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A Composite Dark Baryons
Matter DM
<kaa) Candidates

Dark Mesons

Dark R-hadrons
Dark Glueballs ,



Motivation

“Baryons” are
Composite
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Back in the SM

-

“Stable” due to SU(2)

Isospin symmetry

----------- “Stable” due to
strange number
conservation

No protection,
unstable

\“



Thermal Mechanisms

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

The DM meson, non-interacting

@ The intermediate, exists in many models
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The Model
Gauge group: SO(N.) N, > 4

U(3)/SO(3) —> 5 Goldstone

bosons

Two 7, two K and one 7
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Leading ChPT Lagrangian (Low Temp)
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Forbidden Composite DM

The “excited state”,
heavier and interacting

with the SM

Only energetic particle can go through

the mass gap, exponential sensitivity

R-T- D*Agnolo and J-T.- Ruderman. 1505.071073 LFL~ Y. Tsai- 1901.09935 E. Bernreuthera

F. Kahlhoefer. M. Kramer and P. Tunney. 1907.0434E.... 10



Important Alternative Processes

To SM
o
. =
- 0_0:
0 = e
K assisted conversion, low K annihilation, gives indirect

Boltzmann suppression detection signals
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Large Decay Width Limit:

Freezeout Controlled by Conversmn

0.001} A_034F1_1cm ms = fr =1 GeV
108
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| \ Y,
10—23__ — _
20 40 60 80

r=ms/T
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Small Decay Width Limit:

Freezeout Controlled by the Decay

Ay =022 T7'=30m, m; = f =1 GeV

20 40 60 30
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Decay at
Human/Lab
Length Scales
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Extended
Phases

At least 3 extra
dynamic phases
recognized
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How to give 7
a finite lifetime back
to the SM?

[ <1012 GeV



Portal to the Dark Sector
Standard Model Dark Sector

High intensity
interaction

Invisible/long-lived Signals

eOsMJDark Relevant portal: small couplings to keep hidden

1

EOSI\f{JDark Irrelevant portal: Hidden behind EFT



The EW Portal Back to SM
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Pheno in the (mid-)UV: Dark
Showers & Long-Lived Particles

T s o 1t ((NATYYTY YD\ (1TeV Displaced dimuon
PRZ ) = Ll ( 3 )( M) ‘ vertexes below the

charm threshold

\\Q
\ ®

Lead to exotic Higgs and Z decays
Always good to keep an eye on them 9
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The Pheno in the IR:
“Flavor Portal” to the Dark Sector
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Dark Shower (of Z)
' Signal: Muon rich jet-like structure
BR 5 104 with long-lived tracks + MET

a \ | “ ,, [ R CIVI S celemta ‘3"U\l’ﬂ’»:—‘m;]‘v-m";@M " ‘ “' 2
\ ‘ Searching for displaced dimuon resonances (one or

' more) LHCb- 2007.039235 CMS. 2112.137k1

BR <10°°
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LHC Bounds on Such DM
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~20 m

Multi-layer tracker
Surface
Double layer tracker

Floor detector
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Another Scenario: Composite Freeze-in

LFL- Sida Lua In preparation

Regular (IR) freeze-in with dark- LV freeze-in scenario (could be
shower addressed dynamics pure gravitational)




SUMMARY

A
Many New Dynamics "

N“ ‘J

SM-like Spectrum

7

@ 0: /4

Unique detection implications
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Full zZK—nK
dominance

0.61

S wp+wg=0112
= f,=1GeV

Kpair = KConv = 1

~ -
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Indirect Detection Prospects

» As forbidden dark matter, usually free -
from indirect detection -
S
» 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 (A < 1%)

28



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:

£o>4BA n n 1H?,

Mg,
Nucleon 20 1 NP vy 2 TeV 2
mg =25 10 e (L 5500) (o) (072) (i)
)S(cszz’;t.erlng o Mx + My GeV 102 Mg,

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