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DETECTING COMPOSITE DARK SECTORS AND NEW PHYSICS: THE TRIAD

UNDERSTAND FIFTH FORCE TO GUIDE EXPERIMENTAL
DISCOVERY

DARK SECTOR PARTICLES
DIRECT DETECTION THROUGH
PRODUCED AT HIGH-ENERGY DARK AND NUCLEAR FORM
COLLIDERS FACTORS

LIGO (Nobel Prize 2017)




Gravitational waves from vacuum first-order phase transitions
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Phase Transitions (PT) are
everywhere in nature!

They can be cosmological
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https://www.frontiersin.org/articles/10.3389/fspas.2018.00040/full
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Phase Transitions (PT) are
everywhere in nature!

They can be cosmological

Focus on 1st order PTs: the uni-
verse changes from a metastable high energy

(symmetric) phase to a stable lower energy
(broken) phase.
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Gravitational waves from vacuum first-order phase transitions
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Phase Transitions (PT) are
everywhere in nature!

They can be cosmological
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crossover...maybe 1st order at finite density...

too weak...maybe enhanced by non-
perturbative effects

maybe strong 1st order if N is large...




[RHIC]

Dark sector gravitational wave signatures

+Spectrum of GW from a deconfinement 1st order phase transition in the

dark sector
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[P. Schwaller, PRL (115) 181101, 2015]


http://link.aps.org/doi/10.1103/PhysRevLett.115.181101

GRAVITATIONAL WAVES SPECTRUM

4

+ Determined by 3 parameters: 4 f V4

+ 0 — relative energy density in the source (related to latent
heat at the phase transition)

+  — pbubble nucleation rate proportional to inverse time of
the transition (related to tunneling probability between
vacua)

+ | — bubble velocity

+ Plus we need to know the temperature of the phase
transition




[Laermann, Philipsen, Ann, Rev, Nucl. Part. Sci. 53 (2003) 163-198]

Phase Transitions in Strongly-coupled Theories
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[Laermann, Philipsen, Ann, Rev, Nucl. Part. Sci. 53 (2003) 163-198]
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[Laermann, Philipsen, Ann, Rev, Nucl. Part. Sci. 53 (2003) 163-198]
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Results: Pure-Gauge system a - m = o0
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Results:

Pure-Gauge system N, = 8
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Results: Dynamical Fermions ]\9 =4
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Results:

Dynamical Fermions ]\9 = 4
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Conclusions

4+ Composite Dark Matter provides interesting signals for dark matter
searches at colliders and in direct detection experiments

4+ With a 1st order confinement-deconfinement transition, the dark sector can
be discovered and constrained using gravitational waves

4+ Stealth Dark Matter is a SU(4) dark sector model with 4 heavy fermions

4+ Our lattice exploration of the phase diagram shows a thermal phase
transition of 1st order at sufficiently high masses

4+ Using current bounds from experimental searches at colliders and our

spectrum results we can provide a lower bound for the critical temperature
[P. Schwaller, PRL (115) 181101, 2015]
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[LSD collab., Phys. Rev. D92 (2015) 075030]

“Stealth Dark Matter” model 00

¢ The field content of the model Field  |SUMN)p U@L, v  ©

consists in 8 Weyl fermions = Y
~ e
F{ —1/2
e Dark fermions interact with the . (Fé“) X | @o <+1/2>
SM Higgs and obtain current/ ry —-1/2
- F¥ N (1,+1/2) | +1/2
chiral masses F} N | i | i
. F} N (1,+1/2) | +1/2
e [ntroduce vector-like masses for Fd N | 1-1/2) | -1/2
dark fermions that do not break
EW symmetry

LD { yﬁ]fszijFf +yl Fy - HT Y
- yzseijFQiHjF?fz — Yoz b2 - HTFZQ)“ + h.c.

—

e Diagonalizing in the mass
eigenbasis gives 4 Dirac
fermions

L O\ My} FiF] — MY, FYFL + ML FSFY + hec.

N

e Assume custodial SU(2)
Co u o d v o d uo_ Md
symmetry arising when u < d Y14 = Y14 Y23 = Y23 34 34
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