


What	are	neutrinos	(ν)?	

•  Elementary	par5cles	
•  Charge	=	0	
•  Almost	mass	=	0	
– mass(ν) < 10-6	mass(electron)	
– They	travel	very	very	close	to	the	speed	of	light	

•  They	interact	very	weakly	with	maEer	
– The	probability	that	a	single	neutrino	crossing	the	
earth	will	interact	is	~	10-11	



Where	do	neutrinos	come	from?	
•  From	the	sun	

–  Radioac5ve	decays	or	nuclear	interac5ons	
–  On	earth,	flux	of	neutrinos	from	sun	~	1011	per	cm2	per	second	

•  From	natural	radioac1vity	
–  eg,	decays	of	40K	(half	life	of	1.2	109	years)	

•  From	cosmic	rays	
–  Protons	hiSng	nuclei	at	the	top	of	the	atmosphere	can	make	“pions”,	
pions	decay	into	“muons”	and	neutrinos,	muons	themselves	decay	into	
electrons	and	neutrinos	

•  From	nuclear	power	sta1on	
•  From	par1cle	accelerators	

–  Same	process	as	for	cosmic	rays,	but	now	in	a	controlled	environment.		
Start	with	a	beam	of	protons,	end	up	with	a	beam	of	neutrinos	











Velocity	of	neutrinos	in	this	experiment	
Typical	energy	of	neutrinos	from	CERN:		E	=	17	GeV	=	1.7	1010	eV	
Take	neutrino	mass	as	mνc2	~	0.1	eV	
(Compare	with	electron:	mec2	=	511	KeV	=	5.11	105	eV)	
	
E	=	γmνc2	à	γ =	1.7	1011	à	V	=	(1	–	3	10-12)	c	

Transit	5me	CERN	à	Gran	Sasso	for	object	traveling	at	speed	of	light	
t	=	L	/c	=		732	km/	3	108	m/sec	=	2.44	msec		
	
Time	correc5on	due	to	finite	neutrino	mass	(ie	v	≠	c)	
Δt	=	3	10-12	×	2.44	msec	=	7.3	10-15	sec	
This	is	unobservable.		Expect	to	measure	v	consistent	with	c	



Note:	c	~	1	d/nsec		à	61	nsec	is	equivalent	to	61	d	









Six	months	later:	
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