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Can we write down such a model? 


Fermions in SM chiral  chiral composite dynamics


A spectrum of light bound states can arise

⇒

Substructure

Quark and lepton compositeness

Chiral preons charged under  bind into 
prebaryons under  


Prebaryons include all 3 generations of SM matter and 
composite vector-like states


Higgs doublets are di-prebaryon bound states analogous to 
deuteron in QCD

SU(15)p × SM
SU(15)p

Model in a nutshell



Preons: from GUT scale to confinement

Why this choice? An  gauge theory with  fundamentals has 
anomaly cancelled by a symmetric 2-tensor


 symmetry breaking and re-labelling  where SM-singlet LH 
fermion   is conjugate of RH neutrino

SU(N) (N + 4)

SO(10) Ψ → ψU,Q,E,D,1
ψ1 ↔ ψN

Fields charged under SU(15)p × SO(10)

symmetry of the preons has room for the quantum numbers of a single generation of fermions,

but the chiral preonic baryons (“prebaryons”) include all 3 SM generations. Higgs doublets

arise as bound states of two prebaryons, reminiscent to the formation of deuteron within

QCD. In this model, QCD loses asymptotic freedom near the SU(15) confining scale, ⇤pre.

However, the SM gauge groups may unify at a scale above ⇤pre, recovering asymptotic

freedom. Interestingly, the unification scale can be lower than usual because the SU(15)

symmetry protects against rapid proton decay.

2. Preonic SU(15) gauge dynamics

The preonic gauge group must be asymptotically free, so that the preons may confine, and

the fermion representations must be free of gauge anomalies. It has been observed [2,3,5] that

SU(N) gauge theories with a fermion in the symmetric representation and N+4 fermions in

the fundamental representation likely produce massless chiral baryons. Other gauge groups

or preon representations are possible [6, 7], but the dynamics is less certain.

The model proposed here has one left-handed fermion, ⌦, in the symmetric 2-tensor

conjugate representation of the preonic SU(15)p gauge group. That representation has di-

mension 120, and its anomaly is cancelled by 19 left-handed fermions,  i, in the fundamental

representation. Thus, the global symmetry, SU(19) ⇥ U(1), is large enough to embed the

SM gauge group, as shown in Table 1. The  i preons with i = 5, ..., 19 are relabelled to

indicate that they carry the charges of a SM generation.

Fermion SU(15)p SU(3)c ⇥ SU(2)W U(1)Y

 Q 15 (3, 2) +1/6

 U 15 (3, 1) �2/3

 D 15 (3, 1) +1/3

 L 15 (1, 2) �1/2

 E 15 (1, 1) +1

 1, ..., 4 15 (1, 1) 0

⌦ 120 (1, 1) 0

Table 1: Preons charged under the confining gauge group SU(15)p, and their SM charges.
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Fields charged under  SU(15)p × SM

Preon states  massless chiral fermions 
 chiral prebaryons can form

(Ψ, ψ2,3,4, Ω)
⇒



symmetry of the preons has room for the quantum numbers of a single generation of fermions,

but the chiral preonic baryons (“prebaryons”) include all 3 SM generations. Higgs doublets

arise as bound states of two prebaryons, reminiscent to the formation of deuteron within

QCD. In this model, QCD loses asymptotic freedom near the SU(15) confining scale, ⇤pre.

However, the SM gauge groups may unify at a scale above ⇤pre, recovering asymptotic

freedom. Interestingly, the unification scale can be lower than usual because the SU(15)

symmetry protects against rapid proton decay.

2. Preonic SU(15) gauge dynamics

The preonic gauge group must be asymptotically free, so that the preons may confine, and

the fermion representations must be free of gauge anomalies. It has been observed [2,3,5] that

SU(N) gauge theories with a fermion in the symmetric representation and N+4 fermions in

the fundamental representation likely produce massless chiral baryons. Other gauge groups

or preon representations are possible [6, 7], but the dynamics is less certain.

The model proposed here has one left-handed fermion, ⌦, in the symmetric 2-tensor

conjugate representation of the preonic SU(15)p gauge group. That representation has di-

mension 120, and its anomaly is cancelled by 19 left-handed fermions,  i, in the fundamental

representation. Thus, the global symmetry, SU(19) ⇥ U(1), is large enough to embed the

SM gauge group, as shown in Table 1. The  i preons with i = 5, ..., 19 are relabelled to

indicate that they carry the charges of a SM generation.

Fermion SU(15)p SU(3)c ⇥ SU(2)W U(1)Y

 Q 15 (3, 2) +1/6

 U 15 (3, 1) �2/3

 D 15 (3, 1) +1/3

 L 15 (1, 2) �1/2

 E 15 (1, 1) +1

 1, ..., 4 15 (1, 1) 0

⌦ 120 (1, 1) 0

Table 1: Preons charged under the confining gauge group SU(15)p, and their SM charges.
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Confinement and prebaryons

vectorlike
fermion

component
LH , RH SU(3)⇥SU(2)⇥U(1) mass

⌦8,2 ⌦(8,2)
QU , ⌦

(8,2)
QD (8, 2,�1/2) y88 h�88i

⌦6,1 ⌦(6,1)
QQ , ⌦

(6,1)
UD (6, 1,+1/3) y66̄ h�66̄i

⌦3,3 ⌦(3,3)
QL , ⌦

(3,3)
QQ (3, 3,�1/3) y33 h�33i

⌦3,2 ⌦QE , ⌦UL (3, 2,+7/6) y7/6 h�7/6i

L2 ⌦(1,2)
QU , ⌦

(1,2)
QD (1, 2,�1/2) y088 h�88i+ y066̄h�66̄i

⌦3,1 ⌦UU , ⌦DE (3, 1,�4/3) y4/3 h�4/3i

Q ⌦Q4 , ⌦DL (3, 2,+1/6) y1/6 h�1/6i

D2 ⌦(3,1)
QL , ⌦UE (3, 1,�1/3) y07/6h�7/6i

D1 ⌦(3,1)
UD , ⌦D4 (3, 1,�1/3) y01/6 y

0
4/3h�1/6i

h�4/3i
mD2

L1 ⌦L4 , ⌦LE (1, 2,�1/2) y01/6 y
0
7/6h�1/6i

h�7/6i
mL2

U ⌦DD , ⌦U4 (3, 1,+2/3)
mD1

NcN

E ⌦E4 , ⌦LL (1, 1,+1)
mL1

N

Table 2. Composite vectorlike quarks and leptons, and their representations under the SM

gauge group. Left-handed components of the vectorlike fermions are prebaryons, while right-

handed components are the conjugates of other prebaryons. For example, the vectorlike

quark D1 has a left-handed component given by the  U D⌦ ⌘ ⌦(3,1)
UD prebaryon with  U D

transforming as (3, 1) under SU(3)c ⇥ SU(2)W , while its right-handed component is the

conjugate of the  D 4⌦ ⌘ ⌦D4 prebaryon. The rows of the table are ordered according to

the vectorlike fermion masses, with the heaviest one at the top. Besides vectorlike fermions,

shown here, there are 3 SM generations of composite chiral quarks and leptons.
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 interactions  composite chiral 
prebaryons: 


Bound states: 3 generations of SM fermions 
 and 12 vectorlike 

fermions charged under SM gauge group


6 gauge singlet Weil fermions  and 
premesons 

SU(15)p ⇒
(ΨΩΨ, ΨΩψi, ψiΩψj)

(ΩQi, ΩLi, ΩUi, ΩDi, ΩEi)

(Ωij, ΩNi)
(ΨσμΨ, Ψσμψi, ψiσμψj)



Higgs and other scalars

Di-prebaryons lighter than  are bound by 
remnant ,  gauge and  exchange


Higgs:  
give rise to up (down)-type quark masses


Deepest bound:  with largest Dirac 
mass and Yukawa coupling 

Λpre
SU(15) SM A

H(u,d)(1,2, ± 1/2) ≡ Ω(U,D)4ΩQ3(1,2, ∓ 1/2)

(8,2, + 1/2)
y88ϕ*88Ω

(8,2)
QU Ω(8,2)

QD



Compositeness and proton decay

Proton decay at , e.g. 8-baryon operator:








Identifying prebaryons with SM fermions and VEVs:


Λpre

C̃8

Λ8
pre

(ΩQ4ΩDL) (Ω3̄,3
QQΩ(3,3)

QL ) (ΩQ1ΩQ1) (ΩD1Ω41)

→
C̃8c2

ϕy
7/6

y*
33

2(4π)4Λ4
pre

ϕ
7/6

ϕ†
33(ΩQ1ΩQ1)(ΩU1ΩE1)

C8 c2
ϕ

m
7/6

m
33

2(4π)4N3N2
c Λ4

pre
(q1

Lq1
L)(ucec)

Combining with latest super-K limit: 

     τ(p → π0e+) > 1.6 × 1034 yr ⇒
Λpre

|C8 |1/4 > 1.0 × 104 TeV ( m
7/6

m
33

1 TeV2 )
1/4



Novel baryon-number violating signatures

 RH neutrinos may be lighter than the proton  exotic decay modes:


Dominant decay  for wide range of  with operator:


 with 


Inducing  proton decay operator:


 with 

Ωij ⇒

p → N̄0π+ mN < mp − mπ+

C̃N

Λ8
pre

(ΩQ4ΩDL) (Ω3̄,3
QQΩ(3,3)

QL ) (ΩQ1ΩQ1) (ΩD1Ω41) Ω41 ≡ NR ≡ N̄0

SM
1

M2
qqdN

(uLdL) (dR NR) MqqdN =
16π2N3/2 Nc Λ2

pre

cϕ (CN m
𝒬
m

33
)1/2

p → N̄0π+, p → N̄0K+, n → N̄0π0



Novel baryon-number violating signatures
Update search:  sensitive to the  decay with  
may result in stable  and  -violation


Future experiments:  can decay within the detector  many final states within 
reach


p → π+ν̄ p → π+N̄0 mN > 100 MeV
N0 B

N0 ⇒

Decay of  followed by the decay  to light pseudoscalarp → N̄0π+ N̄0 ≡ Ω41



Proposed chiral  gauge theory in which preon confinement 
gives rise to exactly 3 generations of SM prebaryons


Composite heavy vector-like fermions present with Higgs and heavy di-
prebaryons 


Unique proton decay modes at confinement scale  novel and exotic 
signatures

SU(15)p × SM

⇒

Summary

Outlook
Improved understanding of strongly coupled chiral gauge theories


Grand unifying the model above the compositeness scale


Composite vectorlike fermions and scalars possibly within reach of LHC


Proton decay signatures searchable for at DUNE and SuperK detectors


