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This work being done in the context of the planned

Electron-lon Collider EIC
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Scientific goals

Study of perturbative & non-perturbative QCD

Tomography (including transverse dimension) of the nucleon, nuclei
Understanding the nucleon spin

Discovery of gluon saturation...

Construction to start in 2025

Community optimistic about prospect of realization



Data Model

Full simulation and reconstruction chain

Event generation

Produce the simulation input events

Detector simulation m

Particle transport through detectors

Digitization

Turn energy deposits in active media into detector hits

Reconstruction of

Event vertex, charged tracks, Particle Flow Objects (PFO)

Perform analysis

Collection of benchmark analyses Tools



Data Models

LCIO

Developed by the ILC community

Good start, but manually coded

Mostly linked to C++, other implementations (e.g. Java, GO) lagging behind
Not backwards compatible

Almost ready
to

switch over

EICIO

Developed at Argonne by David Blyth

Requires no manual coding to extend data model
Is fast and space efficient

Can be easily extended to almost any language
Requires only lightweight dependencies

Full EICIO -> Root conversion available



HepSim

A database and interface for detector simulations

http://atlaswww.hep.anl.gov/hepsim/
Developed at Argonne by Sergei Chekanov
Used for various projects

LHC, FCC, CLIC, ILC, and now EIC
A documentation and organizational tool

Stores and documents input MC data (from EG)
Stores input configurations

Geometry, digitization and reconstruction parameters

Stores and documents full detector simulation
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Stores tagged containers of the full software tool-chain

Getinvolved Full Search Experiments Manual Mimmors Tools About Login
HepSim

Repository with Monte Carlo simulations for particle physics

Summary of "gev3sep_lepto6ard_dislowg2”

Name: gev3Sep leptoGard_dislowg2

Collisions: e-p

CM Energy: 0.035 TeV

Entry ID: 276

Topic: 5M

Generator: LEPTO/ARIADNE

Calculation level: LO+PS+hadronisation

Process: DIS events at Q21 GeV2 and W2>4 Gev2
Total events: 25000000

Mumber of files: 500
Cross section {o): 4.376E+05 £ 1957.1871 pb
Luminosity (L): 57,1245 pb™! (or) 0.0571fb? (or) 5.712E-05 ab’l
Format: ProMC
Download URL:  http://mcl.hep.anl.gov/web/hepsim/events/ep/35gev/leptobard_dislowg2/
Status: Available
http://eicsim0l.jlab.org/hepsim/events/ep/ 35gev/leptotard_dislowg2/
Mirrors: http://mc.hep.anl.gov/asc/hepsim/events/ep/35gev/leptotard_dislowg2/
http://portal. nersc.gov/projectym1758/data/events/ep/ 35gev/leptodard_dislowg2/
EVGEN size: 15.856 GB

W Tags:
Fast simulation:
rfull058 | Info rfulll57 | Info rfulli56 | Info
Full simulation: 518/ 1303 GB | | 484/15.50GB | | 496/ 1243 GB
0612872017 0601212017 05/17/2017

Fast/Full size: 40.96 GB

Record slimmed: No

Events weighted: No

Submission time: Wed May 17 16:30:14 CDT 2017
Updated on: Mon Jul 24 14:44:56 CDT 2017
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Repository with Monte Carlo simulations for particle physics

summary of "gev3sep_leptobard_dislowg2”

Mame: gev3isep leptotard _dislowgZ2 .

Collisions: ep Information about

{E:Mt E”IE[;W: 2%0535 Tev event generator
ntry 1D .

Topic: SM and sample size

Generator: LEPTO/ARIADME

Calculation level: LO+PS+hadronisation

Process: DIS events at Q2>1 G2 and W2=4 Gelf2

Total events; 25000000

Mumber of files: 500
Cross section {o): 4.378E+05 £ 1957.1871 pb

Luminosity (L}: 57,1245 pb™! (or) 0.0571fb! {or) 5.712E-05 ab’l

Format: ProMC

Download URL:  http:/fmcl.hep.anl.gov/web/hepsim/events/ep/35gew/leptosard_dislowg 2/

Status: Available
http://eicaim01.jlab.org/hepsim/events/ep/ 35gev/leptotard_dislowg2/

Mirrors: http://mc.hep.anl.gov/asc/hepsim/events/ep/35gev/leptobard_dislowg2/
http://portal.nersc.gov/project/m1 7558/ data/events/ep/ 35gev/leptotard_dislowg 2/

EVGEM size: 15.8%96 GB

‘ Tags:
- Full detector
Fast simulation: . .
simulations +
rfull058 | Infio rfulld57 | Info rfull056 | Info / .
Full simulation: 510/ 13,02 GB 454 15,50 GB 495 [ 12.43 GB reconstructions
DAI23/20M7 06ML2017 D5MT20T

Fast/Full size: 40.95 GB

Record slimmed: No

Events weighted: No

Submission time: Wed May 17 16:30:14 COT 2017
Updated on: Mon Jul 24 14:44:56 COT 2017




Single source of geometry

Full concept detector

DD4hep described in human
The solution to the geometry problem readable text file
Structure and packages In future, will include
basics \ handling of conditions
geometry handling .
STABLE "/ and alignment

/’(_Zﬂndition'-:- and
( Alignment support
. UNDER DEVELOPMENT J

,/' Simulation interface to Geant4

DDAlign \ STABLE

/ Reconstruction interface Geometry uisualization\\
|

o

Marko Petne (CERN)  marko petnia@oemuch

Detector Simulations with DD%hep



Nuclear Physics Detector Library (NPDet)

Collection of parametrized detectors which can be developed into full concepts

JLEIC (S. Johnston) SOLID

SiEIC CLAS12




Data-flow Map

EG (physlcs)

Contains:

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

— Generated Events

Logend:

Confliguration
(meta)data

These blocks repre-
sont & tool configura-
tion and instanee with
asaociated input and
output data.
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Example: Reconstruction of F,

Goals

Exercise the whole simulation/digitization/reconstruction/analysis chain

Find bugs/bottle necks...

|dentify areas where improvements are necessary

Starting point

5 GeV electron beam
60 GeV proton beam

Vs = 34.64 GeV
SiEIC detector concept

Generator

Lepto-Ariadne
250,000 events (fully simulated)

Cross section ¢ =414,900 pb
Luminosity = N/o ~ 0.6 pb!

“.._‘

.5 GeV?
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Input PDF Set A ]

[Generate DIS events ]

[ Digitize/reconstruct events ]

Treated

as
data [

Identify scattered e ]

[ Input PDF Set B ]

[Generate DIS events ]

[ Digitize/reconstruct events ]

[ Identify scattered e ]

[ Reconstruct events kinematics

J

[

Reconstruct events kinematics ]

Define bins in x/Q2

4

[ Calculate F,A(x,Q?)

Correct for acceptance/migration

J

\ 4

Measure o(x,Q?) and F,me35(x,Q?)

11
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Results

works quite well in general
-> |n particular for Q% and at low-x

Poor resolution
at large-x or small-y

(here other methods are better)
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Define bins in the (x,Q?) — plane: MSTW PDF
Bind | @ | x

Bin # Lower Upper Lower Upper

True Kinematics

bound bound bound bound “;
0 1.0 1.5 0.002  0.006 tEm 2
1 0.006  0.020 O
2 0.020  0.060
3 0.060  0.200
4 1.5 3.0 0.002  0.006
5 0.006  0.020 10
6 0.020  0.060
7 0.060  0.200
8 3.0 8.0 0.006  0.020
9 0.020  0.060
10 0.060  0.200 PR G AR e
11 8.0 300  0.020 0.060 e e 0 1'
12 0.060  0.200
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Correct for F,
1 xQ* d?c 1 N y?
2-2y+Yy? 27’ dxdQ? (hic)® 2-2y+Y?

Fz(Xan): FL(XvQZ)

-> Small correction < 1%

True Kinematics

Repeat analysis with other PDF: CTEQ,

Note: depletion of events at low y

-> Reason at the moment unknown

.01

&




Correct MSTW results using CTEQ sample

Lines
~08 -
. 2
07 MSTW Input F,(x,Q?)
0.6 Points
05 2
Reconstructed F,(x,Q?)
0.4 Simple bin-by-bin correction
N_CTEQ (gen)
03 N_corr—MSTW rec) = N_MSTW rec i
. (rec) = NJ"™ (re0) g
0.2
Error bars
0.1
0 L Statistical and due to correction

|
0 2 4 6 8 10 12

Bin number Low —y bins

Problems due to lack of events (CTEQ)
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Conclusions

A flexible, full, and easy-to-use simulation, digitization, and reconstruction
toolchain is available now

Work is still ongoing in
Improving the tracking (general track finding tool)
Integrating HepSim into containers
Developing an event generator for deuteron scattering

Completing the migration to the new data model (EICIO)

A collection of parametrized detector models have been created
Relative straightforward to add new detector models, like a detector for the LHeC

The whole chain has been exercised by reconstructing the an input F,

16



