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	With	the	dates	of	discovery	and	the	masses	of	the	neutron	and	W	
boson	as	benchmarks,	one	can	crudely	estimate	the	rate	at	which	
humanity	is	progressing	in	its	ability	to	detect	massive	particles…
about	1.5	GeV/c2	per	year.	
	
“Thus,	if	Nature	is	kind	enough	to	provide	light	superpartners,	one			
		might	still	expect	about	a	century	to	pass	before	a	superparticle	is		
		directly	observed.”		
	
			–  Physics	Today,	
							59N6	(2006)	54.																																																													
	
				



													
				

				
		

						
					

				
		

						
					

		
	
“Much	more	likely,	evidence	for	supersymmetry	
		will	emerge	by	indirect	means.	Such	evidence		
		might	be	provided	by	precision	measurements		
		of	the	rates	of	change	of	coupling	constants,		
		anomalies	in	lifetimes	or	branching	ratios	in		
		decays	of	known	particles,	and	so	forth.	”	
	
			–  Physics	Today,	
							59N6	(2006)	54.																																																													
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Lesson	1:	Useful	Inequivalence	In	Strings	
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The	Chiral	Supermultiplet	in	4D,	N	=	1	&	2D,	N	=	2	Superspace	



Lesson	1:	Useful	Inequivalence	In	Strings	
	
	
	
	
	
	
	
	
	
	

The	‘Vector’	Supermultiplet	in	4D,	N	=	1	&	2D,	N	=	2	Superspace	



Lesson	1:	Useful	Inequivalence	In	Strings	
	
	
	
	
	
	
	
	
	
	

The	‘Tensor’	Supermultiplet	in	4D,	N	=	1	&	2D,	N	=	2	Superspace	



Lesson	1:	Useful	Inequivalence	In	Strings	
	
	
	
	
	
	
	
	
	
	

In	the	GHR	paper:	
	
When	the	dimensionally	reduced	version	of	the	last	two	super-	
multiplets	were	studied	it	was	concluded	that	the	latter	two	
theories	are	in	fact	equivalent	to	each	other.		In	less	than	four	
dimensions	these	were	given	the	name	of	the	‘twisted	chiral	
supermultiplet.’	(‘C-Map’)	
	
But	when	compared	to	the	chiral	supermultiplet	an	
Interesting	observation	was	made.	
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Important	Mathematical	Lesson:	
	
When	sigma-models	are	described	using	ONLY	one			
these	supermultiplets	in	2D,	their	geometry	is	Kahler.	
	
When	sigma-models	are	described	using	MORE	than	
one	of	these	supermultiplets	in	2D,	their	geometry	is	
NOT	Kahler,	but	contains	torsion.	
	
This	was	the	first	hint	of	a	new	topic	in	mathematics	
now	called	‘complex	geometry.’	
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Important	Physics	Lesson:	
	
The	physics	of	sigma-models	described	using	‘complex		
geometry’	is	totally	different	from	Kahler	models.		This	
has	been	observed	many	times	in	the	context	of	string	
theories	where	different	compactifications	lead	to	the		
algebraic	geometrical	structures	(homology)	describing		
the	zero-modes	of	the	string.	



Lesson	1:	Useful	Inequivalence	In	Strings	
	
	
	
	
	
	
	
	
	
	

Important	Physics	Lesson:	
	
This	phenomenon	where	distinct	supermultiplets	with		
the	same	spectrum	of	states	when	simultaneously	
appearing	in	actions	leads	to	distinct	physical	results	
has	been	given	the	name	of	“useful	inequivalence”	by	
T.	Hubsch.	



Lesson	2:	Useful	Inequivalence	In	4D	SUSY?	
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Introducing	Dirac	spinors	in	a	system	of		4D,	N	=	1	SUSY	
requires	doubling.	



Lesson	2:	Useful	Inequivalence	In	4D	SUSY?	
	
	
	
	
	
	
	
	
	
	

The	standard	way	to	obtain	the	chiral	components	in	
SUSY	phenomenological	models	from	Dirac	spinors	
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							But	could	there	be					
													alternatives?	
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The	Complex	Linear	Supermultiplet	(CLS)	
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The	Complex	Linear	Supermultiplet	(CLS)	
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Lesson	3:	S-T-P	vs.	V-A	
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Queries	For	Future	Possibilities	
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Important	Physics	Question:	
	
We	have	presented	an	argument	that	the	two	different	
spin	0-1/2	supermultiplets	(CS	vs.	CLS),	while	equivalent	
as	free	field	theories,	are	usefully	inequivalent	when		
higher	current	x	current	operators	are	included.	
	
The	conventional	way	of	represented	Dirac	fermions	in	
the	presence	of	SUSY	(via	CS	pairs)	seems	to	rule	out		
products	of	V-A	fermion	currents	in	effective	actions.	
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Important	Physics	Question:	
	
We	have	presented	an	argument	that	the	two	different	
spin	0-1/2	supermultiplets	(CS	vs.	CLS),	while	equivalent	
As	free	field	theories,	are	usefully	inequivalent	when		
higher	current	x	current	operators	are	included.	
	
The	representation	of	Dirac	fermions	in	the	presence	of		
SUSY	(via	CS-CLS	pairs)	seems	to	allow	products	of	V-A		
fermion	currents	in	effective	actions.	



Queries	For	Future	Possibilities	
	
	
	
	
	
	
	
	
	
	
	

Important	Physics	Question:	
		
In	the	presence	of	right-left	symmetry,	in	all		
other	ways,	does	the	CS-CLS	description	give	
a	usefully	inequivalent	theory	realizing	the	
breaking	of	this	symmetry	in	an	important	
way?	



I	wish	to	thank	the	organizers	of	this	‘Rabi	Fest’	for		
the	invitation	to	speak	on	this	program	celebrating	
a	great	physicist,	his	contributions	to	the	discipline,	
and	his	personal	support	extended	over	the	course	
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I	must	also	acknowledge	my	collaborators.		Without	
them	the	results	reported	in	this	talk	would	not	be	
possible.		I	give	a	special	thanks	to	my	most	recent	
PhD	students,	Hazel	Mak	and	Yangrui	Hu.	


