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➢  Flavor Tagging is essential in time-dependent and time-integrated CP asymmetry measurements

➢  Determine tag-side 𝐵 flavor 𝑞 = ±1 at the time of its decay; either 𝐵0 or ത𝐵0

➢  Charge of final state particle in tag-side correlates to 𝐵𝑡𝑎𝑔 flavor, i.e. 𝑩𝟎 → 𝐷−𝝁+𝜈𝜇
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𝒇𝐂𝐏

𝒜𝐶𝑃 𝚫𝒕 =
Γ 𝐵tag=𝐵0 𝚫𝒕 → 𝒇𝑪𝑷 − Γ 𝐵tag= ത𝐵0 𝚫𝒕 → 𝒇𝑪𝑷

Γ 𝐵tag=𝐵0 𝚫𝒕 → 𝒇𝑪𝑷 + Γ 𝐵tag= ത𝐵0 𝚫𝒕 → 𝒇𝑪𝑷

=

Time-dependent CP asymmetry:

= 𝑺 ⋅ sin Δ𝑚𝑑Δ𝑡 − 𝑪 ⋅ cos Δ𝑚dΔ𝑡

Mixing induced 
CP violation

Direct CP 
violation



➢  Kinematic, topology and particle identification information 
→ unique signature of “flavor-specific” 𝐵 decays

➢  Flavor Tagger output: 𝒒 ⋅ 𝒓     confidence of flavor prediction

➢  Accounting for inefficiencies in Flavor Tagging:

with 𝑤 the mis-tag fraction and Δ𝑤 the asymmetry in 
wrongly tagging 𝐵0 and ത𝐵0

➢  Flavor Tagger performance metric: effective tagging power

➢  Increase in effective tagging power ⇒ higher statistical 
precision of time-dependent CP asymmetry measurement

Category–based Flavor Tagger
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Eur. Phys. J. C 82: 283
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𝒜𝐶𝑃 Δ𝑡 = −Δ𝒘 + 1 − 2𝒘 𝑆 ⋅ sin Δ𝑚𝑑Δ𝑡 − 𝐶 ⋅ cos Δ𝑚dΔ𝑡

https://arxiv.org/abs/2110.00790


➢  New Flavor Tagger, GFlaT, based on graph neural networks

➢  Accounts for relations between final-state particles

➢  Better tagging of events not containing charged leptons 
→ smaller bump at 𝑞𝑟 ≈ 0 and no bump at 𝑞𝑟 ≈ 0.65

➢  Relative improvement of 20% in effective tagging power 
from simulation

New Flavor Tagger: GFlaT
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arXiv:2402.17260
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https://arxiv.org/abs/2402.17260


➢  Calibrate Flavor Tagger and Δ𝑡 Resolution Function 
parameters using “self-tagging” 𝐵 decays:

o 𝐵0 → 𝐷−𝜋+ → 𝐾+ 𝜋−𝜋−𝜋+

o 𝐵0 → 𝐷∗−𝜋+ → ഥ𝐷0 𝜋−𝜋+ → 𝐾+ 𝜋−𝜋−𝜋+

o 𝐵0 → 𝐷∗−𝜋+ → ഥ𝐷0 𝜋−𝜋+ → 𝐾+ 𝜋0𝜋−𝜋−𝜋+

o 𝐵0 → 𝐷∗−𝜋+ → ഥ𝐷0 𝜋−𝜋+ → 𝐾+ 𝜋+𝜋−𝜋−𝜋−𝜋+

➢  Extract yields from Δ𝐸 and subtract Δ𝑡 background from 
sideband (𝑠𝑃𝑙𝑜𝑡 NIMA 555, 356-369)

➢  Fit background-free Δ𝑡 for parameters of interest

➢  Relative improvement of 18% in effective tagging power:

      Category-based: 𝜀tag = 31.68 ± 0.45 stat  %

                         GFlaT: 𝜀tag = 37.40 ± 0.43 stat ± 0.36 syst  %

Calibration with data
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Δ𝐸 = 𝐸𝐵
∗ − 𝑠/2

https://arxiv.org/abs/physics/0402083
https://arxiv.org/abs/2402.17260


➢  GNN-based Flavor Tagger is used to measure sin2𝛽 in 
𝐵0 → 𝐽/𝜓 𝐾𝑆

0 decays

➢  Yield extraction fit to Δ𝐸 and fit on background-free Δ𝑡:

𝑆 =  0.724 ± 0.035 stat ± 0.014 syst  

𝐶 = −0.035 ± 0.026 stat ± 0.013 syst  

➢  Statistical uncertainties 8% smaller than with category-
based Flavor Tagger

➢  CKM mixing angle 𝛽 (or 𝜑1) calculated from 𝑆:

𝛽 = 23.2 ± 1.5 stat ± 0.6 syst ° 

➢  Take-home: New GNN-based Flavor Tagger will lead to 
higher “effective” integrated luminosity ⇒ more precise 
measurements at Belle II

Measurement of sin2𝛽
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Signal mode Control mode
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Thank You!

Questions?



Backup



Tagging Categories



Input variables



𝑞𝑟 Breakdown



Data/MC & Linearity



Calibration – Δ𝑡 CP mixing fits

Highest
Confidence

Lowest
Confidence



Flavor Tagger & Δ𝑡 Resolution Function Parameters

𝑟 bins: [0, 0.1, 0.25, 0.45, 0.6, 0.725, 0.875, 1]
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