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See also Jianghao Yu’s talk
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Motivation

“Baryons” are 
Composite

UV Model 
Building

Unique 
Dynamics & 
Phenomena

“Minimal” 
Setup (?)

G
only?
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Back in the SM

η

π K

K

“Stable” due to SU(2) 

isospin symmetry 

“Stable” due to  

strange number 

conservation

No protection, 

unstable
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Thermal Mechanisms
The messenger: heavy meson that decays, 
contact with the SM

The DM meson, non-interacting

The intermediate, exists in many models

SIMP-like Pairwise Scattering

π

K

η
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Y. Hochberg, E. 

Kuflik, H. 

Murayama, T. 

Volansky, J. 

Wacker, 1411.3727;  

A. Katz, E. 

Salvioni, and B. 

Shakya, 

2006.15148……



The Model

5 Goldstone 
bosons

Gauge group:

Two π, two K and one η

η πK

mη = (1+Δη) mπ  > mK = (1+ΔK) mπ  > mπ 
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Leading ChPT Lagrangian (Low Temp)

Mass & 4-point 

interaction terms



Forbidden Composite DM 

Only energetic particle can go through 

the mass gap, exponential sensitivity
R.T. D‘Agnolo and J.T. Ruderman, 1505.07107; LFL, Y. Tsai, 1901.0993; E. Bernreuther, 

F. Kahlhoefer, M. Kramer and P. Tunney, 1907.04346……

 

The lightest dark sector 

particle, the DM

The “excited state”, 

heavier and interacting

with the SM

To SM

π

π η

η
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Important Alternative Processes

ηπ

KK

η

π

K

K

To SM

K assisted conversion, low 

Boltzmann suppression
K annihilation, gives indirect 

detection signals
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Large Decay Width Limit: 
Freezeout Controlled by Conversion
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Small Decay Width Limit: 
Freezeout Controlled by the Decay
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Small width 

phase
Sensitive to width

Large width Phase
Yield independent of width

14

Decay at 

Human/Lab 

Length Scales



Heavy K 

decoupled

π

KK→πη 

controlled

At least 3 extra 

dynamic phases 

recognized

* Assuming all processes 
having similar cross sections, 
not necessarily true for 
realistic models

Full Composite DM

Extended 

Phases
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How to give η

 a finite lifetime back 

to the SM?
η

Γ < 10-12 GeV



Standard Model Dark Sector

High intensity 

interaction

Invisible/long-lived Signals

Portal to the Dark Sector

Relevant portal: small couplings to keep hidden

Irrelevant portal: Hidden behind EFT
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The EW Portal Back to SM

2408.13304 H-C. Cheng, X. Jiang, LFL

2401.08785 H-C. Cheng, X. Jiang, LFL, E. Salvioni 

2110.10691 H-C. Cheng, LFL, E. Salvioni

Mass < 1 GeV : decay to μμ
Mass > 1 GeV: hadronic decays
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Pheno in the (mid-)UV: Dark 
Showers & Long-Lived Particles

Lead to exotic Higgs and Z decays

Always good to keep an eye on them 
19

Displaced dimuon 

vertexes below the 

charm threshold



The Pheno in the IR:
“Flavor Portal” to the Dark Sector

W. Altmannshofer, A. Crivellin, H. Haigh, G. Inguglia and J. Martin 

Camalich, 2311.14629; J. Martin Camalich, M. Pospelov, P. N. H. 

Vuong, R. Ziegler and J. Zupan, 2002.04623; M. K. Gaillard, M. B. 

Gavela, R. Houtz, P. Quilez and R. Del Rey, 1805.06465, T. Li, M.A. 

Schmidt and M. Yuan, 2506.08342……



Dark Shower (of Z)

FCNC Decays (of B)

Signal: Muon rich jet-like structure 
with long-lived tracks + MET

Searching for displaced dimuon resonances (one or 
more)

LHCb CMS

LHCb, 2007.03923; CMS, 2112.13769



Prelim
inaryLHC Bounds on Such DM



Auxiliary Detectors

Prelim
inary



Another Scenario: Composite Freeze-in

YDM

x

Regular (IR) freeze-in with dark-

shower addressed dynamics

xT ~ min (ΛUV, Trh)

UV freeze-in scenario (could be 

pure gravitational)

LFL, Sida Lu, In preparation



Summary

Composite DM with EW Portal SM-like Spectrum

Many New Dynamics Unique detection implications

ΔK

Δη
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庆贺李重生老师八十华诞

2012 - 2025

一声迟来的祝福……

OG Top Higgs Future

真心不改 真英雄



Full πK→ηK 

dominance
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Indirect Detection Prospects

η

π

K

K

➢ As forbidden dark matter, usually free 
from indirect detection

➢ The remaining secondary Kaon DM 
can annihilate to SM, strongly 
depending on how many K remain

The most stringent CMB spectral distortion limit 
constraints the highly degenerate case (Δ < 1%)
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Direct Detection Prospects

The leading Z exchange between DM and SM are forbidden by the 
same symmetry that stabilizes the DM, the remaining Higgs 
exchange:

When m > 8 GeV , could be above the neutrino fog

Nucleon 
scattering 
Xsec:

π
π

Xe

Xe
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