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Outline	

•  Brief	review	of	8f	SU(3)	spectrum	study	
•  Covered	by	George	Fleming	in	the	previous	talk	

•  	Candidate	low	energy	effec3ve	theories	of	8f	SU(3)	

•  Studying	the	low	energy	effec3ve	theory	of	8f	SU(3)	on	the	laBce	
•  Observables	of	interest	
•  Methods	
•  Early	results	

•  Conclusions	and	Looking	forward	
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8f	SU(3)	with	Staggered	Quarks		

•  8	flavors	in	the	fundamental	representa3on	
•  Work	under	conven3onal	assump3on	that	model	is	chirally	
broken[1][2][3][4][5]	

•  Study	the	mass	degenerate	theory	
•  One	could	consider	spliBng	masses	to	connect	to:	

•  Dilatonic	Higgs	scenario	
•  PNGB	Higgs	scenario	

•  We	study	the	sector	in	isola3on,		
•  One	may	consider	assigning	standard	model	couplings	
•  Want	to	understand	the	novel	dynamics	of	the	gauge	sector	
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8f	SU(3)	on	the	laBce	

•  Staggered	quarks	
•  Rela3vely	inexpensive	
•  Exact	U(1)V	x	U(1)A	laBce	symmetry	of	staggered	ac3on	
•  Exact	SU(2)f	“isospin”	flavor	symmetry	

•  LaBces	generated	via	nHYP	smeared	staggered	quark	ac3on	and	Fundamental	
adjoint	plaqueie	gauge	ac3on,	β=	4.8,	βa	=	-β/4	

•  Currently	using	the	same	laBces	as	used	in	the	8f	spectrum	analysis	(previous	talk)	
•  Early	study	performed	on	subset	of	coarse	laBces	
•  Finer	laBces	already	exist	from	the	spectrum	calcula3on	
•  We	are	also	genera3ng	new	ensembles	more	tailored	to	the	specific	task	of	

studying	scaiering	and	form	factors	
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Light	0++	in	8f	SU(3)	

•  Low	lying	spectrum:	pions	and	a	sigma	
•  What	is	the	low	energy	effec2ve	theory?	

[6]	
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Candidate	Low	Energy	Effec3ve	Theories	

•  XPT	makes	definite	predic3on	for	low	energy	observables	
•  scaiering	observables	

•  Scaiering	length,	effec3ve	range	
•  I=2,1,0	

•  At	leading	order,	linear	sigma	model	gives	same	predic3on	as	XPT	
•  At	NLO	linear	sigma	and	XPT	differ.			

•  Undetermined	low	energy	constants	in	XPT	
•  Some	alterna3ve	low	energy	effec3ve	theories	

•  Dilatonic	Effec3ve	Theory	of	Goldberger,	Grinstein,	and	Skiba	(arxiv	
0708.1463)		[12]			,		

•  Dilatonic	Effec3ve	Theory	of	Golterman	and	Shamir	(arxiv	1603.04575	)	[15]	
•  XPT	+	scalar	theory,	e.g.	Soto	et	al	[13][14]	

•  Addi3onal	undetermined	low	energy	constants	
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Probing	the	Low	Energy	Effec3ve	Theory	
•  Interes3ng	physical	observables	computable	on	the	laBce	beyond	the	spectrum	
•  I=2	ππ	scaiering	

•  Corresponds	to	longitudinal	W+W+	scaiering	in	composite	Higgs	scenario	
•  Scaiering	length	and	effec3ve	range	are	comparable	to	EFTs	
•  In	QCD,	domainated	by	two	pion	exchange	
•  In	8f	SU(3),	t-channel	exchange	of	light	sigma	may	contribute	significantly	

•  I=0,1	scaiering	
•  Give	further	insight	into	the	scalar,vector	states	of	the	theory	
•  I=0	problem	different	from	QCD	because	sigma	is	light	

•  Coupled	channel	problem	
•  Form	factor	computa3ons	give	a	non-perturba3ve	probe	of	an	interac3on	vertex	in	

the	EFT.		
•  We’re	chiefly	interested	in	ππV,	ππσ,	σσσ	
•  Ini3al	results	for	vector	and	scalar	form	factors	of	pion	will	be	in	proceedings	
•  Certain	EFTs	dictate	rela3onships	between	form	factors	

•  EFTs	predict	dominant	tree	level	contribu3ons	to	2->2	scaiering	amplitudes		
•  Compute	form	factors	(3	point	func3ons)	and	2->2	scaiering	amplitudes	(4	point	

func3ons)	on	the	laBce	
•  We	report	on	ini2al	I=2	sca9ering	results	here.	
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I=2	Pi	Pi	Scaiering	
•  Two	types	of	contrac3ons,	“direct”	and	“crossed”	
	
	
	
•  Where	

	
•  Assume	t1,t2	<<	t3,t4.	

•  Can	pull	off	energy	of	two	pion	state	by	using	usual	technique	of	large	3me	
separated	correlator	

•  Choose	t2	=	t1	+	1	and	t4	=	t3		+	1	
•  Prevents	projec3on	onto	unwanted	states	due	to	Fierz	Iden3ty	

t1		t2		 t3		t4		 t1		t2		 t3		t4		

t	

x	
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Extrac3ng	Scaiering	Observables	Using	Luscher’s	Method	

•  The	momentum	transfer	is	computed	from	the	two	pion	energy	

•  One	may	then	extract	the	scaiering	phase	shiw	

	
•  Scaiering	phase	shiw	has	a	small	k	effec3ve	range	expansion	
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Result	for	scaiering	phase	shiw	on	243	and	323	
ensembles	

•  Mπ/kcot(δ)	~=	Mπa	
•  Addi3onal	ensembles	and	moving	frames	will	provide	many	more	data	points	
•  Doied	line	is	LO	XPT	predic3on.			

•  Rough	agreement,	some	tension	
•  Well	outside	radius	of	convergence	of	XPT	
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Conclusions	and	Looking	Forward	

•  We	have	measured	the	I=2	scaiering	phase	shiw	on	coarse	ensembles	
•  Rough	agreement	with	LO	XPT	or	linear	sigma	model	

•  Many	interes3ng	results	to	look	forward	to.	
•  Measurement	of	I=2	on	finer	laBces	
•  Extrac3on	of	scaiering	length	and	effec3ve	range	
•  Moving	frames	for	more	values	of	k2	
•  Heading	towards	I=0,1	scaiering	

•  Need	larger	basis	of	interpola3ng	operators	
•  And	dilu3on	techniques	for	disconnected	diagrams	

•  Vector	form	factor	of	pion		
•  Will	give	deeper	insight	into	VMD	and	the	KSRF	rela3onships	

•  Scalar	form	factor	of	scalar	
•  Direct	test	of	GGS	dilatonic	theory	vs	linear	sigma	model	
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Thank	you	for	your	aien3on!	
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I=2	Scaiering	Observables	Data	Table	
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XPT	expression	for	scaiering	length	at	NLO	

MπaI=2 = −
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Construc3on	of	I=2	4-point	amplitude	
on	laBce	
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