
FCCAnalyses*:	tools	and	
algorithms	for	analysis	

Clement	Helsens	CERN-EP	
Virtual	FCC	week,	June	2021		
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*	This	is	not	specific	to	FCC,	but	to	the	input	data	format	

Outline	
•  IntroducNon	
•  Overall	Structure	
•  Workflow	with	one	example	



Introduction	
FCCAnalyses:					hUps://github.com/HEP-FCC/FCCAnalyses/	

•  Set	of	tools	to	for	data	analysis,	based	on	LHC	experience	
•  Originally	developed	for	FCC-hh	physics	studies	
•  Was	based	on	a	CMS	python	analysis	framework	(event	loop	slow)	

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

	

•  TransiNoned	to	RDataFrame	
•  State	of	the	art	in	HEP	(considering	it	is	ROOT	based)	
•  Achieved	much	higher	performances	

•  Fully	compaNble	with	EDM4hep	 2	
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Common	software?	
•  FCCAnalyses		
•  Is	a	common	tool	for	analyzing	large	amount	of	data	using	RDataFrame	
•  Is	composed	of	a	library	of	C++	analysers	and	python	configuraNon	files	

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

•  Use	the	produced	ROOT	ntuples		
•  To	produce,	with	common	tools,	final	variables	for	analysis,	for	MVA	training,	and	for	ploang		

	
•  EDM4Hep	
•  EDM4Hep	is	the	common	event	data	model	

•  Will	be	used	for	the	very	long	term	for	any	simulaNon	
•  beUer	to	start	using	it	now!	

3	
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Overall	structure	for	case	studies	-	1	
•  Set	of	tools	to	help	processing	the	output	of	‘simulaNon’	

•  AgnosNc	to	the	type	of	simulaNon	but	specific	reader	funcNons	are	required	
•  Build	a	common	set	of	uNlity	funcNons,	algorithms	for	common	use	
•  Users	to	test	their	algorithms	locally,	or	in	dedicated	repositories	before	publishing	them	

	

4	

Analysis	configura/on	
4	python	scripts	to	configure:		
1.  Samples	to	run	over	(common	producNon,	EDM4Hep)	
2.  FuncNons/algorithm	to	call	to	produce	variables	of	interests	in	a	flat	ntuple	
3.  Event	selecNon	and	histograms	definiNon	using	the	flat	ntuples	
4.  Ploang	configuraNon		

Common	uNlity	funcNons,	
algorithm,	etc…	
	
C++	library	

Common	interface	code		
Sample	database,	
RdataFrame,	ploang		
Python	

hUps://github.com/HEP-FCC/HEP-FCC/
FCCeePhysicsPerformance/	Analysis	
configuraNon	part	close	to	the	case	studies	
and	analysis	specific	code	(like	fiang,	
specific	calculaNons,	etc…)	

hUps://github.com/HEP-FCC/FCCAnalyses/	
Centrally	installed	on	cvmfs	and	accessible	
by	common	setup.	But	totally	OK	to	use	
private	version.		
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Overall	structure	for	case	studies	-	2	

	

•  Analysis	configuraNon	->	in	FCCAnalyses-config	
•  4	python	scripts	to	configure:		

1.  Samples	to	run	over	(common	producNon,	EDM4Hep)	
2.  FuncNons/algorithm	to	call	to	produce	variables	of	interests	in	a	flat	ntuple	
3.  Event	selecNon	and	histograms	definiNon	using	the	flat	ntuples	
4.  Ploang	configuraNon		

5	
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Overall	structure	for	case	studies	-	3	

6	
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•  Code	specific	to	the	case	study	->	in	dataframe/analyzers	
•  Code	your	ideas	here	before	pushing	them	for	more	general	usage	
•  Could	be	very	specific	to	a	case	study	
•  But	a	case	study	could	also	be	just	fine	using	all	the	funcNonaliNes/algorithm	that	are	available	in	the	

main	library	



Foresee	overall	structure	for	case	studies	

7	

Analysis	configura/on	
4	python	scripts	to	configure:		
1.  Samples	to	run	over	(common	producNon,	EDM4Hep)	
2.  FuncNons/algorithm	to	call	to	produce	variables	of	interests	in	a	flat	ntuple	
3.  Event	selecNon	and	histograms	definiNon	using	the	flat	ntuples	
4.  Ploang	configuraNon	
	
Analysis	Algorithms	
Dedicated	C++	algorithms		not	available	in	the	common	library			

Common	uNlity	funcNons,	
algorithm,	dedicated	to	
FCC	
C++	library	

Common	interface	code		
Sample	database,	
RdataFrame	config,	ploang		
Python	

hUps://github.com/HEP-FCC/HEP-FCC/
FCCeePhysicsPerformance/		
	
	
Analysis	configuraNon	part	close	to	the	case	
studies	and	analysis	specific	code	(like	
fiang,	specific	calculaNons,	etc…)	

hUps://github.com/HEP-FCC/FCCAnalyses/	
Centrally	installed	on	cvmfs	and	accessible	
by	common	setup.	But	totally	OK	to	use	
private	version.		
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Common	uNlity	funcNons,	algorithm,	of	interest	
for	any	k4Analyses	using	EDM4Hep	
	
C++	library	

hUps://github.com/key4hep/k4Analysis	
Centrally	installed	on	cvmfs	and	accessible	
by	common	setup.	But	totally	OK	to	use	
private	version.		



WorkClow	with	one	Example	

8	
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B0	->	mumu				(took	me	~45min	to	produce	signal	events	and	write	the	code,	1h	to	run	it)	

9	

python	bin/run.py	--FCCee	--reco	--send	-p	p8_ee_Zbb_ecm91_EvtGen_Bd2MuMu	-n	100000		
--type	p8	-N	10	--condor	-q	microcentury	--version	spring2021		--detector	IDEA	

Produce	signal	events	with	EventProducer	(not	covered	in	this	talk)	 30
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10	

Common	samples	(official	producNons)	are	available	on	eos	and	can	be	accessed	
through	a	database.	The	sample	name	is	the	“key”	
But	sNll	possible	to	run	with	your	own	files		
hUp://fcc-physics-events.web.cern.ch/fcc-physics-events/Delphesevents_spring2021_IDEA.php	
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B0	->	mumu	github	

11	
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B0	->	mumu	

12	

python	bin/run.py	--FCCee	--reco	--send	-p	p8_ee_Zbb_ecm91_EvtGen_Bd2MuMu	-n	100000		
--type	p8	-N	10	--condor	-q	microcentury	--version	spring2021		--detector	IDEA	

Produce	signal	events	with	EventProducer	(not	covered	in	this	talk)	

python	examples/FCCee/flavour/Bd2MuMu/preSel.py	

Run	first	stage	selecNon	(run	over	109	Z->bb,	and	100k	B0->MuMu)	
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Vertexing	

13	

analysis.py	
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PID/B0	->	mumu	

14	

analysis.py	
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PID/B0	->	mumu	

15	

analysis.py	
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PID/B0	->	mumu	

16	

analysis.py	
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B0	->	mumu	candidate	building	

17	
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myU/ls.cc	



Run	pre-selection		

18	
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preSel.py	



B0	->	mumu	

19	

python	bin/run.py	--FCCee	--reco	--send	-p	p8_ee_Zbb_ecm91_EvtGen_Bd2MuMu	-n	100000		
--type	p8	-N	10	--condor	-q	microcentury	--version	spring2021		--detector	IDEA	

Produce	signal	events	with	EventProducer	(not	covered	in	this	talk)	

python	examples/FCCee/flavour/Bd2MuMu/preSel.py	

Run	first	stage	selecNon	(run	over	109	Z->bb,	and	100k	B0->MuMu)	

python	examples/FCCee/flavour/Bd2MuMu/finalSel.py	

Run	final	selecNon	and	make	histograms	

30
/0
6/
20
21
	

FC
CA

na
ly
se
s		
		C
lé
m
en

t		
He

lse
ns
	



Run	Cinal-selection		

20	
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finalSel.py	



B0	->	mumu	

21	

python	bin/run.py	--FCCee	--reco	--send	-p	p8_ee_Zbb_ecm91_EvtGen_Bd2MuMu	-n	100000		
--type	p8	-N	10	--condor	-q	microcentury	--version	spring2021		--detector	IDEA	

Produce	signal	events	with	EventProducer	(not	covered	in	this	talk)	

python	examples/FCCee/flavour/Bd2MuMu/preSel.py	

Run	first	stage	selecNon	(run	over	109	Z->bb,	and	100k	B0->MuMu)	

python	examples/FCCee/flavour/Bd2MuMu/finalSel.py	

Run	final	selecNon	and	make	histograms	

python	config/doPlots.py	examples/FCCee/flavour/Bd2MuMu/plots.py	

Produce	the	plots	
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Run	plots	

22	
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plots.py	
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Candidate	mass	plots	



Summary	
•  Easy	to	use	analysis	code	to	produce	root	ntuples	based	on	RDataFrame		
•  Extremely	powerful	and	flexible	
•  Already	acNvely	used:	flavour,	higgs	and	top	physics	at	FCC-ee	
•  Large	scale	usage	with	Bc->tauNu	analysis	(~1010	events,	12h	processing	on	batch	
with	9000HS06,	not	sure	the	fracNon	of	it	I	got	though)	

•  Already	contains	lot’s	of	funcNonaliNes	
•  Jet	clustering,	vertexing,	thrust/sphericity	axis,	simple	PID	(more	accurate	to	come),	etc…	

	
•  Started	to	move	FCCAnalyses	from	HEP-FCC	to	Key4Hep/k4Analyses	
•  hUps://github.com/key4hep/k4Analysis	
•  New	schema	needs	to	be	defined	in	the	next	weeks	(where	the	various	codes	have	to	be)	
•  Split	C++	and	python	

24	
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