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[Philip Tanedo]

The SM EWPT is a cross-over. We'll be interested In first-order PTs of BSM scalars
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Dark Matter

Dark Matter Is

o Stable

e Cold

o Dark

* Not part of the Standard Model
 Abundance known to 2% accuracy

Favoured explanation is a new fundamental particle,
oroduced via thermal freeze-out

However, not discovered yet. Maybe phase transitions explain why?
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Dark Matter: Filtered Dark Matter @

MELBOURNE

1912.02830 - MJB, J. Kopp, A. Long

- ~ . - —
(¢) =0 p. > m () =vg
m, — O ) —_— mln > T

X X— 5 "™

VU, €—
| f)(()ut,qu
Pz <y
X —
} m, Pz

10


https://arxiv.org/abs/1912.02830

Dark Matter: Filtered Dark Matter

Numerically solve Boltzmann equation L{fx] =Clfy]

11



Dark Matter: Filtered Dark Matter

Numerically solve Boltzmann equation L{fx] =Clfy]

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

11



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

11



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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Momentum p, [TeV]
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Dark Matter: Filtered Dark Matter

2112.08987 - MJB, M. Breitbach, J. Kopp, L. Mitthacht, Y. Soreg
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Outline

e Phase lransitions & Primordial Black Hole Production
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Primordial Black Holes

 Motivations
- Remove unwanted monopoles or domain walls

- Seeds for SMBHs or LSS
- Dark matter?

 Production mechanisms
- Density perturbations generated during inflation
- Topological defects
- Scalar condensates
- Collision of bubble walls

 We proposed a new production mechanism based on Filtered DM
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Primordial Black Holes Production @
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Primordial Black Holes Production

2105.07481, 2110.00005 - MJB, M. Breitbach, J. Kopp, L. Mittnacht
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Primordial Black Holes Production

Again numerically solve Boltzmann equation L|f\] = Clfy]

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

e Need to solve in whole volume, not just near wall

20



Primordial Black Holes Production

2110.00005 - MJB, M. Breitbach, J. Kopp, L. Mittnacht

Trapped trajectory
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Primordial Black Holes Production

2110.00005 - MdB, M. Breitbach, J. Kopp, L. Mitthacht
Trapped trajectory
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2110.00005 - MdB, M. Breitbach, J. Kopp, L. Mitthacht

Trapped trajectory
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Primordial Black Holes Production

2105.07481 - MJB, M. Breitbach, J. Kopp, L. Mittnacht
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Conclusions

* Phase transitions can give new production mechanisms of
- Dark Matter
- Primordial Black Holes
 New PBH production mechanism
- Explicit Potentials®?
- Properties of the PBH population®?

- Gravitational Wave Signatures”

Thank you!
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