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Summary

● Why 3D
– Images : fitting morphologies

– Aperture effects

– Velocity, line profiles, PV diagrams

● How 3D, short history
– São Paulo, MOCASSIN, Cloudy_3D (IDL, Python)

– Limitations & speed

– 3D reconstruction (Tomography, SHAPE)

● Examples of use



  

Why 3D ?

● As we all know, PN are spherical, and HII 
regions plan parallels :-)



  

Not O nor //



  

Aperture effects

● Color = dominating 
emission line.

● Position : different 
line ratios.



  

Velocity field

● Velocity field : line-of-sight component 
projection.



  



  

PV-diagrams



  



  

3D photoionization 
codes



  



  



  

Och's Monte-Carlo code



  



  

MOCASSIN and Cloudy_3D

● MOCASSIN : A full 3D photoionization code, using 
Monte-Carlo. 

● F90 MPI code, running on cluster.
● Few hours to days to run/converge a model (cluster 

allocation time policies).
● → need for a quick (but not so dirty) code to obtain 

« pseudo-3D » models
● Cloudy_3D : we're loosing the « full » 3D, but a few 

minutes to run:-)



  

Cloudy_3D

● Various runs of Cloudy (1D), 
corresponding to different 
angles.

● 3D reconstruction in a 
coordinate cube by 
interpolation between the 1D 
runs.



  

C3D :faster but limited ?

●Cloudy_3D is not a « full » 3D code. It only considers 
radial radiation (as a combination of 1D runs).
●Limitation : when no-radial radiation dominates a 
process (e.g. Photoionization).
●2 cases :
●Shadows
●Multiple stars
Otherwise : C3D is OK !



  



  



  

3D reconstruction



  

3D reconstruction



  



  

Shape



  

Shape



  

Using C3D and pyCloudy

● C3D is actually a library running and dealing 
with the results of Cloudy.

● First implementation using IDL.
● The new version is in PythonPython.
● User manual not yet available, sorry... In a few 

months I hope :-)
● Object-oriented.
● Can also be used for a 1D run, or for grids.



  

Run a model

● A quite simple object is used to define and 
write the Cloudy input file. It allows to 
automatically add the various « save » 
options, with the predefined extension.



  

Read a model

● An object exists that reads the outputs of a 
Cloudy run and fill variables.

● Methods are available to compute some 
integration on the radius or volume (weighted 
by different parameters).

● T0(line), T0(ion), t2(line), t2(ion) are 
computed.

● Model can be cut (Rmin, Rmax). 



  

Read a model

M = pc.CloudyModel('Models/model2')

plt.plot(M.radius, M.te)



  

Plot model results

plt.subplot(2,2,1)

plt.plot(M.radius, M.te, label = 'Te')

plt.legend(loc=3)

plt.subplot(2,2,2)

plt.plot(M.radius, M.get_emis('H__1__4861A'), label = r'H$\beta$')

plt.plot(M.radius, M.get_emis('O__3__5007A'), label = '[OIII]')

plt.plot(M.radius, M.get_emis('N__2__6584A'), label = '[NII]')

plt.legend()

plt.subplot(2,2,3)

plt.plot(M.radius, M.get_ionic('H', 1), label = 'H+')

plt.plot(M.radius, M.get_ionic('O', 1), label = 'O+')

plt.plot(M.radius, M.get_ionic('O', 2), label = 'O++')

plt.legend(loc=3)

plt.subplot(2,2,4)

plt.plot(M.te, M.ne)

plt.xlabel('Te')

plt.ylabel('Ne')



  

Plot continuum

M.distance = 2.3 #kpc

plt.loglog(M.get_cont_x(unit='Ang'), M.get_cont_y(cont = 'incid', unit = 'Jy'), label = 'Incident')

plt.loglog(M.get_cont_x(unit='Ang'), M.get_cont_y(cont = 'diffout', unit = 'Jy'), label = 'Diff Out')

plt.xlim((100, 100000))

plt.ylim((1e-9, 1e1))

plt.xlabel('Angstrom')

plt.ylabel('Jy')



  

Print some stats

In [13]: M.print_stats() #This method can be changed by the user...

 Name of the model: /Users/christophemorisset/Cloudy_test/Models//model2

 R_in (cut) = 5.012e+16 (5.012e+16), R_out (cut) = 9.561e+16 (9.561e+16)

 H+ mass = 2.56e-02, H mass = 2.62e-02

 <H+/H> = 0.99, <He++/He> = 0.00, <He+/He> = 0.85

 <O+++/O> = 0.00, <O++/O> = 0.54, <O+/O> = 0.44

 T(O+++) = 8815, T(O++) = 8520, T(O+) = 9059

 <log U> = -2.34



  

Print some stats (2)

In [16]: M.get_T0_emis('H__1__4861A')

Out[16]: 8743.8

In [17]: M.get_t2_emis('H__1__4861A')

Out[17]: 0.00264

In [18]: M.get_ab_ion_vol_ne('O', 2)

Out[18]: 0.54408

In [19]: M.get_T0_ion_vol_ne('O', 2)

Out[19]: 8519.5

In [20]: M.log_U_mean

Out[20]: -2.342

In [21]: M.log_U[0]

Out[21]: -1.976

In [22]: M.log_U[-1]

Out[22]: -2.537



  

Grid of models

● It's very easy to define and run a grid of models.
● As it is in a programmatic language, it's very easy to 

define and write a set of input files (grid).
● The « make » facility is used to run N input files at the 

same time. This can be called from python.
● It's also easy to read the results of the whole grid and 

to play with them.



  

Grid of models                          

tab_dens = [3, 4, 5, 6]

tab_ab_O = [-3.1, -3.25, -3.4, -3.55, -3.7]

for dens in tab_dens:

    for ab_O in tab_ab_O:

        make_model(dir_, model_name, dens, ab_O)

c_input.run_cloudy(dir_ = dir_, n_proc = 3, model_name = model_name)

Ms = pc.load_models('{0}/{1}'.format(dir_, model_name), read_grains = False)

rO3 = [np.log10(M.get_emis_vol('O__3__5007A')/M.get_emis_vol('TOTL__4363A')) for M in Ms]

rO2 = [np.log10(M.get_emis_vol('O_II__3726A')/M.get_emis_vol('O_II__3729A')) for M in Ms]

col = [M.abund['O'] for M in Ms]

size = [np.log10(M.nH[0])*20 for M in Ms]

plt.scatter(rO2, rO3, c=col, s=size)

plt.xlabel('log [OII] 3726/3729')

plt.ylabel('log [OIII] 5007/4959')



  

Grid of models

Grid of 1-zone models to explore diagnostic line ratios.

Compare to Liu et al.



  

3D models

● A grid of 1D models with varying « theta » and 
« phi » parameters is run.

● A 3D cube of coordinates (R, theta, phi) is 
generated. Rotation may apply.

● For each spaxel of the coordinate cube, the 
values of Te, Xi/X, emissivities can be 
interpolated from the 2 or 3 closest 1D runs.



  

3D models

● The main « difficulty » is to define the 
morphology. What and how things change with 
theta (and phi, not always needed) ?

● Needs to have a clear 3D view of the object.
● Sometimes one can use a topological 

equivalent shape, no need for the detailed 
model (e.g. metal-rich clumps).



  

3D models



  

3D models

● A velocity field can be defined and line profiles are computed, taking into account thermal and 
turbulent broadening.

● The profiles can be « observed » using a mask (slit+seeing).
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