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EIC effort at Argonne supported through ANL LDRD

Effort currently dominated by simulation and reconstruction software

Theory

! Analysis i |
! ~ Full Physics ‘
—{mlion P elotmancd
Accelerator \ / ‘

! Detector
‘ Design

Software

R&D

July 21, 2017

1/17



Outline

Introduction and Definitions
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Full Simulation and Reconstruction Tasks

Basic tasks:
® Event Generation - Produce the simulation input events
® Detector Simulation - Particle transport through detectors (Geant4)
® Digitization - Turn Sim Hits into realistic hits
® Reconstruction - Track, vertex, and trajectory reconstruction

® Performance Analysis - Collection of benchmark analyses used to tune the overall
design
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EIC Argonne Software Toolchain (EAST)

Key software tools:

T work by D. Blyth highlights the usefulness of a fixed data model

HepSim
DD4hep
SLIC — ddsim which is part of lcgeo!

lesim

The best software framework is ...

No Framework!
e We have collected and identified useful tools
e Pick and choose what works best for you
e Caveat: DD4hep is unavoidable (for good reasons)

more on this later...
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https://github.com/iLCSoft/lcgeo
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HepSim

A database and interface for detector simulations

http://atlaswww.hep.anl.gov/hepsim/
e Developed at ANL by S. Chekanov
e Generic tool used for various projects: LHC, FCC, CLIC, ILC, and now EIC

HepSim is an excellent collaboration platform |

A documentation and organization tool

o Stores and documents input MC data (produced from HPC or simple EG).
e Stores and documents full simulation
e Stores input configurations (geometry, digitization and reconstruction parameters)

e Stores tagged container of full software tool-chain (New)
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http://atlaswww.hep.anl.gov/hepsim/

HepSim - Generated Events

(€)3] © [attaswww hep anl govnepsimnto phpritem=276 T | ¢ |[Q search j#®& ¢ # © 5 =
._.O Getinvolved Full Search Experiments Manual Mirors Tools About Login —
H e S m  Jun.29, 2017: rfullos8 tag with improved tracking strategy U
N ) . . . . from D.Blyth
pP--p Repository with Monte Carlo simulations for particle physics  Jun.20, 2017: riull057 tag with alternative tracking sirategy
sTev
about "gev35ep_leptobard_dislowg2” dataset

13 Tev
Y Name: gevaSep_leptobard_dislowg2
27 Tev Colisions: ep

M Energy. 0,035 Tev
s3Tev

Entry ID: 276
100 Tev Topic: M

Generator: LEPTO/ARIADNE
= Calculation level: LO+PS+hadronisation

Process: DIS events at Q2>1 GeV2 and W2>4 GeV2
CE0Ce Total events: 25000000
380 Gev. Number of files: 500

Cross section (o): 4.376E+05 £ 1957.1871 pb
soigey Luminosity (L):  57.1245 pbl (or) 0.0571fbl (or) 5.712E-05 ab!
17ev Format: ProMc
Trev Download URL:  http://mc1.hep.anl. _dislowa2/

status: Available

jiab. |_dislowq2/
ARt Mirrors: hitp://me.hep.an. |_dislowg2/
htp:/iportal.ner 1 {_dislowq2/

17ev

EVGENsize: 15896 GB
5Tev @ Tags:
10 Tev

Fast simulation:
20 Tev

ulloss [ nfo | (riulios? [info | (“rtunios | info
w0 Tev Full simulation: | 4%9/12.53 GB | | 484/15.50 GB | | 496/ 12.43 GB
06/28/2017 06/19/2017 0511772017

e --p FastFull size:  40.46 GB
318 Gev. Record simmed: No

Events weighted: No
181Gev.

Submission time: Wed May 17 16:30:14 CDT 2017

a 35 Gev Updated on:  Thu Jun 29 13:11:58 CDT 2017 @,
r

Stored MC events and
description of how
they were generated
List of all full
simulations and
reconstructions
Full EG details and
configuration stored
MC Events stored for
repeated use
(systematic
comparisons,
optimization, ...)
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HepSim - Detector Information

(€) Ol atizsmwep.an. 5 T | ¢ |[Q search j#®& ¢ # © 5 =

e Full detector
. geometry available in
HepSim 1

« Jun.29, 2017: rfull058 tag with improved tracking strategy
N ) R . . from D.Blyth f f t
p--p Repository with Monte Carlo simulations for particle physics + Jun.20, 2017: rfull057 tag with altemative tracking strategy a Iew rormats

BTev.

about the "sieic5" detector

: e Calibration and

v summary .
T reconstruction
33 Tev Name: sieics. ® .
oo Level: Geantd simulation and full event reconstruction 592 a,l gorlt h m
< Description: summary
Calibrations: view

ryer=y B i configuration

250 Gev. 3D View: ®©
ceomanager:  [72] parameters
500 GeV Last modified: May 16, 2017 .
Reconsirucion tags e List of full
@ maglists ull0S6 | rfulloS7 | rulloss | rfulloss reconstructions using
PR

Detector geometry files

detector
arev HEPREP: sieicS.heprep
GDML: sieic5.gdml.gz
10 Tev JSON: sieics.json.gz
Eon ) LcDD: sieics.ledd
Pandora: sieics.pandora
Full detector
e~ -p
Download: sieic5.zip
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HepSim - Keeping track of reconstructions

@)O‘n'ML.«.wvhuJanIgav\mpuv'A‘gu’uy,vyﬂr\ ulloss m| ¢ J[Q search jve ¢ & © 3

e Stores all information
HepSim t I

« Jun.29, 2017: rfulloS8 tag with improved tracking strategy

fom i associated with the

p--p Repository with Monte Carlo simulations for particle physics « Jun.20, 2017: rfull0S7 tag with alternative tracking strategy

. S ————— full simulation chain.
o Comi A link
= J— e Coming soon: in

Name: rulloss 3 1 3 d k
to singularity/docker
Description:  SIEIC detector based on "all-silicon” concept

m—— e image with exactly

Simulation:  fpadsim-1.34 on OSG: SLIC version 5.0.1 with Geant 10.3p1

260 Gev fpadsim-1.34 on OSG: lcsim 3.4, slicPandora, pandoraPFA. Compared to rfull057, this version has improved track strategy

Py Reconstruction: developed by D.Blyth. In addition, speed of track reconstruction was increased by a factor 4-5 compared to the previous t he same SOftW&I‘e

versions.

500 GeV' M
Submission 1 jun 20 10:00:55 COT 2017 used for each S1m ula_
1Tev
Updated on: '
. tion/reconstruction
P Available data
el
ey Find data:
sTev Comment
fokev] This is a reduced version of SID with 2.5T solenoid field, smaller ECAL/HCAL and muon system. This version is identical to SIEICL, but min
20ty number of track hits was moved from 7 to 5, to get high efficiency in the forward. It has 25 layers of ECAL. This version was done using Geant
10.0.3p1. The Z size of this detector was extended by 1m by D.Blyth. Compared to rfull0s?, this version has improved track reconstruction
s0Tev (faster by a factor 3-4). This version is based on lcsim-3.4 Designed for ANL LDRD.
e
318 Gev
141 Gev
o Hepsim, A HEP Dvsion, AL
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DD4hep

The result of a study from the Advanced European Infrastructures for Detectors at

Accelerators (EU AIDA 2020) initiative.

Structure and packages

basics
geometry handling
STABLE

/ Conditions and N
| Alignment support )
\_UNDER DEVELOPMENT /

(Simulation interface to Geant4>

DDAlign STABLE

Reconstruction interface
See talk by A. Sailer on Thu
DD4hep based event reco

Geometry visualization
Event Display
BASIC

Marko Petric (CERN) - marko.petric@cem.ch Detector Simulations with DD4hep /14 A

Thoughtfully designed
Interface to Geant4

Single source of
geometry

Simple geometry hook
for algorithm
development

Full concept detector

described in human
readable text file

Can be easily used in
a root script
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http://aida2020.web.cern.ch/activities/wp3-advanced-software

Nuclear Physics Detector Library (NPDet)

NPDet is a collection of parameterized detectors (using DD4hep) which can be used to
construct full concept detectors in a single text file.

JLEIC (S. Johnston) SOLID

SIiEIC eRHIC SLASTS

.
/
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https://eicweb.phy.anl.gov/EIC/NPDet/

Software Containers
What are Containers?

o Containers are Operating-system-level virtualization (not a VM)
e Important concepts/lingo

o “Image” : a snapshot of the software (thing which is downloaded or built)
e “Container” : An instance of an “image” (disposable when done running).

e docker (under the hood and docker-hub for storage)
e singularity (distribution tool for ease of use)

e shifter (containers for HPC) - Currently investigating to exploit the coming exascale
computing at ALCF (theta and aurora)

Simple example using singularity (pulling docker image):

$ singularity pull docker://argonneeic/evochain:rfull058
$ ./evochain_rfull058.img

Now you are running an interactive shell in a container of the image with the full software chain
that was used now at your finger tips!
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Simulation and Reconstruction Data-Flows
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Data-flow Map

TOPSiDE
Detector Geometry
(DD4hep)
Reconstructed
Particle
Data Model

EG
Data Model

Sim Hits
Data Model

Digi Hits
Data Model

Detector

Digitizati
Simulation igitization

— Turn “Sim Hit”

: ]?etectf)r . Digitization ' Reconstruction '
' Simulation ' ! T i il !
“Gj it” — Turn Hits into
| — Turn truth level —_— | Turn Slm, H,lt o _— '
' . «qs ' into more realistic tracks, showers, tra- H
P EG event into “Sim ' N . ! H
q Hits” H Hits Jectories, etc...
EG (physics) ' ' . .
: | : H Analysis
Coamtiztines : —— :
—
- EGmetadata (all | — T+ . 1 ) T i | = Detector purfor-
configuration andrun- | T C— o] — > ] — &+~ 7 ——— | mance benchmarks
ning details) ' ' — Physics bench-
— Generated Events H H marks
\ 1
i
) i
} .
.
.
i
i
:
.
.
i

'
. '
: '
1
'
Reconstruction /
— Turn Hits into H
'
'
'
'
'
'
'

— Turn truth level —_— 0. L T —
. g ' into more realistic tracks, showers, tra-
Legend: EG event into “Sim H 5 o P
hid Hits” ' Hits Jjectories, etc...
Configuration H
(meta)data '

These blocks repre-
sent a tool configura-
tion and instance with
associated input and

output data. E = HepSim data entry
a

JLEIC
Detector Geometry
(DD4hep)

=HepSim detector image

(docker /singularity)
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Data-flow Map

TOPSiDE
Detector Geometry
(DD4hep)

Reconstructed
Particle
Data Model

Sim Hits
Data Model

EG
Data Model

Digi Hits
Data Model

Legend:

]?etectf)r . Digitization . Reconstruction :
Simulation ' ' T Hits int H
“Si it” — lurn Hits into
— Turn truth level _— ,ﬁ i Slm, H,lt — \
. o ' into more realistic tracks, showers, tra- '
EG event into “Sim ' Hi jectories, etc
Hits” ! it . T j
H H
EG (physics) \\‘ . ! Analysis
Contains: ! ! —— |:| : — Detector perfor-
= I8 meidkin (6N Study different digitization methods o 3+ . 7 ———~ | mance benchmarks
configuration and run- using the same detector simulation ———————— ]+ 37— |- Physics bench-
ning details) (e.g. Fast vs Slow digi) | marks
— Generated Events ' H
H
H
H
H
1
i
H
H
1
1
H
i
H

Configuration
(meta)data

These blocks repre-
sent a tool configura-
tion and instance with

associated input and =HepSim detector image
output data. E = HepSim data entry

(docker /singularity)

(GO July 21, 2017 12 / 17



Data-flow Map

EG (physics)

Contains:

— EG metadata (all
configuration and run-
ning details)

— Generated Events

Legend:

Configuration
(meta)data

These blocks repre-
sent a tool configura-
tion and instance with
associated input and
output data.

EG
Data Model

TOPSiDE
Detector Geometry
(DD4hep)

Sim Hits
Data Model

Digi Hits
Data Model

Detector
Simulation

Digitization Reconstruction

— Turn truth level
EG event into “Sim
Hits”

— Turn Hits into
tracks, showers, tra-
Jjectories, etc...

— Turn “Sim Hit”
into more realistic
Hits

—_ —_—

E = HepSim data entry

N

h
: ——
'

Study different reconstruction algorithms
using the same detector simulation and digitization
(e.g. compare track finding algorithms)

'

(GO
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Reconstructed
Particle
Data Model

Analysis

— Detector perfor-
mance benchmarks
— Physics bench-
marks

=HepSim detector image
(docker /singularity)
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Community Software for the Future
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ESC - Geometry Description and Detector Interface

Requirements

1. The geometry information should be the same in both simulation and reconstruction.
. Fast simulation systems should, as much as possible, be able to use the common
exchange format.
¢ The geometry system should allow to include misalignment and more general

condition data.

¢
V/ 10. Geometry exchange format should allow clients to use a subset of the features clearly

t
C /5 « / stating which are the optional ones. We should support existing interested frameworks @ Prepared by EIC Software
£ . . .
—— : Consortium to identify EIC

\/EIC Argonne Software Toolchain meets |[¢* detector simulation software
all of the community’s requirements c needs
e ESC document link

TV Vﬁ. Some support for import from CAD should be forescen.

SIYI! j I V(Z' Geometry information should have support for versioning,

a

en: !

ch case this is not possible , the additional libraries to manipulate hits should not depend on

sin the simulation stack used to produce the hits.
It should be possible to change sensitivity attributes without changing other static
aspects of the geometry.
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https://docs.google.com/document/d/1iFtRVN1K4OZFdGfsZ4ZZ63_Oa9sF4E-mJlaKwqB6ysU/edit

On going and Future Developments
The Argonne Team is just getting started (we have actively working for roughly 6 months)

Currently working on

o Generic Track finding tool (S. Johnston)

e HepSim Container integration (D. Blyth)

e Event generator for deuteron observables (A. Freese, I. Cloét)
e Detector Benchmarks (M. Hattawy)

o Physics Benchmarks (J. Repond - Next Talk)

Please join us - All are welcome

o Weekly software meetings (Thursday afternoon)
— —~
7 \\\ o Bi-Weekly EIC meetings every (every other Friday)
y e Create account and use the fast, eic-dedicated gitlab server
W (eicweb.phy.anl.gov)
=" o Subscribe to the mailing lists (email warmstrong@anl.gov to

be added)
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eicweb.phy.anl.gov
mailto:warmstrong@anl.gov

Links and References

e HepSim

e EICweb (eicweb.phy.anl.gov) - EIC
dedicated gitlab server (publicly
available to EIC UG)

e Singularity - install and start using
EAST right away!
JLab users note: Singularity is already
installed on the farm and all desktops.

e DD4hep

e lcgeo

DD4hep Presentations

Detector Simulations with DD4hep - Marko Petric
DD4hep Based Event Reconstruction - Andre Sailer
The FCC software: how to keep SW experimentégl)dependent - A. Zaborowska

EICweb - Gitlab for the
EIC User Group
Community

.

EICweb is a gitlab server dedicated to the EIC
and is available to the entire EIC User Group.

Explore Help About GitLab

Jes + # 05 =

Signin Register

Username or email
whit

Password
eccccccooe

Didnt receive a confirmation email?
Request a new one.
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http://atlaswww.hep.anl.gov/hepsim/
https://eicweb.phy.anl.gov
http://singularity.lbl.gov/
https://github.com/AIDASoft/DD4hep
https://github.com/iLCSoft/lcgeo
https://cds.cern.ch/record/2244362?ln=en
https://cds.cern.ch/record/2244623?ln=en
https://indico.cern.ch/event/570640/contributions/2324371/

Summary
EIC Argonne Software Toolchain (EAST)

o A flexible, full, and easy-to-use simulation and reconstruction toolchain is

available now.

e Collaboration tools for the EIC User Group are available now.

e We want to invite the entire EIC User Group to collaborate.
e Contribute new EG data (physics) — Let’s see what detectors work best
e Add detectors to NPDet detector library — Make your detector technology available
e Add reconstruction data for a new concept detector
o Write benchmarks (detector and physics) — Optimise your concept detector to physics
e Suggest ideas for improvement! — We want EIC UG feedback

Please join us!

o Weekly software meetings (Thursday afternoon)
o Bi-Weekly EIC meetings every (every other Friday)
e Collaborate on eicweb (eicweb.phy.anl.gov)

e Communicate on mailing list (email warmstrong@anl.gov to be added)

a (GO July 21, 2017 17 /17


http://atlaswww.hep.anl.gov/hepsim/doc/doku.php?id=hepsim:dev_truth
https://eicweb.phy.anl.gov/EIC/NPDet/
http://atlaswww.hep.anl.gov/hepsim/doc/doku.php?id=hepsim:dev_hepsim
eicweb.phy.anl.gov
mailto:warmstrong@anl.gov

Backup Slides
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Why a Data Model?

Simulation Digitization ‘Clustering "I\fack Finding ‘Track Fitting Vertex Fitter ‘ PID ‘ ‘ ete. ‘
Tasks /' 7 \ 7 i \7 \ I \ / / \
Data Model \/ \, \/ V V \, \
‘ EG ‘ ‘ Hits ‘ ‘ Signals ‘ Clusters ‘Haek Segments ‘ Tracks ‘ Vertices "I‘rajectories ‘Particles
e The Data Model is the boundaries of
)SCEI)Eelsngn Study every task.
T i T ] e A Common data model is the first step
» o towards generic algorithms and tasks
[%) S =
3 S g . 3
: g Z e Challenge: Getting everyone to agree
E 5 5 e EAST initial data model: LCIO
| o L , e Note: Data Model does not mean
Event Data Model serialization tooll It is just the data
structures
The FCC software: how to keep SW o )
e podio is a new tool which by default uses

experiment independent - A. Zaborowska

(GO

ROOT for serialization (new serialization
libraries can be easily added)
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https://indico.cern.ch/event/570640/contributions/2324371/
https://indico.cern.ch/event/570640/contributions/2324371/
https://github.com/HEP-FCC/podio
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