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Introduction

e B meson pair is produced at the T(4S) resonance
with no additional particles

e Measurement of missing energy modes possible
e New tagging algorithm for Belle Il developed®

e Opposite B meson can now be reconstructed with
higher efficiency compared to the Belle approach

e New method applied to (converted) Belle MC/data ‘
and later Belle Il \ \

e Update of the Belle hadronically tagged BT — £ 1/, 2 o
analysisb N
e Determination of the first inverse moment \g of the
light-cone distribution amplitude of the B meson

3arXiv:1807.08680 (2018)
Phys. Rev. D 91, 112009 (2015)
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https://arxiv.org/abs/1807.08680
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112009

The Decay BT — ¢1u,y
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Form Factors (valid for large photon energies)
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BaBar (2009) (90% C.L.) > 0.115 L
Belle (2015) (90% C.L.) > 0.238 E, > 17Gev
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https://doi.org/10.1140/epjc/s10052-011-1818-8

The Belle Detector
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Analysis Strategy
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The Tagging Algorithm: Full Event Interpretation

e Hierarchical reconstruction of B,
with a network of classifiers

e Successor of the Belle Full Recon-
struction (FR)
e Training and application

e Hadronic and semi-leptonic tag
modes
e Generic FEI:

1) FEl trained and applied on full event —
2) Signal selection [ B BY J
e Signal-specific FEI (new):

1) Signal selection

Tagging efficiency on MC

T

2) FEl trained and applied on rest-of-event Tag FR gen. FEI Belle gen. FEI Belle Il
— trained on specific event topology Hadronic BT 0.28% 0.76% 0.66%
. sLBT 0.67% 1.80% 1.45%
° -
Each Brag ca.r.1d|date has an as Hadronic B” 0.18% 0.46% 0.38%
signed probability Prg: sLB® 0.63% 2.04% 1.94%

"Belle Full Reconstruction algorithm.
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Calibration of the Tagging Algorithm

Why calibration?
Difference in tagging efficiency on data and MC:

e Hadronic branching ratios

B~ = D= K ntntn )7y .
e Dynamics of hadronic decays
e Detector simulation B~ — D'(= K-#tx")0 7 s
e ..
Procedure B2 D KoY we |
1) Reconstruct B, in well-known channel
2) Apply tagging algorithm 050 (“j’f\m’}‘\-ﬁi":‘ 1.25
3) Extract the number of events on MC and
data via a fit on M, € = 0.825 £ 0.014 = 0.049
4) Calculate the correction factor for calibra-

tion channel: € incorporates a!l corrections on the
tag-side B,,,.
NData

€ =
Nuc

Moritz J. Gelo — BT — £ v,y 7



Missing Mass — MC Expectation

BT — e+1/efy BT — u+1/“’y
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[ signal shape . B 'y [ signal shape mm B 'ty
mm B -ty mm BT =ty mm B -ty mam B = nlty
[y b uly L b uly
 cte — g4 (g =u,d,s,c) N rare m ctem = qq (g =u,d,s,c) N rare

Signal simulated with AB(B* — £+V[y),_:7>1,0 Gev =5x107°

Increased signal reconstruction efficiency by a factor of 3 compared to previous Belle
analysis — without increasing the background.
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Improved Measurement Strategy

Improved measurement strategy

To constrain the peaking background from B™ — 7°¢"1, decays in the analysis we fit
an additional sample of reconstructed B — 7T0£+l/g decays.
We have two samples:

e B™ — ¢,y selection (nominal analysis)

e B" — 7%"y, selection (control region)

0£+

In addition we can use the extracted B(BT — ©%£"v,).

Two parameters

AB(B+ - £+V2’Y)E.,>1.o GeV

BB — 7%y,)

AB(B" = 'v)e s10cey and Ry = (1)

This allows to extract Az independent of |V, |. In addition, some systematics cancel in the
ration R.

©
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Fit on Data

Bt »efr.y BT — ,u,+1/u'y

1 I data 7 [ data
40+ fit 40~ fit
> | — remaining > | — remaining
O 1 — B Xe'n O 1 —— B X'y,
230 B o plet =307
s 1 e S 1 B = n'uty,
o] BY = efuy = . .
g el 2 . — B"=putyy
220 220 " ’ ’ ’
H0- 10 ll llll

i ( 1 > 3 U 0 1 2 3
M2 (GeV?) M2 (GeV?)
| BB® - %) (10°°) o | ABB" =Ty (107°%) o
e 8.31%94+0.9 8.0 17715+ 0.7 1.1
U 7.54+0.84+0.6 9.6 1.0714+£0.4 0.8
e, [ 7.9+ 0.6+0.6 12.6 1.44+1.0+0.4 1.4

Previous results for BT — 7r01’.+ue

| BB = 7% v, (x107%)
Belle excl. (2013) 8.0+ 0.8+ 0.4
PDG 7.80 + 0.27
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Limit Calculation

Bayesian Limit

0

[ABmt Lo e (AB) dAB

0.9 =

157 Lrpr(AB) dAB

2 3 4
AB(BT — (fypy) x 10°

ABBY = £ up) limit (10‘6) ©90%C.L.

L

BaBar (2009) Belle (2015)  This work
e - < 6.1 <43
w - < 3.4 < 3.4
e, i <14 <35 <3.0
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Systematics

B(B" — 7%y,) ABBT = (Tyy)

Source in107° in107¢
Ngg +0.11 +0.02
LID efficiency +0.16 +0.02
Tracking efficiency 40.03 +0.0

Calibration +0.49 +0.09
Reconstructed tag channel +0.01 +0.14
Peaking background BDT +0.02 +0.24
PDF templates +0.08 +0.18
B— X,(Ty, +0.02 +0.07
Reconstruction efficiency +0.20 +0.01

Signal model +0.0 40.03
BCL model +0.25 +0.01

Combined +0.62 +0.36

Systematic uncertainties are directly incorporated into the likelihood.
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Extraction of \g

A - AB(BY = ttuy)
" BB = 7%y,
AT(As)
r(B* — Ty,

RP* = (1.7 +1.4) x 1072

| s (GeV)
Model | o.3etg;§gtg~_gg S N I N
Model Il | 0.3875:537653 02 03 04 05 06
Model Il | 0.32+923+0-03 Ap (GeV)
based on: Two one-sided limits (@90% C.L.)

Beneke et al., JHEP 07:154 (2018) AB > 0.24 GeV and Ar < 0.68GeV
HFLAV, Eur. Phys. J., C77:895, (2017) e
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https://link.springer.com/article/10.1007%2FJHEP07%282018%29154
https://hflav.web.cern.ch

Conclusion

First application of new tagging
algorithm for Belle Il.

Updated results for BT —

°
vy
e Improved method for Ag extrac-
tion.
e Results will be published soon.
A (GeV)
, ABBT — Fu,n) limit (10‘6) ©90% C.L. Ag (GeV)
QCD factorization ~ 0.2
BaBar (2009) Belle (2015) This work QCD sum rules 0.46 + 0.11
e - < 6.1 < 4.3 BaBar (90% C.L.) > 0.115
I - < 3.4 < 3.4 Belle (2015) (90% C.L.) > 0.238
e, p < 14 <35 < 3.0 This work (90% C.L.) > 0.24
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