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SIDIS-EIC
Common Analysis Framework

https://github.com/eic/sidis-eic

Classes are underlined

Note: Analysis* class names updated

Fast simulation

ATHENA
Full simulation

ECCE
Full simulation

EPIC
Full simulation

(Delphes)
(DD4hep - Juggler) (Fundall — EventEvaluator) (DD4hep — ElCrecon)
Analysis y Y Y TODOvy
AnalysisDelphes AnalysisAthena AnalysisEcce AnalysisEpic
. . Output Data PostProcessor
SIRER RS Structures ——®| Binned analysis,
(Adage, SimpleTree) Plots, etc.



https://github.com/eic/sidis-eic

Current Development Status

AnalysisDelphes
* Working, see tutorials and documentation to get started
e Uses configuration from ATHENA studies

AnalysisEpic
* Under development, working but not ready for common usage
» Tested only on physics benchmarks output

AnalysisEcce
« Compatible with ECCE (last tested with release “prop.5/prop.5.1/Al")
» Hopefully compatible with the newest production; not tested, since not yet on S3)

AnalysisAthena
* Working
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Analysis

* Base class Analysis provides common functionality

* Prepare() reads input and initializes:
* Output data structures
* Instances of Kinematics: one for truth and another for reconstructed

* Finish() writes to output

« Contains numerous configuration settings — specified externally by macros
* Binning scheme
* Reconstruction method
* Final State (single hadrons, jets, ... )

* Includes methods to fill output data structures, called by derived classes

* Derived classes AnalysisDelphes, etc. tuned to read respective ROOT files
* Execute(): the main method to perform the analysis

* Analysis::Prepare()

* Event loop (with sub-loops over tracks, jets, ... )
* Read input dataa
e Set input variables of Kinematics
» Call Kinematics calculation methods
* Fill output data structures

* Analysis::Finish()
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Kinematics
* 2 Instances: reconstructed and generated
* Input variables:
* Beam momenta
» Scattered electron
* Hadronic Final State (HFS)
* Single hadrons (SIDIS)
e Jets
* Calculations:
* CalculateDIS(): various reconstruction methods available ( - )
* CalculateHadronicKinematics(): single hadron SIDIS variables
* CalculateJetsKinematics(): jet variables
+ Uses fastjet, anti-k,
* Implemented only for AnalysisDelphes
e Ouput variables:
e DIS: Q%4 X, Yy, W, ...
* HFSvariables: , ...
 SIDIS Hadron: p, p,, 2, ¢,, ...

« Jets:z,p,Q, ...
* Includes boost functions

ruction methods
:L ulﬂTEDISUWElEETFGﬂ{];
CalculateDISbyJB( );

CalculateDISbyDA( );

CalculateDISbyMixed():
'al{ulﬂTeDISb“51qm1{1-

alculateDISbyeSigmal( );
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slide from Connor:

Current jet implementation
in AnalysisDelphes

Jet clustering using fast jet and Delphes energy flow objects with pT > 0.1 GeV
EFlowTracks, EFlowPhotons, EFlowNeutralHadrons
four-momenta from MC particle bank also clustered to get true jets

Currently, semi-inclusive jets using anti-kT (R=0.8) algorithm clustered, then
used to calculate other variables/fill histograms

*Zhy )L, 4T etc.

C. Dilks 7



4D Binning in (z,y,Q%X)
Output Data Structures root node @

Adage: Directed Acyclic Graph (DAG) that stores:
« Data, in arbitrary multi-dimensional bins and cuts
« Algorithms, executable during graph traversal
* No nested for loops needed to analyze multi-dim. binned data
* Allows for “binning agnostic” code
* Prototype developed within SIDIS-EIC control subloop |

{Q2,x}

https://github.com/c-dilks/adage

C. Dilks \V/
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https://github.com/c-dilks/adage

Output Data Structures

- SimpleTree — flat TTree, useful for quick tests etc.
* Reconstructed SIDIS variables
* Has been used for SIDIS single-hadron asymmetries
« Straightforward to connect to other analysis libraries and add more variables

e Support for Custom Data Structures and Algorithms
« Existing data structures may not suit our future needs
* Implement custom data structures
« TODO: add plugin support

SimpleTree

3 Q5q 3 Depol2
X §» Depoi3
ﬁ‘f ﬁDepuH
W 4 HadPID
W & Spin_idx
ﬁw{ ﬁSpinL_idx
ih PhPem 3 Weight
b PhiH

& Phis

& TruePhiH

ﬁTrueF‘hiS

% PalT

i Pall

i PolB

3 Depoll

« Class methods Prepare(), Fill(), Finish() = before all events, for each event, after all events

e Support usage with Adage
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How to Add a new Analysis: Macros

® Analysis Macro
 Choose AnalysisDelphes, AnalysisEcce, ...
» Configure
* Reconstruction Method
* Final states (single hadron, jets, ... )
* Cuts
* Binning Schemes (construct Adage)
» Call Execute()

® Post-Processing Macro (if using Adage)
» Define algorithms (lambdas), such as:
* Draw histograms
* Manipulate histograms (statistics, math, ...)
« Common algorithms available in PostProcessor

» Configure Adage graph traversal
* That is, when the algorithms should execute

e Call Execute()
C. Dilks
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Example coverage plot: nvs. p in (x,Q? bins, with PID limits

C. Dilk
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Example benchmark plot: pion Z o Zgon from fast and full simulations, in (x,Q?) bins
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Example benchmark plot: vy, from fast and full simulations, in pion (p,n) bins
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Continuous Integration (ClI)

Executes on every Git commit (pull request):

&l Compile SIDIS-EIC

il Run Delphes — AnalysisDelphes

il Stream Full Simulation Output — Analysis DD4hep

! Output (artifacts)
* Fast vs. Full simulation comparison plots: coverage, resolution, etc.
- Effects of varyingy . cuts

e Add your plots, ROOT files, ... (limited to small statistics)

Matriz: benchmark-fastsim

build 6 jobs completed collect
e Artifacts:
Matrix: delphes-fastsim - Benchmark plOtS

S3 EVGEN - Delphes root files

4 jobs completed Matriz: benchmark-fullsim

hepmc files

Show all jobs

6 jobs completed

Show all jobs

S3 RECO
fullsim root
file URLs

config-fullsim




C. Dilks

The Upstream: EPIC Software Stack
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Data Model

« Common data model: EDM4hep + EDM4eic

e Based on PODIO

EDM4hep DataModel Overview (v0.6)
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https://github.com/key4hep/EDM4hep
https://github.com/eic/EDM4eic
https://github.com/AIDASoft/podio

Data Model
YAML Specification public:

datatype example, defining a generated patrticle:

edm4hep: :MCParticle:
Description: "T Carlo particle - b on the
Author : "F. i
Members:
32 //PDG code of the par
L generator tus of the p |
nulatorStatus

double m
edmdhep
edmdhep::
momentum
edm L f momentumAtEndpoint
edmdhep: ctor3f spin //spin (helic
- edmdhep::Vector2i colorFlow //color flow
OneToManyRelations:
- edmdhep: : M rticle parents // The parents of this partic
- edmdhep:: r
unsigned Lnt d
|4hﬂp 1

ct ﬂdm4hﬂp
deiG::P”liT1GﬂRﬂnqﬂ adm4hﬂp

Relations can be one-to-one or one-to-many
Extra code can be included in any datatype
C. Dilks

icle daughters // The daughters this parti Pﬂdiﬂ"PﬂlaTionRaHQEi

Generated C++ class: edm4hep/MCParticle.h

)T the parti
getPDG( ) const;

the part
sneratorStat

the particle
SimulatorStat

charge
const;

§ pil”ﬂTH begin() const;
EE - parents_end() const;
article> getParents() const;
@l; const;
rs(unsigned int) const;
:const_iterator daughters_begin() const;
z iterator daughters_end() const;
article> getDaughters() const;

17



Data Model

edm4eic: :ReconstructedParticle:

Description: ”EI( P#’OHSi"UCiEd Particle"

Author: "W. S. Joosten, F. Gaede"

Members:
int32_t type type of reconstructed particle. Check/set collection parameters Reconstru
float energy [GeV] energy of the reconstructed particle. Four momentum state is not kej
edmdhep: :Vector3f momentum [GeV] particle momentum. Four momentum state is not kept consistent inter
edmdhep: :Vector3f referencePoint [mm] reference, i.e. where the particle has been measured
float charge charge of the reconstructed particle.
float mass [GeV] mass of the reconstructed particle, set independently from four vec
float goodnessOfPID overall goodness of the PID on a scale of [0;1]
edm4elc :Covaf covMatrix cvariance matrix of the reconstructed particle 4vector (10 parameters).
deviation f om EDM4hep: store explicit PDG ED here. Needs to be discussed how we
move forward as this could easiliy become unwieldy without this information here.
The only acceptable alternative would be to store reconstructed 11~n ified
pa"titlea in separate collections for the different particle res (which would

=qui'% some algorithmic changes but might work. Doing both |11hh even make

Needs some discussion, note that PID is more emphasized in NP than

e oh o e o 11:

1+
-+
+#
Es
+#
o
++
o
1+
-+
i#
Eea
+#
E's

int32_t e // PDG code for this particle
## @ : Do we need timing info? Or do we rely on the start vertex time?
OneToﬂneRelatLons
- edmdeic::Vertex startVertex // Start vertex assoclated to this particle
- edmdhep::ParticleID particlelDUsed // particle ID used for the kinematics of this particle
OneToManyRelations:
- edmdeic::Cluster clusters // Clusters used for this particle
- edmdeic::Track tracks // Tracks used for this particle
- edmdeic::ReconstructedParticle particles // Reconstructed particles that have been combined to this particle
- edmdhep::ParticleID particlelDs // ALl associated particle IDs for this particle (not sorted by likelihood)
ExtraCode:
declaration:
bool isCompound() const {return particles_size() = 0;}\n

C. Dilks




Data Model

Association datatypes link truth to reconstructed

edm4eic: :MCRecoParticleAssociation:
Description: 1 C - reconstructed
Author: "5. Joosten”
Members:
- uint32_t simID // Index of corresponding MCParticle (positig
- uint32_t recID // Index of corresponding ReconstructedPartiq
- float weight // weight of this association
OneToOneRelations
- edmdeic::ReconstructedParticle rec // reference to the reconstructed particle
- edmdhep: :MCParticle sim // reference to the Monte-Carlo particle

Common calculations: inclusive kinematics
The datatype is generic and usable by all inclusive reconstruction algorithms

edm4eic::InclusiveKinematics:
Description: "Kinematic variables for DIS ewvents"
Author: "S. Joosten, W. Deconinck"
Members:
- float X Bjorken x (Q2/2P.q)
- Tloat 02 Four-momentum transfer squared [GeV~2]
- float W Invariant mass of final state [GeV]
- Tloat y Inelasticity (P.q/P.k)
- float nu Energy transfer P.q/M [GeV]
OneToOneRelations:
- edmdeic: :ReconstructedParticle scat // Associated scattered electron (if identified)
@ : Spin ¢ =¥




Ezﬂ MCParticles
----- _ﬁ MCParticles. PDG
----- i MCParticles generatorStatus

PODIO Output Tree

Eﬁg datareciepic_testrecdis_10x100_minQ2=1r0t —— o E e ﬁ WPMFES'SWU atorStatus
---ﬂevents? ----- 3 MCParticles charge
T e e N 3 MCParticles time
' ey S MCParticles. mass
- % | metadata;1 &1 #4 ReconstructedParticlesAssoc i MCParic
e S articles. verteix
o ‘ﬂ ColectonTypenfo i % Reconstructed ParticlesAssoc.simlD ﬁ MCPariicle
N TP S ol HR w8 articles vertes,
- #& paudiConfigOptions data ----- & ReconstructedParticlesAssoc.reciD B MCPartide v
. e (Oadla | owreconsiudedramcesAssacec 0 articles vertex.z
------ Callection|Ds - §g ReconstructedParticlesAssoc. weight b ] _
-#|un_metadatat i osee " 3§ MCParticles endpaint.x
| _ I B ﬁ MCParticles.endpoint.y
----- % |evt_metadata;1 relatlons 144 ReconstructedParticlesAssoc#0 MCPartives endoo
= #|col metadata;x DEIRAMMAEIS §h ReconstuctedParticlesAssockO.index 1 B mpanfcbs.en point.z
ER O e S articles. momentum.x
E---ﬂmIMD ..... ﬁ Reconstructed PariclesAssoct(.collection| D ﬁ .
BycoMDRst wesee $ MCParticies.momentum.y
é-----ﬂmlmn.sem nd._intMap - ReconstructedParticesAssoc#l 1 L iianfcis.mme ntu :.: .
é-----ﬂmlMD.s&m nd._foatMap i L §h ReconstuctedParticlesAssockLindex 1 : mpa@:.mmntu rnAtE ndpn?nt.x
- McoMD.second _stingMap L g ReconstuctedParicesAssoc#1 colleciond | §¢ MCParicles momentumA(Endpoint.y
% @size o= " 3 MCParticles momentumAtEndpoint.z
e & MCParticles.spin x

..... ﬁ WCParticles.spin.y
..... ﬁ MCParticles.spin.z
----- ﬁ MCParticles.colorFlow.a

« Readable as a “flat” TTree in ROOT :ﬁ% ﬁ;:;iiz?;ir:iwhigm

* Much better to use PODIO and the generated C++ code =~ ¢ MCParices parents.end
..... ﬁ MCParticles.daughters_begin

..... ﬁ MCParticles.daughters_end
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SIDIS-EIC AnalysisEpic

Work in progress

// create PODIO event store

std::vector<std::string= infiles = { "filel.root", "file2.root", "file3.root" };
podioReader.openFiles(infiles);

evStore.setReader(&podioReader);

Ffoevent

/f next event

if(e=0) { evStore.clear(); podioReader.endOfEvent(); };

// read collection of generated particles
const auto& simParts = evStore.get<edmdhep::MCParticleCollection=("MCParticles");

// loop over generated particles
for(const auto& simPart : simParts) {
auto simPDG = simPart.getPDG();

F e e

}

// loop over associations of reconstructed and generated particles
for(const auto& assoc : evStore.get<edmdeic::MCRecoParticleAssociationCollection>("ReconstructedParticlesAsso
auto simPart = assoc.getSim(); // truth
auto recPart = assoc.getRec(); // reconstructed
}
}

podioReader.closeFile( );

C. Dilks




SIDIS-EIC AnalysisEpic Pull request; https://github.com/eic/sidis-eic/pull/164

Currently testing on possibly-incomplete data from benchmarks:

repo: physics_benchmarks, from https:/feicweb.phy.anl.gov/EIC/benchmarks/physics_benchmarks
CI stage: finish

CI job: SUMMET Y

CI artifact: results/dis/sloonlec/minQ2=1/rec-dis_18x180_minQ2=1.root

Cross check with upstream kinematics calculations in
InclusiveKinematics Juggler algorithm look promising!!

AnalysisEpic output:

KINEMATICS, calculated from upstream:
X 02
Truth 0.0544 .6932 . . 16.5729
Electron -0.0617 L7230 .0070 -14.8865
DA 0.0554 L7002 5.4667 0077 16.3627
JB 0.0409 .9290 4.7615 0.0057 12.1075
Sigma 0.0776 . 7425 4.6480 0.0056 11.9721
KINEMATICS, calculated locally in SIDIS-EIC, with method "Ele":
Truth 0.0544 1.6932 5.5034 0.0078 16.5729
Reconstructed -0.0617 1.7230 -5.3644 -0.0070 -14.8858
DIFFERENCE: upstream(Electron) - local(Ele):
C. Dilks Truth -0.0000 -0.0000 -0.0001 0000 0.0000
Reconstructed 0.0000 0.0000 -nan L0000 -0.0007



https://github.com/eic/sidis-eic/pull/164

Algorithms EPIC Stack Development:

« Algorithms — framework-independent, general algorithms
« EICRecon - reconstruction framework (JANA2)

& An transforms datatype(s) to datatype(s)
* For example:
* Digitization : simulated hits - raw hits
* Reconstruction : raw hits — reconstructed objects
L1 Algorithms can be independent of reconstruction framework
Ll They can be applied anywhere, even after reconstruction

dRICH*:

*under re-development (IRT)

Simulation output

DRICHHIits —— PhotoMultiplierDigi —» DRICHRawHits —— PhotoMultiplierReco ——» DRICHRecHits

from https://github.com/eic/ElCrecon/issues/11

C. Dilks 23


https://github.com/eic/EICrecon/issues/11
https://github.com/eic/algorithms
https://github.com/eic/EICrecon

Algorithms

Simulaticn output

Earnsl rk:
TrackerBarrelHRs

Erdcap GEM:
GEMTrackerEndcapHREs1
GEMTrackerEndcapHRs2
GEMTrackerEndcapHRes3

Barnel v

MPEDTrackerEarelHRs1
‘WerieaEarreiHibs

MPEDTrackerSarelHES2

Tracking:

TrackerBarrelAliHibs TrackerEndcapaliHits ekenEarnslalHbs MPGOTrackerSarrelAllHES GEMTrackerEndcapAllHEs
TrackerBarrzIRawHES TrackerEndcapRawHits ‘WertexBanre RawHibs MPGOTrackerBarrelRawHRES GEMTrackerEndcapRavwHiis
TrackerSarrelRecHis | | TrackerEndcapRaches WerexBarrelRecHRS

| MPEDTrackerBameiRecHI= | iEEmrErﬂ:upHe:Hm |

. Simi autpud )
| mcrartices |

C. Dilks
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from https://github.com/eic/ElCrecon/issues/11
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https://github.com/eic/EICrecon/issues/11

Algorithms
Inclusive Kinematics:

Sim output

MCParticles —b| “InclusivekKinematicsTruthn —— InclusiveKinematicsTruth

+ others for reconstructed kinematics, with various methods
Electon
JB
Double Angle
Sigma

from https://github.com/eic/ElCrecon/issues/11

C. Dilks 25


https://github.com/eic/EICrecon/issues/11

Upstream Kinematics Calculations

ReconstructedParticles

Kinematics
(electron method)

C. Dilks

\J
Kinematics Kinematics
(JB method) (DA method)

InclusiveKinematics
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Upstream Kinematics Calculations

Kinematics
(electron method)

[Other coIIections:|

ReconstructedParticles
\J
Kinematics Kinematics
(JB method) (DA method)

InclusiveKinematics

Your Kinematics Calculations

y

YourinclusiveKinematics

* Pushing kinematics calculations upstream does not stop development of custom kinematics calculations
« Common anything should be pushed as far upstream as possible



What to put where?

L) Upstream:
* Electron finder
* Inclusive kinematics reconstruction methods (electron, JB, ...)
* Implemented EDM4eic Datatype: InclusiveKinematics (x,Q2,W,y,Nu), 1-1 relation to electron
« Jet Reconstruction algorithms
 Possible Datatype: Jet (z,p,,...), 1-N relation to ReconstructedParticles

* SIDIS kinematics calculations
 Possible Datatype: SIDISpatrticle (p,.9,,...)

* Benchmarks (for Continuous Integration)
* Any plots or tests that can be made with small statistics

L/ Common Analysis Framework (SIDIS-EIC, ...)
* Support analysis algorithms now, for the short term, while the general upstream framework is coming together
* Application of common analysis techniques
* Cuts
* Multidimensional binning and plotting
* Q2 weighting
* Automation for high statistics analysis (streaming/downloading data, job submission, ...)
* Benchmarks: plots and tests that need larger statistics
* Comparisons with Fast Simulations (Delphes)
* May need to convert Delphes output to a compatible EDM4eic format to use upstream framework-independent algorithms
* Support for legacy simulation software stacks (ATHENA & ECCE)

C. Dilks
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Contributions to SIDIS-EIC, or to any EPIC Software

W See recent SW tutorial:
* https://eic.github.io/tutorial-setting-up-environment/

In general:
w Join EIC Organization: https://github.com/eic

* How to join: https://github.com/eic/.github/blob/main/profile/README.md

& Join EPIC Devs team: https://github.com/orgs/eic/teams/epic-devs
» After you are a member of EIC Organization
* Click ‘Members Tab - Request to Join’
* Grants ‘push’ access to SIDIS-EIC and other EPIC repositories

& Every repository follows the usual Github development workflow:
* Issue - Pull Request — Code Review - Approval - Merge

C. Dilks 29


https://eic.github.io/tutorial-setting-up-environment/
https://github.com/eic
https://github.com/eic/.github/blob/main/profile/README.md
https://github.com/orgs/eic/teams/epic-devs

Issues == TODO List

() Issues (12 19 Pullrequests |4 LY Discussions () Actions [ Projects (3 0 wiki @ Security |~ Insights £ Settings

Filters - Q isiissue is:open > Labels (11 &= Milestones (0 :]

0 ® 12 Open + 62 Closed Author ~ Label - Projects - Milestones - Assignee - Sort -
O () Use [ROOT: :Math vectors [ good first issue
#175 opened 4 days ago by c-dilks

O @ Is build flag (-std=c++11 still needed for MacOS, even when running in (eic-shell ? | maintenance

#169 opened 7 days ago by c-dilks

O (- add CONTRIBUTING | documentation
#166 opened 13 days ago by c-dilks

0 © add LICENSE | maintenance
#165 opened 13 days ago by c-dilks

O () use PODIO classes rather than (TTreeReader
#153 opened on Aug 1 by c-dilks

(© check for memory leaks ( goad first issue
#152 opened on Jul 26 by c-dilks

O () add [AnalysisEE to Cl i low priority
#150 opened on Jun 30 by c-dilks

O (& tutorial 4 is broken  bug | ( good first issue ) ( low priority
#141 opened on May 25 by c-dilks

Add your own if you want to work on something, or just start a
pull request...
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