



~ Systematic Uncertainties

Source Systematic (%)
signal shape ~ 1.0
1 identification ﬂ]%

e identification t%%
K™ identification 0.4
7" identification 2.5
K_g identification 2.0
7° identification 3.4
FastBDT 1.3-1.7
limited MC statistics < 0.5
signal cross feed ~ 1%
tracking 1.2-15
=0 1.2
number of BB pairs 2.9
Total t6670
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Expected R(D™) Precision

18 — R(X) (had FEI, lep 7)
L6l R(r) (had FEI)
. L —— R(D) (had FEI, lep 7)
§ 14r ---- R(D) (SL FEIL lep 7)
= 12:\ R(D*) (had FEI, lep 7)
'E v -===- R(D") (SL FEI, lep 7)
8 q0p e R(D") (had FEI, had 7)
5
E
2

Data sample in ab !
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