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Why	Is	The	Top-Quark	So	Interesting	
•  Top-quark	is	40	=mes	heavier	than	the	b	(doublet)	

•  Same	mass	scale	as	gauge	bosons:	Connec=on	to	EWSB?	
•  Top	Yukawa	is	almost	exactly	1:	coincidence?	
•  Meta-stability	of	SM:	valid	up	to	Planck	Scale	
•  Mass	would	need	to	be	tested	precisely	at	e+e-	colliders	
	

•  Heaviest	SM	par=cle	and	produced	abundantly	
•  Cross-sec=on	between	0.2	and	0.8	nb	
•  Important	background	to	BSM	searches	
•  May	couple	to	New	Physics	
	

•  Top	decays	before	hadronisa=on	(life=me	<	ΛQCD)	
•  Study	the	proper=es	of	the	pseudo-bare	quark	

	
•  With	the	full	Run-2	datasets,	more	than	108	top	pairs	

have	been	produced.	Sta=s=c	is	oben	not	the	limi=ng	
factor.	Time	for	precision	in	the	systema=cs!!!	
	

arXiv:1205.6497	
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Top	Production	And	Decay	
•  Top	pair	produc=on	at	the	LHC	governed	by	strong	interac=on		

•  Gluon-gluon	fusion	(~90%	at	13	TeV)	

•  Quark-an=quark	annihila=on	(10%	at	13	TeV)	

	

•  Single	top	produc=on	via	EW	interac=on:		
•  Exchange	of	a	virtual	W	boson	in	the	s	and	t	channels	

•  Produc=on	in	associa=on	with	a	real	W	boson		

	

•  Decays	(electrons	and	muons	only)	

•  Dilepton	[4%]	cleanest	signature,	but	lower	sta=s=cs	

•  Lepton+jets	[30%]	Compromise	between	sta=s=cs	and	background	
contamina=on		

•  All	hadronic	[45%]	higher	sta=s=cs	but	large	uncertainty	due	to	mul=jet	
background.	Easy	kinema=c	reconstruc=on;	all	decay	par=cles	measured	
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Top-Quark	Physics	
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Produc=on:	
Cross	sec=ons	(inclusive,	differen=al)	
Charge	asymmetry	
Produc=on	through	new	par=cles	
Top	polariza=on	
Color	flow	
In	associa=on	with	EW	bosons	

Intrinsic:	
Mass	
Width		
Charge	
Spin	correla=on	

Decay:	
W-helicity	
Branching	frac=on	
Anomalous	couplings	
Dead	Cone	

Large	and	clean	sta=s=cs:	
W	bosons	(branching	ra=os)	
b-quarks	(fragmenta=on,	rare	decay)	
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Results	Presented	Today	
•  ATLAS	
•  p+bb 											1811.12113	
•  Spin	corr. 											TOP-2018-027	
•  Top	mass	comb			1810.01772	
•  p	Wt	interf											1806.04667	
•  More	details	in	public	page	
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•  CMS	
•  σp,	mtop,	αs 													1812.10505	
•  σp,	mtop,	αs,	PDF			CMS-PAS-TOP-18-004	
•  Pola,spin	corr								CMS-PAS-TOP-18-006	
•  Top	mass	L+jets	CR				1805.01428	
•  Top	mass	comb 	1812.10534	
•  Diff	XS,	CMDM,	AC	1811.06625	
•  Top-yukawa												CMS-PAS-TOP-17-004	
•  More	details	in	public	page	

•  CombinaAon	
•  Vtb				1902.07158							single	top	



Top	Production	
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•  Analysis	
•  Diff.	cross	sec=ons	presented	as	func=ons	of	numerous	observables	related	to	p	produc=on	and	decay		
•  Significant	disagreement	between	the	data	and	NLO	MC	simula=on		

is	observed	for	pT(top),	pT(l),	pT(b),	pT(p),	pT(ll),	pT(bb),	mp,	mll,	mbb	
•  Jet	mul=plicity	distribu=on	not	very	well	described	by	all	of	the	MC	predic=ons		

(except	maybe	MG5_aMC@NLO	+Pyh=a8	[FxFx])	
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Differential	Cross-Section	 1811.06625	



•  Mo=va=ons	
•  Predic=ons	for	𝑡𝑡+HF	affected	by	large	uncertain=es	due	to	non-negligible	b-quark	mass	
•  Very	important	background	for	𝑡𝑡𝐻	𝐻	→	𝑏𝑏	produc=on	
	

•  Measure	
•  Inclusive	cross-sec=ons	of	the	produc=on	of	top	pairs	with	3	and	4	b-jets	
•  Differen=al	cross-sec=ons	as	a	func=on	of	global	event	and	b-jet	proper=es	

	
•  Differen=al	cross-sec=ons	presented		

•  Events	with	≥3/4	b-jets		
•  Events	l+jets	or	in	the	eμ	channel	
•  As	a	func=on	of	HT	,	HThad	,	pT	of	b-jets,		

b-jet	mul=plicity,	Δ𝑅bb	,	𝑚bb	and	pT,bb		

•  No	apempt	to	iden=fy	the	origin	of	the	b-jets	
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tt+bb	Production	1/2	 1811.12113	



tt+bb	Production	2/2	
•  Final	par=cle	level	measurement	in	fiducial	phase	space		

•  Precision	limited	by	stat,	generator,	jet	energy	scale	and	reso.	uncert.	
•  Comparisons	with	NLO+PS	predic=ons	employing	4	and	5-flavor	

schemes,	produced	using	the	𝑡𝑡	and	𝑡𝑡𝑏𝑏	matrix	elements		
•  Higher	cross	sec=on	measured	than	predic=ons	
•  Predic=ons	where	addi=onal	b-jets	are	produced	by	PS	predicts		

too	few	events	with	more	b-jets	than	those	produced	in	top	decays		
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1811.12113	

13%	

17%	



•  𝑡𝑊	diagrams	beyond	the	leading	order	interfere	with	𝑡𝑡		
•  Size	of	the	interference	dependent	on	the	phase	space	
•  Both	process	are	factorized	in	standard	calcula=ons	(NWA)		
•  Very	important	for	searches		
	

•  Different	methods	to	handle	the	interference	at	NLO		
•  Diagram	Removal	(DR)	and	Diagram	subtrac=on	(DS)	
•  𝑊𝑏𝑊𝑏	->	𝑙𝜈𝑏𝑙𝜈𝑏	in	PowHeg	Res	bb4l:		

interference	automa=cally	handled		

•  Analysis/results	
•  𝑚lb

𝑚𝑖𝑛𝑖𝑚𝑎𝑥	sensi=ve	to	the	𝑡𝑡/𝑡𝑊𝑏	interference		lb
𝑚𝑖𝑛𝑖𝑚𝑎𝑥	sensi=ve	to	the	𝑡𝑡/𝑡𝑊𝑏	interference		

•  The	bulk	well	described	by	all	the	predic=ons		
•  Good	agreement	for	bb4l	in	the	full	range		
•  Mis-modelling	in	the	tails	by	MG5_aMC+Pythia8		

predic=ons	with	opposite	behavior		
•  PowHeg+Pythia8	DS	and	DR	diverge	in	tails	
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Interference	Wt	And	tt	 1806.04667	



Top	Quark	Pair	Cross	Section	Summary	
•  Large	variety	of	measurements	by	

ATLAS	and	CMS	in	different	decay	
channels		

•  Good	agreement	of	all	inclusive	
measurements	with	SM	predic=ons	

•  Not	the	same	story	differen=ally	

•  Experimental	uncertain=es	already	
comparable	with	theore=cal	ones		

•  Measurements	in	eμ	and	lepton+jets	
channels	are	the	most	precise	

•  Overall	comparable	precision	

between	the	two	experiments		

•  All	summary	plots	here	
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Top	Properties	



•  Top	quark	life=me	3	10-25	sec	–	decays	as	a	bare	quark,	does	not	hadronise		
•  Top	spin	informa=on	transferred	to	decay	products,	not	‘corrupted’	by	QCD		

•  Expect	negligible	pola.	in	SM,	but	correla=on	between	top/an=-top	spins		

•  Charged	leptons	from	W	decays	carry	almost	the	full	available	informa=on		

	

•  ‘Classical’	spin	observable:	azimuthal	𝛥𝜙(ll)	in	di-leptonic	top-pair	events		
•  Already	used	at	Run-1	to	establish	spin	correla=ons	at	level	predicted	by	SM		

•  With	Run-2	data	sample,	can	start	to	look	differen=ally	in	bins	of	mp	system	
(ATLAS)	and	spin	density	matrix	(CMS,	also	ATLAS	8	TeV)	
•  Both	implies	reconstruc=on	of	the	top-pair	kinema=cs	

14
/0
3/
19
	

LH
C	
to
p	
ph

ys
ic
	re

su
lts
	

13	

Spin	Correlations	
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Spin	Correlations	Results	 2018-027	



•  Fit	the	inclusive	𝛥𝜙	distribu=on	to	templates		
•  MC	with	SM-like	spin	correla=on	ON/OFF		
•  Steeper	distribu=on	with	OFF	(C=0)	

	

•  fSM=1	for	‘SM-like’	spin	correla=on,	0	for	none	 
•  Obtain	fSM=1.250	±0.026	(stat)	±0.063	(syst)		

•  fSM	is	3.2	σ	above	1,	when	including	QCD	scale	and	
PDF	uncertain=es	on	templates		

•  fSM	also	above	1	in	mp	bins,	lower	significance		
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Spin	Correlations	Interpretation	2018-027	



•  Slightly	smaller	discrepancy	observed	as	ATLAS	
•  Too	much	spin	correla=on	wrt.	Predic=on?	

•  Robust	against	varia=on	of	generator	for	templates	

•  Inclusion	of	NLO	top	decays	
•  Recent	work	1901.05407	(Behring	et	al)	suggests	

NNLO	correc=ons	are	important	
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Spin	Correlation	results	 CMS-PAS-TOP-18-006	

1901.05407	



•  Measures	all	15	coefficients	of	the	spin	density	matrix	
•  First	=me	done	at	13	TeV	
•  Compa=ble	with	SM	
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Spin	Density	Matrix	 CMS-PAS-TOP-18-006	



•  Constraining	Chromomagne=c	dipole	moment	(CMDM)	of	the	top	
•  Strongest	direct	constraint	to	date	
•  Factor	2	improvement	w.r.t	best	result	to	date	
•  More	interpreta=ons	and	Rivet	data	on	release	of	the	paper	 14
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Additional	Measurements	 CMS-PAS-TOP-18-006	

-0.07	<	CtG/Λ2	<	0.16TeV-2	



•  Addi=onal	measurements	form	dilepton	XS	analysis:	
•  The	p	and	leptonic	charge	asymmetries	are	measured	at	13	TeV	for	the	first	=me		
•  Par=cle-level	diff.	cross	sec=on	as	a	func=on	of	∆φ(l,l)	is	used	to	constrain	the	top	quark	chromo-magne=c	

dipole	moment	at	NLO	using	an	EFT	

•  Very	sensi=ve	to	new	physics	
•  Found	to	be	in	agreement	with	SM	predic=ons		
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AC,	Alep	And	Top-Chromo	
1811.06625	

-0.06	<	CtG/Λ2	<	0.41TeV-2	



•  Combine	l+jets,	dilepton	all-jets	at	8	and	7	TeV		

•  Analyses	op=mised	to	maximise	combina=on	gain	 
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Top	Mass	Combination	 1810.01772	



•  New	color	reconnec=on	models	all	with	“early	resonance	decays”	(ERD)		
•  Default	setup	
•  String	forma=on	beyond	leading	color	(“QCD	inspired”)	[JHEP	1508	(2015)	003]	
•  Gluons	can	be	moved	to	another	string	(“gluon	move”)	[JHEP	1411	(2014)	043]		

•  Results	
•  No	significant	discrepancy	observed	in	any	differen=al	measurement	
•  More	data	might	help	to	exclude	models	
•  Dedicated	CR	studies	needed	to	reduce	the	uncertainty	associated	to	CR	
•  Theory	input	necessary	to	judge	which	models	are	meaningful		
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Top	Mass	L+jets	CR	Models	
1805.01428	
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Top	Mass	L+jets	all	had	comb	 1812.10534	

Simultaneous	fit	to	L+jets	and	all	had	



Top	Mass	Summary	
•  Measurements	in	all	decay	channel	at		13TeV	
	
•  Also	various	indirect	measurements	with	

=ghter	rela=on	to	theory	(not	‘MC	mass’)	from		
•  Total	top-pair	cross-sec=on	
•  Top-pair	+	jet	
•  Lepton	differen=al	distribu=ons		

•  Typically	fiped	to	dedicated	theory	predic=ons	
at	NLO	or	NNLO	

•  Compa=ble	results,	but	insufficient	precision	
to	compete	with	direct	measurements	

•  Ac=ve	theore=cal	development	
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Simultaneous	determination	of	mtop,	αs,	PDFs	
•  Calcula=ons	of	p	produc=on	depend	on:		
•  Strong	coupling	αS		
•  Top	quark	mass		
•  Gluon	(quark)	PDF	in	the	proton		
	

•  Measurements	of	σp	can	be	used	to	constrain	these	parameters		
•  mt	provides	a	hard	scale	⇒	ul=mate	probe	of	pQCD	(NLO,	aNNLO,	NNLO)	
•  Produced	mainly	via	gg	⇒	constrain	gluon	PDF	at	high	x		
•  Produc=on	sensi=ve	to	αs	and	mt(pole)	
•  May	provide	insight	into	possible	new	physics		
•  Need	to	go	3D	to	constraint	mtop,	αS	and	PDFs	
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•  αS	and	mt	cannot	be	determined	
simultaneously		

•  ⇒	mt	fixed	to	na=ve	value	of	PDF		
	
•  Uncertain=es		
•  Experimental:	from	σp	measurement	
•  PDF:	from	eigenvectors	
•  Independent	μr,	μf	varia=ons	by	factor	2		
	

•  Results		
•  Dependence	of	extracted	αS	vs	mt	

inves=gated	→	linear		
•  Somehow	flaper	in	case	of	ABMP16		
•  αS	and	mt	correlated,	need	to	go	3D	
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mtop,	αs	from	inclusive	σtt	
1812.10505	



•  In	3D	@NLO	(Njet,	mp,	yp)	
•  Different	trends	of	αS	and	mt		
	

•  Simultaneous	fit	of	PDFs,	αs	and	mt
pole:	

•  →	fully	consistent	extrac=on	of	αs,	mt
pole	and	PDFs,	

but	using	also	HERA	data	
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mtop,	αs,	PDFs	from	diff	σtt	1/2	
CMS-PAS-TOP-18-004	



•  Constraining	the	PDF	
•  followed	standard	approach:	

•  using	HERA	DIS	data	only	
•  HERA	+	p	data	to	

demonstrate	added	value	
from	p	on	PDF	and	αs	
determina=on		

•  reduced	g	uncertainty	at	
high	x		

•  smaller	impact	on	other	
distribu=ons	via	corr.		
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mtop,	αs,	PDFs	from	diff	σtt	2/2	

Rela=ve	PDF	
uncertain=es	

dv	

dv	

g	

g	

CMS-PAS-TOP-18-004	



•  Analysis	principle	
•  EW	correc=ons	enter	XS	at	loop-induced	order	α2

sαweak	and	
make	a	small	contribu=on	to	the	total	cross	sec=on	

•  Calculate	EW	correc=on	factors	for	different	values	of	Yt	and		
apply	them	at	parton	level	of	p	simulated	samples	

•  From	modified	templates,	obtain	distribu=ons	at	detector	
level	that	can	be	directly	compared	to	the	data	

	
	

•  Analysis	strategy	
•  Yukawa	coupling	extracted	from	Mp	and	∆yp		for	different		jet	

mul=plici=es	
•  Low	Mp	and	small	|∆yp|	regions	are	the	most	sensi=ve	to	Yt	
•  Analysis	phase	space	Mp	0.2	to	2TeV	and	from	0	to	6	in	|∆yp|	

14
/0
3/
19
	

LH
C	
to
p	
ph

ys
ic
	re

su
lts
	

28	

Top	Yukawa	from	diff	XS	1/2	
CMS-PAS-Top-2017-004	 New	

Yt=yt/yt,SM	



•  Results	
•  Top-Yukawa	coupling	extracted	by	

comparing	data	with	the	expected	p	
signal	for	different	values	of	Yt	in	a	
total	of	57	bins	in	Mp,	∆yp,	and	Njets	

•  The	value	of	the	top	quark	Yukawa	
coupling	is	constrained	to	be	less	than	
1.67	at	the	95%	confidence	level	

•  New	way	of	extrac=ng	the	top-
Yukawa	compe==ve	with	other	
methods	
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Top	Yukawa	from	diff	XS	2/2	 New	CMS-PAS-Top-2017-004	



Vtb	Combination	
•  In	SM	fLV	=	1	
•  Wtb	vertex	is	a	good	probe	for	NP	
•  Direct	measurements		

•  assumes	Vtd,Vts<<Vtb	

•  is	independent	on	number	of	q	genera=ons	
•  is	independent	of	CKM	unitarity	
	

•  Summary	for	the	|𝑓LV	𝑉tb|	combina=ons	tb|	combina=ons	
from	the	Run	I	cross-sec=on	measurements:		
•  As	expected,	t-channel	provides		

the	largest	contribu=on	
	

•  Total	uncertainty:	4.3%		
•  30%	improvement	wrt	the	Tevatron	

combina=on	PRL	115,	152003	(2015)		
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1902.07158		



Outlook	
•  LHC	experiments	are	doing	very	well	with	the	top	quark	

•  Top	quark	measurements	have	provided	stringent	tests	of	SM	

•  With	the	increasing	luminosity	new	measurements	can	be	made	for	the	first	=me		
(see	next	talk	by	Danny)	

•  Top	mass	now	known	to	0.3%	(0.5	GeV)	

•  More	data	to	come,	but	‘straining’	the		

theory	

•  what	are	we	actually	measuring?		

•  Precise	spin	correla=ons	measurements	

•  a	hint	of	a	something?		

•  Much	more	beau=ful	results	to	come	
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Additional	material	

14
/0
3/
19
	

LH
C	
to
p	
ph

ys
ic
	re

su
lts
	

32	



tt+photon	1/2	
•  pγ	probes	the	top	EM	coupling	
•  Photons	also	emiped	from	ISR	and	decay	products	
•  è	Hard	to	disentangle,	but	angular	informa=on	and	

isola=on	reduces	ISR	and	FSR	
	

•  Analysis	in	single-lepton	and	di-lepton	channels		
•  Standard	selec=on,	plus	isolated	photon	pT>20	GeV		
•  Di-lepton	channel	cleaner,	but	single	lepton	can	

reach	higher	photon	pT	due	to	higher	sta=s=cs		

•  Main	backgrounds	from	hadronic	jets	or	electrons	
mis-iden=fied	as	photon,	or	real	𝛾+W/Z	events		

•  Photon	ID	and	event-level	MVAs	to	suppress	bkgs 
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	1812.01697	



•  Results:	
•  Inclusive	cross-sec=on	in	fiducial	region	agrees	with	NLO	predic=ons	for	p𝛾	 
•  Normalised	photon	pT	spectrum	agrees	with	LO	p𝛾	ME	calcula=ons	

•  Powheg+Pythia8	inclusive	p	sample	(photons	from	parton	shower)	is	too	sob	 
•  Dilepton	𝛥𝜙	is	slightly	less	steep	than	predic=on	–	modeling	of	spin-correla=ons?	 14
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tt+photon	2/2	 	1812.01697	



•  The	effect	of	gluon	radia=on	on	the	p	kinema=cs	is	checked	by	measuring	
differen=al	cross-sec=ons	for	a	given	number	of	jets	in	the	event	(4,	5,	≥	6)		

•  Analysis	strategy	
•  Events	selected	in	the	lepton+jets	channel		
•  𝑡𝑡	kinema=c	variables	corrected	for	the	limited	detector	resolu=on	via	unfolding	

methods	and	extrapolated	to	the	fiducial	phase	space		

•  Measured	the	absolute	and	normalized	differen=al	cross	sec=on		
as	a	func=on	of	p	kinema=c	variables		
•  pT(p),	pT(top-had)		

•  																																																																								out-of-plane	transverse	momentum,	sensi=ve	to															
	 	 												radia=on	and	used	in	MC	tuning	
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tt+jets	Differential	Cross-Section	1/3	
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tt+jets	Differential	Cross-Section	2/3	

pT(top,	had)	
Mis-modelling	enhanced	in	the	intermediate	jet	mul=plicity	region		

Njets=4	 Njets=5	 Njets≥6	
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tt+jets	Differential	Cross-Section	3/3	

|pout(p)|	
Significant	mis-modelling	for	aMC@NLO+Pythia8	in	the	4	and	5-jet	mul=plicity	regions		

Njets=5	 Njets≥6	Njets=4	



•  𝑡𝑊	diagrams	beyond	the	leading	order	interfere	with	𝑡𝑡		
•  Size	of	the	interference	dependent	on	the	phase	space	
•  Can	be	important	for	searches		
•  Both	process	are	factorized	in	standard	calcula=ons	(NWA)		
	

•  Different	methods	to	handle	the	interference	at	NLO		
•  Diagram	removal:		

•  removes	all	the	𝑡𝑡	diagram	contribu=ons	(DR)		
•  Removes	the	LO	𝑡𝑡	term	but	keep	the	interference	(DR2)	

•  Diagram	subtrac=on:	cancels	the	resonant	𝑡𝑡	contribu=on	with	a	
local	subtrac=on	term	(DS)	

•  𝑊𝑏𝑊𝑏	𝑙𝜈𝑏𝑙𝜈𝑏	in	PowHeg:	interference	automa=cally	handled		

•  Analysis/results	
•  𝑚lb

𝑚𝑖𝑛𝑖𝑚𝑎𝑥	sensi=ve	to	the	𝑡𝑡/𝑡𝑊𝑏	interference		lb
𝑚𝑖𝑛𝑖𝑚𝑎𝑥	sensi=ve	to	the	𝑡𝑡/𝑡𝑊𝑏	interference		

•  The	bulk	well	described	by	all	the	predic=ons		
•  Good	agreement	for	𝑙𝜈𝑙𝜈𝑏𝑏	in	the	full	range		
•  Mismodelling	in	the	tails	by	MG5_aMC+Pythia8	predic=ons	

(with	opposite	behavior)		
•  PowHeg+Pythia8	DS	and	DR	diverge	in	tails	
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Interference	Wt	And	tt	 1806.04667	



•  Universality	in	UE	at	an	higher	energy	scale		
•  UE	model	tested	up		

to	a	scale	of	twice	mt	

•  Measurements	in		
dilepton	invariant	mass		
indicate	that	it	should	be		
alid	at	even	higher	scales	

•  Can	be	used	to	improve		
systema=c	uncertain=es	in		
future	top	quark	analyses	

•  Results	obtained	show	that	a	value	of		
αs

FSR(MZ)	=	0.120	±	0.006	is	consistent	with	the	data	

•  The	corresponding	uncertain=es	translate	to	a	varia=on	of	
the	renormaliza=on	scale	of	√2	
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Underlying	events	in	tt	 1807.02810	



•  Interpre=ng	the	data	
•  followed	standard	approach:	using	HERA	DIS	data	only,	or	HERA	+	p	data	to	demonstrate	added	value	

from	p	on	PDF	and	αs	determina=on		
•  se�ngs	follow	HERAPDF2.0,	use	xFiper-2.0.0		
•  input	data:	combined	HERA	DIS	[1506.06042]	+	p	
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mtop,	αs,	PDFs	from	diff	σtt	3/3	
TOP_18_04	

Rela=ve	PDF	
uncertain=es	

PDFs	(αs	in	HERA	
only	fit	set	to	αs	=	
0.1135	±	0.0016)		

uv	

uv	 dv	

dv	

g	

g	 Σ	

Σ	

reduced	g	uncertainty	at	high	x	
smaller	impact	on	other	distribu=ons	via	corr.		
	



•  𝑡𝑊	diagrams	beyond	the	leading	order	interfere	with	𝑡𝑡		
•  Size	of	the	interference	dependent	on	the	phase	space	
•  Important	for	searches		
•  Both	process	are	factorized	in	standard	calcula=ons	(NWA)		
	

•  Different	methods	to	handle	the	interference	at	NLO		
•  Diagram	removal:		

•  removes	all	the	𝑡𝑡	diagram	contribu=ons	(DR)		
•  Removes	the	LO	𝑡𝑡	term	but	keep	the	interference	(DR2)	

•  Diagram	subtrac=on:	cancels	the	resonant	𝑡𝑡	contribu=on	with	a	
local	subtrac=on	term	(DS)	

•  𝑊𝑏𝑊𝑏	->	𝑙𝜈𝑏𝑙𝜈𝑏	in	PowHeg	Res	bb4l:	interference	automa=cally	
handled		

•  Analysis/results	
•  𝑚lb

𝑚𝑖𝑛𝑖𝑚𝑎𝑥	sensi=ve	to	the	𝑡𝑡/𝑡𝑊𝑏	interference		lb
𝑚𝑖𝑛𝑖𝑚𝑎𝑥	sensi=ve	to	the	𝑡𝑡/𝑡𝑊𝑏	interference		

•  The	bulk	well	described	by	all	the	predic=ons		
•  Good	agreement	for	𝑙𝜈𝑙𝜈𝑏𝑏	in	the	full	range		
•  Mismodelling	in	the	tails	by	MG5_aMC+Pythia8	predic=ons	(with	

opposite	behavior)		
•  PowHeg+Pythia8	DS	and	DR	diverge	in	tails	
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Interference	Wt	And	tt	 1806.04667	


