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Outline

* Experimental details

« Charm mixing & CPV

* Direct CPV in multi-body charm decays
* Rare charm decays

* Prospects & outlook

Up-to-date LHCb charm results can be found at
https://Ihcbproject.web.cern.ch/Publications/L HCbProjectPublic/Summary_Charm.html
More than 90 papers and counting!
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LHCDb as a charm factory
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Tracking System

LHCb acceptance: 2 < n < 5 (forward region)
Large production cross-section

[JHEP 03 (2016) 159]

More than 1 billion D° - K1t* collected by LHCb between 2011 and 2018
_Run2: Turbo stream from online reconstruction
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Charm mixing & CPV

* Charm mixing — a well-established fact:

—Mass eigenstates are related to their flavor eigenstates via
ID, ,> = pIDo> £ ¢gIDo>, with Igl2 + Ipl> =

- Mixing parameters based on the mass and width differences:
x=(m,-m),y=T,-TNRC,with T = [, +T')/2
* CP violation contributions:

-In decays: amplitludes for a process and its conjugate differ
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« 3" generation and CPV
enter through loops
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D? production at LHCDb
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Two mechanisms of D° production \

Independent data sample
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D° flavor tagging at LHCb

/ Experimentally we can tag D° flavour at
production by means of the charge of the muon

and the soft pion -

-

Cré

K™

s+

D IP~0 /

" N® e

Sy X

<

™




[PRL 131 (2023) 091802]
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First evidence (3.80) of CPV in D? — zh7™



[PRL 127 (2021) 111801]
[PRD 108 (2023) 052005]

DY — DY oscillation in DY — KOr+

TC
« Run2 prompt (SL) datasets with ~31M (3.7M) /Vﬁ
candidates

 Bin-flip method: model-independent approach, no \u /'/
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[PRL 127 (2021) 111801]

DY — DV oscillation in DY — Kgn+7z‘
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[PRL 127 (2021) 111801]
[PRD 108 (2023) 052005]

DY — DY oscillation in DY — KOrtt 7™
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Direct CPV in 3-body D decays

 |In multi-body decays, strong phase 0 vary across the phase
space

* Locally enhanced CPV effects possible due to interference

 Already observed in chameless 3-body B* decays by LHCb [see e.qg.
PRD 108 (2023) 012008]

« Recent model-independent searches for direct CPV on Dalitz-
plot planes of:

+ Df,— K~K*K* [JHEP 07 (2023) 067]

+ D= 7t~ m¥ [JHEP 09 (2023) 129] Al dominated by
0 O+ T . CS/DCS amplitudes
+ DO — KOK* 7 [arXiv:2310.19397]



https://doi.org/10.1103/PhysRevD.108.012008

[JHEP 07 (2023) 067]

Direct CPV in DZFS)% K-KTK
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[JHEP 07 (2023) 067]

Direct CPV in DZFS)—> K-KTK
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Direct CPV in D — n*t 7Y

» Dominated by D' — p+n* amplitudes
« Could be related to recent evidence of CPV in D' — tt ™

* Run 2 (6 fb") data with D° from D™ and tagged by =

« Unbinned energy test method by comparing weighted
distance between pairs in phase space:

n

BT

Average distance
candidates same flavour

Z 2n(n— 1) izi2r_z(ﬁ— B S n_ﬁj

J

Average distance
candidates opposite flavour

¥y=e

1113,/26Z

dj= [(Aslz)l.zj + (Asm)%i + (ASZS),'ZJ']

* Null hypothesis from permulations of T-values wit
randomized tags

- Validation with CF decay D?— K- n*°
» Measured p-value 62%: no hint for CPV!
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[JHEP 09 (2023) 129]
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Direct CPV in DY — KgK:

* Dominated by SCS amplitudes including
DO — K*FK*/K*0K

* Run 2 (5.4 fb™') data with D° from D™ and
tagged by =

« Unbinned energy test method as in D’ —
ntn

« Control modes: D' — K‘n*n*n‘/Kgn+n‘

 Measured p-values 70% (66%) for DY —
K(S)K‘rc+ (DY — K(S)K+n+): no hint for CPV!
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Hadronic decays with 729/

JHEP 04 (2023) 081
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Measurement of CP asymmetries
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No CPV found
Almost all are world’s best!

JHEP 06 (2021) 019
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Search for CP violation in

EI;) — hTn decays
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https://doi.org/10.1007/JHEP04(2023)081
https://doi.org/10.1007/JHEP06(2021)019

Overview of rare charm decays @ LHCQ

branching ratios, especially regions away from the resonances

* search for DO—=p+y-  [PLB 725 15-24 (2013)] [PRL 131 (2023) 041804]

* search for f\c*"pp"p [PRD 97 091101 (2018)]
* search for DO = m+mu+y-  [PLB 728 234-243 (2014)]

* observation of D0— h-h('*+ V(u+p-) [PLB 757 558-567 (2016)], [PRL 119, 181805 (2017)]

null tests based on (approximate) symmetries

/ » search for D+ = hl*l(0*, D+) = h+utes [JHEP 06 44 (2021)]

* lepton-flavor/number-violation

» search for D? — p+e- [PLB 754 167 (2016)]

* angular observables and CP asymmetries

- -

* angular analysis and search for CPV in D% = h+h-u+y-
[PRL 121 091801 (2018)], [LHGb-PAPER-2021-0335 1§

e e e oL R W Sl R e I, B

[PRL 128 (2022) 221801]
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[PRL 131 (2023) 041804]

Search for DV — utu

FCNC & helicity suppression
Predictions: Bs4- (D% — ptp—) ~ 1018

BON(D® — utp~) <23 x 1071

Full Run1+2 analysis (9 fb?), D° from prompt D** = D'm/f,,

: : 1 (DY h—at) e e =
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o vh— ™ -y o 1T
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o [ 0666 <BDT <10 ;i. _ii fr <+ i - 06 SBDT <10 f,;:; éfl; ‘: ]
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T[/H misiD % m{n_ = :é: 100 F L r
S sof § + 1 8 st f ﬁ_{ﬁ?
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. |l P ., S I —— e e Kl ._j' ) B \ | 1
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Final result: i) MeV/c) -

B(DD — ptpT) < 2.9(3.3) % 1072 at 90(95)% C.L.

Improvement of more a factor of two!
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EPJC 83 (2023) 666

§ 12
* Leptonic D* decays offer a complementary =
approach to constraining Wilson coefficients & «;
. . g 4F
* Highly suppressed in SM: BF ~10-"® $ o _
. . % 0 :‘“_"TZTZ RO AR Ay _\;_‘__________ i Z'f:“%
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PRL 128 (2022) 221801

CPV & angular analysis of D — hhut u~
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¢ LHCb +D.ata
* Rarest charm meson decays observed, e = NP
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dominated by resonant contributions
* First full angular analysis with 9 fb-' data
» DU selected from flavor specific D** — D%r*
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Run3 and beyond...

+ 9 fb! ———> 44— (Goal: 50 fb! = G oal: 300 fh-! —p
Upgrade 1 Consolidation Upgrade 11
I —— .
Runl | LSI1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run6

2015 2016 2017 2018

2011 2012 2013 2014

2019 2020 2021 20221

2023 2024 2025

2026 2027 20282029 2030 2031 2032}2033 2034

2035 2036 2037 2039 2040 2041 2042

TNOW

Rare decays

Mixing & CPV
Observable Current LHCb Upgrade 1 Upgrade 11
(up to 9fb~1)  (23fb1)  (50fb~") | (300fb7Y)
Charm
AAgp (D° — K*K—,7tn~)  29x107° [5) 17 x 107 — 3.0x107°
Ar (D° - KtK~,7xtn") 13x107° [38] 4.3 x107° — 1.0 x 107°
Az (D% — Kntzn™) 18x10™°[37] 63x10™° 41x107°| 1.6 x107°

Reaching for sub-10-4

precision

A new detector & no hw drigger: expecting benefits fo Acp

measurements in hadronic channels, esp. for those with at least one Ks

Mode Upgrade (50 fb') | Upgrade Il (300 fb™')
D - utp~ 42 x 10710 1.3 x 10710
Dt 5 atuty 10-% 2% 160
Limits on BFs Dt — K+t~ e 3x 1079
Ar — putp~ 1.1 x 108 4.4 x107°
D° — ep 10 4.1 1679
Dt - ntutyu 0.2% 0.08%
DO — nta—ptp 1% 0.4%
Stat. precision on asymmetries | D° — 7t K= putpu~ 0.3% 0.13%
DO - Ktp—ptu~ 12% 5%
D - KTK—putp 4% 1.7%
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Summary

 LHCDb is in fact a charm factory and has the world’s largest sample of
charm decays

 High statistics and superb detector performance allow for high precision
measurements on charm CP, rare decays, etc.

« Observations of charm CPV, difference in D° mass eigenstates, etc.

o Still more charm results in the pipeline with full Run1+2 data, stay tuned!

 For example, semileptonic D° decays, dielectron channels, radiative
charm decays, charm baryons, ...

* Run3 for LHCb has started, expecting fruitful years to come...

« Synergy across different experiments on charm physics: BESIII, BELLE(II),
future STCF, ...
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