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Model Building

1. Spontaneously broken conformal symmetry f, A
2. GeV-scale dynamics / phase transition

® [reeze-outvia

{ov(g — SM)) ~ m2 /A < obs.

{ov(¢d — 00)) ~m2 [ fre /T

“forbidden” ~ obs.?
(mg < myg)

e Provides 5d explanation for (’)(ma) ~ C’)(m¢) !

Ruderman et al, 1505.07107
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Forbidden DM

e Dilaton interactions come from Goldberger-Wise stabilization
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® These interactions are used to calculate Relic Abundance!
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Conformal Phase Transition
e Deconfined — Confined ... @ critical temperature TC ~ mgf

e PT Completion: I' > H* = T, (<T)

e Gravitational Waves:
o Frequency

o  Amplitude . 4
energy released during PT Tc

OGy ™ — ~ > 1
energy of radiation bath T4
n

Caprini et al, 1512.06239 32




Dilaton Phenomenology

Dilaton coupling to fermions = Higgs couplings, scaled by K =
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Dilaton Phenomenology

Dilaton coupling to fermions = Higgs couplings, scaled by K =
Theoretical Bounds

o Dilaton EFT — m, <4xnf

o PT Completion— T > H*

o Thermalization—- T', > H
Experimental Bounds

o Cosmological bounds on late decays
o Supernovae cooling

o CHARM beam dump experiment
NANOGrav prediction

o Frequency Bgw/H <27

o Amplitude Tg € (0.017,3.3) GeV

vf

A
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Dilaton Phenomenology
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DM Phenomenology

me

Mass splitting defined by A = ... "how ‘forbidden’ the DM is”
Other experimental constraints:
o Merging Galaxy Clusters (Self-Interactions 0 ST)

o Direct Detection Constraints (DM-Nucleon O¢N )

36
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DM Phenomenology
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Conclusion

Stochastic GWs can provide a new probe of DM models or other new
physics scenarios.

Forbidden conformal DM at a GeV is a natural hypothesis for the NANOGrav
signal
o Even outside of NANOGrav, provides a viable DM candidate

Future:

o Consider entire frequency spectrum and compare to data, SMBHBs

o Consider secluded case -- (BHs can open channels for d-wave DM... )
o Consider non-minimal scenarios

o Wait eagerly for more data !
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Backup — nanograv bounds

Tp ~ T,
B/H = (8m)'/* /(H,R,)
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Backup — dilaton couplings to trace anomaly

Be(e)

Aza/f 2e3 Fre ﬁ?é(g%S) (Ga T Z W‘W
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Backup — detailed result for Relic Abundance approx

97T(f/m¢)4m92b 62Amf
(20 TeV)2 ’

2(14+ A)* o et
ga(zy) = S, 5 | L— 2Aacfe2Amf / dt=—
VA2 + A) (1 —4A — 2A2) 2z

Q¢h2 ~ 0.1ga(x¢)

-
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Backup - thick wall approx




Backup — model details

3N2 X4—|—a'
Viy) = At + A
(X) 2 X T AGW R_a-
3 5 1/
=1 (525
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Backup — additional constraints

DM annihilation to SM through dilaton portal
o Cross section below constraints on EM energy injection in early universe
o Can get a Sommerfeld enhancement, ends up being too small

Higgs = invisible decays into KK modes

Can estimate

4
D(h — invisible) ~ 2 (£) " < 0.1
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Relic Abundance A = (m, —my)/my
r=mgy/T
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Relic Abundance
e Setby ¢ — oo

Qh? ~
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Relic Abundance
e Setby ¢o¢p — o0

Qh?

A = (mg —mg)/mg
r=mgy/T
(20 TeV)_
> > _________ ! len) 6—2A.’B

o Numerics: m1CcrOMEGAS

Belanger et al, 1005.4133
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Conformal Phase Transition

Deconfined — Confined
PT Completion:

... @ critical temperature T, ~

I > H?

Harling et al, 171111554
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Conformal Phase Transition

e Deconfined — Confined ... @ critical temperature T, ~
e PT Completion:
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DM Candidates “What the hell is going on” — Nima 2017

e WIMPs facing increasing experimental pressure ... exciting time for other scales !
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DM Candidates “What the hell is going on” — Nima 2017

e WIMPs facing increasing experimental pressure ... exciting time for other scales !

zeV aeV feV peV neV peV meV eV keV MeV GeV TeV PevV 30Mg
| | | | | | | | 5 . |
<
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> €
QCD Axion WIMPs
<€ . > €—— > -
Ultralight Dark Matter Hidden Sector Dark Matter Black Holes
> <€
Pre-Inflationary Axion Hidden Thermal Relics / WIMPless DM
> <€ >
Post-Inflationary Axion Asymmetric DM
<€ >
Freeze-In DM
>
SIMPs / ELDERS

e Dark sector w/ spontaneously broken conformal symmetry
e (GeV-scale phase transition

Asai and Carena DM-DS Summary 54
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DM Phenomenology
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Relic Abundance
e Setby ¢o¢p — o0

o Numerics: m1CcrOMEGAS

Belanger et al, 1005.4133
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Relic Abundance
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