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• Cooling radiation 
• Line force (eg. Dijkistra & Loeb 2008; Smith et al 2017, Kimm et al. 2018)  

• H- Photodetachment  

for hn >0.76 eV 
H-

 + hn ®  H + e- 

Lya feedback 

Johnson & Dijkstra 2017 
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Toward RHD with Lya Transfer 

H- Process in H2 Formation 
e- + H ® H- + hn   

→  H-  + H ® H2 + e-  

One-zone model 



Monte Carlo Schemes 
- straightforward to implement 
- subject to shot noises 
- time consuming for all fluid elements to receive a sufficient 

number of photons 
 
Mesh Schemes 
- easy to couple with hydrodynamics 
- transfer calculations in arbitrary optical-depth are time 

consuming 

My talk 
A novel mesh scheme coupling radiative diffusion with transfer 



Ø Context: 
Consider domains containing optical 
thick and thin regimes. 

 
Ø Goal: 

Speed up computation by coupling 
diffusion and transfer equations. 
Maintain accuracy of a full transfer solution. 

 
Ø Method: 

Solve the diffusion equation in optically-thick regimes. 
Solve the transfer equation in optically-thin regimes. 
Use diffusion solution as boundary data for the transfer 
equation. 
Radiation 

Hybrid Scheme 
RDT: Radiative Diffusion and Transfer Scheme 

optically-thick 
diffusion regime 

(100<t<¥) 

radiative transfer regime 
(t»100) 



Diffusion equation of resonant line scattering 
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Harrington-Neufeld Solution for a Static Slab 

Diffusion equation 
(Poisson-type) 

 Dijkstra-Haiman-Spaans Solution for a Static Sphere 
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Harrington-Neufeld 
solution 

Voigt-profile  
solution 

Comparison of Diffusion Solutions 



Test Calculations for Ly a Transfer 

Diffusion regime 
(tRT<t< t0) 

Radiative transfer regime 
(0<t< tRT) 

t0 

tRT Direct calculations of RTE 

Numerical solution  
of diffusion eq. 



RDT vs RT 

tRT=100=t0/100 tRT=1000 =t0/10 

t0= 104, T= 104 K 

Ø Resultant mean intensity is insensitive to tRT.  
Ø RDT with tRT=t0/100 give mean intensity with an accuracy of a few - 10 %. 

RDT 

direct RT 



Computational Time 

Method tRT tdiff Iteration # Computational time 
by  one core 

Acceleration 

RT(Direct) 10000 0 262,920 44.4days 1 

RDT 1000 9000 12,664 15hrs 70 

RDT 100 9900 556 8min 8000 

t0= 104, Dt= 1 (104meshes) tdiff= t0- tRT 



Summary 

Ø We’ve developed a novel hybrid scheme, RDT (Radiative 
Diffusion and Transfer), with the diffusion solution based on 
the Voigt profile and the exact redistribution function for 
non-coherent resonant line scattering in arbitrary optical-
depth media on meshes. 
 

Ø RDT calculations with tRT= t0/100 give the mean intensity 
with an accuracy of a few - 10 %. The accuracy of radiation 
force is enhanced with increasing t0.  
 

Ø RDT scheme can reduce the computational cost dramatically 
and allow us to properly calculate the formation of Pop III 
objects or LAEs incorporating Lya feedback. 
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