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Dark Sectors

DARK SECTOR
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SM
SM
X SM SM SM
Coannihilation Coscattering Decays
Phys. Rev. D 43, 3191 SciPost Phys. 13, 124
Griest, Seckel Alguero, Belanger, Kraml, Pukhov
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Notions of equilibrium

Chemical Equilibrium
Maintained through scattering between j and k
Kinetic Equilibrium

Maintained through scattering off SM particles.
Phase space distribution follows SM
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Singlet Doublet Model
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Mass spectrum and vertices
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arXiv:2505.11607
Bhattiprolu, Petrosky, Pierce
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Early universe story
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How to test the model

13.6 TeV LHC
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Goal of this work

« Study the Singlet Doublet Model infout of chemical and kinetic
equilibrium

« Explore the parameter space My, Mp, y,, Yy, and determine
what mechanisms are dominant in determining the relic

abundance
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Boltzmann equation

Chemical equilibrium between sector 1 and sector 2

ay

= g o) (Y7 - Y )

- Hzx

(0Ver) = (0V2200)

eq2
Y2
Y eq2

Y=Y1+Y,

Chemical equilibrium loss
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Results(1)

yg/yl = 0.5

Excluded by Direct Detection Borders of these regions shift
10-2 1 B downwards (upwards) when y, /y,
approaches 1 (-1)

Coannihilation Shapes of curves are roughly

107 3 Chemical ilibri .
betivrgg;:see?;(;snum independent of y,/y,
510‘5 E *

* m, M, y;,y, =(300,316.7,1e-5,5¢-6)
* m, M, y;, v, =(300,305,6e-8,3¢-8)

Coscattering

Chemical equilibrium loss Preliminary results suggest that kinetic

*

Preliminary
Bhattiprolu, Petrosky, Pierce, AT
(to appear)

W equilibrium effects are small
107 Overabundance
10? 2 x 102 3% 102 4 x 102  6x102 - 103
M,

Takla 11

" FOR THEORETICAL PHYSICS

@ THE LEINWEBER INSTITUTES




Results(1)
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yg/yl = 0.5

Excluded by Direct Detection Borders of these regions shift
10-2 1 B downwards (upwards) when y, /y,
approaches 1 (-1)

Coannihilation Shapes of curves are roughly

107 3 Chemical ilibri .
betivrgg;:see?;(;snum independent of y,/y,
510‘5 E *

* m, M, y;,y, =(300,316.7,1e-5,5¢-6)
* m, M, y;, v, =(300,305,6e-8,3¢-8)

Coscattering

Chemical equilibrium loss Preliminary results suggest that kinetic

*

Preliminary
Bhattiprolu, Petrosky, Pierce, AT
(to appear)

W equilibrium effects are small
107 Overabundance
10? 2 x 102 3% 102 4 x 102  6x102 - 103
M,

Takla 13

" FOR THEORETICAL PHYSICS

@ THE LEINWEBER INSTITUTES




Results(2)

* m, M, y,,y, =(300,316.7,1e-5,5¢-6)
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Results(3)
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Future Work

* Generalize our code as a tool for studying dark sectors outside
of chemical and kinetic equilibrium

* Probe the freeze-in/superWIMP regime of the Singlet Doublet
Model

JHEP 03 (2010) 080

Hall, Jedamzikb ,March-Russellc, West
Phys. Rev. D 98, 095031 (2018)
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