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[Planck coll.; Astron.Astrophys. 594; 2016]

[Freese; EAS Publ.Ser. 36; 2009]

http://www.illustris-project.org/media/ 

Gravitational evidence at various 
scales is overwhelming.

More details: 
Kenny CY Ng


Tuesday, 9:00 am 
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Limits for DM Annihilation
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Thermal annihilation  
cross section

[Balan, MK, et al.  2023]

for  annihilationbb̄
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pbarlike
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• Neural Network predicting 
CR signals


• Wide range of propagation 
parameters/models


• Likelihood of AMS-02 data


• Correlation,  cross 
section uncertainties, 
marginalization over 
propagation 


• Global fits of DM models 
including pbarlike

p̄

Limits for DM Annihilation

4

pbarlike

for  annihilationbb̄
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Limits for DM Annihilation

4

pbarlike

for  annihilationbb̄

Expert: Kathrin NippelExpert: Kathrin Nippel

Expert: Sowmiya Balan

Deriving the limit takes ~ 60 cpu-hours. 

Speed-up of !𝓞(100)
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Two Distinct CR Propagation Models

7

DIFF.BRK                          INJ.BRK

CR propagation is described by diffusion equations. 
We use the GALPROP code to solve them.
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Secondary CR Antiprotons
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More details: 
Zhicheng Tang


Monday, 15:10 am 
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1. Parameter scan with  likelihood evaluations 
using GALPROP

𝓞(106)
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1. Parameter scan with  likelihood evaluations 
using GALPROP
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2. Marginalization over CR parameters 
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1. Parameter scan with  likelihood evaluations 
using GALPROP

𝓞(106)

2. Marginalization over CR parameters 

3. Derivation of the DM limit
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1. Parameter scan with  likelihood evaluations 
using GALPROP

𝓞(106)

2. Marginalization over CR parameters 

3. Derivation of the DM limit

Deriving the limit for one DM model 
 takes ~50 000 cpu-hours.
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Importance Sampling
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Ñ

N

∑
i=1ℒ(θ)

ℒ(θ, x)
ℒ(θi)

ℒ(θi, x)
ℒ(x) = ∫ dθ ℒ(θ, x)π(θ)



Michael Korsmeier - 2023/09/12

Importance Sampling

12

 
   Likelihood without DM signal 

   Likelihood with DM signal 
     Prior CR propagation


, , ,  , ,  
  




 


ℒ(θ)
ℒ(θ, x)
π(θ) = π(θ)

θ = {γ1,p, γ1,He, γ2,p, γ2,He, R0, s D0, δ vA v0,c zh φ, φp̄}
x = {mDM, ⟨σv⟩gg, ⟨σv⟩qq̄, ⟨σv⟩cc̄, ⟨σv⟩bb̄, ⟨σv⟩tt̄, ⟨σv⟩hh, ⟨σv⟩WW, ⟨σv⟩ZZ}

{θi} ∼ ℒ(θ)π(θ)

ℒ(x) = ∫ dθ ℒ(θ)π(θ) ≈
1
Ñ
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Dark Ray Net
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Training Data:  
Chain of a  
MultiNest fit  

RNNs efficiently learn 
smooth spectra

               ϕ̃s(E) = log10(E2.7ϕ(E)) ϕ̃DM(x) = log10(m3
DMxϕ(E))
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Performance of Dark Ray Net

14

Uncertainties from the NN prediction are almost negligible 
compared to AMS-02 measurement uncertainties. 
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Application: Scalar Singlet DM
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After EW symmetry breaking:  
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pbarlike

Fast DM Limits from CR 
antiprotons

State of the art propagation and 
uncertainty treatment
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