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Outline

* Singly charmed baryon
— A7, states
— (). states

* Doubly charmed baryon
— EXF observation
— E2F lifetime
—EXF > EXmt

* Please refer to LHCb webpage for more results



Charm production / sighature

e Large production cross-section @ 7 TeV
— Minimum bias ~60 mb M

~ 2 GeV
— Charm ~6 mb A

 Charm, compared to minimum bias (bkg)
— Relatively high mass -2 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)

LHCb luminosity prospects

LHCDb Integrated Recorded Luminosity in pp, 2010-2018
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Lots of singly charmed baryons

e AT 5 pK nt:~ 1x10°perfb™! @ 7 TeV
e 2f 5 pK mt:~3x10°perfb™! @7 TeV
[RRL;;§(29;7);8290;]

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

Observation of excited (). states
+ With EfK~,E} - pK—n*
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5 narrow states + evidence of Ip’;,:~<w«n+
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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, — Q.7 ™?
[PRD 93 (2016) 092007]
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Candidates/ (2 MeV)

A states with semileptonic A(l), decay

[PRD 96 (2017) 112005]

e Studied with A) » Afntn—u~v
New sightings from LHCb
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[JHEP 05 (2017) 030]

A states
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A% statesin A) - DYpmr~
[JHEP 05 (2017) 030]
 Amplitude analysis (5D) of the angular

distributions of the A}, & D%pm~ decay
New state at 2860 MeV, part of J* = 3/2* (doublet)?
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Doubly charmed baryon

“‘-|llllll.
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* Mass

— M(Egc) ~ M(Egc-l_
= 3621.24 + 0.72 MeV

- MQ) =~ M(EX) + 100 MeV

* Lifetime h S
- 3t(EX) = 3t1(Qf) =~ t(E}F) = 0.256 + 0.027 ps

e Production [PrRD 83 (2011)034026] /4
— o0(cc) =90 nb @ 13 TeV in LHCb
— frragw:dis ~ 1:1:0.3

o(E&") = o(EL) ~ 40 nb
od(Qf.) ~13nb
)
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=.. @ SELEX

[PRL 89 (2002) 112001]

™
-
e

+
cC

Events /2.5 [MeV/c?]

]

]

© = N W & U1 O N O®
T

I=_I

= —

(T 1

3.42

-t
o A~ O DN
T T T

Events /5 [MeV/c?]
N

o ~» ©®

32 33 34 35 36 37 38 39 4.

Jibo HE (UCAS)

347 352 3.57

M (AKT*) [GeV/c?]

(©

3.62
(b)

Events/2.5 MeV/c?

[hep-ex: 0209075]

E ++ A: Kra'n'
cc
RIGHT-SIGN

WRONG-SIGN

3

2 .

15 |

1 ;
0.5 - H

peak mass:
3516 MeV

pD'K

=+
~-cc

35 3.4 3.45
4-bin Poisson Prob

<64x10™*
Lic>1.0

[PLB 628 (2005) 18]

3.56 3.58
M(p D* K)

Recent LHCb results in charm spectroscopy

cos(0;*) > -.6

cos(8;%) >-.6

3.5

3.55

3.6

14



[JHEP 12 (2013) 090]

.- @ LHCb & others

 SELEX results not confirmed by FOCUS, Babar,
Belle & LHCb
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[PRL 119 (2017) 112001]

Observation of 277 - ALK wtn™

-t . Ko

* ALK " nt™" identified as the SVl
most promising channel 3. z | el 57
PV ) d%ﬂ.—k

[F.-S.Yu etal., CPC42 (2018) 051001]

* First observation, in 2016 (>120) & Run-I (>70)
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[PRL 119 (2017) 112001]

Hcc ™ properties
« EXF mass measured:
3621.40 & 0.72(stat.) & 0.27(syst.) &= 0.14(A}) MeV/c?

SELEX: m(E}.)=3519+1 MeV
Isospin partner?
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[arXiv: 1806.02744]

Measurement of &,

++

lifetime

e With the same 2016 data and almost the
same selection as the observation

e A} — A} 37 (control)selected w/ same criteria

D
)
T

én: C

= 100E (q)

> C

§ 140?-¢-Data

" 120;——Total fit

; 100 F " Signal

&c; 80E_----Background

=) C

S oof 4.

= C

S 40f

© ¢
20 F
O:JJ....--r.‘pLLlllJ

3500 3600 3700
m(ATK a*at) [MeV/c?]
Jibo HE (UCAS)

~ 800

Q
= 700

o - -
2 600 +Ddtd '
) — Total fit
~ 500 -- Signal
§ 400 F ----Background
<
FO ...................
5 300 £
S 200F
Ok
100 -
otz L e L
5500 5600 5700

(b)

m(Alm~atm) [MeV/c?]

Recent LHCb results in charm spectroscopy




[arXiv: 1806.02744]

Decay time distribution/acceptance

Measure the decay time ratio relative to AY,

w/ well known T(AO) = 1.470 +

0.010 ps

. Decay time acceptance from simulation
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[arXiv: 1806.02744]

=+t |; -
oo lifetime

* Fitted A} lifetime 1.474 + 0.077 ps, validating

that simulation well-describes t acceptance
* Unbinned t(Ef") described by

B €xtt (t) t t

=~
o

\]

* (B

= 0.25673:055 + 0.014 ps
Weakly decay nature established!
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[LHCb-Paper-2018-026, in preparation]

Re-discovery of 2}

oS
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to have Iarge BR c
[F-S. Yu et al., CPC 42 (2018) 051001] " @c
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[LHCb-Paper-2018-026, in preparation]

=+t =+t ol g
Eoo massand B(E;;F > E;,mT™)
» m(E}*) =3620.6+ 1.5+ 0.4 + 0.3(E})

consistent with previous measurement

T+ + K —mgtaot
ET=AK T

Q

m++ _ mtogt
ElT—=E'T

LHCb Combined
| | | ) | ) L L | ) L | |

3618 3620 3622 3624
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e Ratio of total branching fractions
BET - EnT)x B(EF - pK7T)
B(ELT — AFK—7ntnt) x B(AT — pK—7)

at the lower end of prediction [r-s. vuetal, cPc42 (2018) 051001]
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= 0.035 £ 0.009 (stat) & 0.003 (syst)



Prospects of DCB in a nutshell

. LHCb (7 5 fb~1, 2018)

— HCC T properties better known, >1k signal
— =} probably observed
— Q. evidence?

e LHCb upgrade (50 fb~1, 2030)

— EXF, 0(10K) signals, excited states, new decays,

CPV study?
— 21, O(1K) signals, properties better known
— O}, observation

* LHCb upgrade-Il, another factor of 6



Summary

* LHCb has done world-leading works on singly
and doubly charmed baryons spectroscopy
— 'Qz'iAt‘

— Z1F observation, lifetime; new decay

* With LHCb upgrade (50 fb'1) & upgrade-Il (300 fb?),
much more will be done

* Your suggestions are always welcome!



