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LHCb is a flavour factory:

reconstructed D decaysO(109)
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Analysis combine Run 1 + Run 2 data sets
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Direct CP violation

      Time-dependent CP  
asymmetry between states
  produced as a      or      

In this analysis:

The time-integrated 
asymmetry, to first order 

in                mixingD0�D
0
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 Assuming        to be 
independent of the         

final state  
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U-spin: CP asymmetries 
expected to have opposite signs
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Two independent data sets (Run 2 data, 5.9 fb-1 @ 13 TeV)

B� ! D0µ�⌫µX

<latexit sha1_base64="FZgeyZZtPRlEe+CMZ+If8iIN+LI=">AAACDnicbVBLSwMxGMzWV62PrvUieAmWQi8tuyKoJ4t68FjBPqC7Ldk0bUOz2SXJCnXpL/DiX/HiwSKCJ8/e/Ddm2x60dSAwzDdfkhkvZFQqy/o2Uiura+sb6c3M1vbObtbcy9VlEAlMajhggWh6SBJGOakpqhhphoIg32Ok4Q2vknnjnghJA36nRiFxfdTntEcxUlrqmIXLdgk6KoDXbcvxo3bJCbQ9uS12eDSOtTaGzY6Zt8rWFHCZ2HOSrxxMitncx0O1Y3453QBHPuEKMyRly7ZC5cZIKIoZGWecSJIQ4SHqk5amHPlEuvE0zhgWtNKFvUDowxWcqr83YuRLOfI97fSRGsjFWSL+N2tFqnfmxpSHkSIczx7qRQzq+Ek3sEsFwYqNNEFYUP1XiAdIIKx0gxldgr0YeZnUj8v2Sfn8VrdxAWZIg0NwBIrABqegAm5AFdQABo/gGbyCifFkvBhvxvvMmjLmO/vgD4zPH8pAnkY=</latexit>

D⇤+ ! D0⇡+

<latexit sha1_base64="+fkc26ZS2Bdyn9IWL/TZrXltlj4=">AAAB/3icbVDLSsNAFJ3UV42vqODGzWARhEJJRFAX0oJduKxgH9CkZTKdtEMnyTAzEUrswl/RhQtF3Lr2D9wU/8Zp60JbD1w4nHMv997jc0alsu0vI7OwuLS8kl0119Y3Nres7Z2ajBOBSRXHLBYNH0nCaESqiipGGlwQFPqM1P3+5div3xIhaRzdqAEnXoi6EQ0oRkpLbWuv3EpdJBXMD10Vw3LLdjlt5dtWzi7YE8B54vyQXPFjZF7wx1GlbX26nRgnIYkUZkjKpmNz5aVIKIoZGZpuIglHuI+6pKlphEIivXRy/xAeaqUDg1joihScqL8nUhRKOQh93Rki1ZOz3lj8z2smKjjzUhrxRJEITxcFCYP603EYsEMFwYoNNEFYUH0rxD0kEFY6MlOH4My+PE9qxwXnpHB+bedKRTBFFuyDA3AEHHAKSuAKVEAVYHAHHsAzeDHujSfj1XibtmaMn5ld8AfG+zfFRpkO</latexit>

D0 ! K�K+

<latexit sha1_base64="S7lVRf2PooqXfzlDznL2dXcT2IA=">AAAB9HicbVDJSgNBEK1xjeMW9eilMQiCGGZEUA+SgB6EXCKYBZJJ6On0JE16Frt7AmHId3jxoASv/oR/4CX4N3aWgyY+KHi8V0VVPTfiTCrL+jaWlldW19ZTG+bm1vbObnpvvyzDWBBaIiEPRdXFknIW0JJiitNqJCj2XU4rbvd27Fd6VEgWBo+qH1HHx+2AeYxgpSXnrmHVVYgKjbNC47SZzlhZawK0SOwZyeQ+R+ZNNBwVm+mveisksU8DRTiWsmZbkXISLBQjnA7MeixphEkXt2lN0wD7VDrJ5OgBOtZKC3mh0BUoNFF/TyTYl7Lvu7rTx6oj572x+J9Xi5V35SQsiGJFAzJd5MUc6T/HCaAWE5Qo3tcEE8H0rYh0sMBE6ZxMHYI9//IiKZ9n7Yvs9YOVyedgihQcwhGcgA2XkId7KEIJCDzBM7zCm9EzXoyh8T5tXTJmMwfwB8bHD0xQlOY=</latexit>

D0 ! ⇡�⇡+

<latexit sha1_base64="TS40PxapkwjN32yOuJ1tFO8gbHw=">AAAB+nicbVDLSgMxFM3UVx1fU126CRZBEMuMCOpCWtCFywr2AZ1pyaSZNjQzE5KMUsZ+ihsFRdz6B/6Bm+LfmD4W2nog4XDOvdx7j88Zlcq2v43MwuLS8kp21Vxb39jcsnLbVRknApMKjlks6j6ShNGIVBRVjNS5ICj0Gan5vcuRX7sjQtI4ulV9TrwQdSIaUIyUllpW7qppuyqGLqfNo9F32LLydsEeA84TZ0ryxc+hecGfh+WW9eW2Y5yEJFKYISkbjs2VlyKhKGZkYLqJJBzhHuqQhqYRCon00vHqA7ivlTYMYqFfpOBY/d2RolDKfujryhCprpz1RuJ/XiNRwZmX0ognikR4MihIGNS3jnKAbSoIVqyvCcKC6l0h7iKBsNJpmToEZ/bkeVI9LjgnhfMbO18qggmyYBfsgQPggFNQAtegDCoAg3vwCF7Aq/FgPBlvxvukNGNMe3bAHxgfPzLFlxM=</latexit>

A. Reis,  Charm CPV and mixing at LHCb

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803


6 BEAUTY2020

The measured quantities are the charge asymmetries

Asymmetries in production and 
detection efficiencies are small:

Araw(KK)�Araw(⇡⇡) = (
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+AD(tag) + AP
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�

<latexit sha1_base64="KxCwojYRpLysfVsGQB9p8zGI1Yo=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4cZiJAZOLBLx4TMAskAyhp1OTtOlZ6O4RQsgXePGgiFc/yZt/Y2cRXB8UPN6roqqenwiutOO8W5mV1bX1jexmbmt7Z3cvv3/QVHEqGTZYLGLZ9qlCwSNsaK4FthOJNPQFtvzR1cxv3aFUPI5u9DhBL6SDiAecUW2k+lkvX3DsYqXsnFfIb+LazhwFWKLWy791+zFLQ4w0E1Spjusk2ptQqTkTOM11U4UJZSM6wI6hEQ1ReZP5oVNyYpQ+CWJpKtJkrn6dmNBQqXHom86Q6qH66c3Ev7xOqoOyN+FRkmqM2GJRkAqiYzL7mvS5RKbF2BDKJDe3EjakkjJtssmZED4/Jf+TZtF2S3alXipUL5dxZOEIjuEUXLiAKlxDDRrAAOEeHuHJurUerGfrZdGasZYzh/AN1usH/cSNFg==</latexit>

(

<latexit sha1_base64="Rg4oMgpxjGKS3wnfyu4qW0IvRPo=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNExiwOQiAS8eEzALJEPo6dQkbXoWunuEMOQLvHhQxKuf5M2/sbMIrg8KHu9VUVXPiwVX2nHercza+sbmVnY7t7O7t3+QPzxqqyiRDFssEpHselSh4CG2NNcCu7FEGngCO97kau537lAqHoU3ehqjG9BRyH3OqDZSszjIFxy7XKs65zXym5RsZ4ECrNAY5N/6w4glAYaaCapUr+TE2k2p1JwJnOX6icKYsgkdYc/QkAao3HRx6IycGWVI/EiaCjVZqF8nUhooNQ080xlQPVY/vbn4l9dLtF91Ux7GicaQLRf5iSA6IvOvyZBLZFpMDaFMcnMrYWMqKdMmm5wJ4fNT8j9pl+1Sxa41K4X65SqOLJzAKRShBBdQh2toQAsYINzDIzxZt9aD9Wy9LFsz1mrmGL7Bev0A9jCNEQ==</latexit>

Araw(KK)�Araw(⇡⇡) =

<latexit sha1_base64="kySJAxU/CyZvUJU6de61n7jWUOE=">AAACD3icdVDLSgMxFM3UV62vUZdugkVpFw4ztWC7UCpuhG4q2Ad0hiGTpm1o5kGSUcrQP3Djr7hxoYhbt+78G9OHUF+HBE7OuZebe7yIUSFN80NLLSwuLa+kVzNr6xubW/r2TkOEMcekjkMW8paHBGE0IHVJJSOtiBPke4w0vcHF2G/eEC5oGFzLYUQcH/UC2qUYSSW5+uG5m9jchxzdjnLVav5o/m1HVJ08PIWunjWNQrlkHpfhb2IZ5gRZMEPN1d/tTohjnwQSMyRE2zIj6SSIS4oZGWXsWJAI4QHqkbaiAfKJcJLJPiN4oJQO7IZc3UDCiTrfkSBfiKHvqUofyb746Y3Fv7x2LLslJ6FBFEsS4OmgbsygDOE4HNihnGDJhoogzKn6K8R9xBGWKsKMCuFrU/g/aRQMq2iUr4rZytksjjTYA/sgByxwAirgEtRAHWBwBx7AE3jW7rVH7UV7nZamtFnPLvgG7e0T4SubUg==</latexit>

Reweighting  procedure matches kinematics of both final states                         
and ensures cancellation of nuisance asymmetries

A⇡�tag
raw (f) ⌘ N(D⇤+!D0(f)⇡+)�N(D⇤�!D

0
(f)⇡�)

N(D⇤+!D0(f)⇡+) +N(D⇤�!D
0
(f)⇡�)

<latexit sha1_base64="pn24rQq5ANHuSVMr3pW1OCsrvf8="></latexit>

Aµ�tag
raw (f) ⌘ N(B!D0(f)µ�X)�N(B!D

0
(f)µ+X)

N(B!D0(f)µ�X) +N(B!D
0
(f)µ+X)

<latexit sha1_base64="nyAsJsyG4OcTqcqp8POvyHYJehg="></latexit>

A⇡�tag
raw (f) ⇡ ACP (f) +AD(⇡) +AP (D

⇤)

<latexit sha1_base64="9Ytv9A13Q2f2Jq1ight1ebgmHcs="></latexit>

Aµ�tag
raw (f) ⇡ ACP (f) +AD(µ) +AP (B)

<latexit sha1_base64="m8/Ij58hPNmWFBdw3FGyJxpidGc="></latexit>

ACP (KK)

<latexit sha1_base64="5CP0VdWQSR7oKD8bOb/L2GmPU18=">AAAB/XicdVDLSgMxFM34rPU1PnZugkWom2Gm9DFdCJVuhG4q2Ae0Q8mkaRuaeZBkhDoM/oobF4q49T/c+Tdm2goqeiBwOOde7slxQ0aFNM0PbWV1bX1jM7OV3d7Z3dvXDw7bIog4Ji0csIB3XSQIoz5pSSoZ6YacIM9lpONO66nfuSVc0MC/kbOQOB4a+3REMZJKGujHfQ/JCUYsvkwGcb2Z5BuN84GeMw27XLArJWgaplU1K+WUFKySbUPLMOfIgSWaA/29Pwxw5BFfYoaE6FlmKJ0YcUkxI0m2HwkSIjxFY9JT1EceEU48T5/AM6UM4Sjg6vkSztXvGzHyhJh5rppMs4rfXir+5fUiObKdmPphJImPF4dGEYMygGkVcEg5wZLNFEGYU5UV4gniCEtVWFaV8PVT+D9pFwyraFSvi7naxbKODDgBpyAPLFABNXAFmqAFMLgDD+AJPGv32qP2or0uRle05c4R+AHt7RMqMZUN</latexit>

ACP (KK)�ACP (⇡⇡)

<latexit sha1_base64="a5ZxDFoM9RyjRdCHv6Wht1DgUwQ="></latexit>

ACP (⇡⇡)

<latexit sha1_base64="ol4EKh4EnnUI+2Yg/j0GWbrmhJ8=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahboZM6WO6ECrduKxgH9AZSiZN29DMgyQjlKFu/BU3LhRx61+482/MtBVU9JDA4Zx7ufceL+JMKoQ+jJXVtfWNzcxWdntnd28/d3DYlmEsCG2RkIei62FJOQtoSzHFaTcSFPsepx1v0kj9zi0VkoXBjZpG1PXxKGBDRrDSUj937PhYjQnmyeWsnzSas4ITMf3O+7k8Mu1K0a6WITKRVUPVSkqKVtm2oWWiOfJgiWY/9+4MQhL7NFCEYyl7FoqUm2ChGOF0lnViSSNMJnhEe5oG2KfSTeYXzOCZVgZwGAr9AwXn6veOBPtSTn1PV6b7yt9eKv7l9WI1tN2EBVGsaEAWg4YxhyqEaRxwwAQlik81wUQwvSskYywwUTq0rA7h61L4P2kXTatk1q5L+frFMo4MOAGnoAAsUAV1cAWaoAUIuAMP4Ak8G/fGo/FivC5KV4xlzxH4AePtE6Xalwk=</latexit>

A. Reis,  Charm CPV and mixing at LHCb
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Systematic uncertainties (x 10-4)

Results

�A⇡�tag
CP = (�18.2± 3.2± 0.9)⇥ 10�4

<latexit sha1_base64="R0Pdq2eck/1GB84jG1NRLXiPSzQ="></latexit>

�ACP = (�15.4± 2.9)⇥ 10�4

<latexit sha1_base64="mzKt/uQZpnoP6q/UzfaH6JF/fTs="></latexit>

Combining results from the two samples and from Run 1,

First observation of CP 
violation in charm  - 5.3�

<latexit sha1_base64="iF3PEMtL1NhV/kefJRYYBKF4gRQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GibTltaNFNy4rGAf2A4lk6ZtaJIZkoxQhv6FGxeKuPVv3Pk3ptMKKnrgwuGce7n3njDmTBvP+3Bya+sbm1v57cLO7t7+QfHwqK2jRBHaIhGPVDfEmnImacsww2k3VhSLkNNOOL1a+J17qjSL5K2ZxTQQeCzZiBFsrHRXdcuwr9lY4EGx5Ln1ql/2EfRcz/eQX8kIQqgGketlKIEVmoPie38YkURQaQjHWveQF5sgxcowwum80E80jTGZ4jHtWSqxoDpIs4vn8MwqQziKlC1pYKZ+n0ix0HomQtspsJno395C/MvrJWZUD1Im48RQSZaLRgmHJoKL9+GQKUoMn1mCiWL2VkgmWGFibEgFG8LXp/B/0vZdVHEvbiqlxuUqjjw4AafgHCBQAw1wDZqgBQiQ4AE8gWdHO4/Oi/O6bM05q5lj8APO2yeJTJAz</latexit>

A. Reis,  Charm CPV and mixing at LHCb

<latexit sha1_base64="6k01fkPPGJtXE7jKHmn7jGHSV2s="></latexit>

�Aµ�tag
CP = (�9± 8± 5)⇥ 10�4
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Results

This analysis:

�adirCP = (�15.7± 2.9)⇥ 10�4

<latexit sha1_base64="A+7uGCj49ZeNj7l1oKFxafoJOKY="></latexit>

PRL 118, 261803 (2017)

LHCb average:

SM predictions in the range 10�3�10�4

<latexit sha1_base64="RFimVp+95A0uHztUN8nl5TzM8k0=">AAAB/HicdVDLSgMxFM3UV62vapduUovgpkNmnGpnIwU3LivYB3RqyaRpG5p5kGSEMtRfceNCEbd+iDv/xvQhqOiBC4dz7uXee/yYM6kQ+jAyK6tr6xvZzdzW9s7uXn7/oCmjRBDaIBGPRNvHknIW0oZiitN2LCgOfE5b/vhy5rfuqJAsCm/UJKbdAA9DNmAEKy318gUL3abl06lXLHvFOXemvXwJmciuVhwbItOuINdyNakgyz1zoGWiOUpgiXov/+71I5IENFSEYyk7FopVN8VCMcLpNOclksaYjPGQdjQNcUBlN50fP4XHWunDQSR0hQrO1e8TKQ6knAS+7gywGsnf3kz8y+skalDtpiyME0VDslg0SDhUEZwlAftMUKL4RBNMBNO3QjLCAhOl88rpEL4+hf+Tpm1ajuleO6XaxTKOLDgER+AEWOAc1MAVqIMGIGACHsATeDbujUfjxXhdtGaM5UwB/IDx9gnyI5MP</latexit>

�hti⇡�tag

⌧(D0)
= 0.135± 0.002

<latexit sha1_base64="uP2wMhjn/58m9DI/kXHLJJz28PM="></latexit>

�htiµ�tag

⌧(D0)
= 0.003± 0.001

<latexit sha1_base64="xTK2NmfRG0DFjUOi7sFzIHfLmV4="></latexit>

A� = (�2.8± 2.8)⇥ 10�4

<latexit sha1_base64="nn2hqlwXpY9/R8V+5/f9uk8vDJ0="></latexit>

no CPV

W.A.

further measurements and theoretical   
improvements needed for a correct
interpretation of CPV in charm.

JHEP 04 (2015) 043,

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261803
https://link.springer.com/article/10.1007/JHEP04(2015)043
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CP violation search in
⌅+
c ! pK�⇡+

<latexit sha1_base64="IxDc+RbQrKuSZbt0pG8yBwibTes=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCUCxJLdjuim4ENxXsA5o0TKaTdugkGWYmQg3FX3HjQhG3/oc7/8bpQ/B54MLhnHu59x6fMyqVZb0bmYXFpeWV7GpubX1jc8vc3mnKOBGYNHDMYtH2kSSMRqShqGKkzQVBoc9Iyx+eT/zWDRGSxtG1GnHihqgf0YBipLTkmXtOm3q4W3BUDPll99jhtFvwzLxVLFUr1kkV/iZ20ZoiD+aoe+ab04txEpJIYYak7NgWV26KhKKYkXHOSSThCA9Rn3Q0jVBIpJtOrx/DQ630YBALXZGCU/XrRIpCKUehrztDpAbypzcR//I6iQoqbkojnigS4dmiIGFQvzqJAvaoIFixkSYIC6pvhXiABMJKB5bTIXx+Cv8nzVLRLherV+V87WweRxbsgwNwBGxwCmrgAtRBA2BwC+7BI3gy7owH49l4mbVmjPnMLvgG4/UDgDWUpw==</latexit>

LHCb-PAPER-2019-026
arXiv:2006.03145

https://cds.cern.ch/record/2720229
https://arxiv.org/abs/2006.03145
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10 BEAUTY2020

 Analysis based on Run 1 data (~3 fb-1 @ 7 and 8 TeV)

 Direct comparison between         

 Procedures tested on control channel                  ⇤+
c ! pK�⇡+

<latexit sha1_base64="GUV11+SS+RO/iX9oy7RNe636Cyw=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCUAxJLdjuim4EXVSwD2jSMJlM2qGTBzMToYS68VfcuFDErX/hzr9x+hB8Hhg4nHMud+7xEkaFNM13bW5+YXFpObeSX11b39jUt7abIk45Jg0cs5i3PSQIoxFpSCoZaSecoNBjpOUNzsZ+64ZwQePoWg4T4oSoF9GAYiSV5Oq79qUK+8jF3aItY5hcdI/shHaLrl4wjVK1Yh5X4W9iGeYEBTBD3dXfbD/GaUgiiRkSomOZiXQyxCXFjIzydipIgvAA9UhH0QiFRDjZ5IIRPFCKD4OYqxdJOFG/TmQoFGIYeioZItkXP72x+JfXSWVQcTIaJakkEZ4uClIG1anjOqBPOcGSDRVBmFP1V4j7iCMsVWl5VcLnpfB/0iwZVtmoXpULtdNZHTmwB/bBIbDACaiBc1AHDYDBLbgHj+BJu9MetGftZRqd02YzO+AbtNcPexmWTw==</latexit>

2012
sample

2012
sample

LHCb-PAPER-2019-026

⌅+
c

<latexit sha1_base64="aPtyjo6jmCFm3vwLaFdhEr3ChI4=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARBGGZiwOQW9OIxglkgGUNPpydp0tPTdPcIYchHePGgiFe/x5t/Y2cRXB8UPN6roqpeKDnTxvPenaXlldW19dxGfnNre2e3sLff1EmqCG2QhCeqHWJNORO0YZjhtC0VxXHIaSscXU791h1VmiXixowlDWI8ECxiBBsrtbpt1iO3p71C0XNL1Yp3VkW/ie96MxRhgXqv8NbtJySNqTCEY607vidNkGFlGOF0ku+mmkpMRnhAO5YKHFMdZLNzJ+jYKn0UJcqWMGimfp3IcKz1OA5tZ4zNUP/0puJfXic1USXImJCpoYLMF0UpRyZB099RnylKDB9bgoli9lZEhlhhYmxCeRvC56fof9IsuX7ZrV6Xi7WLRRw5OIQjOAEfzqEGV1CHBhAYwT08wpMjnQfn2XmZty45i5kD+Abn9QNF6o+R</latexit>

⌅�
c

<latexit sha1_base64="1N/D+jFGHSZOyZ1Jdo6i9UH1LH4=">AAAB7nicdVDJSgNBEK1xjXGLevTSGAQvDjMxYHILevEYwSyQjKGn05M06elpunuEMOQjvHhQxKvf482/sbMIrg8KHu9VUVUvlJxp43nvztLyyuraem4jv7m1vbNb2Ntv6iRVhDZIwhPVDrGmnAnaMMxw2paK4jjktBWOLqd+644qzRJxY8aSBjEeCBYxgo2VWt0265Hb016h6LmlasU7q6LfxHe9GYqwQL1XeOv2E5LGVBjCsdYd35MmyLAyjHA6yXdTTSUmIzygHUsFjqkOstm5E3RslT6KEmVLGDRTv05kONZ6HIe2M8ZmqH96U/Evr5OaqBJkTMjUUEHmi6KUI5Og6e+ozxQlho8twUQxeysiQ6wwMTahvA3h81P0P2mWXL/sVq/LxdrFIo4cHMIRnIAP51CDK6hDAwiM4B4e4cmRzoPz7LzMW5ecxcwBfIPz+gFI8o+T</latexit>

Dalitz plots (total yield ~ 190k)and

A. Reis,  Charm CPV and mixing at LHCb

using two model-independent techniques

(total yield ~ 1.9M)
before applied to the signal

(arXiv:2006.03145)

arXiv:2006.03145
https://arxiv.org/abs/2006.03145
arXiv:2006.03145
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Binned method
 Dalitz plot divided into bins; for each bin compute the observable

: accounts for global asymmetries

: test if   A p-value from ⌅�
c

<latexit sha1_base64="1N/D+jFGHSZOyZ1Jdo6i9UH1LH4=">AAAB7nicdVDJSgNBEK1xjXGLevTSGAQvDjMxYHILevEYwSyQjKGn05M06elpunuEMOQjvHhQxKvf482/sbMIrg8KHu9VUVUvlJxp43nvztLyyuraem4jv7m1vbNb2Ntv6iRVhDZIwhPVDrGmnAnaMMxw2paK4jjktBWOLqd+644qzRJxY8aSBjEeCBYxgo2VWt0265Hb016h6LmlasU7q6LfxHe9GYqwQL1XeOv2E5LGVBjCsdYd35MmyLAyjHA6yXdTTSUmIzygHUsFjqkOstm5E3RslT6KEmVLGDRTv05kONZ6HIe2M8ZmqH96U/Evr5OaqBJkTMjUUEHmi6KUI5Og6e+ozxQlho8twUQxeysiQ6wwMTahvA3h81P0P2mWXL/sVq/LxdrFIo4cHMIRnIAP51CDK6hDAwiM4B4e4cmRzoPz7LzMW5ecxcwBfIPz+gFI8o+T</latexit>

⌅+
c

<latexit sha1_base64="aPtyjo6jmCFm3vwLaFdhEr3ChI4=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARBGGZiwOQW9OIxglkgGUNPpydp0tPTdPcIYchHePGgiFe/x5t/Y2cRXB8UPN6roqpeKDnTxvPenaXlldW19dxGfnNre2e3sLff1EmqCG2QhCeqHWJNORO0YZjhtC0VxXHIaSscXU791h1VmiXixowlDWI8ECxiBBsrtbpt1iO3p71C0XNL1Yp3VkW/ie96MxRhgXqv8NbtJySNqTCEY607vidNkGFlGOF0ku+mmkpMRnhAO5YKHFMdZLNzJ+jYKn0UJcqWMGimfp3IcKz1OA5tZ4zNUP/0puJfXic1USXImJCpoYLMF0UpRyZB099RnylKDB9bgoli9lZEhlhhYmxCeRvC56fof9IsuX7ZrV6Xi7WLRRw5OIQjOAEfzqEGV1CHBhAYwT08wpMjnQfn2XmZty45i5kD+Abn9QNF6o+R</latexit>

and are statistically compatible

I(i,k) = 1 if the ith candidate and its kth nearest neighbour have the same charge

Unbinned method (kNN)
Dalitz plot divided into regions around expected resonances. In each region 
compute the test statistic

For two statistically compatible samples, the distribution of T follows a normal 
distribution with known mean and width, (µT ,�T )

<latexit sha1_base64="dEJP+Fo8wuoa4Bz7HGpB/2cfXko=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoIMO0Fmw3UnDjskJf0BmGTJppQ5PMkGQKZeifuHGhiFv/xJ1/Y/oQfB64cDjnXu69J0wYVdp1363c2vrG5lZ+u7Czu7d/YB8edVScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINxzdzvzshUtFYtPQ0IT5HQ0EjipE2UmDbJY+nQevCU3TIUdA6D+yi61TqNfeyDn+TsuMuUAQrNAP7zRvEOOVEaMyQUv2ym2g/Q1JTzMis4KWKJAiP0ZD0DRWIE+Vni8tn8MwoAxjF0pTQcKF+ncgQV2rKQ9PJkR6pn95c/Mvrpzqq+RkVSaqJwMtFUcqgjuE8BjigkmDNpoYgLKm5FeIRkghrE1bBhPD5KfyfdCpOuerU76rFxvUqjjw4AaegBMrgCjTALWiCNsBgAu7BI3iyMuvBerZelq05azVzDL7Bev0A8SSTPg==</latexit>

 Compare T distribution with that for null CPV hypothesis

↵ =
ni
+

ni
�

<latexit sha1_base64="pRNFWOt4mVq0yC/YC3MqvksCOAc=">AAACBXicdVDLSgMxFM34rPVVdamLYBEEcciUVttFoeDGZQX7gM5YMmmmDc1khiQjlKEbN/6KGxeKuPUf3Pk3pg9BRQ9c7uGce0nu8WPOlEbow1pYXFpeWc2sZdc3Nre2czu7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35w4uJ37qlUrFIXOtRTL0Q9wULGMHaSN3cgYt5PMCwCt1AYpKKG9Y9GU/b6bibyyMbFcqlYgEiu1BCFadiSAk5lbMidGw0RR7MUe/m3t1eRJKQCk04VqrjoFh7KZaaEU7HWTdRNMZkiPu0Y6jAIVVeOr1iDI+M0oNBJE0JDafq940Uh0qNQt9MhlgP1G9vIv7ldRIdlL2UiTjRVJDZQ0HCoY7gJBLYY5ISzUeGYCKZ+SskA2zS0Ca4rAnh61L4P2kWbKdoV66K+Vp1HkcG7INDcAwccA5q4BLUQQMQcAcewBN4tu6tR+vFep2NLljznT3wA9bbJxdemFk=</latexit>

Si
CP =

ni
+ � ↵ni

�q
↵(ni

+ + ni
�)

,

<latexit sha1_base64="PV1y/HqiFgtBsuBHKV1IfSuKk6s="></latexit>

�2 ⌘
X

(Si
CP )

2

<latexit sha1_base64="ZbdAiG/+jAhFnZqk0mrBvGu8rPA="></latexit>

T =
1

nk(n+ + n�)

n++n�X

i=1

nkX

k=1

I(i, k)

<latexit sha1_base64="i4iDGj3cmegwkwfwsmlFmqmHsJ8="></latexit>

in this analysis)nk=50

<latexit sha1_base64="/tqxoDWxLpAYjdeT4AZ+s9ZDcfg=">AAAB8XicdVDLSgMxFM3UV62vqks3qUVwNWSGGW0XhYIblxXsA9tSMmmmDc1khiQjlKF/4caFIm79G3f+jelDUNEDFw7n3Mu99wQJZ0oj9GHl1tY3Nrfy24Wd3b39g+LhUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweRq7rfvqVQsFrd6mtB+hEeChYxgbaQ7MZj0SrVeyUeDYhnZyK34nguR7fqo6lQN8ZFTvfCgY6MFymCFxqD43hvGJI2o0IRjpboOSnQ/w1Izwums0EsVTTCZ4BHtGipwRFU/W1w8g2dGGcIwlqaEhgv1+0SGI6WmUWA6I6zH6rc3F//yuqkOK/2MiSTVVJDlojDlUMdw/j4cMkmJ5lNDMJHM3ArJGEtMtAmpYEL4+hT+T1qu7Xh29cYr12urOPLgBJyCc+CAS1AH16ABmoAAAR7AE3i2lPVovVivy9actZo5Bj9gvX0CP6yQAQ==</latexit>

(

A. Reis,  Charm CPV and mixing at LHCb
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No evidence of CP violation

large        
p-values

CPV would be established with p-values < 3 x 10-7

A. Reis,  Charm CPV and mixing at LHCb

<latexit sha1_base64="xKDcs1bD34z6AWmlesDLAjpozow=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0WomzAJibYLoeDGZQVrK20ok+mkHTqThJmJUEK/wo0LBXHr37jzb5w+BBU9cOFwzr3ce0+YcqY0Qh9WYWV1bX2juFna2t7Z3SvvH9yqJJOEtkjCE9kJsaKcxbSlmea0k0qKRchpOxxfzvz2PZWKJfGNnqQ0EHgYs4gRrI10V/V7ig0FPu2XK8hGbs33XIhs10d1p26Ij5z6mQcdG81RAUs0++X33iAhmaCxJhwr1XVQqoMcS80Ip9NSL1M0xWSMh7RraIwFVUE+P3gKT4wygFEiTcUaztXvEzkWSk1EaDoF1iP125uJf3ndTEe1IGdxmmkak8WiKONQJ3D2PRwwSYnmE0MwkczcCskIS0y0yahkQvj6FP5P2q7teLbjXHuVxsUyjyI4AsegChxwDhrgCjRBCxAgwAN4As+WtB6tF+t10VqwljOH4Aest0/az5BD</latexit>
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https://arxiv.org/abs/2006.03145
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Measurement of the mass difference 
between neutral D mesons

PRL 122, 231802 (2019)

A. Reis,  Charm CPV and mixing at LHCb

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231802
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Flavoured neutral-meson systems have both virtual and real transitions 
                   common to particle and antiparticle    

|D1,2i ⌘ p|D0i± q|D0i

<latexit sha1_base64="hlEOiRF9JTZ6XSgoS6ur62h7Wzc="></latexit>

Mass eigenstates are linear combination   
of states with definite flavour 

Mixing is governed 
by four parameters x ⌘ m1 �m2

�
, y ⌘ �1 � �2

2�
,

����
q

p

���� , �f ⌘ arg

✓
qAf

pAf

◆

<latexit sha1_base64="+5+M3WK+sNvplRSF514R/+56AFA="></latexit>

CPV in mixing: CPV in interference:|q/p| 6= 1

<latexit sha1_base64="VfK2lTtMLaH7o4mg96JJZ/mctUU=">AAAB83icdVDLSgMxFM34rPVVdekmWARX46S2tt1IwY3LCvYBnaFk0kwbmslMk4xQ2v6GGxeKuPVn3Pk3ZtoKKnrgwuGce7n3Hj/mTGnH+bBWVtfWNzYzW9ntnd29/dzBYVNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/vA69Vv3VCoWiTs9jqkX4r5gASNYG8mdjs7jKXQFHUHUzeUdu1wtVUtl6NhOoXThoJSgymUFQWQ7c+TBEvVu7t3tRSQJqdCEY6U6yIm1N8FSM8LpLOsmisaYDHGfdgwVOKTKm8xvnsFTo/RgEElTQsO5+n1igkOlxqFvOkOsB+q3l4p/eZ1EBxVvwkScaCrIYlGQcKgjmAYAe0xSovnYEEwkM7dCMsASE21iypoQvj6F/5NmwUZFu3pbzNeulnFkwDE4AWcAgTKogRtQBw1AQAwewBN4thLr0XqxXhetK9Zy5gj8gPX2CYhlkWA=</latexit>

� 6= 0

<latexit sha1_base64="VKPbcdw3+W9aREG8DhDIjjtGkLE=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjK1te1GCm5cVrAP7Awlk2ba0ExmTDJCGfoXblwo4ta/ceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KZ+d17KhWLxI2extQL8UiwgBGsjXTrxmPmCnoH0aBYQnatUW1UaxDZqFw9Q05GnPp53YGOjeYogSVag+K7O4xIElKhCcdK9R0Uay/FUjPC6azgJorGmEzwiPYNFTikykvnF8/giVGGMIikKaHhXP0+keJQqWnom84Q67H67WXiX14/0UHdS5mIE00FWSwKEg51BLP34ZBJSjSfGoKJZOZWSMZYYqJNSAUTwten8H/SKdtOxW5cV0rNi2UceXAEjsEpcEANNMEVaIE2IECAB/AEni1lPVov1uuiNWctZw7BD1hvn2M5kMA=</latexit>

The most sensitive mode for measuring mixing parameters is D0 ! K0
S⇡

�⇡+

<latexit sha1_base64="s9NxxRxhHH6rLrRYPBkqvB630aA=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIglgypdV2IwVdCG4q2ge00yGTZtrQTGZIMkKpXfgrblwo4tbfcOffmD4EFT2QcDjnXu69x4s4UxqhDysxN7+wuJRcTq2srq1vpDe3aiqMJaFVEvJQNjysKGeCVjXTnDYiSXHgcVr3+mdjv35LpWKhuNGDiDoB7grmM4K1kdz0znkbtXQIL91rQyLWPhp/h246g7IFZJeObYiyaAJDcgVUKiJoz5QMmKHipt9bnZDEARWacKxU00aRdoZYakY4HaVasaIRJn3cpU1DBQ6ocoaT/Udw3ygd6IfSPKHhRP3eMcSBUoPAM5UB1j312xuLf3nNWPtFZ8hEFGsqyHSQH3NoDh6HATtMUqL5wBBMJDO7QtLDEhNtIkuZEL4uhf+TWi5r57Olq3ymfDqLIwl2wR44ADY4AWVwASqgCgi4Aw/gCTxb99aj9WK9TksT1qxnG/yA9fYJNgGU9w==</latexit>

mixing

Direct CP violation 
is not expected in 
Cabibbo-favoured 
decays: �f ! �

<latexit sha1_base64="2/uXj1XG98KDLDoFm/p9Lbnupq0=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFSYh1WYhFNy4rGAf0MQymU7aoZMHMxOlhP6HGxeKuPVf3Pk3TtMKKnrgwuGce7n3niDlTCqEPozSyura+kZ5s7K1vbO7V90/6MgkE4S2ScIT0QuwpJzFtK2Y4rSXCoqjgNNuMLmc+907KiRL4hs1Takf4VHMQkaw0tKtl47ZIPRUAgtWrSET2Y26Y0Nk2nXkWq4mdWS5Zw60TFSgBpZoDarv3jAhWURjRTiWsm+hVPk5FooRTmcVL5M0xWSCR7SvaYwjKv28uHoGT7QyhGEidMUKFur3iRxHUk6jQHdGWI3lb28u/uX1MxU2/JzFaaZoTBaLwoxD/eU8AjhkghLFp5pgIpi+FZIxFpgoHVRFh/D1KfyfdGzTckz32qk1L5ZxlMEROAanwALnoAmuQAu0AQECPIAn8GzcG4/Gi/G6aC0Zy5lD8APG2yfBLZKz</latexit>

z ⌘ �(y � ix)

<latexit sha1_base64="Lez7q/5WuYgyM9+jSToltInIy7k=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxCXXTIlFY7C6HgxmUF+4C2lEyatqGZh0mmOB36JW5cKOLWT3Hn35g+BBU9cOFwzr3ce48bciYVQh9Gam19Y3MrvZ3Z2d3bz5oHhw0ZRILQOgl4IFoulpQzn9YVU5y2QkGx53LadMdXc785oUKywL9VcUi7Hh76bMAIVlrqmdlph95FbAIL+bjA7s96Zg5ZqFgpl4oQWcUycmxHkzKynfMStC20QA6sUOuZ751+QCKP+opwLGXbRqHqJlgoRjidZTqRpCEmYzykbU197FHZTRaHz+CpVvpwEAhdvoIL9ftEgj0pY8/VnR5WI/nbm4t/ee1IDSrdhPlhpKhPlosGEYcqgPMUYJ8JShSPNcFEMH0rJCMsMFE6q4wO4etT+D9pFC27ZDk3pVz1chVHGhyDE5AHNrgAVXANaqAOCIjAA3gCz8bUeDRejNdla8pYzRyBHzDePgELkJK1</latexit>

(q/p)±z ⌘ z ±�z

<latexit sha1_base64="7qtP+SYaPVIOFUraD/loo8YNHsg="></latexit>

A transformation of variables increases the sensitivity to q/p :
CP violating
parameters

A. Reis,  Charm CPV and mixing at LHCb

<latexit sha1_base64="UNpHjvkwrOqES/V21QoysIO9GG4="></latexit>

x, y, (q/p),� �! xCP , yCP , �x, �y

<latexit sha1_base64="nx6oaSSdc5ZKUMPhfxOeyVSRGv0="></latexit>

A� = (|q/p|� |p/q|) y cos�� (|q/p|+ |p/q|) x sin�

,

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
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The bin-flip method

 Similar Dalitz plot 
for

with
m+ ! m�

<latexit sha1_base64="v0rPF5ILCI02Db/rfAA53hR1kUU=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIsgiGWmFmwXQsGNywr2ge1QMmmmDU0yQ5IRytC/cONCEbf+jTv/xvQh+DwQOJxzL7nnBDFn2rjuu5NZWl5ZXcuu5zY2t7Z38rt7TR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0eXUb91RpVkkb8w4pr7AA8lCRrCx0q3onXRNhETvtJcvuMVSteKeVdFv4hXdGQqwQL2Xf+v2I5IIKg3hWOuO58bGT7EyjHA6yXUTTWNMRnhAO5ZKLKj209nFE3RklT4KI2WfNGimft1IsdB6LAI7KbAZ6p/eVPzL6yQmrPgpk3FiqCTzj8KEIxtyGh/1maLE8LElmChmb0VkiBUmxpaUsyV8JkX/k2ap6JWL1etyoXaxqCMLB3AIx+DBOdTgCurQAAIS7uERnhztPDjPzst8NOMsdvbhG5zXDxlvkJE=</latexit>

 16 bins symmetric
    about principal 
bisector m2

+ = m2
�

<latexit sha1_base64="o0ZFCP6deObuSvgM2N/e+K7jFPY=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBEEcZipBduFUnDjsoJ9QDuWTJppQzOZMckUSul3uHGhiFs/xp1/Y6at4PPA5R7OuZfcHD/mTGnHebcWFpeWV1Yza9n1jc2t7dzObl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4b/uAy9RtDKhWLxI0exdQLcU+wgBGsjeSFt4XOMTpHaT/p5PKOXSiXnNMy+k1c25kiD3NUO7m3djciSUiFJhwr1XKdWHtjLDUjnE6y7UTRGJMB7tGWoQKHVHnj6dETdGiULgoiaUpoNFW/boxxqNQo9M1kiHVf/fRS8S+vleig5I2ZiBNNBZk9FCQc6QilCaAuk5RoPjIEE8nMrYj0scREm5yyJoTPn6L/Sb1gu0W7fF3MVy7mcWRgHw7gCFw4gwpcQRVqQOAO7uERnqyh9WA9Wy+z0QVrvrMH32C9fgDtKZDu</latexit>

m2
± ⌘

<latexit sha1_base64="7HMZT5Ht1g1BY+MVVcdMxotnak0=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyEztNpupODGZQVbC+04ZNK0DU1mxiRTqEO/xI0LRdz6Ke78G9OHoKIHLhzOuZd77wkTzpRG6MPKrayurW/kNwtb2zu7RXtvv6XiVBLaJDGPZTvEinIW0aZmmtN2IikWIac34ehi5t+MqVQsjq71JKG+wIOI9RnB2kiBXRRB1k3E9Nbr0ruUjQO7hBzkVStlDyLHq6CaWzOkgtzaaRm6DpqjBJZoBPZ7txeTVNBIE46V6rgo0X6GpWaE02mhmyqaYDLCA9oxNMKCKj+bHz6Fx0bpwX4sTUUaztXvExkWSk1EaDoF1kP125uJf3mdVPerfsaiJNU0IotF/ZRDHcNZCrDHJCWaTwzBRDJzKyRDLDHRJquCCeHrU/g/aXmOW3ZqV+VS/XwZRx4cgiNwAlxwBurgEjRAExCQggfwBJ6te+vRerFeF605azlzAH7AevsEd7mTpA==</latexit>

m2(K0
S⇡

±) for D0

<latexit sha1_base64="S+roxnVJCkl2TlgIWLbF40kU4Y4="></latexit>

m2(K0
S⇡

⌥) for D
0

<latexit sha1_base64="D80t3q10S5VyPvzoIkfkDKgw91g="></latexit>

,

PRL 122, 231802 (2019)

Dataset divided into bins of decay time; Dalitz plot divided into bins of nearly 
constant strong-phase difference between       and       decay amplitudes  

In each decay time and Dalitz plot bin, fit the      and       invariant-mass distributions

The mixing parameters are obtained  from the ratios (details in backup slides)

Rb(tj) =
N�b(tj)

Nb(tj)
, Rb(tj) =

N�b(tj)

N b(tj)

<latexit sha1_base64="Zf0+cZkTZkavAmjt67OzZAeiJd0="></latexit>

D
0

<latexit sha1_base64="J2BYWlj6wEgsaB9OfSYNQzcrtb4=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapipBduNFHThsoKthXZaMmmmDc1MhiSjlKH/4caFIm79F3f+jZm2gs8DgcM593Bvjh9zprTjvFu5peWV1bX8emFjc2t7p7i711IikYQ2ieBCtn2sKGcRbWqmOW3HkuLQ5/TGH59n/s0tlYqJ6FpPYuqFeBixgBGsjdTrCmNm2fRi2nP6xZJjl2tV56SGfhPXdmYowQKNfvGtOxAkCWmkCcdKdVwn1l6KpWaE02mhmygaYzLGQ9oxNMIhVV46u3qKjowyQIGQ5kUazdSviRSHSk1C30yGWI/UTy8T//I6iQ6qXsqiONE0IvNFQcKRFiirAA2YpETziSGYSGZuRWSEJSbaFFUwJXz+FP1PWmXbrdi1q0qpfraoIw8HcAjH4MIp1OESGtAEAhLu4RGerDvrwXq2XuajOWuR2YdvsF4/ACVPkvU=</latexit>

D
0

<latexit sha1_base64="J2BYWlj6wEgsaB9OfSYNQzcrtb4=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapipBduNFHThsoKthXZaMmmmDc1MhiSjlKH/4caFIm79F3f+jZm2gs8DgcM593Bvjh9zprTjvFu5peWV1bX8emFjc2t7p7i711IikYQ2ieBCtn2sKGcRbWqmOW3HkuLQ5/TGH59n/s0tlYqJ6FpPYuqFeBixgBGsjdTrCmNm2fRi2nP6xZJjl2tV56SGfhPXdmYowQKNfvGtOxAkCWmkCcdKdVwn1l6KpWaE02mhmygaYzLGQ9oxNMIhVV46u3qKjowyQIGQ5kUazdSviRSHSk1C30yGWI/UTy8T//I6iQ6qXsqiONE0IvNFQcKRFiirAA2YpETziSGYSGZuRWSEJSbaFFUwJXz+FP1PWmXbrdi1q0qpfraoIw8HcAjH4MIp1OESGtAEAhLu4RGerDvrwXq2XuajOWuR2YdvsF4/ACVPkvU=</latexit>

D0

<latexit sha1_base64="3K49BbTrzdKFYDWnvCm+op1PpsA=">AAAB6nicdVDLSsNAFL2pr1pfUZduBovgKiS1YLuRgi5cVrQPaGOZTCft0MkkzEyEEvoJblwo4tYvcuffOH0IPg9cOJxzL/feEyScKe2671ZuaXlldS2/XtjY3NresXf3mipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKRudTv3VHpWKxuNHjhPoRHggWMoK1ka4vbt2eXXSdUrXinlTRb+I57gxFWKDes9+6/ZikERWacKxUx3MT7WdYakY4nRS6qaIJJiM8oB1DBY6o8rPZqRN0ZJQ+CmNpSmg0U79OZDhSahwFpjPCeqh+elPxL6+T6rDiZ0wkqaaCzBeFKUc6RtO/UZ9JSjQfG4KJZOZWRIZYYqJNOgUTwuen6H/SLDle2alelYu1s0UceTiAQzgGD06hBpdQhwYQGMA9PMKTxa0H69l6mbfmrMXMPnyD9foBQqaNzw==</latexit>

D0

<latexit sha1_base64="3K49BbTrzdKFYDWnvCm+op1PpsA=">AAAB6nicdVDLSsNAFL2pr1pfUZduBovgKiS1YLuRgi5cVrQPaGOZTCft0MkkzEyEEvoJblwo4tYvcuffOH0IPg9cOJxzL/feEyScKe2671ZuaXlldS2/XtjY3NresXf3mipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKRudTv3VHpWKxuNHjhPoRHggWMoK1ka4vbt2eXXSdUrXinlTRb+I57gxFWKDes9+6/ZikERWacKxUx3MT7WdYakY4nRS6qaIJJiM8oB1DBY6o8rPZqRN0ZJQ+CmNpSmg0U79OZDhSahwFpjPCeqh+elPxL6+T6rDiZ0wkqaaCzBeFKUc6RtO/UZ9JSjQfG4KJZOZWRIZYYqJNOgUTwuen6H/SLDle2alelYu1s0UceTiAQzgGD06hBpdQhwYQGMA9PMKTxa0H69l6mbfmrMXMPnyD9foBQqaNzw==</latexit>

D
0!K0

S⇡
+⇡�

<latexit sha1_base64="VrPidbYHkHX66W3CUoJuhzfJNcY=">AAACDnicdVBLSwMxGMzWV62vVY9eUktBEMtuLdhepKAHwUtFWwvdbcmmaRua3SxJVihLf4EX/4oXD4p49ezNf2O2reBzIGGY+YbkGy9kVCrLejdSc/MLi0vp5czK6tr6hrm51ZA8EpjUMWdcND0kCaMBqSuqGGmGgiDfY+TaG54k/vUNEZLy4EqNQuL6qB/QHsVIaalj5h2u7SQdn47blpN1FHey8LxtdS6dkLb3k+ugY+asQrFStg4r8DexC9YEOTBDrWO+OV2OI58ECjMkZcu2QuXGSCiKGRlnnEiSEOEh6pOWpgHyiXTjyTpjmNdKF/a40CdQcKJ+TcTIl3Lke3rSR2ogf3qJ+JfXilSv7MY0CCNFAjx9qBcxqDhMuoFdKghWbKQJwoLqv0I8QAJhpRvM6BI+N4X/k0axYJcKlYtSrno8qyMNdsAu2AM2OAJVcAZqoA4wuAX34BE8GXfGg/FsvExHU8Yssw2+wXj9APSVm24=</latexit>

A. Reis,  Charm CPV and mixing at LHCb

D0 ! K0
S⇡

�⇡+

<latexit sha1_base64="s9NxxRxhHH6rLrRYPBkqvB630aA=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIglgypdV2IwVdCG4q2ge00yGTZtrQTGZIMkKpXfgrblwo4tbfcOffmD4EFT2QcDjnXu69x4s4UxqhDysxN7+wuJRcTq2srq1vpDe3aiqMJaFVEvJQNjysKGeCVjXTnDYiSXHgcVr3+mdjv35LpWKhuNGDiDoB7grmM4K1kdz0znkbtXQIL91rQyLWPhp/h246g7IFZJeObYiyaAJDcgVUKiJoz5QMmKHipt9bnZDEARWacKxU00aRdoZYakY4HaVasaIRJn3cpU1DBQ6ocoaT/Udw3ygd6IfSPKHhRP3eMcSBUoPAM5UB1j312xuLf3nNWPtFZ8hEFGsqyHSQH3NoDh6HATtMUqL5wBBMJDO7QtLDEhNtIkuZEL4uhf+TWi5r57Olq3ymfDqLIwl2wR44ADY4AWVwASqgCgi4Aw/gCTxb99aj9WK9TksT1qxnG/yA9fYJNgGU9w==</latexit>

PRD 99, 012007 (2019)

LHCb

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231802
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PRL 122, 231802 (2019)

1.6M

1M

Analysis based on Run 1 dataset (Run 2 results to appear soon)

D⇤+ ! D0(! K0
S⇡

�⇡+)⇡+

<latexit sha1_base64="+dgTCowsAlikmbUENTz64Tvy6Uc="></latexit>

B ! D0(! K0
S⇡

�⇡+)µ�X

<latexit sha1_base64="8yLf83T6qNNy65sgvIDS5FsaPbQ="></latexit>

Two independent samples:

Strong-phase differences are external 
input from CLEO PRD 82, 112006 (2010)

Symmetric efficiency variation across 
the Dalitz plot for both samples

(3 fb-1)
(2 fb-1)

A. Reis,  Charm CPV and mixing at LHCb

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231802
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<latexit sha1_base64="3zPSfCW044xjE+uveS1jmACvlq4="></latexit>

The measured quantities are:
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<latexit sha1_base64="je6SDumAps4pOXZHG7UJaIkRsAQ="></latexit>

�y = 0.6± 1.6± 0.3

<latexit sha1_base64="yDK/8A6kfjfEb3hKxV8EVNgNE5U="></latexit>

�x = �0.53± 0.70± 0.22

<latexit sha1_base64="K8OExLLUd9lIPu04urm5wm1mgWY="></latexit>

xCP = 2.7± 1.7± 0.4

<latexit sha1_base64="I0vbFit96+heyCGGBsTP5h4qQqs=">AAACBXicdVDLSgMxFM3UV62vqktdBIvgapiZjrZdFArduKxgH9CWIZNm2tBkZkgyYhm6ceOvuHGhiFv/wZ1/Y/oQVPRAyMm553Jzjx8zKpVlfRiZldW19Y3sZm5re2d3L79/0JJRIjBp4ohFouMjSRgNSVNRxUgnFgRxn5G2P67P6u0bIiSNwms1iUmfo2FIA4qR0pKXP7710npjCqvQMUuwF3NoL2/LdL18wTLL5xdOuaKfll0pFYsz4thOxdVGa44CWKLh5d97gwgnnIQKMyRl17Zi1U+RUBQzMs31EklihMdoSLqahogT2U/nW0zhqVYGMIiEPqGCc/V7R4q4lBPuaydHaiR/12biX7VuooJyP6VhnCgS4sWgIGFQRXAWCRxQQbBiE00QFlT/FeIREggrHVxOh/C1KfyftBzTds3KlVuoVZdxZMEROAFnwAYlUAOXoAGaAIM78ACewLNxbzwaL8brwpoxlj2H4AeMt0/rW5Wp</latexit>

yCP = 7.4± 3.6± 1.1

<latexit sha1_base64="gDS4ZWRKiVQ0Sdjw4Pr2UEBW1t4=">AAACBXicdVBLSwMxGMzWV62vVY96CBbB07Lbrn0cCoVePFawD2iXJZtm29DsgyQrlKUXL/4VLx4U8ep/8Oa/Md1WUNGBkGFmPpJvvJhRIU3zQ8utrW9sbuW3Czu7e/sH+uFRV0QJx6SDIxbxvocEYTQkHUklI/2YExR4jPS8aWvh924JFzQKb+QsJk6AxiH1KUZSSa5+OnPTVnsOG7Bq2HAYB7BsVLLbMixXL5pG7bJSqtWhaZhWvVouL0jJKtVtFTAzFMEKbVd/H44inAQklJghIQaWGUsnRVxSzMi8MEwEiRGeojEZKBqigAgnzbaYw3OljKAfcXVCCTP1+0SKAiFmgaeSAZIT8dtbiH95g0T6NSelYZxIEuLlQ37CoIzgohI4opxgyWaKIMyp+ivEE8QRlqq4girha1P4P+mWDMs26td2sdlY1ZEHJ+AMXAALVEETXIE26AAM7sADeALP2r32qL1or8toTlvNHIMf0N4+Ae62las=</latexit>

Values  [10-3]

No evidence for 
indirect CPV

Systematic uncertainties dominated by CLEO input, 
D0 from B decays (prompt), and unrelated          combinations (semileptonic)µD0

<latexit sha1_base64="YC7zkcAUkWkrlg5ZMmviP4ix/LM=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0wMmByEgB48RjALJGPo6fQkTbp7hu4eIQz5CC8eFPHq93jzb+wsguuDgsd7VVTVCxPOtPG8d2dpeWV1bT23kd/c2t7ZLeztN3WcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRxdTv3VHlWaxvDHjhAYCDySLGMHGSq2uSNHlrdcrFD23VK14p1X0m/iuN0MRFqj3Cm/dfkxSQaUhHGvd8b3EBBlWhhFOJ/luqmmCyQgPaMdSiQXVQTY7d4KOrdJHUaxsSYNm6teJDAutxyK0nQKbof7pTcW/vE5qokqQMZmkhkoyXxSlHJkYTX9HfaYoMXxsCSaK2VsRGWKFibEJ5W0In5+i/0mz5Pplt3pdLtbOF3Hk4BCO4AR8OIMaXEEdGkBgBPfwCE9O4jw4z87LvHXJWcwcwDc4rx/vGI9U</latexit>

A. Reis,  Charm CPV and mixing at LHCb

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231802
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Results

x = (0.27+0.17
�0.15)⇥ 10�2

<latexit sha1_base64="thBcpw3yEE5obsNZN5GDK0rqA6k="></latexit>

y = (0.74± 0.37)⇥ 10�2

<latexit sha1_base64="2XL/abCSHgvYSqoVg6S5O4bH9iU="></latexit>

|q/p| = 1.05+0.22
�0.17

<latexit sha1_base64="2mkFzrB0/AoTC9HfMVM3jhZRWcc="></latexit>

� = �0.09+0.11
�0.16 rad

<latexit sha1_base64="j5fk2vPdWbUE5Wj49IDwqPPMaR0="></latexit>

A likelihood is formed to yield the usual mixing parameters:

HFLAV 
average: x = 0 excluded by 2.96�

<latexit sha1_base64="dFQ4jDyrcopcereC4eBfawa1VPg="></latexit>

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html

PR
L 122, 231802 (2019)

A. Reis,  Charm CPV and mixing at LHCb

<latexit sha1_base64="IFo1V7LOA/XcdAciFbZ301kq420="></latexit>

x = (0.37± 0.12)⇥ 10�2

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231802
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Time-dependent CP asymmetries
in

PRD 101, 012005 (2020)

D0!⇡+⇡�

<latexit sha1_base64="ilYAVlHYHtraCX/ljyGEktRYKt8=">AAAB/XicdVDLSgMxFM3UV62v8bFzEy2CIJaZWrDdSEEXLivYB3SmJZNm2tBMZkgyQh2Kv+LGhSJu/Q93/o2ZtoLPA7kczrmXe3O8iFGpLOvdyMzNLywuZZdzK6tr6xvm5lZDhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7wPPWbN0RIGvJrNYqIG6A+pz7FSGmpa+5cdCxnz1GhLhHtHKXluGvmrUKxUrZOKvA3sQvWBHkwQ61rvjm9EMcB4QozJGXbtiLlJkgoihkZ55xYkgjhIeqTtqYcBUS6yeT6MTzQSg/6odCPKzhRv04kKJByFHi6M0BqIH96qfiX146VX3YTyqNYEY6ni/yYQRXCNArYo4JgxUaaICyovhXiARIIKx1YTofw+VP4P2kUC3apULkq5atnsziyYBfsg0Ngg1NQBZegBuoAg1twDx7Bk3FnPBjPxsu0NWPMZrbBNxivHxUTlGE=</latexit>

D0!K+K�

<latexit sha1_base64="VLKV/vsnVONzV7CsolPjLoUcPjM=">AAAB+nicdVDLSsNAFJ34rPWV6tLN1CIIYkhqwXYjBV0I3VSwD2jSMplO26GTTJiZKCX2U9y4UMStX+LOv3H6EHweuHA4517uvcePGJXKtt+NhcWl5ZXV1Fp6fWNza9vM7NQljwUmNcwZF00fScJoSGqKKkaakSAo8Blp+MPzid+4IUJSHl6rUUS8APVD2qMYKS11zMxF23azruJuFlbaR5X2ccfM2Va+VLRPSvA3cSx7ihyYo9ox39wux3FAQoUZkrLl2JHyEiQUxYyM024sSYTwEPVJS9MQBUR6yfT0MTzQShf2uNAVKjhVv04kKJByFPi6M0BqIH96E/EvrxWrXtFLaBjFioR4tqgXM6g4nOQAu1QQrNhIE4QF1bdCPEACYaXTSusQPj+F/5N63nIKVumqkCufzeNIgT2wDw6BA05BGVyCKqgBDG7BPXgET8ad8WA8Gy+z1gVjPrMLvsF4/QD8BZKP</latexit>

and

A. Reis,  Charm CPV and mixing at LHCb

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012005
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Mixing-induced CP violation has not been observed in charm yet

The time evolution of an initially pure beam of D0(D
0
)

<latexit sha1_base64="4bdJec4E0axrBm8B2O7b6SHAniE=">AAAB/HicdVBLSwMxGMz6rPW12qOXYBHqZdmtBduLFOzBYwX7gHZbsmm2Dc1uliQrLEv9K148KOLVH+LNf2O2reBzIDDMzJd8GS9iVCrbfjdWVtfWNzZzW/ntnd29ffPgsC15LDBpYc646HpIEkZD0lJUMdKNBEGBx0jHm15mfueWCEl5eKOSiLgBGofUpxgpLQ3NQmNgl/pcR7Ib0sZsYJ8OzaJtlWtV+6wGfxPHsucogiWaQ/OtP+I4DkioMENS9hw7Um6KhKKYkVm+H0sSITxFY9LTNEQBkW46X34GT7Qygj4X+oQKztWvEykKpEwCTycDpCbyp5eJf3m9WPlVN6VhFCsS4sVDfsyg4jBrAo6oIFixRBOEBdW7QjxBAmGl+8rrEj5/Cv8n7bLlVKzadaVYv1jWkQNH4BiUgAPOQR1cgSZoAQwScA8ewZNxZzwYz8bLIrpiLGcK4BuM1w8lq5R7</latexit>

decaying to a final state f

x ⌘ �m

�
, y ⌘ ��

2�

<latexit sha1_base64="E8xGaNVBdu19IJkqLZNlV4+p+Cw="></latexit>

and with the usual definitions

The effective rates, due to 
the smallness of x and y

A�(f) ⌘
�̂(D0 ! f)� �̂(D

0 ! f)

�̂(D0 ! f) + �̂(D
0 ! f)

<latexit sha1_base64="skTVM3+ivNnDOxnH4H395ktYX2g="></latexit>

⇡ x�f + y(|q/p|� 1)� yadirCP (f)

<latexit sha1_base64="O5ykdlH0k1HRsjyknXh+nEG2n0s="></latexit>

The asymmetry between effective decay rates is sensitive to indirect CP violation

O(10�5)

<latexit sha1_base64="zWDqCARD70IiK+sbA7WaS/89c1o=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxCXThkSqvtRgpu3FnBPqAdSybNtKGZB0lGqEPxV9y4UMSt/+HOvzHTVlDRA4HDOfdyT44bcSYVQh9GZmFxaXklu5pbW9/Y3DK3d5oyjAWhDRLyULRdLClnAW0opjhtR4Ji3+W05Y7OU791S4VkYXCtxhF1fDwImMcIVlrqmXtdH6shwTy5nBRsdJMclydHPTOPLFSslEtFiKxiGVXtqiZlZFdPStC20BR5MEe9Z753+yGJfRoowrGUHRtFykmwUIxwOsl1Y0kjTEZ4QDuaBtin0kmm6SfwUCt96IVCv0DBqfp9I8G+lGPf1ZNpVvnbS8W/vE6svIqTsCCKFQ3I7JAXc6hCmFYB+0xQovhYE0wE01khGWKBidKF5XQJXz+F/5Nm0bJLVvWqlK+dzevIgn1wAArABqegBi5AHTQAAXfgATyBZ+PeeDRejNfZaMaY7+yCHzDePgGPzZSq</latexit>

A. Reis,  Charm CPV and mixing at LHCb

�̂(D
0 ! f) = �[1 + |p/q|(y cos�f + x sin�f )]

<latexit sha1_base64="SsYkBeg+n29YRxaZ56xJPQTd03Y="></latexit>

�̂(D0 ! f) = �[1 + |q/p|(y cos�f � x sin�f )]

<latexit sha1_base64="JjUFbfWQYPNIiiMDzAhYrHisbrQ="></latexit>

�(D0(t) ! f) = e��t|Af |2 [1� |q/p|(y cos�f � x sin�f )�t]

<latexit sha1_base64="Hy9KjugjtlvTLN6wtE/3gWGRrqE="></latexit>

xt, yt . ��1

<latexit sha1_base64="H/p2ewUDjXgVswJ+Rx6o/B87ahw="></latexit>

for

�(D
0
(t) ! f) = e��t|Af |2 [1� |p/q|(y cos�f + x sin�f )�t]

<latexit sha1_base64="iZ/LUnYtbeQvsST/pyRvO+XNru8="></latexit>
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The time-dependent CP asymmetry:

The measured quantity is the time-dependent charge asymmetry

Neglecting 
CPV in decay:

time independent

The time-dependent charge asymmetry 
is computed for 20 bins of decay time 

and fitted to a linear function

ACP (D
0 ! f ; t) =

�(D0(t) ! f)� �(D
0
(t) ! f)

�(D0(t) ! f) + �(D
0
(t) ! f)

⇡ adirCP �A�(f)
t

⌧

<latexit sha1_base64="Qvk716CynK3fSXyIomNrA2pdbFA="></latexit>

�f = arg

✓
qAf

pAf

◆
⇡ arg

✓
q

p

◆
= �

<latexit sha1_base64="0Rpd24Ww6BYOo+SqjrUvCptzuMw="></latexit>

! A�(KK) = A�(⇡⇡)

<latexit sha1_base64="CtgKRo1lOj421tvJRa2othcOSSE="></latexit>

Araw(t) = Araw(0) +A�
htii
⌧

<latexit sha1_base64="GYRLnbevvIMUVK1cRGzr4vY8jgU="></latexit>

<latexit sha1_base64="zC9FW3XNI6Tx81M60/j1+uo61bU="></latexit>

Araw(D
0 ! f ; t) =

N(B ! D0(f)µ�X)�N(B ! D
0
(f)µ+X)

N(B ! D0(f)µ�X) +N(B ! D
0
(f)µ+X

<latexit sha1_base64="oujTx68iw1SLagzEaLsuOQHUzeY="></latexit>

Araw(D
0 ! f ; t) ⇡ ACP (D

0 ! f ; t) +Adet +AP
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Analysis based on Run 2 data (5.4 fb-1 @13 TeV)

⇠ 9M

<latexit sha1_base64="m8jn5tqdiikssDaAQDeub2mhZds=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZJQ+9hIwY0boYJ9QBLKZDpph85kwsxEKKWf4caFIm79Gnf+jdO0gooeuHA4517uvSdKGVXacT6swtr6xuZWcbu0s7u3f1A+POoqkUlMOlgwIfsRUoTRhHQ01Yz0U0kQjxjpRZOrhd+7J1JRkdzpaUpCjkYJjSlG2kh+oCiHzUByeDMoVxy7UXe92gV0bMdteF5OPLdZq0HXdnJUwArtQfk9GAqccZJozJBSvuukOpwhqSlmZF4KMkVShCdoRHxDE8SJCmf5yXN4ZpQhjIU0lWiYq98nZogrNeWR6eRIj9VvbyH+5fmZjhvhjCZppkmCl4vijEEt4OJ/OKSSYM2mhiAsqbkV4jGSCGuTUsmE8PUp/J90Pdut2s3baqV1uYqjCE7AKTgHLqiDFrgGbdABGAjwAJ7As6WtR+vFel22FqzVzDH4AevtE6aekN0=</latexit>

⇠ 3M

<latexit sha1_base64="pcwJTx+X74WZVlAHbR5nFE7gYSU=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQhJrHxspuHEjVLAPSEKZTKft0JlMmJkIJfQz3LhQxK1f486/cZpWUNEDFw7n3Mu990QJo0o7zoe1srq2vrFZ2Cpu7+zu7ZcODjtKpBKTNhZMyF6EFGE0Jm1NNSO9RBLEI0a60eRq7nfviVRUxHd6mpCQo1FMhxQjbSQ/UJTD80ByeNMvlR27XnO96gV0bMete15OPLdRrULXdnKUwRKtfuk9GAicchJrzJBSvuskOsyQ1BQzMisGqSIJwhM0Ir6hMeJEhVl+8gyeGmUAh0KaijXM1e8TGeJKTXlkOjnSY/Xbm4t/eX6qh/Uwo3GSahLjxaJhyqAWcP4/HFBJsGZTQxCW1NwK8RhJhLVJqWhC+PoU/k86nu1W7MZtpdy8XMZRAMfgBJwBF9RAE1yDFmgDDAR4AE/g2dLWo/VivS5aV6zlzBH4AevtE51okNc=</latexit>
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<latexit sha1_base64="zz5qaVtuLhWknY8o+kmS5vZMwfU="></latexit>

B ! D0µ�X, D0!K+K�/⇡+⇡�

<latexit sha1_base64="QE2FEyHEbo29yvi0kq/sLwgdaxA="></latexit>
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⇠ 76M

<latexit sha1_base64="hdydMSyxrazyYsOwFM+cAsr6aZA=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZJQ03YjBTduhAr2AU0ok+mkHTozCTMToZT+hhsXirj1Z9z5N07TCip64MLhnHu5954oZVRpx/mwCmvrG5tbxe3Szu7e/kH58Kijkkxi0sYJS2QvQoowKkhbU81IL5UE8YiRbjS5WvjdeyIVTcSdnqYk5GgkaEwx0kYKAkU5rPmB5PBmUK44dr3mev4FdGzHrXteTjy34fvQtZ0cFbBCa1B+D4YJzjgRGjOkVN91Uh3OkNQUMzIvBZkiKcITNCJ9QwXiRIWz/OY5PDPKEMaJNCU0zNXvEzPElZryyHRypMfqt7cQ//L6mY7r4YyKNNNE4OWiOGNQJ3ARABxSSbBmU0MQltTcCvEYSYS1ialkQvj6FP5POp7tVu3GbbXSvFzFUQQn4BScAxfUQBNcgxZoAwxS8ACewLOVWY/Wi/W6bC1Yq5lj8APW2ycddZEb</latexit>

D0!K�⇡+

<latexit sha1_base64="2GhSg0WuxK+TOfvSP22PYt3Xd1s=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5mVoEQSxJLdhupKALwU0F+4AmLZPppB06yYSZiVBD8VfcuFDErf/hzr9x+hB8HrhwOOde7r3HixiVyrLejdTc/MLiUno5s7K6tr5hbm7VJY8FJjXMGRdND0nCaEhqiipGmpEgKPAYaXiDs7HfuCFCUh5eq2FE3AD1QupTjJSWOuYOPG9bTtZR3MnCy/aRE9H2YcfMWflCuWQdl+FvYuetCXJghmrHfHO6HMcBCRVmSMqWbUXKTZBQFDMyyjixJBHCA9QjLU1DFBDpJpPrR3BfK13oc6ErVHCifp1IUCDlMPB0Z4BUX/70xuJfXitWfslNaBjFioR4usiPGVQcjqOAXSoIVmyoCcKC6lsh7iOBsNKBZXQIn5/C/0m9kLeL+fJVMVc5ncWRBrtgDxwAG5yACrgAVVADGNyCe/AInow748F4Nl6mrSljNrMNvsF4/QAMLZO3</latexit>

A� = (1.6± 1.2)⇥ 10�4

<latexit sha1_base64="gorG1L8xAb8w6J2qXXsNcooaDGE="></latexit>

A. Reis,  Charm CPV and mixing at LHCb

Expected
A� = 0

<latexit sha1_base64="zdvlDiHOiJHeVvY+RKNDuxv4JeA=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZJasF0oFRe6rGAf0IRyM520Q2eSMDMRSuhvuHGhiFt/xp1/4/Qh+Dxw4XDOvdx7T5BwprTjvFu5peWV1bX8emFjc2t7p7i711JxKgltkpjHshOAopxFtKmZ5rSTSAoi4LQdjC6nfvuOSsXi6FaPE+oLGEQsZAS0kbyLXuZdgRAwOXN6xZJjl2tV56SGfxPXdmYooQUaveKb149JKmikCQeluq6TaD8DqRnhdFLwUkUTICMY0K6hEQiq/Gx28wQfGaWPw1iaijSeqV8nMhBKjUVgOgXoofrpTcW/vG6qw6qfsShJNY3IfFGYcqxjPA0A95mkRPOxIUAkM7diMgQJRJuYCiaEz0/x/6RVtt2KXbuplOrnizjy6AAdomPkolNUR9eogZqIoATdo0f0ZKXWg/Vsvcxbc9ZiZh99g/X6Ad9skZs=</latexit>

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012005
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A� = (2.2± 7.0± 0.8)⇥ 10�4

<latexit sha1_base64="hrdSoQPW0Lc6scVtjkattc2oj5w="></latexit>

A� = (�4.3± 3.6± 0.5)⇥ 10�4

<latexit sha1_base64="CWA5CWmz31z+LixGYFgf12madfc="></latexit>

D0 ! K+K�

<latexit sha1_base64="3wCrzR41cpWdM6P/3rz25L3mEA0=">AAAB9HicdVDLSgMxFM34rPVVdekmWARBHDLDVDsbKehC6KaCfUA7LZk0bUMzD5NMoQz9DjcuFHHrx7jzb0wfgooeuHA4517uvcePOZMKoQ9jaXlldW09s5Hd3Nre2c3t7ddklAhCqyTikWj4WFLOQlpVTHHaiAXFgc9p3R9eTf36iArJovBOjWPqBbgfsh4jWGnJu26jlopguX1abp91cnlkIrtYcGyITLuAXMvVpIAs99yBlolmyIMFKp3ce6sbkSSgoSIcS9m0UKy8FAvFCKeTbCuRNMZkiPu0qWmIAyq9dHb0BB5rpQt7kdAVKjhTv0+kOJByHPi6M8BqIH97U/Evr5moXtFLWRgnioZkvqiXcKj/nCYAu0xQovhYE0wE07dCMsACE6VzyuoQvj6F/5OabVqO6d46+dLlIo4MOARH4ARY4AKUwA2ogCog4B48gCfwbIyMR+PFeJ23LhmLmQPwA8bbJ0avkSc=</latexit>

D0 ! ⇡+⇡�

<latexit sha1_base64="tp4Cai3Eey2Ttqo8zY7wGVyjfBs=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIsgiENmmGpnIwVduKxgH9BOSyZN29DMgySjlNpPceNCEbd+iTv/xvQhqOiBhMM593LvPUHCmVQIfRiZpeWV1bXsem5jc2t7x8zv1mScCkKrJOaxaARYUs4iWlVMcdpIBMVhwGk9GF5M/fotFZLF0Y0aJdQPcT9iPUaw0lLHzF+2UUvFsJWw9vH0O+mYBWQhp1R0HYgsp4g829OkiGzv1IW2hWYogAUqHfO91Y1JGtJIEY6lbNooUf4YC8UIp5NcK5U0wWSI+7SpaYRDKv3xbPUJPNRKF/ZioV+k4Ez93jHGoZSjMNCVIVYD+dubin95zVT1Sv6YRUmqaETmg3oph/rWaQ6wywQlio80wUQwvSskAywwUTqtnA7h61L4P6k5lu1a3rVbKJ8v4siCfXAAjoANzkAZXIEKqAIC7sADeALPxr3xaLwYr/PSjLHo2QM/YLx9Ai0gk1Q=</latexit>

A� = (�2.9± 2.0± 0.6)⇥ 10�4

<latexit sha1_base64="uE/DF+uMGW45jKMxhOuVAXC9v54="></latexit>

Combining with Run1 results and 
assuming       to be universalA�

<latexit sha1_base64="jxjux4/uqM9l6CV4Af6uLJRJdYA=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPwyQGTC4S8aDHCGaByRB6Oj1Jk+6eobtHCEM+w4sHRbz6Nd78GzuL4Pqg4PFeFVX1woQzbTzv3VlaXlldW89t5De3tnd2C3v7LR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0eXUb99RpVksb804oYHAA8kiRrCxkn/Ry7pXWAg8Qb1C0XPLtap3WkO/Scn1ZijCAo1e4a3bj0kqqDSEY639kpeYIMPKMMLpJN9NNU0wGeEB9S2VWFAdZLOTJ+jYKn0UxcqWNGimfp3IsNB6LELbKbAZ6p/eVPzL81MTVYOMySQ1VJL5oijlyMRo+j/qM0WJ4WNLMFHM3orIECtMjE0pb0P4/BT9T1plt1RxazeVYv18EUcODuEITqAEZ1CHa2hAEwjEcA+P8OQY58F5dl7mrUvOYuYAvsF5/QBBrJFE</latexit>

Dominant systematic uncertainties

No indication of indirect CPV

PRD 101, 012005 (2020)

A. Reis,  Charm CPV and mixing at LHCb

�t ⇠ 127 fs

<latexit sha1_base64="yEAQybDYhlmx0iUMWa2ImdLvxq4=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXA0ztdB2IwU3LivYWugMQybNtKFJZkgyQhnqxl9x40IRt/6FO//G9CH4PHC5h3PuJbknShlV2nXfrcLS8srqWnG9tLG5tb1j7+51VJJJTNo4YYnsRkgRRgVpa6oZ6aaSIB4xch2Nzqf+9Q2RiibiSo9TEnA0EDSmGGkjhfaBr+iAo1CbzqFXqfnQlxzGKrTLrlNp1N3TBvxNPMedoQwWaIX2m99PcMaJ0JghpXqem+ogR1JTzMik5GeKpAiP0ID0DBWIExXkswsm8NgofRgn0pTQcKZ+3cgRV2rMIzPJkR6qn95U/MvrZTquBzkVaaaJwPOH4oxBncBpHLBPJcGajQ1BWFLzV4iHSCKsTWglE8LnpfB/0qk4XtVpXFbLzbNFHEVwCI7ACfBADTTBBWiBNsDgFtyDR/Bk3VkP1rP1Mh8tWIudffAN1usHgnyWTw==</latexit>

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012005


24 BEAUTY2020

 0.4− 0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4
|q/p|-1

40−

30−

20−

10−

0

10

20

30

40

A
rg

(q
/p

) [
de

gr
ee

s] σ 1 
σ 2 
σ 3 
σ 4 
σ 5 

��	��
����
 ����

First observation of 
direct CPV in charm 

No evidence for 
indirect CPV

Summary and prospects

 Ongoing searches for CPV in D+ and charm baryons
 New results with full Run1+Run2 data to appear soon

x = 0 excluded    
   by 2.96 �

<latexit sha1_base64="lLcFVhWT07GW+J541jAYhEyJjgU=">AAAB9HicdVDLSsNAFJ34rPVVdelmsAiuwiS0MV0IBTcuK9gHNKFMppN26GQSZyaFUvodblwo4taPceffOH0IKnrgwuGce7n3nijjTGmEPqy19Y3Nre3CTnF3b//gsHR03FJpLgltkpSnshNhRTkTtKmZ5rSTSYqTiNN2NLqe++0xlYql4k5PMhomeCBYzAjWRgqha9e8AAaKDRLcK5WR7Ve8atWFyEYu8nxvSXzPhY6NFiiDFRq90nvQT0meUKEJx0p1HZTpcIqlZoTTWTHIFc0wGeEB7RoqcEJVOF0cPYPnRunDOJWmhIYL9fvEFCdKTZLIdCZYD9Vvby7+5XVzHfvhlIks11SQ5aI451CncJ4A7DNJieYTQzCRzNwKyRBLTLTJqWhC+PoU/k9aru1U7NptpVy/WsVRAKfgDFwAB1yCOrgBDdAEBNyDB/AEnq2x9Wi9WK/L1jVrNXMCfsB6+wQ52JEh</latexit>

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html

no CPV

no CPV W.A.

W.A.

A. Reis,  Charm CPV and mixing at LHCb
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https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
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Backup slides

A. Reis,  Charm CPV and mixing at LHCb

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
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The decay amplitude for D0 ! K0
S⇡

+⇡�

<latexit sha1_base64="fvaTX/F09YL5lfYkRJpsZKaEPKA=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARBDEktWC7EAq6ENxUtLXQpGEynbRDJw9mJkKJXfgrblwo4tbfcOffOGkr+Dwww+Gce7n3Hi9mVEjTfNdyM7Nz8wv5xcLS8srqmr6+0RRRwjFp4IhFvOUhQRgNSUNSyUgr5gQFHiPX3uAk869vCBc0Cq/kMCZOgHoh9SlGUkmuvnXaMW0ZwfOO6V7aMe3sZ9+BqxdNo1StmIdV+JtYhjlGEUxRd/U3uxvhJCChxAwJ0bbMWDop4pJiRkYFOxEkRniAeqStaIgCIpx0vP8I7iqlC/2IqxdKOFa/dqQoEGIYeKoyQLIvfnqZ+JfXTqRfcVIaxokkIZ4M8hMG1cFZGLBLOcGSDRVBmFO1K8R9xBGWKrKCCuHzUvg/aZYMq2xUL8rF2vE0jjzYBjtgD1jgCNTAGaiDBsDgFtyDR/Ck3WkP2rP2MinNadOeTfAN2usHeXOVJQ==</latexit>

Af (m
2
+,m

2
�) = af (m

2
+,m

2
�)e

i�(m2
+,m2

�)

<latexit sha1_base64="bNFi0O3zo//nTkMcbvhk2rZTiW0=">AAACJHicbZDLSgMxFIYz9VbrrerSTbAIFbXMlIKKFCpuXFawrdDLkEnP2NBkZkgyQhn6MG58FTcuvODCjc9iello6w+Bn++cw8n5vYgzpW37y0otLC4tr6RXM2vrG5tb2e2dugpjSaFGQx7KO48o4CyAmmaaw10kgQiPQ8PrX43qjQeQioXBrR5E0BbkPmA+o0Qb5GYvLl0/LzpF9+hYuCed4iEuYzKDoJOwVhe4Jn/w0M3m7II9Fp43ztTk0FRVN/ve6oY0FhBoyolSTceOdDshUjPKYZhpxQoiQvvkHprGBkSAaifjI4f4wJAu9kNpXqDxmP6eSIhQaiA80ymI7qnZ2gj+V2vG2j9rJyyIYg0BnSzyY451iEeJ4S6TQDUfGEOoZOavmPaIJFSbXDMmBGf25HlTLxacUuH8ppSrlKdxpNEe2kd55KBTVEHXqIpqiKJH9Ixe0Zv1ZL1YH9bnpDVlTWd20R9Z3z8hz6Da</latexit>

(similar expression for                            )D
0 ! K0

S⇡
+⇡�

<latexit sha1_base64="Kc4tNl5ilWPpeh33u+mva4W6cXA=">AAACCnicdVBLSwMxGMzWV62vVY9eokUQxGW3FmwPQkEPgpeKtha62yWbZtvQ7IMkK5SlZy/+FS8eFPHqL/DmvzHbVvD5QcIw8w3JjBczKqRpvmu5mdm5+YX8YmFpeWV1TV/faIoo4Zg0cMQi3vKQIIyGpCGpZKQVc4ICj5Frb3CS6dc3hAsahVdyGBMnQL2Q+hQjqShX37YjJWfu9HTUMW0ZwfOO6V7aMe3sZ9eBqxdNo1StmIdV+BtYhjmeIphO3dXf7G6Ek4CEEjMkRNsyY+mkiEuKGRkV7ESQGOEB6pG2giEKiHDScZQR3FVMF/oRVyeUcMx+daQoEGIYeGozQLIvfmoZ+ZfWTqRfcVIaxokkIZ485CcMqsBZL7BLOcGSDRVAmFP1V4j7iCMsVXsFVcJnUvg/aJYMq2xUL8rF2vG0jjzYAjtgD1jgCNTAGaiDBsDgFtyDR/Ck3WkP2rP2MlnNaVPPJvg22usHuLuaSw==</latexit>

, the decay rate at decay time t: 

With

the yield in bin b is

Defining

and

PRD 99, 012007 (2019)

A. Reis,  Charm CPV and mixing at LHCb

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
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Information regarding the strong phase difference taken from CLEO

PRD 82,  112006 (2010)

|z|t ⌧ 1

<latexit sha1_base64="QsFiqHUzdb74mm7Ymi26qkFGGu4=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoPgadmNAZODEPDiMYJJlGQJs5PZZMjM7DIzK8QkX+HFgyJe/Rxv/o2Th+CzoKGo6qa7K0w408bz3p3M0vLK6lp2PbexubW9k9/da+g4VYTWScxjdR1iTTmTtG6Y4fQ6URSLkNNmODif+s1bqjSL5ZUZJjQQuCdZxAg2VroZ341Nm3Pkd/IFzy1Wyt5JBf0mvuvNUIAFap38W7sbk1RQaQjHWrd8LzHBCCvDCKeTXDvVNMFkgHu0ZanEgupgNDt4go6s0kVRrGxJg2bq14kRFloPRWg7BTZ9/dObin95rdRE5WDEZJIaKsl8UZRyZGI0/R51maLE8KElmChmb0WkjxUmxmaUsyF8for+J42i65fcymWpUD1bxJGFAziEY/DhFKpwATWoAwEB9/AIT45yHpxn52XemnEWM/vwDc7rBx8+kKM=</latexit>

For ,

O(z3)

<latexit sha1_base64="QOrJFOOC2yi8AGEpzXlpvtEXVo0=">AAAB+XicdVDJSgNBFHwTtxi3UY9eGoMQL8NkAZODEPDizQhmgWQMPZ2epEnPQndPIA75Ey8eFPHqn3jzb+xJIrgWNBRV7/Gqy404k8q2343Myura+kZ2M7e1vbO7Z+4ftGQYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV+kfntChWRhcKOmEXV8PAyYxwhWWuqbZs/HakQwT65mhbvb8mnfzNtWqVa1yzX0mxQte448LNHom2+9QUhinwaKcCxlt2hHykmwUIxwOsv1YkkjTMZ4SLuaBtin0knmyWfoRCsD5IVCv0Chufp1I8G+lFPf1ZNpTvnTS8W/vG6svKqTsCCKFQ3I4pAXc6RClNaABkxQovhUE0wE01kRGWGBidJl5XQJnz9F/5NWySpWrNp1JV8/X9aRhSM4hgIU4QzqcAkNaAKBCdzDIzwZifFgPBsvi9GMsdw5hG8wXj8AaFiTiA==</latexit>

Neglecting terms of , the integration over decay time bin j yields

,

A. Reis,  Charm CPV and mixing at LHCb

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
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The yield at Dalitz plot bin b and decay-time bin j is

With the definition  

The ratio between yields of bins b and -b is (rb = F-b / Fb)

zCP ±�Z ⌘ (q/p)±z

<latexit sha1_base64="+Qvz59hlBeWu8k0g4ZEgxj9Qy24=">AAACD3icdVDJTgJBEO3BDXFDPXrpSDR4wQFJhIMJCR48YiJLZJD0NAV06Fno7iGBCX/gxV/x4kFjvHr15t/YLCauL6nk5b2qVNWzfc6kMs13I7KwuLS8El2Nra1vbG7Ft3cq0gsEhTL1uCdqNpHAmQtlxRSHmi+AODaHqt0rTvzqAIRknnulhj40HNJxWZtRorTUjB+OmmGxNLZ8B1vnwBXB1xb0AzbAyf6xf3QTameMR814wkxl8jnzJI9/k3TKnCKB5ig1429Wy6OBA66inEhZT5u+aoREKEY5jGNWIMEntEc6UNfUJQ7IRjj9Z4wPtNLCbU/ochWeql8nQuJIOXRs3ekQ1ZU/vYn4l1cPVDvXCJnrBwpcOlvUDjhWHp6Eg1tMAFV8qAmhgulbMe0SQajSEcZ0CJ+f4v9JJZNKZ1P5y2yicDaPI4r20D5KojQ6RQV0gUqojCi6RffoET0Zd8aD8Wy8zFojxnxmF32D8foBSaqcOA==</latexit>

, the ratio between yields becomes

A. Reis,  Charm CPV and mixing at LHCb

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
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Definition of the Dalitz plot regions

CPV search in ⌅ ! pK�⇡+

<latexit sha1_base64="iPO7/MulURwSpF7s5Me9I7vnJMQ=">AAAB+nicdVDLSgMxFM34rPU11aWbYBEEcZipBduFUHAjuKlgH9CZlkyatqGZTEgyShn7KW5cKOLWL3Hn35g+BJ8HLhzOuZd77wkFo0q77ru1sLi0vLKaWcuub2xubdu5nbqKE4lJDccsls0QKcIoJzVNNSNNIQmKQkYa4fB84jduiFQ05td6JEgQoT6nPYqRNlLHzvlNCn0dQ3HZPvYFbR917LzrFMol96QMfxPPcafIgzmqHfvN78Y4iQjXmCGlWp4rdJAiqSlmZJz1E0UEwkPUJy1DOYqICtLp6WN4YJQu7MXSFNdwqn6dSFGk1CgKTWeE9ED99CbiX14r0b1SkFIuEk04ni3qJQyaVyc5wC6VBGs2MgRhSc2tEA+QRFibtLImhM9P4f+kXnC8olO+KuYrZ/M4MmAP7IND4IFTUAEXoApqAINbcA8ewZN1Zz1Yz9bLrHXBms/sgm+wXj8ANTSTWQ==</latexit>

⌅ ! pK�⇡+

<latexit sha1_base64="iPO7/MulURwSpF7s5Me9I7vnJMQ=">AAAB+nicdVDLSgMxFM34rPU11aWbYBEEcZipBduFUHAjuKlgH9CZlkyatqGZTEgyShn7KW5cKOLWL3Hn35g+BJ8HLhzOuZd77wkFo0q77ru1sLi0vLKaWcuub2xubdu5nbqKE4lJDccsls0QKcIoJzVNNSNNIQmKQkYa4fB84jduiFQ05td6JEgQoT6nPYqRNlLHzvlNCn0dQ3HZPvYFbR917LzrFMol96QMfxPPcafIgzmqHfvN78Y4iQjXmCGlWp4rdJAiqSlmZJz1E0UEwkPUJy1DOYqICtLp6WN4YJQu7MXSFNdwqn6dSFGk1CgKTWeE9ED99CbiX14r0b1SkFIuEk04ni3qJQyaVyc5wC6VBGs2MgRhSc2tEA+QRFibtLImhM9P4f+kXnC8olO+KuYrZ/M4MmAP7IND4IFTUAEXoApqAINbcA8ewZN1Zz1Yz9bLrHXBms/sgm+wXj8ANTSTWQ==</latexit>

⇤c ! pK�⇡+

<latexit sha1_base64="I++7G0Nc9qBH8hE3RZ380e2Jg3U=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARBDEktWC7EApuBF1UsA9o0jCZTNqhkwczE6HELvwVNy4UcetvuPNvnD4EnwcGDuecy9x7vIRRIU3zXcvNzS8sLuWXCyura+sb+uZWU8Qpx6SBYxbztocEYTQiDUklI+2EExR6jLS8wdnYb90QLmgcXcthQpwQ9SIaUIykklx9x75UYR+52JYxTC66R3ZCu4euXjSNUrViHlfhb2IZ5gRFMEPd1d9sP8ZpSCKJGRKiY5mJdDLEJcWMjAp2KkiC8AD1SEfRCIVEONlk/xHcV4oPg5irF0k4Ub9OZCgUYhh6Khki2Rc/vbH4l9dJZVBxMholqSQRnn4UpAyqU8dlQJ9ygiUbKoIwp2pXiPuIIyxVZQVVwuel8H/SLBlW2ahelYu101kdebAL9sABsMAJqIFzUAcNgMEtuAeP4Em70x60Z+1lGs1ps5lt8A3a6wdReJWt</latexit>

In case of CP symmetry, the test statistic T follows a normal distribution with

and

A. Reis,  Charm CPV and mixing at LHCb

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
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A. Reis,  Charm CPV and mixing at LHCb

LHCB-PUB-2018-009

https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
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https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/ICHEP20/results_mix_cpv.html

