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Why such tiny?
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https://arxiv.org/pdf/1812.02669
https://pdg.lbl.gov/2025/reviews/rpp2025-rev-axions.pdf

o What if heavier axions

Feasibility @ exp facilities to be high quality

e How to be heavy? CcConfinement? Small instanton?
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® G ran d CO | or [Valenti et. al., 2206.04077]

SM quark
To extend QCD to SU(N) W — (;{(
J

TC to confine properly w heavy axion

Identical Yukawa structure < D yWHY,

Large scalar mixing
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Heavy axion va. emall tuning: how?


https://arxiv.org/pdf/2206.04077

o To separate SM & TC fermions
o ATC gauge Sp(2k)?

* OSmallinstanton Ttself as mass sourcel
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[Csaki et. al., 2311.09285] /

Fermion zero-mode suppression


https://arxiv.org/pdf/2311.09285
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e A heavy axion: large TC mass

e TC confinement: no too heavy TC fermions
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e Confinement & Small ins

What Wanted

TC, QCD separated

Small mixing y tuning

Large mass for instanton

BEENE, RMEEXR
Small mass to confine Wantg both, g0 hard to pleage



o SUQRk+3) X Sp(2k)' x U(1), X SU2), X Z,

Diagonally
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e Particle content

Field SU(2k+3) Sp2k) SU@)r UL,  Za 3 generations
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e Bi-fundamental

—Lys = Y10 1505 + Yoy Xahy + YaUsnTehys + hec..

® S M YU kawa —Ly =y U3HY; + ygU3HUy + hec,,

* Small instanton
Large mags for ingtanton V'

To close the fermion loop w mixing mass

Instanton scale
Mode decouple, when M; > v

a,(vy) matters



e Running & matching
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e Axion potential Terminated at f
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Sp(2k) when vy, = 10 GeV, Myc = 0.1vs Dilute gas approx
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o The W, —yw—y' system
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® MaSS matriX Mq(v) = (Yczvz 0 M34), q=1u,d.
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To give a light eigenstate Lighf masse to confine VvV
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3rd generation: ¥ — y — v’
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A benchmark
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Mass matrix

M2 _ M%F M%F
¢ M2, MZ.+ M?

mns

4
9) _A2k

ins fg

Small ingtanton

Eigenstate and mixing angle
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Solid vs. Dashed
heavy ve. light

96161 — Arg{CZH R CZSM
Low f: = direction

High f: small instanton

Heavier than maQCD



2 axions

Alarger group, the cloger maggeg

both heauy
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e Heavy axions with

Less tuning
Doable! Proper confinement

Unsuppressed instanton effect

e Much heavier than QCD axion

More pheno to be updated...
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