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B Postdam Wolf-Rayet stellar atmosphere code (PoWR, Grifener+02)8se
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8 Postdam Wolf-Rayet stellar atmosphere code (POWR, Grafener+02)Es
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J ' Calculate the opaC|t|es except
| iron group transitions that are

accounted with a super-level

approach (Grafener+02)
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¥ ° Assume an analytic velocity law for the wind:

1 B
v(r) = p1 (1— )

r+ D>

I . With boundary conditions: v(rmax)=Ve, V(rcn)=Vveon and initially
g [3=0.8 (Pauldrach+86).

* Using the mass continuity equation with a fixed mass-loss
rate, M:

M = 4nr? v(r)p(r)
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In the subsonic regime, the density and velocity are obtained integrating
the hydrostatic equation:

dP

e —p(r) | g(r) = araa(r)]
r

To connect density and pressure we use the ideal gas equation of state:
2
P(r) = p(r)as(r)

Including a turbulence term in the speed: ¢*(r) = keT(r) 1 2

u(rymy

: , 1
So we obtain a turbulent pressure term: Pt (7) = 5p(r)vﬁﬁc(r) = p(r)vfurb(r)
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In the subsonic regime, the density and velocity are obtained integrating
the hydrostatic equation:

dP

e —p(r) | g(r) = araa(1r)]
r

To connect density and pressure we use the ideal gas equation of state:
2
P(r) = p(r)as(r)

Including a turbulence term in the speed: af(r) —

kB T(I") +
p(rymy

: , 1
So we obtain a turbulent pressure term: Pt (7) = 5p(r)vﬁﬁc(r) = p(r)vfurb(r)
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B © In the subsonic regi

B - So we obtain a turbulent pressure term:

del,‘microturbulence =~
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This turbulence term in the hydrostatic
equation is NOT the same as the
microturbulent broadening in the line
profiles!

the hydrostatic eqg
™ . To connect density anc

* Including a turbulence term in the speed: ag(r) —

1 .5
Puur(r) = 5p(r)pe(r) = p(r)vz . (1)
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Radiation hydrodynamic (RHD) module of MPI-AMRVAC (Xia+18)
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Radiation hydrodynamic (RHD) module of MPI-AMRVAC (Xia+18)
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Radiation hydrodynamic (RHD) module of MPI-AMRVAC (Xia+18)
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Calculate opacities using ;
OPAL tables + Doppler shift forg
the optically thin region
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Radlatlon hydrodynamlc (RHD) module of MPI AMRVAC (X|a+18)

~+Multi-D radiatic

.1 " . " .. L] ..-, i & "
: - A gL . . o - -

R ‘ 3" R B el k i ¥
i . i il e Lo a s e L

g o

e -

..‘I
EE

Hybrid approach | ;
(Poniatowski+22) &

| Flux limited
diffusion method

(FLD, Moens+22a), to - i R S -

B reconcile optically o R 4 U ~ | Calculate opacities using ,.
f thick and thin regimes | NSRS S -8 OPAL tables + Doppler shift for§
§ flux consistency. L AR R B O S - the optically thin region



* . s

Multl D radla hydrodynamlc
- J- i il i s ode Is

.. o el LA Ly

e, A . P

Radlatlon hydrodynamlc (RHD) module of MPI AMRVAC (X|a+18)

L

Yu
. ‘.

Wind inhomogeneities: § ?P):)Tigo?/!/osﬁ(riggg) T

microclumping
| Flux limited 3 '
diffusion method

(FLD, Moens+22a), to i R S -

@ reconcile optically o R 4 U . Calculate opacities using ;
[ thick and thin regimes | & SSEEEEEREIE S 8 OPAL tables + Doppler shift forg
§ flux consistency. L AR T R 5 " the optically thin region



Multl D radla

tion h yd rod yn a m |c
* odels

" o = o

S PR : L TR

Radlatlon hydrodynamlc (RHD) module of MPI AMRVAC (X|a+18)

L

f et Hybrid aprch P
Wl_nd mhomo_geneltles. (Poniatowski+22)
microclumping
| Flux limited | LT a
diffusion method | T
(FLD, Moens+22a), to ' Mean wmd den5|ty e -
: re_concile op.ticallyl 4 R A &% " Calculate opacities using ;
§ thick and thin regimes . v % OPAL tables + Doppler shift forg

§ flux consistency. the optically thin region




Multl D radla ""'hydr‘odynamlc

5y

L g TR m o A, .
. S i ST

Radlatlon hydrodynamlc (RHD) module of MPI AMRVAC (X|a+18)
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8+ Multi-dimensional, time-
dependent, RHD simulations.|

';j} For 08, 04 and 02
(super-)giants.

e Depth-dependent turbulent
" velocity:

1 R - @ °*08 - vun(rpnt)~30 km/s |
o1 o L T NS ° 04 Y Vturb(rphot)~60-80 km /S
b Model (Tea(kK)) M./Mo (Ri)/Ro 10g1o(Ls) /Lo) (Lu)/Leaa 10g19¢gx) logio{M) (Moyr™) | 3 02 = Vturb(rphot) 100 km/ S
08 333 269 12.26 523 0.16 3.69 —6.86 B ;.- =

04 39.6 383 16.98 5.78 0.27 3.74 —5.84
02 43.8 583 15.99 5.93 0.38 3.79 -5.56

Probablity density

. Debnath+24
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* Influence on the vmic: __
* No depth dependence |
on the vmic.

* No need to go to very
high optical depth.

*
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Debnath+24 averaged
2D models.

o
o))

E
-
o
o
o
—l
=

o
IS

— 04 (2D)
meee 20 Vmic = 0

0.5 [




Debnath+24 averaged
2D models.

* Including a vmic=125
km/s (vturb=88.4 km/s).
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E Including a vmic=125
® km/s (vturb=88.4 km/s).

r

1.01.

Vr(IOOkaf's}

= . Changing B from 0.8 to

e b gn L ODnzAlez-Targ, et ak, in preps



# - Final 1D parameters
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| « Influence on't
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— oo | S Same parameters a
— wv,-o | @88 Debnath+24 averaged
—— 1D V=0 ' 2D mOdeIS-

% . Including a vmic=125
s km/s (vturb=88.4 km/s).

* Changing B=1.01.
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e Influence on the vmic:
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. «Profile: -
comparison
~forall 3
~“models’

V. (1000km/s)
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.Gonzélez*Tora €t al., in prep.
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0.01

1.0

— 08 (2D)
|- lD Vmic=0
—— 1D Vmic= 0

0.8

0.6

— 04 (2D}
G e 1D Vmic=0
—— 1D Vnic= 0

1.0

0.8

0.6 1

— 02 {2D)
inaies 1D Vmic = 0
—— 1D Vmic= 0

0.2 0.4

0.2 0.4

0.2 0.4

-9 -9 -97

—— 08 (2D) ; —— 04 (2D) ! —— 02 (2D)
—-10 --== 1D Vmic=0 | =10 === 1D Vmic=0 | =101} m=== 1D Vpmic=0

—— 1D Vmic #0 —— 1D Vmic 20 '. —— 1D Vmic =0

N —11 \

S

o —121

Q

o>

o -13

0.2 0.4

0.2 0.4

0.2 0.4

— 08(2D)
-=—- 1D Vpic =0
—— 1D Vmic %0

—— 04 (2D)
——=- 1D Vpic=0
—— 1D Vmic 20

— 02(2D)
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e - Si.a Vmic term in the solution of the hydrostatic
| equation will lead to larger logg values:

2
U umH
A(log g) = 1o [1+L]

N - Usijn Ehe expression: A(logg)~0.4, 0.9, 1.0 for O8, O4
an :

+ s
+ it e
v . s



* Fit the spectral lines
® with vmic=0 and lower
——. 08 logg=3.47 —— 08 logg=3.47 i |Ogg.

—— Vmic # 0 logg = 3.67 —— Vmic 20 logg = 3.67
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WR sta rs.h".;
Stay tu ne d

ke

. Compared with averaged 3D
models for WR stars in
Moens+22b.

* POWR branch solving the full
hydrodynamic equations
( ander+17)
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e Compared 1D PoWR models with averaged 2D RHD profiles for
three O stars and three WR stars.

* Density profiles can be well reproduced with a fixed vmic in the
hydrostatic equation.

e Future work: Include a depth dependence on vmic.

* Increasing B parameter from 0.8 to 1.01 helps reproduce the
velocity profile.

* Including a vmic affects the spectral lines and line diagnostics.

* This turbulence term could reconcile the ‘Mass discrepancy’
between evolutionary and spectroscopic mass
determinations.
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Table 1 GOnzaI

i
| .
i, AR

l0g(L, /L) L./Leaa logM/Moyt Ts KK) M,/Mo R.3/Ro logg 10880  Uun (kmjs) P
5.23 0.16 -6.75 33.1 26.9 12.56 3.67 3. 354 1.01
5.78 0.27 -5.55 38.4 60.5 17.55 3.73 3.36 88.4 1.01
5.93 0.39 -5.26 40.9 58.3 18.39 3.67 3. 106.1 1.01

Model (Ter(kK)) My/Mo (Ru)/Ro 10810 (Ls) /Lo) (La) [Leaa 10g1p{g+) logio(M) (Moyr™') [ENSEEEEEEE

08 333 26.9 12.26 5.23 0.16 3.69 ~6.86 G O R
04 39.6 58.3 16.98 5.78 0.27 3.74 -5.84 TR o
02 43.8 58.3 15.99 5.93 0.38 3.79 ~5.56 e gt
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