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Goal

e Basically FASTWIND, but in 3D: Quantitative spectroscopic
analysis on 3D simulations
e |[nclude:
‘Implicit elements’
- approx. NLTE + Scattering
- Line blanketing and blocking, including velocity shifts
‘Explicit elements’
- Stark and Voigt broadening
- doublets
- detailed NLTE
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Constructing 3D spherical model

Source functions and
opacities calculation

o«
=

3D O-star models % 7IR. )

Hennicker et al. 2020,2021
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LTE vs | aNLTE s| scattering
source function

e * Continuum opacity:

e * Continuum opacity: * Continuum opacity:
Use Thomson scattering Use Thomson scattering

) opacity Use Thomson scattering
opacity opacity (as start)
* Line opacities: aNLTE
e *Line opacities: LTE (modifies the * Line opacities: aNLTE
(LTE opacity package b Saha-Boltzmann
- Opacily package by relations when computing * Source functions:
Poniatowski et. (2022)) number densities),
(upde_ztted frcl>(m LTtI)E Sc=U0-¢€)J, +€eB,
x - opacity package by
° Cor.1t|n.uum souree Poniatowski et. (2022))
Planck function * Continuum source L= L L5vg2

e ¢eC and el the
thermalization
parameters (0 is full
scattering, 1 is full
thermal)

function: _
e * Line source function: Planck function (T_rad)
Planck function * Line source function:
Planck function with
aNLTE modifications




Radiative transfer: equations

e Time-independent equation B B
of radiative transfer(ok for post-process) nVIV — nV _XVIV — XV (S v IV)

lv = specific intensity ; nv = emissivity ; Xv = opacity ; Sv = nv/Xv = source function

5 (obj)

cac

(ray)
z{ray) Zac

2 Rmax
e Emergent flux profiles: | F, = % f I, (p,{,Z = Rmax) pdpd{
0 0

e specific intensity |v used for surface brightness
(pz geometry)

Hennicker et al 2022




Results
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Blue 3D line behind Macroturbulence

‘1D + vmic + vmac’ lines
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1. Determine 1D; v =0 expected

2. Compare with 3D (EW) to find vmic ~10— 20 km/s
3. Fit vmac (Gaussian and Rad-tan)

aNLTE approach
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V Sin | determinations, conservation of angular

momentum R
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v sin | determinations, high turbulent velocities
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v sin | determinations, high turbulent velocities
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v sin | determinations, high turbulent velocities
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Including scattering and line-blocking

Sc=U-¢€)J, + eB, e €C, €. = thermalization
parameter
_ (0 is full scattering,
Sy = (1 — GL)J + ELBV() 1 is full thermal)

e J = mean intensity
e V= frequency
e V0= frequency

€C from fastwind, €L calculated at line-center
e B = Planck function

The determination of source functions:
done in two-level-atom (TLA) approximation.

Updates on the continuum calculation: Adding approximate
frequency-dependent opacity formalism
=> determine eps_C and opacity
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Including scattering and line-blocking

Sc=U-¢€)J, + eB, e €C, €. = thermalization
parameter
_ (0 is full scattering,
S = (1 — EL)J + ELB,,O 1 is full thermal)

. . . . J = mean intensity
Added physics: Line blocking and Line blanketing feedback on

the radiation field and opacities (based on method by Puls+ 2005, * V=irequency
FASTWIND-1D, but with some modifications), as well as * V0= frequency
bound-free and free-free opacities at line-center
Done during the post-processing (RT package) of RHD simulations,® B = Planck function
following the approximate-NLTE methodology for the NLTE

occupation numbers, outlined in Puls et al. (2000)

(extended to multi-D RHD simulations by Debnath et al. 2026)

(Ongoing work: including this package also directly into the RHD sims, to account for Line
blocking and blanketing in the RHD sim structures themselves.)
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Evolution of continuum opacity
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Implementation
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Evolution of &¢
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Steps toward community-tool

e Get current implementations for “implicit elements”
fully up and running

> W

Frequency Dependent

“Explicit” Elements: Radiative Transfer for

e Stark and Voigt broadening Unified Atmospheres
(first case implemented, work in progress) In

e doublets Three-D

e detailed NLTE (implemented for H; in test-phase)

e Do Quantitative Spectroscopic analysis
directly on the 3D simulations
(strategy required - input from audience desired)
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