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CP Violation

3

Breaking of combined symmetry of Charge-conjugation and Parity           
 matter/antimatter behaves differently
 A necessary condition to explain BAU



Origin of CPV in SM: 𝜼𝜼 ≠ 𝟎𝟎

4

large 𝜸𝜸

large 𝜷𝜷

small 𝜷𝜷𝒔𝒔

small CPV in 
charm sector 



5

charm

≠ CP

CP

CP

CP

Three types of CPV
(Interference of 2 or more complex amplitudes)



What is special about charm 
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 Unique way to probe NP in up-type FCNC

 𝑫𝑫𝟎𝟎 mixing small due to GIM

 CPV highly suppressed in SM but no precise estimations

 Indirect CPV ≤ 𝑶𝑶 (𝟏𝟏𝟎𝟎−𝟒𝟒)

 Direct CPV ≤ 𝑶𝑶(𝟏𝟏𝟎𝟎−𝟑𝟑)

 Good understanding of long-

distance effects essential 



LHC: charm factory
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Large production cross sections
𝝈𝝈 𝒄𝒄�𝒄𝒄𝑿𝑿 ∼ 𝟒𝟒% × 𝝈𝝈𝒑𝒑𝒑𝒑𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊

20 times bigger than 𝝈𝝈(𝒃𝒃�𝒃𝒃𝑿𝑿))

Many species of  c-hadrons

Open charm: 𝑫𝑫𝟎𝟎,𝑫𝑫±,𝑫𝑫𝒔𝒔
±,𝜦𝜦𝒄𝒄±

Hidden charm: 𝑱𝑱/𝝍𝝍,𝚵𝚵𝒄𝒄𝒄𝒄++,𝑷𝑷𝒄𝒄, …

LHCb



LHCb detector 
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Single arm forward spectrometer covering rapidity range 
𝟐𝟐 < 𝜼𝜼 < 𝟓𝟓

Excellent performance in
tracking, vertexing and particle identification



Data samples 
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2010    2011   2012   2013   2014    2015   2016    2017    2018

More than 𝟗𝟗 𝐟𝐟𝐛𝐛−𝟏𝟏 accumulated  in Run1+Run 2 
~𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝒄𝒄�𝒄𝒄 have been produced 
59 publications on charm: mixing, CPV, lifetimes, 
spectroscopy, masses, rare decays, …



𝑫𝑫𝟎𝟎 − �𝑫𝑫𝟎𝟎 mixing and indirect CPV
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 Mixing very small (<1%)

 𝐱𝐱 ≡ 𝐌𝐌𝟏𝟏−𝐌𝐌𝟐𝟐
𝚪𝚪

, 𝐲𝐲 ≡ 𝚪𝚪𝟏𝟏−𝚪𝚪𝟐𝟐
𝟐𝟐𝟐𝟐

 CP violation highly suppressed 


𝒒𝒒
𝒑𝒑
≠ 𝟏𝟏 : CPV in mixing 

 𝛟𝛟𝐟𝐟 ≡ 𝐚𝐚𝐚𝐚𝐚𝐚 𝐪𝐪�𝐀𝐀𝒇𝒇
𝐩𝐩𝐀𝐀𝒇𝒇

≠ 𝟎𝟎: mixing induced CPV

(𝛟𝛟 ≡ 𝐚𝐚𝐚𝐚𝐚𝐚 𝐪𝐪
𝐩𝐩
≈ 𝛟𝛟𝐟𝐟 if no CPV in decay) 

Mixing and CP parameters 
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HFALV

𝐱𝐱 = 𝟎𝟎.𝟑𝟑𝟔𝟔−𝟎𝟎.𝟏𝟏𝟏𝟏
+𝟎𝟎.𝟐𝟐𝟐𝟐 %

𝐲𝐲 = 𝟎𝟎.𝟕𝟕𝟔𝟔−𝟎𝟎.𝟏𝟏𝟏𝟏
+𝟎𝟎.𝟎𝟎𝟎𝟎 %

𝒒𝒒
𝒑𝒑

= 𝟎𝟎.𝟗𝟗𝟒𝟒−𝟎𝟎.𝟎𝟎𝟎𝟎
+𝟎𝟎.𝟏𝟏𝟏𝟏

𝛟𝛟 = −𝟎𝟎.𝟏𝟏𝟑𝟑−𝟎𝟎.𝟏𝟏𝟏𝟏
+𝟎𝟎.𝟐𝟐𝟐𝟐

𝑫𝑫𝟏𝟏,𝟐𝟐 > = 𝒑𝒑 𝑫𝑫𝟎𝟎 > ±𝒒𝒒|�𝑫𝑫𝟎𝟎 >



𝑫𝑫𝟎𝟎 flavour tagging 
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 𝝅𝝅-tagged prompt sample 
 𝐃𝐃∗± → 𝐃𝐃𝟎𝟎𝛑𝛑±

 𝑫𝑫𝟎𝟎 points to PV 

 𝝁𝝁-tagged semileptonic
sample 
 𝐁𝐁 → 𝐃𝐃𝟎𝟎𝛍𝛍±𝐗𝐗
 𝑫𝑫𝟎𝟎 doesn’t point to PV
 Factor of 4 lower yields 
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𝑹𝑹 𝒕𝒕 ≈ 𝑹𝑹𝑫𝑫 + 𝑹𝑹𝑫𝑫𝒚𝒚′
𝒕𝒕
𝝉𝝉

+
𝒙𝒙′𝟐𝟐 + 𝒚𝒚′𝟐𝟐

𝟒𝟒
𝒕𝒕
𝝉𝝉

𝟐𝟐

Mixing analysis with 𝐃𝐃𝟎𝟎 → 𝐊𝐊±𝛑𝛑∓

 First observation by LHCb with 2011 data

 Updated using 2011-2016 data

 Ratio of  WS to RS decay rates changes with  decay time 𝒕𝒕

[PRL 110 (2013) 101802]

[PRD 97 (2018) 031101]

𝒙𝒙′ = 𝒙𝒙𝐜𝐜𝐜𝐜𝐜𝐜𝜹𝜹 + 𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚

𝒚𝒚′ = 𝐲𝐲𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 − 𝒙𝒙𝒙𝒙𝒙𝒙𝒙𝒙𝜹𝜹

𝑨𝑨 𝑫𝑫𝟎𝟎 → 𝑲𝑲+𝝅𝝅−

𝑨𝑨 𝑫𝑫𝟎𝟎 → 𝑲𝑲−𝝅𝝅+
= − 𝑹𝑹𝑫𝑫𝒆𝒆−𝒊𝒊𝒊𝒊



WS/RS fit results
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 Assuming CP invariance 
𝒙𝒙′𝟐𝟐 = 𝟑𝟑.𝟗𝟗 ± 𝟐𝟐.𝟕𝟕 × 𝟏𝟏𝟎𝟎−𝟓𝟓

𝒚𝒚′ = 𝟓𝟓.𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟓𝟓𝟓𝟓 × 𝟏𝟏𝟎𝟎−𝟑𝟑

 Direct CP asymmetry ~ 0

𝑨𝑨𝑫𝑫 = 𝑹𝑹𝑫𝑫
+−𝑹𝑹𝑫𝑫

+

𝑹𝑹𝑫𝑫
++𝑹𝑹𝑫𝑫

+ = −𝟎𝟎.𝟏𝟏 ± 𝟗𝟗.𝟏𝟏 × 𝟏𝟏𝟎𝟎−𝟑𝟑

 Weak constraint on indirect CPV

𝟎𝟎.𝟖𝟖𝟖𝟖 < 𝒒𝒒
𝒑𝒑

< 𝟏𝟏.𝟒𝟒𝟒𝟒 @95% CL

[PRD 97 (2018) 031101]
Run I 3 fb−1, Run II 2 fb−1



Mixing analysis with 𝐃𝐃𝟎𝟎 → 𝐊𝐊𝐒𝐒𝛑𝛑+𝛑𝛑−
[PRL 122 (2019) 231802]

 Use 𝐃𝐃𝟎𝟎 → 𝐊𝐊𝐒𝐒𝛑𝛑+𝛑𝛑− in run 1
 Most precise determination of 𝒙𝒙 from yield  ratio between  ±𝒃𝒃

bins as a function of decay time
𝐱𝐱𝐂𝐂𝐂𝐂 = 𝟐𝟐.𝟕𝟕 ± 𝟏𝟏.𝟔𝟔 ± 𝟎𝟎.𝟒𝟒 × 𝟏𝟏𝟎𝟎−𝟑𝟑

 No difference observed between initial 𝑫𝑫𝟎𝟎 and �𝑫𝑫𝟎𝟎

𝚫𝚫𝚫𝚫 = −𝟎𝟎.𝟓𝟓𝟓𝟓 ± 𝟎𝟎.𝟕𝟕𝟕𝟕 ± 𝟎𝟎.𝟐𝟐𝟐𝟐 × 𝟏𝟏𝟎𝟎−𝟑𝟑
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Impact on W.A.
[PRL 122 (2019) 231802]
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No CPV

Consistent with CP symmetry



Run 1 
PRL 118 (2017) 261803 

Run 2 update (5.4 fb-1 )
arXiv:  1911.01114

𝐀𝐀𝚪𝚪 𝐊𝐊+𝐊𝐊− × 𝟏𝟏𝟏𝟏−𝟑𝟑 −𝟎𝟎.𝟑𝟑𝟑𝟑 ± 𝟎𝟎.𝟑𝟑𝟑𝟑 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 −𝟎𝟎.𝟒𝟒𝟒𝟒 ± 𝟎𝟎.𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎
𝐀𝐀𝚪𝚪 𝛑𝛑+𝛑𝛑− × 𝟏𝟏𝟏𝟏−𝟑𝟑 +𝟎𝟎.𝟒𝟒𝟒𝟒 ± 𝟎𝟎.𝟓𝟓𝟖𝟖 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 +𝟎𝟎.𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟒𝟒𝟒𝟒 ± 𝟎𝟎.𝟎𝟎𝟎𝟎
Average −𝟎𝟎.𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟐𝟐𝟐𝟐 −𝟎𝟎.𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟐𝟐𝟐𝟐

Golden probe of indirect CPV: 𝑨𝑨𝚪𝚪

Consistent with no CPV  within a few × 𝟏𝟏𝟎𝟎−𝟒𝟒 17



Direct CP violation
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CP transformation

19

CP

𝑨𝑨 = 𝝆𝝆 𝐞𝐞𝐢𝐢𝜹𝜹 𝐞𝐞𝐢𝐢𝜽𝜽 �𝑨𝑨 = 𝝆𝝆 𝐞𝐞𝐢𝐢𝜹𝜹 𝐞𝐞−𝐢𝐢𝜽𝜽

A CP transformation
 change sign of the weak phase 𝜽𝜽
 leaves the strong phase 𝜹𝜹 unchanged 



CP violation in decay
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�𝐀𝐀𝐓𝐓 + �𝐀𝐀𝐏𝐏 𝟐𝟐 − 𝐀𝐀𝐓𝐓 + 𝐀𝐀𝐏𝐏 𝟐𝟐 = 𝟒𝟒𝛒𝛒𝐓𝐓𝛒𝛒𝐏𝐏𝐬𝐬𝐬𝐬𝐬𝐬(𝛅𝛅𝐓𝐓 − 𝛅𝛅𝐏𝐏) 𝐬𝐬𝐬𝐬𝐬𝐬 𝛉𝛉𝐓𝐓 − 𝛉𝛉𝐏𝐏 ≠ 0 

𝐀𝐀𝐓𝐓 = 𝛒𝛒𝐓𝐓𝐞𝐞−𝐢𝐢𝛅𝛅𝐓𝐓 𝐞𝐞−𝐢𝐢𝛉𝛉𝐓𝐓 𝐀𝐀𝐓𝐓 = 𝛒𝛒𝐓𝐓𝐞𝐞−𝐢𝐢𝛅𝛅𝐓𝐓 𝐞𝐞+𝐢𝐢𝛉𝛉𝐓𝐓

𝐀𝐀𝐏𝐏 = 𝛒𝛒𝐏𝐏𝐞𝐞−𝐢𝐢𝛅𝛅𝐏𝐏 𝐞𝐞−𝐢𝐢𝛉𝛉𝑷𝑷 𝐀𝐀𝐏𝐏 = 𝛒𝛒𝐏𝐏𝐞𝐞−𝐢𝐢𝛅𝛅𝐏𝐏 𝐞𝐞+𝐢𝐢𝛉𝛉𝑷𝑷

Tree level

Loop level

𝑫𝑫𝟎𝟎

𝒉𝒉+

𝒉𝒉−
�𝑫𝑫𝟎𝟎

𝒉𝒉−

𝒉𝒉+

𝒉𝒉+

𝒉𝒉−

𝒉𝒉−

𝒉𝒉+
�𝑫𝑫𝟎𝟎𝑫𝑫𝟎𝟎



No CPV in many LHCb searches 
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 Two-body decays  (precision ~𝟏𝟏𝟎𝟎−𝟑𝟑) 

𝐀𝐀𝐂𝐂𝐂𝐂𝐝𝐝𝐝𝐝𝐝𝐝 ≡
𝐀𝐀 𝐃𝐃 → 𝐟𝐟 𝟐𝟐 − 𝐀𝐀 �𝐃𝐃 → ̅𝐟𝐟 𝟐𝟐

𝐀𝐀 𝐃𝐃 → 𝐟𝐟 𝟐𝟐 + |𝐀𝐀 �𝐃𝐃 → ̅𝐟𝐟 |𝟐𝟐
≤ 𝑶𝑶(𝟏𝟏𝟎𝟎−𝟑𝟑)

 SM expectation of 𝐀𝐀𝐂𝐂𝐂𝐂𝐝𝐝𝐝𝐝𝐝𝐝 small, but “how small” is uncertain

[PRL 122 (2019) 191803]   

 Multibody decays
 𝐀𝐀𝐂𝐂𝐂𝐂 𝚲𝚲𝐜𝐜+ → 𝐩𝐩𝐊𝐊+𝐊𝐊− − 𝐀𝐀𝐂𝐂𝐂𝐂 𝚲𝚲𝐜𝐜+ → 𝐩𝐩𝛑𝛑+𝛑𝛑−

 CPV in phase space of 𝐃𝐃𝟎𝟎 → 𝛑𝛑+𝛑𝛑−𝛑𝛑+𝛑𝛑−

 𝐀𝐀𝐂𝐂𝐂𝐂(𝐃𝐃𝟎𝟎 → 𝐡𝐡+𝐡𝐡−𝛍𝛍+𝛍𝛍−)

[JHEP 03 (2018) 182]
[PLB 769 (2017) 345]
[PRL 121 (2018) 091801]

𝐀𝐀𝐂𝐂𝐂𝐂 𝐃𝐃𝟎𝟎 → 𝐊𝐊+𝐊𝐊− = 𝟎𝟎.𝟎𝟎𝟎𝟎 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 %
𝐀𝐀𝐂𝐂𝐂𝐂 𝐃𝐃𝟎𝟎 → 𝛑𝛑+𝛑𝛑− = 𝟎𝟎.𝟎𝟎𝟎𝟎 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 % [PLB 767 (2017) 177] (run 1)



𝚫𝚫𝐀𝐀𝐂𝐂𝐂𝐂 strategy for 𝐃𝐃𝟎𝟎 → 𝐡𝐡+𝐡𝐡−

22

𝐀𝐀𝐫𝐫𝐫𝐫𝐫𝐫 𝐟𝐟 = 𝐀𝐀𝐂𝐂𝐂𝐂 𝐟𝐟 + 𝐀𝐀𝐃𝐃 𝐟𝐟 + 𝐀𝐀𝐓𝐓 𝐟𝐟

Physical CP 
asymmetry

Detection asymmetry ,
zero for  symmetric 𝐟𝐟 = 𝐡𝐡+𝐡𝐡−𝐀𝐀𝐫𝐫𝐫𝐫𝐫𝐫 𝐟𝐟 = 𝐍𝐍 𝐃𝐃𝟎𝟎→𝐟𝐟 −𝐍𝐍(�𝐃𝐃𝟎𝟎→ ̅𝐟𝐟)

𝐍𝐍 𝐃𝐃𝟎𝟎→𝐟𝐟 +𝐍𝐍(�𝐃𝐃𝟎𝟎→�𝐟𝐟)

Production and detection 
asymmetry related to 𝐃𝐃𝟎𝟎
flavour tagging 

𝐀𝐀𝐓𝐓 cancels in the asymmetry difference
𝚫𝚫𝐀𝐀𝐂𝐂𝐂𝐂 ≡ 𝐀𝐀𝐂𝐂𝐂𝐂 𝐊𝐊+𝐊𝐊− − 𝐀𝐀𝐂𝐂𝐂𝐂 𝛑𝛑+𝛑𝛑−

≈ 𝐀𝐀𝐫𝐫𝐫𝐫𝐫𝐫 𝐊𝐊+𝐊𝐊− − 𝐀𝐀𝐫𝐫𝐫𝐫𝐫𝐫 𝛑𝛑+𝛑𝛑−
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 Use full run 2 sample
 Requirements on

 Quality, 𝐩𝐩𝐓𝐓 and PID of tracks
 Vertex quality, 𝐩𝐩𝐓𝐓 and impact parameter of 𝐃𝐃𝟎𝟎

 Remove soft pion (or muon)  kinematic regions 
where raw asymmetry is large

Event selection 



Signal samples 
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𝝅𝝅-tagged 𝝁𝝁-tagged 

𝐊𝐊+𝐊𝐊−

𝛑𝛑+𝛑𝛑−

9M

3M

44M

14M

[PRL 122 (2019) 211803]

𝐀𝐀𝐫𝐫𝐫𝐫𝐫𝐫 is obtained for each sample  



Stability 
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[PRL 122 (2019) 211803]

 Samples split according to year, magnet polarity and 
kinematic variables

 No evidence for unexpected dependencies are seen



Systematics 
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[PRL 122 (2019) 211803]

(𝟏𝟏𝟎𝟎−𝟒𝟒)

Systematic effects well under control



𝚫𝚫𝚫𝚫𝐂𝐂𝐂𝐂 results 
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𝚫𝚫𝐀𝐀𝐂𝐂𝐂𝐂
𝝅𝝅−𝒕𝒕𝒕𝒕𝒕𝒕 = −𝟏𝟏.𝟖𝟖𝟖𝟖 ± 𝟎𝟎.𝟑𝟑𝟑𝟑 ± 𝟎𝟎.𝟎𝟎𝟎𝟎 × 𝟏𝟏𝟎𝟎−𝟑𝟑

𝚫𝚫𝐀𝐀𝐂𝐂𝐂𝐂
𝝁𝝁−𝒕𝒕𝒕𝒕𝒕𝒕 = −𝟎𝟎.𝟗𝟗 ± 𝟎𝟎.𝟖𝟖 ± 𝟎𝟎.𝟓𝟓 × 𝟏𝟏𝟎𝟎−𝟑𝟑

𝚫𝚫𝑨𝑨𝑪𝑪𝑪𝑪 = −𝟏𝟏.𝟓𝟓𝟒𝟒 ± 𝟎𝟎.𝟐𝟐𝟗𝟗 × 𝟏𝟏𝟎𝟎−𝟑𝟑

CP violation in charm observed at 5.3𝝈𝝈 !
At the upper end of the SM expectations

Compatible with previous LHCb results and WA

LHCb combination (full run1 + run 2)

[PRL 122 (2019) 211803]



History of 𝚫𝚫𝐀𝐀𝐂𝐂𝐂𝐂 at LHCb

28



Interpreting time-integrated 𝚫𝚫𝐀𝐀𝐂𝐂𝐂𝐂

29

𝚫𝚫𝐀𝐀𝐂𝐂𝐂𝐂 ≈ 𝚫𝚫𝐚𝐚𝐂𝐂𝐂𝐂𝐝𝐝𝐝𝐝𝐝𝐝 𝟏𝟏 + <𝒕𝒕>
𝝉𝝉(𝑫𝑫𝟎𝟎)

𝒚𝒚𝑪𝑪𝑪𝑪 + 𝚫𝚫<𝐭𝐭>
𝝉𝝉(𝐃𝐃𝟎𝟎)

𝐚𝐚𝐂𝐂𝐂𝐂𝐢𝐢𝐢𝐢𝐢𝐢

𝚫𝚫𝐀𝐀𝐂𝐂𝐂𝐂 dominated by direct CP violation 

 Using LHCb averages  

 𝐚𝐚𝐂𝐂𝐂𝐂𝐢𝐢𝐢𝐢𝐢𝐢 ≈ −𝐀𝐀𝚪𝚪 = +𝟎𝟎.𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟐𝟐𝟐𝟐 × 𝟏𝟏𝟎𝟎−𝟑𝟑

 𝐲𝐲𝐂𝐂𝐂𝐂 = 𝟓𝟓.𝟕𝟕 ± 𝟏𝟏.𝟓𝟓 × 𝟏𝟏𝟎𝟎−𝟑𝟑

 For the data sample 

𝚫𝚫𝒂𝒂𝑪𝑪𝑪𝑪𝒅𝒅𝒅𝒅𝒅𝒅 = −𝟏𝟏𝟏𝟏.𝟔𝟔 ± 𝟐𝟐.𝟗𝟗 × 𝟏𝟏𝟎𝟎−𝟒𝟒

[PRL 118 (2017) 261803]

[PRL 122 (2019) 011802]

[PRL 122 (2019) 211803]



HFLAV combination  

30

𝒂𝒂𝐂𝐂𝐂𝐂𝒊𝒊𝒊𝒊𝒊𝒊 = 𝟎𝟎.𝟎𝟎𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 %

𝚫𝚫𝒂𝒂𝐂𝐂𝐂𝐂𝒅𝒅𝒅𝒅𝒅𝒅 = −𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 %

p-value of CP invariance 

hypothesis: 𝟓𝟓 × 𝟏𝟏𝟎𝟎−𝟖𝟖 (5.44𝝈𝝈)

World average dominated by LHCb results 



Future prospects

31



LHCb upgrades

32

安装Upgrade I 维护和巩固 Upgrade II

当前

𝑳𝑳 = 𝟒𝟒 × 𝟏𝟏𝟎𝟎𝟑𝟑𝟑𝟑 𝒄𝒄𝒎𝒎−𝟐𝟐𝒔𝒔−𝟏𝟏

已采集9 fb-1
𝑳𝑳 = 𝟐𝟐 × 𝟏𝟏𝟎𝟎𝟑𝟑𝟑𝟑 𝒄𝒄𝒎𝒎−𝟐𝟐𝒔𝒔−𝟏𝟏

计划积累50 fb-1

𝑳𝑳 = 𝟐𝟐 × 𝟏𝟏𝟎𝟎𝟑𝟑𝟑𝟑 𝒄𝒄𝒎𝒎−𝟐𝟐𝒔𝒔−𝟏𝟏

计划积累300 fb-1



Charm CPV outlook 

33

Direct CPV: can reach 𝟏𝟏𝟎𝟎−𝟒𝟒 precision with 50 fb-1 (~2029), 
posing serious challenges to theorists 

Indirect CPV: theoretically much more clean, chance for 
observation with 𝟏𝟏𝟎𝟎−𝟓𝟓 precision after ~2035  



Summary

34

 LHCb as a charm factory has produced a series of 
exciting results

 Charm mixing:  very well established
 Direct CP violation 

 Observed for the first time 

 Theoretical interpretation challenging 
 Indirect CP violation

 Theoretically cleaner than direct CPV
 Current precision of a few × 𝟏𝟏𝟎𝟎−𝟒𝟒 is insufficient for 

observation 
 Observation of indirect CP will be the next milestone in 

charm physics and requires LHCb upgrade II

𝚫𝚫𝑨𝑨𝑪𝑪𝑪𝑪 = −𝟏𝟏.𝟓𝟓𝟒𝟒 ± 𝟎𝟎.𝟐𝟐𝟗𝟗 × 𝟏𝟏𝟎𝟎−𝟑𝟑



Backup slides
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Charm mixing

36

 Mass eigenstates are combinations of 𝑫𝑫𝟎𝟎 and �𝑫𝑫𝟎𝟎



𝚫𝚫𝐀𝐀𝐂𝐂𝐂𝐂 status before 2019 

37
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