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Event in Belle II

. Asymmetric e+ e− collision atΥ(4S)
resonance

. Υ(4S) → B+B−, B0B̄0 with B > 96%

. If possible, reconstructs one of the B-mesons

in either semileptonic or hadronic decay

chains (Btag)

. Properties of the other B can be studied (Bsig)

. Flavour constraint: B+tag → B−
sig

. Kinematically constrained system with

hadronically tagged event:

~pν + ~pl = ~pe+e− − ~pBtag

In the Υ(4S) rest 
frame

Example of mode with hadronic Btag
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What is Full Event Interpretation (FEI)?

. Flexible multivariate tagging algorithm developed for B-meson reconstruction in Belle II

[ Keck, T. et al. Comput. Softw. Big. Sci. (2019) 3: 6 ]

. Task: Correctly identifying one B decay (Btag) allowing for detailed investigation of the other

B (Bsig)

. Use in B-physics: Especially useful when studying modes with missing energy (modes with

one or more neutrinos, specific dark matter searches)

. Successor of the Belle Full Reconstruction [ Feindt, M. et al. Nucl.Instrum.Meth.A 654 (2011) 432-440 ]

. Can be used on Belle data set

The Belle Collaboration, Phys. Rev. Lett. 124, 161803 The Belle Collaboration, Phys. Rev. D 98, 112016
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https://link.springer.com/article/10.1007/s41781-019-0021-8
https://www.sciencedirect.com/science/article/pii/S0168900211011193?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.161803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112016


Tagging Techniques in Belle II

. Generic FEI techniques include reconstruc-

tion of the B-meson candidate with

. Semileptonic Tagging

B(B+ → SL decays )≈ 20%
. Hadronic Tagging

B(B+ → Had decays )≈ 15%

. Trade-off between efficiency, purity, and

knowledge of missing kinematics

. Another possibility: dedicated signal-specific

FEI
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How Does FEI Work?

. FEI uses hierarchical approach to reconstruct

O(200) decay channels via O(104) decay

chains

. Firstly tracks, neutral clusters and displaced

vertices are interpreted as final state particles

(FSPs) e.g e±, µ±, K±, ...

. FSPs are then combined into intermediate

particles until B candidates are formed

. Each unique particle has its own multivariate

classifier which quantifies the correctness of

reconstruction based on input features such

as four-momentum, vertexing information...

Schematic view

. Usually only one B-meson candidate (the highest probability) is kept

. Recent development: Inclusion of baryonic modes [B(B+/B0 → baryons)≈ 5.3/2.4× 10−3]
DESYª | S. Stefkova | FPCP, 11.06.2020 Page 5



Hadronic FEI Performance in Early Belle II Data
. Evaluated with efficiency-purity scan

. Tag-side efficiency: N of correct Btag candidates / N ofΥ(4S)

. Purity: N of correct Btag candidates / N of Btag candidates

. Correct Btag yield: Fit tombc =
√

s
4 − p∗2Btag

. p∗2Btag := three-momentum of Btag candidate,
√
s := beam energy (Υ(4S) frame)

. N of correct Btag candidates can be controlled with B classifier value: PBtag
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Effect of Baryonic Modes on Hadronic FEI Performance

. Inclusion of baryonic modes improves hadronic tag-side efficiency by 3% (2%) for B+(B0)

. Belowmbc distribution highlighting contributions from several decay modes for B+ and B0 in

early Belle II Data
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Generic FEI Performance Comparison

MC tag-side efficiency@10% purity Had. B+/B0 [%] SL. B+/B0 [%]

Full Reconstruction Belle 0.28/0.18 0.67/0.63

FEI Belle 0.76/0.46 1.80/2.04

N of correct Btag per 1 fb
−1 in Belle (FEI) 8350/5060 19800/22440

. FEI outperforms Full Reconstruction

. Search for B → lνγ:

. Analyses with both Belle algorithms

. FEI improved sensitivity

The Belle Collaboration, Phys. Rev. D 98, 112016
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.98.112016


Hadronic FEI Calibration in Early Belle II Data

Calibration: difference in tagging efficiency between data

and MC

. Sources: hadronic branching fraction ratios, simulation

of detector, dynamics of the hadronic decays...

. Calibration Strategy: measure signal-side yield in well-

known, high B channel

Steps:

. Reconstruct Bsig := B → Xlν with specific selection

. Extract the number of signal events: Fit to p∗l

. Derive calibration factors: ε(DATA/MC)
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. Calibration factors used to correct the tag-side efficiency in physics measurements
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Upcoming FEI-related Work

Calibration plans:

. Hadronic FEI calibration with B → D(∗)lν

. Semileptonic FEI calibration

Expected physics results with FEI:

. Observation of B → D(∗)lν, J/ψ X, B → πlν

. B → lν, B → Xulν, B → hνν

Future FEI Developments:

. FEI forΥ(5S) resonance

. Υ(5S) → B(∗) = 76.2%,Υ(5S) → B
(∗)
s = 20.1%

. Physics target: B0s → ττ , B0s → lτ , B0s → φνν

. Deep classifiers in FEI instead of FastBDTs

[ Keck T., Comput. Softw. Big. Sci. 1, 2 (2017) ],

exploration of graph convolutional networks [ Kipf N. T, Welling M. 2016 ]

4.1. Implementation of B0
s meson and its decay channels 27

still implemented even though presently they and other channels with untrained classifiers
always return a signal probability of zero. Channels with J/ mesons are an exception.
This meson is reconstructed in a very pure sample which does not leave enough background
events to train the classifier (see Section 4.1.2). The 19 successfully trained channels can
be seen in Table 4.1. These channels account for approximately 10.54% of all B0

s decays
according to the Belle decay file used to generate the Monte Carlo dataset. The branching
fractions in this file are based on the 2007 edition of the Review of Particle Physics [48].

Table 4.1.: All additional, successfully trained channels in the FEI at ⌥(5S) accounting
for 10.54% of all B0

s decays. Channels 18 and 34 occur via an intermediate
K

⇤
(892) resonance that is not reconstructed. The channels 7, 8, and 10 use a

looser precut of
���E0�� < 0.5 to allow training with a statistically significant

sample. The columns labeled NSig and NBkg show the number of correctly and
incorrectly reconstructed B

0
s candidates. Additional channels that were added

but could not be trained, i.e. had less than 500 events in either background or
signal, can be found in Appendix B.

Decay Mode ID Decay Process MC BF NSig NBkg

in %

0 B
0
s ! D

�
sD

+
s 0.86 3148 1747

1 B
0
s ! D

⇤+
s D

�
s 0.90 2090 3039

2 B
0
s ! D

⇤�
s D

⇤+
s 1.97 2281 934

3 B
0
s ! D

+
sD

�
0.17 918 3779

4 B
0
s ! D

⇤�
D

+
s 0.27 576 767

5 B
0
s ! D

⇤+
s D

�
0.17 507 3101

7 B
0
s ! D

�
sK

+
0.02 795 1272

8 B
0
s ! D

�
s ⇡

+
0.28 13654 2221

10 B
0
s ! D

⇤�
s ⇡+ 0.27 8385 2596

14 B
0
s ! D

�
s ⇡

+⇡+⇡� 0.47 19063 49632
15 B

0
s ! D

�
sD

0
K

+
0.96 752 42480

17 B
0
s ! D

�
s ⇡

+⇡0 0.09 25078 11630
18 B

0
s ! D

�
sD

0
K

+⇡0 0.25 514 316956
22 B

0
s ! D

�
sD

⇤0
K

+
0.50 769 19269

28 B
0
s ! D

⇤�
s D

0
K

+
0.50 1017 24593

30 B
0
s ! D

⇤�
s D

⇤0
K

+
1.50 1115 9925

32 B
0
s ! D

⇤�
s ⇡+⇡+⇡� 0.77 27738 36660

33 B
0
s ! D

⇤�
s ⇡+⇡0 0.10 26173 10487

34 B
0
s ! D

⇤�
s D

0
K

+⇡0 0.50 593 135622

4.1.1. Pre-Cuts

The FEI rejects particle combinations which fail to match loose selection criteria at each
stage. This is mostly done to limit the unnecessary use of computing resources in the
vertexing step after the recombination but also presents the BDT classifier with more

Used B0s channels
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https://arxiv.org/abs/1609.02907v4


Conclusion

. Generic FEI algorithm now includes baryonic modes

. FEI performance with early Belle II data corresponding to L = 8.7 fb−1 was presented

. FEI performs significantly better than its Belle predecessor

. Calibration with hadronic tag in early Belle II data is being performed

. Exciting physics analyses utilising FEI algorithm such as B → K(∗)νν are under-way

. New developments of FEI algorithm can open door to B0s physics in Belle II
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Backup
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