
Proposal	for	appointment	of	a	joint	Sino–Chile	postdoctoral	researcher	
	
Title:		 A	population	study	of	stellar	rotation	rates	
	
Abstract:	
	
Old	 globular	 clusters	 (GCs)	 in	 the	Milky	Way	 often	 show	 clear	 evidence	 of	 containing	
multiple	 stellar	 populations.	 The	 origin	 of	 multiple	 stellar	 populations	 in	 GCs	 is	 still	
unknown;	however,	most	popular	current	theories	invoke	scenarios	involving	large	age	
spreads	within	GCs.	Additionally,	recent	observations	have	shown	that	intermediate-age	
(1–3	Gyr-old)	star	clusters	exhibit	extended	main-sequence	turn-offs	(eMSTOs).	At	first	
sight,	eMSTOs	suggest	that	clusters	may	include	stellar	populations	with	age	spreads	of	
more	than	300	Myr.	However,	observations	of	young	massive	star	clusters	do	not	show	
any	 hints	 of	 such	 an	 extended	 star-formation	 process.	 Alternative	 models	 have	 been	
proposed,	 including	 population	 differences	 in	 terms	 of	 stellar	 rotation	 rates,	 but	
definitive	 tests	 remain	 elusive.	 Here	 we	 propose	 to	 systematically	 characterize	 the	
distributions	of	stellar	rotation	rates	in	star	clusters	of	different	ages,	metallicities,	and	
containing	 a	 range	 of	 stellar	masses,	 using	 a	 combination	 of	 observational	 and	 novel	
theoretical	 approaches.	 A	 project	 such	 as	 this	 has	 never	 been	 done	 before	 for	 star	
clusters,	 and	 even	 for	 field	 stars	 the	 distribution	 of	 rotation	 rates	 is	 still	 very	 poorly	
known.	 Yet,	 this	 project	 has	 the	 potential	 to	 answer	 one	 of	 the	most	 important	 open	
questions	in	GC	research	today:	are	star	clusters	born	as	“simple”	stellar	populations	or	
do	multiple	populations	develop	through	a	more	complex	process?	
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Science	case:	
	
Until	 about	 a	 decade	 ago,	 star	 clusters	 were	 considered	 “simple”	 stellar	 populations	
(SSPs).	That	is,	it	was	generally	agreed	that	all	member	stars	in	a	given	cluster	formed	at	
approximately	the	same	time	from	the	same	progenitor	gas	cloud.	As	a	consequence,	all	
stars	 in	a	cluster	were	thought	 to	have	similar	ages	and	the	same	metallicity.	Only	 the	
individual	stellar	masses	were	thought	to	vary,	but	the	community	also	agreed	that	this	
variation	was	 fairly	well	understood	 (for	a	 review,	 see	e.g.	Li	 et	 al.	2014a,	2016a;	 and	
references	 therein).	 	 After	 all,	 the	 stellar	 initial	 mass	 function	 was	 thought	 to	 be	
universal,	at	least	in	the	local	Universe	(e.g.,	Bastian	et	al.	2010).	This	simple	picture	has	
been	 confirmed	 in	many	 open	 and	 young	massive	 clusters,	 because	 (a)	 their	 colour–
magnitude	 diagrams	 (CMDs)	 seem	 to	 be	 well	 described	 by	 SSP	 models	 and	 (b)	
spectroscopic	studies	reveal	that	all	their	member	stars		share	the	same	abundances.	
	
Over	 the	 past	 decade,	 this	 situation	 has	 changed	 dramatically	 for	 massive	 globular	
clusters	(GCs)	in	the	Milky	Way,	however,	with	as	key	consequence	that	star	clusters	can	
no	 longer	 be	 considered	 SSPs	 (e.g.,	 de	 Grijs	 2010).	 GCs	 often	 show	 clear	 evidence	 of	
containing	multiple	 stellar	populations,	 as	 seen	 in	 abundance	 spreads	among	member	
stars	 and	 complex	 features	 (e.g.,	 multiple	 sequences)	 in	 their	 CMDs.	 The	 origin	 of	
multiple	 stellar	 populations	 in	 GCs	 is	 still	 unknown;	 however,	 most	 popular	 current	
theories	 invoke	 scenarios	 involving	 large	 age	 spreads	 within	 GCs,	 which	 allows	 each	
new	generation	to	be	polluted	by	the	stars	of	previous	generations.	
	


