Dark Sector Pha,se Tra,n51t10ns
and Dark Ma,tter* Squeezecut

g "
\ &
A g?kg £ '(\,l/%d‘#.

A e

«-?z

-

Lecturer: University of Liverpool

seminar: Physics Department UoL
Liverpool: 24/10/23

Many thanks to my collaborators: Tracy Slatyer, Greg Ridgeway (MIT), Pouya Asadi (Oregon), Eric
Kuflik, Eric D. Kramer (Hebrew U.), Tim Linden, Ariel Goobar, Edward Mortsell (Stockholm U.)


mailto:juri.smirnov@liverpool.ac.uk

Juri Smirnov, juri.smirnov@liverpool.ac.uk;, 24/10/23



mailto:juri.smirnov@liverpool.ac.uk

Matter has structure
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Matter has structure
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Matter has structure
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Matter has structure
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Quantum fluctuations, topological defects
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Confinement and
Stable Bound States
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SU(N)DC X SU(B)C X SU(Z)L X U(].)Y Standard Model of Elementary Particles
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4 gen. veclor
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/ 4 gen. veetor 3
{ like fermions 3%

New Baryon Number ~$ DM candidate

Thermal contact with the SM sector

Redi et al.
arxiv:1503.08749
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T > Ap T < Ap

M Meson

MGluebal

Pure Yang-Mills Phase Transition
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The Freezeout

DM Abundance, zero quark pressure
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Geometric Rearrangement

Nl)(‘ - 3* S)'I)N1 ~ ()43 Sl N[)(‘ - 4. .().])M ~ ()33 .(2 Nl)(‘ = 5. QI)M ~ ()24 _(l

Figure 5: Fxamples of dark condensation for Npc = 3 (left), 4 (middle) and 5 (right). Dark
quarks Q (anti-quarks Q) are denoted as red (blue) dots, placed at random positions. We assume
that each DM particle combines with its dark nearest neighbour, forming either unstable QQ

dark mesons (gray lines) or stable QNP dark baryons (red regions) and QNPC dark anti-baryons
(blue regions).

Dark Matter as a weakly coupled Dark Baryon
A. Mitridate et al. : 1707.05380
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Npc = 3, Qpm ~ 043 () Npc =4, Qpym = 0.33 Q) Npc =5, Qpy =~ 0.24 Q)

Figure 5: Fxamples of dark condensation for Npc = 3 (left), 4 (middle) and 5 (right). Dark
quarks Q (anti-quarks Q) are denoted as red (blue) dots, placed at random positions. We assume
that each DM particle combines with its dark nearest neighbour, forming either unstable QQ

dark mesons (gray lines) or stable QNP dark baryons (red regions) and QNPC dark anti-baryons
(blue regions).

Dark Matter as a weakly coupled Dark Baryon
A. Mitridate et al. : 1707.05380
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Understanding
the Phase Transition
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Bffectively Pure Yang-Mills PT

Lattice Data SU(3) :

e LLatent Heat

L =1413T"

e Surface tension

oc=0.027T7

B. Lucini et al. https://arxiv.org/pdf/hep-1at/0502003.pdf
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Thermodynamic Considerations

Assumptions:

® [.ocal kinetic equilibrium
¢ Homogeneous Pressure (1. order PT)

e Cooling due to Hubble expansion
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Thermodynamic Considerations

Entropy production by bubble
Assumptions:
expansion into supercool phase:

® [.ocal kinetic equilibrium
¢ Homogeneous Pressure (1. order PT)

e Cooling due to Hubble expansion

= AS ~ (0

- pt+ L
T

uw=0=s
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Thermodynamic Considerations

Entropy production by bubble
Assumptions:
expansion into supercool phase:

® [.ocal kinetic equilibrium
¢ Homogeneous Pressure (1. order PT)

e Cooling due to Hubble expansion

= AS ~ (0

Tc T AS = ASp + ASiy,
Supercooling: € = LAV LAV  eLAV

1. 1 1

.
|
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Thermodynamic Considerations II

TSy = (py+ Pr)Vy = (pi + P)V; + TAS
~ (p; + P; + eL)V;
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Thermodynamic Considerations II

TSy = (py+ Pr)Vy = (pi + P)V; + TAS
~ (p; + P; + eL)V;

pi = psm + L
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Thermodynamic Considerations II

TSy = (py+ Pr)Vy = (pi + P)V; + TAS
~ (p; + P; + eL)V;

pi =~ psm + L Pf =~ PSM
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Thermodynamic Considerations II
TSy = (py+ Pr)Vy = (pi + P)V; + TAS

%(ﬂi‘|—P7;—|—EL>V;

~U \Y/I Lattice Study:
IOZ ~ /OSM —|— L pf ~ pSM P > /OS L.Guisti,?\/I.Pepe PYM << IOYM

3 1612.00:65
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Thermodynamic Considerations II
TSy = (py+ Pr)Vy = (pi + P)V; + TAS
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Thermodynamic Considerations II
TSy = (py+ Pr)Vy = (pi + P)V; + TAS
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Thermodynamic Considerations III

Bubble Wall Velocity:

oA
Uwall < "
PT
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Thermodynamic Considerations III

Bubble Wall Velocity:

oA
Uwall < "
PT

o [ Mp 23
P\ 104 T.

VU wall < 1077

2203.15813: Pouya Asadi, Eric D. Kraemer,
Eric Kuflik, Tracy Slatyer, JS
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Simulating the Phase Transition I

Phase Conversion vs. Time

= = = —
o~ = 00 -

Confined Phase Fraction, x
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Simulating the Phase Transition II

0.000 0.001 0.002 0.003 0.004 0.005
Time, t [1/H]
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Phase Transitions in the la,b QUE ST DMC

WP2: Phase transitions in extreme matter Prof Mark Hmdmarsh

* Engineer phase transitions between superfluid 3He phases of distinct symmetry (a bulk
bubble away from walls, under nanoscale confinement)

 Quantum sensors to probe the nucleation and dynamics of transition, control the free energy
landscape with tuning parameters.

- Onfmed helium Bull- el Confined helium-3

200 nm high slab) (Fill fine)

Sulk helum

SHhicon

5
84
@ 3
-
2 2
Q
x 1

svalters

,OO

0.5 : : : : :
Temperature [mK] Temperature [mK]

Phase Diagram of the Topological
Superfluid “He Confined in a
Nanoscale Slab Geometry

L. V. Levitin,* R. G. Bennett,’* A. Casey,’ B. Cowan, ]. Saunders,’t D. Drung,?
Th. Schurig,? ]. M. Parpia’

QUEST QUEST

DMC Quantum Enhanced Superfluid Technologies for Dark Matter and Cosmology DMC
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102 10° 104

Reichert et al. arXiv:2211.08877
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Wall Velocity

Gravitational Wave Sensitivity

Challenging,
unless
alternative GW
production

Reichert et al. arXiv:2211.08877
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U Uy Uy

The Confined Phase The Deconfined Phase The Confined Phase The Deconfined Phase The Confined Phase The Deconfined Phase
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Simulating the Phase Transition III

~
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The Dark Baryon Squeezeout

Credit: Eric Kuflik
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The Dark Baryon Squeezeout

Credit: Eric Kuflik
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Local Boltzmann Evolution

Evolution of Abundances
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arxiv:2103.09822: Pouya Asadi, Greg Ridgway,
Eric D. Kraemer, Eric Kuilik, Tracy Slatyer, JS

Juri Smirnov, juri.smirnov@liverpool.ac.uk;, 24/10/23

PHYSICAL
REVIEW
| _ETTERS

hed week ending 19 NOVEMBER 2()2 1

Published by A
American Physical Society %E«S_/ Volume 127, Number 21
- physics



mailto:juri.smirnov@liverpool.ac.uk

Juri Smirnov, juri.smirnov@liverpool.ac.uk;, 24/10/23



mailto:juri.smirnov@liverpool.ac.uk

Result for Rello Abunda,nce

Rehc Abundance

100
Confinement Scale, A|TeV]
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10 Space

Dark Matter Production Scenar
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Generic Feature: Residual Interactions
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Generic Feature: Residual Interactions
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Generic Feature: Residual Interactions
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The Glueball Spectrum

J. Junkevich et al. : 0903.0883
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Glueball Decay Channels
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Glueball Decay Diagram
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Number Density of Glueballs

TGB — n?, (0aBY)

(oqpv) ~ 1/T7 exp [—2mgp/T,]
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Number Density of Glueballs II

- Ml 0.2
nagg ~ 2 - 10 6T§<Tf)
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