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Status of 𝑩 𝒔
𝟎 → 𝝅𝟎𝝅𝟎, 𝜼𝜼

Ø Only 𝐵! → 𝜋!𝜋! has been observed experimentally
Ø 𝐵! → 𝜋!𝜋!

Ø Puzzle: discrepancy between experimental and theoretical BR
Ø Necessary to determine CKM angle alpha

Ø Charmless two-body hadronic B-meson decay
Ø experimentally clean
Ø hadron physics, even new physics
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Experimental and theoretical branching ratios (in units of 𝟏𝟎"𝟔)



Advantage of CEPC
Ø Tera-Z factory

Ø Massive b-hadrons
~10$$ 𝐵! & ~10$! 𝐵%!

Ø Larger boost of b-hadrons than Belle II → more precise vertex reconstruction
Ø Lepton collider

Ø Cleaner collision environment and much lower background level
Ø Benefit neutral final states reconstruction
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Key detector performance
Ø Fast simulation strategy
Ø b-jet tagging

Ø CEPC baseline: 𝜀 ~ 80%, 𝑝 ~ 90%
Ø ECAL performance

Ø Only focus on di-photon decay of 𝜋! and 𝜂
Ø B mass resolution: 𝜎&!~ 30MeV → 2𝜎 separation between 𝐵! and 𝐵%!

Ø EM resolution: ⁄3% 𝐸 ⊕ 0.3%
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CEPC baseline b-tagging 𝐁𝟎 𝐁𝐬𝟎 separation
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Reconstruction performance of 𝝅𝟎 and 𝜼

Ø Inclusive 𝜋! and 𝜂 in 𝑍 → 𝑞8𝑞 (91.2 GeV)
Ø 9𝑁'" ≫ 9𝑁(
Ø prioritize 𝜋! reconstruction, use

remaining 𝛾 to reconstruct 𝜂

Ø Optimal 𝜖 × 𝑝 vs 𝐸'",(
Ø > 90% for 𝐸'" > 10 GeV
Ø > 60% for 𝐸( > 10 GeV
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Event selection of 𝑩 𝒔
𝟎 → 𝝅𝟎𝝅𝟎

Ø After b-tagging & 𝜋! reconstruction
Ø 4 cuts on energy and angular distributions of 𝜋! pairs

Ø Signal efficiency ~ 40%
Ø Background suppression ~ 3 orders of magnitude

Ø Optimize mass window → minimize accuracy 𝑆 + 𝐵/S
Ø ~ 7.5×10* 𝐵! → 𝜋!𝜋!, accuracy ~ 0.4%
Ø ~ 2.5×10+ 𝐵%! → 𝜋!𝜋!, accuracy ~ 4.0%
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Background components of 𝑩 𝒔
𝟎 → 𝝅𝟎𝝅𝟎

Ø Step structure mainly from 𝐵± → 𝑋 → 𝜋±𝜋!𝜋!
Ø 𝑚'"'"

- > 20 GeV-

Ø ~ 93% 𝐵± → 𝜌(770)±𝜋!, 𝜌(770)± → 𝜋±𝜋!
Ø ~7% 𝐵± → 𝜋±𝜋!𝜋!

Ø Kinematic constraint → cut-off on 𝑚'"'" ~ 5.2 GeV
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Event selection of 𝑩 𝒔
𝟎 → 𝜼𝜼

Ø After b-tagging & 𝜂 reconstruction
Ø Cuts on energy and angular distributions of 𝜂 pairs

Ø Signal efficiency ~ 45%
Ø Background suppression ~ 5 orders of magnitude

Ø Optimize mass window → minimize accuracy 𝑆 + 𝐵/S
Ø ~ 700 𝐵! → 𝜂𝜂, accuracy ~ 17%
Ø ~ 2×10* 𝐵%! → 𝜂𝜂, accuracy ~ 0.9%

8



0 20 40 60 80 100
 [mrad]γγθMinimum 

0

0.02

0.04

0.06

0.08

0.1

A.
U

. /
 1

 m
ra

d

0π0π → (s)
0B

ηη → (s)
0B

Ø Photon conversion
Ø Central region ~5-10%, Forward region ~25%, ~80% can be recovered
Ø Average conversion rate ~3% (each photon)

→ 12% efficiency lost of 𝐵 %
! → 𝜋!𝜋!, 𝜂𝜂

Ø Photon separation (especially di-photon merging)
Ø 2cm → 80% separation efficiency (CEPC baseline, 5GeV 𝛾)
Ø 2cm → 10 mrad angular separation (ECAL Rinner=2m)
Ø Only energetic 𝜋! suffers

→ 10% efficiency lost of 𝐵 %
! → 𝜋!𝜋!

Other effects

Final realistic results

Channels 𝐵# → 𝜋#𝜋# 𝐵$# → 𝜋#𝜋# 𝐵# → 𝜂𝜂 𝐵$# → 𝜂𝜂
Signal yield 60000 2000 600 17500
Accuracy 0.45% 4.5% 18% 0.95%
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Determination of CKM angle α
Ø CKM matrix: quark mixing, CP violation
Ø 𝐵! decay related triangle relation

Ø α determination via weak transition b → uud
Ø Commonly used decay modes

Ø 𝐵 → 𝜌𝜌, 𝜋𝜋, 𝜌𝜋
Ø Both tree and penguin diagrams
Ø Penguin contribution is non-negligible
Ø Using isospin conservation to deal with

penguin pollution
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Isospin analysis of 𝑩 → 𝝅 𝝅: 𝑩𝟎 → 𝝅/𝝅", 𝝅𝟎𝝅𝟎, 𝑩/ → 𝝅/𝝅𝟎
Ø 3 amplitudes can be parameterized by 12 real parameters (complex tree and penguin contributions)
Ø 6 parameters can be further eliminated by:

Ø 2 complex isospin relations (4 real constraints)
Ø absence of penguin contribution to 𝐵/ → 𝜋/𝜋! (2 real constraints)

Ø Remain only 6 degrees of freedom!
Ø From experimental side

Ø 6 observables are available to constrain the 6D parameter space

Ref. https://inspirehep.net/literature/1598487

Determination of CKM angle α
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Time-integrated CP asymmetry of 𝑩𝟎 → 𝝅𝟎𝝅𝟎
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Ø b-charge tagging performance:
Ø wrong tag fraction, 𝜔
Ø tagging efficiency, 𝜖012
Ø effective tagging efficiency (power), 𝜖344

Ø b-charge tagging at CEPC
Ø Jet charge measurement at MCTruth level (by Hanhua)

Ø infer b-charge by leading charged particles
Ø 𝜔 ~35%, 𝜖344 ~10%

Ø Dedicated b-charge tagging algorithm for 𝐵% → 𝐽/𝜓𝜙
(by Mingrui)
Ø potential to improve 𝜔 ~25%, 𝜖344 ~20%

Ø 𝐴56 = -0.33 (W.A.)
Ø 𝜎7#$ = 0.01 ~ 0.006 when 𝜔 = 35% ~ 25%
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Ø Simple method of “efficiency & purity” estimation

Ø Based on the understanding of detector performance
Ø Fast simulation results of 𝜋! (right plot)
Ø Much better performance of charged particles

Estimation of other two 𝑩 → 𝝅 𝝅 channels
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Input parameters to determine α
Ø Uncertainty on the CP asymmetry of 𝐵! → 𝜋/𝜋"

Ø 𝜎7%& use the same method as 𝜎7"": ~ 0.0021
Ø 𝜎8%& is rescaled by assuming ⁄𝜎7%& 𝜎8%& is same as LHCb: ~ 0.0018
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Fitting results of 𝜶

Isospin analysis
Ø 𝐵 → 𝜋𝜋 system only (by Lingfeng)

Ø Scan of confidence level for fitting α
Ø 1σ confidence level interval of 𝛼

Ø Full Belle II
Ø [97.1°, 100.3°] = 3.2°

Ø Belle II + CEPC (Tera-Z)
Ø Only 𝐵! → 𝜋!𝜋! updated to CEPC
Ø [97.7°, 99.8°] = 1.9°

Ø Full CEPC (Tera-Z)
Ø [98.6°, 99.1°] = 0.5°

Ø CKM global fit (by Pro. Sébastien & Olivier)
Ø Please see the talk in the second flavor session

Ref. https://inspirehep.net/literature/1598487
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Ø Extra constraint of 𝑆''!! can reduce the two-fold ambiguity on the solutions of α in [75, 105]°
Ø Time-dependent analysis need vertex information

Ø 𝜋! → 𝑒/𝑒"𝛾 Dalitz decay or photon conversion events
Ø Belle II: 147 Dalitz events & 124 photon conversion events

Ø CEPC advantage
Ø Larger boost of B meson
Ø Decent vertex reconstruction
Ø B decay lifetime resolution ~ 15 fs

Time-dependent CP asymmetry of 𝑩𝟎 → 𝝅𝟎𝝅𝟎: 𝑺𝝅𝝅𝟎𝟎
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Future work…



Summary
ØCharmless two-body hadronic B-meson decays: 𝐵 &

' → 𝜋'𝜋', 𝜂𝜂
ØCKM angle α determination

ØFast simulation: key detector performance modeling
Øb-tagging: 𝜀 ~ 80%, 𝑝 ~ 90%
ØEM resolution: ⁄3% 𝐸 ⊕ 0.3% (𝜎(!~ 30MeV)
ØOther effects: photon conversion & separation

ØAnticipated performance

Channels 𝐵# → 𝜋#𝜋# 𝐵$# → 𝜋#𝜋# 𝐵# → 𝜂𝜂 𝐵$# → 𝜂𝜂
Signal yield 60000 2000 600 17500
Accuracy 0.45% 4.5% 18% 0.95%
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Summary
ØDetermination of CKM angle α

Ø𝐵 → 𝜋𝜋 system only (this talk)
ØEstimate anticipated uncertainties on BR and CP asymmetry at CEPC

ØFinal state (𝜋', 𝜋±) reconstruction 𝜖 & 𝑝
Øb-charge tagging: 𝜔 = 35% ~ 25%, 𝜖*++ = 10% ~ 20%

Ø Isospin analysis: 1𝜎 confidence level interval of 𝛼
ØFull Belle II [97.1°, 100.3°] = 3.2°
ØFull CEPC [98.6°, 99.1°] = 0.5°, ~ 6 times better than Belle II

ØGlobal fit → Pro. Sébastien’s talk

ØFuture work
Ø Time-dependent analysis of 𝐵' → 𝜋'𝜋' 𝑆,,'' to reduce ambiguity on α

Ø 𝜋! → 𝑒"𝑒#𝛾 Dalitz decay
Ø photon conversion events
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Thank you!
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More precise determination of 𝜶 using 𝑩 → 𝝆 𝝆
Ø More precise than 𝐵 → 𝜋 𝜋 modes

Ø Larger branching ratios than 𝐵 → 𝜋 𝜋
Ø 𝐵! → 𝜌!𝜌! enjoys the charged final state 𝜌! → 𝜋/𝜋"

Ø Much better charged particle reconstruction performance than neutral particle
Ø 𝑆99!! is accessible to reduce the ambiguity solutions
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N_sig = 60000, Accuracy = 0.45%

ω 0.35 0.30 0.25 0.20

Acp = -0.33 (PDG) 0.010 0.008 0.006 0.005

Acp = -0.14 (Belle) 0.011 0.009 0.007 0.007

B0→π+π-, N_sig = 614400*90% = 5.5E5, Accuracy = 0.15%

ω 0.35 0.30 0.25 0.20

Acp = -0.32 (PDG) 0.0034 0.0025 0.0021 0.0018

Acp = -0.33 (Belle) 0.0033 0.0025 0.0021 0.0018
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Belle II ECAL
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Belle II


