
CLAPP: CLASS LLM Agent for Pair Programming

Hello! I'm your CLASS code assistant, here to help you understand and work with the Einstein-Boltzmann solver within the CLASS (Cosmic Linear Anisotropy Solving System) code. My

expertise lies in explaining how CLASS solves the equations that describe the evolution of perturbations in the universe, providing insights into cosmological parameters, and assisting

with any technical queries related to the code. Whether you need help with setting up simulations, interpreting results, or understanding the underlying physics, I'm here to assist you

every step of the way.

can you show me how to plot in python the temperature C_ells for CMB using classy?

To plot the temperature ( C_\ell ) for the Cosmic Microwave Background (CMB) using the classy  Python interface to the CLASS code, you can follow these steps. This involves setting up

the cosmological parameters, running the CLASS computation, and then plotting the results using matplotlib .

Here's a complete example:

Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'tCl'  specifies that we want

the temperature power spectrum.

3. Initialize and Compute: We create an instance of Class , set the parameters, and run the computation with compute() .

4. Retrieve and Plot Data: We extract the temperature ( C_\ell ) values and plot them against the multipole moments (\ell). The factor (\ell(\ell+1)/2\pi) is used to scale the power

spectrum.

5. Save the Plot: Instead of displaying the plot, we save it to a file named cmb_temperature_cl.png .

6. Clean Up: We call empty()  on the CLASS instance to free up resources.

This script will generate a plot of the CMB temperature power spectrum and save it to your working directory. Make sure you have classy  and matplotlib  installed in your Python

environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

from math import pi

# Define the cosmological parameters for the ΛCDM model

cosmo_params = {

'h': 0.67810,

'omega_b': 0.02238280,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'tCl', # Request temperature Cls

'lensing': 'yes',

'l_max_scalars': 2500 # Maximum multipole for Cls

}

# Initialize the CLASS instance

cosmo = Class()

# Set the parameters

cosmo.set(cosmo_params)

# Run the computation

cosmo.compute()

# Retrieve the C_l data

cls = cosmo.lensed_cl(2500)

# Extract the multipole moments and temperature Cls

ell = cls['ell'][2:] # Start from 2 to avoid the first two elements

clTT = cls['tt'][2:]

# Plotting

plt.figure(figsize=(10, 6))

factor = ell * (ell + 1) / (2 * pi)

plt.plot(ell, factor * clTT, 'k-', label='Temperature $C_\ell^{TT}$')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'$\ell (\ell+1) C_\ell^{TT} / 2 \pi$ [$\mu K^2$]')

plt.title('CMB Temperature Power Spectrum')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.savefig('cmb_temperature_cl.png')

# Clean up the CLASS instance

cosmo.empty()
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execute!

Execution completed successfully:

The following code was executed:

Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'modes': 's'  specifies scalar modes, and

'output': 'tCl,pCl,lCl'  requests the temperature, polarization, and lensing power spectra.

3. Initialize and Compute: We create an instance of Class , set the parameters, and run the computation with compute() .

4. Retrieve and Plot Data: We extract the temperature ( C_\ell ) values and plot them against the multipole moments (\ell). The factor (\ell(\ell+1)/2\pi) is used to scale the power

spectrum.

5. Save the Plot: Instead of displaying the plot, we save it to a file named cmb_temperature_cl.png .

6. Clean Up: We call empty()  on the CLASS instance to free up resources.

This script will generate a plot of the CMB temperature power spectrum and save it to your working directory. Make sure you have classy  and matplotlib  installed in your Python

environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

To plot the temperature \( C_\ell \) for the Cosmic Microwave Background (CMB) using the `classy` Python interface to the CLASS code, you can follow these steps

Here's a complete example with necessary corrections:

```python

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

from math import pi

# Define the cosmological parameters for the ΛCDM model

cosmo_params = {

'h': 0.67810,

'omega_b': 0.02238280,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'modes': 's', # Scalar modes

'output': 'tCl,pCl,lCl', # Request temperature, polarization, and lensing Cls

'lensing': 'yes',

'l_max_scalars': 2500 # Maximum multipole for Cls

}

# Initialize the CLASS instance

cosmo = Class()

# Set the parameters

cosmo.set(cosmo_params)

# Run the computation

cosmo.compute()

# Retrieve the C_l data

cls = cosmo.lensed_cl(2500)

# Extract the multipole moments and temperature Cls

ell = cls['ell'][2:] # Start from 2 to avoid the first two elements

clTT = cls['tt'][2:]

# Plotting

plt.figure(figsize=(10, 6))

factor = ell * (ell + 1) / (2 * pi)

plt.plot(ell, factor * clTT, 'k-', label='Temperature $C_\ell^{TT}$')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'$\ell (\ell+1) C_\ell^{TT} / 2 \pi$ [$\mu K^2$]')

plt.title('CMB Temperature Power Spectrum')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.savefig('cmb_temperature_cl.png')

# Clean up the CLASS instance

cosmo.empty()

can you show me a python code to plot the ratio between the lensing C_ells when using two nonlinear models? hmcode and halofit?

To plot the ratio between the lensing ( C_\ell ) values using two different nonlinear models, halofit  and HMCode , you can follow these steps. This involves setting up the cosmological
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parameters, running the CLASS computation for each nonlinear model, and then plotting the ratio of the lensing ( C_\ell ) values.

Here's a complete example:

Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'lCl'  specifies that we want

the lensing power spectrum.

3. Compute Lensing Cls: We define a function compute_lensing_cls  that takes a nonlinear model as input, sets the parameters, runs the computation, and returns the lensing ( C_\ell )

values.

4. Calculate Ratio: We compute the lensing ( C_\ell ) values for both halofit  and HMCode , and then calculate their ratio.

5. Plot the Ratio: We plot the ratio of the lensing ( C_\ell ) values against the multipole moments (\ell).

6. Save the Plot: The plot is saved to a file named lensing_cl_ratio.png .

This script will generate a plot of the ratio of the lensing power spectra using two different nonlinear models and save it to your working directory. Make sure you have classy  and

matplotlib  installed in your Python environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

from math import pi

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.02238280,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'lCl', # Request lensing Cls

'lensing': 'yes',

'l_max_scalars': 2500 # Maximum multipole for Cls

}

# Function to compute lensing Cls for a given nonlinear model

def compute_lensing_cls(non_linear_model):

    cosmo_params['non linear'] = non_linear_model

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    cls = cosmo.lensed_cl(2500)

    cosmo.empty()

return cls['ell'][2:], cls['pp'][2:] # Return ell and lensing Cls

# Compute lensing Cls for halofit

ell, cl_pp_halofit = compute_lensing_cls('halofit')

# Compute lensing Cls for HMCode

_, cl_pp_hmcode = compute_lensing_cls('hmcode')

# Calculate the ratio of the lensing Cls

cl_ratio = cl_pp_hmcode / cl_pp_halofit

# Plotting

plt.figure(figsize=(10, 6))

plt.plot(ell, cl_ratio, 'b-', label='HMCode / Halofit')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'Ratio of Lensing $C_\ell^{\phi\phi}$')

plt.title('Ratio of Lensing $C_\ell^{\phi\phi}$: HMCode vs Halofit')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.savefig('lensing_cl_ratio.png')

execute!

Execution completed successfully:

The following code was executed:

To plot the ratio between the lensing \( C_\ell \) values using two different nonlinear models, `halofit` and `HMCode`, you can follow these steps

Here's a complete example:

```python

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.02238280,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'tCl, pCl, lCl', # Ensure all necessary Cls are requested

'lensing': 'yes',

'modes': 's',

'l_max_scalars': 2500 # Maximum multipole for Cls

}

# Function to compute lensing Cls for a given nonlinear model

def compute_lensing_cls(non_linear_model):

    cosmo_params['non linear'] = non_linear_model

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    cls = cosmo.lensed_cl(2500)
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Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'tCl, pCl, lCl'  specifies that

we want the temperature, polarization, and lensing power spectra.

3. Compute Lensing Cls: We define a function compute_lensing_cls  that takes a nonlinear model as input, sets the parameters, runs the computation, and returns the lensing ( C_\ell )

values.

4. Calculate Ratio: We compute the lensing ( C_\ell ) values for both halofit  and HMCode , and then calculate their ratio.

5. Plot the Ratio: We plot the ratio of the lensing ( C_\ell ) values against the multipole moments (\ell).

6. Save the Plot: The plot is saved to a file named lensing_cl_ratio.png .

This script will generate a plot of the ratio of the lensing power spectra using two different nonlinear models and save it to your working directory. Make sure you have classy  and

matplotlib  installed in your Python environment to run this script.

    cosmo.empty()

return cls['ell'][2:], cls['pp'][2:] # Return ell and lensing Cls

# Compute lensing Cls for halofit

ell, cl_pp_halofit = compute_lensing_cls('halofit')

# Compute lensing Cls for HMCode

_, cl_pp_hmcode = compute_lensing_cls('hmcode')

# Calculate the ratio of the lensing Cls

cl_ratio = cl_pp_hmcode / cl_pp_halofit

# Plotting

plt.figure(figsize=(10, 6))

plt.plot(ell, cl_ratio, 'b-', label='HMCode / Halofit')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'Ratio of Lensing $C_\ell^{\phi\phi}$')

plt.title('Ratio of Lensing $C_\ell^{\phi\phi}$: HMCode vs Halofit')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.savefig('lensing_cl_ratio.png')

can you show instead, the ratio of each of them against using only the linear power spectrum for the lensing C_ells? hmcode in orange and halofit in purple?

To plot the ratio of the lensing ( C_\ell ) values using the halofit  and HMCode  nonlinear models against the linear power spectrum, you can follow these steps. This involves setting up

the cosmological parameters, running the CLASS computation for each nonlinear model and the linear model, and then plotting the ratios.

Here's a complete example:

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.02238280,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'lCl', # Request lensing Cls

'lensing': 'yes',

'l_max_scalars': 2500 # Maximum multipole for Cls

}

# Function to compute lensing Cls for a given nonlinear model

def compute_lensing_cls(non_linear_model):

    cosmo_params['non linear'] = non_linear_model

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    cls = cosmo.lensed_cl(2500)

    cosmo.empty()

return cls['ell'][2:], cls['pp'][2:] # Return ell and lensing Cls

# Compute lensing Cls for linear model

ell, cl_pp_linear = compute_lensing_cls('none')

# Compute lensing Cls for halofit

_, cl_pp_halofit = compute_lensing_cls('halofit')

# Compute lensing Cls for HMCode

_, cl_pp_hmcode = compute_lensing_cls('hmcode')

# Calculate the ratio of the lensing Cls

cl_ratio_halofit = cl_pp_halofit / cl_pp_linear

cl_ratio_hmcode = cl_pp_hmcode / cl_pp_linear
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Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'lCl'  specifies that we want

the lensing power spectrum.

3. Compute Lensing Cls: We define a function compute_lensing_cls  that takes a nonlinear model as input, sets the parameters, runs the computation, and returns the lensing ( C_\ell )

values.

4. Calculate Ratios: We compute the lensing ( C_\ell ) values for the linear model, halofit , and HMCode , and then calculate their ratios against the linear model.

5. Plot the Ratios: We plot the ratios of the lensing ( C_\ell ) values against the multipole moments (\ell) for both halofit  and HMCode .

6. Save the Plot: The plot is saved to a file named lensing_cl_ratio_nonlinear_vs_linear.png .

This script will generate a plot of the ratio of the lensing power spectra using nonlinear models compared to the linear model and save it to your working directory. Make sure you have

classy  and matplotlib  installed in your Python environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

# Plotting

plt.figure(figsize=(10, 6))

plt.plot(ell, cl_ratio_halofit, 'purple', label='Halofit / Linear')

plt.plot(ell, cl_ratio_hmcode, 'orange', label='HMCode / Linear')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'Ratio of Lensing $C_\ell^{\phi\phi}$')

plt.title('Ratio of Lensing $C_\ell^{\phi\phi}$: Nonlinear vs Linear')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.savefig('lensing_cl_ratio_nonlinear_vs_linear.png')

execute!

Execution completed successfully:

The following code was executed:

Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'tCl,pCl,lCl'  specifies that we

want the temperature, polarization, and lensing power spectra. The 'modes': 's'  ensures scalar modes are included.

3. Compute Lensing Cls: We define a function compute_lensing_cls  that takes a nonlinear model as input, sets the parameters, runs the computation, and returns the lensing ( C_\ell )

values.

To plot the ratio of the lensing \( C_\ell \) values using the `halofit` and `HMCode` nonlinear models against the linear power spectrum, you can follow these st

Here's a complete example with corrected parameters:

```python

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.02238280,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'tCl,pCl,lCl', # Request temperature, polarization, and lensing Cls

'lensing': 'yes',

'l_max_scalars': 2500, # Maximum multipole for Cls

'modes': 's' # Include scalar modes

}

# Function to compute lensing Cls for a given nonlinear model

def compute_lensing_cls(non_linear_model):

    cosmo_params['non linear'] = non_linear_model

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    cls = cosmo.lensed_cl(2500)

    cosmo.empty()

return cls['ell'][2:], cls['pp'][2:] # Return ell and lensing Cls

# Compute lensing Cls for linear model

ell, cl_pp_linear = compute_lensing_cls('none')

# Compute lensing Cls for halofit

_, cl_pp_halofit = compute_lensing_cls('halofit')

# Compute lensing Cls for HMCode

_, cl_pp_hmcode = compute_lensing_cls('hmcode')

# Calculate the ratio of the lensing Cls

cl_ratio_halofit = cl_pp_halofit / cl_pp_linear

cl_ratio_hmcode = cl_pp_hmcode / cl_pp_linear

# Plotting

plt.figure(figsize=(10, 6))

plt.plot(ell, cl_ratio_halofit, 'purple', label='Halofit / Linear')

plt.plot(ell, cl_ratio_hmcode, 'orange', label='HMCode / Linear')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'Ratio of Lensing $C_\ell^{\phi\phi}$')

plt.title('Ratio of Lensing $C_\ell^{\phi\phi}$: Nonlinear vs Linear')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.savefig('lensing_cl_ratio_nonlinear_vs_linear.png')
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4. Calculate Ratios: We compute the lensing ( C_\ell ) values for the linear model, halofit , and HMCode , and then calculate their ratios against the linear model.

5. Plot the Ratios: We plot the ratios of the lensing ( C_\ell ) values against the multipole moments (\ell) for both halofit  and HMCode .

6. Save the Plot: The plot is saved to a file named lensing_cl_ratio_nonlinear_vs_linear.png .

This script will generate a plot of the ratio of the lensing power spectra using nonlinear models compared to the linear model and save it to your working directory. Make sure you have

classy  and matplotlib  installed in your Python environment to run this script.

give me a python code that compares all nonlinear matter power spectrum methods available in classy and shows the ratio against halofit, for a LCDM cosmology?

To compare all nonlinear matter power spectrum methods available in CLASS and show the ratio against halofit  for a ΛCDM cosmology, you can follow these steps. This involves

setting up the cosmological parameters, running the CLASS computation for each nonlinear model, and then plotting the ratios of the power spectra.

Here's a complete example:

Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'mPk'  specifies that we want

the matter power spectrum.

3. Define Nonlinear Models: We list the nonlinear models available in CLASS that we want to compare, including halofit  and hmcode .

4. Compute Matter Power Spectrum: We define a function compute_matter_pk  that takes a nonlinear model as input, sets the parameters, runs the computation, and returns the

matter power spectrum ( P(k) ).

5. Calculate and Plot Ratios: We compute the matter power spectrum for halofit  and each other nonlinear model, calculate their ratios against halofit , and plot these ratios.

6. Save the Plot: The plot is saved to a file named nonlinear_pk_ratio_to_halofit.png .

This script will generate a plot of the ratio of the nonlinear matter power spectra using different models compared to halofit  and save it to your working directory. Make sure you have

classy  and matplotlib  installed in your Python environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.0223828,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'mPk', # Request matter power spectrum

'P_k_max_1/Mpc': 3.0,

'z_max_pk': 1.1

}

# List of nonlinear models to compare

nonlinear_models = ['halofit', 'hmcode']

# Function to compute matter power spectrum for a given nonlinear model

def compute_matter_pk(non_linear_model):

    cosmo_params['non linear'] = non_linear_model

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    k = np.logspace(-4, np.log10(3), 1000) # k in h/Mpc

    pk = np.array([cosmo.pk(ki, 0.0) for ki in k]) # P(k) at z=0

    cosmo.empty()

return k, pk

# Compute matter power spectrum for halofit

k, pk_halofit = compute_matter_pk('halofit')

# Compute and plot the ratio for each nonlinear model against halofit

plt.figure(figsize=(10, 6))

for model in nonlinear_models:

if model != 'halofit':

        _, pk_model = compute_matter_pk(model)

        pk_ratio = pk_model / pk_halofit

        plt.plot(k, pk_ratio, label=f'{model.capitalize()} / Halofit')

plt.xscale('log')

plt.xlabel(r'Wavenumber $k$ [h/Mpc]')

plt.ylabel(r'Ratio of $P(k)$')

plt.title('Ratio of Nonlinear Matter Power Spectrum Methods to Halofit')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.savefig('nonlinear_pk_ratio_to_halofit.png')
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is there only one type of hmcode?

No, there are multiple versions of HMCode available in CLASS. The HMCode is a nonlinear matter power spectrum model developed by Mead et al., and it has several versions that you

can choose from depending on your specific requirements. Here are the available versions:

1. HMCode 2015/2016: These versions are based on the work by Mead et al. (arXiv 1602.02154). You can specify these versions using '2015'  or '2016'  (or simply '15'  or '16' ).

2. HMCode 2020: This is a more recent version of the HMCode, described in Mead et al. (arXiv 2009.01858). You can specify this version using '2020'  (or simply '20' ).

3. HMCode 2020 with Baryonic Feedback: This version includes baryonic feedback effects and is also based on the 2020 paper by Mead et al. You can specify this version using

'2020_baryonic_feedback' .

Each version of HMCode can be selected by setting the hmcode_version  parameter in CLASS. Additionally, for the 2015/2016 versions, you can specify baryonic feedback models using

parameters like eta_0  and c_min , which are related to the concentration-mass relation and halo bloating.

Here is an example of how you might specify a particular version of HMCode in your CLASS configuration:

This flexibility allows you to choose the version of HMCode that best suits your research needs, whether you are interested in dark matter only or including baryonic effects.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

cosmo_params = {

'h': 0.67810,

'omega_b': 0.02238280,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'mPk',

'P_k_max_1/Mpc': 3.0,

'z_max_pk': 1.1,

'non linear': 'hmcode',

'hmcode_version': '2020' # Specify the version of HMCode

}

please give me the requested plot again, this time using 2015, 2020 and 2020_baryonic_feedback as options

To compare the nonlinear matter power spectrum methods available in CLASS, specifically using the HMCode versions 2015, 2020, and 2020 with baryonic feedback, and show the ratio

against halofit , you can follow these steps. This involves setting up the cosmological parameters, running the CLASS computation for each nonlinear model, and then plotting the

ratios of the power spectra.

Here's a complete example:

Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'mPk'  specifies that we want

the matter power spectrum.

3. Define HMCode Versions: We list the HMCode versions available in CLASS that we want to compare: 2015, 2020, and 2020 with baryonic feedback.

4. Compute Matter Power Spectrum: We define a function compute_matter_pk  that takes a nonlinear model and an optional HMCode version as input, sets the parameters, runs the

computation, and returns the matter power spectrum ( P(k) ).

5. Calculate and Plot Ratios: We compute the matter power spectrum for halofit  and each HMCode version, calculate their ratios against halofit , and plot these ratios.

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.0223828,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'mPk', # Request matter power spectrum

'P_k_max_1/Mpc': 3.0,

'z_max_pk': 1.1

}

# List of HMCode versions to compare

hmcode_versions = ['2015', '2020', '2020_baryonic_feedback']

# Function to compute matter power spectrum for a given nonlinear model

def compute_matter_pk(non_linear_model, hmcode_version=None):

    cosmo_params['non linear'] = non_linear_model

if hmcode_version:

        cosmo_params['hmcode_version'] = hmcode_version

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    k = np.logspace(-4, np.log10(3), 1000) # k in h/Mpc

    pk = np.array([cosmo.pk(ki, 0.0) for ki in k]) # P(k) at z=0

    cosmo.empty()

return k, pk

# Compute matter power spectrum for halofit

k, pk_halofit = compute_matter_pk('halofit')

# Compute and plot the ratio for each HMCode version against halofit

plt.figure(figsize=(10, 6))

for version in hmcode_versions:

    _, pk_hmcode = compute_matter_pk('hmcode', hmcode_version=version)

    pk_ratio = pk_hmcode / pk_halofit

    plt.plot(k, pk_ratio, label=f'HMCode {version} / Halofit')

plt.xscale('log')

plt.xlabel(r'Wavenumber $k$ [h/Mpc]')

plt.ylabel(r'Ratio of $P(k)$')

plt.title('Ratio of HMCode Versions to Halofit')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.savefig('hmcode_versions_ratio_to_halofit.png')
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6. Save the Plot: The plot is saved to a file named hmcode_versions_ratio_to_halofit.png .

This script will generate a plot of the ratio of the nonlinear matter power spectra using different HMCode versions compared to halofit  and save it to your working directory. Make sure

you have classy  and matplotlib  installed in your Python environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

execute!

Execution completed successfully:

The following code was executed:

Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'mPk'  specifies that we want

the matter power spectrum.

3. Define HMCode Versions: We list the HMCode versions available in CLASS that we want to compare: 2015, 2020, and 2020 with baryonic feedback.

4. Compute Matter Power Spectrum: We define a function compute_matter_pk  that takes a nonlinear model and an optional HMCode version as input, sets the parameters, runs the

computation, and returns the matter power spectrum ( P(k) ).

5. Calculate and Plot Ratios: We compute the matter power spectrum for halofit  and each HMCode version, calculate their ratios against halofit , and plot these ratios.

6. Save the Plot: The plot is saved to a file named hmcode_versions_ratio_to_halofit.png .

This script will generate a plot of the ratio of the nonlinear matter power spectra using different HMCode versions compared to halofit  and save it to your working directory. Make sure

you have classy  and matplotlib  installed in your Python environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

To compare the nonlinear matter power spectrum methods available in CLASS, specifically using the HMCode versions 2015, 2020, and 2020 with baryonic feedback

Here's a complete example:

```python

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.0223828,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'mPk', # Request matter power spectrum

'P_k_max_1/Mpc': 3.0,

'z_max_pk': 1.1

}

# List of HMCode versions to compare

hmcode_versions = ['2015', '2020', '2020_baryonic_feedback']

# Function to compute matter power spectrum for a given nonlinear model

def compute_matter_pk(non_linear_model, hmcode_version=None):

    cosmo_params['non linear'] = non_linear_model

if hmcode_version:

        cosmo_params['hmcode_version'] = hmcode_version

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    k = np.logspace(-4, np.log10(3), 1000) # k in h/Mpc

    pk = np.array([cosmo.pk(ki, 0.0) for ki in k]) # P(k) at z=0

    cosmo.empty()

return k, pk

# Compute matter power spectrum for halofit

k, pk_halofit = compute_matter_pk('halofit')

# Compute and plot the ratio for each HMCode version against halofit

plt.figure(figsize=(10, 6))

for version in hmcode_versions:

    _, pk_hmcode = compute_matter_pk('hmcode', hmcode_version=version)

    pk_ratio = pk_hmcode / pk_halofit

    plt.plot(k, pk_ratio, label=f'HMCode {version} / Halofit')

plt.xscale('log')

plt.xlabel(r'Wavenumber $k$ [h/Mpc]')

plt.ylabel(r'Ratio of $P(k)$')

plt.title('Ratio of HMCode Versions to Halofit')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.savefig('hmcode_versions_ratio_to_halofit.png')
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the legend is on top of the curves, could you move it a bit?

To adjust the position of the legend so that it doesn't overlap with the curves, you can specify a different location for the legend using the loc  parameter in the legend()  function. You

can use specific coordinates with bbox_to_anchor  to place the legend outside the plot area or in a less obtrusive position.

Here's how you can modify the code to move the legend:

Explanation:

• Legend Position: The loc='upper left'  and bbox_to_anchor=(1, 1)  parameters move the legend to the upper le� corner of the plot, outside the main plotting area. Adjust

bbox_to_anchor  values to position the legend as needed.

• Tight Layout: The bbox_inches='tight'  parameter in savefig()  ensures that the entire plot, including the legend, is saved without clipping.

This adjustment will help ensure that the legend does not overlap with the curves, providing a clearer view of the plot.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.0223828,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'mPk', # Request matter power spectrum

'P_k_max_1/Mpc': 3.0,

'z_max_pk': 1.1

}

# List of HMCode versions to compare

hmcode_versions = ['2015', '2020', '2020_baryonic_feedback']

# Function to compute matter power spectrum for a given nonlinear model

def compute_matter_pk(non_linear_model, hmcode_version=None):

    cosmo_params['non linear'] = non_linear_model

if hmcode_version:

        cosmo_params['hmcode_version'] = hmcode_version

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    k = np.logspace(-4, np.log10(3), 1000) # k in h/Mpc

    pk = np.array([cosmo.pk(ki, 0.0) for ki in k]) # P(k) at z=0

    cosmo.empty()

return k, pk

# Compute matter power spectrum for halofit

k, pk_halofit = compute_matter_pk('halofit')

# Compute and plot the ratio for each HMCode version against halofit

plt.figure(figsize=(10, 6))

for version in hmcode_versions:

    _, pk_hmcode = compute_matter_pk('hmcode', hmcode_version=version)

    pk_ratio = pk_hmcode / pk_halofit

    plt.plot(k, pk_ratio, label=f'HMCode {version} / Halofit')

plt.xscale('log')

plt.xlabel(r'Wavenumber $k$ [h/Mpc]')

plt.ylabel(r'Ratio of $P(k)$')

plt.title('Ratio of HMCode Versions to Halofit')

# Move the legend to a less obtrusive position

plt.legend(loc='upper left', bbox_to_anchor=(1, 1))

plt.grid(True)

# Save the plot to a file

plt.savefig('hmcode_versions_ratio_to_halofit.png', bbox_inches='tight')

execute!

Execution completed successfully:

The following code was executed:

To adjust the position of the legend so that it doesn't overlap with the curves, you can specify a different location for the legend using the `loc` parameter 

Here's how you can modify the code to move the legend:

```python

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.0223828,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'mPk', # Request matter power spectrum

'P_k_max_1/Mpc': 3.0,

'z_max_pk': 1.1

}

# List of HMCode versions to compare

hmcode_versions = ['2015', '2020', '2020_baryonic_feedback']
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Explanation:

• Legend Position: The loc='upper left'  and bbox_to_anchor=(1, 1)  parameters move the legend to the upper le� corner of the plot, outside the main plotting area. Adjust

bbox_to_anchor  values to position the legend as needed.

• Tight Layout: The bbox_inches='tight'  parameter in savefig()  ensures that the entire plot, including the legend, is saved without clipping.

This adjustment will help ensure that the legend does not overlap with the curves, providing a clearer view of the plot.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

# Function to compute matter power spectrum for a given nonlinear model

def compute_matter_pk(non_linear_model, hmcode_version=None):

    cosmo_params['non linear'] = non_linear_model

if hmcode_version:

        cosmo_params['hmcode_version'] = hmcode_version

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    k = np.logspace(-4, np.log10(3), 1000) # k in h/Mpc

    pk = np.array([cosmo.pk(ki, 0.0) for ki in k]) # P(k) at z=0

    cosmo.empty()

return k, pk

# Compute matter power spectrum for halofit

k, pk_halofit = compute_matter_pk('halofit')

# Compute and plot the ratio for each HMCode version against halofit

plt.figure(figsize=(10, 6))

for version in hmcode_versions:

    _, pk_hmcode = compute_matter_pk('hmcode', hmcode_version=version)

    pk_ratio = pk_hmcode / pk_halofit

    plt.plot(k, pk_ratio, label=f'HMCode {version} / Halofit')

plt.xscale('log')

plt.xlabel(r'Wavenumber $k$ [h/Mpc]')

plt.ylabel(r'Ratio of $P(k)$')

plt.title('Ratio of HMCode Versions to Halofit')

# Move the legend to a less obtrusive position

plt.legend(loc='upper left', bbox_to_anchor=(1, 1))

plt.grid(True)

# Save the plot to a file

plt.savefig('hmcode_versions_ratio_to_halofit.png', bbox_inches='tight')

don't use the bbox_to_anchor, just put the legend in the lower le�

To place the legend in the lower le� corner of the plot without using bbox_to_anchor , you can simply set the loc  parameter to 'lower left'  in the legend()  function. This will

position the legend within the plot area at the specified location.

Here's how you can modify the code to achieve this:

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.0223828,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'mPk', # Request matter power spectrum

'P_k_max_1/Mpc': 3.0,

'z_max_pk': 1.1

}

# List of HMCode versions to compare

hmcode_versions = ['2015', '2020', '2020_baryonic_feedback']

# Function to compute matter power spectrum for a given nonlinear model

def compute_matter_pk(non_linear_model, hmcode_version=None):

    cosmo_params['non linear'] = non_linear_model

if hmcode_version:

        cosmo_params['hmcode_version'] = hmcode_version

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    k = np.logspace(-4, np.log10(3), 1000) # k in h/Mpc

    pk = np.array([cosmo.pk(ki, 0.0) for ki in k]) # P(k) at z=0

    cosmo.empty()

return k, pk

# Compute matter power spectrum for halofit

k, pk_halofit = compute_matter_pk('halofit')

# Compute and plot the ratio for each HMCode version against halofit
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Explanation:

• Legend Position: The loc='lower left'  parameter places the legend in the lower le� corner of the plot, ensuring it does not overlap with the curves.

This adjustment will help ensure that the legend is positioned clearly within the plot area, providing a better view of the data. Make sure you have classy  and matplotlib  installed in

your Python environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

plt.figure(figsize=(10, 6))

for version in hmcode_versions:

    _, pk_hmcode = compute_matter_pk('hmcode', hmcode_version=version)

    pk_ratio = pk_hmcode / pk_halofit

    plt.plot(k, pk_ratio, label=f'HMCode {version} / Halofit')

plt.xscale('log')

plt.xlabel(r'Wavenumber $k$ [h/Mpc]')

plt.ylabel(r'Ratio of $P(k)$')

plt.title('Ratio of HMCode Versions to Halofit')

# Place the legend in the lower left corner

plt.legend(loc='lower left')

plt.grid(True)

# Save the plot to a file

plt.savefig('hmcode_versions_ratio_to_halofit.png')

execute!

Execution completed successfully:

The following code was executed:

Explanation:

• Legend Position: The loc='lower left'  parameter places the legend in the lower le� corner of the plot, ensuring it does not overlap with the curves.

This adjustment will help ensure that the legend is positioned clearly within the plot area, providing a better view of the data. Make sure you have classy  and matplotlib  installed in

your Python environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

To place the legend in the lower left corner of the plot without using `bbox_to_anchor`, you can simply set the `loc` parameter to `'lower left'

Here's how you can modify the code to achieve this:

```python

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

# Define the cosmological parameters

cosmo_params = {

'h': 0.67810,

'omega_b': 0.0223828,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'mPk', # Request matter power spectrum

'P_k_max_1/Mpc': 3.0,

'z_max_pk': 1.1

}

# List of HMCode versions to compare

hmcode_versions = ['2015', '2020', '2020_baryonic_feedback']

# Function to compute matter power spectrum for a given nonlinear model

def compute_matter_pk(non_linear_model, hmcode_version=None):

    cosmo_params['non linear'] = non_linear_model

if hmcode_version:

        cosmo_params['hmcode_version'] = hmcode_version

    cosmo = Class()

    cosmo.set(cosmo_params)

    cosmo.compute()

    k = np.logspace(-4, np.log10(3), 1000) # k in h/Mpc

    pk = np.array([cosmo.pk(ki, 0.0) for ki in k]) # P(k) at z=0

    cosmo.empty()

return k, pk

# Compute matter power spectrum for halofit

k, pk_halofit = compute_matter_pk('halofit')

# Compute and plot the ratio for each HMCode version against halofit

plt.figure(figsize=(10, 6))

for version in hmcode_versions:

    _, pk_hmcode = compute_matter_pk('hmcode', hmcode_version=version)

    pk_ratio = pk_hmcode / pk_halofit

    plt.plot(k, pk_ratio, label=f'HMCode {version} / Halofit')

plt.xscale('log')

plt.xlabel(r'Wavenumber $k$ [h/Mpc]')

plt.ylabel(r'Ratio of $P(k)$')

plt.title('Ratio of HMCode Versions to Halofit')

# Place the legend in the lower left corner

plt.legend(loc='lower left')

plt.grid(True)

# Save the plot to a file

plt.savefig('hmcode_versions_ratio_to_halofit.png')
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thanks!

You're welcome! If you have any more questions or need further assistance with the CLASS code or cosmological computations, feel free to ask. Happy coding!

can you now give me a python code to plot in two subplots the TT C_ells, then in the second subplot the TE, the EE and the BB? for polarization

To plot the CMB power spectra ( C_\ell ) for temperature (TT) and polarization (TE, EE, BB) using the classy  Python interface, you can follow these steps. This involves setting up the

cosmological parameters, running the CLASS computation, and then plotting the results in two subplots using matplotlib .

Here's a complete example:

Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'tCl,pCl'  specifies that we

want the temperature and polarization power spectra.

3. Initialize and Compute: We create an instance of Class , set the parameters, and run the computation with compute() .

4. Retrieve and Plot Data: We extract the ( C_\ell ) values for TT, TE, EE, and BB and plot them in two subplots. The factor (\ell(\ell+1)/2\pi) is used to scale the power spectra.

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

from math import pi

# Define the cosmological parameters for the ΛCDM model

cosmo_params = {

'h': 0.67810,

'omega_b': 0.02238280,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'tCl,pCl', # Request temperature and polarization Cls

'lensing': 'yes',

'l_max_scalars': 2500 # Maximum multipole for Cls

}

# Initialize the CLASS instance

cosmo = Class()

# Set the parameters

cosmo.set(cosmo_params)

# Run the computation

cosmo.compute()

# Retrieve the C_l data

cls = cosmo.lensed_cl(2500)

# Extract the multipole moments and Cls

ell = cls['ell'][2:] # Start from 2 to avoid the first two elements

clTT = cls['tt'][2:]

clTE = cls['te'][2:]

clEE = cls['ee'][2:]

clBB = cls['bb'][2:]

# Plotting

plt.figure(figsize=(12, 10))

# First subplot: TT

plt.subplot(2, 1, 1)

factor = ell * (ell + 1) / (2 * pi)

plt.plot(ell, factor * clTT, 'r-', label='Temperature $C_\ell^{TT}$')

plt.xscale('log')

plt.yscale('log')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'$\ell (\ell+1) C_\ell^{TT} / 2 \pi$ [$\mu K^2$]')

plt.title('CMB Temperature Power Spectrum')

plt.legend(loc='upper right')

plt.grid(True)

# Second subplot: TE, EE, BB

plt.subplot(2, 1, 2)

plt.plot(ell, factor * clTE, 'g-', label='Cross $C_\ell^{TE}$')

plt.plot(ell, factor * clEE, 'b-', label='E-mode $C_\ell^{EE}$')

plt.plot(ell, factor * clBB, 'm-', label='B-mode $C_\ell^{BB}$')

plt.xscale('log')

plt.yscale('log')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'$\ell (\ell+1) C_\ell^{XY} / 2 \pi$ [$\mu K^2$]')

plt.title('CMB Polarization Power Spectra')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.tight_layout()

plt.savefig('cmb_power_spectra.png')

# Clean up the CLASS instance

cosmo.empty()
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5. Save the Plot: The plot is saved to a file named cmb_power_spectra.png .

6. Clean Up: We call empty()  on the CLASS instance to free up resources.

This script will generate a plot of the CMB temperature and polarization power spectra and save it to your working directory. Make sure you have classy  and matplotlib  installed in

your Python environment to run this script.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

 Note: This answer contains code. If you want to execute it, type 'execute!' in the chat.

execute!

Execution completed successfully:

The following code was executed:

Explanation:

1. Import Modules: We import Class  from classy , matplotlib.pyplot  for plotting, and numpy  for numerical operations.

2. Set Cosmological Parameters: We define a dictionary cosmo_params  with the cosmological parameters for a standard ΛCDM model. The 'output': 'tCl,pCl,lCl'  specifies that we

want the temperature, polarization, and lensed power spectra. The 'modes': 's'  ensures that scalar modes are included, which are necessary for computing the lensed Cls.

3. Initialize and Compute: We create an instance of Class , set the parameters, and run the computation with compute() .

4. Retrieve and Plot Data: We extract the ( C_\ell ) values for TT, TE, EE, and BB and plot them in two subplots. The factor (\ell(\ell+1)/2\pi) is used to scale the power spectra.

5. Save the Plot: The plot is saved to a file named cmb_power_spectra.png .

6. Clean Up: We call empty()  on the CLASS instance to free up resources.

This script will generate a plot of the CMB temperature and polarization power spectra and save it to your working directory. Make sure you have classy  and matplotlib  installed in

your Python environment to run this script.

To plot the CMB power spectra \( C_\ell \) for temperature (TT) and polarization (TE, EE, BB) using the `classy` Python interface, you can follow these steps

Here's a complete example with necessary corrections:

```python

# Import necessary modules

from classy import Class

import matplotlib.pyplot as plt

import numpy as np

from math import pi

# Define the cosmological parameters for the ΛCDM model

cosmo_params = {

'h': 0.67810,

'omega_b': 0.02238280,

'omega_cdm': 0.1201075,

'A_s': 2.100549e-09,

'n_s': 0.9660499,

'tau_reio': 0.05430842,

'output': 'tCl,pCl,lCl', # Request temperature, polarization, and lensed Cls

'lensing': 'yes',

'l_max_scalars': 2500, # Maximum multipole for Cls

'modes': 's' # Include scalar modes

}

# Initialize the CLASS instance

cosmo = Class()

# Set the parameters

cosmo.set(cosmo_params)

# Run the computation

cosmo.compute()

# Retrieve the C_l data

cls = cosmo.lensed_cl(2500)

# Extract the multipole moments and Cls

ell = cls['ell'][2:] # Start from 2 to avoid the first two elements

clTT = cls['tt'][2:]

clTE = cls['te'][2:]

clEE = cls['ee'][2:]

clBB = cls['bb'][2:]

# Plotting

plt.figure(figsize=(12, 10))

# First subplot: TT

plt.subplot(2, 1, 1)

factor = ell * (ell + 1) / (2 * pi)

plt.plot(ell, factor * clTT, 'r-', label='Temperature $C_\ell^{TT}$')

plt.xscale('log')

plt.yscale('log')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'$\ell (\ell+1) C_\ell^{TT} / 2 \pi$ [$\mu K^2$]')

plt.title('CMB Temperature Power Spectrum')

plt.legend(loc='upper right')

plt.grid(True)

# Second subplot: TE, EE, BB

plt.subplot(2, 1, 2)

plt.plot(ell, factor * clTE, 'g-', label='Cross $C_\ell^{TE}$')

plt.plot(ell, factor * clEE, 'b-', label='E-mode $C_\ell^{EE}$')

plt.plot(ell, factor * clBB, 'm-', label='B-mode $C_\ell^{BB}$')

plt.xscale('log')

plt.yscale('log')

plt.xlabel(r'Multipole $\ell$')

plt.ylabel(r'$\ell (\ell+1) C_\ell^{XY} / 2 \pi$ [$\mu K^2$]')

plt.title('CMB Polarization Power Spectra')

plt.legend(loc='upper right')

plt.grid(True)

# Save the plot to a file

plt.tight_layout()

plt.savefig('cmb_power_spectra.png')

# Clean up the CLASS instance

cosmo.empty()
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awesome!

Thinking (Swarm Mode)...

Generating initial dra�...

Reviewing dra�...

Formatting final answer...

I'm glad you found the information helpful! If you have any more questions or need further assistance with the CLASS code or cosmological computations, feel free to ask. Whether it's

about setting up simulations, interpreting results, or understanding the underlying physics, I'm here to help. Happy coding!

Type your prompt here...
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