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Columbia	plot	

Sigma	model	analysis	

Pisarski&Wilczek	1984	

	

higher	order	loop	

Vicari	et	al,	2003	

Calabrese	et	al,	2004	
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History	for	Nf=3	QCD	cri$cal	point	

Ac$on	 Nt	 mπ,cri$cal	 Ref.	

KS,	standard	 4	 290MeV	 Karsch	et	al	’01,	Liao	‘01	

KS,	p4	 4	 67MeV	 Karsch	et	al	‘04	

KS,	standard	 6	 150MeV	 de	Forcrand	et	al	‘07	

KS,	HISQ	 6	 ≲	50MeV	 Ding	et	al	‘17	

KS,	stout	 4-6	 could	be	0	 Varnhorst	‘14	

Wilson,	standard	 4	 ≲	670MeV	 Iwasaki	et	al,	‘96	

Wilson,	O(a)	impr.	 6-8	 300MeV	 Nakamura	et	al,	‘14	

de	Forcrand	et	al	’16,	Varnhost	’14,	Szabo	‘13	

We	will	update	it!	



Our	simula$on	details	

•  Iwasaki	gauge	+	NP	O(a)	improved	Wilson	

•  Nt=4,	6,	8	and	10	

•  Kurtosis	intersec$on	to	determine	cri$cal	

point	

•  Chiral	condensate	as	“order	parameter”	
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Kurtosis	intersec$on	
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Kurtosis	intersec$on	
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Due	to	finite	size	effect?	



FiWng	for	kurtosis	intersec$on	

Correc$on	term	of	finite	size	effect	
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Hadronic	quan$ty	at	cri$cal	point	

Nt = 10



Con$nuum	extrapola$on	
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Con$nuum	extrapola$on	
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Con$nuum	extrapola$on	

nega$ve!	
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Con$nuum	extrapola$on	

upper	bound	

mπ,c � 170MeV



Summary	and	outlook	

•  Upper	bound	mπ≲170	MeV	(mπ≲50	MeV	by	KS	
HISQ		)	

•  Our	es$mate	of	the	upper	bound	is	derived	from	
the	existence	of	cri$cal	point	as	an	edge	of	1st	
order	phase	transi$on	

•  Further	large	Nt	or	some	improvement	are	
needed	in	future	

•  For	cri$cal	line	on	Columbia	plot,	see	the	next	
talk	by	Nakamura	

•  Checking	universality	for	Nf=4	QCD	where	no	
roo$ng	issue,	see	Ohno’s	talk	on	6/21	
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Con$nuum	extrapola$on	

mπ/T=0.37	by	KS	
de	Forcrand	et	al.	2007	

mπ/T=1.2	
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