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MuZ2e in one slide
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The Mu2e experiment is looking for the conversion of a muon into an electron in the field of a nucleus

s —— DIO Prediction
I'l(u= + NA,Z -+ NA,Z 30 onversion, R =10"°
R, = W +Na2) e +MAZ) Nogx10 @ 90%C.L. ° omersn. 7,710
[(u=+NA,Z) > v, + NA,Z- 1)) 30

Muon conversion

M 10
O @) e-
102
- 11 11 I 11 1 1 I 11 1 1 I 1 1 11 I 11 1 I 11 1
10000701 102 103 104 105 106
e Momentum (MeV/c)

2=F ilab
ac rermia

2 4 May 2022 Stefano Roberto Soleti - HSF Frameworks WG Meeting



The Mu2e framework o

» Mu2e is an experiment at the intensity frontier: ™~
we are looking for an extremely rare —
experimental signature with an unprecedented s
sensitivity. An accurate simulation is of s nd oot s R

paramount importance. I

e Our codebase is split into several parts, which o Baunzo Yio 5 O 2 e

can be developed independently, e.g.: codetools e Men 1
« Offline: art instance used for simulation, e
triggering, calibration and reconstruction oo st e e e e s
- Production: set of FCL files used for mm o A
production campaigns Coer Bzt $10 Do Ot 113 trdadsdese -
- TrkAna: general-purpose art analyzer RDM e

Raw Data Mover

which produces TTrees useful for analyses 0o Brezs ¥1 o G0 Mo isssramses
- REve: web-based event display built on
Eve-7
e Each part is hosted on an independent GitHub repository.

e Fork-and-pull collaborative development model adopted with success: each developer
can make a personal fork of the repository and then open a pull request with the changes.

3¢ Fermilab
3 4 May 2022 Stefano Roberto Soleti - HSF Frameworks WG Meeting



Continuous integration with GitHub

4

GitHub

Someone
creates/updates/
etc a pull request
in Offline

¥

GitHub webhook:
HTTP POST
request with info |l H H H
about the pull
request

GitHub PR
comment

EEE
as user
@FNALDbui
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Jenkins jobs

receive-gh-event:
receives request, sets/
checks env vars,

launches next job

mu2e-github-bot:
uses code in CI repo.
Reads PR info/comments,

determines which (if any) tests
to run, comments on PR that

test are triggered or HEAD has
changed, etc, launches next
job

Id

muZ2e-offline-build-test:
uses code in the codetools repo.
Clones and merges Offline and
Production, does muse build,
runs test fcl, rootOverlaps, etc,
posts test results in PR comment

M Mu
qe

GitHub offers sophisticated hooks for the
implementation of continuous integration
workflows.

The goal of the continuous integration is to test
that our codes and scripts function without
formal errors and to catch build and/or execution
level problems.

When there’s a new Pull Request (PR), a PR is
updated, or new comments are made, GitHub
reaches out to Jenkins via a web-hook.

Jenkins then requests the PR information from
GitHub and decides if it should run the tests

Runs tests when there is a new PR, or the
tests are deliberately requested and are not
already in progress.

Extremely flexible system: different PR
combinations from separate repositories can be
tested.
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Dataset production 2.

* In Mu2e we have a strictly enforced file naming and dataset naming convention which
allows us to determine the location of a file without in principle querying SAM:

digf.mu2e(CeEndpoint}v2_0.|000001.art

A

Data tier (detector steps, Author of the file  Description Version Sequencer
detector hits, etc.)

* This file can be saved to scratch, persistent or tape, and in each case it will have a
deterministic file location, e.g.

/pnfs/mu2e/tape/phy-sim/dig/mu2e/CeEndpoint/v2_0/ /R8/0f

\

“stretcher” directories based on the
SHA256 hash of the filename
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Production workflow 2.

* The MDC2020 production aims to simulate events in our detector starting from the
protons-on-target. However, it's computationally unfeasible to simulate all the ~1020
POTs we expect to collect.

A workaround is represented by the resampling technique: we re-use the output of
some simulation stages several times. The stochastic nature of the simulation ensures
(to a certain extent, that we need to quantify) that we are not simulating the same event
several times. We also need to make sure we are covering enough phase space.

* Our most recent production is organized into three conceptual parts: the cosmic-ray
simulation, the beam pile-up simulation, and the primary simulation.

3¢ Fermilab
6 4 May 2022 Stefano Roberto Soleti - HSF Frameworks WG Meeting



beam pile-up

Protons On Target (PO

Input Dataset N :;/‘;“;T“ rget (POT) POT for Validation POT to Extinction Monitor

SAM name © b beam/POT_validation.fcl
K
\Secondary|Primary
S
4

Job
B Truncated
i zul'; art i ZeTm ted.art ExtMonRegion ExtMon
fhicl file :Zlhmar"g‘:d:t S‘:; :ar:‘lré‘:c(m:s'::[e : sim.mu2e ExtMonRegion.art sim.mu2e ExtMon.art
oncatenate x1000/NThreads

Output Dataset

Primary Beam Splitting

Secondary beam/BeamSplitter.fel

Comment

concatenate x50000 concatenate 1000
v
Muon Beam Neutrals Electron Beam
[ sim.mu2e MuBeamCat.art sim.mu2e NeutralsCat art sim.mu2e EleBeamCat art
C O S m I C Muons at DS2 Everything leaving PS or TS not via DS2 Non-Muons at DS2
| |

sample 10+3

Cosmic

IKA Bi i
CORS] inary Generation Muon Beam Resampling

ileup/MuBeamResampler.fel
cosmic/CORSIKAlnput.txt pileup/MuBeamResampler.fc]

l concatenate x1000/NThreads

CORSIKA Binaries IPA Stops Target Stops
sim.mu2e.CORSIKA csk sim.mu2e.IPAStopsCat.art sim.mu2e. TargetStopsCat.art

l Fesample 10+37 Fesample 10+3

Cosmic Generation Target Stop Muon Splitting
cosmic/S1DSStopsCosmicX fcl, X = [CORSIKA, CRY, ...] pileup/MuonStopSelector.fcl

l Concatenate x10 foncatenate x1000 koncatenate x1000/NThreads
A

Cosmic Stops Mu- Target Stops Mut+ Target Stops
sim.mu2e.CosmicDSStopsX.art, X = [CORSIKA, CRY, .. 2 sim.mu2e MuminusTargetStopsCat.art prescale 1000 sim.mu2e Muplus TargetStopsCat.art

Fosample 10432 esample 10432

Primary

1 on Al to X = [Ce", Ce*, DIO Tail, Internal RPC, ...] ptoX=[P,D,Ny,ev] Neutrals Resampling Electron Beam Resampling
primary/X fcl, X = [CeMinus, CePlus, DIOTail, ...] pileup/MuStopPileup.fel pileup/NeutralsResampler.fel pileup/EleBeamResampler.fel

oncatenate x1000/NThreads

Cosmic Resampling

IPA p decay
primary/[PADecay.fcl

cosmic/S2Resampler.fcl

Muon BeamFlash Pileup NeutralsFlash Pileup Electron BeamFlash Pileup
dts.mu2e MuBeamFlashCat.art t > 250 ns Il t < 10 ns dts.mu2e NeutralsFlashCat artt > 250 ns Il t < 10 ns dts.mu2e EleBeamFlashCat.art t>250 ns Il t < 10 ns
dts.mu2e.EarlyMuBeamFlashCat.art prescale 30 dts.mu2e EarlyNeutralsFlashCat.art prescale 20 dts.mu2e EarlyEleBeamFlashCat.art prescale 1000

Cosmic Ray Primary IPA Muon Michel electron Target Muon Primary Target Muon Pileup
dts.mu2e X art, X = [CORSIKA, CRY, ...] 2 dts.mu2e.IPAMichele.art dts.mu2e X art, X =[CeMinus, CePlus, .. dts.mu2e.MuStopPileup.art

cosmic primary only OffSpill digitization
digitize/offspill.fcl

primary only OnSpill digitization
digitize/onspill.fcl

OnSpill Digis
dig.mu2e XDigiTriggered.art, X = [CeMinus, CosmicCORSIKA, ...]
dig.mu2e XDigiUntriggered.art, X = [CeMinus, CosmicCORSIKA, ...

OffSpill Digis
dig.mu2e.CosmicXOffSpill Triggered.art, X = [CORSIKA, Cry.
dig.mu2e.CosmicXOffSpilll i, art, X = [CORSIKA, Cry,

Mixed Digis
dig.mu2e XMixTriggered.art, X = [CeMinus, CosmicCORSIKA, ...
dig.mu2e XMixUntriggered.art, X = [CeMinus, CORSIKA, ...

]

OnSpill Reconstruction
reco/Reco fcl

Reconstructed Events (Tracks, CaloClusters, CRVClusters,
mes.mu2e.X.art, X = [CeMi Triggered, CosmicCORSIKA,

primary




Using POMS for job submission .

Sabvt Production The Production Operations Management System is a system that enables

aperat'ons automated jobs submission on distributed resources (the “grid”).
anagement

System

POMS provides a coherent way to fully exploit these resources and it is interfaced to three main
systems:

e Jobsub, for jobs management

e SAM, for data handling

e FIFEmon for monitoring

The system provides high flexibility in the job submission:
e |tis built around the concept of “campaign”, a combination of job stages that can run in
sequence or in parallel.
e Each stage can run a different executable and any number of bash commands before and
after the main executable.

e |tis possible to specify the dependencies of each stage: the submission of the stage jobs will
start automatically once the dependencies are satisfied (e.g. a previous stage completed
successfully.)

3¢ Fermilab
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From production workflow to POMS o 2

e Qur workflow is translated into a complex chain of POMS stages.

* We require each job to be exactly reproducible, with the exact same random seed and
same input files. A way to achieve this is to store a FCL file for each job we submit, which
allow us to easily re-run a single job, both on the grid and interactively.

* However, this becomes onerous for large campaigns, since it means storing hundreds of
thousands of small text files and keep track of which stage corresponds to which FCL files.

« POMS allows to automatically submit a sequence of stages: in our workflow, before
running N jobs, we run a single job which produces the N fcl files that are used as
input. Storing them to dCache is too slow for large campaigns: we store them in a
dedicated database and then declare them to SAM.

[pot_fcl}—> pot
/- N\

One single job where we run a script N jobs, where each one
that creates N FCL files and declares them to SAM takes as input a FCL file

3¢ Fermilab
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From production workflow to POMS

* So, in our POMS campaign we have generate_fcl stages, where we generate the FCL
files we need (one per job), and
iInstance of ari).

Workflow

Protons On Target (POT)
beam/POT.fel

Beam
sim.mu2e Beam art
Charged at DS2

concatenate x1000/NThreads

Beam Splitting
beam/BeamSplitter.fel

oncatenate x50000

Muon Beam
sim.mu2e MuBeamCat.art
Muons at DS2

sim.mu2e Truncated art
Fail G4Consistent

Beam

POT for Validation
beam/POT _validation fel

POT to Extinction Monitor
beam/POT_extmon fel

—— 7\

Truncated
mea ExtMonRegion

AN

concatenate X1000

Neutrals
sim.mu2e NeutralsCat art
Everything leaving PS or TS not via DS2

Electron Beam
sim.mu2e EleBeamCat.art
Non-Muons at DS2

L

resample 10+3

|

IPA Stops
sim.mu2e IPAStopsCat art

Mu- Target Stops
sim.mu2e MuminusTargetStopsCat art prescale 1000

Tesample 10437 sample 10437

oncatenate 10+47

Muon Beam Resampling
pileup/MuBeamResampler.fel

Target Stops
sim.mu2e TargetStopsCatart

‘Target Stop Muon Splitting
pileup/MuonStopSelector.fel
Concatenate x10 oncatenate x1000

Mus Target Stops
sim.mu2e MuplusTargetStopsCat art

Target Muon Pileup
dits.mu2e MuStopPileup art

Muon BeamFlash Pileup
dis mu2e MuBeamFlashCatart t> 250 s Il t < 10 ns
dis.mu2e EarlyMuBeamFlashCat art prescale 30

resample 10+37

koncatenate x1000/NThreads

Neutrals Resampling
pileup/NeutralsResampler.fel

NeutralsFlash Pileup
dis mu2e NeutralsFlashCatartt > 250 s Il < 10 ns
dts.mu2e EarlyNeutralsFlashCat.art prescale 20

resample 10+3

Electron Beam Resampling
pileup/EleBeamResamplerfel

Electron BeamFlash Pileup
dis mu2e EleBeamFlashCatart 1> 250 ns Il 1< 10 ns
dis.mu2e EarlyEleBeamFlashCat.art prescale 1000

10

beam+pileup

4 May 2022

stages, where we run the mu2e process (our

POMS campaign

-m ) (mustoppieup_cat)
(- roswton oo

‘mustoppileup
—,’ earlyelebeamflash_cat |
‘ elebeamflash_cat | ,
: ‘muonstops

,__» ipastops_cat "
R v

earlymubeamflash_cat

O S

@& =X
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11

Protons On Target (POT)
beam/POT.fcl

Beam
sim.mu2e.Beam.art
Charged at DS2

oncatenate X 1000/NThreads

Truncated
sim.mu2e.Truncated.art
Fail G4Consistent

Beam Splitting
beam/BeamSplitter.fcl

Muon Beam
sim.mu2e.MuBeamCat.art
Muons at DS2

\

‘concatenate x50000

Beam

POT to Extinction Monitor
beam/POT_extmon.fcl

POT for Validation
beam/POT _validation.fcl

ExtMonRegion ExtMon

sim.mu2e.ExtMonRegion.art sim.mu2e.ExtMon.art

concatenate x1000

v

Neutrals Electron Beam
sim.mu2e.EleBeamCat.art
Non-Muons at DS2

sim.mu2e.NeutralsCat.art
Everything leaving PS or TS not via DS2

resample 10+3

IPA Stops

sim.mu2e.IPAStopsCat.art

Mu- Target Stops

sim.mu2e.MuminusTargetStopsCat.art prescale 1000

Tesample 10+3? esample 10+3?

ptoX=[P,D,Nyy,ev]
pileup/MuStopPileup.fcl

oncatenate 10+4?

Target Muon Pileup
dts.mu2e MuStopPileup.art

4
Muon Beam Resampling

pileup/MuBeamResampler.fcl

concatenate x1000/NThreads

Target Stops
sim.mu2e.TargetStopsCat.art

Target Stop Muon Splitting
pileup/MuonStopSelector.fcl

oncatenate x 1000

concatenate x10

Mu+ Target Stops
sim.mu2e.MuplusTargetStopsCat.art

Muon BeamFlash Pileup
dts.mu2e MuBeamFlashCat.art t>250 ns Il t < 10 ns
dts.mu2e EarlyMuBeamFlashCat.art prescale 30

Pileup

N

concatenate x1000/NThreads

resample 10+3? resample 10+3

l
1
1
resample 10+4?

_- fegample 10+47

-~ r&sample 10742

A am Resampling
- -
- / amResampler.fcl
A5 S

e AL

oncatenate x1000/NThreads

n BeamFlash Pileup
SPFlashCat.art t>250ns Il t < 10 ns
BeamFlashCat.art prescale 1000




Primary production 2.

* The beam pileup production simulates the particles created by the beam spill, divided
Into three main streams: muons, neutrons, electrons.

* A Mu2e event is very busy: the muon beam impinging on the conversion target
produces prompt backgrounds that need to be overlaid with the primary particle we
want to simulate (e.g. a conversion electron or decay-in-orbit electron).

* This is done in the “primary” part of the campaign, which also performs detector
simulation (“digitization”) and reconstruction.

Signal electron + background hits

3¢ Fermilab
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Cosmic production

13

Being Mu2e placed just below surface, the detector is
constantly hit by cosmic rays, which represent the largest
experimental background.

In order to suppress this background, the solenoids are
surrounded by a Cosmic Ray Veto (CRYV).

Simulating this background is extremely important to be
able to estimate the sensitivity of the experiment and
develop calibration and alignment algorithms.

We've been using CRY in the past and we’re now moving
to CORSIKA, which provides a more accurate simulation.

In order to produce the sky-time needed, we first submit a
grid stage where we run the CORSIKA executable and
perform the Geant4 simulation until the detector solenoid
(DS)

The events are then re-used N times as input for the
second step of the simulation (from the DS border
onwards).

4 May 2022 Stefano Roberto Soleti - HSF Frameworks WG Meeting

Cosmic

CORSIKA Binary Generation

l

CORSIKA Binaries
sim.mu2e.CORSIKA .csk

l

Cosmic Generation

l

Cosmic Stops
sim.mu2e.CosmicDSStopsX.art, X = [CORSIKA, CRY, ...]

\

Cosmic Resampling

cosmic/S2Resampler.fcl

\

Cosmic Ray Primary
dts.mu2e.X.art, X = [CORSIKA, CRY, ...]

/

2% Fermilab



Multi-threading 2.

14

We use multi-threading for simulation stages where we run Geant4.

Our Geant4 code (“Mu2eG4”) has a large static memory footprint: (1950 + N * 65) MiB
where N is the number of threads.

Using N > 1 allows to free memory for other jobs: memory mitigation.

However, If you request a grid job with > 1 CPU then it may wait longerto match to a
slot on the grid. We are being conservative, using only 2 threads per job.

Wall CPU Efficiency Wall CPU Efficiency /Sequential
Sequential 1:41:36 1:37:47 96.2% 2:49:51 2:47:37 98.7% 100.0%
1:45:03 3:20:43 95.5% 3:21:59 6:15:01 92.8% 103.4%
1:48:19 6:49:04 94.4% 3:26:22 12:51:19 93.4% 106.6%
2:11:42 12:32:32 95.2% 3:35:52 20:32:10 95.1% 125.4%
2:04:46 15:38:18 94.0% 4:00:22 29:49:35 93.1% 115.2%

c o K~ DN
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ROOT usage
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e The outputs of each stage are stored in

the art-ROOT format. The art objects we
store in the output file can be very
complex: treating them as normal TTrees
to try to analyze the data quickly becomes
unfeasible.

The user has the option of writing their
own art analyzer and save the information
they need in simpler TTrees or directly into
histograms.

We also provide a “standard” analyzer
called TrkAna which creates a TTree with
several key information (reconstructed
momentum, t0, track hits, etc.) and can be
used to make quick comparisons or last-
mile analyses.

4 May 2022

M Mu
(e

Browser ‘ File Edit View Options Tools Help
Files | Canvas_1 (X] | Editor 1 [
%* ? @ Draw 00“0"3 ' mu2e:KalSeeds_KFFDeM__recomcdigistrig.obj._chit._t0._t0
E] __JEvents 1 “ htemp
- A EventAuxiliary il | 2200 Entries 30848
- art::TriggerResults_TriggerResults__ CeEndp« Mean  905.2
- i &Imu2e::CaloClustermu2e::CaloClusterMCvoide 2000 StdDev  403.7
EI Hlmu2e::KalSeedmu2e::KalSeedMCvoidart::As =
- i #art::TriggerResults_TriggerResults__recomed 1800
i #mu2e::SimParticlemv_compressRecoMCs__re
Z’;mu2e::EventWmdowMarker_SelectReooMC_ 1600
- i #Imu2e::IndexMap_SelectRecoMC_CaloDigiMa
- i &mu2e::IndexMap_SelectRecoMC_CrvDigiMap 1400
- i &mu2e::IndexMap_SelectRecoMC_StrawDigiM
- i &mu2e::PrimaryParticle_compressRecoMCs__t ’ 1200
- - Almu2e::ProtonBunchintensity_SelectRecoMC_ | B
- - Almu2e::RecoCount_SelectRecoMC__recomedi |
-~ Amu2e::CaloCrystalHitart::Ptrmu2e::CaloCrysti || gook
- - Amu2e::SimParticleart::Ptrdoublestd::map_con |
»»ﬁmu2e::SimPanicIeart::Ptrdoublestd::map_oon N 600}
»zﬂmu2e::SimParticIeart::Ptrdoublestd::map_oon
- i #mu2e::StrawHitFlagDetailmu2e::BitMaps_Sel 400}
- i &mu2e::CaloClusters_CaloClusterFromProtoCl
- v #mu2e::CaloClusterMCs_SelectRecoMC__recc 200f-
#mu2e::CaloClusterMCs_compressRecoMCs__ R AT A
v-&mu2e::CaIoCry§talHits_SelectReooMC__ret?o co 200 400 600 800 1000 1200 1400 1600 1800
”ﬁ"“‘293:g‘:ngg's_ase'e‘g::‘e?Mcs—lfe‘:‘F"mw: mu2e::KalSeeds_KFFDeM__recomcdigistrig.obj._chit._t0._t
- i &mu2e::CrvCoincidenceClusters_SelectRecoM
- i #Imu2e::CrvCoincidenceClusterMCs_compressF R0 v
- i #Imu2e::CrvDigis_SelectRecoMC__recomedigis Command ‘
- - 4mu2e::CrvDigiMCs_compressRecoMCs__reco _ | Command (local): [ i
< i I >
Filter: | All Files (*.") -
S | 4
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ROOT usage
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e The outputs of each stage are stored in

the art-ROOT format. The art objects we
store in the output file can be very
complex: treating them as normal TTrees
to try to analyze the data quickly becomes
unfeasible.

The user has the option of writing their
own art analyzer and save the information
they need in simpler TTrees or directly into
histograms.

We also provide a “standard” analyzer
called TrkAna which creates a TTree with
several key information (reconstructed
momentum, t0, track hits, etc.) and can be
used to make quick comparisons or last-
mile analyses.
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M Mu
(e

Browser ‘ File Edit View Options Tools Help
Files | Canvas_1 (X] | Editor 1 [
%* ? @ Draw 00“0"3 ' mu2e:KalSeeds_KFFDeM__recomcdigistrig.obj._chit._t0._t0
E] __JEvents 1 “ htemp
- A EventAuxiliary il | 2200 Entries 30848
- art::TriggerResults_TriggerResults__ CeEndp« Mean  905.2
- i &Imu2e::CaloClustermu2e::CaloClusterMCvoide 2000 StdDev  403.7
EI Hlmu2e::KalSeedmu2e::KalSeedMCvoidart::As =
- i #art::TriggerResults_TriggerResults__recomed 1800
i #mu2e::SimParticlemv_compressRecoMCs__re
Z’;mu2e::EventWmdowMarker_SelectReooMC_ 1600
- i #Imu2e::IndexMap_SelectRecoMC_CaloDigiMa
- i &mu2e::IndexMap_SelectRecoMC_CrvDigiMap 1400
- i &mu2e::IndexMap_SelectRecoMC_StrawDigiM
- i &mu2e::PrimaryParticle_compressRecoMCs__t ’ 1200
- - Almu2e::ProtonBunchintensity_SelectRecoMC_ | B
- - Almu2e::RecoCount_SelectRecoMC__recomedi |
-~ Amu2e::CaloCrystalHitart::Ptrmu2e::CaloCrysti || gook
- - Amu2e::SimParticleart::Ptrdoublestd::map_con |
»»ﬁmu2e::SimPanicIeart::Ptrdoublestd::map_oon N 600}
»zﬂmu2e::SimParticIeart::Ptrdoublestd::map_oon
- i #mu2e::StrawHitFlagDetailmu2e::BitMaps_Sel 400}
- i &mu2e::CaloClusters_CaloClusterFromProtoCl
- v #mu2e::CaloClusterMCs_SelectRecoMC__recc 200f-
#mu2e::CaloClusterMCs_compressRecoMCs__ R AT A
v-&mu2e::CaIoCry§talHits_SelectReooMC__ret?o co 200 400 600 800 1000 1200 1400 1600 1800
”ﬁ"“‘293:g‘:ngg's_ase'e‘g::‘e?Mcs—lfe‘:‘F"mw: mu2e::KalSeeds_KFFDeM__recomcdigistrig.obj._chit._t0._t
- i &mu2e::CrvCoincidenceClusters_SelectRecoM
- i #Imu2e::CrvCoincidenceClusterMCs_compressF R0 v
- i #Imu2e::CrvDigis_SelectRecoMC__recomedigis Command ‘
- - 4mu2e::CrvDigiMCs_compressRecoMCs__reco _ | Command (local): [ i
< i I >
Filter: | All Files (*.") -
S | 4
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TrkAna

 The TrkAna output consists of a TTree that can be easily read both through ROOT macro and
dedicated Python libraries (e.g. uproot).

e This makes easier to prototype and develop ML algorithms with popular Python libraries
(TensorFlow, scikit-learn).

. import uproot Browser ‘Eile Edit View Options Tools Help
import matplotlib.pyplot as plt Files | Canvas_1 @‘ Editor 1 ||
24 % [ Draw Option: - deent.mom
: file_ce = uproot.open("trkana.root") ["TrkAnaNeg"] ["trkana"] — hi
ce = file_ce.arrays(filter_name="deent") = TrkAnaNeg;1 - C Entries 97700
¢ [@-#%|trkana;18 103.8
- Mlevtinfo. H 1425
[3]: fig, ax = plt.subplots(1,1) 1 L hent.
_=ax. hist(ce["deent"] ["mom"] , binS=6@, range=(95, 110)) &ltcnt
ax.set_yscale("log") L Mde
. =-ldeent
0 imonm
10 3 - 3% momerr .
R
o ew |
10° 3 - Fkom
R
R -
ot é—-m-%dOerr e e e e e e o
- s poerr
- Ixomer ——— -
10! ; %{ z0err Command |
3 z n:cii:rr - Command (local): | E|
9% 9% 100 102 104 106 108 110 < !l | ’
Filter: | All Files (*.*) -]

3¢ Fermilab
17 4 May 2022 Stefano Roberto Soleti - HSF Frameworks WG Meeting



PyWrap o

e In some cases, it would be helpful to use a piece of C++ Offline code in a Python script. A
good example is importing the enums from Offline into a Python analysis routine, so numbers

recorded in an ntuple could be interpreted.

e The wrappers are implemented using swig. This open-source package can interpret a C++
class header file and produce a piece of C++ code with hooks into the class, and piece of
Python code which can use the hooks to present the C++ class to the user as a Python class.

* To create a wrapper, there must be a file, pywrap. 1 in the src directory where the source
class is created. The content of this file is a bit abstruse, and in order to try to reproduce the

features of C++ in Python, it can get complicated.

import MCDataProducts
gid = MCDataProducts.GenId()

gid.name(1)

particleGun

2= Fermilab
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http://www.swig.org/Doc4.0/SWIGDocumentation.html#SWIGPlus_nn2

