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Adventure of Inclusive B — Xuev
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Partial branching fraction & [V, |
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Differential branching fractions
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(B Ogoing activities & prospects:

388 - Lepton spectrum endpoint

- ABR, incl. |V |, moments, etc.
- and more?
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Reconstruction of B — Xuev

Z+
e Using full Belle dataset of 711 fb" 5 BZJ" con fully assin each e
~. _ @ state particle to either the
. . . s X t ignal sid
e Hadronic tagging with Neural Networks — HadgronicTag Signal side” ~© ag or signal side
(~ 0.2-0.3% efficiency) — Allows to reconstruct Xu
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SuppreSS baCkgrOU ndS with 11 trainning Reconstructed kinematic variables
features, e.g. MM?#K*, #K_, etc. ¢ Hadronic system X:
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BDT classifier output
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Partial Branching Fractions of B — X €v

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

(@) EBB >1 GeV (covers 86% of available signal PS)
o EZ2>1GeV, M, <17 GeV se%) — Fiteither E,*, M, , q*or 2D (M, : q°)
o) EeB >1 GeV, MX <1.7 GeV, q2 > 8 GeV? (31%)

e Signal yields further corrected for efficiency & acceptance in 3 PS regions

e Splitresults one, p, BY, B* modes are provided for E,® > 1 GeV region

Projection of 2D fit result on M_and g*(in 1st M_bin)
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AB(E,°>1GeV)=(1.59£0.07__ £0.16_ ) X 103

stat Sys based on 2D fit
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Inclusive |V |
ub

e Convert partial BF in E€B> 1 GeV of 2D fit result to |V, |

e Based on four calculations of the decay rate

BLNP
DGE
GGOU
ADFR

Our average

1 L L 1 1 L Il Il

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4
103|Vub|

Our average:

IV,,| =(4.10£0.09 . £0.15, ) x 103

theo

£0.22

compatible with excl. and CKM expectation

within 1.30 and 1.66 respectively
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AB(B — X, 0" 1)

|Vub‘ =
B

JAT(B = X, 0" v,)

CLEO (E)

423+049+022-031
BELLE sim. ann. (mx, Q)

452 +047+025-0.28
BELLE (E) ;
495 =046 +0.16-021 L R r—
BABAR (E_) ;
396 +0.10 £ 0.17 i
BELLE mx,q2 ﬁt,(El>1)

-0.09 1
BABAR (m_ <1.55) :
430 020 +0.20-0.21 -
BABAR (m <1.7)
410 £023 +0.16-0.17 o N
BABAR (m <1.7,q %8)
433023 +024-027 . O
BABAR (P*<0.66) :
425 £026+0.26 -0.27 B
BABAR (m , @2 fit, p*>1GeV)
444 +024 4009 -0.10 v Rad
BABAR (p*>1.3GeV)
443 027 +009-0.11 R
Average +/- exp + theory - theory :
4.19£0.12+0.11-0.12 =1

/dof 15. 1/10 (CL = 13.00 %)
Gambino, P. Giordano, G. Ossola, N. Uraltsev
JHEP 0710:058,2007 (GGOU)
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Inclusive |V |
ub

e Convert partial BF in E€B> 1 GeV of 2D fit result to |V, | V| = \/

e Based on four calculations of the decay rate

BLNP
DGE
GGOU
ADFR

Our average

1 L L 1 1 L Il Il

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4
103|Vub|
Our average:
= -3
V| =(4.10£0.09,  +0.22  £0.15, )x 10

compatible with excl. and CKM expectation

within 1.30 and 1.66 respectively

1.10 wrt new LCSR calculation [JHEP 07 (2021) 036]
0.60 wrt new JLQCD result [arXiv:2203.04938]

AB(B — X, 0" 1)

B

JAT(B = X, 0" v,)

CLEO (Ec)
423+049+022-031
BELLE sim. ann. (mx, Q)
452 +047+025-0.28
BELLE (Ec)

495 046 +0.16-0.21

BABAR (Ec)
396 £0.10 £0.17

BELLE m,q? fit, (E1>1)
| 415 024 +0.08-0.09

BABAR (m <1.55)
430 020 +0.20-021

BABAR (m <1.7)

4.10 = 0’?+016 0. 17

BABAR (m <1.7,q 8)

4332023 +024-027

BABAR (P"<0.66)

425 026 +0.26 -0.27

BABAR (m , @2 fit, p*>1GeV)
444 = U’4+UU9 0.10

BABAR (p*>1.3GeV)

443027 +009-0.11

Average +/- exp + theory - theory
419+012+0.11-0.12

/dof 15.1/10 (CL = 13.00 %)
Gambino, P. Giordano, G. Osso]a N. Uraltsev
JHEP 0710:058,2007 (GGOU
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AB(B — X, 0" 1)

B * AF(B — Xug l/g)

|Vub| =

In the traditional way, all kinematic information of
this decay is wrapped into normalization: decay
rate as input for determining [V |

— model-dependent extraction of [V |



V| = AB(B — X, ¢t 1)
N IAT(B = X, T )

In the traditional way, all kinematic information of
this decay is wrapped into normalization: decay
rate as input for determining [V |

— model-dependent extraction of [V |

Direct & more model-independent extraction:
normalization = kinematic shapes + normalization

e Exp: measure differential spectra of key kinematic variables
and provide full covariance information for them

e Theo+Exp: directly extract coefficients of non-perturbative
shape functions (Fermi motion of the b quark inside of B
meson) in a global fit and obtain [V ,|; uncertainty can be
further shrinked by including other inclusive B decays, e.g B—
Xy, B— X v (as the shape function in LO is universal)




V| = AB(B — X, ¢t 1)
N IAT(B = X, T )

In the traditional way, all kinematic information of
this decay is wrapped into normalization: decay
rate as input for determining [V |

— model-dependent extraction of [V |

2,07\ L LA e o e

Direct & more model-independent extraction:

=y
ot
T T

—Ax’=1 ]
theory unc. 7

normalization = kinematic shapes + normalization

F(k) [GeVY
5

e
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e Exp: measure differential spectra of key kinematic variables

and provide full covariance information for them %80 02 04 06 08 10 12 14
k [GeV]

e Theo+Exp: directly extract coefficients of non-perturbative Ee—
shape functions (Fermi motion of the b quark inside of B ’
meson) in a global fit and obtain [V ,|; uncertainty can be
further shrinked by including other inclusive B decays, e.g B—
Xy, B— X v (as the shape function in LO is universal)

NNVub




Differential AB(B — X €'v)
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Differential BF of B — Xue"v

Background-subtracted spectra

e We measure the following 6 kinematic variables in the phase space of E® > 1 GeV:

L M2, P, P_

9>, E°f, M
e Selection and reconstruction inherited from the partial BR measurement presented previously

e Additional selectionson |E_.__-P_. | <0.1 GeV and reconstructed M, < 2.4 GeV to improve resolution
and reduce background shape uncertainty

e Background subtraction done via M, fit; subtracted spectra are shown as below

=1 SignalMC 1 250 = signaimc 140 | ‘ ‘ =1 signal MC ]
4 Bkg subtracted data 4+ Bkg subtracted data 4 Bkg subtracted data
200 1
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2 100 - Full bkg-sub.
s0 |- uncertainties are
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— e oo ‘ . , signal hybrid X, (&
[ signal MC [ signalMC Signal MC . 3 .
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Unfolding

X: true distribution

e The detector response is s55[007 00 00 00 00"
represented by a migration %=
. 445)00 00 00 00 01
matrlx M 3.5.4 _o.o 00 0.0 00 15
335 -o.o 0.7 03 1.0 9.6

e M(i, j) indicates the 253|041
probability (%) to observe
an eventin bin jifit had a

generator-level value in binj =

Reco. P_ [GeV]
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True P_ [GeV]

Py

)

1
>

Y: measured distribution

MX =Y

80
Direct solution for X is

X=M'Y
40
» e Singular-Value-Decomposition (SVD)
[NIMA 372:469(1996)] is used in this
0 analysis
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Differential Spectra of B — X €'v
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A'%B (B - X,fv,; PS) =

. . . . B . .
e Differential branching fractions (E° > 1 GeV) are measured for the first time
e Necessary input for future model-independent determinations of |V e.g. NNVub, SIMBA)
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https://www.researchgate.net/publication/301817341_NNVub_a_Neural_Network_Approach_to_Bto_X_u_ell_nu
https://inspirehep.net/literature/884617

B

DESY. | Inclusive charmless decays at Belle (1) | Lu Cao

P_ [GeV]

Ef [GeV] P4 [GeV]

q? [GeV?]

My [GeV] M [GeV?]
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Correlations of All Measured AB

Full experimental correlations of differential AB are extracted
Summed AB agree well with (1.59 + 0.07 + 0.16)x107 from (M, : g°) fit result of [1]
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Extracted Moments
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Extracted Moments
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Lepton Momentum Endpoint

D
arXiv:2103.02629, shown in Beauty2020 & EPS-HEP2021
Belle I



A B(10®)/(50 MeV/c)

Why endpoint?

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

Excellent resolution for lepton
momentum/energy

Sensitive to the shape of inclusive
decays in this phase space

BaBar: PRD 95, 072001 (2017)

Electron momentum in c.m.s frame
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B — X ev Endpoint @ Belle Il

with early data 34.6 fb™

e Untagged measurement

arXiv:2103.02629

e Reconstruct signal with one energetical electron based on particle identification

e Significance of the yield is found as 3¢

[cdt=34.6fb!
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Further Ongoing Studies
@ Belle I




Belle Il Prospects

» Inherit successful recipe from the recent Belle measurements
» Potential to benefit from higher tagging eff. with FEI algorithm (arxiv:1807.08680)
° Implementation of GGOU into EvtGen is planned (collaborating with Paolo and Bernat)

* Further improvements are on track (signal selection scheme, unfolding, etc.)

e Partial & differential branching ratios

e Kinematic moments (event-wise treatment)

e Pion multiplicity (links excl. & incl. information, see next slide)
e AFBiInB— X'

e B— X77'v, LFU test, R(X)....
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Combined Exclusive/inclusive |V |

« Charged pion multiplicity measured by Belle shows a good agreement in data/MC
» Final state with single pion is promising to be disentangled with the rest of X

Other _

- Belle: PRD 104 , 012008 (2021)

1400 | EP>1GeV  — 0 _
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Combined Excl./Incl. |V |

* Extract excl. /incl. |V | ratio in a simultaneous
fit on b— u components yields and B— 1év
form factor (g° shape)

« Several syst. uncertainties cancelled in ratio
(e.g. tagging, leplD, etc)

* Attempt to demystify “Vub puzzle” from a new

Fermilab/MILC:

PRD 92, 014024 (2015)

_—
2 _ .2 2
4 _)(exp+)(LQCD

Postfit correlation in Asimov test

perspective
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Summary

e New results imply a smaller excl. & incl.
tension, continuous efforts and futher
confirmation from experiment and theory
are still needed

e Recent Belle measurement provided
important input for more
model-independent extraction

e Beyond these important results, the
accumulated knowledge on MC
modelling, analysis techniques, etc. will
be beneficial for future measurements by
e.g. Belle Il or LHCb

e Many exciting studies from Belle Il are on
the way!!

DESY. | Inclusive charmless decays at Belle (Il) | Lu Cao
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Vxb puzzle: ~30 tension between
excl. & incl. determinations
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Thank You




More Detalils




Expected Exp. Uncertainty for |V |

Statistical Systematic Total Exp Theory Total
(reducible, irreducible)
5ab™! 1.1 (1.3,1.6) 2.3 25—-45 34-5.1
50 ab™* 0.4 (0.4,1.6) 1.7 25—45 3.0—4.8

The expected relative uncertainties (in percent) for inclusive [Vub| measurements at Belle |l

DESY.
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Hybrid modeling of B— X Iv
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Efficiency & Acceptance Corrections

e Correct spectra for tagging & selection efficiency and phase-space
acceptance in of E® > 1 GeV

e Propagate full uncertainty to final result

10 X
S o8k
8 T f Total correction
o X x
S 06[
e
efficiency of tagging and signal selections § 0.4 Koklies,_
= x
— : —N\-1 [ £ 02 Y et
. |’7’ “(Etag “€sel|) Ex . e
ANB(B— XL PS) = e (IETQ N _Se D FM( = )| z :
/ BB *ratio of phase-space region g 110
£ 100
g 90 F PS correction
Sel ) PS & 1 1 1 1 1 1 1 1
g g Nifves i Ngen,i 10 12 14 1.6EB 1[sG V2].o 22 24 26
ta sel — pNtot € = — B [Ge
9 Ngen,i ARB( PS )  Ntot.
gen,l x10%
_laf
g
212 2 Total correction
Systematic uncertainties of the correction factors due to signal s & =
. . . £ o8f
modelling are extracted simultaneously for selection eff. & PS g o6l X x
S X
acceptance Foaf A i
Fo02f X xS
£ 100 f gl
% BOE e PS correction
E 60 B 1 1 1 1 1
S0 5 10 15 20 25
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Systematics for M,

Relative uncertainty (%):

The generator-level MC illustrates the hybrid
model of excl. and incl. components.
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Pion Multiplicity

DESY.

x103
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Status of |V_ |
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