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Physics
Top	events:	from	precision	to	searches!

• LHC	is	a	top	quark	factory:	at	13	TeV	about	2	tops	every	second!	

• plenty	of	statistics	to	make	precision	measurements	

• Studying	top	decay	is	crucial	to	the	LHC	programme:		

• 	Detailed	measurements	of	QCD,	EWK	

• Searches	for	new	physics		

• Combining	ATLAS	and	CMS	measurements:	LHC	legacy!	

• Gain	in	sensitivity	from	added	statistics	and	complementary	
approaches	

• But	a	lot	of	work!	

• Detailed	discussions	of	each	systematic	uncertainties	

• Extensive	cross-checks	of	stability	of	results	on	
assumptions	of	correlations	

• Published	results	and	on-going	activities	within	the	
LHCTopWG:	https://twiki.cern.ch/twiki/bin/view/
LHCPhysics/LHCTopWG	
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Physics

Example:	Common	ATLAS	+	CMS	MC	sample

• MC	modelling	crucial	ingredient	to	all	top	ATLAS	and	
CMS	results	and	to	combining	them	

• Use	same	generators	(Powheg-Box	V2	(HVQ)	+	Pythia8)	
but	different	parameters	and	systematic	uncertainty	
prescriptions
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ATLAS	shift:	0.2	±	0.1	GeV	
CMS	shift:	0.4	±	0.1	GeV

• Common	Settings:		

• Step	1:	use	same	parameters	(will	not	become	the	defaults	ones):	
done	

• Eg	shift	in	masses	(same	mass	input	values)	due	to:

• parton	shower	
modelling	

• αS	value	

• colour	reconnection	
modelling	

• Step	2:	tune	those	
parameters	to	ATLAS	and	
CMS	data:	to	do

ATL-PHYS-PUB-2021-016,	CMS-NOTE-2021-005



Physics
Top	production	and	decay
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Production:

Decay:

single	top	t-channel

lepton+jets	channel:	electron	and	muon



Physics
W	polarization	in	top-quark	decay

• tWb	vertex	governed	by	weak	interaction,	in	SM:	V-A	structure	

• test	of	SM	prediction	

• probe	for	new	physics	

• Measured	using	cosθ*	distribution:
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F0=0.687±0.005 FL=0.311±0.005 FR=0.0017±0.0001

Assume	unitarity:	F0+FL+FR=1	
2	independent	measurements	



Physics
4	Input	Measurements
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3)	e+jets	4)	μ+jets

• e+jets,	μ+jets:	1	e	or	μ,	≥4	jets	(	≥2	b-jets)	

• single	top:	1	e	or	μ,	=2	jets	(	=1	b-jet),	orthogonal	selection	

• Kinematic	likelihood	fit	for	reconstruction	

• Binned	likelihood	fit:	ATLAS:	templates,	CMS:	event-by-event	reweighing	
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2

best	precision	
of	inputs:	
~3-5%



Physics
Input	Systematic	Uncertainties

• l+jets:	systematics	dominated,	single-top:	stats	dominated	

• Modifications:	

• ATLAS	uncertainties	symmetrised	(needed	for	BLUE)		

• CMS	l+jets	signal	modelling	uncertainties	recalculated	
without	MC	stats	(accounted	in	sample	size	category)	

• ATLAS	top	mass	uncertainty	increased	from	0.7	Gev	to	1	
GeV	

• Types	of	uncertainties:	

• data	stat,	size	of	simulated	samples,	backgrounds	

• detector	modelling	(lepton,	jets,	b-tagging,	etc.):	dominant	
are	jet	energy	scale,	resolution	(single-top:	b-tagging)	

• signal	modelling	(generator,	radiation,	PDF,	etc.):	dominant	
are	top	mass,	model,	radiation		

• single	top:	W	polarization	also	impacts	single	top	
production,	modelling	of	this	included	in	uncertainty
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tables	for	CMS	l+jets	and	single	top	in	backup



Physics
Correlations

• Correlations	within	the	same	measurements:	

• F0	and	FL	highly	anti-correlated	

• ATLAS:	use	covariance	matrices,	CMS:	use	

• Correlations	between	measurements	within	CMS:	

• Use:	ρCMS(Fi,	Fj)(st,e+jets)	=	ρCMS(Fi,	Fj)(st,μ+jets),	i,j:	0,	L	

• Use:	ρCMS(Fo,	F0)	=	ρCMS(FL,	FL)	=	-ρCMS(F0,	FL)	

• data	stat,	backgrounds,	lepton	eff,	MC	stats	→uncorrelated	

• All	others	→	fully	correlated	

• Correlations	between	ATLAS	and	CMS:	

• Use:	ρLHC(Fo,	F0)	=	ρLHC(FL,	FL)	=	-ρLHC(F0,	FL)	

• detector	modelling,	method-specific	uncertainties	→uncorrelated	

• JES:	ρLHC(Fo,	F0)	=0.2,	radiation	and	scales:	ρLHC(Fo,	F0)	=0.5	

• All	others	→	fully	correlated	
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Physics
Summary	of	total	correlations

• F0	and	FL	highly	anti-
correlated	

• ATLAS	and	CMS	l+jets:	
(anti)correlation	~30-40%		

• CMS	single	top:	more	
correlated	with	CMS	l+jets	
than	ATLAS	l+jets
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Physics
Results

F0=0.693	±	0.009	(stat+bckg)	±	0.011	(syst)	(2.0%),	25%	more	precise	than	inputs	
FL=0.315	±	0.006	(stat+bckg)	±	0.009	(syst)	(3.5%),	29%	more	precise	than	inputs		

total	correlation:	-0.85	
using	unitarity:	FR=-0.008	±	0.005	(stat+bckg)	±	0.006	(syst),	Feldman-Cousins	limit:	FR	<	0.007	

at	95%	CL,	factor	of	2	more	precise	than	inputs
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Physics
Systematic	uncertainties	on	combination
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Physics
Probing	new	physics!

• tWb	vertex	Lagrangian	using	EFT:	

• Fit	using	EFTfitter,	2	inputs	for	4	parameters:	fix	non-fitted	parameters	to	SM	values	

• Assume	couplings	are	real	and	don’t	introduce	new	CP	violation
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Vector	couplings Tensor	couplings

Vtb≈1	in	SM

anomalous	couplings:	≈0	in	SM



Physics
Probing	new	physics!

• Can	also	use	effective	Lagrangian	using	dimension-six	operators	and	get	limits	on	Wilson	
coefficients:	
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Physics
Summary	&	Conclusions

• Most	precise	W	polarization	measurements	are	
obtained	from	combining	ATLAS	and	CMS	8	TeV	
results	

• The	order	2-3%	precision	in	F0	and	FL	is	close	to	
the	precision	achieved	in	the	theoretical	
prediction	at	NNLO	(order	1%),	and	is	a	~25%	
improvement	on	the	input	measurements	

• Combination	also	improves	significantly	the	
limits	on	anomalous	couplings	and	Wilson	
coefficients	

• More	ATLAS	&	CMS	combinations	to	come	
soon:	

• Eg:	Run	1	tt	cross-section	and	extraction	of	
top	pole	mass	and	strong	coupling	constant	

• Large	effort	ongoing	on	getting	tools	to	
harmonize	combinations:	eg	common	MC	
sample
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backups
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Physics

Matching	of	anomalous	couplings	with	coefficients
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Physics
Input	measurements
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Physics
CMS	uncertainties	and	correlations
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Physics
Coefficients	and	pulls
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