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๏ Measurements of time-dependent CP violation parameters φs

๏ Bs→ J/ψΚ+Κ—   [EPJC 79 (2019) 706]

๏ Bs→ J/ψπ+π—     [PLB 797 (2019) 134789]

๏ First isospin amplitudes studies in                            and⇤0
b ! J/ ⇤(⌃0)

<latexit sha1_base64="L0Nn36CIyeppKCvTjGDpQMhPouI="></latexit>

⌅0
b ! J/ ⌅0(⇤)

<latexit sha1_base64="PIj1p5PfrafaBgvQMtw6/0eeqok=">AAACHHicdVDLSgMxFM3UV62vqksXBotQN3VaCgpuCm5EXFSwD+hMh0yaaUOTzJBkhDJ06W/4A271D9yJW8Ef8DvMtBWsjwshh3Puzc05fsSo0rb9bmUWFpeWV7KrubX1jc2t/PZOU4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/eJ7qrVsiFQ3FjR5FxOWoL2hAMdKG8vL7Tpt6ftd2dAgvj51IUUN07aJzZd7ooSMvX7BLFTst+BuUS5PbLoBZ1b38h9MLccyJ0JghpTplO9JugqSmmJFxzokViRAeoj7pGCgQJ8pNJkbG8NAwPRiE0hyh4YT9PpEgrtSI+6aTIz1QP7WU/EvrxDo4dRMqolgTgaeLgphB4zpNBfaoJFizkQEIS2r+CvEASYS1yW5uS0BGgkfjnAnmyz38HzQrpXK1VL2uFmpns4iyYA8cgCIogxNQAxegDhoAgzvwAB7Bk3VvPVsv1uu0NWPNZnbBXFlvn4x4oOo=</latexit>

see talk by Sheldon Stone on Tuesday

๏ Direct CP asymmetry measurements in B+→J/ψρ+ decays     
[EPJC 79 (2019) 537]

https://indico.cern.ch/event/868940/contributions/3815587/
https://indico.cern.ch/event/868940/contributions/3815587/
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B0
s

<latexit sha1_base64="U/tqh2qdudYVlrsvEIVkPf8642Q=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hV0J6DHEi8cI5gHJGmYnvcmYmdllZlZYlpz8Aa/6B97Eq1/iD/gdTpI9mMSChqKqm+6uIOZMG9f9dtbWNza3tgs7xd29/YPD0tFxS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPxzdRvP4HSLJL3Jo3BF2QoWcgoMVZq1fv6wS32S2W34s6AV4mXkzLK0eiXfnqDiCYCpKGcaN313Nj4GVGGUQ6TYi/REBM6JkPoWiqJAO1ns2sn+NwqAxxGypY0eKb+nciI0DoVge0UxIz0sjcV//O6iQmv/YzJODEg6XxRmHBsIjx9HQ+YAmp4agmhitlbMR0RRaixAS1sCSGVIp5Mg/GWY1glrcuKV61U76rlWj2PqIBO0Rm6QB66QjV0ixqoiSh6RC/oFb05z8678+F8zlvXnHzmBC3A+foFs5yW5w==</latexit>

B̄0
s

<latexit sha1_base64="BrHnCQh1G79sYXMSbx6FKZnf+zI=">AAACB3icbVDLSgMxFM3UV62vqks3wSK4KjNS0GWpG5cV7APasWTSTBuaZEKSEYZhPsAfcKt/4E7c+hn+gN9hpp2FbT1w4XDOvZzLCSSj2rjut1Pa2Nza3invVvb2Dw6PqscnXR3FCpMOjlik+gHShFFBOoYaRvpSEcQDRnrB7Db3e09EaRqJB5NI4nM0ETSkGBkrDYcBUmkrG+lHtzKq1ty6OwdcJ15BaqBAe1T9GY4jHHMiDGZI64HnSuOnSBmKGckqw1gTifAMTcjAUoE40X46/zmDF1YZwzBSdoSBc/XvRYq41gkP7CZHZqpXvVz8zxvEJrzxUypkbIjAi6AwZtBEMC8Ajqki2LDEEoQVtb9CPEUKYWNrWkoJSSK4zPJivNUa1kn3qu416o37Rq3ZKioqgzNwDi6BB65BE9yBNugADCR4Aa/gzXl23p0P53OxWnKKm1OwBOfrF7E6maw=</latexit>

fCP

<latexit sha1_base64="rV4mADbcAltkN1MmaFGLEVmIOzY=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI/BXDxGMA9MljA7mU2GzMwuM7PCsuTsD3jVP/AmXv0Of8DvcJLswSQWNBRV3XR3BTFn2rjut1PY2Nza3inulvb2Dw6PyscnbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCSWPmd56o0iySDyaNqS/wSLKQEWys9BgOsr4SqNGcDsoVt+rOgdaJl5MK5GgOyj/9YUQSQaUhHGvd89zY+BlWhhFOp6V+ommMyQSPaM9SiQXVfja/eIourDJEYaRsSYPm6t+JDAutUxHYToHNWK96M/E/r5eY8MbPmIwTQyVZLAoTjkyEZu+jIVOUGJ5agoli9lZExlhhYmxIS1tCmkoRT0s2GG81hnXSvqp6tWrtvlap3+YRFeEMzuESPLiGOtxBE1pAQMILvMKb8+y8Ox/O56K14OQzp7AE5+sXgoCZDg==</latexit>

�SM
M

<latexit sha1_base64="WpR3usnqEiW9hzpOteLc0TNJ15s=">AAACDHicdVDLSgMxFM3UV62Pjrp0EyyCqzIj9bUrunFTqGgf0BlLJs20oUlmSDLCMPQX/AG3+gfuxK3/4A/4HaYPoRU9cOFwzr2cywliRpV2nE8rt7S8srqWXy9sbG5tF+2d3aaKEolJA0csku0AKcKoIA1NNSPtWBLEA0ZawfBq7LceiFQ0Enc6jYnPUV/QkGKkjdS1i148oN3afeZJDm9ro65dcsvOBNApnzjuxalryEz5sUpghnrX/vJ6EU44ERozpFTHdWLtZ0hqihkZFbxEkRjhIeqTjqECcaL8bPL4CB4apQfDSJoRGk7U+YsMcaVSHphNjvRA/fbG4l9eJ9HhuZ9RESeaCDwNChMGdQTHLcAelQRrlhqCsKTmV4gHSCKsTVcLKSFJBY9Hhfli/ifN47JbKVduKqXq5ayiPNgHB+AIuOAMVME1qIMGwCABT+AZvFiP1qv1Zr1PV3PW7GYPLMD6+AYFP5t3</latexit>

�SM
D

<latexit sha1_base64="u2OLrSaw1dzNbVrbNsii190LRoo=">AAACDHicbVDLTgIxFO3gC/HBqEs3jcTEFekQUNgRdeHGBKMgCSDplA40tJ1J2zEhE37BH3Crf+DOuPUf/AG/w/JYCHqSm5ycc2/OzfEjzrRB6MtJrayurW+kNzNb2zu7WXdvv6HDWBFaJyEPVdPHmnImad0ww2kzUhQLn9N7f3gx8e8fqdIslHdmFNGOwH3JAkawsVLXzbajAetePiRtJeDt9bjr5lC+UEKVMoIoX0Je5dSzBE0BvTnJgTlqXfe73QtJLKg0hGOtWx6KTCfByjDC6TjTjjWNMBniPm1ZKrGgupNMHx/DY6v0YBAqO9LAqfr7IsFC65Hw7abAZqCXvYn4n9eKTVDuJExGsaGSzIKCmEMTwkkLsMcUJYaPLMFEMfsrJAOsMDG2q4WUgI6kiMYZW4y3XMNf0ijkvWK+eFPMVc/nFaXBITgCJ8ADZ6AKrkAN1AEBMXgGL+DVeXLenHfnY7aacuY3B2ABzucPGnKbhQ==</latexit>

�SM
D

<latexit sha1_base64="u2OLrSaw1dzNbVrbNsii190LRoo=">AAACDHicbVDLTgIxFO3gC/HBqEs3jcTEFekQUNgRdeHGBKMgCSDplA40tJ1J2zEhE37BH3Crf+DOuPUf/AG/w/JYCHqSm5ycc2/OzfEjzrRB6MtJrayurW+kNzNb2zu7WXdvv6HDWBFaJyEPVdPHmnImad0ww2kzUhQLn9N7f3gx8e8fqdIslHdmFNGOwH3JAkawsVLXzbajAetePiRtJeDt9bjr5lC+UEKVMoIoX0Je5dSzBE0BvTnJgTlqXfe73QtJLKg0hGOtWx6KTCfByjDC6TjTjjWNMBniPm1ZKrGgupNMHx/DY6v0YBAqO9LAqfr7IsFC65Hw7abAZqCXvYn4n9eKTVDuJExGsaGSzIKCmEMTwkkLsMcUJYaPLMFEMfsrJAOsMDG2q4WUgI6kiMYZW4y3XMNf0ijkvWK+eFPMVc/nFaXBITgCJ8ADZ6AKrkAN1AEBMXgGL+DVeXLenHfnY7aacuY3B2ABzucPGnKbhQ==</latexit>

Mixing & decay

VusV
⇤
ub

<latexit sha1_base64="gaoQ1Fh6FzrvyK4FhvYnpPE9TgQ=">AAACCXicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYFuhTctkOmmHTiZhZiKEkC/wB9zqH7gTt36FP+B3OGmzsK0H7uVwzr3cy/EizpS27W+rtLa+sblV3q7s7O7tH1QPjzoqjCWhbRLyUD56WFHOBG1rpjl9jCTFgcdp15ve5n73iUrFQvGgk4i6AR4L5jOCtZEGnWEaqyzvXja4GFZrdt2eAa0SpyA1KNAaVn/6o5DEARWacKxUz7Ej7aZYakY4zSr9WNEIkyke056hAgdUuens6wydGWWE/FCaEhrN1L8bKQ6USgLPTAZYT9Syl4v/eb1Y+9duykQUayrI/JAfc6RDlEeARkxSonliCCaSmV8RmWCJiTZBLVzxaSKCKKuYYJzlGFZJ57LuNOqN+0ateVNEVIYTOIVzcOAKmnAHLWgDAQkv8Apv1rP1bn1Yn/PRklXsHMMCrK9fS7abLA==</latexit>

VcsV
⇤
cb

<latexit sha1_base64="aE4bu8OP4m+3cCElSVdFWXCyhXU=">AAACCXicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYFuhTctkOmmHTiZhZiKEkC/wB9zqH7gTt36FP+B3OGmzsK0H7uVwzr3cy/EizpS27W+rtLa+sblV3q7s7O7tH1QPjzoqjCWhbRLyUD56WFHOBG1rpjl9jCTFgcdp15ve5n73iUrFQvGgk4i6AR4L5jOCtZEGnWFKVJZ3LxtcDKs1u27PgFaJU5AaFGgNqz/9UUjigApNOFaq59iRdlMsNSOcZpV+rGiEyRSPac9QgQOq3HT2dYbOjDJCfihNCY1m6t+NFAdKJYFnJgOsJ2rZy8X/vF6s/Ws3ZSKKNRVkfsiPOdIhyiNAIyYp0TwxBBPJzK+ITLDERJugFq74NBFBlFVMMM5yDKukc1l3GvXGfaPWvCkiKsMJnMI5OHAFTbiDFrSBgIQXeIU369l6tz6sz/loySp2jmEB1tcvEVqbCA==</latexit>

VtsV
⇤
tb

<latexit sha1_base64="jW1PcQA/cFQpVwxXXR75GtfxfhM=">AAACCXicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYFuhTctkOmmHTiZhZiKEkC/wB9zqH7gTt36FP+B3OGmzsK0H7uVwzr3cy/EizpS27W+rtLa+sblV3q7s7O7tH1QPjzoqjCWhbRLyUD56WFHOBG1rpjl9jCTFgcdp15ve5n73iUrFQvGgk4i6AR4L5jOCtZEGnWGqVZZ3LxtcDKs1u27PgFaJU5AaFGgNqz/9UUjigApNOFaq59iRdlMsNSOcZpV+rGiEyRSPac9QgQOq3HT2dYbOjDJCfihNCY1m6t+NFAdKJYFnJgOsJ2rZy8X/vF6s/Ws3ZSKKNRVkfsiPOdIhyiNAIyYp0TwxBBPJzK+ITLDERJugFq74NBFBlFVMMM5yDKukc1l3GvXGfaPWvCkiKsMJnMI5OHAFTbiDFrSBgIQXeIU369l6tz6sz/loySp2jmEB1tcvSHibKg==</latexit>

�s

<latexit sha1_base64="YfQvn43w1m8RU1PUwXa21opn+cA=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRIp6LLoxmUF+4A2lMn0ph06MwkzEyGELv0Bt/oH7sStH+IP+B1O2ixs64ELh3Pu5d57gpgzbVz32yltbG5t75R3K3v7B4dH1eOTjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbTu9zvPoHSLJKPJo3BF2QsWcgoMVbqDQIwZKgrw2rNrbtz4HXiFaSGCrSG1Z/BKKKJAGkoJ1r3PTc2fkaUYZTDrDJINMSETskY+pZKIkD72fzeGb6wygiHkbIlDZ6rfycyIrRORWA7BTETverl4n9ePzHhjZ8xGScGJF0sChOOTYTz5/GIKaCGp5YQqpi9FdMJUYQaG9HSlhBSKeJZHoy3GsM66VzVvUa98dCoNW+LiMroDJ2jS+Sha9RE96iF2ogijl7QK3pznp1358P5XLSWnGLmFC3B+foF22KYIw==</latexit>

[PLB742(2015)38-49] 

small penguin shift (0.9±9.8) mrad, less than statistical σ(φs)~0.031 rad 

�tree
D = arg(VcsV

⇤
cb)

<latexit sha1_base64="yBzDLHz6xj1OkZgQBxdBYOePA7w=">AAACLnicjVDLSgMxFM34rPVVdekmWITqonSkoBuhqAuXFewD+hgy6Z02NMkMSUYow3yHv+EPuNU/EFyIO/EznJl2YUXBA8k9nHMvNzluwJk2lcqrtbC4tLyymlvLr29sbm0Xdnab2g8VhQb1ua/aLtHAmYSGYYZDO1BAhMuh5Y4vU791B0ozX96aSQA9QYaSeYwSk0hOwe4GI+ZEXSXwVdzPqlEA8XlGiRrGpaYTUR2ntxv3j4+cQtEuVzLgv0kRzVB3Ch/dgU9DAdJQTrTu2JXA9CKiDKMc4nw31BAQOiZD6CRUEgG6F2Vfi/Fhogyw56vkSIMz9ftERITWE+EmnYKYkf7ppeJvXic03lkvYjIIDUg6XeSFHBsfpznhAVNADZ8khFDFkrdiOiKKUJOkObfFg4kUQZz/XzDNk7JdLVdvqsXaxSyiHNpHB6iEbHSKauga1VEDUXSPHtETerYerBfrzXqfti5Ys5k9NAfr8wsbSqmp</latexit>

�SM
M = 2arg(VtsV

⇤
tb)

<latexit sha1_base64="gJNxvSXBWXlYHMzoTbPo958Jcmk=">AAACLXicjVDLSgMxFM3UV62vUZdugkWoLspMKehGKLpxU6hoH9BOh0yaaUOTzJBkhDLMb/gb/oBb/QMXgrjU33A67cKKggeSezjnXm5yvJBRpS3r1cgtLa+sruXXCxubW9s75u5eSwWRxKSJAxbIjocUYVSQpqaakU4oCeIeI21vfDn123dEKhqIWz0JicPRUFCfYqRTyTWtXjiibtyTHNaTflZv6sl5JWNIDpNSy421Sqa3l/RPjl2zaJetDPBvUgRzNFzzozcIcMSJ0Jghpbq2FWonRlJTzEhS6EWKhAiP0ZB0UyoQJ8qJs58l8ChVBtAPZHqEhpn6fSJGXKkJ99JOjvRI/fSm4m9eN9L+mRNTEUaaCDxb5EcM6gBOY4IDKgnWbJIShCVN3wrxCEmEdRrmwhafTAQPk8L/gmlVyna1XL2uFmsX84jy4AAcghKwwSmogSvQAE2AwT14BE/g2XgwXow3433WmjPmM/tgAcbnF7s/qOw=</latexit>

  φs in             Transitionb ! cc̄s

<latexit sha1_base64="661uzW+KQLH5GhntkrwepTxDjxw=">AAACDnicbVDLSsNAFJ34rPWV6tLNYCu4Ckkp6LLgRncV7APaUCbTSTt0ZhJmJkoI+Qd/wK3+gTtx6y/4A36Hk7aItR64cDjnXu69J4gZVdp1P6219Y3Nre3STnl3b//g0K4cdVSUSEzaOGKR7AVIEUYFaWuqGenFkiAeMNINpleF370nUtFI3Ok0Jj5HY0FDipE20tCuwFow0BHEgwDJDOeqNrSrrtNwC8Af4jnuMqmCBVpD+2swinDCidCYIaX6nhtrP0NSU8xIXh4kisQIT9GY9A0ViBPlZ7PTc3hmlBEMI2lKaDhTf09kiCuV8sB0cqQn6q9XiP95/USHl35GRZxoIvB8UZgwaH4tcoAjKgnWLDUEYUnNrRBPkERYm7SWtoQkFTzOyyaYlRhWSafueA2ncVuvNm8WEZXACTgF58ADF6AJrkELtAEGD+AJPIMX69F6td6s93nrmrWYOQZLsD6+AcBwm9M=</latexit>
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f i t t e r
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�M = �SM
M +��NP

<latexit sha1_base64="hXUe4dPtdLYPyT/jMU1Ms9uemt4="></latexit>

NP??

�s ⇡ �M � 2�tree
D = �2�s +��NP

<latexit sha1_base64="q1NujIk4GSSDcsxq2GBjRfKPKMQ="></latexit>

�exp

s 6= �SM

s

<latexit sha1_base64="biYYBr3w0P+OTuIKvf2N8Fif4nY="></latexit>

  Assuming unitarity of the CKM matrix

�SM
s = (�0.03688+0.00092

�0.00075)

<latexit sha1_base64="ivL6j8NKyJ/2h7fRCkOdwkRfF7Y="></latexit>

�SM
M = 2arg(VtsV

⇤
tb)

<latexit sha1_base64="gJNxvSXBWXlYHMzoTbPo958Jcmk=">AAACLXicjVDLSgMxFM3UV62vUZdugkWoLspMKehGKLpxU6hoH9BOh0yaaUOTzJBkhDLMb/gb/oBb/QMXgrjU33A67cKKggeSezjnXm5yvJBRpS3r1cgtLa+sruXXCxubW9s75u5eSwWRxKSJAxbIjocUYVSQpqaakU4oCeIeI21vfDn123dEKhqIWz0JicPRUFCfYqRTyTWtXjiibtyTHNaTflZv6sl5JWNIDpNSy421Sqa3l/RPjl2zaJetDPBvUgRzNFzzozcIcMSJ0Jghpbq2FWonRlJTzEhS6EWKhAiP0ZB0UyoQJ8qJs58l8ChVBtAPZHqEhpn6fSJGXKkJ99JOjvRI/fSm4m9eN9L+mRNTEUaaCDxb5EcM6gBOY4IDKgnWbJIShCVN3wrxCEmEdRrmwhafTAQPk8L/gmlVyna1XL2uFmsX84jy4AAcghKwwSmogSvQAE2AwT14BE/g2XgwXow3433WmjPmM/tgAcbnF7s/qOw=</latexit>

�tree
D = arg(VcsV

⇤
cb)

<latexit sha1_base64="yBzDLHz6xj1OkZgQBxdBYOePA7w=">AAACLnicjVDLSgMxFM34rPVVdekmWITqonSkoBuhqAuXFewD+hgy6Z02NMkMSUYow3yHv+EPuNU/EFyIO/EznJl2YUXBA8k9nHMvNzluwJk2lcqrtbC4tLyymlvLr29sbm0Xdnab2g8VhQb1ua/aLtHAmYSGYYZDO1BAhMuh5Y4vU791B0ozX96aSQA9QYaSeYwSk0hOwe4GI+ZEXSXwVdzPqlEA8XlGiRrGpaYTUR2ntxv3j4+cQtEuVzLgv0kRzVB3Ch/dgU9DAdJQTrTu2JXA9CKiDKMc4nw31BAQOiZD6CRUEgG6F2Vfi/Fhogyw56vkSIMz9ftERITWE+EmnYKYkf7ppeJvXic03lkvYjIIDUg6XeSFHBsfpznhAVNADZ8khFDFkrdiOiKKUJOkObfFg4kUQZz/XzDNk7JdLVdvqsXaxSyiHNpHB6iEbHSKauga1VEDUXSPHtETerYerBfrzXqfti5Ys5k9NAfr8wsbSqmp</latexit>

O(10%)

  φs in             Transitionb ! cc̄s

<latexit sha1_base64="661uzW+KQLH5GhntkrwepTxDjxw=">AAACDnicbVDLSsNAFJ34rPWV6tLNYCu4Ckkp6LLgRncV7APaUCbTSTt0ZhJmJkoI+Qd/wK3+gTtx6y/4A36Hk7aItR64cDjnXu69J4gZVdp1P6219Y3Nre3STnl3b//g0K4cdVSUSEzaOGKR7AVIEUYFaWuqGenFkiAeMNINpleF370nUtFI3Ok0Jj5HY0FDipE20tCuwFow0BHEgwDJDOeqNrSrrtNwC8Af4jnuMqmCBVpD+2swinDCidCYIaX6nhtrP0NSU8xIXh4kisQIT9GY9A0ViBPlZ7PTc3hmlBEMI2lKaDhTf09kiCuV8sB0cqQn6q9XiP95/USHl35GRZxoIvB8UZgwaH4tcoAjKgnWLDUEYUnNrRBPkERYm7SWtoQkFTzOyyaYlRhWSafueA2ncVuvNm8WEZXACTgF58ADF6AJrkELtAEGD+AJPIMX69F6td6s93nrmrWYOQZLsD6+AcBwm9M=</latexit>
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B0
s ! J/ h+h�

<latexit sha1_base64="hy6aiU7wBlwEVcudcJpR6LBGSw0=">AAACFXicbVDLSsNAFJ3UV62vqBvBzWArCGJNSkGXRTfqqoJ9QNOWyXTSDJ1MwsxECKX+hj/gVv/Anbh17Q/4HU7aItZ64MLhnHu59x43YlQqy/o0MguLS8sr2dXc2vrG5pa5vVOXYSwwqeGQhaLpIkkY5aSmqGKkGQmCApeRhju4TP3GPRGShvxOJRFpB6jPqUcxUlrqmnuFi67sWI4K4c2pE0kK/c6x3zkpdM28VSxbKeAPsYvWLMmDKapd88vphTgOCFeYISlbthWp9hAJRTEjo5wTSxIhPEB90tKUo4DI9nD8wQgeaqUHvVDo4gqO1d8TQxRImQSu7gyQ8uVfLxX/81qx8s7bQ8qjWBGOJ4u8mEH9bxoH7FFBsGKJJggLqm+F2EcCYaVDm9nikYQH0Sing5mLYZ7US0W7XCzflvKV62lEWbAPDsARsMEZqIArUAU1gMEDeALP4MV4NF6NN+N90poxpjO7YAbGxzdZsZ2c</latexit>

p pB0
s
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Inside the Velo

flies ~ 1cmB0
s
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๏Time-dependent measurements

EPJC 79 (2019) 706
PLB 797 (2019) 134789

LHCb measurements with 2015 (0.3 fb-1)+2016 (1.6 fb-1)

๏Excellent decay time resolution σt ~45 fs, fast      oscillations T~350 fs 
๏Good tagging power~5% 
๏Very nice momentum resolution (Δp/p=0.5-0.8%)  
๏ Identification: ε(h→h) ~90%, εµ~97% 

B0
s
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• Relatively large BF, O(10-3)
• Final state is a mixture of CP-event 

(L=0, 2) and CP-odd (L=1) components
• Allows to obtain φs, Γs, ΔΓs, Δms

• BF, O(10-4)
• Dominated by CP-odd components
• Allows to measure φs, ΓH

Angular analysis is required to disentangle CP-even and CP-odd 
final states admixture

H: Heavy mass eigenstate 
L: Light mass eigenstate

Parametrize the CP Violation with: 

|λ|=1 within SM prediction of no CPV
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The distribution of the decay-time and angles is described as: 
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6 M(K+K-) bins in φ mass region different M(π+π-) components

๏  Fit to 3 helicity angles and      candidates decay time +( M(π+π—) for                       )            B0
s
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* Consider all possible resonances 
* Fix Δms=17.757 ps-1 and ΓL=0.6995 ps-1 
* Assume same φs & λ for all the resonances

* S-wave contributions differ in different  
    M(K+K-) bins 
* Observables φs , λ, Δms, ΔΓs, Γs
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φs = (-0.057 ± 0.060 ± 0.011) rad

ΔΓs = (0.0813 ± 0.0048) ps-1

ΓH-ΓB0 = (-0.050 ± 0.004 ±0.004) ps-1

|�| = 1.01+0.08
�0.06 ± 0.03

<latexit sha1_base64="rsdp8gOXd8nIVyy30kmg8G73ilw="></latexit>

φs = (-0.080 ± 0.041 ± 0.006) rad
|λ| = 1.012 ±0.016 ±0.006

ΔΓs = (0.077 ± 0.008 ± 0.003) ps-1

Γs-ΓB0 = (-0.0041 ± 0.0024 ± 0.0015) ps-1

Δms=(17.703 ± 0.059 ± 0.018) ps-1

Total
CP-even
CP-odd
Swave

* CP-odd is greater than 97% at 95% C.L.



 φs combinations

10Peilian Li (Uni. Heidelberg) Beauty to Charmonium decays at LHCb

EPJC 79 (2019) 706

φs = (-0.040 ± 0.025) rad
|λ| = 0.991 ± 0.010

ΔΓs = (0.0813 ± 0.0048) ps-1

Γs-Γd = (-0.0024 ± 0.0018) ps-1

SM Prediction: 

LHCb combination

All measurements

φs consistent with SM prediction with no CPV
|λ| consistent with 1, no direct CPV
Γs/Γd consistent with HQE prediction

�SM
s = (�0.03688+0.00092

�0.00075)

<latexit sha1_base64="ivL6j8NKyJ/2h7fRCkOdwkRfF7Y="></latexit>

includes results 
shown in this talk

Latest world-average value: 
φs = (-0.051 ± 0.023) rad 

dominated by LHCb  



 φs combinations

11Peilian Li (Uni. Heidelberg) Beauty to Charmonium decays at LHCb

φs = (-0.055 ± 0.021) rad
ΔΓs=(0.0764 ±0.0024) ps-1

some deviation in ATLAS, CMS, and 
LHCb, but still consistent with SM

arXiv: 2001.07115
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[EPJC 79 (2019) 537]

๏  B+→J/ψρ+ proceeds predominantly via a              transition involving tree and 
penguin amplitudes

๏  Interference between these two amplitudes can leads to direct CP violation

b ! cc̄d
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๏  No precise prediction for ACP exists, expected to have an 
absolute value < 0.35 assuming isospin symmetry 
between the B0→J/ψρ0 and B+→J/ψρ+

๏  ACP places constraints on penguin effects (           ) in the 
measurements of the CP-violating phase φs assuming 
SU(3) flavor symmetry and neglecting exchange and 
annihilation diagrams

��peng
s
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[PLB742(2015)38-49] 
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๏  B+→J/ψK+ as control channel

2D [m(J/ψπ+π0) & m(π+γγ)] simultaneous fit to 2011 and 2012 data

 consistent with the measurements using B0→J/ψρ0 decays [PLB742(2015)38-49] 

[EPJC 79 (2019) 537]
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๏  Time-dependent CP violation measurement for φs in the                transitions are 
presented, and the world average is dominated by LHCb’s measurements

๏  Direct CP asymmetry measurement in B+→J/ψρ+ would be helpful to place better 
constraint on the penguin contribution in φs

๏  Measurements with full Run 2 data (6 fb-1) and with more decay channels are in good 
progress, more precise measurements come soon

b ! cc̄s
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๏ Exploring more decay modes:

๏ Careful consideration for penguin 
contribution

๏ Independent CP violation effects in each 
polarization state 

๏ Improved measurements of B-mixing 
parameters and lifetime   

J/ (! ee), ⌘0(! ⇢0�, ⌘⇡⇡, ��)
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[arXiv:1812.07638]

Stay tuned!

Run 3

Run 4
Run 5



 Thanks for you attention!
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Studied at LHCb with 3 fb-1:
*B0→J/ψρ0  (BF, C & S)  [PLB742(2015)38-49] 
*Bs0→J/ψK*0  (BF & C), has no PA and PE

[JHEP 03 (2015) 145]
[JHEP11(2015)082]

๏  Measure penguin phase shift for each 
polarization state (0, ⊥, ||, S)  

small penguin shift w.r.t. experimental precision

SU(3) : ai΄=a, θi΄=θi. 
extract Δφspeng(ai΄,θi΄) Δβpeng(ai,θi) from t to CP parmeters a0ie

i✓0
aiei✓ b ! cc̄s(d)
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 Time-dependent Angular Function 

17Peilian Li (Uni. Heidelberg) Beauty to Charmonium decays at LHCb



 Flavor Tagging

18Peilian Li (Uni. Heidelberg) Beauty to Charmonium decays at LHCb

3/20 Ulrich Eitschberger | Updates on Flavour Tagging | 72nd LHCb week | June 19th, 2014 

Flavour Tagging: Determine B production flavours 
SS Pion 
SS Kaon Signal Decay 

Same Side 

Opposite Side 

OS Vertex Charge OS Muon 
OS Electron 

OS Kaon 

PV 

๏ Use information in the event (e.g. charge of K 
associated with b-quark hadronization) to tag B 
flavor at production 

๏ Precision on ACP scales with tagging power 
๏ Calibrate tagging algorithm response using modes 

with known flavor (e.g. B+→J/ψK+, Bs→Dsπ)

๏ B+→J/ψK+

๏ Bs→Dsπ


