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Scientific context

‣ The Standard Model of particle physics: 
• Quantum relativistic theory based on observation
• Very precise description of elementary particles and their interactions

               ➛ Several observations show that the SM is only an effective theory  
                             valid up to an unknown energy scale above ~1 TeV  

Belle

‣ Search for new physics beyond the SM:
• Directly produce new unknown particles: with ultra-high energy  

at LHC hadronic collider
• Be sensitive to the quantum manifestation of new, unknown particles:  

with ultra-high precision

               ➛ Precision measurements in B-meson decays  
                   in the Belle II experiment at SuperKEKB 

                     delivering e+e- collision with world-record luminosity
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Time-dependent CP asymmetry
Belle

‣ Photon polarisation in b → s γ quark transitions:
• Photon nearly 100% polarised due to left-only coupling between W± and fermions
• The time-dependent CP asymmetry of b → s γ processes is ~0  

due to the polarisation of the photon in the SM

               ➛ Time-dependent CP asymmetry ≠ 0 means new physics beyond the SM

        γ
New symmetries?

New particles?

W

<latexit sha1_base64="dzRusx6h8wUqTe1OTug32CgSd6A="></latexit>

ACP(�t) =
�(B̄0(�t) ! fCP)� �(B0(�t) ! fCP)

�(B̄0(�t) ! fCP) + �(B0(�t) ! fCP)

‣ CP violation in the interference between mixing and decay: 

<latexit sha1_base64="l2x9gogSyfj6YAZyovIHmXFSjog="></latexit>

= SCP sin(�m�t)� CCP cos(�m�t)

B0 = (b d)  
-
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‣ Measurement of time-dependent CP asymmetry of B0 → K0S π+ π- γ
• Published in JHEP 01 (2026) 134 by the Belle2-IPHC group
• Effective SCP = −0.29 ± 0.11 ± 0.05: world best precision
• Null test of the standard model
•

‣ Many possible paths: B → Kres γ → K π π γ decay
• Mix of CP and non-CP intermediate Kres γ CP-states
• Only contribution of pure intermediate Kres γ CP-states  

must be used to constrain new physics
• Quantum interference of all possible intermediate amplitudes

4

Belle
The B → K π π γ decay 

B0 B0 -

K0S = (s d)  -
B0 = (b d)  -

https://arxiv.org/pdf/2510.01331
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‣ Non-CP intermediate modes dilute the CP-asymmetry:

<latexit sha1_base64="35krs/+SrqFwKurIndD64dQu2f8="></latexit>

D =
2
R
A⇤(p0, p1, p2) A(p1, p0, p2) d�R

(|A(p0, p1, p2)|2 + |A(p1, p0, p2)|2) d�
with:

and:                           is the complex amplitude of B→ K0S(p2) π+(p0) π-(p1) γ 
<latexit sha1_base64="1YbSdF7YJg+rVjhselHL8a4Tfzo=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEClJmilSXVTcuK9gHtMOQSTNtaCYTkoxQhuLGX3HjQhG3foU7/8ZMOwutHkg4nHMv994TCEaVdpwvq7C0vLK6VlwvbWxube/Yu3ttFScSkxaOWSy7AVKEUU5ammpGukISFAWMdILxdeZ37olUNOZ3eiKIF6EhpyHFSBvJtw/6EdKjIICXFeE7p1D4bvbVTqBvl52qMwP8S9yclEGOpm9/9gcxTiLCNWZIqZ7rCO2lSGqKGZmW+okiAuExGpKeoRxFRHnp7IQpPDbKAIaxNI9rOFN/dqQoUmoSBaYyW1gtepn4n9dLdHjhpZSLRBOO54PChEEdwywPOKCSYM0mhiAsqdkV4hGSCGuTWsmE4C6e/Je0a1W3Xq3fnpUbV3kcRXAIjkAFuOAcNMANaIIWwOABPIEX8Go9Ws/Wm/U+Ly1Yec8++AXr4xtwzpTk</latexit>

A(p0, p1, p2)

measured pure-CP  
parameter

dilution  
factor

<latexit sha1_base64="4iyvpwbsfoURZFobRrGbxqRQv4E="></latexit>

SB!K⇡⇡� = D SCP

5

Dilution factor
Belle

‣ Amplitude analysis needed to disentangle all Kres contributions 
• Because many states & quantum interference 
• Use isospin partner mode B+ → K+res γ → K+ π+ π- γ: more statistics

(Pure-CP K0res modes in red)
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Belle
Amplitude analysis strategy

‣ Development of an event generator
• Only few Kres decays originally encoded in the usual EVTGEN event generator

•  

• Generate quantum interference between all states: based on AMPGEN

‣ Event simulation
• Implementation in Belle II analysis framework,  

with detector simulation based on GEANT-4 

‣ Selection and reconstruction of B+ → K+res γ → K+ π+ π- γ decays
• Part of another PhD thesis work, by Mattéo Maushart from IPHC Strasbourg

‣ Fit to Belle II data with an unbinned maximum-likelihood method
• Develop the fit model

• Blinded analysis strategy:  
  - Statistical studies with Toy Monte-Carlo & bootstrap methods  
  - Dilution factor in data not disclosed before analysis review by the collaboration

MKππ. (GeV/c2)

W/ interference

W/o interference

https://evtgen.hepforge.org/doc/
http://www.apple.com/uk
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Event selection and reconstruction
Belle

‣ Reconstruction and selection of B+ → K+ π+ π- γ decays 
• Based on a series of sequential criteria and on neural networks
• Bias control channel, bootstrap methods and toy Monte-Carlo

‣ Production of background-free distributions:
• Based on sPlot unfolding statistical method
• Discriminating variable: 

<latexit sha1_base64="Mix4eNXPa2O/fFb4pDjBmeF9T/s="></latexit>

�E =
pB pe+e� � s

2
p
s

MKππ. (GeV/c2)

(© M. Maushart)

PR
EL
IM
IN
AR
Y
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EL
IM
IN
AR
Y

https://arxiv.org/pdf/physics/0402083
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Belle
Amplitude model of B+ → K+ π+ π- γ decays

<latexit sha1_base64="GE98hSNqZnHrbhS4klQUfJQka8k="></latexit>

A(P ) = SB ·BLB · TKRes · SKRes ·BLKRes
· TX · SX ·BLX

With:

‣ The total decay amplitude is a coherent sum  
of each individual amplitude i:

‣ Decay described with 5 kinematic variables in Kres rest frame: 
<latexit sha1_base64="QjVRjI+/S+d3QYd+7s1h5nJZ/Sg=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4kDJTRN0ItS50WcE+oFPLnUzaBpOZIckIZTo/4cZfceNCEbeCO//G9LHQ1gOBwzn3cHOPF3GmtG1/W5mFxaXllexqbm19Y3Mrv71TV2EsCa2RkIey6YGinAW0ppnmtBlJCsLjtOHdX478xgOVioXBrR5EtC2gF7AuI6CN1Mkf+di9AiEAn+NkmLgEeHKRpsO7EnZDE8QlLDqVFPtutc86+YJdtMfA88SZkgKaotrJf7l+SGJBA004KNVy7Ei3E5CaEU7TnBsrGgG5hx5tGRqAoKqdjK9K8YFRfNwNpXmBxmP1dyIBodRAeGZSgO6rWW8k/ue1Yt09aycsiGJNAzJZ1I051iEeVYR9JinRfGAIEMnMXzHpgwSiTZE5U4Ize/I8qZeKzknx5Oa4UK5M68iiPbSPDpGDTlEZXaMqqiGCHtEzekVv1pP1Yr1bH5PRjDXN7KI/sD5/AD/KnaQ=</latexit>

d� =
|A|2

2mB
d�

With Lorentz invariant phase space factor:        = f(mKππ, mKπ, mππ, cosθ, φ1)
<latexit sha1_base64="NmRTUfP3+UCmNhCWjCGpsIqavkU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWw203bpZhN2N0IJ/RFePCji1d/jzX/jps1Bqw8GHu/NMDMvSATXxnW/nNLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6m/vdR1Sax/LBzBL0IzqWfMQZNVbqhmTQmvDKsFpz6+4C5C/xClKDAq1h9XMQxiyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunJxZJSSjWNmShizUnxMZjbSeRYHtjKiZ6FUvF//z+qkZXfsZl0lqULLlolEqiIlJ/jsJuUJmxMwSyhS3txI2oYoyYxPKQ/BWX/5LOhd1r1Fv3F/WmjdFHGU4gVM4Bw+uoAl30II2MJjCE7zAq5M4z86b875sLTnFzDH8gvPxDTDajtY=</latexit>

d�

• Angular momentum factors Si  

• Barrier factors Bi

• Lineshapes Ti

Kinematics in 
Kres rest frame

B0 decay Kres decay X decay

<latexit sha1_base64="IDhWWSS9IjK6oRr+5aHZvJ9LHo0="></latexit>

A(P ) =
X

i

(ai + ibi)Ai(P )
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Belle
Preliminary fit results on simulation

PRE
LIM
INA
RY

(Taken from Sahil Saha PhD mid-term defence on 16 June 2026: https://indico.in2p3.fr/event/40141/ )
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‣ Set the strategy to choose the best fit model on data
• Dilution factor and branching ratios kept blinded

• Start the fit on data with the largest amplitude model

• If the fit is not satisfactory:  
switch to simpler model (less channels) 

• Based on different quality figures of merit  
(work ongoing):  
fit χ2, Akaike or Bayesian Information Criterion,  
Kolmogorov-Smirnov test

10

Belle
Fit robustness checks

‣ Statistical studies with Toy Monte-Carlo & bootstrap methods
• Test fit biases, fit stability, and fit statistical sensitivity

Pull = true - estimated
uncertainty
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Status & prospects

‣ First full amplitude analysis of B → K π π γ decays
• QMat PhD thesis grant enabled Sahil Saha to develop the full amplitude model
• Had been tried for a long time by concurrent experiment at CERN, LHCb 
• Several outputs expected: first measurements of kaonic branching ratios,  

                                       B → K π π γ CP dilution factor enabling to constrain new physics beyond the SM 

‣ Presentation by Sahil Saha at the international conference Les Rencontres de Moriond Electroweak.  
Proceeding will be published shortly: arXiv: 2604.26315 [hep-ex] (2026).

‣ Next steps:
• Study systematic uncertainties
• Write the Belle II internal note and undergo the Belle II internal analysis review  
• Perform the analysis on data

              ➛ Target to publish by the end of 2027

Belle

https://arxiv.org/pdf/2604.26315
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Additional material
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Performance drivers

Belle
  ➛ Current main actors are             and                

<latexit sha1_base64="GDbdhD46FnIy9yzTwIuAiTzolDg="></latexit>

ACP (t) =
N(B0(t) ! fCP )�N(B̄0(t) ! fCP )

N(B0(t) ! fCP ) +N(B̄0(t) ! fCP )

‣ Statistics:
• Integrated luminosity
• Production cross-section
• Detector acceptance
• Trigger efficiency
• Reconstruction efficiency

‣ Hadron species:  
also Bs0, baryons 

‣ Flavour tagging:  
Hadron or anti-hadron

‣ Time-dependent analysis:
• Boost
• Vertex resolution

\

<latexit sha1_base64="AnHBtD/WW37jD+GGPkugGc99A9o=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSU5UgVBgLXRiLRC9SE0WO47RWHSeyHaQqysrCq7AwgBArb8DG2+CkGaDlSJY+/f859vHvJ4xKZVnfxsrq2vrGZm2rvr2zu7dvHhz2ZZwKTHo4ZrEY+kgSRjnpKaoYGSaCoMhnZOBPO4U/eCBC0pjfq1lC3AiNOQ0pRkpLngmd8o5MkCDPMgcjBq9zbw6dbp7XPbNhNa2y4DLYFTRAVV3P/HKCGKcR4QozJOXIthLlZkgoihnJ604qSYLwFI3JSCNHEZFuVm6Rw1OtBDCMhT5cwVL9PZGhSMpZ5OvOCKmJXPQK8T9vlKrwys0oT1JFOJ4/FKYMqhgWscCACoIVm2lAWFC9K8QTJBBWOrwiBHvxy8vQP2/arWbr7qLRvqniqIFjcALOgA0uQRvcgi7oAQwewTN4BW/Gk/FivBsf89YVo5o5An/K+PwBZBiaIQ==</latexit>

ACP

<latexit sha1_base64="r7ENFB5G4F9/20cQAt6nF1mh4ns=">AAACCnicbZC7TsMwFIadcivlFmBkMVRITFWCUGEsdGEsEr1ITRQ5rtNadZzIdpCqKDMLr8LCAEKsPAEbb4OTZoCWI1n69P/n2Me/HzMqlWV9G5WV1bX1jepmbWt7Z3fP3D/oySgRmHRxxCIx8JEkjHLSVVQxMogFQaHPSN+ftnO//0CEpBG/V7OYuCEacxpQjJSWPPPYKe5IfZaQLE0djBi8zrw5tDtZVvPMutWwioLLYJdQB2V1PPPLGUU4CQlXmCEph7YVKzdFQlHMSFZzEklihKdoTIYaOQqJdNNijQyeamUEg0jowxUs1N8TKQqlnIW+7gyRmshFLxf/84aJCq7clPI4UYTj+UNBwqCKYJ4LHFFBsGIzDQgLqneFeIIEwkqnl4dgL355GXrnDbvZaN5d1Fs3ZRxVcAROwBmwwSVogVvQAV2AwSN4Bq/gzXgyXox342PeWjHKmUPwp4zPHzwampg=</latexit>

ACP

Perfect reconstruction

Impact of wrong tagging  
or  

of finite spatial resolution

Δt

‣ B, D and τ reconstruction:
• Particle identification, K/π separation
• Neutrals: γ, π0, η, V0, … 
• Hermiticity for ν
• S/N (physics, combinatorial,  

        pile-up, beam background)
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Belle II luminosity prospects
Belle
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Belle
A Belle II event
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--

-

‣ SuperKEKB collider:
• e+e- collisions mainly at ϒ(4S) with √s = 10.58 GeV:  

    - Production of cc, τ+τ-, B+B-, B0B0 , σcc ~ σττ ~ σbb ~ 1 nb
•  

• World record instantaneous luminosity: 5.2×1034 cm-2 s-1

• Asymmetric collisions: B flight distance ~130 μm
• Nano beam transverse size

‣ Belle II detector:
• Good reconstruction of K0S, γ, π0, missing energy
• BB entanglement: flavour tagging efficiency ~ 38%
• 803 fb-1 collected  

(on May 11th, 2026)

16

Belle II at SuperKEKB
Belle

KL and muon 
detectorEM calorimeter

Particle 
identification

Central Drift 
Chamber

Vertex 
detector

Δz ~ 130 µm 

BTag side

BCP side
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‣ Model-independent approach: Effective Field Theory.
• Operator Product Expansion.
• Unknown field content of NP, but invariance and symmetry principles.

‣ B-physics: decouple heavy particles >> mb.
• Multi-scale: mNP >> mH,W,Z,top >> mb.

• OPE restricted to dim-6.
D

‣ D

• Long distance operators        .   
Hadronic matrix elements still needed: main uncertainty. 

• Short distance Wilson coefficients        .

<latexit sha1_base64="DnrRN3wwMbf/3AK1Iif82D1TVwY="></latexit>

Leff = LSM +
X Cn

⇤d�4
O

(d)

<latexit sha1_base64="9yNnFF367N+hkHFo4A2LVU4Z20w=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoM+JtIxS7caNUtBdoxyGTpm1o5kKSEcowuPFV3LhQxK1P4c63MW1nodUDCR//fw7J+b2IM6ks68vIzczOzS/kFwtLyyura+b6Rl2GsSC0RkIeiqaHJeUsoDXFFKfNSFDse5w2vEFl5DfuqZAsDG7VMKKOj3sB6zKClZZcc6viMnSG9H2X3FymaH+CV9XUNYtWyRoX+gt2BkXIquqan+1OSGKfBopwLGXLtiLlJFgoRjhNC+1Y0giTAe7RlsYA+1Q6yXiFFO1qpYO6odAnUGis/pxIsC/l0Pd0p49VX057I/E/rxWr7qmTsCCKFQ3I5KFuzJEK0SgP1GGCEsWHGjARTP8VkT4WmCidWkGHYE+v/BfqByX7uHR0fVgsn2dx5GEbdmAPbDiBMlxAFWpA4AGe4AVejUfj2Xgz3ietOSOb2YRfZXx8A4ualaI=</latexit>

Ci = CSM
i + CNP

i
what we want 
to determine

known

<latexit sha1_base64="WHa3Napta0VhIYHK0SF4RGeJ7MA=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHrpiTia1l0484K9gFNDJPppB06mYSZiVBCVm78FTcuFHHrN7jzb5ymWWjrgQuHc+6duff4MaNSWda3MTe/sLi0XFopr66tb2yaW9stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafvDq7HffiBC0ojfqVFM3BD1OQ0oRkpLnrnn5G+kPktIBlMHIwZvMo/ep9XDo8wzK1bNygFniV2QCijQ8MwvpxfhJCRcYYak7NpWrNwUCUUxI1nZSSSJER6iPulqylFIpJvmK2TwQCs9GERCF1cwV39PpCiUchT6ujNEaiCnvbH4n9dNVHDhppTHiSIcTz4KEgZVBMeZwB4VBCs20gRhQfWuEA+QQFjp5Mo6BHv65FnSOq7ZZ7XT25NK/bKIowR2wT6oAhucgzq4Bg3QBBg8gmfwCt6MJ+PFeDc+Jq1zRjGzA/7A+PwBq22Ymw==</latexit>

O
(0)
i

left currents right currents

(μ = mb)

<latexit sha1_base64="RJFRkY/1h68rUtFn4B0AtI/c+6Q="></latexit>

Heff =
�4GFp

2
Vqb V

⇤
qq0

10X

i=1

⇣
(µ)Oi(µ) + (µ)O

0

i(µ)
⌘

left currents right currents

<latexit sha1_base64="3gN+YFX5BV9o8x5oTUKS86GCLGg=">AAAB6nicdVDLSgMxFM34rPVVFdy4CRbB1ZAUp3ZZ2o3LFu0D2qFk0rQNzWSGJCOUoZ/gxoUibt36F36BOzd+i2mroKIHLhzOuZd77wliwbVB6M1ZWl5ZXVvPbGQ3t7Z3dnN7+00dJYqyBo1EpNoB0UxwyRqGG8HasWIkDARrBePqzG9dM6V5JK/MJGZ+SIaSDzglxkqX1R7v5fLIRUXvDJcgcj2ES9izpOBhhAoQu2iOfPmw/s6fKy+1Xu61249oEjJpqCBadzCKjZ8SZTgVbJrtJprFhI7JkHUslSRk2k/np07hiVX6cBApW9LAufp9IiWh1pMwsJ0hMSP925uJf3mdxAxKfsplnBgm6WLRIBHQRHD2N+xzxagRE0sIVdzeCumIKEKNTSdrQ/j6FP5PmgUXF12vbtOogAUy4Agcg1OAwTkogwtQAw1AwRDcgDtw7wjn1nlwHhetS87nzAH4AefpA0BWkYA=</latexit>

Ci

<latexit sha1_base64="JcJzsbEVp72320UqnScUCfqbwv8=">AAAB7nicdVDLSgMxFM3UV62vqks3oUXsasgUp+2y2I3LCvYBdSyZNNOGZjJDkhHK0I9w48Iibv0Vt+5EP8a0VVDRAxcO59zLvff4MWdKI/RqZVZW19Y3spu5re2d3b38/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/64Mfc7N1QqFolLPYmpF+KhYAEjWBup0+iz6/Rk2s8XkY0q7qlTg8h2kVNzXEPKroNQGTo2WqBYL5Te36rPs2Y//3I1iEgSUqEJx0r1HBRrL8VSM8LpNHeVKBpjMsZD2jNU4JAqL12cO4XHRhnAIJKmhIYL9ftEikOlJqFvOkOsR+q3Nxf/8nqJDmpeykScaCrIclGQcKgjOP8dDpikRPOJIZhIZm6FZIQlJtoklDMhfH0K/yftsu1UbPfCpHEGlsiCI1AAJeCAKqiDc9AELUDAGNyCezCzYuvOerAel60Z63PmEPyA9fQBawGTYA==</latexit>

C
0

i
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Beyond the SM

NP scale

<latexit sha1_base64="rG9mym6Ma1fS9CQRCxzqnnWbFzk=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoQsqM+NwV3bizgn1AOwyZ9LYNzTxIMkIZ5hfc+CtuXCji1p07/8Z0OqC2HgicnHPvzc3xIs6ksqwvo7CwuLS8Ulwtra1vbG6Z2ztNGcaCQoOGPBRtj0jgLICGYopDOxJAfI9DyxtdTfzWPQjJwuBOjSNwfDIIWJ9RorTkmpWkmw1JPB5DivWNcHyTuheHPzyxrTR1zbJVtTLgeWLnpIxy1F3zs9sLaexDoCgnUnZsK1JOQoRilENa6sYSIkJHZAAdTQPig3SSbJkUH2ilh/uh0CdQOFN/dyTEl3Lse7rSJ2ooZ72J+J/XiVX/3ElYEMUKAjp9qB9zrEI8iQf3mACq+FgTQgXTu2I6JIJQpUMs6RDs2S/Pk+ZR1T6tntwel2uXeRxFtIf2UQXZ6AzV0DWqowai6AE9oRf0ajwaz8ab8T4tLRh5zy76A+PjG8nQnPo=</latexit>

O9,O10

<latexit sha1_base64="lWukiR+hEzx46HcRkVG7COBKHsA=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJUZUeuy6MadFewD2mHIpJk2NPMgyQhlGNz4K25cKOLWr3Dn35hOZ6GtBwIn59xHcryYM6ks69soLS2vrK6V1ysbm1vbO+buXltGiSC0RSIeia6HJeUspC3FFKfdWFAceJx2vPH11O88UCFZFN6rSUydAA9D5jOClZZc8yDt50NSjyc0Q/qGObrN3HrmmlWrZuVAi8QuSBUKNF3zqz+ISBLQUBGOpezZVqycFAvFCKdZpZ9IGmMyxkPa0zTEAZVOmm/P0LFWBsiPhD6hQrn6uyPFgZSTwNOVAVYjOe9Nxf+8XqL8SydlYZwoGpLZIj/hSEVomgcaMEGJ4hNNMBFMvxWRERaYKJ1aRYdgz395kbRPa/ZF7fzurNq4KuIowyEcwQnYUIcG3EATWkDgEZ7hFd6MJ+PFeDc+ZqUlo+jZhz8wPn8AYC6Xaw==</latexit>

O7

B0 →  K*0 l+ l- in EFTB0 →  K*0 l+ l- in SM

sb
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