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IntroducEon	to	pp	collisons	@13	TeV	
•  Monte	Carlo	(MC)	programs	used	to	unfold	data	with	detector	simulaEon	–	cornerstone	

of	parEcle	physics.	Good	modelling	needed	to	understand	backgrounds	to	new	physics	
signals	and	we	improve	our	understanding	of	QCD	

•  Derive	perturbaEve	calculaEons	in	Matrix	Elements	(ME)	from	first	principles.	Require	
tuning	of	model	parameters	in	the	parton	shower	and	non-perturbaEve	hadronisaEon	

Day in 2015
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 = 13 TeVs      PreliminaryATLAS
LHC Delivered 
ATLAS Recorded
All Good for Physics

Total Delivered: 4.2 fb-1

Total Recorded: 3.9 fb-1

All Good for Physics: 3.2 fb-1

Run	2	data:	
Increase	in	COM	to	13	TeV	
Challenging	pileup	condiEons	
3.2	W-1	Good	Physics	luminosity	
collected	in	2015	
	
Many	preliminary/published	results	on	
searches		
	
Cross	secEon	measurements	for	tuning	
models	in	detail	on	the	way	
	
About	to	start	2016	data	taking	
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Modelling	pp	@13TeV	

Matrix	elements	to	leading	order	(LO)	or	next-to-leading	order	(NLO)	
Higher	mulEpliciEes	through	parton	shower	(PS)	or	mulE-leg	with	each	mulEplicity	at	LO.	
Need	to	avoid	double	counEng	using	matching	schemes	(CKKW-L,	MLM,	etc.)	
Perform	tunes	of	parton	shower,	fragmentaEon	and	underlying	event	(UE)	parameters	
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Recent	studies	on	MC	generators	for	13	TeV	data	

Up-to-date	documentaEon	of	the	ATLAS	MC	status:
haps://twiki.cern.ch/twiki/bin/view/AtlasPublic/MCPublicResults	

Processes	in	detail:	
•  Monte	Carlo	Generators	for	the	ProducEon	of	a	W	or	Z/γ∗	Boson	in	AssociaEon	with	Jets	at	ATLAS	in	Run	2	
								haps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-003/	
	
•  MulE-Boson	SimulaEon	for	13	TeV	ATLAS	Analyses	
								haps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-002/	
	
•  SimulaEon	of	top	quark	producEon	for	the	ATLAS	experiment	at	sqrt(s)	=	13	TeV	
								haps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-004/	
	
•  Modelling	of	the	a	̄H	and	a	̄V	(V	=	W,	Z)	processes	for	√s	=	13	TeV	ATLAS	analyses	
							haps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-005/	
	
•  Also,	MC	generator	tools	validated	via	well-defined	procedures,	documented	in	
								hap://cdsweb.cern.ch/record/2119984	
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Procedure:	validate	and	study	the	MC	generator	performance	using	published	data	at	
7	and	8	TeV	to	test	the	setup,	and	then	MC-to-MC	comparison	(or	first	data)	at	13	TeV	



W/Z+jets	
•  InteresEng	tesEng	ground	for	QCD,	mulE-scale	mZ,	mW,	pTjet,	heavy	flavour	
•  Important	background	for	many	Higgs/BSM	processes	
	
Models	used:	
•  MadGraph+Pythia8	(MG5_aMC+Py8	CKKW-L)		
Leading	order	in	ME	up	to	4	jets	,	PS	beyond.		Different	final	state	parameter	tunings	A	and	B	
and	move	from	LO	to	NLO	PDF	
•  Sherpa	2.1		
NLO	for	V+0,1,2	jets,	LO	mulE-leg	up	to	4	jets,	PS	for	higher	mulEpliciEes	
•  Sherpa	2.2		
Switches	from	NLO	to	NNLO	PDF	and	retune	of	shower	parameters	
	

	
•  Also	invesEgate	aMC@NLO	with	FxFx	merging	(MG5_aMC+Py8	FxFx)		
NLO	for	V+0,1,2	jets	and	PS	beyond	
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Z+jets	@	7	TeV	

At	7	TeV	all	Z+jets	models	doing	a	reasonable	job	within	uncertainEes	although	there	are	
differences	
Sherpa	2.1	and	MadGraph+Pythia8	A	iniEal	ATLAS	defaults	for	13	TeV	MC	samples	
Some	modelling	issues	at	large	jet	separaEon	for	Sherpa	models,	improved	with	Sherpa	2.2	
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ATLAS data,
√

s=7 TeV
Sherpa 2.1
Sherpa 2.2

MG5 aMC+Py8 CKKW-L A
MG5 aMC+Py8 CKKW-L B

MG5 aMC+Py8 FxFx
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Z+jets	@	13	TeV	

Compare	with	early	50ns	85pb-1	13	TeV	data	analysis.	As	a	funcEon	of	inclusive	jet	
mulEplicity	and	jet	mulEplicity	raEo.	Data	consistent	with	all	models.		
The	25ns	data	analysis	will	use	the	3.2	W-1	
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ATLAS data,
√

s = 13 TeV

Sherpa 2.1
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Z+jets	SystemaEc	UncertainEes	
•  Important	to	have	uncertainEes	due	to	modelling	systemaEcs	(	in	parEcular	shape).	
•  EsEmated	by	variaEon	of		factorisaEon,	renormalisaEon,	matching	scales,	etc..			
•  Also	results	on	Z+b	jets	(see	extra	material)	
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Sherpa	2.2	factorisaEon	uncertainEes	@7	TeV	 Samples	using	Sherpa	2.1	@13	TeV	to	
allow	study	of	systemaEc	uncertainEes	
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Matching	scale	
FactorisaEon	Scale	
RenormalisaEon	Scale	
Sor	gluon	resummaEon	



W+jets	

Compare	same	models	with	W+jets	measurements		@7	TeV		
See	same	features	as	with	Z+jets	in	rapidity	separaEon	of	jets	
More	informaEon	from	parton	splisng	measurements	
Also	systemaEc	variaEons	@7	TeV	plus	predicEons	@13	TeV	
AwaiEng	more	precise	analyses	@13	TeV	to	test	models	in	detail	
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abar	@	7	TeV	

Compared	with	updated	Run-1	measurements:	
Nominal	samples	using	Powheg+Pythia6	now	with	hdamp=	mt	provide	reasonable	descripEon	
Discrepancies	with	data	covered	by	systemaEc	uncertainty	samples	with	variaEons	of		hdamp	
parameter,	factorisaEon	scale,	radiaEon	Hi	and	Lo	tunes	
(Note	single	top	also	included	in	note	–	see	backup)	
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abar	@	13	TeV	

First	Preliminary	Run-2	measurements	(ATLAS-CONF-2016-005):	
Compared	with	nominal	and	alternaEve	MC	generators	
None	of	the	models	perfect	
These	data	measurements	important	for	determining	sesngs/parameters	for	2016	MC	samples	
(More	13	TeV	generator	level	studies	–	see	backup)	
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MulEbosons	@	8	TeV	

MC	Samples	produced	for	different	leptonic,	semi-leptonic	final	states	sensiEve	to	different	
mulEboson	final	states	WZ,	ZZ,	WW	etc.	
Comparison	of	Run	1	LO	Sherpa	1.4	with	Run	2	NLO	programs	Sherpa	2.1	and	Powheg+Pythia8	
Differences	in	mulEplicity/rapidity		due	to	LO/NLO	and	also	PS	versus	mulE-leg	for	addiEonal	
radiaEons.	
PredicEons	also	for	gluon	loop	induced	and	VBS	processes	
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MulEbosons	@	13	TeV	

Ler:	Final	measurement	of	ZZ->4l	cross	secEon	at	@13TeV	in	agreement	with	QCD	
predicEons	for	qq	and	gg	induced	(use	Powheg-Box	for	unfolding)	
haps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-13/	
	
Right:	same	sign,	3	lepton	WZ	validaEon	region	in	SUSY	search.	MC	predicEon	(Sherpa	v2.1)	
in	agreement	with	data	
haps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-09/	
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aW	and	aZ	@	13	TeV	

aZ	and	aW	important	as	rare	SM	processes	and	as	background	to	e.g.	aH	
MC	Samples	produced	for	analyses	@13	TeV	including	evaluaEon	of	systemaEc	variaEons	
Comparison	here	of	MadGraph5+Pythia8	LO	and	Sherpa	2.2	LO	with	NLO	MadGraph5	
aMC@NLO+Pythia8	
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aZ,aW	@	13TeV	

First	Preliminary	Run-2	measurements	in	mulElepton	events	(ATLAS-CONF-2016-003):	
MC	predicEons	MadGraph5+Pythia8	LO	normalised	to	NLO	QCD	cross	secEon	describes	data	
within	the	large	staEsEcal	uncertainEes	
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Summary	
•  Monte	Carlo	generators	vital	tools	for	unfolding	measurements,	modelling	important	

backgrounds	to	new	physics	and	improving	our	understanding	of	underlying	QCD	
•  Recent	results	from	ATLAS	describing	MC	programs/sesngs	used	to	model	important	

processes	in	Run	2	W/Z+jets,	abar,	mulEboson	and	aZ+W/Z		
•  Increasingly	we	move	to	NLO	generators	plus	mulE-leg	as	default	Monte	Carlos.	

Improved	descripEon	of	the	data	but	many	challenges	regarding	processing	Eme	etc..	
•  An	understanding	of	the	systemaEc	uncertainEes	of	the	modelling	is	important,	

samples/recommendaEons	produced	and	documented	for	all	the	processes	
•  Results	from	2015	Run	2	data	has	been	important	in	tesEng/tuning	Monte	Carlo	

programs	
•  As	we	prepare	for	2016	data	taking	we	will	further	refine	our	models	
																																											Expect	more	news	(and	data!)	soon	
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Back	up	
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Z+b-jets	

InteresEng	comparisons	of	Z+b	jets	
PredicEons	model	reasonably	well	the	Run-1	measurements	
Differences	between	models	@7TeV	get	larger	@13TeV	
Pythia	models	with	Evtgen	to	beaer	describe	heavy	flavour	decays	(see	also	abar	note)	

Paul	Thompson					Use	of	Monte	Carlo	Event	Generators	for	the	study	of	13	TeV	pp	collisions	by	ATLAS	-	Pheno2016	 18	

ATLAS data,
√

s=7 TeV
Sherpa 2.1
Sherpa 2.2
MG+Py8 A
MG+Py8 B
aMC@NLO FxFx

0

0.5

1

1.5

2

2.5

3

3.5

4

Z+ ≥ 1 b-jet

d
σ
(Z

b)
/

d
|y
|/

N
b-

je
ts

[p
b

]

0 0.5 1 1.5 2

0.6

0.8

1

1.2

1.4

b-jet |y|

M
C

/
D

at
a

Sherpa 2.1
MG+Py8 A
MG+Py8 B
ATLAS simulation preliminary,

√
s = 13 TeV

0

2

4

6

8

10

12
Z+ ≥ 1 b-jet

d
σ
(Z

b)
/

d
|y
|/

N
b-

je
ts

[p
b

]
0 0.5 1 1.5 2

0.6

0.8

1

1.2

1.4

b-jet |y|
R

at
io

to
Sh

er
p

a
2

.1



abar	@	13	TeV	

Generator	Comparison:	
Powheg+Pythia6	and	with	C++	generators	Pythia8/Herwig++	
MadGraph5	aMC@NLO+Herwig++/Pythia8	
Sherpa	2.1	MEPS@NLO	
AcEve	area	of	invesEgaEon:	working	on	MCs	for	2016	analyses,	systemaEc	samples	provided	
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Single	top	@	13	TeV	

Single	top	producEon:	
Interference	between	Wt	and	abar	
Can	remove	using	Diagram	Removal(DR)	
Differences	with	MadGraph5_aMC@NLO	WWbb.	Studies	on-going	
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