
Simulations and Analyses

Matteo Tenti

Meeting Annuale della Collaborazione Nazionale di DUNE

07/11/2022



Mailing lists & Meetings

• Mailing lists:

- DUNE-ND-SAND-PHYSICS@FNAL.GOV

- DUNE-ND-SAND-SOFTWARE@FNAL.GOV

• Meetings:

- Friday at 14.15 [Weekly]

- Wednesday at 15:00 [Bi-Weekly]

03/11/2022 M. Tenti - Simulazione e Analisi2

mailto:DUNE-ND-SAND-PHYSICS@FNAL.GOV
mailto:DUNE-ND-SAND-SOFTWARE@FNAL.GOV


Repositories

• github.com/DUNE/dunendggd:

geometry repository

• baltig.infn.it/dune: 

simulation, reconstruction and analysis tools

• github.com/DUNE/ND_Production

ND «official production»

• github.com/DUNE/ND_CAFMaker

CAF maker
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https://github.com/DUNE/dunendggd
https://baltig.infn.it/dune/
https://github.com/DUNE/ND_Production
https://github.com/DUNE/ND_CAFMaker


Geometry
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github.com/DUNE/dunendggd

https://github.com/DUNE/dunendggd


Baltig: overview
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baltig.infn.it/dune

https://baltig.infn.it/dune


Baltig: overview
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baltig.infn.it/dune

Digitization and 
Reconstruction

https://baltig.infn.it/dune


Baltig: overview
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baltig.infn.it/dune

https://baltig.infn.it/dune


Baltig: overview
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baltig.infn.it/dune

Kalman Filter

https://baltig.infn.it/dune


Baltig: overview
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baltig.infn.it/dune

Scripts for MC 
production

https://baltig.infn.it/dune


Baltig: overview
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baltig.infn.it/dune

FastReco

https://baltig.infn.it/dune


Baltig: overview
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baltig.infn.it/dune

sand-reco
continuous
integration

https://baltig.infn.it/dune


Baltig: overview
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baltig.infn.it/dune

ECAL clustering
validation

https://baltig.infn.it/dune


Baltig: overview
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baltig.infn.it/dune

Simple neutrino 
event generator

https://baltig.infn.it/dune


Baltig: overview
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baltig.infn.it/dune

FLUKA-to-edepsim
converter

https://baltig.infn.it/dune


Baltig: GRAIN sim/reco 
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baltig.infn.it/dune

https://baltig.infn.it/dune


Baltig: analyses
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baltig.infn.it/dune

https://baltig.infn.it/dune


ND sim/reco «official ND production»

• Infrastructure for production chain:

- Event generator, detector responce simulation, 

digitization, reconstruction
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CAF Maker
• Common Analysis File
• Event Summary
• Input for Analyses
• SAND CAF implemented
• Content to be defined



Reconstruction Chain: Full
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EDEP-SIM SAND-RECO SAND-RECO ND_CAFMaker

detector 
response

simulation
digitization reconstruction

(currently not full)

event 
summary
builder

T2K_ROOTRACKER 

FILE FROM GENIE

GDML 

GEOMETRY 

FROM 

DUNENDGGD

DIGITSEDEP-SIM FORMAT
RECO OBJECTS:

TRACKS, CLUSTERS, 

VERTEX

SAND CAF 

FORMAT

input 
for the 

analyses

SAND Products

Executable/Algorithm

Formats

Ref.
GENIE Manual

Ref.
EDEP-SIM output

Ref.
sand-reco wiki

Ref.
sand-reco wiki

Ref.
ND_CAFMaker repo

https://genie-docdb.pp.rl.ac.uk/DocDB/0000/000002/007/man.pdf
https://indico.cern.ch/event/687511/contributions/2822503/attachments/1574001/2484800/Edep-sim_output.pdf
https://baltig.infn.it/dune/sand-reco/-/wikis/Data-Model
https://baltig.infn.it/dune/sand-reco/-/wikis/Data-Model
https://github.com/DUNE/ND_CAFMaker


Reconstruction Chain: Fast

03/11/2022 M. Tenti - Simulazione e Analisi20

EDEP-SIM FAST-RECO CAF_MAKER

detector 
response

simulation
digitization reconstruction

event 
summary
builder

T2K_ROOTRACKER 

FILE FROM GENIE

GDML 

GEOMETRY 

FROM 

DUNENDGGD

EDEP-SIM FORMAT
RECO OBJECTS:

TRACKS, CLUSTERS, 

VERTEX

SAND CAF 

FORMAT

input 
for the 

analyses

SAND Products

Executable/Algorithm

Formats

Ref.
GENIE Manual

Ref.
EDEP-SIM output

Ref.
sand-reco wiki

Ref.
sand-reco wiki

https://genie-docdb.pp.rl.ac.uk/DocDB/0000/000002/007/man.pdf
https://indico.cern.ch/event/687511/contributions/2822503/attachments/1574001/2484800/Edep-sim_output.pdf
https://baltig.infn.it/dune/sand-reco/-/wikis/Data-Model
https://baltig.infn.it/dune/sand-reco/-/wikis/Data-Model


FAST-RECO
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• Parameterized

reconstruction

• Repository: 

baltig.infn.it/dune/FastReco

• Last commit: 10/05/2022

• Input: edep-sim format

• Output: tracks

• Only primary particles

• Straw Tube threshold: 250 eV

• ECAL Cell threshold: 100 keV

• Visible track: digits > 4

• Pattern recognition by MC truth

• Particle ID by MC truth

• Charged particles’ momentum: 

Gluckstern formula based on 

number of STT digits

• Gammas’ energy: 
5.6%

𝐸/𝐺𝑒𝑉
on visible energy in ECAL

• Neutrons’ energy: TOF

https://baltig.infn.it/dune/FastReco


SAND-RECO

• STT and ECAL Digitization

• STT tracks and ECAL clusters Reconstruction

• Repository: baltig.infn.it/dune/sand-reco

• Last commit: 26/10/2022
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https://baltig.infn.it/dune/sand-reco


SAND-RECO Digitization
• Input: edep-sim format

• Output: STT digits + ECAL digits

• Simulation of detector response: 

- ECAL: light yield, scintillation decay time, attenuation, propagation

to PMT

- Straw Tube: drift towards wire, signal propagation along wire

• Digitization:
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ECAL Cell:
2.5 pe threshold
TDC: 2 options (fixed threshold

or costant fraction)
ADC: equals to sum of pe
Integration window: 30 ns

Straw Tube:
No threshold
TDC: arrival time of the earliest signal

at wire end + smearing
ADC: equals to total energy deposit
Integration window: 200 ns

https://baltig.infn.it/dune/sand-reco/-/wikis/Data-Model#stt
https://baltig.infn.it/dune/sand-reco/-/wikis/Data-Model#em-calorimeter


SAND-RECO Reconstruction
• Input: edep-sim format

• Output: reco objects
(i.e. STT tracks and ECAL clusters)

• STT Track:

- Pattern recognition: 2 options w/ or w/o using MC truth

- Particle momentum: circular fit in YZ + 
linear fit on trandformed ZX coord.

- Particle ID by MC truth

• ECAL Cluster:

- Pattern recognition: MC truth

- Direction, position and «size» based on energy deposit in cells

- Energy equals to sum of cells’ energy
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https://baltig.infn.it/dune/sand-reco/-/wikis/Data-Model#stt
https://baltig.infn.it/dune/sand-reco/-/wikis/Data-Model#em-calorimeter


Analyses
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• Detector performances:

- Muon charge mis-ID

- Muon and electron 

momentum resolution

- Neutrino energy

- Neutron detection efficiency

• External background rejection

• Beam monitoring

• 𝜈 − 𝐻 interaction:

- Relative and absolute fluxes

- Nuclear smearing in Ar

• 𝜈 − 𝑒 Interaction

• Ar Cross Section

• GRAIN physics case

• … 

• See: docdb-13262

https://docs.dunescience.org/cgi-bin/private/ShowDocument?docid=13262


What is missing?
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To Do: Geometry
• Implement a realistic design for ECAL endcaps

• Implement a SAND «geometry manager»
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Roma1 & Bologna



To Do: Digitization

• Implement Trigger or Full Spill Acquisition

- Discussion with DAQ WG

• Implement time reference

- Discussion with DAQ WG

• Define details of subdetector DAQ

- Discussion with DAQ WG
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WHO?



To Do: Full Event Reconstruction

• Event Builder

• STT Kalman Filter

• ECAL Clustering

• GRAIN + STT+ ECAL matching

• Particle ID: 

- e- ID in ECAL

- / separation:
need for downstream  catcher?

• Vertexing

• Integration with PANDORA

• Event classification

• Neutrino Energy Reconstruction

• Event Display

• …
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WHO?



To Do: CAF 

• Currently only basic info:

- i.e. E𝜈, El, lepton PDG, event class

• Define content:

- input from analyses
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Genova



To Do: ND Sim/Reco Integration
• Currently SAND is integrated into ND Sim/Reco production 

chain up to edep-sim step

• Finalize integration of the SAND reconstruction chain into ND 

Sim/Reco production chain
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WHO?

https://github.com/DUNE/ND_Production
https://github.com/DUNE/ND_Production


To Do: Analyses

• Produce analyses we claimed we can perform: 

see docdb-13262

• Use CAF as input for the analyses

- Update old analyses

• Share codes through our repositories

• Setup automatic end-to-end chain from 

MC production to analysis result
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WHO?

https://docs.dunescience.org/cgi-bin/private/ShowDocument?docid=13262


Conclusions
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We have done a lot of work:

• A detector geometry

• A detailed digitization and a 

working reconstruction

• A fast reconstruction

• Detector performance studies

• Several physics analyses

We have a lot of work in front of us

• More realistic detector geometry

and digitization

• Full event reconstruction

• SAND CAF

• Physics studies we

claimed to be able to do

• Integration with ND sim/reco

• Full analysis chain



Conclusions
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Backup
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Fast Reconstruction
• Based on full detector simulation edep-sim (GEANT4)

• Treat events originating in different detector region differently

• Algorithm depends on specific analysis considered 

• Single-particle smearing based on dedicated 

analysis/reconstruction

yes yes
no

36 M. Tenti - SAND bi-weekly meeting



Fast Reconstruction in STT
• Charged particles: Check number of Y hit in STT:

- N(Y) < 4 (6)              Stop. No smearing.

- N(Y) >= 4 (6)            Smear it.

• Charged particles: Momentum and angle smearing:

- Gluckstern formula:

• Based on track length, N(y), B, X0, single hit resolution.

- Circular fitting and linear fitting

• Need smeared position of every hit

• Neutral particles: Check its decay products:

- Charged

- Neutral 
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Neutral Particles Reconstruction
• 𝜋0 → 2𝛾 or 𝜋0 → 𝛾 + 𝑒−𝑒+

- Reconstruct each daughter particle’s momentum separately then summing up.

• 𝛾: 𝑒−𝑒+ pair in STT or e.m. shower in ECAL.  

- Convert in STT: Reconstruct 𝑒−𝑒+ track  in STT 

- Convert in ECAL: find calibrated energy deposition of the e.m. shower

• Smear earliest hit position by its resolution, connecting with vertex gives momentum 
direction

• Neutron: hits/cells detached from primary vertex. 

- Interaction in STT: connecting first hit (smeared) to vertex (or first hit for single 
track) gives direction, reconstructing the daughter tracks gives momentum.

- Interaction in ECAL: detached cells are used to define neutral clusters, calibrated 
energy deposition in the cluster is summed up, connecting earliest cell to the 
vertex (or first hit for single track) gives momentum direction.

- Neutron energy in CC: time-of-flight from smeared timing at primary vertex (or first 
hit) and earliest hit of detected neutron candidate and reconstructed direction. 

- Neutron energy in CC on Hydrogen: calculated analytically from  energy-
momentum conservation.
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