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Tevatron

l Proton-antiproton	collider	,	 𝑠� = 1.96	TeV
l Peak	luminosities	~	3	– 4	x	1032 cm-2s-1
l Top	quark	discovery	at	1995
l Shutdown	in	September	2011
l ~10fb-1/experiments	recorded	
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Top quark

l Top	pair	production	

Tevatron vs.	LHC

l Top	pair	decay	channels	

l Top	the	the	heaviest	fundamental	particle	:	Mtop ~	173.34	GeV

l Liftetime ~	5	x	10-25s	<<														:			èWe	can	observe	bare	quark	properties.					
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Top quark physics

4



Top Mass – Tevatron
combination
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Top pair production cross section
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Asymmetries of top production

l Asymmetry	source	:
l No	asymmetry	in	LO
l Interference	at	NLO	==>	higher	orders	with	𝑞𝑞*	 and	qg
l gg	fusion	is	symmetric

l Asymmetry	measurements	are	based	on	fully	reconstructed	top	quarks	
or	lepton(s)	from	top	decay
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Asymmetries - 𝑨𝑭𝑩𝒕𝒕̅

l CDF	and	D0	measured	FB	asymmetry	in	𝑡𝑡̅	 using		𝛥y	(	=	𝑦3	 − 	𝑦3̅ )	and	𝑚33̅
using	l+jets and	ll channel.

l 𝐴7833
̅ depends	on	𝛥y	 and	𝑚33̅ linearly.

l 𝐴7833
̅ =	9.5	± 0.7	%	(	NNLO	SM	)
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Asymmetries - 𝑨𝑭𝑩𝒍

l Lepton	asymmetry	depends	on	top	pair	production	asymmetry.
l CDF	and	D0	measured	FB	asymmetry	of	lepton	from	top	decay	using	l+jets and	ll channel.
l 𝑨𝑭𝑩𝒍 =		3.8	± 0.5	%	(	NLO	SM	)
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Asymmetries - 𝑨𝑭𝑩𝒍𝒍

l Lepton	asymmetry	depends	on	top	pair	production	asymmetry.
l CDF	and	D0	measured	FB	asymmetry	of	lepton	from	top	decay	using	l+jets and	ll channel.
l 𝑨𝑭𝑩𝒍𝒍 =	4.8	± 0.4	%	(	NLO	SM	)

10



Tevatron 𝑨𝑭𝑩 - Combination

l All	symmetries	(		𝐴7833
̅ and		leptonic 𝐴78 )	measured	by	CDF	and	D0	were	combined	 and

compared	with	SM	predictions.
èWell	agreement	with	SM

𝐴7833
̅ =	12.8	± 2.5	%		(	CDF	+	D0	)
=		9.5	± 0.7	%	(	NNLO	SM	)

𝐴78: =	7.3	± 2.0	%		(	CDF	+	D0	)
=		3.8	± 0.5	%	(	NLO	SM	)	

𝐴78:: =	10.8	± 4.6	%		(	CDF	+	D0	)
=		4.8	± 0.4	%	(	NLO	SM	)	
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Top quark polarization – D0
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Top quark spin correlation – D0
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Effective leptonic electroweak 
mixing angles

l Drell-Yan	process	at	the	Tevatron
• lepton	polar	anlgle distribution	at	center	of	mass	frame	is	asymmetric	
• Parity	violation	of	Z	decays.
• Born	level	angular	distribution	~	1+cos2𝞋+A4cos𝞋

• Forward-backward	cross	section	symmetry	is	a	probe	to	the	electroweak	mixing	angle
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Extraction of EW angle
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Input	
- Afb and	template	(Pythia	)	with	varying	𝑠𝑖𝑛HθJ<<

:JK3

- Fit	Afb to	templates	for	best		𝑠𝑖𝑛HθJ<<
:JK3

Result

Only	electron	channel

Extraction of  𝑠𝑖𝑛HθJ<<
:JK3 : D0 

16



Muon	channel Electron	channel muon	+	electron

Extraction of  𝑠𝑖𝑛HθJ<<
:JK3 : CDF 
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Combination of 𝑠𝑖𝑛HθJ<<
:JK3 : CDF + D0 
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Inference of W mass
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Summary

l CDF	and	D0	provided	remarkable	results	on	top	quark	properties	

l Top	mass
l Top	antitop pair	production	cross	section
l Asymmetries	in	top	antitop production
l Top	spin	correlation	and	polarization

l 𝑠𝑖𝑛HθJ<<
:JK3 are	extracted	from	Drell-Yan	lepton	pair	asymmetry

l CDF	used	electron	and	muon	channel	,	D0	used	electron	channel
l Both	of	CDF	and	D0	are	combined
l Indirectly,	W	mass	is	extracted.

l Results	from	CDF	and	D0	are	still	coming and	some	of	them	are	under	combining	…	
l www-cdf.fnal.gov ,	www-d0.fnal.gov
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