
New results of the CKM angle γ /ϕ3

at Belle/Belle II
K .Trabelsi (IJCLab)

karim.trabelsi@in2p3.fr

Lint = 6.4 fb−1

Lint = 74 fb−1

Lint = 213 fb−1

Lint = 428 fb−1



   

γ measurements from B±→ DK±

∘ Access γ via interference between B−
→ D0 K−andB−

→ D0 K−

color allowed
B−

→D0 K−
∼Vcb Vus

*

∼A λ
3

color suppressed
B−

→D0 K−
∼Vub Vcs

*

∼A λ3(ρ+ iη)

rB=
|Asuppressed |

|A favoured |
∼

|Vub Vcs
* |

|Vcb Vus
* |

×[color supp] = 0.1-0.2

∘ Theoretically pristine B → DK approach

relative weak phase is γ , relative strong phase is δB

relative magnitude of suppressed amplitude is rB

⇒ for Dπ : same dependence to γ , but different rB ∼ 0.01 (Vus → Vud , Vcs → Vcd)
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γ measurements from B±→ DK±

∘ Theoretically pristine B→DK approach
∘ Access γ via interference between B− → D0K−andB− → D0K−

color allowed
B−

→D0 K−
∼Vcb Vus

*

∼A λ3

color suppressed
B−→D0 K−∼Vub Vcs

*

∼A λ
3
(ρ+ iη)

relative weak phase is γ
relative strong phase is δB
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D→KSπ π π
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3

rB=
|Asuppressed|

|A favoured |

∼
|Vub Vcs

* |

|Vcb Vus
* |

×[color supp ]

= 0.1 -0.2



   

γ measurements from B±→ DK±

∘ Reconstruct D in final states accessible to both D0 and D0

− D =DCP , CP eigenstates as K+K− , π+ π− , KSπ
0

− D =Dsup , Doubly -Cabbibo suppressed decays as K π

− Three-body decays as D→KSπ
+ π− , KSK+ K−

GLW method (Gronau-London-Wyler )

ADS method (Atwood-Dunietz -Soni)

BPGGSZ (Dalitz) method (Bondar -Poluektov -Giri-Grossman-Soffer -Zupan)

∘ Largest effects due to

− charm mixing

− charm CP violation

∘ Different B decays (DK , D*K , DK *
)

− different hadronic factors (rB , δB) for each

Y .Grossman , A .Soffer , J .Zupan
[PRD 72, 031501 (2005)]

negligible
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Belle II , a flavour -factory ,
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e-
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ha
dr
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energy threshold
for BB production
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b
u,d

b

b

u,d

Υ(4S)

Bd
0 , B+

Bd
0 , B−

''on resonance' ' production
e+e− → Υ(4S) → Bd

0 Bd
0 , B+ B−

∘ 2 B's and nothing else !
(flavour tagging , B-tagging)

∘ 2 B mesons are created simultaneously
in a L=1 coherent state

a rich physics program...
∘ We plan to ultimately collect many ab−1 of e+ e− collisions at (or close to)

the Υ(4S) resonance, so that we have:
− a (Super) B -factory (∼1.1 × 109 BB pairs per ab−1

)

− a (Super) charm factory (∼1.3 × 109 cc pairs per ab−1)

− a (Super) τ  factory (∼0.9× 109
τ
+
τ
− pairs per ab−1

)

− exploit the clean e+ e−  environment to probe the existence of exotic
hadrons, dark photons /Higgs , light Dark Matter particles, ALPs, LLPs ...
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(but also charmonium, X , Y , Z, pentaquarks , tetraquarks , bottomonium...)

For exclusive decays: high efficiency for KS
0 , π0 reconstruction

(scan data are also crucial here)

(Belle ∼ 0.7 ab−1 at Υ(4S))



data taking from March 2019 to June 2022
→ despite difficult conditions since March 2020 (Covid, war in Ukraine , energy cost ...)

luminosity : 4.7×1034
/cm2

/s ! > 2fb−1 per day !
June, 2022

record of KEKB /Belle
2×1034 /cm2 /s currents >1 A

record of PEPII /BaBar
1×1034 /cm2 /s currents >2 A

Belle II run I (2019 - 2022)

βy
* = 1mm , ILER /HER = 1.4 /1.1 A

squeezing further β y
*
(→ 0.6mm)

doubling (or more) the currents
⇒ L > 1035 /cm2 /s after LS16



Lint = 6.4 fb−1

Lint = 74 fb−1

Lint = 428 fb−1

Lint = 213 fb−1

Belle II run I (2019 - 2022)

5 × 1034
/cm2

/s
∼ 1 BaBar / year

7

⇒ 362 fb−1 at the Υ(4S) resonance (rest off resonance, and scan)

⇒ Belle II results presented here with 128 fb−1 , 189 fb−1 , 362 fb−1 ,
always adding Belle data sample (BPGGSZ) (GLW) (GLS)



BPGGSZ study B→D(KS
0h+h-)h-
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(Belle/Belle II collaboration)
[arXiv :2110.12125, JHEP 02 (2022) 63 ]

pion enhanced L(K /π) < 0.6

kaon enhanced L(K / π) > 0.6

∘ Analysis with 711 fb−1 Belle data and 128 fb−1 Belle II data
∘ Unbinned 2D simultaneous fit of ΔE versus C'

h = π , K

pion enhanced L(K /π) < 0.6

kaon enhanced L(K / π) > 0.6

(shown below for KS
0
ππ)

In the model-independent method, the D-decay Dalitz plot is divided into 2×N bins
N= 8

previous Belle analysis determined the values of Fi  from a sample of D*→Dπ ,

simultaneously from a fit to B→Dh± candidates



BPGGSZ study B→D(KS
0h+h-)h-
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(Belle/Belle II collaborations)
[arXiv :2110.12125, JHEP 02 (2022) 63 ]∘ Analysis with 711 fb−1 Belle data and 128 fb−1 Belle II data

h = π , K

σϕ3
= 14∘ from earlier Belle measurement

x±

DK
= rB

DK cos(δB
DK
±ϕ3)

y±

DK
= rB

DK sin (δB
DK
±ϕ3)

bin-by-bin asymmetries (N−

−i
−N+

+i
)/(N−

−i
+N+

+i
) in each Dalitz plot bin i



Fitting simultaneously the B→Dπ and DK samples, where D→K π , D→KK and KS
0
π

0 ,
Belle and Belle II samples

CP-even, D→K+ K− , CP-odd , D→KS
0 π0

Observables (three branching -fraction ratios and six charge asymmetries):

Yields of B± with the D decaying to X (CP+, CP− , flav ) expressed as:

ϵ is efficiency to identify a kaon (∼ 80-85%) , κ rate for misidentifying a pion (∼ 7-8%)
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GLW study for B→D(KK )K and D(KS
0
π

0
)K arXiv :2308.05048

submitted to JHEP



Fitting simultaneously the B→Dπ and DK samples, D→K π and...

with asymmetry ∼ 0 for B→D(K π)K modes

Using Belle (711 fb−1) and Belle II (189 fb−1), (previous measurement with Belle only 250 fb−1
)
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GLW study for B→D(KK )K and D(KS
0
π

0
)K arXiv :2308.05048

submitted to JHEP



Fitting simultaneously the B→Dπ and DK samples, D→K π and...D→KK and ...

GLW study for B→D(KK )K and D(KS
0
π

0
)K
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charmless B→KKK contamination
estimated from D mass sidebands in data

arXiv :2308.05048
submitted to JHEP



Fitting simultaneously the B→Dπ and DK samples, D→K π and...D→KK and KS
0 π0

In GLW, CP-odd state accessible
only to B-factories

Direct evidence of opposite ACP

for even and odd states
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GLW study for B→D(KK )K and D(KS
0
π

0
)K arXiv :2308.05048

submitted to JHEP



arXiv :2306.02940, accepted by JHEPGLS study for B±
→D(KS

0K±
π
∓
)K±

Using Belle (711 fb−1) and Belle II (362 fb−1)

four asymmetries and three branching - fraction ratios

those results alone do not allow for an unambigious 
determination of ϕ3 , will be combined with other results
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ϕ3/ γ determination with Belle/Belle II

inputs : four different methods , 17 different final states

B0
→D(*)h(*) decays are not included : minimal impact and introduce

additional external parameters
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(preliminary )



Inputs on D decays dynamics: other experiments
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(preliminary )



Results: 1D scans
60 input observables and 16 auxiliary D-decay inputs

p- value (PLUGIN): 75% combining inputs from B+
→D(*)h+ decays: ϕ3 = (78.6 ± 7.3)∘

(preliminary )



Summary
∘ Belle II has now on tape a sample equivalent to that of BaBar, half of Belle

∘ Allow to refine our tools, improve our analyses, understanding our detector

∘ BPGGSZ , GLW , GLS results with Belle + Belle II are recently obtained

∘ first Belle + Belle II combination: ϕ3 = (78.6 ± 7.3)∘ , consistent with WA within 2σ

∘ Currently preparing the detector and the  machine to ramp-up at full speed

∘ Will resume data-taking next Winter, on our way to the 1035 cm−2 s−1 world
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2023 2024

(ϕ3 = (66.2−3.6
+3.2

)
∘
)





GLS relations



few words on γ determination



Impact from Dπ



Impact from Dπ



Long-shutdown (LS1) activity and plans
Belle II stopped taking data in Summer 2022 for a long shutdown

− accelerator improvements: injection, non-linear collimators, monitoring...
− additional shielding and increased resilience against beam bckg

− replacement of beam-pipe
− installation of 2-layered pixel vertex detector
− replacement of photomultipliers of the central PID 

detector (TOP)
− completed transition to new DAQ boards (PCIe40)
− work on other detectors as CDC, KLM...
− improved data-quality monitoring and alarm system

PXD2 at KEK since March

TOP MCP -PMT replacement work

CDC FE reinstallation work

`

VXD extraction in May



run 1 (→ June 2022): integrated luminosity ∼0.43 ab−1 , 4 -5×1034
/cm2

/s
PXD complete (2 layers) to be installed during LS1 (2022-2023)

(+beampipe + TOP PMTs)

run 2 (→ 2027): integrated luminosity 5- 10 ab−1 , 2×1035 /cm2/s

2027 : collider upgrade (QCS+RF) → installation upgraded detector
run 3 (→ 2035) : 50 ab−1

2×1035
/cm2

/s !
(∫L∼5-10 ab−1

)

LS1

LS25×1034
/cm2

/s !
(∫L=0.43 ab−1

)

10 BaBar

1 BaBar

100 BaBar

Belle II calendar
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