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Take-home	messages
• SMC	is	added	as	1	more	anchor	(now	totally	4).

• The	Cepheid-SN1a	H0 is	updated	to

SMC	alone

4	anchors

Anchor:	a	galaxy	that	allows	one-step	
distance	measurement

MW	– parallaxes
LMC	– DEBs	(late-time)
NGC	4258	– maser
SMC	– DEBs	(late-time)	



Challenges	for	SMC	to	be	an	anchor

• Large	angular	size	and	elongated	shape
Ø Choose	Cepheids	close	to	the	core
ØModel	the	shape	of	SMC

• Wide	separation	between	Cepheids,	so	not	HST	friendly
ØAdopted	a	recently	available	rapid	exposure	observing	mode.
ØHST	photometry.

How	to	tell	whether	a	P-L	relation	is	good?	– A	parameter	used	is	the	scatter.



Geometric	modeling	decreases	scatters	in	Cepheid	
P-L	relation	near	the	core to	0.13	mag.



The	recent	DASH	mode	allows	multiple	
Cepheid	observations	in	one	orbit

1. Previously,	ground-based	
photometry:
• Crowding
• Not	the	same	0	point	as	HST

2. Cepheid	separation	is	12’,	not	
suitable	for	HST	before;
• Now	a	rapid	exposure	

observing	mode	is	used.



P-L	relations	and	
comparison	to	LMC

• Scatter	is	higher	for	
SMC	cepheids;

• A	scatter	of	~0.1	is	
very	close	to	state-
of-the-art.

• No	break	is	
suggested	in	the	P-
L	relation.
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Error	budges	in	the	1st rung



Metallicity	dependence



My	big	picture	in	the	Hubble	tension
If	the	problem	is	in	the	local	measurement
• SN1a,	3rd rung?	– Not	likely

Ø SN1a	alone	gives	consistent	result	with	Planck	in	Ω".
Ø Replacing	SN1a	with	other	secondary	distance	indicators	also	give	high	H0.

• 1st rung?	– I	don’t	think	so
Ø 4	anchors	with	3	different	methods	all	give	high	H0.	
(This	paper	strengthen	this	conclusion)

• 2nd rung	(10-30	Mpc)?	-- Most	likely
ØCrowding?	– recently,	JWST	with	5	(out	of	42) SN-Cepheid	hosts	justified	the	previous	de-crowding	method.
Ø Local	void?	– possible,	but	difficult	to	produce	a	10%	difference	in	H0.
ØDust?	Environmental	difference?	– needs	to	carefully	revisit	the	Wesenheit magnitude.	
ØCosmic	evolution	 in	Cepheid	P-L	relation?	
Ø ….


