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Our choice of model

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

: + _ :
» Breaking pattern: l 4F+6AS 2-component Weyl fermions

G/H=3S U(4)><S U(6) [ Sp(4)XSO(6)
“Enhanced global symmetry due to the (pseudo-) reality

‘ SU(3) embedded 1n antisymmetric
representation:

SU6) — SO(6) D SU(3)
L QCD colour SU(3)

‘ SUA)/Sp(4) gives 5 goldstone bosons.
» 4: SM Higgs doublet

» 1: made heavy in model building



Chimera Baryon

a, b, c: hypercolour
Q: 4 X 4 symplectic matrix

e Interpolating operators J: spin
R: 1irreducible rep. of the fundamental sector

_ A type: @CB,;/5 — (l/_/l Cl},SWZb) ch)(kca
(J,R) = (1/2,5)

@ I@ *top partner

- 2 type: @CB,W = (1/71 “y”l/JZb) ch)(k“‘

@ Spin projection
@.
é

2. (J,R) = (1/2,10)
*top partner




Mpg: fundamental
M, Antisymmetric

a = alwyand m = wym
Results
Quenched approximation

» Projections Ensemble | 8 | Ny x N7 | (P)
B1 7.62 | 48 x 243 | 0.60192

B2 7.7 | 60 x 48° | 0.608795
B3 7.85 | 60 x 48° | 0.620381
B4 8.0 | 60 x 48° | 0.630740
B5 8.2 | 60 x 48° | 0.643228

» Mass hierarchy of chimera baryons

» Chiral EFT and AIC

OO0




Results

Projection-CB two-point function

2 Interpolating operator

(0 = (00T QI () ) QT2 WHe ()

2 two-point function At large Euclidean time

CW(t) _ Z <@ (x)@ (O)) - P, |c [ oM 4 o e—mO(T—t)] — P, [Co —myt 4 c, o~ MT —t)]

1 1
Y . . P — — 1 0 d P = — 1 - 0
- Z (FzS\IIiCdc’d’(x’O)Fz) QCbeCQadeCl ‘ 2( N ! ) - ¢ 2( 4 )
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Results

Projection-Parity e T — P [c e + ¢ e~meT=1)]

2 The log plot of the
chimera baryon

correlators (left) ® even
and their effective v odd |
mass plot (right) v * 1o proj.

| W

V

with the parity
projection.

log|Cacy (1)
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Chimera Baryon
e Spin projector for 2-type baryon:

 Two-point function

Cy) =Y. <@iCB(x)@'JCB(0)> with OL, = (')

X

— Cy*(t) = Tr l(P“z)ij Cjk(t)]



Results

Projection-Spin

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

1.2
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Results

Mass hierarchy

heavy F fermion mass

1.04 |
®  Acs (J,R) = (1/2,5)
Vv Sep (J.R) = (1/2,10)
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Results

Mass hierarchy
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Results

Mass hierarchy

1.00

0.95 -

mZCB /mZEB

0.80 -

0.0 0.5 1.0

1.00

0.95-

%

3%

12

1.0

0.8

0.6

0.4

(0.2



Results
Fitting
2 Apply tree-level baryon chiral perturbation theory

Mcg = M, +F2mPS+A2m +L1a

A 12

A ~0
+F 4mPS+A4 Tt C4mpsmpS

Returning large %z/Nd.O.f.
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Results

Optimal search

2 Try including different order of corrections

2 Calculate AICs for each data set, and scan
through all the possible cuts:

m Fix the cut value for riipg and vary 7,

= [ncrease the fixed value of nipg

2 Goodness of a fit: Akaike information criterion (AIC)

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

AIC(M,N..) = y*> + 2k + 2N,

2 Probability weight

1 1
WM,N.  )=— ——AICM, NV,
( cut) V% CXP [ ) ( t)]
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Results
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Results

Optimal search

2 Try including different order of corrections

2 Calculate AICs for each data set, and scan
through all the possible cuts:

m Fix the cut value for riipg and vary 7,

= [ncrease the fixed value of nipg

2 Goodness of a fit: Akaike information criterion (AIC)

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

AIC(M,N..) = y*> + 2k + 2N,

2 Probability weight

1 1
WM,N.  )=— ——AICM, NV,
( cut) V% CXP [ ) ( t)]
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Results
Fitting
2 Apply tree-level baryon chiral perturbation theory

Meg = M+ Foiipg+Aoni, +L1 P
-N
+ Faiftn o+ A +L2FamPS+L2AA Aﬁs SRS jzg
+ F 4n/>lPS+A4 +C4mpsm§s 17T T2.00
[ g = T1.75
MF4 MAA4 MC4 =R s = F1.50
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Results

Fittings of Aqg

2 Apply tree level baryon chiral
perturbation theory

M2 mepg = m o Folipg Aot +Lla

M3 +F3nAszS+A3m t+Lprampe+L,,a
+ Fyiiipg+ A+ Cyiipg i,
MF4 MA4 M2C

2 probability weight

1 1
WM, N,,) = —exp |——AICIM, N_,,)

N 2

2
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Results

Fittings of g

2 Apply tree level baryon chiral
perturbation theory

M2 mepg = m o Folipg Aot +L1a

M3 +F3nAszS+A3m t+Lprampe+L,,a
+ Fyiiipg+ A+ Cyiipg i,
MF4 MA4 M2C

2
ps
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mps,cut
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Results

1.87 - M2 1.87 S 1.87 M 1.87 A 1.87 M4 > 2
Fittings of 2"
CB 1.5
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Results

Cross check

2 Apply tree-level baryon chiral perturbation theory

. )( A A 2 A
Meg = M+ Fompg+Am,"+La
+ Fampg+Asmin+ Ly pampg+ Ly sam

+Fymipg+Aymi+ Cymipghis
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Results

Cross check

P At a fixed mp, the fitting function becomes

Mg = M+ Fompg+Ams  + Lia
+ Famipg+Asni g + Ly pampg+ Ly sam

A ~ 4 N IN)
+Fympg+Aynip + Cympghis
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Results

Cross check

P At a fixed mg, the fitting function becomes
Meg = MY, +A NS + Lid + Ay + L, am®” + A,més?
CB — "cp ' “*27""PS 1 3"'PS 2ATEPS 477PS

N NPTy Anf 2
+Eont, o +Cynt o Mpg™ + Lypant,

N f 3 . 4
+F3mPS +F4mPS

-7 (7 SN B NS f 4
= mCB(m A,L,a)+F,(m,C,L, cz)mPS+F3mPS+F4mPS

ps’ ps’
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Results

Cross check
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Results

Cross check
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2 At a fixed nipg

MCB = m (mPS,F L,a)
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x

CB
Results
Massless-continuum limit
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Results

Massless-continuum limit

Comparison with masses of mesons 1n quenche:
approximation for fermions in the fundamenta
(blue bands) and antisymmetric (red bands
representation of Sp(4), and glueballs (yellow

at massless-continuum limit.
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Summary and Outlook

M Chimera baryons
- A and 2: Top partner candidates in our model
- 2* with spin-3/2

M Projection (Spin and Parity)

M The mass hierarchy of chimera baryons
M Chiral effective field theory
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END
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