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Top	Quark	Silver	Jubilee	
	

Evolution	of	the	Tevatron		
to	1995	

	
John	Peoples	



Fermilab’s	Path	to	Pbar-P	Collisions	at	2	TeV		

•  The	Energy	Doubler	Project:	The	first	successful	large	
superconducting	high	energy	proton	synchrotron.	
–  An	R&D	project	from	1974-1982,	culminating	in	installation	and	

commissioning	in	1983	
–  An	800	GeV	Fixed	Target	Proton	synchrotron	1984-1997	
–  A	2	TeV	pbar-p	collider	1987-2011	
–  Dedicated	as	the	Tevatron	in	1984	

•  The	“new”	Tevatron	1	Project:	“Re-Approved”	by	DOE	in	April	1982	
–  An	intense	antiproton	source	(1987-1999)	
–  Collider	detector	halls	for	CDF	at	B0	(1983)	and	for	DZero	at	DO	(1987)	
–  Transformation	of	the	Tevatron	to	a	2	TeV	pbar-p	collider	
–  Completed	and	commissioned	in	1987	with	the	1987	Collider	Run	

•  Two	superb	detectors	CDF	(1987)	and	D0	(1992)	



1987	Collider	Run	peak	luminosity	1029	cm-2	s-1	
																	More	luminosity	needed	

•  CDF	observed	a	comparable	number	of	W	and	Z	at	1.6	TeV	
cm	in	their	1987	run	data	as	UA-1	and	UA-2	had	observed	
at	.54	TeV	at	CERN	between	1983	(their	discovery	year)	and	
1987.	

•  The	only	path	open	for	a	discovery	was	through	much	more	
luminosity.	The	SSC	was	designated	to	be	the	US	high	
energy	collider	(40	TeV)	of	the	future.	

•  The	higher	luminosity	1988-89	Collider	run	(2x1030	)	yielded	
more	W	and	Z	than	UA-1	and	UA-2	would	observe;	But	no	
discovery.	

•  Fermilab	developed	a	plan	for	substantially	higher	
luminosity	in	two	phases.	
	Phase	1	provided	the	luminosity	that	led	to	a	discovery	



1988-89	Collider	Run	Goals	and	Achievements	
	

			 	 									 	 		 	 		 	 		 	Goals 			 	 			Achieved	
Beam	Energy	[GeV] 	 	 		900 	 						900	
Number	of	bunches/beam	 						3 	 	 	6	
Number	of	beam	crossings 						6 	 								12	
Peak	Luminosity[	cm-2	s-1	] 			10	30						2x10	30		
Initial	Lifetime	[hr]	 	 			12 	 								12	
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Phase	I	Collider	Upgrades	
The	phase	I	Collider	Upgrade	for	run	Ia	consisted	of:	
•  Matched	low	beta	insertions	for	CDF	(B0)	and	D0	
•  Electrostatic	separators	to	create	helical	orbits	that	
reduce	the	number	of	beam-crossings	from	12	to	2	
(CDF	and	D0)	

	
The	phase	I	Collider	Upgrade	for	run	Ib	consisted	of:	
•  Linac	energy	upgrade	from	200	MeV	to	400	MeV	
	
CDF	and	D0	detectors	installed	and	ready	for	
collisions	at	the	start	of	Run	Ia	
	
	
	



200	MeV	Drift	Tube	Tanks	ready	to	
come	out	
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400	MeV	Linac	Upgrade	in	place	
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Run	I	Performance	Statistics	
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The	CDF	search	for	the	top	quark	

Giorgio	Bellettini		
Also	on	behalf	of	William	Carithers		

	
Fermilab	2020	Users	Meeting	
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The	Pisa-Stony	Brook	R801	detector	at	the	ISR	

The	first	4π	detector	at	a	
hadron	collider		
	
A	plastic	scintillator	
central	box	and	two	
forward	cones	split	into		
~	500	φ,	θ	bins	with	~	
constant	pseudorapidity	
width	
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An	ancestor	of	CDF		
at	the	CERN	ISR.	
The	Italians	had	in	
mind	to	build	a	
similar	detector	at	
the	Tevatron	
where	particle	
energies	would	
also	be	measured		



1981:		CDF1	Design	Report	

CDF	was	a		USA-Japan-Italy		
Collaboration		

	
57	American,	15	Japanese,		

15	Italian	authors	
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CDF1	layout	(1985-1995)	

A	calorimetric	
version	of	R801.		
Particle	energies	
were	measured	in	
projective	towers	
in	a	central	barrel	
and	two	forward	
calorimeter	cones	
with	~	constant	
pseudorapidity	
width.	8/12/20	 2020	Fermilab	Users	Meeting		 16	



The	solenoid	
yoke	in	1985	

																												

Jap
an			

USA	

					

Italy	
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The	superconducting		
coil	came	from	Japan	

Solenoid	was	6	m.	long	and	3	m.	
in	diameter	
1,4	Tesla	axial	magnetic		field		



Some	major	components	of	CDF1	
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Outside	the	VTPC	the	
central	tracking	
chamber	measured	the	
bending	of	charged	
tracks	in	84	radial	
positions			

The	vertex	time	
projection	chamber	VTPC	
detected	the	charged	
prongs	just	outside	the	
beam	vacuum	pipe	
	

Outside	the	coil	48	
scintillator	calorimeter	
wedges	were	split	into	
towers	projecting	to	the	
detector	center		



The	silicon	vertex	detector	SVX1		
Installed	in	1991	

½	of	SVX1	in	the	Pisa	
university	archive.	

.		                                       

	
The	first	silicon	vertex	detector	at	a	

hadron	collider	
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	Top-pair	events	if	Mtop	>	MW	

			 Final states will 
depend on how the 
W`s decay: 
 
1-Dilepton  
 
2-Single lepton  
 
3-All hadronic  
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Approaching	the	discovery-1	

1992.	The	excess	of	large	Et	central	jets		
F.	Abe	et	al	Phys.	Rev.	51D,	4623	(1995)	
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Many	more	jets	with	large	transverse	energy	
were	found	at	large	angles	than	expected	
from	QCD	background	
	
Simulations	showed	that	this	was	as	expected	
if	jets	were	coming	from	top	decays	



Approaching	the	discovery-2	
1992.	Some	beautiful	Top	pair	candidates	

8/12/20	 2020	Fermilab	Users	Meeting		 22	

The	projective	
calorimeter	
and	the	SVX	
provided	some	
fascinating	
pictures	of	
events	



July	1994,	Evidence	paper	from	19.3	pb-1		
F.	Abe	et	al.,	Phys.	Rev.	Letters	73,	225	(1994)	
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2	eµ	dilepton	events	
observed,	0.56	expected	
13	b-tagged	jets	observed	
in	single	lepton	
candidates,	5.4	expected	
	
Overall	probability	of	the	
15	tag	excess	p	=	0.26	%	
	
	Rate	of	b-tags	>	expectation	in	

single	lepton	events	with	≥	3	jets	
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July	1994,	Evidence	paper	
		
	

Fitted	mass			
Mt	=	174	±	17	GeV/c2.	
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Top	quark	mass	from	7	single	lepton	events	



	April	1995:	Discovery	paper	from	67	
pb-1	of	data		

F. Abe et al Phys. Rev. Letters 74, 2626 (1995)	

	
	
																

50	b-tagged	jets	in	single	lepton	
events		
+	6	dilepton	events.		
Overall	probability	of	the	excesses			
p	≈	10

-6	

	
Fitted	mass	

Mt	=	176	±	13	GeV/c2	

Mass	from	9	
single	lepton	
events		8/12/20	 2020	Fermilab	Users	Meeting		 25	

43	Japanese,	63	Italian	out	of	
436	authors	in	the	discovery	

paper	



Concluding	comment	

In	Run2	from	2001	to	2011	the	upgraded	CDF		
collected	data	with	≈	10	fb-1	at	√s	=	1,98	TeV	

	
The	top	discovery	was	the	highlight	of	Run1,	

but	the	the	Run2	physics	campaign	of	the	USA-
Japan-Italy	CDF	Collaboration	produced	a	

harvest	of	major	results	spanning	most	fields	
of	HEP	
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The	Top	Quark	Discovery	
as	seen	from	D0	

Paul	Grannis	
Hugh	Montgomery	

	
Fermilab	Users	Meeting	

August	12,	2020	
	



A	DZero	Top	Quark?	
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100	GeV	electron;		200	GeV	muon;		100	GeV	MET;		25	and	22	GeV	jets		
	

tt	→	W+b	W-b	→	(e+ν)	b	(µ-ν	b)	candidate	with				
very	low	background	

-	



Agreed	process	in	action	
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“Observation	of	the	Top	Quark”		Submitted-	February	24,	1995		

February	17,	1995	Phone	Call	from	John	Peoples		
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Top	Quark	Observation		PRL	74.	2632	(1995)		

HT	distributions	for	signal	
and	background		

dilepton lepton+jets 

Standard 
cuts 

Relaxed 
A,HT 
cuts bknd 

top 

D0	had	no	Si	Vtx	detector;	relied	on	
topological	variables	to	reject	bknd:	
Aplanaraity	and	HT=ΣET(jets)	

bknd top data 

2	*	10-6	chance	that	
the	signal	is	
background	
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List of 
Institutions on 
Dzero at time of 
discovery 

(Grannis),	Hadley	–	Top	Turns	Ten	



Some	of	
The	Students	

Some	of	the	D0	Collaboration	



Bjorken	on	Top	in	Beam	Line	
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“The	history	of	physics	is	full	of	near	
simultaneous	discoveries	by	separate	
individuals	or	groups,	and	with	that	often	
has	come	acrimony	and	controversy,	
from	Newton	and	Leibnitz	to	Richter	and	
Ting,	and	down	to	the	present	time.		
There	has	been	competition	between	CDF	
and	DØ	as	well.	In	fact,	it	was	built	in	
from	the	beginning	by	then-director	Leon	
Lederman	…			And	the	ensuing	CDF/DØ	
competition	has	served	for	constructive	
purposes;	I	have	never	seen	this	
competitiveness	to	be	corrosive.		…		This	
piece	of	competition	has	been	a	class	
act.”	



But	is	it	the	SM	top?	
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~120	D0	papers	address	that	question	

v  tt	cross	section	and	branching	ratios	agree	
with	SM	NNLO	QCD	+	NLO	EW	for	observed	
mt	

v  Decay	W	helicity	states	as	predicted	
v  Top		quarks	are	unpolarized	and		spin	

correlations	are	as	expected	
v  Charge	2/3	(not	-4/3)	
v  Single	top	quark	production	via	EW	

interaction	observed	at	predicted	rate	
v  CKM	matrix	element	Vtb	≈	1	
v  Only	(V-A)	tWb	couplings	

It	quacks	like	a	quark,	so	…						
But	its	mass	is	40	times	larger	than	the	b	quark.			Its	lifetime	
(t	≈	3x10-25	s)	is	so	short	it	decays	before	hadronization.		

-	

CDF	
&	D0	



European	Physical	Society	Prize	
2019	
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Thank	You	All!	


