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Motivation

• The standard model of particle physics (SM) is 
very successful. 

• However, several cosmological observations 
suggest that the SM should be extended. 

• Matter-antimatter asymmetry and dark matter are 
long-standing outstanding problems.
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• The existence of the Dark matter.  

• Asymmetry of matter-antimatter.
Planck collaboration, Astron. Astrophys. 641 (2020) A6. 
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Motivation

• The baryon and dark matter energy densities are fairly similar: 

• Therefore, dark matter and matter-antimatter asymmetry have non-trivial relation, 
perhaps. 

• Invisible baryon decay could explain them simultaneously.
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ΩDM /ΩB = 5.36 ± 0.06 Planck collaboration, Astron. Astrophys. 641 (2020) A6. 

B → ξϕ

where  is a neutral baryon in SM,   is dark baryon,  is also dark matter.B ξ ϕ

• Violate the baryon number in visible universe 
• Induce the dark matter
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Motivation
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• The invisible baryon decay, whose simplest UV-complete Lagrangian is 

• Integrating out the heavy field  obtains the effective operatorsΦ

Phys. Rev. D 105, 115005 (2022).
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Motivation
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• CEPC: ideal platform for invisible  decay.Λb

• From (Lingfeng Li’s talk) much cleaner environment
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Invisible  decayΛb
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• Decay rate for ,Λb → ξϕ
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QCD sum rules (QCDSR)
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QCDSR for the hadronic matrix elements

• QCDSR: a excellent and ripe instrument to calculate the non-perturbative quantities. 

• Basic object: correlation functions      Π(q) = i∫ d4xeiq⋅x < 0 |T{j(x)j(0)} |0 >
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QCDSR for the hadronic matrix elements

• To obtain this hadronic matrix elements, correlation function is given by 

• Inserting the complete set, gets the phenomenological side,
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Calculated by QCD: 

Phenomenological side: 
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ΠQCD(q) = i∫ d4xeiq⋅x < 0 |T{j(x)j(0)} |0 > = Πpert(q) + Πcond(q)

QCDSR for the hadronic matrix elements
• QCD side: leading order and the condensates with .  d ≤ 6
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• Our calculation for the  is shown by λL/R
Λb

QCDSR for the hadronic matrix elements

1
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Quark-Hadron duality：

Borel transform：M2
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(0.018 ± 0.005) GeV3
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Results
• Finally, when consider the CEPC producing Tera-Z bosons, the constraints are shown as: 

• In most mass regions, at least  orders of magnitude in invisible  decay. 

• It is better than that in  invisible decay (BESIII): has a larger mass sensitive interval and higher  
accuracy (almost two orders of magnitude).

10−3 Λb

Λ
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(BESIII)

(CEPC)

arXiv:2110.06759.
Phys. Rev. D 105, 115005 (2022).
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Summary
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Thanks for your attention !

• Invisible baryon decay could understand dark matter and matter-antimatter asymmetry.  

• CEPC is a ideal platform for the invisible baryon decay, especially for .  

• According to QCDSR, the hadronic decay matrix elements are calculated. 

• The constraint what we given:

Λb

• In most mass regions, the coupling parameter is limited to at least  orders of magnitude in 
invisible  decay. 

• The constraint is better than that in  invisible decay: has a larger mass sensitive interval and 
higher  accuracy.

10−3

Λb

Λ
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Back up
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Invisible  decayΛb
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QCD sum rules

BM2[
1

(m2 − q2)k
] =

1
(k − 1)!

e−m2/M2

M2(k−1)

If M is too small,  
the higher dimensional contribution  

cannot be suppressed effectively, 
by contrary,  

quark-hardon duality suffers large uncertainty.

Πcondensates(q2) ∼ 1/q2k

Πcondensates(M2) ∼
1

M2(k−1)



My calculation

QCD sum rules calculation

x =
m2

Q

s

Q is b quark for Λb
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• The number of b quark in CEPC (10  integral luminosity): 

• Fragmentation:   

• The number of  is expected to be about 10 billion.

ab−1

fb→Λb

Λb
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0.9152 × 1011

Constraint

fb→Λb
=

fb→Λb
⋅ Br(Λb → J/ΨΛ)

Br(Λb → J/ΨΛ)
=

(6.01 ± 0.60 ± 0.58 ± 0.28) × 10−5

(3.7 ± 1.7 ± 0.7) × 10−4
= 0.16 ± 0.09

1811.10545 [hep-ex]

https://arxiv.org/abs/1811.10545
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Constraint

1811.10545 [hep-ex]

https://arxiv.org/abs/1811.10545


Invisible  decayΛbYong Zheng

• See (Lingfeng Li’s talk)
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Constraint

2023


