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¢ epic-analysis
- Support ePIC, ECCE, ATHENA, Delphes
- Data retrieval automation
- Kinematics Reconstruction

- Q2 weighting

¢ Continuous Integration
- As a “slow” benchmark
- Comparisons

¢ Ongoing Plans
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GitHub Repository

ithub.com/eic/epic-analysis

H eic/ epic-analysis (Public R Editpins ~ || ®

<> Code (%) Issues (16 I Pullrequests (7 ) Discussions () Actions [ Projects (3 O wiki @ Security |~ Insigh

¥ main - ¥ 20 branches 8 tags Go to file Add file = ‘

c-dilks ci: use relative resolution rather than absolute resolution (#230) d24193c last week ¥%) 565 commits

.github/workflows ci: compare Arches and BryceCanyon, with and without radiative co... last week
datagen setup last year
datarec update comments to clarify HEPMC file paths last month
deps rename sidis-eic -> eplc-analysis (#228) 2 weeks ago

doc feat: update 53 endpoint (#221) last month
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https://github.com/eic/epic-analysis

Thanks to our Contributors

Connor Pecar Duane Byer Gregory Matousek

sanghwa Park Matthew McEneaney Ralf Seidl Brian Page
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¢ largex-eic
* Original focus on low-y region, large x and low Q2
* Generalized to support SIDIS studies in ATHENA

¢ sidis-eic
* Renamed for ePIC
* Migrated to the eic organization on GitHub

¢ epic-analysis
* Interest from Jets, Heavy Flavor, and Inclusive working groups - more general name
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epic-analysis

Fast simulation ATHENA ECCE EPIC
(Delphes) Full simulation Full simulation Full simulation
(DD4hep — Juggler) (Fundall = EventEvaluator) (DD4hep - EICrecon)
Analysis Y Y Y
AnalysisDelphes AnalysisAthena AnalysisEcce AnalysisEpic
. . Output Data PostProcessor
SIS Structures Binned analysis,
(Adage, SimpleTree Plots, etc.
* TTrees

* Multidimensionally binned objects (Histograms, ... )
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ePIC Detector Configurations
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ePIC Detector Configurations
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s3tool

& Adapts to the varying file tree and naming conventions of past productions

& Downloads files from S3, or generates lists of URLs for streaming ’
& Organizes data by energy and Q2 bin

¢ Obtains cross section for Q2 weighting

@ Generates “config files” for usage in epic-analysis Ru by
& Supports ePIC, ATHENA, ECCE, and can run HEPMC files through Delphes

epic.22.11.3 :: Pythia 6, with & without radiative corrections
epic.22.11.2 :: Pythia 8
ecce.22.1 :: Last ECCE Production, August 2022

athena.deathvalley-v1.0 :: ATHENA Proposal production
hepmc.pythiab :: HEPMC files from Pythia 6 for EPIC, with & without radiative corrections
hepmc.pythia8 :: HEPMC files from Pythia 8, used for ATHENA proposal

S3/eictest/EPIC/REC0/22.11.2/epic_arches/DIS/NC/
— 10x100 S3/eictest/EPIC/REC0/22.11.3/epic_arches/SIDIS/
C minge-1o Lambda_ABCONV
- nindz-200 pythias Ask us to support other
. rzn_}ngﬂooo ep_18x275 pp
[ oxe L hepmc_1ip6 :
— 2=1 =
- ntnte-d i productions, or open a PR
{nQ2=1000 ?ﬂ—sx“
[ o 2uEs hepmc_1ip6
S_XJ',ﬁthzﬂ noradcor

— minQ2=10 radcor
'— minQ2=100

— minQ2=100
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Kinematics Reconstruction Methods

¢ Kinematics calculations performed in dedicated class(es)

- Used for both reconstructed and MC generated particles

- Inputs: beams, scattered electron, hadronic final state, and observed particles (single hadrons
for SIDIS, jets, etc.)

¢ Calculations

Inclusive variables (x, Q2, W, vy, ...)

6 methods: electron, J.B., double angle, mixed, sigma, eSigma
SIDIS variables (p, p+ 2, ¢y, ... )

Jet variables (z, pr, ju, ... )
- In general uses Lorentz invariant calculations; boost to specific frames when needed
¢ Future Plan

- Cross check with upstream calculations from the reconstruction framework and/or upstream
our methods
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Kinematics Reconstruction with Machine Learning

Reconstruction with pre-trained tensorflow model available (soon)
Utilizing full hadronic final state and electron information with Particle Flow
networks (http://energyflow.network, arXiv:1810.05165) to reconstruct virtual

photon four momentum
o  Our application to ATHENA full simulation presented at DI1S2022 (arXiv:2209.14489)

e Currently implemented with event-by-event predictions done in python script,
bound using pybind11

e Current plan is to store trained model for each COM energy, specified simulation
versions in epic-analysis repository

o Requires tensorflow and energyflow python packages
o Then callable with “ML” as reconstruction method in epic-analysis

e Validating results on current ePIC simulation, but release soon!

Slide from Connor Pecar
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http://energyflow.network/

Q2 Weighting

¢ Data are produced in varying Q2 ranges: G e 5010 1030 0m 010 2010
- 1-10 GeV2 e
- 10 - 100 GeV>
- 100 - 1000 GeV: 1
- 1000 GeVz and above B
¢ Use weights to combine them -

- Uses Cross sections from Pythia and Number of Events T
analyzed o |

- Automated by epic-analysis . 10 10° 5 o
 Maintain a table of cross sections for varying beam
energies

- Allows for evaluation in a broad Q2 range without
waiting for rare high-Q2 events

12
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Continuous Integration (Cl)

Download from S3 Ana|ysis Post-Processing

Compile the code kinematics reconstruction  Plots, comparisons, etc. Flna_llze
organize, etc.

Matrin: delphes _Tastsimi Matrix: aralysis_Tastsirm My OO paris o

& 4 jobs completed @ & jobs completad & 14 jobs completad & collect m 255

Show all jobs Shoew all jobs Shiow all jobs

I arbria: dowvem | omd_fullsim Flatrix: amalysis_fullsim Kadrix: postprocess

& 3 jobs completed @ 24 jobs completed & 3£ jobs completed

Show all jobs Show all jobs Show all jabs

4 Runs for every “git commit” (on a pull request)
& build_al
4 Job matrices for:
« Data sources [ePIC, ECCE, ATHENA, Pythia - Delphes]
e p— e ePIC runs include radcor and no-radcor versions
- * Recon method [electron, DA, JB, ...]

4 Typically takes ~50 min
13
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Continuous Integration (Cl)

@ Artifacts = Cl output plots (and more)

@ Final set of plots in * FULL_RESULTS’ Example artifacts (high statistics):
https://aithub.com/eic/epic-analysis/actions/runs/3853010345

@ Must be logged into GitHub to access

Artifacts

B bin_test.Ele
Produced during runtime

i comparison.EPIC.coverage_p_eta.Ele
Name Size i comparison.EPIC.coverage_x_qg2.allReconMethods
i comparison.EPIC.resolution_p_eta.Ele
EE] _FULL_RESULTS 61.1 MB il comparison.EPIC.resolution_x_g2.allReconMethods
i comparison.LEGACY.coverage_p_eta.Ele
analysis 110 MB @l comparison.LEGACY.coverage_x_q2.allReconMethods
i comparison.LEGACY.resolution_p_eta.Ele
comparison 50.9 MB i comparison.LEGACY.resolution_x_q2.allReconMethods
i coverage2D_p_eta.Ele
postprocess 165 MEB i coverage2D_x_q2.allReconMethods

@ y_minima.Ele

@ x build_all (Expired 128 MB
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https://github.com/eic/epic-analysis/actions/runs/3853010345

Productions used for ClI

¢ ePIC 22.11.3
» S3/eictest/EPIC/RECO/22.11.3/epic_{arches,brycecanyon}/SIDIS/pythia6
« With and without radiative corrections

¢ ECCE 22.1
» S3/eictest/EPIC/Campaigns/22.1/SIDIS/pythia6

¢ ATHENA DeathValley 1.0
» S3/eictest/ATHENA/RECO/deathvalley-v1.0/DIS/NC

¢ Delphes - Fast Simulations
« HEPMC files from S3/eictest/EPIC/EVGEN/SIDIS/pythia6
* Run through Delphes (CI job)
* Using the sample with radiative corrections
* Uses legacy ATHENA settings — needs to be updated!!

C. Dilks epic-analysis



Event Selection for CI

W > 3 GeV Focusing on 18x275 (for now)
0.01 < y < 0.95 | | |
¢ Testing all available reconstruction methods
0.2<2<0.9 & Histograms in bins of
* (x, Q%)
x>0
d + (0. p)

pT(lab) > 0.1 GeV

In the interest of time, for these slides:

« Distributions and resolutions of: x, p, z, ¢,

* Also focusing on the Electron reconstruction method

C. Dilks epic-analysis



Comparison Plots from CI

ePIC vs. ePIC ePIC vs. Legacy

Cl allows us to make regular comparisons of ePIC configurations, effects from
radiative corrections, and ePIC with legacy designs (ATHENA and ECCE)

17
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Cl Comparisons - ePIC vs. ePIC x distributions
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Cl Comparisons - ePIC vs. Legacy x distributions
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Cl Comparisons - ePIC vs. ePIC

p. distributions
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Cl Comparisons - ePIC vs. Legacy p, distributions
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Cl Comparisons - ePIC vs. ePIC z distributions
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Cl Comparisons - ePIC vs. Legacy z distributions

L E 0
o — ——— Delphes Pythiaé (radcor) E 3 £ = m

——— EPIC Arches (radcor) Fe ]
10° g i Ihﬂ F ] E]
: . | & d

------ ATHENA

= ] ]
] I . f : ] ]
102 | b g uﬁgﬁkﬂ& g 8 F
r "E EE E E } - - r
I: & : e E 3 E ‘Hmnmmmuﬂuuﬁhﬂkmk

[ \HH‘
T
FI-
.ﬁ‘"ﬁmd

* | =i m
Ty, | : .
e o 20 : — g %m
- : ‘ﬁ NI
: Ty, g rﬁuq FE 1
=, : g g L
Eﬁ : E : ‘E‘ : 0 B‘Z B‘A 0'5 B‘G B‘ 08 09 7(]1 U. ﬁ.l
1— z
| | |

C. Dilks epic-analysis



Cl Comparisons - ePIC vs. ¢, distributions
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Cl Comparisons - ePIC vs. Legacy ¢, distributions
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Cl Comparisons - ePIC vs. ePIC X resolutions
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Cl Comparisons - ePIC vs. Legacy x resolutions
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Cl Comparisons - ePIC vs. ePIC p, resolutions

o 4
= T :
— EPIC Arch, E
B rches I : I[ ;
[ EPIC BryceCanyon ; ! r!'ilr E Jr
3 j £ | f T ! : ;
I REEREE EPIC Arches (radcor) E ar ii i il : !! : i j
~ £ E|3 il E | |
L — — = EPIC BryceGanyon (radcor) f_ i LS. E B £
2 — - = En - :_‘. He . N
- |1 E
B i rl[ I |
L | i i
B M I 3 [[I |
11— Lo Lgllt Nimftel £ # Ll. in
B b £ N il
- I Ghe FF 4
- I it IJ "-| s H
| | Il E
0 _._J]_ al : . %
- ; #
L r !'
| t
- Nk il :
L il ¢ : 1 Ihfl
B ﬁpﬁ b il
- mﬂcﬂ i | 1 il
L . O . ‘ ol )
B e B
- i I
B il
31— 0
- A 1 i |
- | it !
L 1
f 1 | L"”_ L'-'E |
- - ‘ | ‘ .
-4 o T R Cae o 'D‘l‘“’ﬁ‘ﬁn‘lm T = uu;n‘.'?*/p'l“ ° Iﬂl S;DL'SE/DLWE

C. Dilks epic-analysis



Cl Comparisons - ePIC vs. Legacy p, resolutions
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Cl Comparisons - ePIC vs. ePIC z resolutions
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Cl Comparisons - ePIC vs. Legacy z resolutions
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Cl Comparisons - ePIC vs. ePIC ¢, resolutions
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Cl Comparisons - ePIC vs. Legacy ¢, resolutions
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Future Support: Dihadrons

¥ Work in Progress: https://github.com/eic/sidis-eic/pull/192
« Kinematics — done, but needs validation / cross check 6 vs. P, distrioution, €% dinadrons, W>3.00, 0.01<y<0.95
* Inclusive Pairing — done, but needs validation

e =
3 -
[ ]
M, distribution, n*a” dihadrons, W>3.00, 0.01<y<0.95
= histos__| 2w 0__y_0_hist_Dihkhg 25 _— [ ]
8000 — -+ Entries 54881 L "
8000 E— -+ N Mean 0.8735 i n
7000 N —+ . Std Dev 0.4341 2 - m
= —+ -
6000 E— -+ i -
5000 —— B 15
E —+ -+ B ..
4000 F— -
3000 ;— - 1=
2000 ;— . [ ]
1000 E— — o T 05k
o B | | L | | | | [P . =0
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 18 2 (Get]
D_ 1 | ||||||| 1 1 L1 111 1 ||||||| 1 |
2 1
10° 10° 1 1'I'.'lF,rl (GeV]
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Future Support: Jets

¢ Already supported in Delphes analysis chain, using fastjet anti-k;

True E vs. Reco E distribution, jets, -5.00<jet eta<5.00, jet pT;S 00, 0.01=y=0.95

= 100 = . .
o - o s e e e -
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© = Mean x 20.01 - — -
2 8o |Meany 21.09 - .
= = : . | =0
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True E [GeV]

True E vs. Reco E distribution, jets, 1.00<jet eta<5.00, jet p,>5.00, 0.01<y<0.95
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Summary

¢ epic-analysis
- Supports ePIC full simulation, Delphes fast simulation, and legacy ECCE and
ATHENA productions

- Automates retrieval of data from S3 and Q2 weighting
- Kinematics Reconstruction via various methods
¢ Continuous Integration

- As a “slow” benchmark
- Comparisons of ePIC vs. ePIC and ePIC vs. Legacy

¢ Short term plans
- Dihadrons

- Jets
- Scaling (support higher statistics)

36
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Handling Multidimensional Binning

& Problem: The need for multidimensional analysis caused deeply
nested for loops to spread throughout epic-analysis

* Not maintainable and not generalized
* \ery susceptible to bugs

for (auto z_bin : z_bins) {
for (auto y_bin : y_bins) {

action_before_x_Q2_subloop( z_bin, y_bin );

for (auto Q2_bin : Q2_bins) {
for (auto x_bin : x_bins) {

action_for_each_bin( z_bin, y_bin, Q2_bin, x_bin );

}
3

action_after_x_Q2_subloop( z_bin, y_bin );
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Adage https:/Igithub.com/c-dilks/adage

@ Solution: use a Directed Acyclic Graph (DAG) 4D Binning in (z,y,Qz,x)
* Fully connected layers of 1D bins root node
* One path from root node to leaf node == 1 multidimensional bin A
* “Control nodes” store lambdas, executable during depth-first traversal

action_after_x_Q2_subloop Ca
action_for_each_bin e

z1 z2
// define lambdas M
action_before_x_Q2_subloop cee

yl y2

// attach lambdas to the DAG

P->0p()->BeforeSubloop( {"x","q2"}, action_before_x_Q2_subloop );
P->0p()->AfterSubloop( "x","q2"}, action_after_x_Q2_subloop );
P->0p()->Payload( action_for_each_bin );

control node

// run
P->Execute();

leaf node 39
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Event Generation

Pythia

ePIC Stack

ATHENA DbDahep ECCE Fundall €ePIC DpbDshep
Geant4 Geanta Geant4
L EventEvaluator E L
Juggler E EICrecon
Gaudi JANA2
i .
epic-analysis |
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