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1. The Death of Low and Intermediate 

Mass Stars
A. What does “Low and Intermediate” mean?

a) Typically stars with mass less than 8 solar masses

B. How do these stars end their lives? (the canonical picture) 

a) Outer layers ejected as a planetary nebula (PN).

b) The core contracts and heats to become a white dwarf.

C. Do they all really do this?

a) No.  Stars with mass less than 1 solar mass do not have hot 

enough cores to ionize the gas

b) Some suggestion that NONE should!



A. The shapes of PNe give us a hint

a) PNe come in all sorts of shapes, typically categorized generally 

as: round, elliptical, and bipolar

b) There are also substructures, such as point symmetry, FLIERs, 

haloes, etc.

2. Shaping Methods

Abell 39 M57 - Ring Nebula
Hen 3-

401



2. Shaping Methods
B.Shapes may be caused by several mechanisms

a)gravitational interactions ⇒ binary stars

b)magnetic fields 

•Also ⇒ binary stars (need source of angular momentum)



3. Central Stars of Planetary Nebulae

NGC 6026

• Radial Velocities show definite 

variations, so it IS a binary

• RV variation period: 0.528 d



3. Central Stars of Planetary Nebulae

NGC 6026

• Radial Velocities show definite 

variations, so it IS a binary

• RV variation period: 0.528 d

• Light variations as well



A. Observations of known but poorly studied systems

a) Only 11 of the 37 catalogued systems are well studied.

b) We have photometry of an additional five

c) Spectroscopy of four of these on the way (Gemini South)

4. Student Involvement



B. Ongoing survey to discover more binaries

a) SARA North

b) and SARA South (first light in February)

4. Student Involvement



B. Ongoing survey to discover more binaries

c) Near infrared search for cool companion stars at WIYN telescope

• Observations in June

4. Student Involvement



4. Student Involvement

C.Students Research positions

a)Plan ten weeks, starting and ending dates negotiable

b)On-campus housing provided (pending approval)

c)Data reduction & analysis - photometry & spectroscopy

d)Some binary star modeling

e)One position via VU funding (minimum 2nd half of the summer)

•Applications through the department - due Wed. Feb. 24th

a)One position via SARA REU program

•Application online - Deadline is Feb. 5!

•students must speak with me before applying




