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Indirect Searches

* Indirect searches probe New Physics Limits

scenarios at higher energies than those __ ;-

directly accessible at LHC s | F”" k| L. silvestrini (CHARM2015)
o Complementary studies to direct = 100 O

searches L

Scale depends on NP scenario @ 10°
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https://arxiv.org/pdf/1510.05797.pdf
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Mixing and Decay Amplitudes

* Dj2 mass eigenstates are superposition of D? and D? flavour eigenstates

* The study of their oscillations in time provides insights into CPV in mixing

 ...and interference between mixing and decay amplitudes 0 —
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Charm Mixing Measurement o /m+
K m

* Mixing parameters are measured separately to D° and D° decays | iy

X e = CF
* Any different oscillation pattern between D? and D? decays L j
indicates CPV . ..
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.031101
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Challenges ’

* Contamination from D? decays from B 6 (a) ' ' ' ' ]

Bias DO lifetime towards higher values & - T

* Instrumental asymmetries €(K-m+)/€(K*m) S 5k LHCb 2
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Results S E

* No measurable CPV observed 6 o) -
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.031101

= PHYS. REV. LETT. 118, 261803 (2017)
Ar with D°—hh decays
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261803

PHYS. REV. LETT. 118, 261803 (2017)

Ar with D°—hh decays - Ghallenges
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Instrumental Asymmetries < sk e
* Soft pion charge reconstruction asymmetry 0,45— 1
Time dependent correction due to correlation between soft 0.3F -0.02
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261803

Ar with D'—hh decays - Result
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No CPV

e Compatible to CP conservation up to 3x10-4 sensitivity
Ar(KK) = (-3.0£3.2+1.0)x104
Ar(TrTT) = (4.645.8+1.2)x10+4

e A complementary measurement yields compatible results
Based on data-driven per-event acceptance calculation

e Combination with statistically independent muon-tagged sample (B—Du-X)

Ar = (-2.9+2.8)x104

(j\? M Notable LHCb Results
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261803
https://link.springer.com/article/10.1007/JHEP04(2015)043

DO—.K%mm - The Golden Mode IHEP 04 (2016) 033

Direct Access to Mixing and CP Parameters

 Allows to measure directly x, y, |a/p|, ¢
* Presence of multiple interfering amplitudes enhances sensitivity to mixing
* Coexistence of CF and DCS suppressed amplitudes in a CP eigenstate

5 3F ' ' A
Challenges S LHcs M -
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https://link.springer.com/article/10.1007/JHEP04(2016)033

LHCb: JHEP 04 (2016) 033
_ Belle: PRD 89 (2014) 091103
|l°—>|(“sll+ll at I.IIGII Babar: PRL 105 (2010) 081803
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Semi-Unbinned

» To avoid the complication of performing a time-dependent amplitude analysis, we applied a
semi-unbinned approach

o The phase-space is split in regions with slow variation of the strong phase following BaBar’s
2008 model

* In each of these the D decay time distribution is studied
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* Tk, ck and sk are hadronic parameters o~
constrained from CLEO [PRD82(2010) 112006] &

» First model-independent measurementof xandy 19
with 2011 data (1/fb, N=178k)

x=(0.8620.53£0.17)%  y=(0.03+0.46+0.13)%

« Compatible, but not yet competitive with B factories | T e wrarret

Their preCiSion is ~0.2% 0.5 1.0 1.5 2.0 2.5 3.0
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.112006
https://link.springer.com/article/10.1007/JHEP04(2016)033
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.091103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.081803

https://indico.ihep.ac.cn/event/7249/
Multibody Decays

o Especially in multi body decays, a synergy between LHCh and BESIII could be very advantageous

» BESIII could measure with good precision the variation of the strong phases in the Dalitz plot

* LHCb could use those phases as inputs to perform binned analysis of our data

» Precision is slightly degraded, but avoids the need of performing extremely complex time-
dependent Dalitz plot analyses at LHCh

* Notable examples are DO—K?0rtr*m- and DO—K*mr-m*mr-
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What to Expect?

* We have already started analysing Run2 data and already produced an update for the WS mixing
analysis
* More analysis are in the pipeline, as we are approaching the 10-4 precision on CP observables (Ar)

Upgrade (2020-2023)

* Will provide a factor 3 larger dataset, very 0 02 I ] HFLAV World Average 2017 T
similar to current experiment e 4

. , LHCb 300/fb
Analyses strategies should follow what's done | i

in LHCb 0.1

Upgrade Il (2025-) 0
* ALHCb experiment for HL-LHC to collect 300/fb

* Ambitious but extremely rewarding 0.1
_0 2 contours hold 68%, 95% CL
) | } | | | | | | | |
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Mixing
* We have the potential to measure x with Run2 data in D0—KOTr*11-

No CPV found yet

* Nevertheless, we are setting the stage for very interesting
measurements in the future
* Precision levels approaching the SM predictions (10-4)

Future

* Synergy with BESIII
* Will the Upgrade(s) finally provide the answers to our questions?
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