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From Wikipedia, the free encyclopedia

A cosmological phase transition is an overall change in the state of matter across the whole universe.
The success of the Big Bang model led researchers to conjecture possible cosmological phase transitions
taking place in the very early universe, at a time when it was much hotter and denser than today. ']

Any cosmological phase transition may have left signals which are observable today, even if it took place
in the first moments after the Big Bang, when the universe was opaque to light.!*!
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Cosmological Phase Transitions
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https://arxiv.org/abs/hep-ph/0609145

Cosmological Phase Transitions

Second-Order Phase Transition
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First-Order Phase Transition

[2011.04265]



https://arxiv.org/abs/2011.04265
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Cosmological Phase Transitions
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https://vimeo.com/255031420 - Cosmic Defects - Gravitational waves from a cosmological vacuum phase transition - scalar field value
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Cosmological Phase Transitions
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Cosmological Phase Transitions

Cause

e Scalar vev
- EWPT
- MSSM
- THDM
L New. ight scalars
Dark sectors

e Confinement
- QCD
- Composite Higgs
- Dark sectors,...

Calculation

Temperature
Latent heat release
Bubble nucleation
rate

Bubble wall speed

Finite T
approximations
Lattice computations
Wall speea

Gauge invariance,...
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Effect

EW baryogenesis

‘Gravitational waves
‘Dark matter |}

| production .

. PBH production |
‘Primordial magnetic

flelds
Topological
defects,...



Cosmological Phase Transitions

Evidence:

We have no direct evidence for the electroweak, QCD or any BSM phase transitions

Theoretical expectation that the electroweak and QCD phase transitions occurred

NANOGrav has
detected a stochastic
gravitational wave
background,

which could come from
many possible sources
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https://arxiv.org/abs/2306.09411

Cosmological Phase Transitions

But different origins have different signals, and
upcoming and proposed experiments will probe a wide variety of possibilities
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first-order EW
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[CERN Courier]
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https://cerncourier.com/a/electroweak-baryogenesis/

Filtered Dark Matter

14



Filtered Dark Matter: Dark Matter

Dark Matter Is

Stable
Cold
Dark

Not part of the Standard Model
Abundance known to 2% accuracy
- DM density ~ 5 x baryonic density

Non-gravitational DM-SM interaction”

NO

l

DEAD
END
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Filtered Dark Matter: Why new DM production mechanisms?

 Favoured production mechanism (thermal freeze-out)
has not been seen, despite massive effort with DD, [D and colliders

e (Griest-Kamionkowski bound

1
(o)

1

47
2
mDM Urel

 We present a new mechanism which has a large viable
parameter space and goes beyond the GK bound

D.W.
Qpph? > s mpy < 300 TeV
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Filtered Dark Matter: Toy Model

1912.02830 (PRL) - MJB, J. Kopp, A. Long
2112.08987 (JHEP) - MJB, M. Breitbach, J. Kopp, L. Mittnacht, Y. Soreq

LD —ydxx — B¢ H H — V()

Assume potential gives first-order phase transition
with large order parameter (¢) = T

_ PT _ _
— Uy PXX — — Yy (P)XX = —My XX
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https://arxiv.org/abs/1912.02830
https://doi.org/10.1103/PhysRevLett.125.151102
https://arxiv.org/abs/2112.08987
https://doi.org/10.1007/JHEP08(2022)010

Filtered Dark Matter: Cartoon

In massless phase, DM in thermal equilibrium, orders of magnitude too much DM

Only high momentum DM pass through bubble wall and survive, reduces abundance
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Dark Matter: Filtered Dark Matter

Numerically solve Boltzmann equation L{fx] =Clfy]

Introduce ansatz fx = A(z,pz) x fLUZ,P)

Integrate over unimportant variables and ; /dpxdpyL[f | =g /dpxdpyC[f |
assume steady state Y)o@m2 Y T (2m)2 T

Can finally solve using the Method of Characteristics
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Filtered Dark Matter: Numerical Calculation
60

Momentum p, [TeV]
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Filtered Dark Matter: Parameter Space and Constraints
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Filtered Baryogenesis

False vacuum True vacuum
’U¢ — 0
my ~ 0

3
Ny ~ 13, _
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Filtered Baryogenesis
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Primordial Black Hole Production
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LIGO, NSF, Illusﬁ‘atlon A. Slmonnet (SSU)
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Event Horizon Telescope Collaboration



PBH Production: Primordial Black Holes

* Motivations
- Many, some at end of this section

o Several possible production mechanisms
- Collapse of density perturbations generated during inflation
- Collapse of topological defects
- Dynamics of scalar condensates
- Collision of bubble walls during a first-order PT

* Previous work on first-order PT has only considered
energy stored in bubble walls. We focus on a
population of particles that interact with the bubble wall
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PBH Production: Cartoon

2105.07481 (PLB) - MJB, M. Breitbach, J. Kopp, L. Mitthacht
2110.00005 (PRD) - MJB, M. Breitbach, J. Kopp, L. Mitthacht
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https://arxiv.org/abs/2105.07481
https://www.sciencedirect.com/science/article/pii/S0370269325003867?via=ihub
https://arxiv.org/abs/2110.00005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.063544

PBH Production: Cartoon
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Primordial Black Holes Production

Again numerically solve Boltzmann equation L{fy] = Clfx]

Now considerably more complicated:
e Retain two momentum directions
e [Ime dependence

e Need to solve in whole volume, not just near
wall
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PBH Production
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PBH Production: PBH mass and density
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Conclusions

* First-order cosmological phase transitions are more-or-
less calculable and can lead to a wide range of
Interesting phenomena

 Presented a novel DM production mechanism

 Presented a novel PBH production mechanism

Thank you!
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