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The	ACTS	Vertexing Suite
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Several	ATLAS	(primary)	vertexing algorithms	reimplemented in	ACTS	
+	numerically	validated w.r.t.	ATLAS	physics	performance

Ø Modern	C++	
Ø Thread-safe,	modular	design
Ø Fast
Ø Very	well	documented

Vertex	(Seed)	Finder:
• Iterative	Vertex	Finder	(IVF)
• Adaptive	Multi-Vertex	Finder	(AMVF)
• Z-Scan	Vertex	Finder
• Gaussian	Track	Density	Vertex	Finder
• Grid	Density	Vertex	Finder

Vertex	Fitter:
• Full-Billoir Vertex	Fitter
• Adaptive	Multi-Vertex	Fitter

Utilities:
• Track	linearizer,	impact	point	estimator,	annealing	tool,	…

ATLAS	Run-2
ATLAS	Run-3



The	ACTS	Vertexing Suite
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• Easy	to	set	up	&	use	(in	backup:	example	of	running	ACTS	vertexing in	<40	lines	of	code)

à Easily	employable	in	any	reconstruction	framework

• Fully	integrated	in	ATLAS	reconstruction	framework	Athena

• Physics	performance	validated	w.r.t.	ATLAS	primary	vertexing tools	(see	next	slides)

• Single- and	multi-threaded	execution	modes	validated

• Excellent	CPU	performance

à ACTS	primary	vertexing will	be	default	for	ATLAS	Run-3	data	taking



ACTS	– AMVF	Validation	(Single-Threaded)
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• Perfect agreement	between	ACTS	AMVF	(single-threaded)	and	ATLAS	AMVF

• Only	small	numerical	fluctuations	on	all	tested	variables	(Note:	different	extrapolator/propagator	methods	are	used)

• Validation	on	different	sample,	here:	3k	𝒕�̅� (< 𝝁 >= 𝟔𝟎)	events
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ACTS	– AMVF	Validation	(Multi-Threaded)
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• Multi-threaded	execution (on	8	threads)	validated	

• Perfect agreement	between	ACTS	AMVF	(multi-threaded)	and	ACTS	AMVF	(single-threaded)	

• Validation	on	3k	𝒕�̅� (< 𝝁 >= 𝟔𝟎)	events
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ACTS	– AMVF	CPU	Performance	– Single-Threaded
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• ACTS	AMVF	shows	overall	speed-up	vs.	ATLAS	AMVF	(including	EDM	conversion):	2x	faster!	(both	single-threaded)

• Higher	speed-ups	for	high	track	multiplicities

• No	algorithmic	changes,	only	code	improvements

à same	physics	performance,	2x	faster	+	entirely	thread-safe
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Current	Vertexing Developments	in	ACTS	
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Generalization	of	track	linearization	using	the	ACTS::Propagator:

• No	assumption	of	helical	track	parameters	anymore

• Vertex	fitter	more	robust	in	all	detector	regions

• Harmonize	primary	and	secondary	vertexing with	common	math	kernels

• Fully	integrated	time	propagation	in	ACTS	Vertex	fitting	with	time	information	possible

• à Currently	WIP	and	contributions	are	always	welcome	

Gaussian	Grid	Track	Density	Vertex	Seed	Finder:

• Model	track	as	2-dim	Gaussian	density	grid	in	d0-z0-plane

calculate	only	track	contribution	along	beam	axis	(red)

• Superimpose	all	tracks	and	find	maximum	along	beam	axis

Extremely	fast	in	iterative	approaches

beam	axis	

d0-z0-plane

Example:	Track	density	representations	of	3	single	tracks

Retrieve	dedicated	Jacobians	from	ACTS::Propagator
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• Grid	seed	finder	itself	up	to	40x	faster	than	ATLAS	default	seed	finder

• AMVF	with	Grid	seeder	almost	3x	faster	vs.	ATLAS on	3k	𝑡𝑡̅ (< 𝜇 >= 60)	events

• AMVF	with	Grid	seeder	shows	similar	physics	performance	to	ATLAS	AMVF	

à Excellent	physics	&	CPU	performance

HS	vertices	– z-positions HS	reconstruction	efficiency

ACTS	– Gaussian	Grid	Seed	Finder	Performance

PV	reconstruction	time	per	event

Z (mm)
0

20

40

60

80

100

120

140

160

180

200

220

240

En
tri

es

ATLAS Simulation Internal
>=60µ, <tt ATLAS AMVF

ACTS AMVF (Grid seeder)

300- 200- 100- 0 100 200 300
Z (mm)

0.8

0.9

1

1.1

1.2

R
at

io

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
Local PU density [vertices/mm]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

H
S 

ve
rte

x 
re

co
ns

tru
ct

io
n 

ef
fic

ie
nc

y

ATLAS Simulation Internal
>=60µ, <tt ATLAS AMVF

ACTS AMVF (Grid seeder)
Work	in	progress

Work	in	progress
Work	in	progress



Summary	&	Outlook
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• Modern,	fast	&	MT-capable	vertexing suite	implemented	in	ACTS

• Easy	to	integrate	in	any	reconstruction	framework

à fully	integrated	in	ATLAS	reconstruction	framework	and	set	as	default	primary	vertexing tool

• Validated in	single-threaded	and	multi-threaded execution	mode

• 2-3x	faster than	original	implementations	

• Generalization	of	track	linearization	work	ongoing

• Harmonize	vertex	fitting	for	primary	and	secondary	vertexing +	include	time	information

• Any	contribution	is	very	welcome	à let	us	know	if	you	are	interested

• New	seed	finder	available:	Excellent	physics	&	CPU	performance

bastian.schlag@cern.ch



BACKUP
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Employing	the	ACTS	Vertexing
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Input	to	ACTS	Vertexing:
ACTS::BoundParameters

or
Arbitrary	user-defined	track	type:

Only	requirement	for	user-defined	track:
std::function	which	returns	ACTS::BoundParameters

Set	up	and	run	the	ACTS	vertexing in	<	40	lines	of	code

Set	up	b-field	and	propagator

Set	up	track	linearizer

Set	up	Billoir vertex	fitter

Set	up	impact	point	estimator

Set	up	vertex	seed	finder

Set	up	the	vertex	finderRun	vertex	finder	on	track	collection



Adaptive	Multi-Vertex	Finder	(AMVF)
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seed	tracks

seed	finder:	vertex	candidate

select	compatible	tracks

call	multi-vertex	fitter:
fit	new	vertex	along	with	all	

linked	(shared	tracks)	previously	
fit	vertices

all	tracks Gaussian	Track	Density	Seed	Finder:
• model	each	track	as	2-dim	Gaussian	distribution

in	d0-z0-plane	around	(d0,	z0)
• find	z	value	of	highest	track	density	along	z-axis	

remove	compatible	tracks	
from	seed	tracks

seed	
tracks	
empty?

no
output	vertex	collection

yes

Adaptive	Multi-Vertex	Fit:
• weighted	adaptive	Kalman filter	using	

deterministic	annealing	scheme
• subject	to	beamspot and	seed	constraint
• simultaneous	refit	of	all	vertices	connected	through

a	chain	of	vertices	and	tracks,	with	weights:			



Iterative	Vertex	Finder	(IVF)
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input:	all	tracks

seed	finder:	vertex	candidate

select	compatible	tracks

call	vertex	fitter

remove	all	used	tracks	from	
track	collection	

track	
collection	
empty?

output	vertex	collection	

remaining	tracks

yes

no

Iterative	fitting-after-finding	approach:

ZScanVertexFinder:

• find	mode	value	of	
all	z0 track	parameters

• vertex	candidate	at	
position	(z0,	0,	0)

• iteratively	find	vertex	and	fit	with
compatible	tracks

• single	track	always	associated	to	at	most
one	vertex

• tracks	removed	from	pool	after	fitting	


