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Unstable DM Bound States
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WIMP Freezeout
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Application I: EW Annihilation 
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Boltzmann Equations with Bound States



Juri Smirnov, OSU: smirnov.9@osu.edu;   IPMU, 17/06/21

1

�

dY I
B

dz
=

h�vreliBSF

z2

 
Y 2
DM � Y I

B

Y 2
eq.

Y eq.
B

!
� �I

B (YB � Y eq.
B ) + decay of excited states.

<latexit sha1_base64="T5dXT5JR8x9HhSe20Tt3Qy5Hko0="></latexit><latexit sha1_base64="T5dXT5JR8x9HhSe20Tt3Qy5Hko0="></latexit><latexit sha1_base64="T5dXT5JR8x9HhSe20Tt3Qy5Hko0="></latexit><latexit sha1_base64="T5dXT5JR8x9HhSe20Tt3Qy5Hko0="></latexit>

1

�

dYDM

dz
= �h�vreliann

z2
�
Y 2
DM � Y 2

eq.

�
�
X

I

h�vreliBSF

z2

 
Y 2
DM � Y I

B

Y 2
eq.

Y eq.
B

!

<latexit sha1_base64="grURf2DEPxesz973I/BlqJsiniU="></latexit><latexit sha1_base64="grURf2DEPxesz973I/BlqJsiniU="></latexit><latexit sha1_base64="grURf2DEPxesz973I/BlqJsiniU="></latexit><latexit sha1_base64="grURf2DEPxesz973I/BlqJsiniU="></latexit>

h�vibsf BR(B ! SM)

��� ���

���

� = �χ/�

��
(�
�
)

������� ������ �χ = �� ���� ������� �������������

��(�)� ������

���

���

���

���

���

���

���

���

���

8

Boltzmann Equations with Bound States
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Effect on the Freezeout
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Electroweak Dark Matter

A. Mitridate, M. Redi, A. Strumia, and J. Smirnov:  arXiv: 1702.01141
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Conservation of Probability
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Warning: At large 
coupling values, 

higher orders  
need to be 
considered 

 for partial wave 
selection 

(�v rel)e↵ = (�vrel)ann+
X

I
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J. S., J. Beacom 
arXiv: 1904.11503

Effective Representation 
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New Cherenkov Detectors

In Ice

In Air
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Example: Sensitivity to Heavy Dark Matter
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Application II: 
Annihilation with Color-charged  

Partners
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Co-Annihilation
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Bound-state Effects for Color-charged Relics

Singlet with SU(3) Triplet scalar 
(Bino/Squark)

Singlet with SU(3) Qctet fermion 
(Bino/Gluino)
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QCD Effects for Color-charged Relics
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Co-Annihilation: Results

Singlet with SU(3) Triplet scalar 
(Bino/Squark)

Singlet with SU(3) Qctet fermion 
(Bino/Gluino)



Juri Smirnov, OSU: smirnov.9@osu.edu;   IPMU, 17/06/21 24

Co-Annihilation: Results

Singlet with SU(3) Triplet scalar 
(Bino/Squark)
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Application III: 
Long Lived Color Charged Relics
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The Gluino freezeout 
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Bounds on split SUSY
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Asimina Arvanitaki et al.  
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C. Groß, …, J.S 
arXiv: 1811.08418
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Bounds on split SUSY
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Summary

 Bound-state formation has an increasing effect for larger 
EW representations  

 It needs to be taken into account for the estimate of the 
unitarity bound 

 Co-annihilation with color-charged partners is strongly 
affected by bound-state formation, in particular at small 
mass splitting 

 The andante of long lived color charged relic is severely 
affected by bound-state formation and non-perturbative 
QCD contributions
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Thanks!
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Backup
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Application IV: 
Unitarity Bound for  

Extended Objects



Juri Smirnov, CCAPP @ OSU

Why are Atoms big?
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Lower Bound from Unitarity 

RDM > 7.5 10-7 fm = 1.7 PeV-1  
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`classX

`=0

4⇡(2 `+ 1)

p2DM

⇡ 4⇡R2
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Limit is mass independent 
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The Annihilation Process
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Dark Quarkonium Potential 
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The Effective Cross Section 
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Composite DM Mass-Size Bounds
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Details Bound State Formation
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Non perturbative Effects

MV < ↵e↵ M�

RBohr < RYukawa

V (r) = �↵e↵
e�MV r

r
⇡ �↵e↵

✓
1

r
�MV
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Sommerfeld Effect

Example SU(2):
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Bound State Selection Rules

The Group theory structure 

The wave function symmetry 

Angular momentum conservation ΔL = 1 

Energy conservation
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Bound State Selection Rules

Example SU(2):

Note that effective potential changes!
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Bound State Selection Rules

The Group theory structure 

The wave function symmetry 

Angular momentum conservation ΔL = 1 

Energy conservation
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Bound State Selection Rules 
wave function: antisymmetric

Example SU(2):

Spin parity: 

Space parity:  

Isospin parity:
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Bound State Selection Rules

The Group theory structure 

The wave function symmetry 

Angular momentum conservation ΔL = 1 

Energy conservation p       s  
 s       p ; d       p
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Binding Energy
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Bound State Selection Rules

The Group theory structure 

The wave function symmetry 

Angular momentum conservation ΔL = 1 

Energy conservation

What happens to the Wimponium?
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Bound states with: 

The fate of the Bound State

spin = 1

Bound states with:  
dominantly decay 

` = 0

spin =0

` > 0

�ann / ↵7
e↵M�

�ann / ↵5
e↵M�
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Details Weak Dark Matter 
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Example SU(2):
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Sommerfeld
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Example SU(2):

Note that effective potential changes!
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