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Outline

* |ntroduction

* Singly charmed baryon
— Spectroscopy
— Decay
— CP violation
— Rare decay

* Doubly charmed baryon
— Spectroscopy
— CP violation?



Charm production / signature
» Large production cross-section @ 7 TeV

— Minibias ~60 mb M=z 2 GeV
—Charm  ~6 mb A 00

« Charm, compared to minibias (bkg)

— Relatively high mass - high p+
— Relatively long lifetime - large IP

* Requires excellent vertexing, tracking, PID




[JINST 3 (2008) S08005]

The LHCb experiment

» Dedicated to precision study of b/c-hadrons
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Integrated Recorded Luminosity (1/fb)

LHCDb luminosity prospects
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Lots of singly charmed baryons

e Al 5 pK nt:~1x10°perfb™! @ 7 TeV
e 2f 5 pK mt:~3x10° perfb™! @ 7 TeV

[JHEP 12 (2013) 90] [PRL 118 (2017) 182001]
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Charmed baryon mass (GeV)

Charmed baryon spectroscopy
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Observation of excited (). states
» With 2K~ EF » pK—n*

K+
PV o+
* 5 narrow states + evidence IP*/< e
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[PRL 118 (2017) 182001]

Understand these (). states?

* Matching between observed peaks and
predictions requires spin-parity info
— Not easy in direct production due to unknown

polarization, maybe try Q, - Qim ™7
[PRD 93 (2016) 092007]
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Nonleptonic decay

* Interplay between strong/weak interaction,

internal dynamics, internal W-exchange
DCS
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[JHEP 03 (2018) 182]

CPV in charmed baryon

[See Alex’s talk]
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i AT 0
CPV in A7 - pK;
« Suggested by Fu-Sheng  (sce ru-sheng's ik
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[PRD 97 (2018) 091101 (R)]
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Doubly charmed baryon

e Mass [See J.M. Richard’s talk]
— M(Egc ~ M(Egc-l_
= 3621.24 + 0.72 MeV
_ M(QY,) ~ M(EXD) + 100 MeV
» Lifetime k
- 3t(EX) = 3t1(Qf) = t(E}F) = 0.256 + 0.027 ps
e Production PrD 83 2011) 034026 4
— d(cc) =90 nb @ 13 TeV in LHCb
— frragw:dis ~ 1:1:0.3 |
0(Ed) = 0(EZ) ~ 40 nb
o(Qf:) ~ 13 nb
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[See Murdo’s talk]

[LHCb Paper 2018 026]
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Other Z]" studies in pipeline

 Measurementof 2/ > ATKn ™
production relative to prompt A7
— Constraint on intrinsic charm?  [see s. Brodsky’s talk]

* More decay modes isce ru-sheng's ik
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Search for E.

« Goldmode:E}. - ALK n™
B B(Ef~AEKnT)
B(EfF>AfK—ntnt)
« Comparedto E}F > ATK ntnt
— BR a factor of 5 smaller

— 1(E},) a factor of 3 smaller, assuming selection
efficiency has linear dependence

— Production cross-section is the same

_ (:RT) X (0.22 [See Fu-Sheng’s talk]
0.3

We would expect 300><—/5 /3.~ 90 signals in all
data taken by the end of 2018



Other £}, modes
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+
QCC

 Production cross-section a factor of 3

smaller, with similar lifetime to £, more
challenging

« Search with Q. - EfK~n™

* Probably need to use data K- gt
after the upgrade \ X‘ /i
i —]
\\'/ S S




Prospects of DCB in a nutshell

e LHCb (7.5 b7 1)
- :;f;f properties better known, >1k signal
— EX. probably observed
— Q. evidence?

« LHCb upgrade (50 fb~1)

— BXF, 0(10Kk) signals, search for excited states,
more decay modes, CPV study?

— 21, 0(1k) signals, properties better known
— Q}., observation

« LHCDb upgrade-Il, another factor of 6



Summary

* LHCDb has done world-leading works on
singly and doubly charmed baryons
— Spectroscopy: %, EXF
— Decay: B(Af - pK*n™)
— CPV: AA:p (AT » ph™h™)
—RD: AL - putu~

« With LHCb upgrade (50 fb-') & upgrade-l|
(300 fb-"), much more will be done

* Your suggestions are always welcome!



