
Distant	Standard	Candles:	Type	Ia Supernovae

Review:

• White	dwarf	held	up	by	electron	degeneracy	pressure.	In	degeneracy,	pressure	
depends	only	on	density,	not	temperature.

• In	a	binary	system,	mass	transfer	from	companion	slowly	adds	mass	to	the	WD,	
increasing	central	density	and	temperature.

• When	mass	reaches	1.3	Msun,	temps	get	high	enough	that	C/O	can	begin	fusing.	
This	releases	energy	and	raises	core	temp,	which	in	turn	drives	faster	C/O	fusion.

• Runaway	effect.	When	half	the	C/O	converts	to	Fe,	enough	energy	is	released	that	
the	star	blows	up.

But	they	are	rare.	Typically	
not	feasible	for	distances	to	a	
particular galaxy,	but	good	for	
statistical/cosmological	
studies	of	expansion	rate.



Type	Ia SNe are	standard	candles	
once	we	apply	the	decline	rate	
correction	(more	luminous	SNe fade	
more	slowly).

Δm15 =	magnitude	change	15	days	
after	peak,	correlates	with	peak	
absolute	magnitude

Note,	though,	that	the	absolute	
magnitudes	shown	here	are	derived	
from	Hubble	Law	distances,	and	thus	
depend on	the	adopted	Hubble	
Constant.	They	are	not	independently
calibrated.



Calibrating	Type	Ia SNe

To	calibrate	the	peak	luminosity,	we	want	Cepheid	distances	to	galaxies	that	have	hosted	
observed	Type	Ia supernovae.

The	situation	in	1997:

hMB(max)i = �19.51± 0.06

scatter	=	0.17	mag



Much	progress	since	then!	(from	Riess+16)



Cepheid	Period-Luminosity	plots	for	each	galaxy



Rethinking	the	Cepheids:	How	well	do	we	know	the	calibrated	period-luminosity	relation?

Remember,	to	get	the	
calibrated	Cepheid	P-L	
relationships,	we	had	to	
have	distances	to	Cepheids,	
which	have	uncertainties	of	
their	own.

Parallax	Distances



Direct	Trigonometric	
Parallaxes	for	Milky	Way	
Cepheids from	Hubble

Riess+18



Rethinking	the	Cepheids:	How	well	do	we	know	the	calibrated	period-luminosity	relation?

Remember,	to	get	the	
calibrated	Cepheid	P-L	
relationships,	we	had	to	
have	distances	to	Cepheids,	
which	have	uncertainties	of	
their	own.



Given	a	direct	geometric	
distance	from	parallax	(or	
other	methods),	you	can	
calibrate	the	Cepheid	P-L	
relationship.

(If	your	Cepheid	P-L	
relation	is	calibrated	
wrong,	geometric	
distances	and	Cepheid	
distances	will	disagree.)



Given	distances	from	
Cepheids,	you	can	
calibrate	the	Type	Ia SNe
peak	magnitudes.

(If	your	SNe mags are	
calibrated	wrong,	Cepheid	
distances	and	SNe
distances	will	disagree.)



Given	distances	from	SNe,	
you	can	solve	for	the	
Hubble	constant	by	
making	luminosity	
distance	match	for	more	
distant	SNe.

(If	your	Hubble	constant	is		
wrong,	SNe distances	and	
luminosity	distances	will	
disagree.)



The	whole	distance	route	to	H0,	in	two	steps.

H0 =	73.24	± 1.74	km/s/Mpc (Riess+16)
H0 =	73.52	± 1.62	km/s/Mpc (Riess+18)




