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Is the CDM model sufficient?Λ

• Wht is the true nture of drk energy?

• How cn we explin the Hubble tension (  
discrepncy between Plnck nd SH0ES) nd 
the  tension (  discrepncy between 
Plnck nd low-redshift probes)? 

∼ 5σ

S8 ∼ 2 − 3σ

The concordance CDM model has been 
widely successful in describing our Universe. 
However, pertinent questions remain:

Λ

Context
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• First hypothesised in the 1990s s  solution to the 
coincidence problem (Wetterich 1995,  Amendol 2000) 

• Hs lso shown to be ble to relieve the  tension (Pettorino 

2013, Di Vlentino et l. Review 2020), while still comptible with dt 

• Still ctively studied t the bckground nd perturbtion levels, 
Nbody simultions, sphericl collpse models

H0

Beyond CDMΛ
Quintessence Models: Coupled Dark Energy
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Introducing  coupling between fermionic drk mtter (DM) prticles 
nd drk energy, ssumed to tke on the form of  sclr field ϕ

Coupled Dark Energy 

∇μTϕ
μν = κβTcdm ∇νϕ ; ∇μTcdm

μν = − κβTcdm ∇νϕ

Where the coupling strength prmeter  is  function of 
redshift:  

β

β(z) =
β1 + βn

2
+

1
2

n−1

∑
i=1

(βi+1 − βi) tanh[si(z − zi)]
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Coupled Dark Energy 

5

z = {0,100,1000}



Glxy Clustering nd 
3x2pt very effective t 
constrining coupling 
strength  t low redshifts!β

Constraining tomographic CDE 
with 3x2pt probes

Source: Goh et l. 2023
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• We investigte if  neurl network (NN) is ble to 
differentite between models — CDM nd 
tomogrphic CDE — bsed on dt 

• Generte mock dt to trin our NN, using it on  
smple test set to clssify between both models 

• Using  nd its uncertinty s our observble 
to probe our cosmologicl model

Λ

fσ8(z)

Cn we go beyond Byesin constrints?

Neural Networks as Model 
Classifiers
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• Generte vlues of  for 16 
redshift bins, using the modified 
CLASS code of Goh et l. 2023 
(https://github.com/LisaGoh/CDE) 

• CDM:                 

CDE:       ,                                                          

wwwwll  

• Assume  3-bin prmeteristion 
with  

fσ8(z)

Λ ωm = [0.01,0.7]
ωm = [0.01,0.7]
βi = [0.001,0.5]

z = {0,100,1000}

Generating mock  fσ8(z)
Methodology 
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• Following the redshift distribution, glxy 
bis nd number densities from DESI Bright 
Glxy Survey (BGS), Emission Line 
Glxies (ELG) nd Luminous Red Glxies 
(LRG) (DESI Collbortion et l. 2016) 

• Adding noise: Clculte the Fisher mtrix 
to obtin the covrince mtrix  of  
between redshift bins

Cij fσ8(z)

Simulting Stge IV survey-like specifictions

Source: DESI Collbortion et l. 2016

Methodology 
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Training the NN
Tuning NN Hyperprmeters with Optun

• We use Optun to optimise the 
NN rchitecture: vrying the 
number of hidden lyers, 
nodes, type of optimiser nd 
dropout rte 

• Minimise the loss function 

• Use erly stopping to prevent 
overfitting of the dt
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Training the NN
Accurcy Curves

β3β2β1
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Confusion Mtrices

Results

β3β2β1
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Multiclass Classification 

Generlising between coupling epochs

Cn we differentite between erly nd lte time 
coupling?
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SORT OF!
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• We demonstrte the fesibility of our NN in differentiting between CDM 
nd tomogrphic CDE models, using simulted stge-IV survey dt of  ’s 

• With binry clssifiction, the network performs similrly well regrdless of 
epoch in which coupling is ctivted 

• In multi-clss clssifiction, models with lte-time coupling re most 
ccurtely identified by the NN 

• In light of upcoming surveys like Euclid, which will provide us with  welth 
of spectroscopic clustering dt, NNs could prove  robust cross-check of 
conventionl Byesin methods in constrining beyond- CDM physics 

Λ
fσ8

Λ

Conclusions
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Thank you!
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