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Introduction

Ground states of  baryons with one heavy quark can
 be categorized into two sets: if the light quark system 
is spinless, three baryons form an SU(3) triplet;
if the spin of the light quark system is one, then six 
charmed baryons form a sextet.
 In reality, since the charm quark mass is finite and
 the strange quark is heavier than the u/d quark, 
charm baryons in the triplet and sextet are mixing.

 mixing in Heavy Quark Effective TheoryΞc − Ξ′ c

Two-point correlation function matrix From Lattice QCD

Mixing Angle from Joint fit
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Charm quark mass dependence

Mixing angle from generalized eigenvalue problem

Ξc − Ξ′ 

c mixing From Lattice QCD

We can obtain the baryonic currents of  eigenstate as

                  
                  

the two  mass eigenstates mixing together

                   

SU(3)F

Ξc /Ξ′ c

 We consider the  correlation function matrix

Two-point functions can be constructed by the quark 
propagators. Insert the mass eigenstates, the eigenstates 
will be related to the mixing angle:

                                                                                                       

2 × 2

To extract the masses and mixing angle, we apply a joint fit based on the parametrization 
formula of the correlation function matrix with parameters .

the chiral and continuum extrapolation through the following ansatz:

           
           

With the extrapolation uncertainties taken into account, we find the mixing angle is: 

A, B, mΞc
, mΞ′ c

and θ

Besides the correlated fit, the mixing angle can be also extracted by solving the generalized 
eigenvalue problem (GEVP):

                   

Orthogonality condition allows us to extract the spectrum of  and , the fit function can be 
expressed as:

            

the mixing effects will be collected into the GEVP eigenvectors

             

Masses and the mixing angle can be extracted

Ξc Ξ′ c

In HQET, the mixing between  and  would vanish in the heavy-quark limit. In reality, the 

mixing occurs through a finite quark mass correction and thus is proportional to . We 
calculate at several bare charm quark masses around the physical one

we employ a roughly fit ansatz

        

obtain ,   with
 

Ξc Ξ′ c

1/mc

B1 = − 2.78(52) GeV B2 = 12.9(1.3) GeV2

χ2/d . o . f = 0.11.

Statistical modeling plays a crucial role in calculations. Multiple model may exist for the same 

lattice data. To account for the uncertainties with model selection, we employ model averaging 

approach. Taking a probability-weighted average of all the model variations.

  1. a set of models 

  2. the weight factor 

   3. normalized the weight factor

  4. The model-averaged values can be 

     determined 

  

      and its error can be estimated 

                          

{M}
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6
w(~0, t0)i = BpB

†
w


sin2 ✓

2m⌅c

e
�m⌅c (t�t0) +

cos2 ✓

2m⌅0
c

e
�m⌅0

c
(t�t0)

�

<latexit sha1_base64="h0cTkO25E8EkDrtIsygacTn9yvY="></latexit>

✓(m⇡, a) = ✓phy + c1
�
m2

⇡ �m2
⇡,phy

�
+ c2a

2,

mn(m⇡, a) = mn,phy + c1
�
m2

⇡ �m2
⇡,phy

�
+ c2a

2

<latexit sha1_base64="ARpSqhZxXCA54jSquuj7ZzneUKE=">AAACEXicbVDLSsNAFJ34rPUVdelmsAh1E5Liqwuh4MZlBfuAJpbJdNIOnTyYuRFK6C+48VfcuFDErTt3/o3TNgttPXC5h3PuZeYePxFcgW1/G0vLK6tr64WN4ubW9s6uubffVHEqKWvQWMSy7RPFBI9YAzgI1k4kI6EvWMsfXk/81gOTisfRHYwS5oWkH/GAUwJa6ppl7MKAAbnCZceq2LabhLZlV/NesU/uM5dyScdds6SFKfAicXJSQjnqXfPL7cU0DVkEVBClOo6dgJcRCZwKNi66qWIJoUPSZx1NIxIy5WXTi8b4WCs9HMRSVwR4qv7eyEio1Cj09WRIYKDmvYn4n9dJIbj0Mh4lKbCIzh4KUoEhxpN4cI9LRkGMNCFUcv1XTAdEEgo6xKIOwZk/eZE0K5Zzbp3dnpZq1TyOAjpER6iMHHSBaugG1VEDUfSIntErejOejBfj3fiYjS4Z+c4B+gPj8wcpUJoZ</latexit>

✓ = (1.200± 0.090± 0.020)�

<latexit sha1_base64="aJ7u+viY/B+cScgcpwGeZ2Q3A2c=">AAACIXicbVDLSsNAFJ3UV62vqEs3wSLUTUnER10IhW5cVrAPaEKYTCbt0MkkzEwKJfRX3Pgrblwo0p34M07SLGzrhRnOnHvunXuPF1MipGl+a6WNza3tnfJuZW//4PBIPz7piijhCHdQRCPe96DAlDDckURS3I85hqFHcc8bt7J8b4K5IBF7ltMYOyEcMhIQBKWiXL1hh1COEKRpa1aTlxOXqfvBpqqDD/PHksDlhaTi6lWzbuZhrAOrAFVQRNvV57YfoSTETCIKhRhYZiydFHJJEMWzip0IHEM0hkM8UJDBEAsnzTecGReK8Y0g4uowaeTs34oUhkJMQ08ps3HFai4j/8sNEhk0nJSwOJGYocVHQUINGRmZXYZPOEaSThWAiBM1q4FGkEMklamZCdbqyuuge1W3bus3T9fV5n1hRxmcgXNQAxa4A03wCNqgAxB4AW/gA3xqr9q79qXNF9KSVtScgqXQfn4BANqivw==</latexit>

C(t)vn(t) = �n(t)C(tr)vn(t)

<latexit sha1_base64="CZEqEF19UaqHgq2WE7zvptbFESc="></latexit>

�n(t) = c0e
�mn(t�tr)

⇣
1 + c1e

��E(t�tr)
⌘

<latexit sha1_base64="8b3TrY/YWFDVoNZ9WdIeOZiachc="></latexit>

v1 =

s

1 +
A2

p cot
2 ✓

B2
p

 
Ap

Bp
cot ✓

1

!

v2 =

s

1 +
A2

p tan
2 ✓

B2
p

 
�Ap

Bp
tan ✓

1

!

<latexit sha1_base64="ibDZpY32n3ES0fkz1ht5nQUX56Q=">AAACJHicbZDJSgNBEIZ7XOO4RT16aQyCIISZ4IoIQS8eI5gFMnHo6fQkTXoWumuEMMzDePFVvHhwwYMXn8XOQtDEgoaf76+iun4vFlyBZX0Zc/MLi0vLuRVzdW19YzO/tV1TUSIpq9JIRLLhEcUED1kVOAjWiCUjgSdY3etdD/z6A5OKR+Ed9GPWCkgn5D6nBDRy8xcOdBkQfIkdXxKaXrl2lgZu6jS4S7MMH054SfP70sQxTdPNF6yiNSw8K+yxKKBxVdz8u9OOaBKwEKggSjVtK4ZWSiRwKlhmOoliMaE90mFNLUMSMNVKh0dmeF+TNvYjqV8IeEh/T6QkUKofeLozINBV094A/uc1E/DPWikP4wRYSEeL/ERgiPAgMdzmklEQfS0IlVz/FdMu0aGAznUQgj198qyolYr2SfH49qhQPh/HkUO7aA8dIBudojK6QRVURRQ9omf0it6MJ+PF+DA+R61zxnhmB/0p4/sH+8KjvQ==</latexit>

✓ =
B1

m⌅c

+
B2

m2
⌅c

<latexit sha1_base64="SYWY+sSv7Coy15oLp6Pu0NyS2bU="></latexit>

Pr(M |D) ⇡ exp
⇥
� 1

2
(�2

aug(a
⇤) + 2k + 2Ncut)

⇤

<latexit sha1_base64="tiGviUkz5H/ERwGtQWO9yo7ckJo=">AAACJ3icbZDLSsNAFIYnXmu8RV26GSxC3ZRE6mWjFHThplDBXqAJYTKdtkNnJmFmIpTYt3Hjq7gRVESXvolJ2oW2/jDw851zmHP+IGJUadv+MhYWl5ZXVgtr5vrG5ta2tbPbVGEsMWngkIWyHSBFGBWkoalmpB1JgnjASCsYXmX11j2RiobiTo8i4nHUF7RHMdIp8q1LlyHRZwQiV+bmwlUx92twlmeIIz2QPKnLcan2cH1kmqZvFe2ynQvOG2dqimCqum+9ut0Qx5wIjRlSquPYkfYSJDXFjIxNN1YkQniI+qSTWoE4UV6S3zmGhynpwl4o0yc0zOnviQRxpUY8SDuzVdVsLYP/1Tqx7p17CRVRrInAk496MYM6hFlosEslwZqNUoOwpOmuEA+QRFin0WYhOLMnz5vmcdk5LZ/cVorVyjSOAtgHB6AEHHAGquAG1EEDYPAInsEbeDeejBfjw/ictC4Y05k98EfG9w+BzKT+</latexit>

hai =
X

M

haiMPr(M |D)

<latexit sha1_base64="bFdIOH2XFXVn8xShBv+ZbE99+QA="></latexit>

� =

sX

M

h
�2
M + (haiM � hai)2

i
Pr(M |D)

<latexit sha1_base64="76rlLOqR1AQMAZ5QLRXNLNXFl1g="></latexit>

O
3̄ =✏

abc
�
`
Ta

C�5s
b
�
P+c̃

c

O
6 =✏

abc
�
`
Ta

C~�s
b
�
· ~��5P+c̃

c

<latexit sha1_base64="/R7njb1n3+02LPCxiQ9xzuI0VGM="></latexit>

HQCD |⌅ci = m⌅c |⌅ci
HQCD |⌅0

ci = m⌅0
c
|⌅0

ci

Fig1.Ratios of  as function of .C12/C21 t

 Tab1. Results of masses and mixing angles from correlated matrix fits on different ensembles

Fig2. Joint fit of the correlation function matrix Fig3. Chiral and continuum extrapolations of  as 

a function of 

θ
mπ

Tab2. Results of masses and mixing angles from fitting GEVP 
eigenvalues and eigenvectors with the model averaging approach

Fig4. Upper panel: effective masses from 
eigenvalues; Lower panel: the model weight 
factors (solid lines) and standard p-values 
(dashed lines).

Tab3.  Results of ,  and the mixing angle at different bare charm quark masses.mΞc
mΞ′ c



                                                                                                                                                                                                                                                                   


