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Our choice of model

Enhanced global symmetry due to the (pseudo-) reality

• Breaking pattern: 

  G/H = SU(4)×SU(6) / Sp(4)×SO(6)

• Sp(4) gauge theory with 2F+3AS Dirac fermions

4F+6AS 2-component Weyl fermions

•  gives 5 goldstone bosons.  
‣ 4: SM Higgs doublet 
‣ 1: made heavy in model building   

SU(4)/Sp(4)

QCD colour SU(3)

• SU(3) embedded in antisymmetric 
representation: 

SU(6) → SO(6) ⊃ SU(3)
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Chimera Baryon
• Interpolating operators 

-  type: Λ 𝒪CB,γ5 = (ψ̄1 aγ5ψ2 b) Ωbc χk ca

Spin projection

-  type: Σ 𝒪CB,γμ = (ψ̄1 aγμψ2 b) Ωbc χk ca

: Σ* (J, R) = (3/2,10)

: Σ (J, R) = (1/2,10)(J, R) = (1/2,5)
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*top partner *top partner

: hypercolour 
:  symplectic matrix  

: spin 
: irreducible rep. of the fundamental sector

a, b, c
Ω 4 × 4
J
R



Results 
Quenched approximation
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‣ Projections 

‣ Mass hierarchy of chimera baryons 

‣ Chiral EFT and AIC

<latexit sha1_base64="eIzGAgs+knkFHicliB+ttYLbhqE="></latexit>

Ensemble � Nt ⇥N3
s hP i !0/a

QB1 7.62 48⇥ 243 0.60192 1.448(3)
QB2 7.7 60⇥ 483 0.608795 1.6070(19)
QB3 7.85 60⇥ 483 0.620381 1.944(3)
QB4 8.0 60⇥ 483 0.630740 2.3149(12)
QB5 8.2 60⇥ 483 0.643228 2.8812(21)

 and ̂a ≡ a/ω0 m̂ ≡ ω0m

: fundamental 
: Antisymmetric

m̂PS
m̂ps



Projection-CB two-point function
Results 

Interpolating operator 

 

two-point function 

𝒪γ
CB(x) ≡ (Qi a

α(x)Γ1 αβQj b
β(x)) ΩadΩbcΓ2 δγΨk cd

γ(x)

Cγγ′￼(t) ≡ ∑⃗
x

⟨𝒪γ
CB(x)𝒪γ′￼

CB(0)⟩

= − ∑⃗
x

(Γ2Sk cd
Ψ c′￼d′￼

(x,0)Γ2)γγ′￼

ΩcbΩb′￼c′￼ΩadΩd′￼a′￼

× Tr [Γ1Sb
Q b′￼

(x,0)Γ1Sa
Q a′￼

(x,0)]
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 → Pe [cee−met + coe−mo(T−t)] − Po [coe−mot + cee−me(T−t)]

Pe ≡
1
2

(1 + γ0) and Po ≡
1
2

(1 − γ0)

At large Euclidean time 



Projection-Parity
Results 

The log plot of the 
ch imera baryon 
correlators (left) 
and their effective 
mass plot (right) 
wi th the par i ty 
projection.

CCB(t) → Pe [cee−met + coe−mo(T−t)] − Po [coe−mot + cee−me(T−t)]

7

0 6 12 18 24
t/a

1.0

1.5

2.0

am
e�

,�
C

B
(t

)

even
odd
no proj.

0 12 24 36 48
t/a

≠30

≠20

≠10

lo
g[

C �
C

B
(t

)]

even
odd



• Spin projector for -type baryon: 

 

 

• Two-point function 

 with  

 

Σ

(P3/2)ij = δij −
1
3

γiγj

(P1/2)ij =
1
3

γiγj

Cij(t) = ∑⃗
x

⟨𝒪i
CB(x)𝒪̄j

CB(0)⟩ 𝒪i
CB = (ψ̄γiψ) χ

→ C1/2
Σ (t) = Tr [(P1/2)ij Cjk(t)]

Chimera Baryon
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Projection-Spin

Comparison of effective mass plot 
between two spin projected states and the 
state without spin projection.
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Results 
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Mass hierarchy 
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Results 

heavy F fermion mass light F fermion mass



Mass hierarchy 
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Results 
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Mass hierarchy 
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Results 
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Results 

 Apply tree-level baryon chiral perturbation theory 

mCB = mχ
CB+F2m̂2

PS+A2m̂ps
2+L1 ̂a

+F3m̂3
PS+A3m̂3

ps+L2F ̂am̂2
PS+L2A ̂am̂2

ps

+F4m̂4
PS+A4m̂4

ps+C4m̂2
PSm̂2

ps

Fitting

Returning large  χ2/Nd.o.f.



Optimal search
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Results 

Try including different order of corrections 
Calculate AICs for each data set, and scan 
through all the possible cuts: 
➡ Fix the cut value for  and vary  

➡ Increase the fixed value of 
m̂PS m̂ps

m̂PS

Goodness of a fit: Akaike information criterion (AIC)  

 

Probability weight 

AIC(M, Ncut) ≡ χ2 + 2k + 2Ncut

W(M, Ncut) =
1
𝒩

exp [−
1
2

AIC(M, Ncut)] 0.52 0.82 1.07
m̂PS,cut
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Optimal search
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Results 

Try including different order of corrections 
Calculate AICs for each data set, and scan 
through all the possible cuts: 
➡ Fix the cut value for  and vary  

➡ Increase the fixed value of 
m̂PS m̂ps

m̂PS

Goodness of a fit: Akaike information criterion (AIC)  

 

Probability weight 

AIC(M, Ncut) ≡ χ2 + 2k + 2Ncut

W(M, Ncut) =
1
𝒩

exp [−
1
2
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m̂PS,cut

0.52

0.97

1.42

1.87

m̂
ps
,c

ut

20

40

60

80

100

120

N

William I. Jay and Ethan T. Neil [2008.01069]



Optimal search
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Results 

Try including different order of corrections 
Calculate AICs for each data set, and scan 
through all the possible cuts: 
➡ Fix the cut value for  and vary  

➡ Increase the fixed value of 
m̂PS m̂ps

m̂PS

Goodness of a fit: Akaike information criterion (AIC)  

 

Probability weight 

AIC(M, Ncut) ≡ χ2 + 2k + 2Ncut

W(M, Ncut) =
1
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Results 

 Apply tree-level baryon chiral perturbation theory 

mCB = mχ
CB+F2m̂2

PS+A2m̂ps
2+L1 ̂a

+F3m̂3
PS+A3m̂3

ps+L2F ̂am̂2
PS+L2A ̂am̂2

ps

+F4m̂4
PS+A4m̂4

ps+C4m̂2
PSm̂2

ps

M2

M3

MF4 MA4 MC4

Fitting

Still returning large  χ2/Nd.o.f.
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Results 
Fittings of ΛCB

M2

M3

MF4 MA4 M2C

 Apply tree level baryon chiral 
perturbation theory 

mCB = mχ
CB+F2m̂2

PS+A2m̂ps
2+L1 ̂a

+F3m̂3
PS+A3m̂3

ps+L2F ̂am̂2
PS+L2A ̂am̂2

ps

+F4m̂4
PS+A4m̂4

ps+C4m̂2
PSm̂2

ps

probability weight 

W(M, Ncut) =
1
𝒩

exp [−
1
2

AIC(M, Ncut)]
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Results 
Fittings of ΣCB

 Apply tree level baryon chiral 
perturbation theory 

mCB = mχ
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Results 
Fittings of Σ*CB

 Apply tree level baryon chiral 
perturbation theory 

mCB = mχ
CB+F2m̂2
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Results 

Apply tree-level baryon chiral perturbation theory 

mCB = mχ
CB+F2m̂2

PS+A2m̂ps
2+L1 ̂a
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Cross check
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Results 

At a fixed , the fitting function becomes m̂as
PS

mCB = mχ
CB+F2m̂2

PS+A2m̂2
ps + L1 ̂a
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Cross check
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Results 

At a fixed , the fitting function becomes 

 

        

m̂as
PS

mCB = mχ
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Results 

At a fixed  m̂ps

mCB = m̃χ
CB(m̂ps, A, L, ̂a)
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Results 

At a fixed  m̂PS

mCB = m̃χ
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Results 



Massless-continuum limit
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Results 

Comparison with masses of mesons in quenched 
approximation for fermions in the fundamental 
(blue bands) and antisymmetric (red bands) 
representation of 𝑆𝑝(4), and glueballs (yellow) 
at massless-continuum limit. 
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Chimera baryons 

-  and : Top partner  candidates in our model 

-  with spin-3/2 
Projection (Spin and Parity) 
The mass hierarchy of chimera baryons 
Chiral effective field theory

Λ Σ
Σ*

Summary and Outlook 
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END 
Thank you


