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CP violation and baryogenesis
One observable fact

Three conditions(Sakharov conditions)

APS/Alan 

nB � nB̄

n�
⇠ 10�10
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Out of equilibrium B-violation

SM BSMSM, not enough

C- and CP-
violation
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CP violation in Higgs-related couplings

arXiv:2606.03510 arXiv:2606.04855

arXiv:2603.20117
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CP violation in Higgs-related couplings
SciPost Phys. Core 8, 006 (2025) 

arXiv:2011.13945

Very large irreducible bg

?
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Hgg

?
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Hbb̄
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CP violation in Higgs -related couplings

?
<latexit sha1_base64="Fz7P8l+GtDcR30d9E5GofLGK//A=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZJa0yyLbrqsYB/ShjIznbRDJ5MwMxFK6Fe4caGIWz/HnX/jpK2gogcuHM65l3vvwQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHHRWnktA2iXksexgpypmgbc00p71EUhRhTrt4ep373XsqFYvFrZ4lNIjQWLCQEaSNdNfEA4xkhufDcsWxfcere3Xo2O6ld+H6Oan6vluFru0sUAErtIbl98EoJmlEhSYcKdV3nUQHGZKaEU7npUGqaILIFI1p31CBIqqCbHHwHJ4ZZQTDWJoSGi7U7xMZipSaRdh0RkhP1G8vF//y+qkO/SBjIkk1FWS5KEw51DHMv4cjJinRfGYIIpKZWyGZIImINhmVTAhfn8L/Sadqu55du6lVGlerOIrgBJyCc+CCOmiAJmiBNiAgAg/gCTxb0nq0XqzXZWvBWs0cgx+w3j4BSjCQwg==</latexit>

Hbb̄

?
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Hgg

What about from the decay? 

What observables should we look at? 
Would CP information be preserved in the showering 

and hadronization? 
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Methods—leading order approximation

[Phys.Rev.D 114 (2026) 1, 016006, YLW, YYL, JG, HXZ]
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IR safe?

correlation strength

Methods—leading order approximation

[Phys.Rev.D 114 (2026) 1, 016006, YLW, YYL, JG, HXZ]
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Methods—leading order approximation

[Phys.Rev.D 114 (2026) 1, 016006, YLW, YYL, JG, HXZ]
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Methods—leading order approximation

[Phys.Rev.D 114 (2026) 1, 016006, YLW, YYL, JG, HXZ]

But…
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At lepton colliders, measure spin correlation

[Phys.Rev.D 114 (2026) 1, 016006, YLW, YYL, JG, HXZ]

<latexit sha1_base64="UOgl7spjCwrlFVPyyOrIKzFP8PA=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A/sLiWbZtvQbHZNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QSK4No7zjQpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gdDvz22OmNI/lg5kkzI/IQPKQU2Ks5D96JsbCC4jKxLRXrjhVZw68StycVCBHo1f+8voxTSMmDRVE667rJMbPiDKcCjYtealmCaEjMmBdSyWJmPaz+dFTfGaVPg5jZUsaPFd/T2Qk0noSBbYzImaol72Z+J/XTU147WdcJqlhki4WhanA9tNZArjPFaNGTCwhVHF7K6ZDogg1NqeSDcFdfnmVtC6q7mW1dl+r1G/yOIpwAqdwDi5cQR3uoAFNoPAEz/AKb2iMXtA7+li0FlA+cwx/gD5/AMdHkh8=</latexit>

Z → ll̄

To construct Higgs rest frame…
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At lepton colliders, measure spin correlation

[Phys.Rev.D 114 (2026) 1, 016006, YLW, YYL, JG, HXZ]
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At lepton colliders, measure spin correlation

[Phys.Rev.D 114 (2026) 1, 016006, YLW, YYL, JG, HXZ]

Signal event number

<latexit sha1_base64="eJCEsHy3gTWmqkpPXbOlEXVGhJ0=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcFUSKSquim5cVrAXaEKZTCft0JkkzEyEEOqruHGhiFsfxJ1v47TNQlt/GPj4zzmcM3+QcKa043xbpbX1jc2t8nZlZ3dv/8A+POqoOJWEtknMY9kLsKKcRbStmea0l0iKRcBpN5jczurdRyoVi6MHnSXUF3gUsZARrI01sKseTRTjBnNPCkRSPb0e2DWn7syFVsEtoAaFWgP7yxvGJBU00oRjpfquk2g/x1Izwum04qWKJphM8Ij2DUZYUOXn8+On6NQ4QxTG0rxIo7n7eyLHQqlMBKZTYD1Wy7WZ+V+tn+rwys9ZlKSaRmSxKEw50jGaJYGGTFKieWYAE8nMrYiMscREm7wqJgR3+cur0Dmvuxf1xn2j1rwp4ijDMZzAGbhwCU24gxa0gUAGz/AKb9aT9WK9Wx+L1pJVzFThj6zPH/5TlQA=</latexit>ωcut :

<latexit sha1_base64="gMlgri+DCZcnESub420Nva2/YKA=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJCDFWCKkBMFSwMDEWiD6mJKsdxWquOE9lOpRC138DCr7AwgBArCxt/g9tmgJYjWTo6597re48XMyqVZX0bhaXlldW14nppY3Nre8fc3WvKKBGYNHDEItH2kCSMctJQVDHSjgVBocdIyxtcT/zWkAhJI36v0pi4IepxGlCMlJa65olDYkmZptnD6BJmjghhxFk6DiIxvk24Px4iQZEeN+qaZatiTQEXiZ2TMshR75pfjh/hJCRcYYak7NhWrNwMCUWxnldyEklihAeoRzqachQS6WbTm0bwSCs+1FvoxxWcqr87MhRKmYaergyR6st5byL+53USFVy4GeVxogjHs4+ChEEVwUlA0KeCYMVSTRAWVO8KcR8JhJWOsaRDsOdPXiTN04p9VqneVcu1qzyOIjgAh+AY2OAc1MANqIMGwOARPINX8GY8GS/Gu/ExKy0Yec8++APj8wcH3Z+I</latexit>

ωz : only for Lund variable

<latexit sha1_base64="Ij8OevVzyTf61vLcKc2SlVwQ0r4="></latexit>

parton pT → 20GeV, ω < 5 and !R > 0.4
<latexit sha1_base64="MoMXHRmGyR4G7uhvuq39yyS516s="></latexit>

lepoton pT → 10GeV, ω < 2.5 and !R > 0.4
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At lepton colliders, measure spin correlation

[JHEP 10 (2020) 018, LL, YYL, TL, SJX]

<latexit sha1_base64="muBbVXCg3uw5kvpne8gVmUXDhQo="></latexit>

ωgg : event level analysis to separate gg events from others

ResNet-50 network
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At lepton colliders, measure spin correlation

[JHEP 10 (2020) 018, LL, YYL, TL, SJX]

<latexit sha1_base64="muBbVXCg3uw5kvpne8gVmUXDhQo="></latexit>

ωgg : event level analysis to separate gg events from others

<latexit sha1_base64="17kci2qkxysCEBTgIo6ahe2Jc5s=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4Ol4KokUrwshKIblxXsBZpQJtNJOnRyYWYilpBXceNCEbe+iDvfxmmbhbb+MPDxn3M4Z34v4Uwqy/o2SmvrG5tb5e3Kzu7e/oF5WO3KOBWEdkjMY9H3sKScRbSjmOK0nwiKQ4/Tnje5ndV7j1RIFkcPappQN8RBxHxGsNLW0Kw6NJGMa8yCIL++spz60KxZDWsutAp2ATUo1B6aX84oJmlII0U4lnJgW4lyMywUI5zmFSeVNMFkggM60BjhkEo3m9+eo7p2RsiPhX6RQnP390SGQymnoac7Q6zGcrk2M/+rDVLlX7oZi5JU0YgsFvkpRypGsyDQiAlKFJ9qwEQwfSsiYywwUTquig7BXv7yKnTPGvZ5o3nfrLVuijjKcAwncAo2XEAL7qANHSDwBM/wCm9GbrwY78bHorVkFDNH8EfG5w9rypQK</latexit>

ωgg = 90%
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At lepton colliders, measure spin correlation



16

CP phase in Hgg coupling

HL-LHC
FCC-ee
CEPC

[Phys.Rev.D 114 (2026) 1, 016006, YLW, YYL, JG, HXZ]

At lepton colliders, CP properties

[SciPost Phys. Core 8, 006 (2025)] 
[this work] 
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?
<latexit sha1_base64="Fz7P8l+GtDcR30d9E5GofLGK//A=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZJa0yyLbrqsYB/ShjIznbRDJ5MwMxFK6Fe4caGIWz/HnX/jpK2gogcuHM65l3vvwQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHHRWnktA2iXksexgpypmgbc00p71EUhRhTrt4ep373XsqFYvFrZ4lNIjQWLCQEaSNdNfEA4xkhufDcsWxfcere3Xo2O6ld+H6Oan6vluFru0sUAErtIbl98EoJmlEhSYcKdV3nUQHGZKaEU7npUGqaILIFI1p31CBIqqCbHHwHJ4ZZQTDWJoSGi7U7xMZipSaRdh0RkhP1G8vF//y+qkO/SBjIkk1FWS5KEw51DHMv4cjJinRfGYIIpKZWyGZIImINhmVTAhfn8L/Sadqu55du6lVGlerOIrgBJyCc+CCOmiAJmiBNiAgAg/gCTxb0nq0XqzXZWvBWs0cgx+w3j4BSjCQwg==</latexit>

Hbb̄

At lepton colliders, CP properties

Beyond the collinear approximation, say large <latexit sha1_base64="vWGmNxiUPHcF23/PTPbh9DLoTOU=">AAAB73icdVDJSgNBEO1xjXGLevTSGARPw0yWyRyDevAYxSyQDKGnU5M06Vns7hFCyE948aCIV3/Hm39jTxJBRR8UPN6roqqen3AmlWV9GCura+sbm7mt/PbO7t5+4eCwJeNUUGjSmMei4xMJnEXQVExx6CQCSOhzaPvji8xv34OQLI5u1SQBLyTDiAWMEqWlTu8SuCL4pl8oWqZrObVqGVumXXWccjUjJbfmOtg2rTmKaIlGv/DeG8Q0DSFSlBMpu7aVKG9KhGKUwyzfSyUkhI7JELqaRiQE6U3n987wqVYGOIiFrkjhufp9YkpCKSehrztDokbyt5eJf3ndVAWuN2VRkiqI6GJRkHKsYpw9jwdMAFV8ogmhgulbMR0RQajSEeV1CF+f4v9Jq2Tajlm5rhTr58s4cugYnaAzZKMaqqMr1EBNRBFHD+gJPRt3xqPxYrwuWleM5cwR+gHj7RPcko/i</latexit>

!R

<latexit sha1_base64="5RqB4zmcQdz+mItmW8sWg40fJv4=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwY0j6SLNwUXXjsoJtxTaWyXTSDp1MwsxEKKF/4caFIm79G3f+jZO2gooeuHA4517uvcePGZXKsj6M3NLyyupafr2wsbm1vVPc3WvLKBGYtHDEInHjI0kY5aSlqGLkJhYEhT4jHX98kfmdeyIkjfi1msTEC9GQ04BipLR0e3YKbesuPalM+8WSZbqWU69VoGXaNcep1DJSduuuA23TmqEEFmj2i++9QYSTkHCFGZKya1ux8lIkFMWMTAu9RJIY4TEakq6mHIVEeuns4ik80soABpHQxRWcqd8nUhRKOQl93RkiNZK/vUz8y+smKnC9lPI4UYTj+aIgYVBFMHsfDqggWLGJJggLqm+FeIQEwkqHVNAhfH0K/yftsmk7ZvWqWmqcL+LIgwNwCI6BDeqgAS5BE7QABhw8gCfwbEjj0XgxXuetOWMxsw9+wHj7BCEJj/I=</latexit>

A < 10→3
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At lepton colliders, CP properties
arXiv:2009.02000

<latexit sha1_base64="Fz7P8l+GtDcR30d9E5GofLGK//A=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZJa0yyLbrqsYB/ShjIznbRDJ5MwMxFK6Fe4caGIWz/HnX/jpK2gogcuHM65l3vvwQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHHRWnktA2iXksexgpypmgbc00p71EUhRhTrt4ep373XsqFYvFrZ4lNIjQWLCQEaSNdNfEA4xkhufDcsWxfcere3Xo2O6ld+H6Oan6vluFru0sUAErtIbl98EoJmlEhSYcKdV3nUQHGZKaEU7npUGqaILIFI1p31CBIqqCbHHwHJ4ZZQTDWJoSGi7U7xMZipSaRdh0RkhP1G8vF//y+qkO/SBjIkk1FWS5KEw51DHMv4cjJinRfGYIIpKZWyGZIImINhmVTAhfn8L/Sadqu55du6lVGlerOIrgBJyCc+CCOmiAJmiBNiAgAg/gCTxb0nq0XqzXZWvBWs0cgx+w3j4BSjCQwg==</latexit>

Hbb̄

<latexit sha1_base64="Fz7P8l+GtDcR30d9E5GofLGK//A=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZJa0yyLbrqsYB/ShjIznbRDJ5MwMxFK6Fe4caGIWz/HnX/jpK2gogcuHM65l3vvwQlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHHRWnktA2iXksexgpypmgbc00p71EUhRhTrt4ep373XsqFYvFrZ4lNIjQWLCQEaSNdNfEA4xkhufDcsWxfcere3Xo2O6ld+H6Oan6vluFru0sUAErtIbl98EoJmlEhSYcKdV3nUQHGZKaEU7npUGqaILIFI1p31CBIqqCbHHwHJ4ZZQTDWJoSGi7U7xMZipSaRdh0RkhP1G8vF//y+qkO/SBjIkk1FWS5KEw51DHMv4cjJinRfGYIIpKZWyGZIImINhmVTAhfn8L/Sadqu55du6lVGlerOIrgBJyCc+CCOmiAJmiBNiAgAg/gCTxb0nq0XqzXZWvBWs0cgx+w3j4BSjCQwg==</latexit>

Hbb̄  is collinear
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At lepton colliders, CP properties
arXiv:2009.02000

Hbb?
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At lepton colliders, CP properties

Challenges…

1. Would CP information be preserved in the showering 
and hadronization? 

more realistic modeling to including showering and hadronization
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At lepton colliders, CP properties

Challenges…

2. Subjet tagging 

otherwise
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At lepton colliders, CP properties

Challenges…

2. Subjet tagging <latexit sha1_base64="zs7FOhKAYbU0lyVuzbTWFVv8fxc=">AAACA3icbVDNSsNAGNz4W+tf1JteFotQQUoiRT0WvXisYNtAE8pmu0mXbjbp7kYooeDFV/HiQRGvvoQ338ZNm4O2DiwMM9/HtzN+wqhUlvVtLC2vrK6tlzbKm1vbO7vm3n5bxqnApIVjFgvHR5IwyklLUcWIkwiCIp+Rjj+8yf3OAxGSxvxejRPiRSjkNKAYKS31zEPHVTF0wjMY5mTk+khko0k1DE97ZsWqWVPARWIXpAIKNHvml9uPcRoRrjBDUnZtK1FehoSimJFJ2U0lSRAeopB0NeUoItLLphkm8EQrfRjEQj+u4FT9vZGhSMpx5OvJCKmBnPdy8T+vm6rgyssoT1JFOJ4dClIGddq8ENingmDFxpogLKj+K8QDJBBWurayLsGej7xI2uc1+6JWv6tXGtdFHSVwBI5BFdjgEjTALWiCFsDgETyDV/BmPBkvxrvxMRtdMoqdA/AHxucPeOCWyg==</latexit>

X → Xg, g → qq̄(gg) CMS PAS SMP-25-006

<latexit sha1_base64="8RgoDfrChir4GF1qWNbsQyN+sUE=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyRAmUx4QqWBiLRB9SE1WO67RW7SS1HaQqyszCr7AwgBArX8DG3+C2GaDlSJaOzrlX1+f4MaNS2fa3sbC4tLyyWlgrrm9sbm2bO7sNGSUCkzqOWCRaPpKE0ZDUFVWMtGJBEPcZafqDm7HffCBC0ii8V6OYeBz1QhpQjJSWOuZB6goOJY4Eyco9V0Vw6PpIpMPsGF5B2zo965gl27IngPPEyUkJ5Kh1zC+3G+GEk1BhhqRsO3asvBQJRTEjWdFNJIkRHqAeaWsaIk6kl06iZPBIK10YREK/UMGJ+nsjRVzKEff1JEeqL2e9sfif105UcOmlNIwTRUI8PRQkDOrE415glwqCFRtpgrCg+q8Q95FAWOn2iroEZzbyPGmcWM65VbmrlKrXeR0FsA8OQRk44AJUwS2ogTrA4BE8g1fwZjwZL8a78TEdXTDynT3wB8bnDxGcmTM=</latexit>

score(g → qq̄) > 0.35

<latexit sha1_base64="euHDTsDVUVTZmTsElTNNqIU4PgE=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQNyEpxYqrohuXFWwrNKFMppN06OTRmYkQQr7Ajb/ixoUibl2782+ctllo64GBM+fcy+UcN2ZUSNP81kpr6xubW+Xtys7u3v6BfnjUE1HCMeniiEX83kWCMBqSrqSSkfuYExS4jPTdyfXM7z8QLmgU3sk0Jk6A/JB6FCOppKFey2wewDjhVKZ53fentot4Ns3PLk3DbNkygqbRaA71qvrOAVeJVZAqKNAZ6l/2KMJJQEKJGRJiYJmxdDLEJcWM5BU7ESRGeIJ8MlA0RAERTjaPk8OaUkbQi7h6oYRz9fdGhgIh0sBVkwGSY7HszcT/vEEivQsno2GcSBLixSEvYVClnHUDR5QTLFmqCMKqEYohHiOOsFQNVlQJ1nLkVdJrGNa50bxtVttXRR1lcAJOQR1YoAXa4AZ0QBdg8AiewSt40560F+1d+1iMlrRi5xj8gfb5AxaFmtI=</latexit>

purity(ggqq̄) : 0.07 → 0.24

It can be further improved.  
Stay tuned..
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