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About Cosmological Parameter
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N – point Correlation Function

2pcf

3pcf

Reason why : universe is not Gaussian random
 Nonlinear structure formation

Detect the non – gaussianity of distribution 
can’t be captured by 2pcf

https://www.youtube.com/watch?v=jpXuYc-wzk4&t=1s

(Liguori et al., 
2010) 
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Isotropic Anisotropic

2pcf
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ex. 2pcf
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Npcf Result

Calculate
2pcf
3pcf
MGS

Data : MG - PICOLA

Data

1

MG – PICOLA – PUBLIC by HAWinther

Particle – Mesh N – body simulation
 Box size : 1 Gpc/h
 Run down to z = 0.700
 FoF halo – finder

1000 different cosmology
100 single cosmology



Data : Mulguisin

Npcf Result

Calculate
2pcf
3pcf
MGS
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MGS Mulguisin by Young Ju, Inkyu Park



Data : Mulguisin

Npcf Result

Calculate
2pcf
3pcf
MGS

1

MGS Mulguisin by Young Ju, Inkyu Park

1. Find highest local number 
density, give network seed

2. Find second highest density, 
decide it becomes the network 
or separated one

3. Decision is made by linking 
length



Calculate Npcf

Npcf Result

Calculate
2pcf
3pcf
MGS
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2pcf

ISO ANISO
R 

[Mpc] 180 180

Bins 36 360

3pcf

ISO ANISO
R 

[Mpc] 100 100

Bins 1540 15400

PICOLA 

Original DM halo distribution



Calculate Npcf

Npcf Result

Calculate
2pcf
3pcf
MGS

1

2pcf

ISO ANISO
R 

[Mpc] 180 180

Bins 36 360

3pcf

ISO ANISO
R 

[Mpc] 100 100

Bins 1540 15400

PICOLA 

MGS 

Original DM halo distribution

Mother galaxy distribution of 
clusters from PICOLA halo



Regressor

Put the result 
into machine 

learning regres-
sor

Learning Structure

Npcf Significance 
cut

Parameter Estimation

Covariance Ma-
trix

Estimation

… … …

Pre - processingData Training Estimation

2

…



Estimation

Cosmological 
parameter esti-

mation

Estimation Range

3
0.25 ~ 0.4

0.75 ~ 0.85
-1.3 ~ -0.7
0.9 ~ 1.0
0.6 ~ 0.8

0.3136
0.7814
-1.0039
0.9418
0.7103

1000
Different Cosmology

100
Single Cosmology



Compare the 
contours of 

each parameters 
and Npcfs

Contour

Result

4

2pcf 2pcf+3pcfvs
.

Q. Do we need 
higher order clus-
tering statistics?

A. Yes, it helps parameter 
contours more constrained 
than 2pcf



Compare the 
contours of 

each parameters 
and Npcfs

Contour

Result

4

Original Original+MGSvs
.

Q. Do MGS Npcfs  
have cosmological 
information?

A. Yes, and it does help con-
strain parameter contours.



Summary

1. LSS has cosmological informations in it and N point correlation function is 
the common way to investigate them.

2. We tried to get cosmological information by calculating Npcf and put them 
into neural network regressor and estimate with covariance matrix at same time.

3. Our goal is to show …
- Higher order statistics gain more information
- MGS calculated Npcfs have cosmological information

4. We are now working on comparing with ISO and ANISO and combining in-
formations of all Npcfs we have.



Thanks for listen-
ing!
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Particle differernce

PICOLA MGS 

Dark matter halo distribution Cluster from DM halo distribution

𝑵 𝟎 .𝟕𝟗𝑵



Linking Length

MGS 

𝑙link=𝑏 (𝑉 𝑢

𝑁 )
1/3

¿0.2( 109 (𝑀𝑝𝑐 /h )3

𝑁 )
1/3

4.76



Data Pre – processing

    mx=np.mean(x,axis=0)
    sx=np.std(x,axis=0)
    sig=np.abs(mx/sx)

    msk=np.abs(mx/sx)>3.

    y=[]
    for i in range(1000):
        y.append(x[i,msk])
    y=np.asarray(y)

    maxy=np.max(y,axis=0)
    miny=np.min(y,axis=0)
    meany=np.mean(y,axis=0)
    stdy=np.std(y,axis=0)

    z=(y-meany)/(3*stdy)
    single_norm=(single-meany)/
(3*stdy)

x = Single Cosmology y = Different Cosmology



Loss function & Estimation

Custom Loss function using covariance matrix

Make the values of covariance matrix at minimum

        def custom_loss(y_true, y_pred, model):
            """
            Custom loss function using global covariance matrix.
            
            Args:
                y_true: True values, shape (batch_size, n_params)
                y_pred: Predicted mean values, shape (batch_size, n_params)
                model: The model instance to access the covariance matrix.
            
            Returns:
                Negative log-likelihood loss
            """
            # Get the global covariance matrix
            cov_matrix = model.get_covariance_matrix()
            
            # Create a multivariate normal distribution with the global covariance matrix
            mvn = tfp.distributions.MultivariateNormalFullCovariance(loc=y_pred, covariance_matrix=cov_matrix)
            
            # Calculate the negative log-likelihood
            neg_log_likelihood = -mvn.log_prob(y_true)
            
            # Return mean loss over the batch
            return tf.reduce_mean(neg_log_likelihood) +  model.covariance_regularization()



Covariance Matrix
• : covariance error
• : contour prediction error



Compare the 
contours of 

each parameters 
and Npcfs

Contour

Result

4

ISO ANISOvs
.

Q. Do we need 
anisotropic statis-
tics as well?

A. Yes, it includes different 
information from isotropic 
Npcfs



Compare the 
contours of 

each parameters 
and Npcfs

Contour

Result

4

ISO 2p Combinedvs
.

Q. Do combined 
Npcfs estimate bet-
ter?

A. Yes, In some cases. 
They’re mostly more con-
strained but miss the truth 
value.



Summary

1. LSS has cosmological informations in it and N point correlation function is 
the common way to investigate them.

2. We tried to get cosmological information by calculating Npcf and put them 
into neural network regressor and estimate with covariance matrix at same time.

3. Our goal is to show …
- Higher order statistics gain more information
- Anisotropic Npcfs gain more information
- Simplified distribution(using MGS) have different information

4. But it seems adding all different Npcfs is not doing much better.

5. We are now working on it and will investigate more about this.
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