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Report of µ !e γ 
(i.e. rumor)
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µ !e γ 

" When	I	was	a	graduate	student	in	the	mid	70’s,	I	heard	a	rumor	that	
this	process	had	been	measured	B	~	10-8	at	the	SIN	facility	in	
Switzerland.			

" 	Expected	B	=	5	×	10-48	[Δm2
21	(eV)2]2	sin2	θ12	cos2	θ12	

" 	I	never	heard	a	talk	about	this	and	a	posiXve	result	was	never	
published			

" 	SIN	published	a	limit	

" 	The	only	confirmaXon	of	my	memory	is	a	discussion	with	Robert	
Shrock	which	led	me	to	a	footnote	in	a	paper	by	Bjorken	and	
Weinberg	
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SIN Results 
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SIN Results 
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µ !e γ 

• …	
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µ !e γ 

" When	I	was	a	graduate	student	in	the	mid	70’s,	I	heard	a	rumor	that	
this	process	had	been	measured	B	~	10-8	at	the	SIN	facility	in	
Switzerland.			

" 	Expected	B	=	5	×	10-48	[Δm2
21	(eV)2]2	sin2	θ12	cos2	θ12	

" 	I	never	heard	a	talk	about	this	and	a	posiXve	result	was	never	
published			

" 	SIN	published	a	limit	

" 	The	only	confirmaXon	of	my	memory	is	a	discussion	with	Robert	
Shrock	which	led	me	to	a	footnote	in	a	paper	by	Bjorken	and	
Weinberg	

" This	rumor	led	to	a	series	of	lectures	at	FNAL	by	Robert	Shrock.		
That	is	where	I	learned	about	neutrino	oscillaXons.	
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Outline 
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“mistakes” considered for this 
talk 

! SIN report of µ	→e	γ

! High y anomaly 
! NuTeV Helium bag events 
! Klapdor’s 0νββ signal 
! LSND/eV “sterile” νs 
! IMB limit on ν oscillations 
! Alternating neutral currents 
! Reines-Sobel	ν	oscillations 
! Vanucci PS191 oscillations 
! BNL 776 & 816 oscillations 
! BEBC oscillations 
! HPW “super” trimuons 
! Oscillations in Bugey 
! Majoron emission in 0ν2β PNL/USC 
! SPT vs. V-A 

! Superluminal νs 
! 17 keV ν  
! NuTeV anomaly 
! Tritium endpoint (-)m2 

! Kolar events 
! Early atmospheric ν lack of 

polarization 
! MINOS anti-ν θ23

! God’s mistake 
! ν grammar 
! Labels for Δm2

ab 

! PDG m(ν) encoding 

! Which ν is a particle? 
! Karmen time anomaly 
! Time variations in Troitsk mν

2 

! ITEP m(νe)	= 30 eV in 1980 
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What is a mistake? 

# A statistical fluctuation? 
# A systematic error? 
# A wrong interpretation of good data? 
# A theoretical misunderstanding? 
# … 
#  Was hot dark matter to explain Ω a mistake? 
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17 keV neutrino 
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17 keV 
timeline 

" 1985 Simpson kink at 1.5 keV in tritium decay;	18.6-1.5=17.1, P = 3% 
" Phys. Rev. Lett 54 1891-1893 

" 1985 various negative results P < 0.3% 
" Phys. Rev. C32 2215-2216 

" 1989 Hime & Simpson kink in 35S; 16.9 keV, P = 0.7% 
" Phys. Rev D39, 1805 

" 1991 Hime & Jelley 2 measurements in 35S; 17 keV, P=0.8% 8σ
" Phys. Lett. B257 441 

" 1993 Mortara et al., definitive exclusion  
" Phys. Rev. Lett. 70 394 

" 1993 Hime, Identifies scattering effects as likely responsible 
•  Phys. Lett B299, 165-173 
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17 keV 

Stuart	Freedman	
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17 keV 
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Himes’	
reinterpretaXon	
with	“more	
complete”	
electron	response	
funcXon	with	
“intermediate	
scafering”	



17 keV 

Random	comment	

$ The	last	days	of	the	17	keV	neutrino	was	contemporaneous	with:	
# The	serious	consideraXon	of	long-baseline	experiments	
# The	beginning	of	my	newslefer	(May	1992)	

# There	was	much	more	theoreXcal	interest	(>	×	5)	in	the	possible	existence	of	
the	mν	=	17	keV	ν	than	atmospheric	ν	oscillaXons,	mν	=	1-100	meV	
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Klapdor’s  
neutrinoless double beta decay 
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Neutrinoless Double Beta 
Decay 

Heidelberg-Moscow	CollaboraXon	looking	
for	0νββ	in	76Germanium	
" Eur.Phys.J.A12:147-154,2001;	14	authors;				
T	>	1.9	1025	y	@90%CL	

" Mod.Phys.Lef.A16:2409-2420,2001;																	
4	authors;	T=	1.5	-0.7	+16.8	1025	y	@95%CL	
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Neutrinoless Double Beta 
Decay 

Early reactions 

5	Sep	2018	 Maury	Goodman;	Neutrino	mistakes	 19	



Neutrinoless Double Beta 
Decay 

Newsletter story 

% As	a	result,	I	got	a	quick	email	from	
John	Beacom	who	didn’t	believe	the	
result,	and	said	this	didn’t	meet	the	
standards	of	my	newslefer.		I	replied	I	
didn’t	have	standards,	I	had	deadlines.	
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Neutrinoless Double Beta 
Decay 

Newsletter story-2 

% I	responded	that	my	
newslefer	gave	equal	
afenXon	to	the	discovery	
of	neutrino	oscillaXons	
and	a	novel	about	a	
Neanderthal	neutrino	
physicist.			
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Neutrinoless Double Beta 
Decay 

Irrelevant facts which affect believability 

! Result	published	before	there	was	a	preprint	
! Published	in	a	journal	on	which	Klapdor	was	associated	
! Significant	fracXon	of	collaboraXon	didn’t	sign	the	paper	
! Signal	failed	the	upside-down	test	
! The	only	talk	I	heard	from	him	was	arrogant	
! Data	wasn’t	shared	with	all	collaborators	
! He	repeatedly	touted	this	with	the	DAMA	DM	
“discovery”	

! Doug	Michael’s	view:	
“Even	if	it’s	right,	it’s	wrong”	

! It	felt	like	a-posteriori	analysis	to	me	
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Neutrinoless Double Beta 
Decay 

Even	though	few	in	the	community	“believed”	it,	Klapdor’s	value	
became	a	benchmark	
" EXO	Phys.	Rev.	Lef.,	109,	032505	(2012).	

" GERDA	2013	

" KamLAND-Zen	2013	
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Superluminal neutrinos 
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! We	don’t	allow	
neutrinos	in	
here,	said	the	
bartender.		

! A	faster-than-
light	neutrino	
walks	into	a	bar.	

# Neutrino	
# Who’s	There?	
# Knock	Knock	



Superluminal neutrinos 

" 	August	2007	–	MINOS	superluminal	preprint	(published	2008)	
" 	22	Sep	2011	–	OPERA	preprint	--	6	σ
" 	23	Sep	2011	--	CERN	seminar	broadcast	live	on	the	web.	
PREPRINT	

" 	23	Sep	2011	–	(original)	CERN	press	release		
" 	17	Nov	2011	--	Revised	preprint	submifed	for	publicaXon	(not	published)	

" 	25	Feb	2012	–	Possible	loose	connector	announced		
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Superluminal neutrinos 

MINOS	

It	is	typical	within	the	field	of	High	Energy	Physics	that	we	have	not	
read	a	majority	of	our	own	papers.		(!)	



Superluminal neutrinos 

! OPERA: Oscillation Project with Emulsion Tracking 
Apparatus 

! CNGS: CERN Neutrinos to Gran Sasso 
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Superluminal neutrinos 

My	2011	comments	

! No	neutrino’s	velocity	was	measured	

! Three	ways	to	make	a	mistake:	
& Clocks	(t)	
& Surveying	(distance)	
& Beam	physics	assumpXons	

! My	opinion	–	OPERA	is	wrong	
& Further,	if	OPERA	is	“right”	we	don’t	know	what	“it”	is,	so	we	can’t	test	“it”	



Superluminal neutrinos 

ORIGINAL	PRESS	RELEASE	

Geneva,	23	September	2011.	The	OPERA1	experiment,	which	observes	a	neutrino	beam	from	CERN2	730	km	away	at	Italy’s	INFN	Gran	Sasso	
Laboratory,	will	present	new	results	in	a	seminar	at	CERN	this	awernoon	at	16:00	CEST.	The	seminar	will	be	webcast	at	hfp://webcast.cern.ch.	
Journalists	wishing	to	ask	quesXons	may	do	so	via	twifer	using	the	hash	tag	#nuquesXons,	or	via	the	usual	CERN	press	office	channels.	

The	OPERA	result	is	based	on	the	observaXon	of	over	15000	neutrino	events	measured	at	Gran	Sasso,	and	appears	to	indicate	that	the	neutrinos	
travel	at	a	velocity	20	parts	per	million	above	the	speed	of	light,	nature’s	cosmic	speed	limit.	Given	the	potenXal	far-reaching	consequences	of	such	a	
result,	independent	measurements	are	needed	before	the	effect	can	either	be	refuted	or	firmly	established.	This	is	why	the	OPERA	collaboraXon	has	
decided	to	open	the	result	to	broader	scruXny.	The	collaboraXon’s	result	is	available	on	the	preprint	server	arxiv.org:	hfp://arxiv.org/abs/1109.4897.	

The	OPERA	measurement	is	at	odds	with	well-established	laws	of	nature,	though	science	frequently	progresses	by	overthrowing	the	established	
paradigms.	For	this	reason,	many	searches	have	been	made	for	deviaXons	from	Einstein’s	theory	of	relaXvity,	so	far	not	finding	any	such	evidence.	
The	strong	constraints	arising	from	these	observaXons	makes	an	interpretaXon	of	the	OPERA	measurement	in	terms	of	modificaXon	of	Einstein’s	
theory	unlikely,	and	give	further	strong	reason	to	seek	new	independent	measurements.	

“This	result	comes	as	a	complete	surprise,”	said	OPERA	spokesperson,	Antonio	Ereditato	of	the	University	of	Bern.	“A@er	many	months	of	studies	and	
cross	checks	we	have	not	found	any	instrumental	effect	that	could	explain	the	result	of	the	measurement.	While	OPERA	researchers	will	conJnue	their	
studies,	we	are	also	looking	forward	to	independent	measurements	to	fully	assess	the	nature	of	this	observaJon.”	

	“When	an	experiment	finds	an	apparently	unbelievable	result	and	can	find	no	artefact	of	the	measurement	to	account	for	it,	it’s	normal	procedure	to	
invite	broader	scruJny,	and	this	is	exactly	what	the	OPERA	collaboraJon	is	doing,	it’s	good	scienJfic	pracJce,”	said	CERN	Research	Director	Sergio	
Bertolucci.	“If	this	measurement	is	confirmed,	it	might	change	our	view	of	physics,	but	we	need	to	be	sure	that	there	are	no	other,	more	mundane,	
explanaJons.	That	will	require	independent	measurements.”	

In	order	to	perform	this	study,	the	OPERA	CollaboraXon	teamed	up	with	experts	in	metrology	from	CERN	and	other	insXtuXons	to	perform	a	series	of	
high	precision	measurements	of	the	distance	between	the	source	and	the	detector,	and	of	the	neutrinos’	Xme	of	flight.	The	distance	between	the	
origin	of	the	neutrino	beam	and	OPERA	was	measured	with	an	uncertainty	of	20	cm	over	the	730	km	travel	path.	The	neutrinos’	Xme	of	flight	was	
determined	with	an	accuracy	of	less	than	10	nanoseconds	by	using	sophisXcated	instruments	including	advanced	GPS	systems	and	atomic	clocks.	The	
Xme	response	of	all	elements	of	the	CNGS	beam	line	and	of	the	OPERA	detector	has	also	been	measured	with	great	precision.	

"We	have	established	synchronizaJon	between	CERN	and	Gran	Sasso	that	gives	us	nanosecond	accuracy,	and	we’ve	measured	the	distance	between	
the	two	sites	to	20	cenJmetres,”	said	Dario	AuXero,	the	CNRS	researcher	who	will	give	this	awernoon’s	seminar.	“Although	our	measurements	have	
low	systemaJc	uncertainty	and	high	staJsJcal	accuracy,	and	we	place	great	confidence	in	our	results,	we’re	looking	forward	to	comparing	them	with	
those	from	other	experiments."	

“The	potenJal	impact	on	science	is	too	large	to	draw	immediate	conclusions	or	aUempt	physics	interpretaJons.	My	first	reacJon	is	that	the	neutrino	is	
sJll	surprising	us	with	its	mysteries.”	said	Ereditato.	“Today’s	seminar	is	intended	to	invite	scruJny	from	the	broader	parJcle	physics	community.”	

The	OPERA	experiment	was	inaugurated	in	2006,	with	the	main	goal	of	studying	the	rare	transformaXon	(oscillaXon)	of	muon	neutrinos	into	tau	
neutrinos.	One	first	such	event	was	observed	in	2010,	proving	the	unique	ability	of	the	experiment	in	the	detecXon	of	the	elusive	signal	of	tau	
neutrinos.	
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Gedanken history 

Awer	the	press	release,	this	made	
worldwide	front	page	news.	
But…	

! Suppose	OPERA	had	the	same	seminar	
but	CERN	had	not	issued	a	press	
release…	

! Two	weeks	later	there	would	have	
been	an	arXcle	in	the	science	secXon	
of	the	New	York	Times	
% The	scienXfic	story	would	have	been	the	
same.	

% The	worldwide	fuss	would	not	have	been	
the	same.	
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LSND and 
eV sterile neutrinos 
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Light sterile neutrinos 

ParXal	Timelime	
# Neutrino 1994; 8 events B = 0.9 
Nucl. Phys. B (Proc. Suppl.) 38 229-234 1995 

# 1st Paper 16.4+9.7-8.9 ± 3.3 excess  
Phys. Rev. Lett. 75 2650-2653 1995 

# Hill paper with  limit 5 events B=6.2 
Phys. Rev. Lett. 75 2654-2657 1995 

# 2007 MiniBooNE Results Inconsistent with Existence of "Sterile" Neutrinos 
https://www.aps.org/publications/apsnews/200706/miniboone.cfm 

# 2006 Gallium Anomaly 0.79+0.09−0.10	expected	rate	with	souce	
J. N. Abdurashitov et al.,Phys.Rev.C 73(2006) 045805 

# 2011 Reactor neutrino anomaly  
Phys.Rev.D83:073006,2011	
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Light sterile neutrinos 

Issues	
! Inconsistency	of	0.3%,	3%	and	30%	signals	
! LSND	Decay	in	flight	signal	
! Karmen’s	limit	befer	than	its	sensiXvity	
! Most	analyses	presented	based	on	2-νs	(θµe)	
! Cosmological	limits	on	Nν

eff	&	Σmν 

! MiniBooNE’s low energy excess 
! 3+1 vs 3+2 vs 3+3 
! Limits from MINOS+, NOvA, Ice-Cube, … 
! Inconsistency of νe appearance and νµ disappearance 
! What if the “Best Fit” is a bad fit 
! Value of Δm2 for low energy excess 
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Light sterile neutrinos 

Why	physicist	disagree	

If	the	data	doesn’t	agree	with	the	
null	hypothesis	or	the	alternaXve	
hypothesis,	some	say	you	need	
more	data,	while	some	say	you	
need	more	hypotheses	
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Light sterile neutrinos 

Joe	Lykken	&	evidenc	
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hUp://news.fnal.gov/2018/06/big-boost-for-fermilabs-short-baseline-neutrino-experiments/	



Light sterile neutrinos 

In	my	opinion	

eV	sterile	νs	suggested	by	LSND	have	been	ruled	out	for	a	long	Xme	
The	SBL	anomalies	are	real	

They	may	have	interesXng	or	uninteresXng	explanaXons.	

If	you	don’t	know	what	you	are	looking	for…	

' You	might	find	it	

' You	might	not	find	it	
' But	you	cannot	logically	rule	it	out	
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IMB neutrino oscillation limit 
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IMB neutrino oscillation limit 

! In		1992,	IMB	published	a	neutrino	
oscillaXon	limit	based	on	the	raXo	
of	upward-going	stopping	µ	from	
atmospheric	ν	to	upward	going	µ.	

! This	is	where	we	now	think	it	is.		
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IMB  

" A	retracXon	was	never	really	published,	but	the	limit	was	apparently	
quite	sensiXve	to	structure	funcXons.	

" 1999	Cosmic	ray	conference	abstract:	
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God’s mistake? 
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Intelligent Design of  
Neutrino Parameters? (~2005)  

(from S. Wojcicki)  

•  The	opXmum	choice	for	Δm2
21?																																				

Such	as	to	give	resonant	transiXon	(MSW	effect)	in	the	middle	of	solar	energy	spectrum	-,	Δm2
21	

=	8.2	x	10-5	eV2	

•  The	opXmum	choice	for	sinθ12?																																																				
Big	enough	for	oscillaXons	to	be	seen	in	KamLAND	-	~0.8	
•  The	opXmum	choice	for	Δm2

32?																																					
Such	as	to	give	full	oscillaXon	in	the	middle	of	the	range	of	possible	distances	that	atmospheric	
ν’s	travel	to	get	to	the	detector	-													Δm2

32	=	2.3	x	10-3	eV2		
•  The	opXmum	choice	for	sinθ23?																																						
Big	enough	so	that	oscillaXons	could	be	seen	easily	-	θ23	~	π/4	
•  The	opXmum	choice	for	sinθ13?																																				
Small	enough	so	as	not	to	confuse	interpretaXon	of	the	above	-	θ13	<	100	

•  But	the	acid	test	-	will	θ13	be	big	enough	to	see	CP	violaBon	and	determine	mass	hierarchy?			
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And still? 

By	2011	we	learned	that	θ13	was	as	large	as	could	be	imagined	
in	2006	
# How	about	the	remaining	parameters	so	that	the	
“Intelligent	Design”	arguments	can	get	longer	(2012)?	
% δ	~	3π/2		

( 		to	most	quickly	determines	the	hierarchy	
(   to	get	large	CP	violaXon	&	answer	the	CP	violaXon	quesXon	

% The	inverted	hierarchy,	so	we	can	tell	Dirac/Majorana	&	
maybe	beta	decay	endpoint		

% Majorana,	which	seems	to	be	more	interesXng	so	that	
some	of	our	theorists	will	be	happy	(seesaw,	etc.)	
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It appears: 

)By	2011	we	learned	that	θ13	was	as	large	as	could	be	
imagined	in	2006	
# How	about	the	remaining	parameters	so	that	the	
“Intelligent	Design”	arguments	can	get	longer	(2012)?	
% δ	~	3π/2		

( 		to	most	quickly	determines	the	hierarchy	
(   to	get	large	CP	violaXon	&	answer	the	CP	violaXon	quesXon	

% The	inverted	hierarchy,	so	we	can	tell	Dirac/Majorana	&	
maybe	beta	decay	endpoint		

% Majorana,	which	seems	to	be	more	interesXng	so	that	
some	of	our	theorists	will	be	happy	(seesaw,	etc.)	

)	

	*	

	?	
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Lessons? 
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! “The	great	teacher,	failure	is”	…	Yoda	
! “By	seeking	and	blundering	we	learn.”		
―	Johann	Wolfgang	von	Goethe	

! Role	of	criXcs	
" Physicists are naturally skeptical 
" We more often ignore than actively criticize results we don’t believe 
" “Active” skeptics have not fared well 

- Morrison (solar nus), Miyake (Atmospheric nus) 
+ Stu Friedman (17 keV) 
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Some of my mantras 

+ There is no theory of systematic error 

+  There are an infinite number of tests of the null hypothesis 

+  You can’t prove anything in Physics 

+ The union of two confidence levels isn’t a confidence level. 

+ The commonly used 5σ criterion is based on several 
misunderstandings and is wrong. 
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Scientific induction 
and HEP’s most common 

mistake 
!  Null	hypothesis	(The	data		can	be	understood	without	new	physics)	
!  AlternaXve	hypothesis	(A	parXcular	new	effect)	
!  A	test	staXsXc	
!  A	chance	probability	(!	x	σ	effect	or	y%	CL	limit)	
)  Error	of	the	first	kind	(incorrect	signal)	
)  Error	of	the	second	kind	(incorrect	limit)	

But	all	of	this	is	only	valid	if	the	hypotheses	and	staXsXc	are	specified	a-priori	
And	we	do	a-posteriori	analysis	all	the	Bme	–	we	have	too!	

I	cringe	when	I	hear	colleagues	jusXfy	5σ	because	“I’ve	seen	so	many	3σ	effects	go	
away.”		An	x	σ	effect	with	a-posteriori	and	a-priori	hypothesis	are	calculated	in	
exactly	the	same	way.		The	meaning	is	totally	different.	
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Summary and Conclusions? 
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, Our field (particle physics) does a poor job of 
$ Presenting statistical arguments in a consistent way. 

% In particular distinguishing between a “x” σ effect calculated from an a-priori 
test and an “x” σ effect calculated from an a-posteriori test 

$ Explaining to ourselves and others how we conclude anything based 
on whatever combination of data, theory and instinct that we use. 

, Nevertheless 
$ We seem to do an excellent collective job of taking seriously results 

which get vindicated and being skeptical of results which do not 

, Calling a result a mistake has a connotation of criticism.  In 
a scientific sense, I do not criticize the vast majority of these 
reported results.   
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Other “mistakes” 



High y anomaly 

! HPW	Unexpected	y	distribuXons								
(y	=	Ehad/Eν)	in	FNAL	E1	-	low	x	

! 2	further	papers	
! Not	seen	CCFR	
! Contradicted	by	CHARM	@	CERN	
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NuTEV Helium bag events 

$ 3	events	with	a	background	of	
0.04	appeared	to	vertex	in	a	
Helium	bag	in	front	of	NuTEV.	

$ KinemaXcs	didn’t	match	the	
alternaXve	hypothesis	(decay	of	
a	supersymmetric	parXcle.)	

$ Int.	J.	Mod.	Phys.	A16S1B,	761,	
2001.			
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Alternating neutral currents 

Surely	covered	in	D.	Haidt’s	talk,	this	session	
o  ObservaXon	of	Neutrino	Like	InteracXons	Without	Muon	or	Electron	in	the	Gargamelle	Neutrino	
Experiment	

o  Phys.	Lef.	B46	(1973)	138-140	
o  Nucl.	Phys.	B73	(1974)	1-22	
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From	D.	Haidt	&	A.	Pullia,	“The	Weak	Neutral	
Current,	Discovery	and	impact”	Rivista	del	
Nuovo	Cimento,	2013	



Reines Sobel ν oscillations 

! Single	detector	reactor	experiment	

! Compared	CC/NC	rates	

! H.	Sobel	“It	has	been	a	while,	but	if	I	
remember	correctly	one	of	the	cross	
secXons	we	were	using	changed	significantly.	
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NuTeV anomaly 

Measure	

•  Follow-up	experiment	not	
approved	
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30 eV ITEP m(ν) 

# From	Boehm	&	Vogel,	“The	
physics	of	massive	neutrinos”	

# Fit	to	30.0	±	1.9	ev	

# But	
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Tritium  negative m2 

" Mainz		
m2	=	-3.7	±5.3fit	±3.1syst	eV2/c4	

Physics	Lefers	B	460	(1999)	219-226	
" Troitsk	
m2	=	-1.9	±3.4fit	±2.2syst	eV2/c4	

Physics	Lefers	B	460	(1999)	227-235	

" And	several	others,	leading	to	speculaXon	then	
about	tachyons.	

" “As	was	discussed	at	the	KATRIN	inauguraJon	
a	few	days	ago,	this	is	now	thought	to	possibly	
have	been	due	to	inadequate	inclusion	of	the	
effects	of	the	fact	that	the	triJum	diatomic	
molecules	have	rotaJonal	and	vibraJonal	
excitaJons	and	the	decays	populate	excited	
states	of	the	resultant	triJum-Helium-3	
diatomic	molecules.”	R.	Schrock	

" Troitsk	also	saw	a	possible	periodicitry	of	the	
step	posiXon	with	a	period	of	a	half	year.	
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Kolar Events 

! 5	events	seen	in	KGF	which	seem	to	
verXce	in	air	

! Never	contradicted	
! I’m	not	aware	anyone	tried	

! Background	difficult	

5	Sep	2018	 Maury	Goodman;	Neutrino	mistakes	 59	



Lack of polarization in 
atmospheric ν calculations 

" The	original	atmospheric	neutrino	flux	calculaXons	used	for	the	
“raXo	of	raXos”	did	not	take	into	account	the	fact	that	the	muon	is	
polarized.			

" Cf	Gaisser	Stanev	&	Barr,	Phys.	Rev	D.	38	(1988)	85.	with	Gaisser	et	
al.,	Phys.	Lef.	B	214	(1988)	147.	

5	Sep	2018	 Maury	Goodman;	Neutrino	mistakes	 60	



PDG m(ν) encoding 

! Mainz & Troitsk reported measurements/limits on the “mass of the 
electron neutrino”.  That’s like saying “the hole that the electron went 
through in the two slit experiment”. 

! An experiment at LEP looked at the kinematics for τ→3πν	&	τ→5πν.

The event with the largest effective mass from pions puts an upper limit 
on the mass of the neutrino.  This was reported as the mass of the ντ.  It 
is actually an upper limit on the mass of the lightest neutrino. 

The right way to think of this was described in Shrock Physics Letters 
96B p159 (1980).  The language of the PDG’s RPP was cleaned up in 
2003.  But some of the “limits” are wrong, though irrelevant. 
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MINOS anti-ν θ23 
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MINOS	analyzed	nu	and	nubar	separately	and	conducted	a	blind	analysis	for	both	
of	them.		When	the	numbers	looked	different,	MINOS	invented	an	a-posteriori	test	
and	quoted	the	difference	as	2%	chance	P	or	about	2.4	σ.
MINOS then got more nubar running and the discrepancy disappeared. 

PRL	110	251801	2013	

PRL	107	021801	2011	



Other fleeting neutrino 
oscillation reports 

! Bugey	2	detector	3	σ	effect	for	sin22θ	=	0.2,	Δm2	=	0.2	eV2,		
! reported	at	Neutrino	1984	

! CERN	PS191	was	menXoned	to	me	but	I	could	only	find	published	limits	
! Two	contradictory	(different	L/E)	posiXve	results	from	BNL	involving	low	
energy	electron	excesses	in	a	νµ	beam*	
$ BNL	776	–	23	νe	(17)	seen	compared	to	13.1	expected	
$ BNL	816	–	110	νe	seen	compared	to	53	expected	

Both	reported	at	Neutrino	1988	

*This	led	me	to	predict	(orally),	when	MiniBooNE	was	proposed	that	their	
search	for	a	signal	of	low	energy	electrons	in	a	nm	beam	would	probably	be	
posiXve,	since	every	neutrino	experiment	had	an	excess	of	low	energy	
electrons.		This	also	may	be	why	Bob	Bernstein	said	that	if	MiniBooNE	refuted	
LSND,	everyone	would	believe	it,	but	if	they	confirmed	LSND,	nobody	would	
believe	it.	
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Exp 1 HPW “super” 3µ

! High	energy	mulXple	
muons	from	E1A/E310	
were	called	“super”	
events	at	FNAL	seminars		

! Never	published?	
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ν grammar 

A	hyphen	is	someXmes	omifed	when	talking	about	a	short-baseline	
neutrino	program	or	the	Long-Baseline	Neutrino	Facility.		I	usually	
describe	thr	rule	as	follows:	

If I do an experiment with a long baseline, long is an adjective and 
baseline is a noun.  There is no ambiguity and no hyphen is needed.  If I 
do a long-baseline neutrino experiment, or work on a short-baseline 
neutrino program, it is the baseline that is long or short and not the 
neutrino, the experiment or the program. The hyphen removes this 
ambiguity.  In fact, a long-baseline experiment will  
likely take a long time, and be a long long-baseline neutrino 
experiment.  And if Ken Long from Imperial College ever builds a 
neutrino factory, that will be Long's long long-baseline neutrino 
experiment.)	
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Karmen time anamoly 

! SpeculaXon	of	a	slowly	moving	massive	
parXcle	produced	in	the	beam	stop.	

! β	=	0.02	
! 83	±	28	events	
! Phys.	Lef.	B348	19	1995.	
! Ruled	out	at	CERN	by	Daum	et	al	

! Phys.Rev.Lef.85:1815-1818,2000	
! J.	Reichenbacher	thesis	showed	that	beam-
correlated	neutrons	caused	the	Xme-
anomaly.		
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Which neutrino is a particle? 

νe,	νµ	and	ντ	are	not	parXcles.		They	are	flavor	eigenstates.		ParXcles	are	
soluXons	of	Schrodinger’s	equaXon	in	free	space.	
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ν labels 

Δm2
12	≡	m1

2	–	m2
2	

Δm2
21	≡	m2

2	–	m1
2	

Δm2
13	≡	m1

2	–	m3
2	

Δm2
31	≡	m3

2	–	m1
2	

Δm2
23	≡	m2

2	–	m3
2	

Δm2
32	≡	m3

2	–	m2
2	

! Δm2
21	+	Δm2

32	+	Δm2
13	=	0	
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Some people mistakenly always 
match θ12 with Δm2

12	, etc.
" θ12,	θ13,		θ23	are	labels,		
" Δm2

jk	are	ordered	(sign)	



SPT vs V-A 

" S&T explanations of β decay of 
6He, BNL 1953, 1955 

" There were also some early 
neutrino experiment results on 
neutral currents	that didn’t match 
expectations. 

" (I was referred to some 
conference proceedings, but I 
couldn’t find anything published.) 

" These issues led to “Adler’s 
Army” which was many postdocs 
at Princeton & elsewhere studying 
the possibility of SPT weak 
interactions in addition or instead 
of V-A. 

e.g. 	PRD11,	1043	(1975)		

& PRD10, 2216 (1974) 

5	Sep	2018	 Maury	Goodman;	Neutrino	mistakes	 69	

Budagov et al., Phys. Lett. 29B p525 1969.	
And other data that agreed better 

P. Schreiner and F. von Hippel, PRL 30 p 339 1973 

At	first	I	thought	this	had	something	to	
do	with	single	pion	CC	data,	and	I	found:	



Majoron 

AIP Conf. Proc. DPF meeting SLC UT, Jan 1987 

Double Beta decay evidence for 
Majoron  

Phys.Lett. B192 (1987) 460-462 

Evidence against 

Phys.Lett. B198 (1987) 253-254 

Aregument against evidence against 
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BEBC beam dump 

" A.	De	Rjula	et	al	Nuclear	Physics	
B168	(1980)	54—68	

" Could	be	νe	→ντ
" Not	published?	
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Backup 
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MINOS Error calculations 
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Comparison of the measured neutrino interaction time 
distributions (data points) and the proton PDF (red line) for 
the two SPS extractions before (top) and after (bottom) 
correcting for δt (blind) resulting from the maximum 
likelihood analysis. 

Zoom of the leading (left plots) and trailing 
edges (right plots) of the measured neutrino 
interaction time distributions (data points) 
and the proton PDF (red line) for the two 
SPS extractions after correcting for δt 
(blind). 
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Kicker: extraction from ring to target 

CNGS kicker: two extractions, each lasting 10.5 µs and 
separated by 50 ms. 

fast Beam Current  
Transformer 

Target  

protons 
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CNGS kicker: two extractions, each lasting 10.5 µs and 
separated by 50 ms. 

fast Beam Current  
Transformer 

measured proton 
extraction with BCT 

inferred probability density 
function (PDF) of  the time 
of emission of the neutrinos 
within the duration of extraction. 

Q: where did the ripples go? 

? 

50 ms 

10.5 us 10.5 us 



The CNGS Beam 

CERN	

LNGS	

732km	
CNGS	

OPERA	
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