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what do we mean by “physics”?

(in particle physics)
• Fundamental laws of particles and 

interactions
– Standard model {quarks, leptons, bosons, 

Higgs + ??
– coupling constants, interaction vertices, 

(masses)…

K. Kinoshita, 2025 US Belle II Summer Workshop

• discovery: extraction of couplings, vertices, masses,… 
through phenomena involving particles & interactions
– hadron/lepton/boson: production/scattering/decay …
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what is produced in SuperKEKB?

• Event rate w = L x 𝛔 
– Instantaneous Luminosity L, now ≈ 5 x 1034 cm–2s–1 @ SuperKEKB
– 𝛔 cross section depends on process type

• e.g. lepton pair production at ≈10 GeV (QED) µ+µ–, 𝛕 +𝛕 –
– each type 𝛔 ≈ 1 nb ➔ w ≈ 5 x 1034 x 10–33   = 50 Hz

K. Kinoshita, 2025 US Belle II Summer Workshop

p
s = 10.579 GeV

<latexit sha1_base64="aBmAFmLn+GCW5LGUf0B+UurR0wA=">AAACA3icdZC7SgNBFIbPxluMtzV22gwGwSrsCpqkEAIWWkYwF8guYXYySYbMXpyZFcKyYJNXsbFQxNZXsLDzbZxcFBX9YeDw/edw5vxexJlUlvVuZBYWl5ZXsqu5tfWNzS1zO9+QYSwIrZOQh6LlYUk5C2hdMcVpKxIU+x6nTW94NvGbN1RIFgZXahRR18f9gPUYwUqjjrnryGuhEpme2lbxuFRxUOIIH53TRtoxCxpZduXERlbRmgp9EXtOCtX86xgBQK1jvjndkMQ+DRThWMq2bUXKTbBQjHCa5pxY0giTIe7Tti4D7FPpJtMbUnSgSRf1QqFfoNCUfp9IsC/lyPd0p4/VQP72JvAvrx2rXtlNWBDFigZktqgXc6RCNAkEdZmgRPGRLjARTP8VkQEWmCgdW06H8Hkp+r9oHBV1fPalTqMMM2VhD/bhEGwoQRUuoAZ1IHALd/AAj8bYuDeejOdZa8aYz+zADxkvH7kVmGU=</latexit><latexit sha1_base64="tMaLu64xGV0JSfaLT3hbn9F1dvg=">AAACA3icdZDJSgNBEIZ73BLjFuNNL41B8BRmFE1yEAIe9BjBLJAZQk+nJ2nSs9hdI4Qh4CWv4sWDC159BQ/efBs7i6KiPzQU319Fdf1uJLgC03w35uYXFpdS6eXMyura+kZ2M1dXYSwpq9FQhLLpEsUED1gNOAjWjCQjvitYw+2fjv3GNZOKh8ElDCLm+KQbcI9TAhq1s9u2upKQqOGJZRaOimUbJ7b08RmrD9vZvEamVT62sFkwJ8JfxJqRfCX3Ojp8TEG1nX2zOyGNfRYAFUSplmVG4CREAqeCDTN2rFhEaJ90WUuXAfGZcpLJDUO8p0kHe6HULwA8od8nEuIrNfBd3ekT6Knf3hj+5bVi8EpOwoMoBhbQ6SIvFhhCPA4Ed7hkFMRAF4RKrv+KaY9IQkHHltEhfF6K/y/qBwUdn3Wh0yihqdJoB+2ifWShIqqgc1RFNUTRDbpF9+jBGBl3xpPxPG2dM2YzW+iHjJcPY8CZpA==</latexit><latexit sha1_base64="tMaLu64xGV0JSfaLT3hbn9F1dvg=">AAACA3icdZDJSgNBEIZ73BLjFuNNL41B8BRmFE1yEAIe9BjBLJAZQk+nJ2nSs9hdI4Qh4CWv4sWDC159BQ/efBs7i6KiPzQU319Fdf1uJLgC03w35uYXFpdS6eXMyura+kZ2M1dXYSwpq9FQhLLpEsUED1gNOAjWjCQjvitYw+2fjv3GNZOKh8ElDCLm+KQbcI9TAhq1s9u2upKQqOGJZRaOimUbJ7b08RmrD9vZvEamVT62sFkwJ8JfxJqRfCX3Ojp8TEG1nX2zOyGNfRYAFUSplmVG4CREAqeCDTN2rFhEaJ90WUuXAfGZcpLJDUO8p0kHe6HULwA8od8nEuIrNfBd3ekT6Knf3hj+5bVi8EpOwoMoBhbQ6SIvFhhCPA4Ed7hkFMRAF4RKrv+KaY9IQkHHltEhfF6K/y/qBwUdn3Wh0yihqdJoB+2ifWShIqqgc1RFNUTRDbpF9+jBGBl3xpPxPG2dM2YzW+iHjJcPY8CZpA==</latexit><latexit sha1_base64="zcNLYaeaRGv51zKqeRxWfCSnaFY=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkpG0LYLoeBClxXsBTpDyaSZNjSTGZOMUIYBN76KGxeKuPUl3Pk2pu0oKvpD4PD953Byfj/mTGmE3q25+YXFpeXCSnF1bX1j097abqkokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH51N/PYNlYpF4kqPY+qFeCBYwAjWBvXsXVddS52q7NRB5eNKzYWpK0N4TltZzy4ZhJzaiQNRGU0Fv4iTkxLI1ejZb24/IklIhSYcK9V1UKy9FEvNCKdZ0U0UjTEZ4QHtmlLgkCovnd6QwQND+jCIpHlCwyn9PpHiUKlx6JvOEOuh+u1N4F9eN9FB1UuZiBNNBZktChIOdQQngcA+k5RoPjYFJpKZv0IyxBITbWIrmhA+L4X/F62jsonPuUSlejWPowD2wD44BA6ogDq4AA3QBATcgnvwCJ6sO+vBerZeZq1zVj6zA37Iev0AVOiWoA==</latexit>

7.0 GeV e– 4.0 GeV e+
𝛃CMS ≈ 0.27

CMS

Unit: barn = 10–24 cm2

       ➔ nb = 10–33 cm2
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what is produced in SuperKEKB?

• quark pair production (QED) ➔ hadron jets (QCD)
– 𝛔 ≈ 1 nb x (charge) q2 x 3(color) x (1+QCD corrections)

• u+d+s: 𝛔 ≈ 2 nb ➔ w ≈ 100 Hz
• c: 𝛔 ≈ 1.3 nb ➔ w ≈ 73 Hz

– continuum: 𝛔 ∝ 1/s  [s=(CME)2]
•       quark pairs: ≈mass threshold; 𝛔 complex structure vs s

– resonances, phase space, hadronic effects
These appear as hadronic events (multiparticle, vs pair)

K. Kinoshita, 2025 US Belle II Summer Workshop

<latexit sha1_base64="KAzB4dopzb+4+aItTlm2gTXOUZU=">AAACG3icbVBNS8NAEN3Ur1q/qh69BIsgiCURqT0WvHisYD+wTctmM2mWbjZhdyOE0H/htf4Zb+LVg//Fg9s2B9v6YODxZoaZ99yYUaks69sobGxube8Ud0t7+weHR+Xjk7aMEkGgRSIWia6LJTDKoaWoYtCNBeDQZdBxx/ezfucFhKQRf1JpDE6IR5z6lGClpWcYXMHguq8ic1iuWFVrDnOd2DmpoBzNYfmn70UkCYErwrCUPduKlZNhoShhMCn1EwkxJmM8gp6mHIcgnWz+8cS80Ipn+pHQxZU5V/9uZDiUMg1dPRliFcjV3kz8r9dLlF93MsrjRAEni0N+wkztcGbf9KgAoliqCSaC6l9NEmCBidIhLV2Jg1RSIpeMZFI7DcCblHRc9mo466R9U7Vr1drjbaVRz4MrojN0ji6Rje5QAz2gJmohgjh6RVP0ZkyNd+PD+FyMFox85xQtwfj6BVVeoe0=</latexit>

e+e� !
<latexit sha1_base64="DdPTpxlIxuSMK9BxKjRsCdR7vsw=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiuSiJSuyy4cVnBPqANZTK5aYdOJmEeQgj9CLf1Z9yJW3f+iwunbRa29cCFw7n3cu85QcqZ0q777Wxt7+zu7ZcOyodHxyenlbPzjkqMpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6AaTh3m/+wJSsUQ86ywFPyYjwSJGibZS1wwCIrEZVqpuzV0AbxKvIFVUoDWs/AzChJoYhKacKNX33FT7OZGaUQ7T8sAoSAmdkBH0LRUkBuXni3en+NoqIY4SaUtovFD/buQkViqLAzsZEz1W6725+F+vb3TU8HMmUqNB0OWhyHCsEzz3jkMmgWqeWUKoZPZXTMdEEqptQitX0nGmGFUrRnJlnY4hnJZtXN56OJukc1vz6rX601212SiCK6FLdIVukIfuURM9ohZqI4om6BXN0Jszc96dD+dzObrlFDsXaAXO1y/PDKEt</latexit>

uū
<latexit sha1_base64="m2DeR6FHyFeugH4uJuXpWRkTjcc=">AAACGHicbVDLSgNBEOz1GeMr6tHLYBA8hV2RmGPAi8cI5gHJEmZne5Mhsw9mZoVlyUd4jT/jTbx68188OEn2YBILGorqbrqrvERwpW3729ra3tnd2y8dlA+Pjk9OK2fnHRWnkmGbxSKWPY8qFDzCtuZaYC+RSENPYNebPMz73ReUisfRs84SdEM6injAGdVG6voDj0riDytVu2YvQDaJU5AqFGgNKz8DP2ZpiJFmgirVd+xEuzmVmjOB0/IgVZhQNqEj7Bsa0RCVmy/enZJro/gkiKWpSJOF+ncjp6FSWeiZyZDqsVrvzcX/ev1UBw0351GSaozY8lCQCqJjMvdOfC6RaZEZQpnk5lfCxlRSpk1CK1eScaY4UytGcmWcjtGflk1czno4m6RzW3PqtfrTXbXZKIIrwSVcwQ04cA9NeIQWtIHBBF5hBm/WzHq3PqzP5eiWVexcwAqsr1+ViqEL</latexit>

dd̄
<latexit sha1_base64="OHW6hjiGt/5n66eotr+Tq0YLIXM=">AAACGHicbVDLSgNBEOz1GeMr6tHLYBA8hV2RmGPAi8cI5gHJEmZne5Mhsw9mZoVlyUd4jT/jTbx68188OEn2YBILGorqbrqrvERwpW3729ra3tnd2y8dlA+Pjk9OK2fnHRWnkmGbxSKWPY8qFDzCtuZaYC+RSENPYNebPMz73ReUisfRs84SdEM6injAGdVG6qqBRyVRw0rVrtkLkE3iFKQKBVrDys/Aj1kaYqSZoEr1HTvRbk6l5kzgtDxIFSaUTegI+4ZGNETl5ot3p+TaKD4JYmkq0mSh/t3IaahUFnpmMqR6rNZ7c/G/Xj/VQcPNeZSkGiO2PBSkguiYzL0Tn0tkWmSGUCa5+ZWwMZWUaZPQypVknCnO1IqRXBmnY/SnZROXsx7OJunc1px6rf50V202iuBKcAlXcAMO3EMTHqEFbWAwgVeYwZs1s96tD+tzObplFTsXsALr6xfISKEp</latexit>

ss̄
<latexit sha1_base64="vJoi4W4Kxl/aTf2u4TMqpzMf9Sc=">AAACGHicbVDLSgNBEOz1GeMr6tHLYBA8hV2RmGPAi8cI5gHJEmZne5Mhsw9mZoVlyUd4jT/jTbx68188OEn2YBILGorqbrqrvERwpW3729ra3tnd2y8dlA+Pjk9OK2fnHRWnkmGbxSKWPY8qFDzCtuZaYC+RSENPYNebPMz73ReUisfRs84SdEM6injAGdVG6rKBRyVhw0rVrtkLkE3iFKQKBVrDys/Aj1kaYqSZoEr1HTvRbk6l5kzgtDxIFSaUTegI+4ZGNETl5ot3p+TaKD4JYmkq0mSh/t3IaahUFnpmMqR6rNZ7c/G/Xj/VQcPNeZSkGiO2PBSkguiYzL0Tn0tkWmSGUCa5+ZWwMZWUaZPQypVknCnO1IqRXBmnY/SnZROXsx7OJunc1px6rf50V202iuBKcAlXcAMO3EMTHqEFbWAwgVeYwZs1s96tD+tzObplFTsXsALr6xeSKKEJ</latexit>

cc̄
jet

jet

<latexit sha1_base64="LAayZX+JqReGgmcFExNQNIpZ95I=">AAACGHicdVDLSsNAFJ3UV62vqks3g0VwFZKqNe4KblxWsA9oQ5lMJs3QySTMTIQQ+hFu68+4E7fu/BcXTtMIVvTAhcO593LvOV7CqFSW9WFU1tY3Nreq27Wd3b39g/rhUU/GqcCki2MWi4GHJGGUk66iipFBIgiKPEb63vR20e8/EiFpzB9UlhA3QhNOA4qR0lLfG3lIQG9cb1jmlWXftC6gZVoFCuLYTQfapdIAJTrj+ufIj3EaEa4wQ1IObStRbo6EopiRWW2USpIgPEUTMtSUo4hINy/encEzrfgwiIUurmCh/tzIUSRlFnl6MkIqlL97C/Gv3jBVgePmlCepIhwvDwUpgyqGC+/Qp4JgxTJNEBZU/wpxiATCSie0ciUJM0mxXDGSS+00JP6spuP6zgT+T3pN026ZrfvLRtspg6uCE3AKzoENrkEb3IEO6AIMpuAJzMGzMTdejFfjbTlaMcqdY7AC4/0L1CGhMg==</latexit>

bb̄
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what is produced in SuperKEKB?

Upsilon (𝜰)     resonances

K. Kinoshita, 2025 US Belle II Summer Workshop

continuum

Bq = {B0
d, B+

u }

e+e� ! �⇤ ! hadrons

2MB

<latexit sha1_base64="TYYjVXkD2LvJcY2zu20vUsZqLBg="></latexit>

⌥(4S) ! BqB̄q

<latexit sha1_base64="LAayZX+JqReGgmcFExNQNIpZ95I=">AAACGHicdVDLSsNAFJ3UV62vqks3g0VwFZKqNe4KblxWsA9oQ5lMJs3QySTMTIQQ+hFu68+4E7fu/BcXTtMIVvTAhcO593LvOV7CqFSW9WFU1tY3Nreq27Wd3b39g/rhUU/GqcCki2MWi4GHJGGUk66iipFBIgiKPEb63vR20e8/EiFpzB9UlhA3QhNOA4qR0lLfG3lIQG9cb1jmlWXftC6gZVoFCuLYTQfapdIAJTrj+ufIj3EaEa4wQ1IObStRbo6EopiRWW2USpIgPEUTMtSUo4hINy/encEzrfgwiIUurmCh/tzIUSRlFnl6MkIqlL97C/Gv3jBVgePmlCepIhwvDwUpgyqGC+/Qp4JgxTJNEBZU/wpxiATCSie0ciUJM0mxXDGSS+00JP6spuP6zgT+T3pN026ZrfvLRtspg6uCE3AKzoENrkEb3IEO6AIMpuAJzMGzMTdejFfjbTlaMcqdY7AC4/0L1CGhMg==</latexit>

bb̄

“narrow resonances”: 
3-gluon

<latexit sha1_base64="xIVVmyh04bsxC9stqP8sIO41l24=">AAACJnicbVDLSsNAFJ34rPUV7dLNYBGqi5IUqS6LblxWsA9oY5lMJs3QySTMTIQQ8i1u68+4E3Hnh7hw2mZhWw9cOJxzL/fe48aMSmVZX8bG5tb2zm5pr7x/cHh0bJ6cdmWUCEw6OGKR6LtIEkY56SiqGOnHgqDQZaTnTu5nfu+FCEkj/qTSmDghGnPqU4yUlkZm5e45q11d5kMXCVjwkVm16tYccJ3YBamCAu2R+TP0IpyEhCvMkJQD24qVkyGhKGYkLw8TSWKEJ2hMBppyFBLpZPPjc3ihFQ/6kdDFFZyrfycyFEqZhq7uDJEK5Ko3E//zBonyb52M8jhRhOPFIj9hUEVwlgT0qCBYsVQThAXVt0IcIIGw0nktbYmDVFIslx7JpP40IF5e1nHZq+Gsk26jbjfrzcfraqtRBFcCZ+Ac1IANbkALPIA26AAMUvAKpuDNmBrvxofxuWjdMIqZCliC8f0LpFOlDA==</latexit>

B(⇤)B̄(⇤)
<latexit sha1_base64="iwFi1x1Q991QKD7PlflbErUo35o=">AAACKnicbVDLSsNAFJ3UV62vqAsXbgaLUF2UpEh1WXTjsoJ9QBvDZDJphk4ezEyEEPI1buvPuCtu/QwXTtsgtvXAwLnn3Mude5yYUSENY6qVNja3tnfKu5W9/YPDI/34pCuihGPSwRGLeN9BgjAako6kkpF+zAkKHEZ6zvhh5vdeCRc0Cp9lGhMrQKOQehQjqSRbP7u3xUtWu77Khw7i8Ley9apRN+aA68QsSBUUaNv699CNcBKQUGKGhBiYRiytDHFJMSN5ZZgIEiM8RiMyUDREARFWNj8gh5dKcaEXcfVCCefq34kMBUKkgaM6AyR9serNxP+8QSK9OyujYZxIEuLFIi9hUEZwlgZ0KSdYslQRhDlVf4XYRxxhqTJb2hL7qaBYLB2SCXWpT9y8ouIyV8NZJ91G3WzWm0831VajCK4MzsEFqAET3IIWeARt0AEY5OANTMC7NtE+tKn2uWgtacXMKViC9vUDGfmm2A==</latexit>

B(⇤)
s B̄(⇤)

s
mass thresholds

JHEP06(2021)137

<latexit sha1_base64="nBMplU1DXFn5RtoCvXoAYXhQwMs=">AAACInicbVDLSsNAFJ3UV62PRl26GSxC3ZREpHZZcOOygn1AE8rMZNIOnUnCzEQIoV/itv6MO3El+CkunLZZ2NYDFw7n3Mu99+CEM6Ud58sq7ezu7R+UDytHxyenVfvsvKfiVBLaJTGP5QAjRTmLaFczzekgkRQJzGkfTx8Wfv+FSsXi6FlnCfUFGkcsZARpI43sqqfYWKA69jCSEN+M7JrTcJaA28QtSA0U6IzsHy+ISSpopAlHSg1dJ9F+jqRmhNNZxUsVTRCZojEdGhohQZWfLw+fwWujBDCMpalIw6X6dyJHQqlMYNMpkJ6oTW8h/ucNUx22/JxFSappRFaLwpRDHcNFCjBgkhLNM0MQkczcCskESUS0yWptSzLJFCNq7ZFcmU8nNJhVTFzuZjjbpHfbcJuN5tNdrd0qgiuDS3AF6sAF96ANHkEHdAEBKXgFc/Bmza1368P6XLWWrGLmAqzB+v4F76+kRg==</latexit>

�(bb̄)
<latexit sha1_base64="smG6y/4C7x36imE3VbrV3ck8gEs=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0Wom5KI1C5L3bisYB/QhDKZTJqhM0mYmRRC6J+4rT/jTty48E9cOG2zsK0HLhzOuZd77/ESRqWyrC+jtLO7t39QPqwcHZ+cnpnnFz0ZpwKTLo5ZLAYekoTRiHQVVYwMEkEQ9xjpe5PHhd+fEiFpHL2oLCEuR+OIBhQjpaWRaTqSjjmqtR0PCdge3I7MqlW3loDbxC5IFRTojMwfx49xykmkMENSDm0rUW6OhKKYkVnFSSVJEJ6gMRlqGiFOpJsvL5/BG634MIiFrkjBpfp3Ikdcyox7upMjFcpNbyH+5w1TFTTdnEZJqkiEV4uClEEVw0UM0KeCYMUyTRAWVN8KcYgEwkqHtbYlCTNJsVx7JJf605D4s4qOy94MZ5v07up2o954vq+2mkVwZXAFrkEN2OABtMAT6IAuwGAKXsEcvBlz4934MD5XrSWjmLkEazC+fwFBeaRo</latexit>

�(BB̄X)

above 𝜰(4S), udsc subtracted<latexit sha1_base64="tNDH01WY7OZC++Woe3ab8f1yyx4=">AAACGHicbVBNS8NAEN34WetX1aOXxSJ4KolI7bHgxWMF+wFtKLubSbt0swm7GyGE/giv9c94E6/e/C8e3LY52NYHA483M8y8RxPBtXHdb2dre2d3b790UD48Oj45rZydd3ScKgZtFotY9SjRILiEtuFGQC9RQCIqoEsnD/N+9wWU5rF8NlkCfkRGkoecEWOlLh1QojAdVqpuzV0AbxKvIFVUoDWs/AyCmKURSMME0brvuYnxc6IMZwKm5UGqISFsQkbQt1SSCLSfL96d4murBDiMlS1p8EL9u5GTSOssonYyImas13tz8b9ePzVhw8+5TFIDki0PhanAJsZz7zjgCpgRmSWEKW5/xWxMFGHGJrRyJRlnmjO9YiTX1ukYgmnZxuWth7NJOrc1r16rP91Vm40iuBK6RFfoBnnoHjXRI2qhNmJogl7RDL05M+fd+XA+l6NbTrFzgVbgfP0CjsahBw==</latexit>

bb̄
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Uniqueness of 𝜰(4S) for B meson studies

•                                        (mostly)
– B++B0: 𝛔 ≈ 1 nb ➔ w ≈ 50 Hz 
 ➔ events/year ≈ 50 Hz x 3 x 107sec x efficiency (≈0.6) ≈ 109

  (1 Belle dataset; SuperKEKB aiming for 5X over 10 yrs)
• exclusive B pairs (no additional particles) ➔ 

– clean events
– kinematic constraints

• in CMS

K. Kinoshita, 2025 US Belle II Summer Workshop

<latexit sha1_base64="dXFoaC7RCOI+ZEtiSv8sY2egeXI="></latexit>

⌥(4S) ! B+B�, B0B̄0

B
<latexit sha1_base64="mrEl/6Bmna5CBPrjU6DAv5887W0=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoytbR1ZdGNy1ZsK7RDyaRpG5u5kGSEMvQJ3LhQxK1P4cqHcOfbmGkVVPSHwM/3n0POOV4kuNIYv1uZhcWl5ZXsam5tfWNzK7+901JhLClr0lCE8sojigkesKbmWrCrSDLie4K1vfFZmrdvmFQ8DC71JGKuT4YBH3BKtEGN016+gO3jarlYKiNsY1xxik5qipXSUQk5hqQqnLy+XIBRvZd/6/ZDGvss0FQQpToOjrSbEKk5FWya68aKRYSOyZB1jA2Iz5SbzAadogND+mgQSvMCjWb0e0dCfKUmvmcqfaJH6neWwr+yTqwHVTfhQRRrFtD5R4NYIB2idGvU55JRLSbGECq5mRXREZGEanObnDnC16bof9Mq2g62nQYu1KowVxb2YB8OwYEK1OAc6tAECgxu4R4erGvrznq0nualGeuzZxd+yHr+AK67jwE=</latexit><latexit sha1_base64="YoNEkR18DeOyeAOxLpz+jAvnDwY=">AAAB6HicdZDLSgMxFIYz9VbrrepSkGARXA2ZsbR1ZdGNyxbsBdqhZNJMG5u5kGSEMnTpyo0LRdz6FF35EO58Bl/CTKugoj8Efr7/HHLOcSPOpELozcgsLC4tr2RXc2vrG5tb+e2dpgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o/M0b11TIVkYXKpxRB0fDwLmMYKVRvWzXr6AzJNKyS6WIDIRKlu2lRq7XDwuQkuTVIXTl2n9/WZ/WuvlX7v9kMQ+DRThWMqOhSLlJFgoRjid5LqxpBEmIzygHW0D7FPpJLNBJ/BQkz70QqFfoOCMfu9IsC/l2Hd1pY/VUP7OUvhX1omVV3ESFkSxogGZf+TFHKoQplvDPhOUKD7WBhPB9KyQDLHAROnb5PQRvjaF/5umbVrItOqoUK2AubJgDxyAI2CBMqiCC1ADDUAABbfgHjwYV8ad8Wg8zUszxmfPLvgh4/kDuLaRRg==</latexit><latexit sha1_base64="YoNEkR18DeOyeAOxLpz+jAvnDwY=">AAAB6HicdZDLSgMxFIYz9VbrrepSkGARXA2ZsbR1ZdGNyxbsBdqhZNJMG5u5kGSEMnTpyo0LRdz6FF35EO58Bl/CTKugoj8Efr7/HHLOcSPOpELozcgsLC4tr2RXc2vrG5tb+e2dpgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o/M0b11TIVkYXKpxRB0fDwLmMYKVRvWzXr6AzJNKyS6WIDIRKlu2lRq7XDwuQkuTVIXTl2n9/WZ/WuvlX7v9kMQ+DRThWMqOhSLlJFgoRjid5LqxpBEmIzygHW0D7FPpJLNBJ/BQkz70QqFfoOCMfu9IsC/l2Hd1pY/VUP7OUvhX1omVV3ESFkSxogGZf+TFHKoQplvDPhOUKD7WBhPB9KyQDLHAROnb5PQRvjaF/5umbVrItOqoUK2AubJgDxyAI2CBMqiCC1ADDUAABbfgHjwYV8ad8Wg8zUszxmfPLvgh4/kDuLaRRg==</latexit><latexit sha1_base64="vFVwwqzkwUqnWrqph+zjB4RVC6U=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZmNIYm3oBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFhwpTH+sHJr6xubW/ntws7u3v5B8fCoo6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9Drzu/dMKh6Ft3oWMzcg45D7nBJtpNbVsFjC9mW9Wq5UEbYxrjllJyPlWuWighyjZCjBCs1h8X0wimgSsFBTQZTqOzjWbkqk5lSweWGQKBYTOiVj1jc0JAFTbro4dI7OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7dfdlIdxollIl4v8RCAdoexrNOKSUS1mhhAqubkV0QmRhGqTTcGE8PUp+p90yraDbaeFS436Ko48nMApnIMDNWjADTShDRQYPMATPFt31qP1Yr0uW3PWauYYfsB6+wTwLoz6</latexit>

B̄
<latexit sha1_base64="LiElEu0mLdXSqp1PPkBm9tZ/yas=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEVyXpwk5XFt24rGIv0A4lk2ba2MyFJCOU0ndw40IRt76CKx/CnW9jplVQ0R8CH/9/Djnn+IkU2mD87iwsLi2vrObW8usbm1vbhZ3dpo5TxXiDxTJWbZ9qLkXEG0YYyduJ4jT0JW/5o7Msb91wpUUcXZlxwr2QDiIRCEaNtZpdnyp02isUcQljTAhBGZDKMbZQrbpl4iKSRVbFk9eXS7Cq9wpv3X7M0pBHhkmqdYfgxHgTqoxgkk/z3VTzhLIRHfCOxYiGXHuT2bRTdGidPgpiZV9k0Mz93jGhodbj0LeVITVD/TvLzL+yTmoC15uIKEkNj9j8oyCVyMQoWx31heLMyLEFypSwsyI2pIoyYw+Ut0f42hT9D81yieASucDFmgtz5WAfDuAICFSgBudQhwYwuIZbuIcHJ3bunEfnaV664Hz27MEPOc8f6haQ2A==</latexit><latexit sha1_base64="sIc8x+AgNsTnrrEYSS+Jc03sd/4=">AAAB7XicdZDLSgMxFIYz9VbrrepSkGARXJXEhZ2uLLpx2YK9QFtKJs20sZnMkGSEMnTp3o0LRdz6Cl35EO58Bl/CTKugoj8EPv7/HHLO8SLBtUHozcksLC4tr2RXc2vrG5tb+e2dhg5jRVmdhiJULY9oJrhkdcONYK1IMRJ4gjW90XmaN6+Z0jyUl2YcsW5ABpL7nBJjrUbHIwqe9fIFVEQIYYxhCrh0giyUy+4xdiFOI6vC6cu09n6zP6328q+dfkjjgElDBdG6jVFkuglRhlPBJrlOrFlE6IgMWNuiJAHT3WQ27QQeWqcP/VDZJw2cud87EhJoPQ48WxkQM9S/s9T8K2vHxne7CZdRbJik84/8WEATwnR12OeKUSPGFghV3M4K6ZAoQo09UM4e4WtT+D80josYFXENFSoumCsL9sABOAIYlEAFXIAqqAMKrsAtuAcPTujcOY/O07w043z27IIfcp4/APQRkx0=</latexit><latexit sha1_base64="sIc8x+AgNsTnrrEYSS+Jc03sd/4=">AAAB7XicdZDLSgMxFIYz9VbrrepSkGARXJXEhZ2uLLpx2YK9QFtKJs20sZnMkGSEMnTp3o0LRdz6Cl35EO58Bl/CTKugoj8EPv7/HHLO8SLBtUHozcksLC4tr2RXc2vrG5tb+e2dhg5jRVmdhiJULY9oJrhkdcONYK1IMRJ4gjW90XmaN6+Z0jyUl2YcsW5ABpL7nBJjrUbHIwqe9fIFVEQIYYxhCrh0giyUy+4xdiFOI6vC6cu09n6zP6328q+dfkjjgElDBdG6jVFkuglRhlPBJrlOrFlE6IgMWNuiJAHT3WQ27QQeWqcP/VDZJw2cud87EhJoPQ48WxkQM9S/s9T8K2vHxne7CZdRbJik84/8WEATwnR12OeKUSPGFghV3M4K6ZAoQo09UM4e4WtT+D80josYFXENFSoumCsL9sABOAIYlEAFXIAqqAMKrsAtuAcPTujcOY/O07w043z27IIfcp4/APQRkx0=</latexit><latexit sha1_base64="sc/Z+y7SVF0YiVhM8yPnCpH7aJE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkXdrorunFZwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaSuo6IELh3Pu5d57wkRwYxH68Apr6xubW8Xt0s7u3v5B+fCoY1SqKWtTJZTuhcQwwSVrW24F6yWakTgUrBtOr3K/e8+04Ure2lnCgpiMJY84JdZJnUFINLwcliuoihDCGMOc4PoFcqTR8GvYhzi3HCpghdaw/D4YKZrGTFoqiDF9jBIbZERbTgWblwapYQmhUzJmfUcliZkJssW1c3jmlBGMlHYlLVyo3ycyEhszi0PXGRM7Mb+9XPzL66c28oOMyyS1TNLloigV0CqYvw5HXDNqxcwRQjV3t0I6IZpQ6wIquRC+PoX/k06tilEV36BK01/FUQQn4BScAwzqoAmuQQu0AQV34AE8gWdPeY/ei/e6bC14q5lj8APe2ycrmI7R</latexit>

pc~0.33 GeV non-relativistic
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Features of SuperKEKB/Belle II data

• e+e–: event cleanliness, high luminosity
– O(109) events/year (each,several types)  .. and rising!

• of high current interest
– B mesons
– charm hadrons
– 𝝉 pairs 
– {$𝑏𝑏} resonances
– missing energy (dark matter) in the above events

K. Kinoshita, 2025 US Belle II Summer Workshop
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How do B’s decay? some basics

• B meson: {$𝑏𝑞} where q is u or d 
– pseudoscalar; S=0, L=0
– “stable” ➔ b-quark decays by weak force to lighter quarks

– rate of transitions depend on weak couplings, phase space

K. Kinoshita, 2025 US Belle II Summer Workshop
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weak flavor couplings of quarks

fermion flavors are mediated by W±, Z0

• leptons: ~universal weak coupling gF, no generation x-ing

K. Kinoshita, 2025 US Belle II Summer Workshop

Z0 "neutral current"

e–

𝝂e

µ–

𝝂µ

𝝉–

𝝂𝝉

W± "charged current"
seen

not seen
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weak flavor couplings of quarks

fermion flavors are mediated by W±, Z0

• leptons: ~universal weak coupling gF, no generation x-ing

• quarks: 
– generations conserved in neutral but not charged current

K. Kinoshita, 2025 US Belle II Summer Workshop

Z0 "neutral current"

u

d

c

s

t

b

e–

𝝂e

µ–

𝝂µ

𝝉–

𝝂𝝉

W± "charged current"
seen

suppressed

not seen

seen

not seen
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weak flavor couplings of quarks

fermion flavors are mediated by W±, Z0

• leptons: ~universal weak coupling gF, no generation x-ing

• quarks: 
– generations conserved in neutral but not charged current

K. Kinoshita, 2025 US Belle II Summer Workshop

Z0 "neutral current"

u

d

c

s

t

b

e–

𝝂e

µ–

𝝂µ

𝝉–

𝝂𝝉

W± "charged current"
seen

suppressed

not seen

seen

not seen
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GIM (Glashow-Iliopoulos-Maiani) picture:

“weak eigenstates” ≠ mass eigenstates {d, s, b} 

d'
s'  =
b'

d
s
b

Cabibbo-Kobayashi-
Maskawa (CKM) 

matrix

-> linear transformation between 2 bases: matrix

complex
preserves metric

“  orthogonality
º unitary

d’   s’  b’
u  1   0  0
c   0   1  0
t   0   0  1

gF x

in this picture, the charged-current couplings look universal:

• generation conservation
• suppression of FCNC
• multiplicity of charged couplings
• CP violation for ≥3 generations

Elegance restored

K. Kinoshita, 2025 US Belle II Summer Workshop
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A mini-History of flavor physics

• GIM mechanism ➔ prediction of 4th (charm) flavor (1970)
– discovery of J/𝝍 (1974) ➔ B. Richter, S. Ting

• GIM+CP violation in KL ➔ prediction of 3rd generation (1973)
– discovery of 𝝉 (1975) ➔ M. Perl
– 𝜰 (1977)
– CP violation in B decay (Belle, Babar 2002)

➔ M. Kobayashi, T. Maskawa

Unitarity of CKM is central to the 3-generation Standard Model

K. Kinoshita, 2025 US Belle II Summer Workshop
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How does CP violation show up?

• CKM: 3x3, complex ➔ 9 real + 9 imaginary parameters

K. Kinoshita, 2025 US Belle II Summer Workshop

<latexit sha1_base64="qtiUCwmVE/QXJ30vD8SEqZpjpt0="></latexit>2

4
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

3

5 =
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How does CP violation show up?

• CKM: 3x3, complex ➔ 9 real + 9 imaginary parameters
– unitarity constraints ➔ 3 real + 1 irreducibly complex parameters

K. Kinoshita, 2025 US Belle II Summer Workshop

Wolfenstein parametrization (unitary to O(𝝀4))

2

4
1� �2

2 � �3A(⇢� i⌘)

�� 1� �2

2 �2A
�3A(1� ⇢� i⌘) ��2A 1

3

5

<latexit sha1_base64="EaQR5cJiROgOCmn/BSu7MbuBRe8="></latexit>

u
c
t

d                 s                b
<latexit sha1_base64="qtiUCwmVE/QXJ30vD8SEqZpjpt0="></latexit>2

4
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

3

5 =

X

k

VikV
⇤
jk = �ij

<latexit sha1_base64="jcPPpwGPcjHs1g6PTCRNSRAQJ/Y=">AAACDHicbVC9TsMwGHT4LeWvwMhiUSEhhiopAyygSiyMRaI/Uhsix3FaN7YT2Q5SFeUBWHgVFgYQYuUB2Hgb3DYDtJxk63R3n+zv/IRRpW3721paXlldWy9tlDe3tnd2K3v7bRWnEpMWjlksuz5ShFFBWppqRrqJJIj7jHT86Hridx6IVDQWd3qcEJejgaAhxUgbyatU+yrlXgTbXkaj3NyjKL8/hZewHxCmkVFHuUnZNXsKuEicglRBgaZX+eoHMU45ERozpFTPsRPtZkhqihnJy/1UkQThCA1Iz1CBOFFuNl0mh8dGCWAYS3OEhlP190SGuFJj7pskR3qo5r2J+J/XS3V44WZUJKkmAs8eClMGdQwnzcCASoI1GxuCsKTmrxAPkURYm/7KpgRnfuVF0q7XnLNa/dauNq6KOkrgEByBE+CAc9AAN6AJWgCDR/AMXsGb9WS9WO/Wxyy6ZBUzB+APrM8fdv+bOA==</latexit>

unitarity condition
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Focus on generations 1 & 3

• Applying the unitarity condition 
• for i=1, j=3

K. Kinoshita, 2025 US Belle II Summer Workshop

X

k

VikV
⇤
jk = �ij

<latexit sha1_base64="jcPPpwGPcjHs1g6PTCRNSRAQJ/Y=">AAACDHicbVC9TsMwGHT4LeWvwMhiUSEhhiopAyygSiyMRaI/Uhsix3FaN7YT2Q5SFeUBWHgVFgYQYuUB2Hgb3DYDtJxk63R3n+zv/IRRpW3721paXlldWy9tlDe3tnd2K3v7bRWnEpMWjlksuz5ShFFBWppqRrqJJIj7jHT86Hridx6IVDQWd3qcEJejgaAhxUgbyatU+yrlXgTbXkaj3NyjKL8/hZewHxCmkVFHuUnZNXsKuEicglRBgaZX+eoHMU45ERozpFTPsRPtZkhqihnJy/1UkQThCA1Iz1CBOFFuNl0mh8dGCWAYS3OEhlP190SGuFJj7pskR3qo5r2J+J/XS3V44WZUJKkmAs8eClMGdQwnzcCASoI1GxuCsKTmrxAPkURYm/7KpgRnfuVF0q7XnLNa/dauNq6KOkrgEByBE+CAc9AAN6AJWgCDR/AMXsGb9WS9WO/Wxyy6ZBUzB+APrM8fdv+bOA==</latexit>

VudV
⇤
ub + VcdV

⇤
cb + VtdV

⇤
tb = 0

<latexit sha1_base64="9AHdaqp5Dpm04zVs2mJxYQZCzw0=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhTpTF7pRCm5cVrAPaOuQSdM2NJMZkjtCGfoZbvwVNy4Ucdudf2NmOgutHkg459x7Se7xI8E1OM6XVVhaXlldK66XNja3tnfs3b2mDmNFWYOGIlRtn2gmuGQN4CBYO1KMBL5gLX98k9Zbj0xpHsp7mESsF5Ch5ANOCRjLs8+aXhL3p+ntTx9O8KlhNNM01amETEIqrxzPLjsVJwP+S9yclFGOumfPuv2QxgGTQAXRuuM6EfQSooBTwaalbqxZROiYDFnHUEkCpntJttgUHxmnjwehMkcCztyfEwkJtJ4EvukMCIz0Yi01/6t1Yhhc9hIuoxiYpPOHBrHAEOI0JdznilEQE0MIVdz8FdMRUYSCybJkQnAXV/5LmtWKe16p3jnl2nUeRxEdoEN0jFx0gWroFtVRA1H0hF7QG3q3nq1X68P6nLcWrHxmH/2CNfsGYrmf8A==</latexit>

= �3A[(⇢+ i⌘)� 1 + (1� ⇢� i⌘)]
<latexit sha1_base64="SzvkNBeDFc5rcJ8jfcO+WT83x1k=">AAACE3icbVDLSsNAFJ34rPUVdekmWIRqaUnahW6UihuXFewDklgmk0k7dJIJMxOhhP6DG3/FjQtF3Lpx5984abPQ1gMDh3PO5c49XkyJkKb5rS0tr6yurRc2iptb2zu7+t5+R7CEI9xGjDLe86DAlES4LYmkuBdzDEOP4q43us787gPmgrDoTo5j7IZwEJGAICiV1NdPLxyq0j68b1zZZYcPWYU4WMKTqlUpW9VMqM4Et6+XzJo5hbFIrJyUQI5WX/9yfIaSEEcSUSiEbZmxdFPIJUEUT4pOInAM0QgOsK1oBEMs3HR608Q4VopvBIyrF0ljqv6eSGEoxDj0VDKEcijmvUz8z7MTGZy7KYniROIIzRYFCTUkM7KCDJ9wjCQdKwIRJ+qvBhpCDpFUNRZVCdb8yYukU69ZjVr91iw1L/M6CuAQHIEysMAZaIIb0AJtgMAjeAav4E170l60d+1jFl3S8pkD8Afa5w9yG5v4</latexit>

3 terms form a “Unitarity triangle” in the 𝜌-𝜂 complex plane

2

4
1� �2

2 � �3A(⇢� i⌘)

�� 1� �2

2 �2A
�3A(1� ⇢� i⌘) ��2A 1

3

5

<latexit sha1_base64="EaQR5cJiROgOCmn/BSu7MbuBRe8="></latexit>

u
c
t

d                 s                b
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Unitarity Triangle

K. Kinoshita, 2025 US Belle II Summer Workshop

= �3A[(⇢+ i⌘)� 1 + (1� ⇢� i⌘)]
<latexit sha1_base64="SzvkNBeDFc5rcJ8jfcO+WT83x1k=">AAACE3icbVDLSsNAFJ34rPUVdekmWIRqaUnahW6UihuXFewDklgmk0k7dJIJMxOhhP6DG3/FjQtF3Lpx5984abPQ1gMDh3PO5c49XkyJkKb5rS0tr6yurRc2iptb2zu7+t5+R7CEI9xGjDLe86DAlES4LYmkuBdzDEOP4q43us787gPmgrDoTo5j7IZwEJGAICiV1NdPLxyq0j68b1zZZYcPWYU4WMKTqlUpW9VMqM4Et6+XzJo5hbFIrJyUQI5WX/9yfIaSEEcSUSiEbZmxdFPIJUEUT4pOInAM0QgOsK1oBEMs3HR608Q4VopvBIyrF0ljqv6eSGEoxDj0VDKEcijmvUz8z7MTGZy7KYniROIIzRYFCTUkM7KCDJ9wjCQdKwIRJ+qvBhpCDpFUNRZVCdb8yYukU69ZjVr91iw1L/M6CuAQHIEysMAZaIIb0AJtgMAjeAav4E170l60d+1jFl3S8pkD8Afa5w9yG5v4</latexit>

3 terms form a “Unitarity triangle” in the 𝜌-𝜂 complex plane

0 1

<latexit sha1_base64="yxgHdwQDavPA/fH2ddINO89XnS4=">AAACHHicbVBNS8NAEN3Ur1q/qh69BItQQUoiUnssePFYwX5AEspmM22WbrJhdyOE0J/htf4Zb+JV8L94cNvmYFsfDDzezDDznp8wKpVlfRulre2d3b3yfuXg8Oj4pHp61pM8FQS6hDMuBj6WwGgMXUUVg0EiAEc+g74/eZj3+y8gJOXxs8oS8CI8jumIEqy05NRdEfIbFxS+HlZrVsNawNwkdkFqqEBnWP1xA07SCGJFGJbSsa1EeTkWihIG04qbSkgwmeAxOJrGOALp5YuXp+aVVgJzxIWuWJkL9e9GjiMps8jXkxFWoVzvzcX/ek6qRi0vp3GSKojJ8tAoZabi5ty/GVABRLFME0wE1b+aJMQCE6VTWrmShJmkRK4YyaV2GkIwrei47PVwNknvtmE3G82nu1q7VQRXRhfoEtWRje5RGz2iDuoigjh6RTP0ZsyMd+PD+FyOloxi5xytwPj6BUy8onI=</latexit>

(⇢, ⌘)

<latexit sha1_base64="fE6i13KK3dR8qQYcy+yZqPI+Yx4=">AAACG3icdVBdSwJBFJ21L7Mvq8dehiQIAllXW+1N6KVHg9RIRWbHqzs4O7vMzAay+C96tT/TW/TaQ/+lh2bVIKMOXDicey/3nuNFnClt2x9WZm19Y3Mru53b2d3bP8gfHrVUGEsKTRryUN57RAFnApqaaQ73kQQSeBza3vg67bcfQSoWijs9iaAXkJFgQ0aJNtJDV/rhBeuCJv18wS5e1Vzn0sF20barTtlNiVOtOGVcMkqKAlqi0c9/dgchjQMQmnKiVKdkR7qXEKkZ5TDNdWMFEaFjMoKOoYIEoHrJ/OMpPjPKAA9DaUpoPFd/biQkUGoSeGYyINpXv3up+FevE+thrZcwEcUaBF0cGsYc6xCn9vGASaCaTwwhVDLzK6Y+kYRqE9LKlcifKEbVipFEGac+DKY5E9d3Jvh/0nKKJbfo3lYK9doyuCw6QafoHJVQFdXRDWqgJqJIoCc0Q8/WzHqxXq23xWjGWu4coxVY71+6yKLD</latexit>

⇢+ i⌘
<latexit sha1_base64="d75moX5np75k6SkhGpCnBT9TaNY=">AAACE3icdVDLSsNAFJ34rPVVdelmsAhuLJMiMd0V3LisYh/QhjKZTNqhk0mYmQgh9A/c1p9xJ279AP/FhZO2ghU9cOFwzr3ce4+fcKY0Qh/W2vrG5tZ2aae8u7d/cFg5Ou6oOJWEtknMY9nzsaKcCdrWTHPaSyTFkc9p15/cFH73kUrFYvGgs4R6ER4JFjKCtZHuL+1hpYpqyMBxYEFsF9mGNBpuvd6A9txCqAqWaA0rn4MgJmlEhSYcK9W3UaK9HEvNCKfT8iBVNMFkgke0b6jAEVVePr90Cs+NEsAwlqaEhnP150SOI6WyyDedEdZj9dsrxL+8fqpD18uZSFJNBVksClMOdQyLt2HAJCWaZ4ZgIpm5FZIxlphoE87KlmScKUbUyiO5Mp+OaTAtm7i+M4H/k069Zjs15+6q2nSXwZXAKTgDF8AG16AJbkELtAEBIXgCM/BszawX69V6W7SuWcuZE7AC6/0LrDGe+w==</latexit>�1

<latexit sha1_base64="dWrq6yAqvdqDo8spVFfCftl/d0E=">AAACHXicdVDJSgNBEO2JW4xb1KOXxiB4ydCTmBhvAS8eI5gFMiH0dCqZJj0L3T1CGPIbXuPPeBOv4r94sLMIRvRBweO9KqrqebHgShPyYWU2Nre2d7K7ub39g8Oj/PFJS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGt3O//QhS8Sh80JMYegEdhXzIGdVGcp2iK/2oyF3QtJ8vEJtUK+WbCiZ2hTi10pyUKg4hZezYZIECWqHRz3+6g4glAYSaCapU1yGx7qVUas4ETHNuoiCmbExH0DU0pAGoXrq4eYovjDLAw0iaCjVeqD8nUhooNQk80xlQ7avf3lz8y+smeljrpTyMEw0hWy4aJgLrCM8DwAMugWkxMYQyyc2tmPlUUqZNTGtbYn+iOFNrj6TKfOrDYJozcX1ngv8nrZLtVO3q/VWhXlsFl0Vn6BxdIgddozq6Qw3URAzF6AnN0LM1s16sV+tt2ZqxVjOnaA3W+xedZaMv</latexit>

1� ⇢� i⌘

<latexit sha1_base64="L61UnagsGgUqigYnjmBRqLnsFHk=">AAACF3icbVBNS8NAEN3Ur1q/qh69LBbBU0lEao8FLx4r2A9oQ9lsJs3aTbLsboQQ+h+81j/jTbx69L94cNvmYFsfDDzezDDznic4U9q2v63S1vbO7l55v3JweHR8Uj0966oklRQ6NOGJ7HtEAWcxdDTTHPpCAok8Dj1vcj/v915AKpbETzoT4EZkHLOAUaKN1B2KkI2cUbVm1+0F8CZxClJDBdqj6s/QT2gaQawpJ0oNHFtoNydSM8phWhmmCgShEzKGgaExiUC5+eLbKb4yio+DRJqKNV6ofzdyEimVRZ6ZjIgO1XpvLv7XG6Q6aLo5i0WqIabLQ0HKsU7w3Dr2mQSqeWYIoZKZXzENiSRUm4BWrogwU4yqFSO5Mk5D8KcVE5ezHs4m6d7UnUa98XhbazWL4MroAl2ia+SgO9RCD6iNOoiiZ/SKZujNmlnv1of1uRwtWcXOOVqB9fUL7t2gtQ==</latexit>

�1

<latexit sha1_base64="jafHBdyZDdInf6jalt3Sb+7GMec=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KkmR2mPBi8cK9gPaUDabSbN2swm7GyGE/gev9c94E68e/S8e3LY52NYHA483M8y85yWcKW3b39bW9s7u3n7poHx4dHxyWjk776o4lRQ6NOax7HtEAWcCOpppDv1EAok8Dj1vcj/v915AKhaLJ50l4EZkLFjAKNFG6g6TkI3qo0rVrtkL4E3iFKSKCrRHlZ+hH9M0AqEpJ0oNHDvRbk6kZpTDtDxMFSSETsgYBoYKEoFy88W3U3xtFB8HsTQlNF6ofzdyEimVRZ6ZjIgO1XpvLv7XG6Q6aLo5E0mqQdDloSDlWMd4bh37TALVPDOEUMnMr5iGRBKqTUArV5IwU4yqFSO5Mk5D8KdlE5ezHs4m6dZrTqPWeLyttppFcCV0ia7QDXLQHWqhB9RGHUTRM3pFM/Rmzax368P6XI5uWcXOBVqB9fUL8Iugtg==</latexit>

�2

<latexit sha1_base64="0STtwGhArKtGpvlP93GY9bJK0+g=">AAACF3icbVBNS8NAEN34WetX1aOXxSJ4KolK7bHgxWMF+wFtKJvNpFm72YTdjRBC/4PX+me8iVeP/hcPbtscbOuDgcebGWbe8xLOlLbtb2tjc2t7Z7e0V94/ODw6rpycdlScSgptGvNY9jyigDMBbc00h14igUQeh643vp/1uy8gFYvFk84ScCMyEixglGgjdQZJyIY3w0rVrtlz4HXiFKSKCrSGlZ+BH9M0AqEpJ0r1HTvRbk6kZpTDpDxIFSSEjskI+oYKEoFy8/m3E3xpFB8HsTQlNJ6rfzdyEimVRZ6ZjIgO1WpvJv7X66c6aLg5E0mqQdDFoSDlWMd4Zh37TALVPDOEUMnMr5iGRBKqTUBLV5IwU4yqJSO5Mk5D8CdlE5ezGs466VzXnHqt/nhbbTaK4EroHF2gK+SgO9RED6iF2oiiZ/SKpujNmlrv1of1uRjdsIqdM7QE6+sX8jmgtw==</latexit>

�3
<latexit sha1_base64="umpUcAObebKNv7rNHY3aJrr9Vo8=">AAACFXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEao8FLx4r2FpoQ9lsJs3STTbsboQQ+he81j/jTbx69r94cNPmYFsfDDzezDDznpdwprRtf1uVre2d3b3qfu3g8Oj4pH561lcilRR6VHAhBx5RwFkMPc00h0EigUQeh2dvel/0n19AKibiJ50l4EZkErOAUaILaSRDMa437Ka9AN4kTkkaqER3XP8Z+YKmEcSacqLU0LET7eZEakY5zGqjVEFC6JRMYGhoTCJQbr74dYavjOLjQEhTscYL9e9GTiKlssgzkxHRoVrvFeJ/vWGqg7abszhJNcR0eShIOdYCF8axzyRQzTNDCJXM/IppSCSh2sSzciUJM8WoWjGSK+M0BH9WM3E56+Fskv5N02k1W4+3jU67DK6KLtAlukYOukMd9IC6qIcoCtErmqM3a269Wx/W53K0YpU752gF1tcvvJ+gGQ==</latexit>⇢

<latexit sha1_base64="OY52j5ZZh1H6lzPFVAMhY6Q4ogQ=">AAACFXicbVBNS8NAEN3Ur1q/qh69LBbBU0lEao8FLx4r2FpoQ9lsJs3SzSbsboQQ+he81j/jTbx69r94cNPmYFsfDDzezDDznpdwprRtf1uVre2d3b3qfu3g8Oj4pH561ldxKin0aMxjOfCIAs4E9DTTHAaJBBJ5HJ696X3Rf34BqVgsnnSWgBuRiWABo0QX0gg0GdcbdtNeAG8SpyQNVKI7rv+M/JimEQhNOVFq6NiJdnMiNaMcZrVRqiAhdEomMDRUkAiUmy9+neEro/g4iKUpofFC/buRk0ipLPLMZER0qNZ7hfhfb5jqoO3mTCSpBkGXh4KUYx3jwjj2mQSqeWYIoZKZXzENiSRUm3hWriRhphhVK0ZyZZyG4M9qJi5nPZxN0r9pOq1m6/G20WmXwVXRBbpE18hBd6iDHlAX9RBFIXpFc/Rmza1368P6XI5WrHLnHK3A+voFo1+gCg==</latexit>⌘
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return to B decay

Allowed direct couplings are 

K. Kinoshita, 2025 US Belle II Summer Workshop

<latexit sha1_base64="yLbm7Oieywb1emhOZmwKXRc7nn8=">AAACF3icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2A9oQ9lsNs3azSbsboQQ+h+81j/jTbx69L94cNvmYFsfDDzezDDznpdwprRtf1ulre2d3b3yfuXg8Oj4pHp61lVxKgntkJjHsu9hRTkTtKOZ5rSfSIojj9OeN7mf93svVCoWiyedJdSN8FiwgBGsjdT1hjpGZFSt2XV7AbRJnILUoEB7VP0Z+jFJIyo04VipgWMn2s2x1IxwOq0MU0UTTCZ4TAeGChxR5eaLb6foyig+CmJpSmi0UP9u5DhSKos8MxlhHar13lz8rzdIddB0cyaSVFNBloeClCNjcW4d+UxSonlmCCaSmV8RCbHERJuAVq4kYaYYUStGcmWchtSfVkxczno4m6R7U3ca9cbjba3VLIIrwwVcwjU4cActeIA2dIDAM7zCDN6smfVufVify9GSVeycwwqsr1/ffqCs</latexit>

b ! c
<latexit sha1_base64="TSELLuPAn9x+CJCcGD0SV6ShzAA=">AAACF3icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx4r2A9oQ9lsNs3azSbsboQQ+h+81j/jTbx69L94cNvmYFsfDDzezDDznpdwprRtf1ulre2d3b3yfuXg8Oj4pHp61lVxKgntkJjHsu9hRTkTtKOZ5rSfSIojj9OeN7mf93svVCoWiyedJdSN8FiwgBGsjdT1hjpG6ahas+v2AmiTOAWpQYH2qPoz9GOSRlRowrFSA8dOtJtjqRnhdFoZpoommEzwmA4MFTiiys0X307RlVF8FMTSlNBoof7dyHGkVBZ5ZjLCOlTrvbn4X2+Q6qDp5kwkqaaCLA8FKUfG4tw68pmkRPPMEEwkM78iEmKJiTYBrVxJwkwxolaM5Mo4Dak/rZi4nPVwNkn3pu406o3H21qrWQRXhgu4hGtw4A5a8ABt6ACBZ3iFGbxZM+vd+rA+l6Mlq9g5hxVYX7/9uqC+</latexit>

b ! u
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dominant path: spectator

K. Kinoshita, 2025 US Belle II Summer Workshop

Example: semileptonic
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dominant path: spectator

K. Kinoshita, 2025 US Belle II Summer Workshop

Example: semileptonic

rate (partial width) depends on
• |Vij |2

• hadronic final states (phase space, wavefunctions)

<latexit sha1_base64="QgqDWjpShS+WQlZmng847IAoH7Q=">AAACGXicdVDLSsNAFJ34rPVVdelmsAjiIiRpTeuu4MZlBfuANpbJZNIOnTyYmQgh5Cfc1p9xJ25d+S8unLQVrOiBC4dz7+Xec9yYUSEN40NbW9/Y3Nou7ZR39/YPDitHx10RJRyTDo5YxPsuEoTRkHQklYz0Y05Q4DLSc6c3Rb/3SLigUXgv05g4ARqH1KcYSSX1u6MMu/nD5ahSNfTrpm1dWdDQDaNh1eyCWI26VYOmUgpUwRLtUeVz6EU4CUgoMUNCDEwjlk6GuKSYkbw8TASJEZ6iMRkoGqKACCeb/5vDc6V40I+4qlDCufpzI0OBEGngqskAyYn43SvEv3qDRPpNJ6NhnEgS4sUhP2FQRrAwDz3KCZYsVQRhTtWvEE8QR1iqiFauxJNUUCxWjGRCOZ0QLy+ruL4zgf+TrqWbtm7f1aut5jK4EjgFZ+ACmKABWuAWtEEHYMDAE5iBZ22mvWiv2ttidE1b7pyAFWjvXwSzodo=</latexit>

V ⇤
cb

<latexit sha1_base64="zxHLs10RbKfcd+2m5ruqaL5ozcg=">AAACGXicdVDLSsNAFJ34rPVVdelmsAjiIiRpTeuu4MZlBfuANpbJZNIOnTyYmQgh5Cfc1p9xJ25d+S8unLQVrOiBC4dz7+Xec9yYUSEN40NbW9/Y3Nou7ZR39/YPDitHx10RJRyTDo5YxPsuEoTRkHQklYz0Y05Q4DLSc6c3Rb/3SLigUXgv05g4ARqH1KcYSSX1u6MscfOHy1GlaujXTdu6sqChG0bDqtkFsRp1qwZNpRSogiXao8rn0ItwEpBQYoaEGJhGLJ0McUkxI3l5mAgSIzxFYzJQNEQBEU42/zeH50rxoB9xVaGEc/XnRoYCIdLAVZMBkhPxu1eIf/UGifSbTkbDOJEkxItDfsKgjGBhHnqUEyxZqgjCnKpfIZ4gjrBUEa1ciSepoFisGMmEcjohXl5WcX1nAv8nXUs3bd2+q1dbzWVwJXAKzsAFMEEDtMAtaIMOwICBJzADz9pMe9FetbfF6Jq23DkBK9DevwAjN6Hs</latexit>

V ⇤
ub
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dominant path: spectator

K. Kinoshita, 2025 US Belle II Summer Workshop

Example: semileptonic

rate (partial width) depends on
• |Vij |2

• hadronic final states (phase space, wavefunctions)

<latexit sha1_base64="bwAS1uYykgFwVSQidZiz+H6MMoo=">AAACHXicdVDLSgMxFM3UV62vqks3wSK4KtNpndZdwY3LCvYBnaFk0rQNzWRCkhGHob/htv6MO3Er/osLM20FK3ogcHLOvdx7TyAYVdq2P6zcxubW9k5+t7C3f3B4VDw+6agolpi0ccQi2QuQIoxy0tZUM9ITkqAwYKQbTG8yv/tApKIRv9eJIH6IxpyOKEbaSJ6HhJDRI7TLdm1QLNnl64brXDnZ3647VTcjTr3mVGHFKBlKYIXWoPjpDSMch4RrzJBS/YottJ8iqSlmZFbwYkUEwlM0Jn1DOQqJ8tPFzjN4YZQhHEXSPK7hQv3ZkaJQqSQMTGWI9ET99jLxL68f61HDTykXsSYcLweNYgZ1BLMA4JBKgjVLDEFYUrMrxBMkEdYmprUpYpIoitXaIakyl07IcFYwcX1nAv8nHadcccvuXa3UbKyCy4MzcA4uQQXUQRPcghZoAwwEeAJz8GzNrRfr1XpbluasVc8pWIP1/gUcBqLg</latexit>⇡ 0.04
<latexit sha1_base64="YnvuVuAxHOb0pr4wZcwiCveixGM=">AAACHnicdVBNS8NAEN3Ur1q/qh69LBbBU0nSmtZbwYvHCrYW2lA2m22zdJOsuxsxhP4Or/XPeBOv+l88uGkrWNEHA4/3ZpiZ53FGpTLND6Owtr6xuVXcLu3s7u0flA+PujJOBCYdHLNY9DwkCaMR6SiqGOlxQVDoMXLnTa5y/+6BCEnj6FalnLghGkd0RDFSWnIHiHMRP0Kzapr1YbliVi+bjn1hz4WGXXNyYjfqdg1aWslRAUu0h+XPgR/jJCSRwgxJ2bdMrtwMCUUxI9PSIJGEIzxBY9LXNEIhkW42P3oKz7Tiw1EsdEUKztWfExkKpUxDT3eGSAXyt5eLf3n9RI2abkYjnigS4cWiUcKgimGeAPSpIFixVBOEBdW3QhwggbDSOa1s4UEqKZYrj2RSfxoQf1rScX1nAv8nXbtqOVXnpl5pNZfBFcEJOAXnwAIN0ALXoA06AIN78ARm4NmYGS/Gq/G2aC0Yy5ljsALj/QuVnqMa</latexit>⇡ 0.004

“CKM-favored” “CKM-suppressed”

<latexit sha1_base64="QgqDWjpShS+WQlZmng847IAoH7Q=">AAACGXicdVDLSsNAFJ34rPVVdelmsAjiIiRpTeuu4MZlBfuANpbJZNIOnTyYmQgh5Cfc1p9xJ25d+S8unLQVrOiBC4dz7+Xec9yYUSEN40NbW9/Y3Nou7ZR39/YPDitHx10RJRyTDo5YxPsuEoTRkHQklYz0Y05Q4DLSc6c3Rb/3SLigUXgv05g4ARqH1KcYSSX1u6MMu/nD5ahSNfTrpm1dWdDQDaNh1eyCWI26VYOmUgpUwRLtUeVz6EU4CUgoMUNCDEwjlk6GuKSYkbw8TASJEZ6iMRkoGqKACCeb/5vDc6V40I+4qlDCufpzI0OBEGngqskAyYn43SvEv3qDRPpNJ6NhnEgS4sUhP2FQRrAwDz3KCZYsVQRhTtWvEE8QR1iqiFauxJNUUCxWjGRCOZ0QLy+ruL4zgf+TrqWbtm7f1aut5jK4EjgFZ+ACmKABWuAWtEEHYMDAE5iBZ22mvWiv2ttidE1b7pyAFWjvXwSzodo=</latexit>

V ⇤
cb

<latexit sha1_base64="zxHLs10RbKfcd+2m5ruqaL5ozcg=">AAACGXicdVDLSsNAFJ34rPVVdelmsAjiIiRpTeuu4MZlBfuANpbJZNIOnTyYmQgh5Cfc1p9xJ25d+S8unLQVrOiBC4dz7+Xec9yYUSEN40NbW9/Y3Nou7ZR39/YPDitHx10RJRyTDo5YxPsuEoTRkHQklYz0Y05Q4DLSc6c3Rb/3SLigUXgv05g4ARqH1KcYSSX1u6MscfOHy1GlaujXTdu6sqChG0bDqtkFsRp1qwZNpRSogiXao8rn0ItwEpBQYoaEGJhGLJ0McUkxI3l5mAgSIzxFYzJQNEQBEU42/zeH50rxoB9xVaGEc/XnRoYCIdLAVZMBkhPxu1eIf/UGifSbTkbDOJEkxItDfsKgjGBhHnqUEyxZqgjCnKpfIZ4gjrBUEa1ciSepoFisGMmEcjohXl5WcX1nAv8nXUs3bd2+q1dbzWVwJXAKzsAFMEEDtMAtaIMOwICBJzADz9pMe9FetbfF6Jq23DkBK9DevwAjN6Hs</latexit>

V ⇤
ub
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Measured & theoretical rates ➔ Vij

K. Kinoshita, 2025 US Belle II Summer Workshop

precision is limited by pesky hadronic uncertainties

rate (partial width) depends on
• |Vij |2

• hadronic final states (phase space, wavefunctions)

meson (e.g., D, D*); 
multihadron (D(*)+π(π); DsK, 
…hard to model, measure

<latexit sha1_base64="QgqDWjpShS+WQlZmng847IAoH7Q=">AAACGXicdVDLSsNAFJ34rPVVdelmsAjiIiRpTeuu4MZlBfuANpbJZNIOnTyYmQgh5Cfc1p9xJ25d+S8unLQVrOiBC4dz7+Xec9yYUSEN40NbW9/Y3Nou7ZR39/YPDitHx10RJRyTDo5YxPsuEoTRkHQklYz0Y05Q4DLSc6c3Rb/3SLigUXgv05g4ARqH1KcYSSX1u6MMu/nD5ahSNfTrpm1dWdDQDaNh1eyCWI26VYOmUgpUwRLtUeVz6EU4CUgoMUNCDEwjlk6GuKSYkbw8TASJEZ6iMRkoGqKACCeb/5vDc6V40I+4qlDCufpzI0OBEGngqskAyYn43SvEv3qDRPpNJ6NhnEgS4sUhP2FQRrAwDz3KCZYsVQRhTtWvEE8QR1iqiFauxJNUUCxWjGRCOZ0QLy+ruL4zgf+TrqWbtm7f1aut5jK4EjgFZ+ACmKABWuAWtEEHYMDAE5iBZ22mvWiv2ttidE1b7pyAFWjvXwSzodo=</latexit>

V ⇤
cb
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Vij strategy

K. Kinoshita, 2025 US Belle II Summer Workshop

Measure in multiple ways, iterate 
w development of models until 
they converge

rate (partial width) depends on
• |Vij |2

• hadronic final states (phase space, wavefunctions)

• mesons separately (exclusive)
• all together (inclusive)

<latexit sha1_base64="QgqDWjpShS+WQlZmng847IAoH7Q=">AAACGXicdVDLSsNAFJ34rPVVdelmsAjiIiRpTeuu4MZlBfuANpbJZNIOnTyYmQgh5Cfc1p9xJ25d+S8unLQVrOiBC4dz7+Xec9yYUSEN40NbW9/Y3Nou7ZR39/YPDitHx10RJRyTDo5YxPsuEoTRkHQklYz0Y05Q4DLSc6c3Rb/3SLigUXgv05g4ARqH1KcYSSX1u6MMu/nD5ahSNfTrpm1dWdDQDaNh1eyCWI26VYOmUgpUwRLtUeVz6EU4CUgoMUNCDEwjlk6GuKSYkbw8TASJEZ6iMRkoGqKACCeb/5vDc6V40I+4qlDCufpzI0OBEGngqskAyYn43SvEv3qDRPpNJ6NhnEgS4sUhP2FQRrAwDz3KCZYsVQRhTtWvEE8QR1iqiFauxJNUUCxWjGRCOZ0QLy+ruL4zgf+TrqWbtm7f1aut5jK4EjgFZ+ACmKABWuAWtEEHYMDAE5iBZ22mvWiv2ttidE1b7pyAFWjvXwSzodo=</latexit>

V ⇤
cb
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Meson-antimeson mixing

• largest contribution where internal quarks are t
• decay with time oscillation

– observable in Belle II due to moving CMS

K. Kinoshita, 2025 US Belle II Summer Workshop

B̄
<latexit sha1_base64="LiElEu0mLdXSqp1PPkBm9tZ/yas=">AAAB7XicdZDLSgMxFIbPeK31VnXpJlgEVyXpwk5XFt24rGIv0A4lk2ba2MyFJCOU0ndw40IRt76CKx/CnW9jplVQ0R8CH/9/Djnn+IkU2mD87iwsLi2vrObW8usbm1vbhZ3dpo5TxXiDxTJWbZ9qLkXEG0YYyduJ4jT0JW/5o7Msb91wpUUcXZlxwr2QDiIRCEaNtZpdnyp02isUcQljTAhBGZDKMbZQrbpl4iKSRVbFk9eXS7Cq9wpv3X7M0pBHhkmqdYfgxHgTqoxgkk/z3VTzhLIRHfCOxYiGXHuT2bRTdGidPgpiZV9k0Mz93jGhodbj0LeVITVD/TvLzL+yTmoC15uIKEkNj9j8oyCVyMQoWx31heLMyLEFypSwsyI2pIoyYw+Ut0f42hT9D81yieASucDFmgtz5WAfDuAICFSgBudQhwYwuIZbuIcHJ3bunEfnaV664Hz27MEPOc8f6haQ2A==</latexit><latexit sha1_base64="sIc8x+AgNsTnrrEYSS+Jc03sd/4=">AAAB7XicdZDLSgMxFIYz9VbrrepSkGARXJXEhZ2uLLpx2YK9QFtKJs20sZnMkGSEMnTp3o0LRdz6Cl35EO58Bl/CTKugoj8EPv7/HHLO8SLBtUHozcksLC4tr2RXc2vrG5tb+e2dhg5jRVmdhiJULY9oJrhkdcONYK1IMRJ4gjW90XmaN6+Z0jyUl2YcsW5ABpL7nBJjrUbHIwqe9fIFVEQIYYxhCrh0giyUy+4xdiFOI6vC6cu09n6zP6328q+dfkjjgElDBdG6jVFkuglRhlPBJrlOrFlE6IgMWNuiJAHT3WQ27QQeWqcP/VDZJw2cud87EhJoPQ48WxkQM9S/s9T8K2vHxne7CZdRbJik84/8WEATwnR12OeKUSPGFghV3M4K6ZAoQo09UM4e4WtT+D80josYFXENFSoumCsL9sABOAIYlEAFXIAqqAMKrsAtuAcPTujcOY/O07w043z27IIfcp4/APQRkx0=</latexit><latexit sha1_base64="sIc8x+AgNsTnrrEYSS+Jc03sd/4=">AAAB7XicdZDLSgMxFIYz9VbrrepSkGARXJXEhZ2uLLpx2YK9QFtKJs20sZnMkGSEMnTp3o0LRdz6Cl35EO58Bl/CTKugoj8EPv7/HHLO8SLBtUHozcksLC4tr2RXc2vrG5tb+e2dhg5jRVmdhiJULY9oJrhkdcONYK1IMRJ4gjW90XmaN6+Z0jyUl2YcsW5ABpL7nBJjrUbHIwqe9fIFVEQIYYxhCrh0giyUy+4xdiFOI6vC6cu09n6zP6328q+dfkjjgElDBdG6jVFkuglRhlPBJrlOrFlE6IgMWNuiJAHT3WQ27QQeWqcP/VDZJw2cud87EhJoPQ48WxkQM9S/s9T8K2vHxne7CZdRbJik84/8WEATwnR12OeKUSPGFghV3M4K6ZAoQo09UM4e4WtT+D80josYFXENFSoumCsL9sABOAIYlEAFXIAqqAMKrsAtuAcPTujcOY/O07w043z27IIfcp4/APQRkx0=</latexit><latexit sha1_base64="sc/Z+y7SVF0YiVhM8yPnCpH7aJE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkXdrorunFZwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaSuo6IELh3Pu5d57wkRwYxH68Apr6xubW8Xt0s7u3v5B+fCoY1SqKWtTJZTuhcQwwSVrW24F6yWakTgUrBtOr3K/e8+04Ure2lnCgpiMJY84JdZJnUFINLwcliuoihDCGMOc4PoFcqTR8GvYhzi3HCpghdaw/D4YKZrGTFoqiDF9jBIbZERbTgWblwapYQmhUzJmfUcliZkJssW1c3jmlBGMlHYlLVyo3ycyEhszi0PXGRM7Mb+9XPzL66c28oOMyyS1TNLloigV0CqYvw5HXDNqxcwRQjV3t0I6IZpQ6wIquRC+PoX/k06tilEV36BK01/FUQQn4BScAwzqoAmuQQu0AQV34AE8gWdPeY/ei/e6bC14q5lj8APe2ycrmI7R</latexit>

B
<latexit sha1_base64="mrEl/6Bmna5CBPrjU6DAv5887W0=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoytbR1ZdGNy1ZsK7RDyaRpG5u5kGSEMvQJ3LhQxK1P4cqHcOfbmGkVVPSHwM/3n0POOV4kuNIYv1uZhcWl5ZXsam5tfWNzK7+901JhLClr0lCE8sojigkesKbmWrCrSDLie4K1vfFZmrdvmFQ8DC71JGKuT4YBH3BKtEGN016+gO3jarlYKiNsY1xxik5qipXSUQk5hqQqnLy+XIBRvZd/6/ZDGvss0FQQpToOjrSbEKk5FWya68aKRYSOyZB1jA2Iz5SbzAadogND+mgQSvMCjWb0e0dCfKUmvmcqfaJH6neWwr+yTqwHVTfhQRRrFtD5R4NYIB2idGvU55JRLSbGECq5mRXREZGEanObnDnC16bof9Mq2g62nQYu1KowVxb2YB8OwYEK1OAc6tAECgxu4R4erGvrznq0nualGeuzZxd+yHr+AK67jwE=</latexit><latexit sha1_base64="YoNEkR18DeOyeAOxLpz+jAvnDwY=">AAAB6HicdZDLSgMxFIYz9VbrrepSkGARXA2ZsbR1ZdGNyxbsBdqhZNJMG5u5kGSEMnTpyo0LRdz6FF35EO58Bl/CTKugoj8Efr7/HHLOcSPOpELozcgsLC4tr2RXc2vrG5tb+e2dpgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o/M0b11TIVkYXKpxRB0fDwLmMYKVRvWzXr6AzJNKyS6WIDIRKlu2lRq7XDwuQkuTVIXTl2n9/WZ/WuvlX7v9kMQ+DRThWMqOhSLlJFgoRjid5LqxpBEmIzygHW0D7FPpJLNBJ/BQkz70QqFfoOCMfu9IsC/l2Hd1pY/VUP7OUvhX1omVV3ESFkSxogGZf+TFHKoQplvDPhOUKD7WBhPB9KyQDLHAROnb5PQRvjaF/5umbVrItOqoUK2AubJgDxyAI2CBMqiCC1ADDUAABbfgHjwYV8ad8Wg8zUszxmfPLvgh4/kDuLaRRg==</latexit><latexit sha1_base64="YoNEkR18DeOyeAOxLpz+jAvnDwY=">AAAB6HicdZDLSgMxFIYz9VbrrepSkGARXA2ZsbR1ZdGNyxbsBdqhZNJMG5u5kGSEMnTpyo0LRdz6FF35EO58Bl/CTKugoj8Efr7/HHLOcSPOpELozcgsLC4tr2RXc2vrG5tb+e2dpgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o/M0b11TIVkYXKpxRB0fDwLmMYKVRvWzXr6AzJNKyS6WIDIRKlu2lRq7XDwuQkuTVIXTl2n9/WZ/WuvlX7v9kMQ+DRThWMqOhSLlJFgoRjid5LqxpBEmIzygHW0D7FPpJLNBJ/BQkz70QqFfoOCMfu9IsC/l2Hd1pY/VUP7OUvhX1omVV3ESFkSxogGZf+TFHKoQplvDPhOUKD7WBhPB9KyQDLHAROnb5PQRvjaF/5umbVrItOqoUK2AubJgDxyAI2CBMqiCC1ADDUAABbfgHjwYV8ad8Wg8zUszxmfPLvgh4/kDuLaRRg==</latexit><latexit sha1_base64="vFVwwqzkwUqnWrqph+zjB4RVC6U=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZmNIYm3oBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFhwpTH+sHJr6xubW/ntws7u3v5B8fCoo6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9Drzu/dMKh6Ft3oWMzcg45D7nBJtpNbVsFjC9mW9Wq5UEbYxrjllJyPlWuWighyjZCjBCs1h8X0wimgSsFBTQZTqOzjWbkqk5lSweWGQKBYTOiVj1jc0JAFTbro4dI7OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7dfdlIdxollIl4v8RCAdoexrNOKSUS1mhhAqubkV0QmRhGqTTcGE8PUp+p90yraDbaeFS436Ko48nMApnIMDNWjADTShDRQYPMATPFt31qP1Yr0uW3PWauYYfsB6+wTwLoz6</latexit>

each B travels <β𝛾c𝜏>≈130 µm before decaying

7.0 GeV e– 4.0 GeV e+
𝛃CMS ≈ 0.27

CMS

u-type u-type
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Time-dependent CP violation

• single final state accessible w/wo mixing
• first measured mode

K. Kinoshita, 2025 US Belle II Summer Workshop

µ Vtb
*2Vtd

2 VcbVcs
*

µVcb
*Vcs

B0 � J/�K0
S

identical hadronic processes → same |Amplitude|, no hadronic uncertainty

difference
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<latexit sha1_base64="EaQR5cJiROgOCmn/BSu7MbuBRe8="></latexit>

phase diffe
rence 

=2𝝋 1
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• yields sin 2𝝋1 with smallest theory uncertainty

K. Kinoshita, 2025 US Belle II Summer Workshop

B0 � J/�K0
S

PRD 110, 012001 (2024)

𝝋1=(23.2±1.5±0.6)°
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Similar (but different) paths to sin2φ1

• Example

K. Kinoshita, 2025 US Belle II Summer Workshop

µ Vtb
*2Vtd

2 VtbVts
*mixing+penguinµVtb

*Vts“penguin” (real Vij) 
B0 � �K0

�
<latexit sha1_base64="7E/QT1FIhqAYh1IYzVSf2p/XVVk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQU9S8OKxgmkLbSib7bRdutmE3Y1QQn+DFw+KePUHefPfuGlz0NYHA4/3ZpiZFyaCa+O6305pY3Nre6e8W9nbPzg8qh6ftHWcKoY+i0WsuiHVKLhE33AjsJsopFEosBNO73K/84RK81g+mlmCQUTHko84o8ZKfj+Z8MqgWnPr7gJknXgFqUGB1qD61R/GLI1QGiao1j3PTUyQUWU4Eziv9FONCWVTOsaepZJGqINsceycXFhlSEaxsiUNWai/JzIaaT2LQtsZUTPRq14u/uf1UjO6CTIuk9SgZMtFo1QQE5P8czLkCpkRM0soU9zeStiEKsqMzScPwVt9eZ20G3Xvqt54cGvN2yKOMpzBOVyCB9fQhHtogQ8MODzDK7w50nlx3p2PZWvJKWZO4Q+czx9IEY5P</latexit>
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Similar (but different) paths to sin2φ1

• Example

K. Kinoshita, 2025 US Belle II Summer Workshop
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Similar (but different) paths to sin2φ1

• Example

• a different “sin 2φ1” could indicate New Physics
• different paths compared for consistency (or not) w Standard Model

K. Kinoshita, 2025 US Belle II Summer Workshop
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2 VtbVts
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*Vts“penguin” (real Vij) 

larger theoretical uncertainties: why bother measuring this?
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CKM tests

K. Kinoshita, 2025 US Belle II Summer Workshop

• “best” evaluation of (𝝆,𝜼) … assuming no New Physics
• New Physics may  appear as inconsistency or poor fit

allowed regions filled
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Looking forward: improve statistics & resolution…

K. Kinoshita, 2025 US Belle II Summer Workshop
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… and hope for fun surprises!

K. Kinoshita, 2025 US Belle II Summer Workshop
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Summary

• Belle II/SuperKEKB: e+e– at ≈10 GeV
• Core: precision to test CKM unitarity, probe beyond 

Standard Model at high mass scales in
– B mesons 
– charm hadrons
– 𝜏 leptons 

• More to come this week: enjoy!
– plenary

• semileptonic decays, CP violation, 𝜏, dark matter
– many ECR talks!

K. Kinoshita, 2025 US Belle II Summer Workshop
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• backup

K. Kinoshita, 2025 US Belle II Summer Workshop
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Belle II: rich Physics program (not only NP)

K. Kinoshita, 2025 US Belle II Summer Workshop


