
FCCAnalyses	(for	the	cases-
studies	but	not	only)	
Clement	Helsens	CERN-EP	
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Outline	
•  Introduc>on	
•  Overall	structure	
•  Workflow	
•  Examples	
•  Higgs	Recoil	
•  Flavour	physics	at	Z	pole	
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Introduction	
FCCAnalyses:					hLps://github.com/HEP-FCC/FCCAnalyses/	

•  Originally	developed	for	FCC-hh	physics	studies	
•  Was	based	on	heppy	(full	python	analysis	framework	from	CMS)	

•  There	is	a	heppy-legacy	branch	for	nostalgic	people	

•  Was	used	to	produced	FCC-hh	physics	analyses	published	in	the	CDR	

	

•  Transi>oned	to	RDataFrame	

•  Heppy	was	slow	

•  Achieved	much	higher	performances	

•  Edm4hep	aware	
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Common	software?	
•  FCCAnalyses		
•  Is	a	common	tool	for	analyzing	large	amount	of	data	using	RootDataFrame	and	

produce	flat	ntuple	
•  Is	composed	of	a	library	of	C++	analysers	and	python	configura>ons	

•  C++	analysers	are	developed	in	common	
•  Python	code	specific	to	the	analysis	to	define	the	analysers,	output	variables,	input	samples	

•  Use	those	flat	ntuples		
•  To	produce	final	variables	for	analysis,	for	MVA	training,	and	for	plo]ng	
•  To	run	decay	selector	for	flavour	physics		

•  Is	a-priori	transparent	to	the	input	format	
	

•  EDM4Hep	
•  EDM4Hep	is	the	common	event	data	model	
•  Is	the	only	supported	input	format	at	the	moment	but	this	can	evolve	
•  Will	be	used	for	the	very	long	term	for	any	simula>on	(so	beLer	to	start	using	it	now!)	
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Overall	structure	-	1	
•  Set	of	tools	to	help	processing	the	output	of	‘simula>on’	

•  Agnos>c	to	the	type	of	simula>on	but	specific	reader	func>ons	are	required	
•  Build	a	common	set	of	u>lity	func>ons,	algorithms	for	common	use	
•  S>ll	possible	for	users	to	test	their	algorithms	locally	before	publishing	them	

	

•  How	is	FCCAnalyses	structured	up	to	now	(all	in	the	same	repository)	 14
/1
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Analysis	configura>on	
4	python	scripts	to	configure:		
1.  Samples	to	run	over	(common	produc>on,	EDM4Hep)	
2.  Func>ons/algorithm	to	call	to	produce	variables	of	interests	in	a	flat	ntuple	
3.  Event	selec>on	and	histograms	defini>on	using	the	flat	ntuples	
4.  Plo]ng	configura>on		

Common	u>lity	func>ons,	
algorithm,	etc…	
C++	library	
	

Common	interface	code		
Sample	database,	
RdataFrame,	plo]ng		
Python	



Overall	structure	-	2	
•  How	is	FCCAnalyses	will	be	structured	for	the	case	studies	(two	separate	repositories)	
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Analysis	configura>on	
4	python	scripts	to	configure:		
1.  Samples	to	run	over	(common	produc>on,	EDM4Hep)	
2.  Func>ons/algorithm	to	call	to	produce	variables	of	interests	in	a	flat	ntuple	
3.  Event	selec>on	and	histograms	defini>on	using	the	flat	ntuples	
4.  Plo]ng	configura>on		

Common	u>lity	func>ons,	
algorithm,	etc…	
C++	library	
	

Common	interface	code		
Sample	database,	
RdataFrame,	plo]ng		
Python	

hLps://github.com/HEP-FCC/HEP-FCC/FCCeePhysicsPerformance/	
Analysis	configura>on	part	close	to	the	case	studies	and	analysis	
specific	code	(like	fi]ng,	specific	calcula>ons,	etc…)	

hLps://github.com/HEP-FCC/FCCAnalyses/	
Centrally	installed	on	cvmfs	and	accessible	by	
common	setup.	But	totally	OK	to	use	private	
version.		



Overall	structure	-	3	
•  How	is	FCCAnalyses	will	be	structured	for	the	case	studies	(two	separate	repositories)	

•  Each	case	study	highly	encouraged	to	have	it’s	own	FCCAnalyses-config	
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Analysis	configura>on	
4	python	scripts	to	configure:		
1.  Samples	to	run	over	(common	produc>on,	EDM4Hep)	
2.  Func>ons/algorithm	to	call	to	produce	variables	of	interests	in	a	flat	ntuple	
3.  Event	selec>on	and	histograms	defini>on	using	the	flat	ntuples	
4.  Plo]ng	configura>on		



Overall	structure	-	4	
•  How	is	FCCAnalyses	will	be	structured	for	the	case	studies	(two	separate	repositories)	

•  But	s>ll	possible	to	build	and	use	custom	algorithm	provided	they	are	properly	linked	
	

14
/1
2/
20
	

FC
CA

na
ly
se
s	

8	
Common	and	user	specific	
u>lity	func>ons,	algorithm,	
etc…	
C++	library	
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Common	samples	are	available	on	eos	and	can	be	accessed	
through	a	database	
But	possible	to	by	pass	this	and	run	with	your	own	files		
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python	myAnalysis/preSel.py	
will	run	analysis.py	on	the	datasets	defined	in	preSel.py	and	available	in	the	common	database	
	
python	myAnalysis/analysis.py	/myfiles/file.root	or	/myfiles/*.root	
will	run	analysis.py	on	all	the	input	files	specified	(user	responsibility	to	validate	that	the	files	are	OK	
	



Examples	
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ZH	threshold	
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•  Used	the	common	delphes	IDEA	track	
covariance	samples	I	produced	

•  Processed	them	through	FCCAnalyses	
machinery	with	a	Z->mumu	selec>on	

•  And	within	very	liLle	>me	make	this	recoil	
plot	

•  Anybody	with	read	access	to	eos	can	redo	
those	plots	in	a	maLer	of	minutes	



•  Then	fit	the	recoil	with	custom	
roofit	code	
•  this	part	has	to	be	wriLen	by	

analysers	and	goes	in	the	analysis	

•  FiLed	mass:	
•  	125.07	+/-	0.00357	GeV	
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Flavour	physics	at	the	Z	pole	
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DeHine	variables	and	Hilters:	MC	
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Needed	by	RDF	to	understands	#	

Filter	if	event	contains	a	Bc	hadron	or	not,	
This	will	create	an	exclusive	sample	or		
inclusive	-exclusive	

Define	the	MC	quan>>es	to	keep	

analysis.py	



DeHine	variables	and	Hilters:	Reco	
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Build	a	collec>on	of	size	Reco	that	contains	the	index	in	the	MC_*	columns	for	the	associated	MC	par>cle		

Access	reconstructed	par>cles	quan>>es	

Can	get	the	track	associated	to	them	

Use	the	column	defined	above	and	build	a	new	column	of	MC	parents	index	for	each	Reco	par>cles	

analysis.py	

Use	the	column	defined	above	and	build	a	new	column	of	MC	grand	parents	index	for	each	Reco	par>cles	



DeHine	variables	and	Hilters:	Event	
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analysis.py	

EVT_thrust/sphericity	is	a	vector	of	size	7	
Value/x-axis/x-axis-error/y-axis/y-axis-error/z-axis/z-axis-error	

Call	the	minimisa>on	for	the	thrust	and	sphericity	and	
define	the	relevant	columns		



DeHine	variables	and	Hilters:	Event	
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analysis.py	

cosTheta	between	an	axis	and	the	reconstructed	par>cles	

Charge	of	a	given	hemisphere	
(defined	by	the	sign	of	cosTheta)		

Number	of	par>cles	(total/charged/neutral)	
	in	each	hemisphere		

Energy	sum	of	par>cles	(total/charged/neutral)	
in	each	hemisphere		

Number	of	par>cles	(charged/neutral)	in	hemisphere	with	cosTheta<0		

Energy	sum	of	par>cles	(charged/neutral)	in	hemisphere	with	cosTheta<0		

Number	of	par>cles	(charged/neutral)	in	hemisphere	with	cosTheta>0		

Energy	sum	of	par>cles	(charged/neutral)	in	hemisphere	with	cosTheta>0		

Define	the	hemisphere	with	minimum/maximum	energies	



DeHine	variables	and	Hilters:	Run	
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analysis.py	

Define	the	hemisphere	with	minimum/maximum	energies	Defined	the	columns	to	keep	

And	run	



preSel	conHiguration	
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preSel.py	

To	run	with	the	common	
produc>on,	files	are	
validated	etc…	

Define	here	the	process	
list,	names	are	in	the	
Database	

Possibility	to	change	the	ouptut	name,	
can	be	used	when	filtering	a	more	
inclusive	sample	



HinalSel	conHiguration	
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finaSel.py	

To	run	with	the	common	
produc>on,	files	are	
validated	etc…	

Define	here	the	process	
list,	names	are	in	the	
Database	

Using	common	procDict	or	custom	
Possibility	to	define	new	variables	



HinalSel	conHiguration	
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finaSel.py	

Using	common	procDict	or	custom	
Possibility	to	define	new	variables	



plots	conHiguration	
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plots.py	

Common	plot	style	will	be	supported	here.	But	users	could	write	their	own	as	well	
Plan	to	write	a	common	plo]ng	code	independent	of	ROOT	
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FCCAnalysis:	available	algorithms	
•  Available	func>onality	(see	doxygen)	
•  Thrust	axis	and	thrust	value	
•  Sphericity	axis	and	value	
•  cos(theta)	between	an	axis	and	par>cles	
•  Weighted	charge	of	all	par>cles	with	cos(theta)	axis	>	or	<0	
•  Preliminary	jet	clustering	
•  Truth	history	from	any	MC	par>cle	of	a	given	status	
•  Tagging	2	body	MC	decays	(for	example	H->gg,	Z->bb)		
•  Etc…	

•  Planned	func>onali>es	for	the	common	analysers	
•  Acceptance	efficiencies	
•  Parametric	PID	
•  Pi0	iden>fica>on		
•  Etc…	

•  Planning	to	have	a	dedicated	uproot/awkward	structure	to	easily	run	flavour	exclusive	
decays,	etc,	etc...	

14
/1
2/
20
	

FC
CA

na
ly
se
s	

27	



Summary/Plans	
•  Easy	to	use	analysis	code	to	produce	flat	ntuples	based	on	Root	
DataFrame	ready	for	you	to	run	analyses,	please	join	and	have	fun	

•  Did	not	talked	about	FCC-hh	but	all	this	code	can	be	used	there	as	
well	(or	in	ATLAS/CMS?)	

	
•  Plans	
•  Adding	uproot	and	awkward	from	pure	python	or	C++	
•  Etc…	
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