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Ecal calorimeter overview

2

From DUNE-It last year



Ecal signal reconstruction workflow

• Modules segmented in 5 layers w/ cells of 
4.4 x 4.4 cm2: 4880 readout channels

• The coordinate along the barrel x(y)  
is extracted from the time difference 
between signals at the two ends, z(x) and 
y(z) are derived from the geometrical 
center of the fired cell  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Reconstruction of the signal position 
and time

I) Monte Carlo simulation [edep-sim]  
 
with MC deposited energy hits,  

 from Poisson ( ) 
arrival time [ns] 

 

II) Ecal digitisation [ADC, TDC] 
 
from photoelectrons generating the (hit) 
signal we build digitised photo-signals for 
each cell-side (A,B): ADC and TDC  
DAQ digits stored into a ROOT TTree

III) Ecal clustering  
 
for each event a cluster cointaining all the 
fired cells w/ non-null photo-signal is 
created and stored into a ROOT TTree 

Npe μe = dE ⋅ Epe ⋅ Al

tpe = tcross + tdecay +
d1,2

vph
+ Gauss(1ns)



Ecal reconstruction: clustering

Cluster of cells are built up followind these criteria:

• Pre-clustering 
Cells geometrically nearby are merged together

• Splitting  
Pre-clusters are divided in time quadrants  
relying on time spread 

• Merging  
Re-join together clusters with distance < 30 cm 
and time difference < 2.5 ns

Both complete (PMTs on side A,B measure a signal) 
and incomplete (single photo-signal) cells are used  
to generate clusters.
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Ecal reconstruction: association cluster/MC
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Twofold target: 



Ecal reconstruction: association cluster/MC
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• Reconstructed cluster:

• Energy, position, time

• Collection of cells

• Monte Carlo information on the event:

• Hits with deposited energy

• Particle trajectories

• Match information from reco & MC with backtracking: 
build a true cluster with all generators, i.e. cluster cells 
where multiple true particles contribute to E deposition

• True particle: 
Track-id/PDG, , first point in the cluster

   Method: all trajectories with hits are checked to find if  
   they have (trajectory) points entering the reco cluster   

⃗p0



Ecal reconstruction: clustering validation
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Validation of the clustering step with MC backtracking  
comparing true and reco cluster coordinates and energy  

SAND center: (0.0, -2384.73, 23910.0)mm

Sample:  electrons generated in the 
SAND center and near barrel module with 

isotropic initial angle and  GeV.

3 ⋅ 104

E ∈ [0.001,6]

Sample:  muons generated in the 
SAND center with isotropic initial angle 

and  GeV.

3 ⋅ 104

E ∈ [0.001,6]



Ecal reconstruction: preliminary results on calibration 

• Sample of electrons from the vertex from   interactions in the SAND 
tracker volume with  distributed according to the beam spectrum

30k νe
Eν
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Preliminary!

Esim

True initial particle  
energy from MC  
as a function of 

Eactive  
Reconstructed  
(cluster) energy 

from the deposition  
in the active material 

Preliminary results are compatible with expectations from KLOE



Ecal reconstruction: software infrastructure status

• All the sand reco branches containing development on:

• Geometry and SANDGeoManager

• Digitization

• Clustering

   are now merged in develop (see Pull Request)

• Full Ecal simulation/reconstruction chain including  
edep-sim, digitization, clustering, MC/cluster association available in sand reco

• Clustering tested and validated 

• First version of CAF files (see next slide) for calorimeter (& tracker) is ready

• Analyses for PID (  separation with ML techniques) and neutron detection e/π
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https://github.com/DUNE/sandreco/pull/75


Ecal reconstruction: CAF files & integration within ND

• Common Analysis Files (CAFs) to be used  
for DUNE analyses involving all ND detectors

• sand-reco variables filled and validated  
for (Ecal) cluster and to be tested for  
(STT Tracker) track - PR (merge) in progress

• Event (  candidate) info (interaction vertex,  
hierarchy of reco particles, …) work in progress

• Temporary workaround to ND CAF maker to handle SAND: 
standardized solution as the next step in sandreco

ν
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sandreco reconstruction flowchart 

Pull request (merge) in progress
Implementation in progress



Ecal reconstruction for physics-driven analysis: PID
• Idea: use Ecal + tracker reconstruction to implement a ML-based 

approach to do particle identification, tests in particular for  
separation

• Sample: 30k  with beam energy spectrum, 
interacting in the STT

• Candidate event selection:

• one generator/cluster

• generator primary particles:  with  as parent

• reconstructed variables from Ecal clustering  
(cluster energy, Ncells, …)

• MC + (4%) smearing variables (momentum)  
from the tracker

• Input variables used for the classification: 
 

ratio , Ncells w/ signal for each Ecal layer, … 

e/π

νe

e±, π± νe

Ecluster

pgen, MC
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Ecal reconstruction for physics-driven analysis: PID
Preliminary results extracted testing some ML algorithms
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• Use CCQE interactions on H to extract flux measurements [1] 
 

as  interactions are expected to be perfectly balanced on the transverse plane

• Once  is fully reconstructed (vertex, )  
neutron energy can be derived from 
 

 

 

as        

    and neutron is tagged from its ToF to the Ecal calorimeter 
 
     where we assume a the trajectory is a straight line vtx - first point with Edep in Ecal (no int in tracker)

    

ν̄μ + p → μ+ + n
ν̄μ

μ+ p⃗, E

Ereco
ν̄ =

M2
n − m2

μ − M2
p + 2MpEreco

μ

2 (Mp − Ereco
μ + preco

μ cos θμ
reco)

Epred
n = Ereco

ν̄ + Mn − Ereco
μ → βpred

n =
ppred

n

Epred
n

t =
s

vpred
n

[1] Nνμ
ND(preco) = ∑

i

Φνμ
(Etrue) ⋅ σi

νμ
(ptrue) ⋅ ϵνμ

(ptrue) ⋅ Ri(ptrue; preco)

Ecal reconstruction for physics-driven analyses
Flux measurement w/ CCQE interactions 
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Ecal reconstruction for physics-driven analyses  
Evaluation of neutron detection efficiency - work in progress
• First step towards the analysis: evaluation of visible neutron tagging efficiency with Ecal  

and kinematic considerations on signal/background 

Sample of   interactions in SAND tracker volume (  PoT) 
with a single neutron to select interactions on Hydrogen  
 

Efficiency w/o energy threshold and fiber attenuation as  

Efficiency w/ 0.08 MeV (  2.5 pe) threshold given by 

Idea: select CCQE only where  is properly reco (thus neutron) 
and the cluster w/ primary neutron as generator, extract the  
space/time distance between reco cell and predicted hit position: 
any deviation from a straight line is potentially a means to 
discriminate between signal and background (e.g. neutron 
interacting before reaching the calorimeter, not on Hydrogen) 
Optimising cut in  to maximize bkg rejection

3 ⋅ 104 ν̄μ 1.43 × 1020

ϵECal
n,≥1hit =

Nn ( ≥ 1hit)
Nn (produced)

≡ ϵECal
n,cluster =

Nn ( ≥ 1 hit, clu)
Nn ( ≥ Emin, clu)

μ

Δr, Δt
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x0

⃗xcell, tcell

⃗strue

dcell − pred

rpred



Ecal reconstruction: ongoing/next steps 

• Software for the Ecal-based event reconstruction w/ MC info for PID is now part 
of sand reco legacy: PR approved, further tests post-PR-merge are necessary 

• Current analyses lead by D. Casazza and R. D’Amico (see earlier presentation) 
based on Ecal and ongoing within the sim/reco and calibration working groups 
rely on the original code that was later included in sand reco - tests & validation 
checks are foreseen when sandreco legacy software will be frozen

• CAF files: Pull Request merge is in progress as part of the continuous effort to 
integrate SAND sim/reco software in ND shared software infrastructure 
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Back-up slides
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