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Composite Higgs Models
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Name | Gauge group Y X Baryon type
M1 SO(7) 5x F 6 X Spin XX
M2 SO(9) 5x F 6 X Spin XX
M3 SO(7) 5 X Spin 6 x F (I0%
M4 SO(9) 5 X Spin 6 x F (0%
M5 Sp(4) 5 x Asg 6 xF (%%
M6 SU(4) 5 X Ag 3 x (F,F) XX
M7 S0(10) 5% F 3 x (Spin, Spin) WYX X

6XA2

The minimal model

Pibx

Ppx

PYibx

X, Yxx

D. Franzosi and G. Ferretti, arXiv:1905.08273
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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 = SU(4)XSU(6) / Sp(4)x50(6)
Enhanced global symmetry due to the (pseudo-) reality
o SU@)/Sp(4) gives 5 goldstone bosons.
» 4: SM Higgs doublet

» 1: made heavy in model building

* SU(3) embedded 1n antisymmetric representation:

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

e Interpolating operators

- Atype: Ocp,s = (0 “Pw’") Qux*

=11 |—> Carry QCD colour

@ *top partner: mixing with top and generate m,

~
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‘Q J=23/2: 3%

- X type: @CB gH (W }’”l// )chxkc‘a
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Spin projection
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Chimera Baryon
e Spin projector for 2-type baryon:

(P2 =0~

(P1?)" = %}"'yf'

e Two-point function

Ci0 = ¥ { OpgIOCp(0)) with Oy = (37w 1

—

X

= QY20 =Te | (P2)” Cu0)|
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Chimera Baryon

e Parity projection
Ccp() = 2 (OcB®)OcB(0))

— P, |c,e™ + c, e — P lc e + ¢

>

¢ —me(T—t)]

Projector:

P,, = 1(1+ )
60_2 =7



Study Plan

e Quenched fundamental and antisymmetric fermions arXiv:1912.06505

o Ny =2 dynamical fundamental fermions arXiv:1909.12662
* Ny = = 3 dynamical antisymmetric fermions (Ongoing)
e Fully dynamical 2F + 3AS fermions arXiv:2202.05516

- Chimera baryon (quenched studies first)

- 4-fermion operator matrix elements (relevant to :
generating Higgs mass) v



Preliminary results
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Preliminary results

Projection-Parity
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The log plot of the chimera baryon correlators (left) and their effective mass plot
(right) with the parity projection obtained with quenched approximation.
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Preliminary results

Projection-Spin
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Preliminary results

Mass hierarchy
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Effective mass plot of chimera baryons calculated with different F bare masses
méf ) = — 0.6 (left) and m(gf ) = — (.69 (right) at fixed AS bare mass mé“s) = — 0.81.

The lattice size is 60 x 48> with = 8.0.
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Preliminary results

Mass hierarchy
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Preliminary results

m;{ ) Massless limit
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Summary

® Chimera baryons
- A: Top partner in composite Higgs model
- 2 and 2* with different spin

* Projection
- Spin
- Parity

® The mass hierarchy of chimera baryons

model building

e Exploratory spectrum of chimera baryon at the m'/) massless limit

as a guide for fully dynamical study.
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Our choice of model

e Top partner — Chimera baryon

Y= (yyy)
|—> Carry QCD colour

= Colour neutral under Sp(4) gauge

= Having same quantum number = mixing with the top quark,
providing an origin of its mass — partial top compositeness

= Similar to the well-know see-saw mechanism
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Preliminary results

Mass hierarchy
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Preliminary results

Mass hierarchy

1.10

1.08 1

1.06

1.04 -

1.02;

1.00

————o— —0— —o—

—-————0— —o— —o—

- - —o —-

- —o— o - —o-

am{2°)

1.14146(98)
0.96071(99)
0.86019(71)
0.74963(75)
0.62513(73)

-

-2 0 & -o

0.10

0.15

0.20
(@amf2)?

0.25

0.30

1.00

0.981
0.961
0.94 -
§0.92-
g 0.90+
0.881
0.86 1

0.84

—— —— —o— —o—

- o o o

- o o L

* o o L 4

- —o— o - —o-

- o o o o

am2°)

1.14146(98)
0.96071(99)
0.86019(71)
0.74963(75)
0.62513(73)

0.10

0.15

0.20
(@amf2)?

0.25 0.30

Mass ratios calculated with different bare masses on a 48 x 24° and f = 7.62 lattice.
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Summary

® Chimera baryons are an important feature of composite Higgs
models, which play role of top partner in partial top compositeness.

* We present the interpolating operator of A and 2 (in QCD analogy)
chimera baryons. The former 1s the top partner, and the later can be
further separate 1nto two states through spin projection.

* We perform the parity projection to extract our interest state in this
study, the parity even state.

® The mass hierarchy of chimera baryons depends on the input bare
masses, such behaviour is important to model buildings.

o We explore the spectrum of chimera baryon at the mlgf: ) massless

limit using a single ensemble 1n quenched approximation, which
could be a guide for fully dynamical study.



