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Motivation

Why we need Full Event Interpretation?

Interesting physics can be obtained from several challenging modes
with missing neutrinos (B → D(∗)τν, B → `ν, B → Xu`ν, B → hνν̄.)
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Tag-side B reconstruction

Tag-side B reconstruction

Collide e+ and e− at the energy
to make Υ(4S) particles.

Υ(4S) decays to B+B− and
B0B̄0 over 96% of the time.

Reconstruct one B meson as
tag-side (Btag) hadronic or SL.

Study remaining B meson as
signal (Bsig).

Flavour constraints:
B+
tag =⇒ B−

sig

Kinematic constraints:
pν = p
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Full Event Interpretation

The Full Event Interpretation

Employs over 200 BDTs to reconstruct 10000 B
decay chains.

Baryonic decays recently added.
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Full Event Interpretation

Role of the tag-side B classifier.

B classifier value, Ptag,
discriminates correctly
reconstructed tag-sides from
background.
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Select a high purity sample by
cutting on Ptag.

Determine the correctly reconstructed tag-side
yield by fitting Mbc .
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Efficiency of the algorithm differs between
simulation and data due to the complexity.
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Calibration of the FEI

Calibrating the FEI

Can calibrate the FEI by measuring a
signal-side.

Use B → Xlν given the large
branching fraction (∼20%).
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Calibration of the FEI

Calibration results

B+e B+ B+ B0e B0 B0
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Calibration of the FEI

Calibration results

P
B

+ > ε % uncertainty

0.001 0.653± 0.020 3.02
0.01 0.605± 0.019 3.13
0.1 0.644± 0.021 3.30

P
B

0 > ε % uncertainty

0.001 0.830± 0.029 3.44
0.01 0.777± 0.027 3.51
0.1 0.719± 0.028 3.87

Sources of uncertainty in %

Channel Fit Model B(B
0/+ → X`ν) Lepton ID Fit Stat. Tracking MC Stat. D

∗
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Tag-side efficiency in simulation against
purity corrected by εcal.

Tag-side efficiency = No. of events with a
correctly reconstructed tag-side (Ncorr) /
No. of Υ(4S)→ BB̄
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First Belle II tagged analyses

Rediscovering B → π`ν and B → D∗`ν with tagging
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Data-simulation comparisons with the
calibration applied.
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5.94σ!

B(B → π`ν) = (1.62± 0.42(stat)± 0.07(sys))× 10
−4
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Future

FEI Developments and the Future

Algorithm has been successfully applied to
the Υ(5S) resonance.

Graph networks naturally suit particle
decays.

Exploring deep extensions of the FEI.

We can look forward to exciting physics
results from the growing number of B
tags at Belle II!
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<latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit>

Belle II preliminary

NB± = 389 ± 43
<latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit><latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit><latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit><latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit>
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mbc<latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit>

PFEI > 0.2
<latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit>
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Conclusion

Conclusion

The FEI is performing well in early Belle II data.

A first calibration of the FEI has been performed with B → X `ν.

For a loose tag-side classifier selection the values of the calibration
factors are 0.65± 0.02 (B+) and 0.83± 0.03 (B0).

The decays B → π`ν and B → D∗`ν have been rediscovered with
tagging.

We are exploring deep learning extensions of the current algorithm.

More physics with tagging to come soon!
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