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Stellar Evolution with Rotation in PARSEC v2.0:
Low- and Intermediate-mass Stars

Rotating stellar evolutionary group:

GENEC

FRANEC

STAREVOL



Basic input physics

• Includes the new calibration of overshooting
λov = 0.0 - 0.4 (Costa et al., 2019)
Λe = 0.5 - 0.7 Hp (Fu et al., 2018)

• Includes the improvements of nuclear 
network and the treatment of chemical 
mixing scheme

• Includes mass loss during the evolution 
phases

Rotation

• rotation rate: ω = Ω/Ωc

with Ωc ∝ (GM/R3
pol ) ½

• Considered initial rates: ωi = 0.00, 0.30, 0.60, 
0.80, 0.90, 0.95, 0.99

• Applied rotating model depends on the initial 
mass, up to a value ωi,max ,
ωi,max (M) = 0.99(M - MO1)/(MO2 - MO1)

Metallicity & Mass range

• Z-range: 0.004 - 0.017

• Mass range: 0.09 - 14 M☉

Mass loss

• For rotating models:
Mdot = Mdot (ω=0) (1 – v/vcrit )-ξ

with vcrit = Gm( 1 - Γe )/r and ξ = 0.43

• For non-rotating models:

• Low-mass stars:
Using Reimers' law

• Intermediate-mass stars:
Using de Jager et al. (1988) and Vink et al. 

(2001), corrected by a Z-dependence factor:
Mdot ∝ ( Z/Z☉ )0.85

Input Physics

PARSEC V2.0: Stellar tracks of low-
and intermediate-mass stars with rotation



- During the MS, 
higher rotation rate, 
cooler of the star

- In the post-MS, 
the drop down on 
rotation rate results 
in the evolution as a 
non-rotating star

Low-mass 
stars:

Effects on the HRD

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation

gravity darkening

PARSEC V2.0: Stellar tracks of low-
and intermediate-mass stars with rotation



- At the beginning, 
models that rotate 
faster are cooler

- At further phases, 
models that rotate 
faster to become 
more luminous

Intermediate-
mass stars:

- During the MS, 
higher rotation rate, 
cooler of the star

- In the post-MS, 
the drop down on 
rotation rate results 
in the evolution as a 
non-rotating star

Low-mass 
stars:

Effects on the HRD

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation

rotational 
mixing

PARSEC V2.0: Stellar tracks of low-
and intermediate-mass stars with rotation



the faster the stars 
rotate, the longer 
they stay in the MS

- LMSs: the ratio remains modest 
because of the lower efficiency of 
rotational mixing

- IMSs: rotational mixing provides more 
fresh fuel to the central core due to the 
well developed radiative envelope

MS-lifetime

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation
PARSEC V2.0: Stellar tracks of low-

and intermediate-mass stars with rotation



• A significant mixing can occur at much earlier 
stages, proportional to the initial rate

• evident by the enhancement in the surface 
nitrogen and helium, or depletion of oxygen 
and carbon

The transport of 
nuclear-burned products 
from the central region 
to the surface due to 
rotational mixing

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation

PARSEC V2.0: Transport of nuclear-
burned products



Transport of nuclear-burned products

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation
PARSEC V2.0: Stellar tracks and isochrones of 
low- and intermediate-mass stars with rotation

PARSEC V2.0: Transport of nuclear-
burned products



-  evolution of rotation rate is clearly witnessed by the changes in color
-  isochrones available at: http://stev.oapd.inaf.it/cgi-bin/cmd

Isochrones

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation

produced by TRILEGAL code applied BC tables from YBC database

PARSEC V2.0: Isochrones

http://stev.oapd.inaf.it/cgi-bin/cmd


Isochrones

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotationPARSEC V2.0: Isochrones

➢ Variation of inclination angles

➢ Rotating isochrone shifts to the red 
side, and more luminous

➢ Does not effect on old age



M67
  PS2: (m-M)0 = 9.69, Av = 0.1, 
       [Fe/H] ≈ 0, t = 3.7 Gyr
  PS1: (m-M)0 = 9.62, Av = 0.15,
       [Fe/H] ≈ 0, t = 3.9 Gyr

CMD fit

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation

data: Cantat-Gaudin+2018

New stellar tracks and isochrones: CMD fit



M67
  PS2: (m-M)0 = 9.69, Av = 0.1, 
       [Fe/H] ≈ 0, t = 3.7 Gyr
  PS1: (m-M)0 = 9.62, Av = 0.15,
       [Fe/H] ≈ 0, t = 3.9 Gyr

NGC 6633
  (m-M)0 = 7.841, Av = 0.451, 
   Z = 0.012, t = 708 Myr
- hints for the presence of at least one population of 
non-rotating stars and another of fast rotators

CMD fit

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation

data: Cantat-Gaudin+2018

New stellar tracks and isochrones: CMD fit



CMD fit & M-R relation

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation
New stellar tracks and isochrones: CMD fit

NGC 1866
Costa et al., 2019



PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation
New stellar tracks and isochrones: CMD fit

NGC 1866
Costa et al., 2019

NGC 419
Dresbach et al., 2023

CMD fit & M-R relation



PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation

NGC 1866
Costa et al., 2019

NGC 419
Dresbach et al., 2023

NGC 6866
Brogaard et al., 2023

New stellar tracks and isochrones: CMD fit

CMD fit & M-R relation



Evolutionary tracks:   http://stev.oapd.inaf.it/PARSEC/tracks_v2.html
Isochrones:          http://stev.oapd.inaf.it/cgi-bin/cmd

PARSEC V2.0: Stellar tracks and isochrones of low-

and intermediate-mass stars with rotation
PARSEC V2.0: Database available online

http://stev.oapd.inaf.it/PARSEC/tracks_v2.html
http://stev.oapd.inaf.it/cgi-bin/cmd


PARSEC V2.0: Stellar tracks and isochrones of 
low- and intermediate-mass stars with rotation
PARSEC V2.0: Database available online

Evolutionary tracks:   http://stev.oapd.inaf.it/PARSEC/tracks_v2.html
Isochrones:          http://stev.oapd.inaf.it/cgi-bin/cmd

http://stev.oapd.inaf.it/PARSEC/tracks_v2.html
http://stev.oapd.inaf.it/cgi-bin/cmd


PARSEC V2.0: Tracks & isochrones of low- and intermediate-mass stars with rotation
1. initial metallicity:     0.004  -  0.017
2. initial masses:        0.09   -  14.0 M☉

3. initial rotation rate:   0.00   -   0.99
4. public use:

• tracks: http://stev.oapd.inaf.it/PARSEC/tracks_v2.html
• isochrones: http://stev.oapd.inaf.it/cgi-bin/cmd
• reference:  Nguyen et al., 2022

Soon to be updated:
1. Complement the 3 sets: Z=0.002, 0.02, 0.03 to the database

Summary

http://stev.oapd.inaf.it/PARSEC/tracks_v2.html
http://stev.oapd.inaf.it/cgi-bin/cmd


Thank You!!!
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