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SOME CURRENT CHALLENGES

How to explain lack of SN [I-P from RSG
progenitors between 18 and 25 Msol?
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SOME OLD STILL CURRENT CHALLENGES

LINK BETWEEN LIGHT CURVE SPECTRUM
OF SN AND NATURE OF THE PROGENITOR?

BINARY VERSUS SINGLE STAR?

.‘lii\ .

MASS LIMITS BETWEEN NEUTRON STAR AND BLACK
PROGENITORS (HOW DOES IT DEPEND ON Z)?

WHAT CAN WE SEE WHEN A BLACK HOLE
IS FORMED? "




RED SUPERGIANT POPULATIONS

|
60 M,

Upper Luminosity—> 5.2-5.3
(median value of the most 5 L stars)
SNII-P-> 5.1 (Smartt et al. 2009)

No dependance on Z
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Philip Massey, David R. Silva, Emily M. Levesque, Bertrand Plez, Knut A. G. Olsen, Geoffrey C. Clayton ,
Georges Meynet, and Andre Maeder (2009, ApJ 703,420)
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RSG are variable in V mag. (not in K)

In M31 by ~0.5 mag.
8 In MC by ~0.9 mag
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Either

Formation of WR stars from the domain of
Mass of RSG progenitors is very rare

Or

WR formed from RSG are formed only just before
the star explodes

Massey 2003
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. What consequences for the
_ fSMC types of CC-SNE?

GCBE22
A RSGs/WRs ratios—> ratios of mean lifetimes

M33 (outer) '

CC SN ratios= number ratios of stars in different mass domains
\ B . miadile q

——

M33 (inner)
®

IFF most RSG + WR are the end point of the evolution
IF WR-> type Ibc, then

expect similar trend of the ratio Ibc /Il versus Z
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WHAT ARE THE FACTORS DETERMINING THE TIME SPENT AS RSG
FOR A SINGLE GIVEN INITIAL MASS STAR?
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IMass loss

® And mixing

V838 Monocerotis NASA/ESA/Hubble Heritage Team (STScl/AURA ).



20 Msol, Z=0.004

mass s I
fraction o8 - | with mixing due
i | to rotation
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I Maeder & Meynet 2001, A&A, 373, 555 [ dl

0 S 10 15 =0

With mixing (due to rotation):
- Larger core

MI'/MSU n

- More He in shell
- H shell less active RSG
- no intermed. conv. zone




B/R PROBLEM
Lots of RSG observed at low Z, B/R~0.5-0.8 in SMC
but current models predict none, B/R~50.

Langer & Maeder 1995, A&A, 295, 685 :
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Models with mixing due to rotation are OK with
B/R = 0.5-0.8 in SMC cf. Maeder & Meynet 2001




RSG/B stars
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CONSISTENT WITH MODELS
More fast More
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Rotators RSG
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When the metallicity (mass loss) decreases, models predict that a still greater
portion of the core He-burning phase occurs in the blue

Mass Loss = Red




tye(RSG)

CHANGE OF MASS LOSS

For a given initial mass

Mass loss during MS

MASS LOSS



WHAT ARE THE FACTORS DETERMINING THE TIME SPENT AS RSG
FOR A SINGLE GIVEN INITIAL MASS STAR?
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f And Mass Loss
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V838 Monocerotis NASA/ESA/Hubble Heritage Team (STSCI/AUgA)'
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tye(RSG)

CHANGE OF MASS LOSS

For a given initial mass

Mass loss during MS

Mass loss during the
RSG phase

MASS LOSS



Giannone 1967




VY CMa, Circumstellar material very inhomogeneous

el
Smith, Hinkle, Ryde, 2009, ApJ, 137, 3558

Current average Mdot ~2-4 104 My,

Higher Mdot in the past (~1000° 3 M /Yy

1 Msol of circumstellar m ed in the last 1000 y

Might give a type lIn SN t

NASA, ESA, and R. Humphreys (University of Minnesota)
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Salasnich, Bressan, Chiosi, 1999, A&A, 342, 131

See also Yoon & Cantiello , 2010, eprint arXiv:1005.4925

20 M, % He-burning lifetime with log T > 4.2
End He-burning surface hydrogen ~0.5.



Reduction inferior
mass limit for removal of

outer envelope
from 25 M, to ~19 M,

May explain lack of SNII-P

progenitors with M > 17 M,

Progenitors of type lIn with
circumstellar envelope

of only a few M,

7 6 5 4 3 2 1 0
log (time until core collapse) [yr]

Yoon & Cantiello , 2010, eprint arXiv:1005.4925



Effect of rotation

M= 20 M, , Z= 0.02 & a_, = 0.1
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Przybilla,Firnstein,Nieva, Meynet, Maeder, 2010, A&A, accepted
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Yellow supergiants [ Yellow 2=0040°)
i Supergiants In M31 A
Upper Luminosity: OK e

é ! o
Theory predict too many 0 "
Stars here not OK . e e— L
— R o 03¢ ]
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Table 6. Number of Yellow Supergiants Compared to Models
Models from Meynet & Maeder 2005

Mass # ## Ratio relative to 12-15M: o
Range All  Certain All Certain  Models
12-15M, 41 20 1.0 1.0 1.0
15-20 M 28 16 0.7 0.8 0.6 ]
20-25M - 8 4 0.2 0.2 0.2
25-40M . 0 0 0.0 0.0 0.5
15-25M 36 20 0.9 1.0 0.8

Z£=0.014 with rotation, in prep
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1SS loss and m1x1ng are key factors : |
, Z, rotation, magnetic fleld bmarlry
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Milky way, NGC 3603 :

10* My, , age ~1.5 Myr

Masses—> 83 - 180 M
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LMC, R136 :

510% My, , age ~1.7 Myr

Masses—> 135- 320 M
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Crowther, Schnurr, Hirschi, Yusof, Parker, Goodwin, Abu Kassim, 2010, MNRAS, in press

STARS WITH MASSES ABOVE 150 M,



650 km/s
M= 10-48

— 500 km/s

- M= 1048
] 500 km|/s _
—_ ,"":/} .:
Blueward evolution Redward evolution
for high rotation For low rotation
and/or mass loss and/or mass loss
rates 1 , rates
5 4.5 4
Log T,,

Maeder, Meynet, Hirschi, 2005, ASP Conf Ser. 332
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150 M,.,, Z=0.002

Myoe: Vink et al 2001

Log L/L,

NO LBV explosion

SN progenitor-> WC

150

He core mass ~70 M,

- Pair Instability SN

Woosley, Blinnikov, Heger ,

100

2007

S50

Yusof et al in preparatlon
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Possible reason for high mass loss rates

L increases
M decreases

I increases
Ve increases
Vcrit decreases

- Strong mass loss
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