Signatures Of Composite Quarks
And Leptons In Flavour Physics




Outline Of Talk

COMPOSITE

YUKAWAS
QUARKS AND LEPTONS FLAVOUR PROBES

Sy —— s L
— |¢ 'I.urf
il w 3
A —: K d u,c,t A c.t —S -k-()
- » S \d
W osc

[ T I I

-1 .0 - 'Y 8K

| % E sol wens28 <0 —

B Summer £5 E (excl. at CL = 0.95) —
45 L1 [ 4 1 l I I AT L1
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
—l _
P— p
R:( O™
O——7» L O —




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.q. proton decay).



COMPOSITE DYNAMICS

WHATS A PREON?

YUKAWA STRUCTURE

FITTING THE DATA

FLAVOUR PHYSICS

PROBING COMPOSITE SCALES
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Particle Mass Inverse Radius

e Challenge.

Atom ~10 GeV ~keV
® FInd models with

Rl>m

Nucleus ~10 GeV ~100 MeV
Nucleons ~ 1 GeV ~ 1 GeV
Pions ~ 100 MeV ~300 MeV

Electron ? ~ 1 MeV >1TeV




Crmions

e Solution was found in 1980 (Dimopolous, Susskind, Raby).
@ Relies on confining chiral gauge theories.

e Main tools: large-N & 't Hooft anomaly matching.
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SM CHARGES

Field Spin  SU(15), § SU(3)e x SU@)w x U(1)y}
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o Vevs will break SU4), — SU(3).

o There is only one SU(3) (as opposed to the SM's 5).

d) ~ ((0Qu;] [wpQuy])

THIS DEFINES THE

(1) — 14
<¢1/6> = (P1/65 3-GENERATIONS OF THE SM
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@ Model has too many light fermions.

® Need SSB to generate Dirac mass terms.

e Very heavy (above the TeV scale).

e Creates heavy vector-likes.
e Potential collider signatures.

e Leaves just the 3-SM
generations as light.
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o Model must contain explicit SU(4) breaking.

@ Vev Is naturally correlated with direction of explicit breaking.

L~ /llel//il//j + f‘jﬁ%l/fj

e Minimum of two independent spurions for misaligned CKM.
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e Light Higgs will require fine-tuning (we will live with it).

e Attractive binding can produce vevs.

e Constituents with QCD + large Yukawa couplings.

H*D ~ ([0Qus] [wy pQys])

e We follow the original paper and assume a 3-4
(top+vector-like) composite Higgs sector (type-ll 2HDM).
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o Isospin-like symmetry under y;; <> v, for ay, — 0.

» CKM-mixing angles generated at O(ay).

» Requires 4,4, to be very large (multiple spurions).

» We assume /144 /133 =>> 1
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» Differences between up/down ~ O(ay/r).

e Sufficient to generate necessary CKM misalignment. "
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@ Same structure as quarks.

e Different "pre-hadronic” matrix elements.

. 0 0 GEN5 a3
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Finding Benchmarks

« Demand X”d ~ X(1 + Q, 40x).

» Float non-perturbative matrix elements | X | ~ (0.3,3).

» Radiative misalignment by NDA | oy | ~ ay/zx ~ 0.006.

@ Numerical search minimizing loss function.

Yukawas — 4, /1]- — Flavour Pheno
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onclusions & Outlook
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FLAVOUR SIGNATURES OF QUARK AND LEPTON COMPOSITENESS

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

2. Connection between composite = vy
dynamics and flavour.

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