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Ø Review of research on charmed baryons

Ø Part I Large data taking at certain 𝐸!"

Ø Part II Data taking at Λ!##Λ!$ threshold

Ø Summary
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Λ!" is the ground state charmed baryon, which provide important information to 
understand strong and weak interactions.

In 2014, BESIII collected the first data of 𝚲𝒄"'𝚲𝒄$ pair at threshold (35 days), 
leading to a series of important physics results of 𝚲𝒄".

Review

Energy (GeV) Luminosity (pb-1)
4.575 48.9
4.580 8.5
4.590 8.2
4.600 586.9
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First round physics results on 𝚲𝒄"

7 PRL + 10 PRD / PLB / EPJC / CPC  produced !

Review

Hadronic decay
𝛬!" → 𝑝𝐾#𝜋" + 11 ℎ𝑎𝑑𝑟𝑜𝑛𝑖𝑐 𝑑𝑒𝑐𝑎𝑦 𝑚𝑜𝑑𝑒𝑠 PRL 116, 052001 (2016)
𝛬!" → 𝑝𝐾"𝐾#, 𝑝𝜋"𝜋# PRL 117, 232002 (2016)
𝛬!" → 𝑛𝐾$%𝜋" PRL 118, 12001 (2017)
Semi-leptonic decay
𝛬!" → 𝛬𝑒"𝜈& PRL 115, 221805 (2015)
Inclusive decay
𝛬!" → 𝛬𝑋 PRL 121, 062003 (2018)
𝛬!" → 𝑋𝑒"𝜈& PRL 121, 251801 (2018)
Production
𝛬!" ̅𝛬!# cross section PRL 120, 132001 (2018)
Decay Asymmetry
Λ!" weak decay asymmetry PRD 100, 072004 (2019)
Spin
Λ!" spin PRD 103 L 091101 (2021)
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During December 2019 to June 2021, BESIII collected ~5.85fb-1 of data at 𝒔 
between 4.61 and 4.95 GeV.

This spark another wave of research about 𝚲𝒄" and contribute to 
a serious of new important result !

Review

2.085～2.475GeV

Theoretical expectation

Real data fitting

• Luminosity history 
• This operation year
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Second round physics results on 𝚲𝒄"

4 PRL + 3 JHEP + 15 PRDL / PRD / PLB / CPC  produced !
Highlights:

Review

Λ!" → Ξ#𝐾" decay asymmetry

PRL 132, 031801 (2024)

Λ!"'Λ!$ threshold

PRL 131, 191901 (2023)

In summary, BESIII 
has achieved great 
success on 𝚲𝐜" study!

PRL 131, 191901 (2023)

Λ!" → Λ𝑒"𝜈% Λ!" → 𝑛𝜋"

PRL 131, 191901 (2023)



Pei-Rong Li (LZU) Data taking plan for charm baryon study 2024/05/12 6

What’s next for 𝚲𝒄# ?

1. The precisions of measurements for Λ-" decays are still less than 
the charm meson sector. => (need more data to improve)

2. Unique physics goals on BESIII: 
a) Polarization study;
b) Final states containing neutral particles; (𝑛 or 𝐾./)
c) Semi-leptonic decays;
d) Inclusive decays;
e) Quantum correlation;
f) Cross section close to threshold.

Part I Future Plan
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Part I    Large data taking at certain 𝐸!"

Part I
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BEPCII Upgrade:

Part I BEPCII Upgrade

BEPCI
I
@ 

2.35GeV

BEPCII-
U

@ 2.35GeV

BEPCII-
U

@ 2.8GeV

L [10!"cm#"s#$] 3.5 11 3.7
𝛽&∗  [cm] 1.5 1.35 3.0

Beam current [mA] 400 900 450
SR Power [kW] 110 250 250

𝜉&,)*+ 0.029 0.033 0.043

Emittance [nmrad] 147 152 200
Couping [%] 0.53 0.35 0.5

Bucket Height 0.0069 0.011 0.009
𝜎,,# [cm] 1.54 1.07 1.4
𝜎, [cm] 1.69 1.22 1.6

RF Voltage [MV] 1.6 3.3 3.3

Double beam power & 

Optics upgrade & 

Higher gradient of magnets
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BESIII Physics Report

Part I BEPCII Upgrade
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Planned future data set

Part I BEPCII Upgrade

Chin. Phys. C 46, 113003 (2022)

Completed
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Where to take data ?
𝚲𝒄"'𝚲𝒄$ cross section: Already taken:

Part I Future Plan

PRL 131, 191901 (2023)

BAM-00724

𝚲𝒄" polarization:
Proposed range:
4630~4700 MeV

Large cross 
section & large 
polarization
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Further study of 𝒁𝒄𝒔(𝟑𝟗𝟖𝟓).  The cross section line shapes are:

The proposed range (4670 ~ 4690 MeV) is good for 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 $.

𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 $ 𝒁𝒄𝒔 𝟑𝟗𝟗𝟎 𝟎
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Improve the precision of 𝚲𝒄" decays to the level of charmed mesons!

Baseline:  at least about 15 fb-1 𝚲𝐜"'𝚲𝒄$ is needed to improve the precision to 5%.
(about 150 day)

Part I Future Plan

𝑵𝒉1𝒉
𝒕𝒐𝒕 𝑵𝒉

𝒕𝒂𝒈 SCS Semi-leptonic

𝐷% 7.2×10! 7.9×10"
𝐾#𝐾$: 4.01 ± 0.07 ×10$% (2%)

𝜋#𝜋$: 1.454 ± 0.024 ×10$% (1.7%)

𝜋$𝑒#𝜈&: 2.91 ± 0.04 ×10$% (1.4%)

𝜋$𝜋'𝑒#𝜈&: 1.45 ± 0.07 ×10$% (5%)

𝐷" 5.7×10! 4.1×10"
𝐾('𝐾#: 2.95 ± 0.15 ×10$% (5%)

𝜋#𝜋': 1.247 ± 0.033 ×10$% (2.6%)

𝜋'𝑒#𝜈&: 3.72 ± 0.17 ×10$% (5%)

𝜋#𝜋$𝑒#𝜈&: 2.49 ± 0.11 ×10$% (4%)

𝐷," 6.2×10" 5.0×10)
𝐾#𝜂: 1.73 ± 0.08 ×10$% (5%)

𝐾('𝜋#: 1.05 ± 0.05 ×10$% (5%)

𝐾'𝑒#𝜈&: 3.4 ± 0.4 ×10$% (12%)

𝜙𝑒#𝜈&: 2.39 ± 0.16 ×10$% (7%)

Λ!" 7.6×10) 1.2×10)
ΛK#: 6.21 ± 0.44 ×10$* (7%)

𝑛𝜋#: 6.6 ± 1.2 ×10$* (18%)

𝑝𝐾$𝑒#𝜈&: 8.8 ± 1.8 ×10$* (20%)

𝑛𝑒#𝜈&: 3.57 ± 0.34 ×10$% (10%)

Welcome your suggestion!
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Part II    Data Taking near Λ!##Λ!$ threshold

Part II
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Numerous experiments support non-zero cross sections near baryon threshold [1~6]: 

To explain the non vanishment of cross section of 𝑒"𝑒$ → 𝐵 4𝐵 (B is a spin -1/2 
baryon) near threshold[1~6],  Sommerfeld[7] & Sakharov[8] put forward the 
parameterization form based on one-photon exchange(OPEX) assumption:

where the interaction between the outgoing baryons is considered in the Coulomb 
factor 𝐶 = 𝜀 ⋅ 𝑅, which plays a very important role in description of nonzero cross 
section near threshold due to the enhancement factor 𝜀 = 𝜋𝛼/𝛽.

Part II Motivation 

𝒆"𝒆$ → 𝒑'𝒑 𝒆"𝒆$ → 𝚲'𝚲 𝒆"𝒆$ → 𝚲𝐜"'𝚲𝒄$
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Model for 𝑒"𝑒$ → Λ!"'Λ!$:

Part II Motivation

vector meson dominance 
(VMD) model
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By employing the vector meson dominance[9-11] (VMD) model, the electromagnetic 
form factors (EMFFs) in the formula of cross section can be described well by 
many theorists group[12,13]:

Part II Motivation 
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However, the existence of Coulomb factor 𝐶 ’s effect hasn’t been really confirmed, 
since the current model for baryon cross section can fit to experiment data whether 
including the Coulomb factor or not:

The two line shapes begin to diverge only at the points extremely 
close to the baryon threshold !

Part II Motivation 
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Currently only a few measurements for baryon cross sections touch the region 
within 2 MeV of the baryon threshold.

Among these baryons, the measurements for cross section of  𝑒"𝑒$ → Λ!"'Λ!$ has 
great advantages, since the final state particles of Λ!" still have large momenta to be 
detected, while other channels are not.

Part II Motivation 

𝒆"𝒆$ → 𝑩'𝑩 Threshold 
(MeV)

First 𝒔 point 
(MeV) 𝚫𝐌 (MeV) 𝑷𝒄𝒉𝒊𝒍𝒅𝒎𝒂𝒙 (MeV)

𝑝𝑝̅ 1876.54 1876 ~ 1880 (ISR) 1.46 0

𝑛D𝑛 1879.13 2000.0 120.87 0

Λ'Λ 2231.34 2231 ~ 2250 (ISR) 9.16 (𝑝𝜋$)      101

Σ"DΣ$ 2378.74 2379 ~ 2440 (ISR) 30.76 (𝑝𝜋#)       189

Σ# DΣ# 2385.28 2386.4 1.12 (Λ𝛾)           74

Ξ$DΞ" 2643.42 2644.4 0.98 (Λ𝜋$)      140

Ω$'Ω" 3344.9 3490.0 145.1 (Λ𝐾$)      211

Λ!"'Λ!$ 4572.92 4574.5 1.58 (𝑝𝐾$𝜋") 823
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To confirm the non-vanishment of the baryon cross section near threshold, 𝒆"𝒆$ →
𝚲𝒄"'𝚲𝒄$ collision data extremely close to the 𝚲𝒄"'𝚲𝒄$ threshold is important !

The observed cross section of 𝑒"𝑒$ → Λ!"'Λ𝒄$ can be derived from of born cross 
section: 

which is determined by the cernter-of-mass energy 𝐸'.)., baryon mass 𝑚*-. and 
beam energy spread 𝛿+,-./.
𝐹(𝑥, 𝐸!.0.1 ) is the radiative correction factor
1 − Π(𝐸!.0.) 2 is the vacuum polarization factor.

Part II Pre-research
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Derived observed cross section:

Part II Pre-research

The difference of observed cross section 
between two possible models:
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Base on statistical method of hypothesis testing, the minimum luminosity needed to 
distinguish two models with a significance of 5𝜎 is estimated:

Data taken at 4573.6 MeV (about 0.7 MeV above the threshold) can test the 
Coulomb factor best in this VMD model. [CPL 41, 021302 (2024)]

Proposed data taking points: (about 6 day)

Part II Pre-research

𝜒+ =
𝜎,-./ − 𝜎,-.+ +

𝛿𝜎0&1.23& +

𝐿 =
𝜒+ ⋅ 𝜎,-./

𝜀 ⋅ 𝜎,-./ − 𝜎,-.+ +

𝑬𝒄𝒎 (MeV) 4572 4573 4574 4575 4576 4577 All

Luminosity (𝒑𝒃$𝟏) 100 76 70 77 95 128 546
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Summary
A proposal of data taking is raised up to further study the Λ-" baryon.

1. Large data set taken at about 4630 ~ 4700 MeV , about 15 fb-1

(150 days) is needed, which has relatively large cross section and 
polarization;

2. Data taken at the 𝑠 region close to Λ-"&Λ-J threshold, from 4572 ~ 
4577 MeV, about 550 pb-1 (6 days) is needed.

Summary
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Backup

Backup
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Base on statistical method of hypothesis testing, the minimum luminosity needed to 
distinguish two models with a significance of 5𝜎 is estimated:

Part II Pre-research
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Suggestions from accelerator experts:

Backup

Thanks Prof. Cheng-hui Yu !
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𝜒+ =
𝜎,-./ − 𝜎,-.+ +

𝛿𝜎0&1.23& +

𝐿 =
𝜒+ ⋅ 𝜎,-./

𝜀 ⋅ 𝜎,-./ − 𝜎,-.+ +
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Fitting the born cross section with high 𝑬𝒄𝒎 data:

Backup

C=y/(1-e-y) C=y/(1-e-y)

C=1 C=1
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𝜒2 test for current data near threshold to distinguish different models:

Backup

𝐸!=(MeV) 𝜎>?@ 𝜒A 𝑤𝑖𝑡ℎ 𝜎B C@ D>E !>D@EFDE 𝜒A 𝑤𝑖𝑡ℎ 𝜎B C@ !>D@EFDE
4574.5 113.0 ± 5 ± 20 2.7640 33.9233
4580.0 133.0±16 2.1006 0.3068
4590.0 178.0±19 0.4600 0.7920
4599.5 169.1±2.3 1.3381 1.9107
Total \ 6.6627 36.9328


