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The ICEDUST Framework

Introduction

 Brief history
— comet_g4 and G4beamline.
— ND280 framework.

* Ben Krikler's presentation at the IPNS technical review
meeting.
— Changes from ND280 framework.
— ICEDUST detalls.
— Software group organisation.
— ICEDUST Development.

* Points to consider for g-2/EDM.



The ICEDUST Framework

Brief History

. viewer-0 (OpeninventorWin) IER

G4beamline simulation. =

Wi :

comet g4
— Facility for complex detector simulation.
— Includes G4beamline field models.
— Specific physics model, u — e, DIO, etc.

analysis.

— Definition of requirements document and evaluation of possible
existing frameworks.

Adoption of ND280 framework as basis for COMET.



The ICEDUST Framework

Challenges for the Software

« Large data samples
— Mostly background, small signal.

« High multiplicity events.
— Challenges for track finding and fitting.

« Understand rates of background processes.
— Decay In orbit.
— Radiative capture.
— Neutrons.
— Cosmic rays.



Outline

Overview of framework
Handling data

Simulation

Geometry model
Hadron production models

Reconstruction

Analysis

Specific COMET challenges
Schedule

Organisation

Summary
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What is ICEDUST?

Integrated Comet Experiment Data User Software Toolkit
Structure based on ND280 software framework

oaEvent
Data /| MC output /

EventDisplay

]

Ke)’: Executable ST .=,
package P ma

Data Flow

Data type
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Offline

Software

Suite

I
MIDAS

“rooTracker”
neutrino
interaction format

Neutrino
Interaction
Generators

oaRawEvent
(data decoding library
from DAQ group)

oaChaninfo
(channel mapping)

MYSQL
database

tpcCalib/fgdCalib/

(MIDAS unpacking
into “oaEvent” format)

eventDisplay

Ben Krikler, Imperial College London

(routines to produce
calibration constants)

oaCalib/tfbApplyCalib/...
(routines to apply
calibration constants)

oaRecon/fgdRecon/...
(reconstruction)
: .~~~
Reconstructed | &
events

> oaEvent
‘\Format

(oaEvent reduction)

(macros to analyse
oaAnalysis format)

ND280 framework

The ND280 Superficial changes:

Build systems
Version control
Coding conventions
Package naming
Supported systems

Contents changes:

Event generators

Physics models
SimHitMerger
Reconstruction packages
Geometry description
Magnetic field description
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What is ICEDUST?

A

\" 1 ’ e 3 -1
a ReconGlobal =5

< ¥

Ke)’: Executable
package

Data Flow,

Doy A

Data type

S
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Data formats

3 main data formats

* Conditions

MIDAS File
* Raw online data format e Geometry

eData
—>Truth
—>Hits

o

—Calibrated Digits
—>*Reconstructs

® Data summary file

oaEvent used by all packages within the framework
Physically meaningful representation of data / objects

Data and MC indistinguishable from an early point

MIDAS output data conversion maintained by DAQ group

Very elegant interface to offline software
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The Simulation

Particle Tracking,
physics processes
with Geant4

Proton beam,
Production
Target, Neutron
Fluxes
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Optical and
Electronics readouts

»| SimDetectorResponse |

To Calibration

Technical Review, January 2014



The Simulation




The Simulation




The Simulation

Particle Tracking,
physics processes
with Geant4

Optical and
Electronics readouts

Proton beam,
Production

Target, Neutron
Fluxes

Rare process
inclusion for
detailed studies

Ben Krikler, Imperial College London 8 Technical Review, January 2014



Geometry Handling

Need high level of detail

Backgrounds from any material, eg. support structure, yokes, shielding

Geometry changes from Phase-| to Phase-ll

Muon transport EEEETR
curved solenoid Incoming "“”‘-\..
- proton beam
Muon stopping proton beam Muon transport ST
target /_-\ “~ curved solenoids ) \

pi SR N\ A\ ’
ion Z:"l‘:‘-‘&'/"" \ Muon stopping \ :
> e Pion production
7 target

Also have: . S
Cosmic ray veto m
Concrete Shielding =)

Electron
X-ray Detector

Beamline monitor
Active Si-Target

=

{nok-Sgnce
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Geometry Handling

Divide experiment

into components

For each component write 3 classes:

Describes

component layout
m * Calculation of lengths etc
e Talk to other components

: ‘ Hapdles run-time Messenger
interaction with component

Manages all parameters
for a component

Ben Krikler, Imperial College London 10 Technical Review, January 2014



Component Communication

Communication between components Describes m

component layout
All handled by controllers
. Manages all parameters
Restrict flow based on the component for a component m

position in the geometry heirarchy P .
Handles run time interaction
with component

Component |.a
has access to all
parameters

contained within Component 2
the red region

Component |.a : : Component 2.a

Component |.a.i m Component 2.a.i

Ben Krikler, Imperial College London 22 Technical Review, January 2014



Hadron Production Models

Momentum Distribution of ,1’ for Different Hadron Production Models

Disagreement between physics

—— MARS_LAQGSM mOdeIS
— e Must include and compare to
Mo and s external measurements

agree within 2 MeV

NBx 20

cm

I P PPeTE e !
50 100 150 200 250 300 350 400 450 500
Momentum / MeV

Xmin,cm| -1500.0

1.70x103 - ) R 20000
.\ vz
x=|0. N

Coordinate System

MARS, FLUKA and Geant4
integrated into the software U= —

Magnetic field
Load Track (1)

Use the same geometry as =
\ Emin - Emax (GeV) . .. . De
aI I Oth e r Pac I(age S . ‘,Cm p. Materials (Total: 10)

i ]
-2.00x10 °-1.00x10 * I.O[)xl()’i 2.()0xl()3

Flexibility within the
software for other models )

> 7z
x:z=1:1.143e+00
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Hadron Production Models

Momentum Distribution of ;1 for Different Hadron Production Models

models

—— MARS_LAQGSM
—— FTFP_BERT
—— QGSP_BERT
—— QGSP_BIC

Mean and RMS
agree within 2 MeV

W W T e !
50 100 150 200 250 300 350 400 450 500 cm

Momentum / MeV

1.70x103 -

Looking at integrating PHITS
into ICEDUST.

Yang Ye from Kyushu
University looking a this.

-2.00x10 °-1.00x10 3

Flexibility within the
software for other models

X
.

l__. z
x:z=1:1.143e+00
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Disagreement between physics

Must include and compare to
external measurements

NBx 20

Xmin,cm| -1500.0

Xmax,cm| 2000.0
vz

X={0. 5

Coordinate System

3D plane x-section I

1:1 scale
Magnetic field
Load Track (1)
Load Track (2)

Emin - Emax (GeV)
for all particles Defautt Oe

.cm
1

I o : Materials (Total: 10)
0 1.00x10° 2.00x10°
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Magnetic

J Muon Stopping | 25T
Region ;

Ben Krikler, Imperial College London

Field

->
Production Target
Section

Important for studying
trapped particles

Full fringe field simulation
provided by Toshiba,

including Iron yokes

Can perform field
calculations within SimG4

Can overlap multiple

fields

Use a root format to
share fieldmaps between
packages
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Reconstruction

Cylindrical Detector Straw Tracker

Pileup and helical trajectories
Possibly want multi-turn fitting

Use GENFIT with Runge-Kutta
Flexibility for other packages

Will use several different routines / packages for each sub-detector
Persist physical quantities: implementation independent

Track and cluster finding must be implemented
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Analysis

AnalysisTools

Beginning discussions
Still defining desired approach

Already have flexibility for many different techniques

Multiple independent methods =¥ avoids bias
Blind analysis looks favoured
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Organisation

Ajit Kurup (Imperial College London, UK): Sub-group coordinator

Andy Edmonds Sam Tygier
(University College London, UK) (University of Manchester, UK)
MARS, SimG4 Fluka

Yoshi Uchida Ben Krikler
(Imperial College London, UK) (Imperial College London, UK)
SimHitMerger, ND280 support SimG4, overall framework

Chen Wu Per Johnsson
(IHEP, China and Nanjing University, China) (Imperial College London, UK)

Build system, repository, CyDet Unit tests, ND280 support

Phill Litchfield
Wilfrid da Silva, Frederic Kapusta (University College London, UK)

(Laboratory of Nuclear and High Energy Physics, France) Offline databases. ND?280

GENFIT, Active Target
support

Fedor Ignatov Kazuki Ueno
(Budker Institute of Nuclear Physics, Russia) (KEK, Japan)

Reconstruction, GENFIT Straw tracker

Viadimir Kalinnikov, Elena Velicheva (joint
Institute for Nuclear Research, Russia)

ECAL
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Schedule

Four key releases planned:

Release 0
April ’14

Release |
April ’15

Release 2
January ’16

Release 3
October’l6

® Core framework development
® Basic flow of data complete

® Detailed Geometry in place
® Online software interface review

e Calibration and conditions prepared
® Reconstruction optimised
® Analysis code implemented

e All round refinement and optimisation
against external results

® Interface to Accelerator DAQ

® Data taking
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Documentation

Key documents User documentation  [rac Site

Supported systems SimG4 documentation
Conventions document Doxygen

ICEDUST Conventions: Summary

¥1.6, Updated: August §, 2013

Geometry in SIMG4 (25 eaiie sy seomey honding copreachiortimet

Imroduction

Abstract

SemGCA Is the geant4 based simulats

Motivation
! 3 =5 Concept A F
Package (upon being chedoed-out, before Because of it's significant role wit
GENAMES -~ v . - ¢ Build a advanced geomatry handling sche

Compaonent This page cescribes the motivation

H you wish to fook at an example g

- Creating coMETrredrgisec ). Doxygen has a

Combination
Parameters

Comporwes 1% v | iedemt v

Table of Content Snn Vactepie!  Vaasgred Vokeed View  V reipened

. Component

Specialisations Imroduction

i
2. Motivation e
3. Concept
implementation 1. Components Gronp remia by Miestans vV decendng D N BAP (R Do vcrgnnn
Project and Package Naming (see ex 2. Ceomet e
5 J:k\g ”E Base, ;..? r(~ n.f... . Parameter 3. Controlier Communicatio
" Implementation 4. Run-time selection of a ¥
Usage: Build a Component
Recognised 1. Setup the Component cla
issues 2. Create the Ceomet s 'w..'
Mard code parameteérs int Sam tygen@
Test the Ceometry
Doxygen Make your Messenger
Heposit documentation Connect the Controlier 10
. A Connact the Controlier to we 18 typeedy
. Creating Combination Paramet:
Back to top ; (CLO&;E:SE;S:D::!; :;‘;l' Milestone: Long-Term ICEDUST development
3. COMETComputed3Vector] ...
Componemt Specialisations a6
1. World Components
2. Beamline Components

od packaged) 7. Component
packegel vi.t

Sy Onmar Roporses
aetne UM 1 e MUON CHANRESS APPropratety yoi Lchoad yosh uchosd
i C new mateman benjamin krkder07 @ bengamin krider0? @
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New Conventions COMET-doc-36

Tickets #59, #84

ICEDUST Conventions: Suw ¥ ICEDUST Conventives: Summary

ICEDUST Conventions: Summary 7 Seripting Conventions (see explanation 7)
v1.6, Updatech: August §, 2018 - fuse/blnjeny pythca?w
- For all scripts who are directly exocutable in/bash
1 Framework Structuring
1.1 Projects 8  Executable I\ammb
A proj iph-levwl grougring of peckages, bsed oo the packages’ parposs, suck 1 offine soBware, online "m‘mu*u% pe e nacse should be of ¢ chuge
mocitons, dsta distribution, even display anxd 50 oo vz, RunSimGA A OA )

o The« c i it Run, Tost

PROJECTNAME/ - Lacugcn' packagel/ o All o

fusr/binfesv perl

alute
wwd by sn undersooee w8 profix: caBvent  dun
: ceee ovent.

CMakeList.txt 8 C++ Coding Conventions (see explanation 9)
rojectContig.cig 9.1 Class Conventlons
coxetDocOutput/ Preix  Exa

Comnments
Conventicus.pdsf

Standard class 1 TExampieClae
5 “Abstract sy o e B Chos
3, 4 o XTIt T 3 3 . rae Exception clasas 2 4 4 inberis (indire
1.2 Packages (upon being checked-out, before building) Class \lm“ members 7 oy | ‘.\u.-l riohtie atoo’ s
PACKAGENAME/ - - -m'a.o:nv.ring/ -~ cxzke/ (currently cat) ses Methods  Capital  GetMax{), TwoFlushDampy)
| - dox/ Destructars Alwnys st & virtunl
XEAONE Sub-Class names IMainCless:: SubClass I behaviour mimics an STL ¢
nnme ximik 2
sre/ (scurce code, header & izplemesmtation files ) = ' &
scripts/ ( stand slome wtility weripts ) 9.2 Namespaces
/ { source for executablos ) o Put all clesse the COMET:: namespace, although sub-nsmespaces cur be used, ef; COMET:ECAL:
calibration_tables/ o 'wsing namespace” directives must not be included woder files
- particle_distyibationa/
9.3  Free Functions, Variables and Arguments
- parasetors,txt : . 2 . [ £ SEYT o .
- run.cfg | s, mrw?:'- and m % are not part of a clwss (e free) must NOT use the cliss conventions.
i instead Sollow these:
loded pa AAgnn contais & source tar file o Prefix Example nosents
-- -mrkugn wl.tar . gx Fusetlc Lower case  come_f1y_with_me() -
. A S P Larwur o '
2 Project and Package Naming (see explanation 2)
The Sve package functions srec Base, Sim, Calib, Recoe, Anslysis, FUNCTION in the names below shoukd be LS rekin
replaced with one of these. 0.4
=z i ( ”""'( el 2 < v X vwat mulsiple imchision of the same &
. n Bam, comet Analys i de g g [ I(,(lull],b'll!‘;llxvl]
o < G E iy i w filemr Id be replace
.
.
.

Uli,’lﬂkl IMCRIT.
lul.n‘ external

Pure frameacek packages
3 Rn.poeuborv uncti enn 1C0) Boalid be used i d of C4-+ STL output (sed:oout) snd ecror

. 1 |
o All branct b Doz -\' v..lh o ticet on lhr l’.m site, whose nuns uld be appended o , X =
n the format: vOrQ 00, oz v2r3 127 Bare (n*l’ wers t mever be retir
uld oely be mad runk, or a beanch of & package or peoject, azd not a tag. Use o [Handle

4 Quality control (see explanation 4) Documentation ) i
o New packages and projocts must be accepted by the software group before being added to the repesizory. ~ . DUAC g - % In et ents of
o New pockage nomes mmust be wed on these goidelines

5 Geometry Names and Numbers 2 4 .
- <|n< unlrl!nlll : Its output cun either be
20

oast wse the relovane naming o ¢ alongsice the u,alnu

gree with the mumbecing uexd in the mal, Al sysem {eg, All stand-aloee doc ..nw!xlkl:.m must hn\w o vel

Unil.: a.ud Cumslanls
6 Filenames and Extensions (see explmlalion &)
enazmes sh ¥ tas P )
header file by their extension
e extensions |
(_ _ Pythoo ! itron charge {eplus) lurzinous Inzensity (candela)
Header Module Juencme.py Slenemepl ' gree Kelvia (elvin) y (rod)

0N Hlename YT > (MY ® SOuES betance (male) 2 (otecadian)
Implementation ename. ,..rr...v-.z = Seript | A X lenam. M (MeV)  the amourt of substance {mole)  stecwdian (sterndian)
. 'llvnumr,;:l
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New Conventions oraecse

1 Framework Structuring

1.1 Projects

A project is a high-level grouping of packages, based on the packages’ purpose, such as offline software, online
monitors, data distribution, event display and so on.

packagel/

Projects are
CMakeList.txt new to

ICEDUST
| | (not in nd280)

1.2 Packages (upon being checked-out, before building)

ProjectConfig.cfg

PACKAGENAME/ -- versionstring/ -- cmake/ (currently cmt)

src/ (source code, header & implementation files )
scripts/ ( stand alone utility scripts )
app/ ( source for executables )

i s Standardise
package
contents

|
| * external included packages contain a source tar file *
packagel_vi.tar.gz
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Supported Systems midet s

Defines the framework’s dependency on external libraries.

Stated aims

To run on a range of operating systems

To provide external packages

To keep reasonably up to date with external dependencies

To use free and open source external packages as much as possible

VWVe target primarily Linux, but avoid decisions that rule out other
systems.

Desired minimum system requirements (based on RedHat 6)

BASH 4.2 Python 2.6 CMake 2.6
GCC 44 Perl 5.10

Aware of other potential externals:

xerces-c (for xml) Coin3D (3D toolkit)

it ?
Qt (graphics toolkit) Dawn and dawn_ cut (visualisation) GenfFit ?

Some ‘external’ packages already in framework:

CLHEP GEANT4 RECPACK
ROOT MYSQL
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BUildil‘lg the Framework Tickets #s7

Currently uses CMT

Requirements file to specify package
dependencies

Can build entire project + package
dependency tree or just one package

Switch to CMake
Faster
Better documentation
Wider support

Requirements files need translating
Help from Gaudi who are also switching

Ben Krikler, Imperial College London 25

Requirements File

* Required packages
* Executables

e Libraries

* Documentation

* Compile options

* Required packages
¢ Executables

e Libraries

¢ Documentation

* Compile options
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The ICEDUST Framework

ICEDUST Development

e Other important items:
— Clean-up of ND280 and other legacy code.

— Look at updating to latest CLHEP, Geant4 and ROOT
versions.

— Implement GENFIT.

— Implement SimHitMerger.

— Storage of field maps in ROOT file.
— Testing ICEDUST on the Grid.

— Look at analysis methods including unbiased methods,
e.g. blinding.
 Flexibility exists but need to consider specific methods.
— Audit trails for simulation, reconstruction and analysis.



The ICEDUST Framework

Points to Consider for g-2/EDM
High multiplicity track finding and fitting.
Detector optimisation.

— Requires consistent geometry in simulation and
reconstruction.

Time-varying EM-fields, G4beamline functionality
available.

— Field non-uniformity, phasing studies.
Simulation of Si response and read-out electronics.

Need for MARS and FLUKA?
— Neutrons from beam line, other background processes.

Spin tracking in Geant4.
Interface to online/DAQ system.



The ICEDUST Framework
Some Questions and Areas for Collaboration
« What iIs the overall timescale?

« What technical effort/resources are available (in
particular to address points below)?

 Areas for collaboration:
— Implementation of GENFIT.
— Grid support, MC generation, either in France or Japan.

— Longer term items
« Database management.
* |Interface to accelerator



The ICEDUST Framework

Issues

Need to remove ND280 specific code.

COMET has limited effort, cannot guarantee significant
support.

Need to agree how to distribute and maintain code.

Need agreement at the collaboration level.



The ICEDUST Framework

Summary

« ICEDUST is flexible and can easily be used for other
experiments.

— Due to structure inherited from ND280.

« Clean-up needs to be done before code can be
distributed.

* Need to consider areas for collaborative development of
ICEDUST, timescales and effort available.



