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The charmed baryon family
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l Singly charmed baryons
u Established ground states:

𝚲𝐜#, 𝚺𝐜, 	𝚵𝐜
(-), 𝛀𝐜

u Excited states are being explored
l Doubly charmed baryons observed

recently.
l No observations of triply charmed baryons

ü 𝚲𝐜# decay only weakly, many recent
experimental progress since 2014.

ü 𝚺𝐜: B(𝚺𝐜 → 𝚲𝐜#π)~100%, B(𝚺𝐜 → 𝚲𝐜#𝜸)?
ü 	𝚵𝐜 : decay only weakly; no absolute BF

measured, most relative to 	𝚵3 π+(π+).
ü 𝛀𝐜:decay only weakly; no absolute BF

measured.



𝚲𝐜#:cornerstone of charmed baryon spectroscopy
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l The lightest charmed baryon:2286.48MeV.
l Most of the charmed baryons will eventually decay to 𝚲𝐜#.
l The 𝚲𝐜# is one of important tagging hadrons in c-quark counting in the

productions at high energy experiment.
l Also important input to 𝚲𝒃 (including 	𝚵𝐜𝐜##) physics as 𝚲𝒃 decay

dominatly to 𝚲𝒄 .
l 𝚲𝐜# may provide more powerful test on internal dynamics than D/Ds does !
l Quark model picture: a heavy quark (c) with an unexcited spin-zero 

diquark (u-d).
l Diquark correlation is enhanced by weak Color Magnetic Interaction 

with a heavy quark(HQET).
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𝚲𝐜#weak decays
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l Contrary to charmed meson, W-exchange contribution is important.(No color
suppress and helicity suppress)

l The Λc weak decay acts as isospin filter
u For example, Oset suggests to study the Λ(1405) through Λc→π Λ(1405) and Λ(1405) e v, 

which filters isospin I=0 from contamination of the I=1.
[Phys. Rev. C 92, 055204 (2015), Phys. Rev. D 93, 014021 (2016)]

l Exotic search in 𝚲𝐜# → 𝜙𝑝π an analog to the Pc states in 𝚲𝒃 	→𝐽/𝜓𝑝𝐾−



BESIII data taking @ Λ<#Λ<3 threshold
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Energy(GeV) lum.(pb-1)

4.575 ~48

4.580 ~8.5

4.590 ~8.1

4.6 ~567

• In 2014, BESIII took data above Λc
pair threshold and run machine at 
4.6GeV with excellent performance!

• This is a marvelous achievement of 
BEPCII !

• ~106×103 𝚲𝒄#𝚲𝒄3 pairs make 
sensitivity to 10-3.

• First direct measurement on 𝚲𝒄# BFs 
at threshold.

• Collect more 𝚲𝒄# data are in the
schedule.

PRL101	(2008)	172001

BELLE



Production near threshold and double tag technique
• Ecms-2M𝚲c=26MeV only!
• 𝚲𝐜#𝚲𝐜3 produced in pairs with no additional 

accompany hadrons.
• e+e-→γ*→ 𝚲𝐜#𝚲𝐜3

• Clean backgrounds and well constrained 
kinematics.

• Typically, two ways to obtain the 𝚲𝐜# yields:
• Single Tag(ST): Reconstruct only one of the 𝜦𝒄 -pair.

=>relative higher backgrounds
=>Higher efficiencies
=>Full reconstruction

• Double Tag(DT): Find both of 𝜦𝒄#𝜦𝒄3

=>Smaller backgrounds.
=>Lower efficiencies.
=>Systematic in tag side are most cancelled.
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Few popular variables
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l ∆E=EΛc-Ebeam

l Beam-Constrained-Mass;

MBC= 𝑬𝐛𝐞𝐚𝐦𝟐 − |𝒑𝚲𝐜|𝟐
�

l Emiss=Ebeam-Eh

l 𝒑𝐦𝐢𝐬𝐬= 𝒑𝚲𝐜- 𝒑𝐡

l 𝒑𝚲𝐜= - 𝒑𝐭𝐚𝐠・ 𝑬]^_`𝟐 −𝒎
𝚲𝐜
𝟐�

l Umiss=Emiss-| 𝒑𝐦𝐢𝐬𝐬	|

l Mmiss= 𝑬`𝐢𝐬𝐬𝟐 − |𝒑𝐦𝐢𝐬𝐬|𝟐
�

l �̂�tag is the direction of the momentum of the singly tagged Λ< .

l Eh(ph) are the energy(momentum)  of h which are measured in e+e- system.

l m
Λ<#

is the mass of the Λ<# quoted from the PDG.



Measurements that I report today
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p Hadronic decay
p BF(Λ<#→pK-π+) :PRL 116, 052001 (2016)
p BF(Λ<#→nKsπ+) :PRL 118, 12001 (2017)
p BF(Λ<#→pK+K-, pπ+π-) :PRL 117, 232002 (2016)
p BF(Λ<#→pη, pπ0) :PRD 95, 111102(R) (2017)
p BF(Λ<#→ Σ3π+π+π0) :PLB 772, 388 (2017) 

p Inclusive decay
p BF(𝚲𝐜#→𝚲X) :Preliminary result

p Semi-leptonic decay
p BF(𝚲𝐜#→𝚲e+𝜈𝒆) :PRL 115, 221805(2015)
p BF(𝚲𝐜#→𝚲µ+𝜈𝝁) : PLB 767, 42 (2017)



Λ<# reconstruction at BESIII
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l The BFs are extracted via the double-tag technique.
l BF is determined independent of N

𝚲𝐜#𝚲𝐜3
and the systematic due to the reconstruction

of ST side to be canceled.
l ~15400 ST yields and ~1000 DT yields



l No absolute measurement (Model independently) on Λ<# BFs at threshold after Λ<#
discovered(30 years ago). 

l A least square global fit taking into account correlations over different modes are 
performed to improve the precision.

l The precision of B(pK-π+) are comparable with Belle’s
l The precisions of Λc decay rates is reaching to the level of charmed mesons!
l N

𝚲𝐜#𝚲𝐜3
as a byproduct determined to be (105.9±4.8±0.5)×103

Results of 12 Λ<# hadronic decay BFs
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PRL 116, 052001 (2016) 

567pb-1 @ 4.6 GeV
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• ST method: 𝚲𝐜#→pK-p+ as ref. mode
• First observation of SCS decay of 𝚲𝐜#→pp+p-

• Improved measurement on the SCS decays 𝚲𝐜#→pK+K-

• 𝚲𝐜#→pϕ are sensitive to non-factorable contributions from W-exchange diagrams 
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Singly Cabibbo-Suppressed Decays of
𝚲𝐜#→pp+p- and 𝚲𝐜#→pK+K-

PRL117,232002(2016)



Λ<#® pf:  test large-Nc expansion
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l Λ<#→ pf proceeds only through internal W-emission diagram.

l Input BF ⇒ |a2|=0.70±0.07,   close to c2(mc)» -0.59(from theory)

l 1/Nc is also applicable to charmed baryon sector.

l BESIII measurement are consistent with previous measurement.

a1 =c1(µ) +c2(µ) (1/Nc +c1(µ)),

a2= c2(µ) +c1(µ) (1/Nc +c2(µ)),

If c1 = c2 = 0,       naïve factorization

If c1 = c2 = -1/Nc, large-Nc factorization

l Charmed meson decays
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Singly Cabibbo-Suppressed Decays of
𝚲𝐜#→pp0 and 𝚲𝐜#→ph

PRD,111102(R) (2017)
𝛬h#® ph(h→γγ)

𝛬h#® ph(h→p+p-p0)

𝛬h#® pp0

• First evidence for 𝛬h#® ph
with 4.2s

• No signal seen in 𝛬h#® pπ0

• Predicted BFs vary under
different theoretical
modes(SU(3) symmetry and
FSI)

l B(𝛬h#® ph)>>B(𝛬h#® pp0) in the SU(3) flavor symmetry generated by u,d and s
l Their relative size is essential to understand the interference of different non factorizable

diagrams.



B(𝚲𝐜#→ p𝜋𝟎) v.s. B(𝚲𝐜#→ pη)
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Custody by H-Y Cheng

l More precise comparison of the two BFs are desired to explore the
interference of different non-factorizable diagrams

l BESIII Preliminary result support the theoretic prediction.
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Observation of Λ<#àn𝐾lmp+

PRL,118,112001(2017)

• Peaking background from 𝛬h#®S+ (→np+) p+p-
• 2-D fitting extract 83±11 net signals
• B[Λ<#→n𝐾lmp+]=(1.82±0.23±0.11)%
• B[Λ<#→n𝐾mp+]/B[Λ<#→pK-p+]=0.62±0.09; B[Λ<#→n𝐾mp+]/B[Λ<#→pK0p0]=0.97±0.16
• A test of final state interactions and isospin symmetry in the charmed baryon 

sector. [PRD93, 056008 (2016)] 

l First direct measurement 𝜦𝒄#decay involving the neutron in the final state.
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Observation of Λ<#→ Σ3π+π+π0

PLB 772, 388 (2017)

• 𝜦𝒄#decay involving the
neutron in the final
state(missing technique).

• B(𝜦𝒄#→S-p+p+p0) = 
(2.11±0.33±0.14)%

• B(Lc→S-p+p+) =      
(1.81±0.17 ±0.09)%

• more precise than old result 
(2.3±0.4)%

𝛬h#® Σ3π+π+

𝛬h#® Σ3π+π+π0

161±15

88±14

l First observation of a large-rate forgotten channel 𝜦𝒄#→S-p+p+p0 (CF decay)



𝜦𝒄#→𝜦+X
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l Curent PDG: BF(𝜦𝒄#→𝜦+X)=(35±11)%

l Double tag method: Tagged with
𝚲𝐜#→pK-p+ and p𝐾lm

l Extract yields from 2D distributions in
bins of 𝑝−|𝑐𝑜𝑠𝜃| 

l The number of observed Λr# → Λ + 𝑋
events is 706 ± 29, the weighted 
efficiency is 26.1 ± 0.9 %. 

l 𝓑 𝜦𝑪# → 𝚲 + 𝑿 = 𝟑𝟔. 𝟗𝟖 ± 𝟐. 𝟏𝟖 %

data

l Large rate, but also with large uncertainty…



𝜦𝒄#→𝜦l+𝝂𝒍 decays
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p In 1991,  ARGUS reported the first measurement of Lc
+àLl+nl with 477 pb-1 Ƴ(1S),

Ƴ(2S) and Ƴ(4S) data  

p In 1994,  CLEO performed same measurement with 1.6 fb-1 Ƴ(4S) data  

Phys. Lett. B 269, 234 (1991).

Phys. Lett. B 323, 219 (1994).

p Based on above two measurements , PDG extracts BF for 𝜦𝒄#→𝜦l+𝝂𝒍 with 
t(Lc

+) and the assumption of form factors

Not a direct measurement!



Theoretical calculations on the BF 𝜦𝒄#→𝜦l+𝝂𝒍
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Absolute BFs for semi-leptonic 𝜦𝒄#→𝜦l+𝝂𝒍
PRL 115, 221805(2015)

• Large rate via the CF transition c→sl+𝝂𝒍

• First absolute BF measurement. (input for 
determining |Vcs|)

• First measurement of its muonic mode

• Provides important input for calibrating 
the LQCD calculations.

𝛬h#→𝛬e+𝜈�
104±11 signal

𝛬h#→𝛬µ+𝜈�
79±11 signal

𝛬h#→𝛬π+π0

• B[𝜦𝒄#à𝜦e+𝝂𝒆]=(3.36±0.38±0.20)%

• B[𝜦𝒄#à𝜦µ+𝝂𝝁]=(3.49±0.46±0.27)%

• G[𝜦𝒄#à𝜦µ+𝝂𝝁]/G[𝜦𝒄#à𝜦e+𝝂𝒆]= 
0.96±0.16±0.04

PLB 767, 42 (2017)



24𝛬h#®𝛬l+𝜈� BF dominate the calculation.
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Summary
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l Threshold data at BESIII opens a new door to direct measurements of the
decays èprecise study of Λc  decays
u kinematics does not allow additional particle produced along with  the Λh#Λh3 pair

u fully reconstruct the pairs and take their yield ratios to measure the BFs:

u low backgrounds and high detection efficiency

l A larger data set could help to improve our knowledge on 	𝚲𝒄# decays.
BESIII will keep collecting 	𝚲𝒄# data (~1M in total).

l Many 	𝚲𝒄# related topics in BESIII are in progress(other hadronic/semi-
leptonic/rare decays).

l BESIII and B factories will be complementary in	𝚲𝒄# decays and provide
the precise measurements in the future several years.



Backup Slides
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BESIII Detector



Discovery of the lightest heavy baryon
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• First evidence of 	𝜦𝒄# at Fermi Lab in 1976   PRL37, 882 (1976)
• 	𝜦𝒄# established in MarkII in 1980 PRL44, 10 (1980)

Invariant mass distribution 

	𝚲𝐜#→ 𝐩𝐊3𝛑#



𝚲𝐜# weak decays: W-exchange
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l Experimental measurement of B(𝚲𝐜#→ p𝑲𝟎) are not consistent with theoretically 
factorization approach at tree level. 

l Contrary to charmed meson, W-exchange contribution is important（NO CS and HS）

l W-exchange are non-factorizable. There contribution can be only determined by 
experiment measurement.

l Search for process happened only through W-exchange process to extract their 
contribution are key to factorization approach



粲重子衰变中的理论焦点
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l 不可因子化的作用（部分 C图和W交换图）与可因子化部分
相比并不低甚至比可因子化部分更主导

• W-diagram (W-exchange) only process:
u 𝚲𝐜# → Σ#𝜙, Ξm𝐾#, Δ##𝐾3

• C-diagram (Internal W-emission) only process:
u 𝚲𝐜# → 𝑝𝜙

• They provide clean and unique inputs to the
amplitudes of the non-factorizable diagrams,
which are not calculable in theory

• However, their experimental measurements
are limited in precision



理论上对两体过程的计算
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