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Signatures  Of   Composite  Quarks  
And  Leptons  In  Flavour  Physics
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Outline  Of   Talk 
C O M P O S I T E  

Q U A R K S  A N D  L E P T O N S   
Y U K AWA S F L AV O U R  P R O B E S
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Basic  Goals
1.  Sensible theory of composite  

quarks/leptons at high scales.  

2.  Connection between composite 

dynamics and flavour. 

3.  Flavour physics is competitive with 

other probes (e.g. proton decay). 



Y U K AWA  S T R U C T U R E

F I T T I N G  T H E  D ATA

W H E R E  W E  A R E  N O W

W H E R E  A R E  W E  G O I N G

C O M P O S I T E  D Y N A M I C S
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PA RT  3

D E C  1 1 ,  2 0 2 0

F L AV O U R  P H Y S I C S

P R O B I N G  C O M P O S I T E  S C A L E S

W H AT S  A  P R E O N ?



Are  Leptons  Composite?
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๏ Electrons point-
like up to at least 

. ∼ 100 GeV

LEP-data



Are  Leptons  Composite?
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Particle Mass Inverse Radius

Atom ~10 GeV ~keV

Nucleus ~10 GeV ~100 MeV

Nucleons ~ 1 GeV ~ 1 GeV

Pions ~ 100 MeV ~300 MeV

Electron ? ~ 1 MeV > 1 TeV

๏ Challenge. 

๏ Find models with

.R−1 ≫ m



Massless  Composite   Fermions
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๏ Solution was found in 1980 (Dimopolous, Susskind, Raby).

๏ Relies on confining chiral gauge theories. 

๏ Main tools: large-N & 't Hooft anomaly matching. 



A  Specific  Class  Of   SU(N)
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N + 4 fundamentals
1 conjugate symmetric

H E A LT H Y   
T H E O RY  

๏ Anomaly free. 


๏ 't Hooft matching?


๏ Large-N 



S U(15)  Proposal 
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H E A LT H Y  

๏ Anomaly free. 


๏ 't Hooft matching?


๏ Large-N 

P L A U S I B L E  
PAT H  T O  S M  



Fermions  As   Pre-Baryons
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Qi ∼ (ψQΩψi)

ec
i ∼ (ψEΩψi)

G A U G E   
C O U P L I N G S F L AV O U R

S M - C H A R G E S

S M - S I N G L E T SS TA N D A R D  M O D E L  F E R M I O N S  A R E  
" P R E - B A RY O N "  B O U N D  S TAT E S  



๏ Spontaneous breaking.  
 
 

Connection To  Flavour 

11SU(4)F

SU(4)F → SU(3)F

R E Q U I R E D  B Y   
A N O M A LY  C A N C E L L AT I O N



The   Fourth   Generation
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๏ Vevs will break . 


๏ There is only one   (as opposed to the SM's 5). 

SU(4)F → SU(3)

SU(3)

ϕ(i)
1/6 ∼ ([QΩψi] [ψDΩψL])

⟨ϕ(i)
1/6⟩ ≡ φ1/6δi4 T H I S  D E F I N E S  T H E   

3 - G E N E R AT I O N S  O F  T H E  S M



Flavour   Breaking   Ve Vs
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๏ Model has too many light fermions. 

๏ Need SSB to generate Dirac mass terms. 

๏ Very heavy (above the TeV scale). 

๏ Creates heavy vector-likes. 

๏ Potential collider signatures. 

๏ Leaves just the 3-SM 

generations as light. 



Flavour  Breaking  Spurions
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๏ Model must contain explicit  breaking. 


๏ Vev is naturally correlated with direction of explicit breaking. 

SU(4)F

ℒ ∼ λijAψiψj + λ̃ijÃψiψj

๏ Minimum of two independent spurions for misaligned CKM. 



The   Higgs  Sector
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๏ Light Higgs will require fine-tuning (we will live with it). 

๏ Attractive binding can produce vevs. 

๏ Constituents with QCD + large Yukawa couplings. 

H(34)
u,d ∼ ([QΩψ3] [ψU,DΩψ4])

๏ We follow the original paper and assume a 3-4  
(top+vector-like) composite Higgs sector (type-II 2HDM). 



Proton  Decay 
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๏ Baryon violation first 
appears at dimension-8. 


๏ Controlled by vevs in the 
theory. 


๏  Flavour! 104 TeV →

A S S I ,  D O B R E S C U  ( 2 0 2 2 )  
A R X I V:  2 2 1 1 . 0 2 2 1 1
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Z E N  D E T E C T I O N
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F L AV O U R  P H Y S I C S

P R O B I N G  C O M P O S I T E  S C A L E S

W H AT S  A  P R E O N ?



Radiative  Misalignment 
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๏ Isospin-like symmetry under  for 


๏ CKM-mixing angles generated at .

ψU ↔ ψD αY → 0.

O(αY)

๏ Requires  to be very large (multiple spurions). 


๏ We assume . 

λ44

λ44 ≳ λ33 ≫ 1

Hu ↔ Hd



Quark  Yukawas 
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Quark  Yukawas 
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๏ Differences between up/down . 


๏ Sufficient to generate necessary CKM misalignment. 

∼ O(αY /π)



Lepton  Yukawas 
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๏ Harder to couple leptons 
to (composite) Higgs. 


๏ Need vevs to "eat" preons.


๏ Suppressed by .  1/N



Lepton  Yukawas 
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๏ Same structure as quarks.

๏ Different "pre-hadronic" matrix elements.



Finding   Benchmarks 
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๏  Demand . 


๏  Float non-perturbative matrix elements . 


๏  Radiative misalignment by NDA . 


๏  Numerical search minimizing loss function. 

Xu,d ∼ X(1 + Qu,dδX)

|X | ∼ (0.3,3)

|δX | ∼ αY /π ∼ 0.006

Yukawas → λij , λ̃ij → Flavour Pheno
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Correlated   Flavour  Pheno
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Correlated   Flavour  Pheno
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R H  
R O TAT I O NL H  

R O TAT I O N

(Uℓ)ej (V†
q)ku



Correlated   Flavour  Pheno

27

R H  
R O TAT I O NL H  

R O TAT I O N

(Uℓ)ej (V†
q)ku

C O N S T R A I N E D  B Y  Y U K AWA S



Example:   K → πνν
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Λpre ≳ 102 TeV × …

F L AV O U R  S T R U C T U R E S



Related :    Conversionμ → e
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Λpre ≳ 104 TeV × …

F L AV O U R  S T R U C T U R E S



Example:   Kaon  Mixing 
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(s̄a
LγμdLa)(s̄b

RγμdRb)



Example:   Kaon  Mixing 
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(s̄a
LγμdLa)(s̄b

RγμdRb) → (s̄b
LdLa)(s̄a

RdRb)

O5

Fierz



Example:   Kaon  Mixing 
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(s̄a
LγμdLa)(s̄b

RγμdRb) → (s̄b
LdLa)(s̄a

RdRb)

O5

Fierz

Λpre ≳ 105 TeV × …

F L AV O U R  S T R U C T U R E S



Example:   μ → eγ(*)
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๏ Same structure as 
Yukawas. 


๏ Different matrix elements. 

๏ Misalignment allows 

transitions.

γ



Example:   μ → eγ(*)
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๏ Same structure as 
Yukawas. 


๏ Different matrix elements. 

๏ Misalignment allows 

transitions.

γ

Λpre ≳ 104 TeV × …

F L AV O U R  S T R U C T U R E S



Example:  Electron  E D M

35

ℒ ∼ [c ēLσμνeR + c* ēRσμνeL] Fμν

E D M  A R R I S E S  AT  T R E E - L E V E L



Example:  Electron  E D M
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E D M  H A S  N O  L O O P  S U P P R E S S I O N

J I L A   2 2 1 2 . 1 1 8 4 1HgF+

d̃e ≤ 4.1 × 1030 e cm ⟹ Λpre ≳ 5 × 105 TeV Im[…]
F L AV O U R  S T R U C T U R E S



Bigger  Picture
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Preliminary



Bigger  Picture
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B E N C H M A R K  I S  
N O T  U N I Q U E

A C C O U N T S  
F O R  Y U K AWA S

Preliminary
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Conclusions   &   Outlook
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F L AV O U R  S I G N AT U R E S  O F  Q U A R K  A N D  L E P T O N  C O M P O S I T E N E S S  

1.  Sensible theory of composite  
quarks/leptons at high scales.  


2.  Connection between composite 
dynamics and flavour. 


3.  Flavour physics is competitive with 
other probes (e.g. proton decay).
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Backups



A  Specific  Class  Of   C G Ts
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Ωab = □ □
ψa = □

A(Ωab) = − (N + 4)

A(ψa) = 1
Fields Anomaly  Coefficients

A  Healthy  Anomaly  Free  Theory

ψ(i)
a i ∈ {1,…, N + 4}Ωab+ f (ij) ∼ (ψ(i)

a Ωabψ( j)
b )

Composite   Fermions

SU(15)



Anomaly  Matching   Works!
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171(2zψ + zΩ)3285z3
ψ + 120z3

Ω

285zψ + 120zΩ 171(2zψ + zΩ)← gravity2 ⊗ U(1) →

← U(1)3 →

zΩ = − 19/17zψ
SU(15)2 ⊗ U(1)


