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LHCb experiment before 2019
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• Forward spectrometer dedicated for flavor physics studies
• Excellent primary and secondary vertex measurements;
• Very good PID performance on K/!/p
• Excellent momentum resolution

• Wonderful performance with the LHCb detector:
• Run1: 3 fb-1 pp data at 7 and 8 TeV
• Run2: 6 fb-1 data at 13 TeV, effectively 4-6 times more than Run1
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The retired detector
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The LHCb upgrade plans
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Belle II starts HL-LHC23 fb-1
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Data acquisition situation in Upgrade I
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• 1-2 fb-1 per year
• ~1 interaction per Xing
• Hardware + software trigger

• 9-10 fb-1 per year
• ~5 interaction per Xing
• Software only trigger
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A new LHCb detector from 2021
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A next LHCb detector from 2030
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Charm physics @ LHCb
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CERN-LHCC-2018-027

• Charm physics is a core part of the LHCb upgrade physics program
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Charm (D0/D+) production
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• LHCb: decays into charged final states; charmed baryons; time-dependent measurements

• Belle II (CEPC): decays into final states containing neutrals, i.e. !, "0,η(,), K0, neutrinos;

absolute branching fraction measurements

• BES III (super tau-charm): Quantum-coherent production；absolute branching fraction

measurements
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See W. Yan and H. Li’s talk for more details



Charm sources @ LHCb
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• Direct prompt production: large background; not possible for flavor tagging

• !∗# → !%&#: large yield, high purity, ' ( ~ 0.1-
• ./ → !%012: 1/6 of !∗# tagged, lower purity, ' ( ~ 0.3-
• ./ → !∗#(!%&#)012: 1/40 of !∗# tagged, highest purity, ' ( ~ 0.3-
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We can get more
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• Low detection efficiency for soft pion

• By adding a new detector inside magnet give 

~40% increase in yields
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Turbo technique

临汾 2019/11/02

48 kB (not 
including raw info.)

7 kB

• Storage limits bandwidth; by storing selective part of an event increase number 

of signals stored; Key for charm physics
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Charm physics overview @ LHCb
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• Charm mixing and CP violation

• Complementary to K and B system

• Direct CP violation in charm found recently

• Indirect CP violation not yet 

• Rare charm decays

• Unique access to up-type FCNC with down-type

quarks in loops

• Very rare in SM, though long-distance dynamics

can enhance; still room for new physics searches

• Charm hadron spectrum and properties

• Charm baryons
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Charm mixing notation
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• CP violation in mixing

• Neutral charm meson mixes with its anti-particle

• Mass and decay width different for the two eigenstates

or
!
" ≠ 1

• CP violation in mixing and decay

• Direct CP violation

% = arg "*+
!*+

≠ 0
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Year of direct Charm CP violation
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A. Carbone, CERN seminar, March 19, 2019See L. Sun’s talk for more details

Phys. Rev. Lett. 122 (2019) 211803
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Why luminosity matters
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Phys. Rev. Lett. 122 (2019) 211803
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Statistics is the name of the game

To probe a value of 10-4, you need 108 events



Prospects (units of 10-3)
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CERN-PUB-LHCC-2018-027
BELLE2-PUB-PH-2018-001
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Indirect CP violation
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~ 177M

~ 0.7M

5 fb-1, 2011-2016

Phys. Rev. D 97 (2018) 031101

• One of the golden channels: ! → #$
Right sign: %∗' → %( → )*+' +' Wrong sign: %∗' → %( → )'+* +'
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Phys. Rev. D 97 (2018) 031101Methodology 

!"#$ =
&"#$' − &"#$)

&"
#$' + &"

#$)

Direct CP violation +′#$ ≡ + cos 1#$ + 2 sin 1#$

y′#$ ≡ y cos 1#$ − + sin 1#$

Link to x, y through 678 (:;<=>?;@ AB CDEFFF)

• Can also access to CP violation in mixing and decays

(+#$
H± )J = K

L

±J
+HM$ cosN ± 2#$H sinN J 2#$

H± = K
L

±
2HM$ cosN ∓ +#$

H sinN
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Phys. Rev. D 97 (2018) 031101Results

• The results give constrain on mixing parameters:

• And also CP violating parameters:
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Prospects
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Uncertainties depend on central values• Prospects for ! → #$ :

• Similar analysis also for ! → #$$$;

• Variation of strong phase over phase space allows direct measurement of x’, y’ and thus 

provide higher sensitivity to CP violating variables %, | () |

• Similar sensitivities also from ! → #*$$
22



An overall picture
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• Summary of potential precision on CP-violating parameters
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Fingerprint of charm decays
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Mixing and CPV

24



!"# → %&#&'
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Phys. Rev. D 97 (2018) 091101

Run 1, 3 fb-1

• Rare charmed baryon decays with FCNC process
Long distance contributions ((, *, +) dominated;

first observation of decays to */+ final states

• Upper limits on non-resonant (short-distance)

• Prospects for future sensitivities

Phys. Rev. D 97 (2018) 034511
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More clever way…
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Phys. Lett. B 724(2013) 203

Run 1, 1 fb-1

• Run 1 analysis with 2011 data on

!" → $"%"%& decays shows no
significant contribution from short-

distance contribution

@ 90(95)%• Short-distance contribution from SM far below LHCb limits;

• Angular distributions like AFB or ACP may help to distinguish short- and long- distance

contributions
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An example: !" → $%$& '%'& (%(&
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Run 1+2, 5 fb-1

Phys. Rev. Lett. 121 (2018) 091801

• Asymmetries sensitive to short-distance

through short- and long- distance interference

• Observables null for SM, but few% for some

NP models Phys. Rev. D 98 (2018) 035041
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Results
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Run 1+2, 5 fb-1

Phys. Rev. Lett. 121 (2018) 091801
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• All asymmetries consistent with zero (null as predicted by SM)

• More interesting results with 300 fb-1



• The LHCb experiment, dedicated for b- and c-quark physics, has a rich
upgrade program (on charm)

• The tremendous charm samples collected by the LHCb experiment will help
ping down precisions on many key physics variables and probe for new
physics

• Stay tuned for more charming results in the future

Conclusion
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Thank you for your attention
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