Visible Collider Signals of Natural Quirks
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Introduction

® | HC remains a discovery machine.
» What are we missing?

® Folded SUSY * predicts new electroweak states that evade current searches.

» Alleviate Higgs' electroweak hierarchy problem (naturalness).
» Not charged under SM color (neutral).
> \We show that current experimental bounds are as weak as ~ 100 GeV.T

® New physics can be discovered at the LHC.

» Show current & projected experimental reach.
» Introduce new strategy that enhances the regions probed by HL-LHC.

*See [0609152], [1406.4880], [1508.05396], [1610.00342]
tAlso, refer to [1801.05432]
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Pair Production in Confining Groups

Bound particles in confining group described by linear potential

V(r) ~or ~ Ar . (A = confining scale) (2.1)
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SM Quarks vs. BSM Squirks

SM Quark Dynamics

® Light quarks (u, d, s) = pair production = jets.
@

Squirk Dynamics

2 @ L No light squirks = oscillation.
£ o—————o L
[ ® ® ® Radiation sheds energy, angular momentum (¢).
l o0 ® Decays at £ =0.*
o—0

*Shown by [0805.464].
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https://arxiv.org/pdf/0805.464

Simplified Squirk Model
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® Dominant signal (W=, WZ) from electrically charged bound state (¥4).
\

® “Competing” effects: de-excitation — decay or S-decay. w* \
_ a \ o
o7 L5 9= S Wy or Wi — Woff (missing) 12 \22

Squirk Parameters: Total Mass and Mass Splitting

M =mg+mg and A =mg—mg

® Indirect constraints: 4.9 < |A| < [4.9,43] GeV. (We take 0 < A < 40 GeV.)

® [(-decay time-scale

(3.1)
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Branching Ratios
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Bounds from Resonance Searches* at the LHC
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*W~ resonance searches: [1407.8150], [2406.05737]; v+ resonance search: 2102.13405
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A New Search Strategy (Resonance + Displaced Vertex)

on lal Glueball Parameters: Mass and Coupling

W I(QQ/ , ® mgo =~ 6.8\’ from lattice*
g

® ¢, gluon field coupling to Higgs
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*SU(3) glueball spectrum [9901004]. Right image taken from [0911.5616].
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R+DV Simulation Results
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Conclusion

® Squirks have mgz > A’, leading to “quirky” dynamics.
® Mass splitting (A) has large effect on BRs

® Current resonance searches only probe up to A ~ 12 GeV.

» HL-LHC will extend this, but not by much.
» Correlating resonances with DV searches could probe further.

* New electroweak states can be discovered at the LHC!

Ongoing

® Electrically neutral, ¥o.
»> Decays mostly to g’g’.
» Careful treatment* of hidden glue showers.

Thank You.

*New tools for modeling hidden glue showers: [2202.12899] or [2310.13731].
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Indirect Constraints

We can find limits on A using the p parameter
2
myy
PO= —5 5 8.1
mcly b (5.1
which po = 1 for SM alone, but is measured? py = 1.00031 + 0.00019. A squirk doublet contributes

A2 A2\?tanh ! &
1+W_(1_W> — - (8.2)
M

A, - NGrM®
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At 95% CL, we find a limited range® on mass splitting
4.9 GeV < A < 43.0 GeV . (8.3)

Thus, we expect at least a few GeV of splitting between the squirks.

t[Review of Particle Physics]
$The lower limit comes because current measured value deviates from SM-only value by more than 1o%
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Glueball Decay Length
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