
Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22 1

Dark Matter Bound 
States  

Juri Smirnov

CERN BSM Forum Seminar 
Wien: 19/07/22

Research Fellow: Stockholm University 

Many thanks to my collaborators: John Beacom (OSU), Tracy Slatyer, Pouya Asadi, Greg 
Ridgeway (MIT), Eric Kuflik, Eric D. Kramer (Hebrew U.), Rebecca Leane (SLAC)

mailto:juri.smirnov@fysik.su.se


Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22

Dark Matter is a New Particle

2

Not MOND:

Not light Neutrinos:

(CMB)                        (BBN, CMB) 
Not ordinary Matter: ⌦DM >> ⌦Baryons

⌦⌫ ⇡ 0.02
⇣m⌫

eV

⌘
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Freeze-out and   
Un-stable Bound States
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Cartoon Overview of Approach

D
ar
k
M
at
te
r
A
n
n
ih
il
at
io
n
h�
v r

el
.i

Dark Matter Mass

mailto:juri.smirnov@fysik.su.se


Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22 6

Cartoon Overview of Approach
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Process Diagram Cross- 
Section area
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Effect on the Freezeout
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J. Smirnov, J. F. Beacom 
1904.11503 

S. Bottaro et al. 
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Electroweak Dark Matter
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Example: DM Spectroscopy (SU(2) 5-plet)
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Example: Sensitivity to Heavy Dark Matter
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Phase Transitions and  
Stable Bound States
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Beyond QCD
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Dark Matter stability

SU(N)DC ⇥ SU(3)c ⇥ U(1)em
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Dark Matter stability

New Baryon Number       DM candidate
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Dark Matter stability

New Baryon Number       DM candidate

SU(N)DC ⇥ SU(3)c ⇥ U(1)em

Thermal contact with the SM sector

SU(N)DC ⇥ SU(3)c ⇥ SU(2)L ⇥ U(1)Y
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The Relic Abundance
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Freeze-out & Confinement
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First Idea: Geometrical Confinement

Dark Matter as a weakly coupled Dark Baryon
A. Mitridate et al. : 1707.05380
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Second Thought: Details of 1. Oder PT
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The Confined Phase The Deconfined Phase
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Dynamical Confinement

2103.09822: Pouya Asadi, Greg Ridgway (MIT), Eric D. Kraemer, 
Eric Kuflik (Hebrew University), Tracy Slatyer (MIT), JS 
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Dynamics of the Phase Transition I 
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Minimal Abundance and Asymmetry
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Weakly or Rarely? 
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Generic Feature: Residual Interactions 

M. Digmann et al. 1907.10618
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Generic Feature: Residual Interactions 

EW Loops
M. Digmann et al. 1907.10618
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Generic Feature: Residual Interactions 

Higgs

EW Loops
M. Digmann et al. 1907.10618
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Generic Feature: Residual Interactions 

Z Boson

Higgs

EW Loops
M. Digmann et al. 1907.10618
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Generic Feature: Residual Interactions 

Nuclear

Z Boson

Higgs

EW Loops
M. Digmann et al. 1907.10618
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Generic Feature: Residual Interactions 
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New Search Directions

Coincidence Detection:

DM heating Signals:

DM Long-Lived Mediators:

White Dwarf Ignition:

2008.10646, 
2203.02309

1808.05624

2010.00015

1805.07381 
+ In preparation
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Thanks!
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QCD Example
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(SU(3)c, SU(2)L, U(1)Y )

Q = (3, 1, 0)

Q = (3, N, Y )

Q = (8, 1, 0) Qg

Qqq e = 4/3 or e = �2/3 or e = �1/3

Color-Charged Dark Matter Model

mailto:juri.smirnov@fysik.su.se


Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22 32

(SU(3)c, SU(2)L, U(1)Y )

Q = (3, 1, 0)

Q = (3, N, Y )

Q = (8, 1, 0) Qg

Qqq e = 4/3 or e = �2/3 or e = �1/3

Color-Charged Dark Matter Model

mailto:juri.smirnov@fysik.su.se


Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22 32

(SU(3)c, SU(2)L, U(1)Y )

Q = (3, 1, 0)

Q = (3, N, Y )

Q = (8, 1, 0) Qg

Qqq e = 4/3 or e = �2/3 or e = �1/3

Color-Charged Dark Matter Model

mailto:juri.smirnov@fysik.su.se


Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22 32

(SU(3)c, SU(2)L, U(1)Y )

Q = (3, 1, 0)

Q = (3, N, Y )

Q = (8, 1, 0) Qg

Qqq e = 4/3 or e = �2/3 or e = �1/3

Color-Charged Dark Matter Model

mailto:juri.smirnov@fysik.su.se


Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22 33

�
� �

��� ��

���� ≈
�

α� ��

������� ������� ≈ α����

�� ���������

������� � �

���� ≈
�

Λ���
������� ������ ≈ Λ���

���������

Idea: Chromocatalysis

mailto:juri.smirnov@fysik.su.se


Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22 33

�
� �

��� ��

���� ≈
�

α� ��

������� ������� ≈ α����

�� ���������

������� � �

���� ≈
�

Λ���
������� ������ ≈ Λ���

���������

Idea: Chromocatalysis

mailto:juri.smirnov@fysik.su.se


Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22 34

��

���
�� = ��� ���

α��� = �

σ��� = �π/Λ����

���������� ���������� ������������

��� ��� ��� ��� ��� ���
��-��
��-��
��-��
��-��
��-��
��-��
��-�

��-���-�������������

��-��
��-�
��-�
��-�
���
���

� = ��/�

�
��
��
��
��
��
��
��
��

=
�/
�

����������� � �� ���

�
��
��
��
��
��
��

Ω
��

Chromo-catalysis in Cosmology

arXiv: 1801.01135, 1811.08418
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Open Question: 
Nuclear Binding  
of Isospin = 0 ?
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Large Scattering Cross Sections

2008.10646: C. Cappiello, J.I. Collar, J. F. Beacom
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See also: A Next-Generation Liquid Xenon Observatory for Dark Matter and Neutrino Physics 
https://arxiv.org/pdf/2203.02309.pdf
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Large Scattering Cross Sections

2008.10646: C. Cappiello, J.I. Collar, J. F. Beacom
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Accumulation/Annihilation
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The Earth Heat Flow

J. Beacom et al. 2007

 τGB < 0. 01 s
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Stuff in Space

M =  MSol M = 1.4  MSol

M = 10-3  MSolM = 10-1 -10-2 MSolM > few MSol
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Stuff in Space

M =  MSol M = 1.4  MSol

M = 10-3  MSolM = 10-1 -10-2 MSolM > few MSol

 τGB < 0. 2 s

mailto:juri.smirnov@fysik.su.se


Juri Smirnov,  juri.smirnov@fysik.su.se; Wien, 19/07/22 41

Glueball Lifetimes

2022: Asadi, Kraemer,  
Kuflik, Slatyer, Smirnov

τGB > 0.01 s 

τGB > 1 s 
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Temperature Evolution
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Work in progress: M. Benito (NICPB), R. K. Leane (Stanford), J. Smirnov
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What can we expect?

arXiv: 2010.00015; R. K. Leane (Stanford), J. Smirnov
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