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Motivation
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e Measurements challenging due to
B— X_Iv

Clear separation only possible in
certain kinematic regions, e.g.
lepton endpoint or low M,
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Overview on Reconstruction Strategy

e Using full Belle dataset of 711 fb™' ¢
] /o
e Hadronic taggin B B .
g8ing \Y(4S)/ x,
Hadronic Tag Signal Side
ef__,. s - X system
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Reconstructed kinematic variables

e Hadronic system X:

px = Yu(y/m2 + il py) + X (Bi, ki)
e Missing mass squared: e Leptonic system:

MM2= (Py(zls)_P‘cag_PX_Pf)Z q2:(PB_PX)zz('Pl—I_‘PV)2




Background Suppression BDT

Use machine learning (BDT) to suppress backgrounds
BDT output and top ranking input feature vaiables are shown
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Inclusive Events
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After BDT Selection
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Signal Extraction

e Extract signal using binned likelihood in 3 phase space (PS) regions

o EB>1GeV

o ES2>1GeV, M, <17 GeV
o ESf>1GeV,M, <1.7GeV,q*>8 GeV

— Fit either E,° ,M,, g* or M,:q*

— MC templates for signal,

In total carry out five fits:

& background
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Fits for EgB >1GeV, M, <1.7 GeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032004

Fit for EeB >1 GeV

Projections of 2D fit resut:
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.072001
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Theoretical Decay Rates & |V |

AB(B — X, (T v
Vool =\/ ( )

T - AT(B — X, (T v,)

e 17, average B meson lifetime: (1.579 + 0.004) ps
e Al: Use state-of-the-art theory: BLNP, DGE, GGOU, ADFR to

determine |V, |
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Preliminary Resultson |V_ |

o M, :q?fit most precise & covers largest phase-space (~86%)

(a)

(b)

(c1)

(c2)

+0.08,+0.13,4+0.21
3.81 —-0.08,-0.13,-0.21

+0.18,+0.26,+0.26
4'35—0. 18,-0.28,-0.28

+0.09,+0.17,40.21
3 '90—0. 10,-0.18,-0.21

+0.10,+0.20,4+0.18
4. 14'—0. 10,-0.22,-0.20

IVubl (& stat + sys + theo.)

DGE

+0.08,4-0.14,+0.20
3 '99—0.08,—0. 14,-0.26
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4'27—0.18,—0.28,—0.21

+0.10,4-0.18,+0.20
4'08—0. 10,-0.19,-0.26

+0.10,+0.21,+0.11
4'25—0. 10,-0.22,-0.12

GGOU

+0.08,40.13,40.15
3'88—0.08,—0. 14,-0.16

+0.18,40.27,+0.24
4'36—0. 18,-0.28,-0.27
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(d)

+0.08,+0.15,+0.18
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+0.08,+0.16,+0.08
4.1 1—0.09,—0. 16,—0.09

+0.08,+0.15,+0.18
4.01 —0.08,-0.16,-0.18
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Stability over Bkg Contamination

Change of result if background is increased (+37%) or decreased (-26%)
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Average Resulton |V |

Arithmetic average over results of four theory calculations:

Vol (ave) =(4.06 £0.09, +0.16_ +0.15, ) x 10°?

theo

Value is compatible with excl. and CKM expectation within 1.4 c and 1.6 ©
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Summaryon|V |over Time

|Vup| Measurements over Time
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- EPS 2019 * Phys.Rev.D 101 (2020) 3, 032007 O Nature Phys. 11 (2015) 743-747
i [Viub| Inclusive B-T1v + This work (Belle Preliminary)
6 — + PDG CKM Review 4 Phys.Rev.D 92 (2015) 5, 051102
i [Vup| Exclusive
1 @ PDGCKM Review
5 5
Z -
y ] : A SE AR R |
a- 9 ;
] : B e R
4 o o) o
J o) o o) o D
3 —
| | | | | | | | | | | |
< < < < < < 9. D D D D D D

14



e Preliminary resluts are obtatined with hadronic tagged
analysis with full Belle dataset:

AB(B— X, Iv, EBI >1GeV)=(1.56 +0.06__. +0.1 Zsys) X 1073

stat

— |V, | (avg) =(4.06£0.09, +0.16,, +0.15, ) x 10

stat theo

e The measured partial branching fractions for various PS are
compatible with the previous Belle and BaBar results.

e |V | tension between excl. and incl. measurements is
found to be ca. 1.4 standard deviations.
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Background B—X Iv MC

e Update excl. BR to PDG2019 and the masses and widths of D**,
e Tofill the gap between the inclusive and exclusive measurement,

additional MC samples were generated.

BR
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BO

B X 0Ty,
B D{ty,
B D' iy,
B Doy,
(— D)
B = Dty
(= D*m)
B D, 0Ty,
(= D*m)
B DYty
(= D*m)
B > D3ity,
(= D)
p(Dy = D*m, Dy — D) = 0.693

D, D*

(2.5+0.1) x 1072
(54+0.1) x 1072
(0.420 + 0.075) x 102
(0.423 4 0.083) x 10~
(0.422 £ 0.027) x 1072

(0.116 4 0.011) x 10~

(0.178 £ 0.024) x 1072

(2.340.1) x 1072
(5.1£0.1) x 1072
(0.390 £ 0.069) x 10~
(0.394 4 0.077) x 10>
(0.392 4 0.025) x 1072

(0.107 £ 0.010) x 10>

(0.165 + 0.022) x 102

B D Ty,
(— D)
Ga p B — D1r7r €++1/g
B> D narl" vy,
B— Dntty,
B — D*ntty,

(0.242 4 0.100) x 10~

(0.06 + 0.06) x 10>
(0.216 £ 0.102) x 102
(0.396 + 0.396) x 10>
(0.396 + 0.396) x 107>

(0.225 £ 0.093) x 10~ *

(0.06 + 0.06) x 102
(0.201 + 0.095) x 10>
(0.399 + 0.399) x 10>
(0.399 £ 0.399) x 10~

B X 0"y,

(10.8 +0.4) x 10”2

(10.1+0.4) x 102
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Systematics on Partical BF

Fractional uncertainties [
Phase-space region Mx <1.7GeV Mx <1.7GeV, Mx <1.7GeV, Ef >1GeV E; >1GeV Preliminary
B 5168V EF 188V @ SR€8V,
EP >1GeV
Fit variable(s) (M fit) (EP fit) (4> fit) (EE fit)  (My : ¢ fit)
Source of uncertainty
Additive uncertainties . .
B — X, ¢* v, modelling 14% 47% 6.1% 18% 2.3% Shape uncertainties
B — X" v, modelling 1.5% 1.5% 0.9% 1.5% 1.5%
Li1p,Lxip, Tracking, w, eff. 1.4% 0.4% 1.1% 0.5% 1.4%
MC statistics 2.8 % 4.8% 6.4 % 4.8% 3.0%
Multiplicative uncertainties
B — X, et v, modeling
B — w¢t v, FFs 0.1% 0.1% 1.6 % 0.1% 0.1%
B — ptT v, FFs 0.4% 0.4% 3.0% 0.4% 0.4%
B — w(" v, FFs 1.0% 1.2% 5.0% 12% 0.8%
B -yl v, FFs 0.2% 0.1% 1.4% 0.2% 0.1%
B =1 (" v, FFs 0.1% 0.1% 1.4% 0.1% 0.1%
B(B— wlv,) 0.2% 0.3% 0.3% 0.3% 0.2% . .
B(B — pt*v,) 0.3% 0.5% 0.5% 0.5% 0.3% Effect on normalization
B(B - wlty,) 0.1% 0.1% 0.1% 0.1% 0.1%
B(B — nttv,) 0.1% 0.1% 0.1% 0.1% 0.1%
BB — 1 (" v,) 0.1% 0.1% 0.1% 0.1% 0.1%
B(B— X, (Tv) 3.0% 3.4% 32 % 4.9 % 3.8 %
DFN parameters 2.1% 2.3% 2.8% 34% 2.6% 5.3%
Hybrid model 0.2 % 0.2 % 0.3 % 0.6 % 0.5 % ’
MC statistics <01 % <01 % <01 % Z10:14 % <01 %
L1p efficiency 1.5 % 1.6 % 1.6 % 1.6 % 15 % 6.3%
Lxip efficiency 0.7% 0.7% 0.6 % 0.8% 0.8%
Ngs 1.3 % 1.3 % 13 % 13 % 13 %
Slow pion efficiency <01 % <01 % Z0:1 "%, <01 % <01 %
Tracking efficiency 0.9 % 04 % 0.8 % 04 % 0.9 %
Tagging calibration 3.6 % 3.6% 3.6 % 3.6 % 3.6 %
Total syst. uncertainty 6.7% 13% 9.3 % 10.4% 7.9%
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Details on Theory Rates

The theory rates AI'(B — X, et vy) from various theory calculations are listed. The rates are in units of ps—

Phase-space region BLNP [51] DGE [52,53] GGOU [54] ADFR [55, 56

My < 1.7GeV 452754 42.3153% 43.7139 52.3752

Mx <1.7GeV, ¢° > 8GeV> 2341573 94,3133 2% b Rl 31,113-2

pe > 1CeV 61.51%4 58.2138 58.5127 61.51?:?

- BLNP: The prediction of Bosch, Lange, Neubert - GGOU: The prediction from Gambino, Giordano,
and Paz (short BLNP) of Ref. [51] provides a Ossola and Uraltsev [54] (short GGOU) incorpo-
prediction at NLO accuracy and incorporate all rate all known perturbative and non-perturbative
known corrections. Predictions are interpolated be- effects up to the order O(a2 fy) and O(1/my), re-
tween the shape-function dominated region (end- spectively. The shape function dependence is incor-

porated by parametrizing its effects in each struc-
ture function with a single light-cone function. The
calculation is carried out in the kinetic scheme and

. kin
SE 2SF we use as inputs m, = 4.55 £ 0.02 GeV and
put we use m, = 4.58 + 0.03GeV and pu;> = 257 046 4 0.08 GeV?,

0.2075:95 GeVZ.

point of the lepton spectrum, small hadronic mass)
to the region of phase space, that can be described
via teh operator product expansion (OPE). As in-

- ADFR: The calculation of Aglietti, Di Lodovico,

- DGE: The dressed gluon approximation (short Ferrera, and Ricciardi [55, [56] makes use of the ra-
DG]*.Z) .from Ar.ldlersen ancli Gardi [52, 53] makes tio of B — X, ("1, to B — X, v, rates and
predictions avoiding the direct use of shape func- soft-gluon resummation at NNLO and an effective
tions, but produces predictions for hadronic observ- QCD coupling approach. The calculation uses the
ables using the on-shell b-quark mass. The calcu- MS scheme and we use m;,(MS) = 4.1940.04 GeV.

lation is carried out in the MS scheme and we use
my(MS) = 4.19 + 0.04 GeV.
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