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ECAL Calibration with muons  
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ECAL Calibration with muons  
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Other  MiP sources → Muons from neutrino interactions 
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Neutrino production  
           interacting in the rock and in 
the SAND volume

Removed TMS and NDLAr from the 
geometry (a conservative choice
since they will also operate off-axis)

νμ

4k Files of 250 events each.
Each file equals to 7~8 x 10^13 POT (~1 spill) → 4k Spills ~ 1.3h of DataTaking.

Selecting events with at least 1 muon cluster in ECal.

                                                                                                                                          

hBy
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Cluster topology selection cuts 
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Energy Calibration:         interacting in the rock 
and in the SAND volume

Golden MiP: Cluster of cells in 1 straight column
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No Cuts 
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Clusters with at least 3 Cells in the same column
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All cells grouped togheter → Monte Carlo cells 
are the same by construction.

These histograms must be obtained for each 
single cell. 
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νμ106
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Energy Calibration:
 Simulation Real Data from Cosmic Ray 

Stand at LNF on Barrel 5
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 Golden MIP

No Cut

 Golden MIP

No Cut

See previous talk on the 
ECAL barrel Test Stand 

https://agenda.infn.it/event/48150/contributions/279221/


        interacting in the rock 
and in the SAND volume

Without cuts the 
barrel histogram 
is mostly uniform
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The cell distribution for each different 
selection varies. Golden MiPs can be found 
mostly only in the barrels along the beam 
direction and in endcap 1 (on the negative x) 
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Energy Calibration: Barrel Cell Distribution 

Golden MIPs: Cluster of cells in 1 straight column
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No Cuts 
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Clusters with at least 3 Cells in the same column
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νμ106



        interacting in the rock 
and in the SAND volume
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The cell distribution for each different cuts 
varies a lot. Golden MiPs an be found mostly 
only in the barrels along the beam direction 
and in endcap 1 (on the negative x) 
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Energy Calibration: Endcap 0 Cell Distribution 

Golden MIPs: Cluster of cells in 1 straight column

   NONE
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No Cuts 
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Clusters with at least 3 Cells in the same column
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For endcap 0 no single column found. 

                                                
                                                
                                          

hBy

νμ106



        interacting in the rock 
and in the SAND volume
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The cell distribution for each different cuts 
varies a lot. Golden MiPs an be found mostly 
only in the barrels along the beam direction 
and in endcap 1 (on the negative x) 
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Energy Calibration: Endcap 1 Cell Distribution 

Golden MIPs: Cluster of cells in 1 straight column
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No Cuts 
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Clusters with at least 3 Cells in the same column
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For endcap 1 some clusters of Golden MiPs are found.
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νμ106
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For each selected cut an histogram has been obtained for each cell.
A RooFit Script fits each cell histograms and saves the canvas, fit result and histogram in a 
new file. Another script organizes all histograms canvases and fit results in a rootfile, divided by 
detector ID and module ID in different folders.
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Energy Calibration: Single Cells Histograms & 
Fit 
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νμ106        interacting in the rock 
and in the SAND volume



Some Results → Barrel Module 17, Layer 1, cell 5.
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Energy Calibration: Single Cells Histograms & 
Fit 

No Cut.
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3Cell in 1 Column Cut.

                                  
                                  
                                  
                                  

  

hBy

Golden Mip.
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νμ106        interacting in the rock 
and in the SAND volume



One can appreciate the increase of the MPV in layer 5 due to the increased thickness.
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Some Results → Barrel Module 17 Summay MPV.
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Energy Calibration: Single Cells Histograms & 
Fit 
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νμ106        interacting in the rock 
and in the SAND volume
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ECAL Calibration with muons  
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Time Calibration:

Straight Track Study

t0 Δ t0

PMTs tdc difference
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ECAL Calibration with muons  
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Time Calibration:

Δ t0

PMTs tdc difference
No cluster topology cuts 

applied

2L /v

νμ106        interacting in the rock and in the SAND volume
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Track Selection Method.

● Selecting events with at least 2 muon clusters;

● Selecting cells only from the 2 muon clusters.

● Using Monte Carlo Tracks to establish if the 
track is straight or not.

● At least 10 cells in the selection;

                                                             
                                                             
                

hBy

Time Calibration:

For each selected cell in an event it is saved in 
a vector the x, y and z position, the 
reconstructed time, reconstructed energy and 
id. 

                                                               
                                                               
            

hBy

MC track
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Time Calibration methodology:

● Select straight tracks that connect 
different parts of the ECAL;

● Linear fit on the cluster positions and on 
time vs z;

● Accumulate residuals for each cell → 
the center of the distribution yields 

                                                 
                                                 
                                        

hBy

t 0

νμ106        interacting in the rock 
and in the SAND volume
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Track Selection Method.

● Selecting events with at least 2 muon clusters;

● Selecting cells only from the 2 muon clusters.

● Using Monte Carlo Tracks to establish if the 
track is straight or not.

● At least 10 cells in the selection;

                                                             
                                                             
                

hBy

Time Calibration:

For each selected cell in an event it is saved the x, y and z position, the reconstructed time, 
reconstructed energy and id. A linear fit on the cell positions fixes the direciton in z.

                                                                                                                                       
   

hBy

Cluster positions
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Time Calibration methodology:

● Select straight tracks that connect 
different parts of the ECAL;

● Linear fit on the cluster positions and on 
time vs z;

● Accumulate residuals for each cell → 
the center of the distribution yields 
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t 0

νμ106        interacting in the rock 
and in the SAND volume.
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The cell distribution for selected tracks is as 
we expect, due to the straightness constraint 
the most populated cells are the ones on the 
direction of the beam. Modules 0,23 and 
11,12
and the endcaps have low statistic. 
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Time Calibration: Cell Distribution 

Barrel 
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Endcap 0 
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Endcap 1 

               
               
               
               
               
               
               
               
               
   

hBy

11/11/2025                 DUNE Italia

νμ106        interacting in the rock 
and in the SAND volume
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Time Calibration:

A linear fit is performed in t vs z.

The residuals of each point (=cell) from 
the fitted line are saved in an 
histogram for each cell ID. 

                                                
                                                
                                          

hBy

z [mm]

t [
ns

]
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Barrel Module 18, Layer 1, cell 10.

● The residual histogram for each cell is 
fitted with a gaussian; 

● Use the average to correct the cell    ; 

● Iterate the procedure to minimize the 
residuals;

                                                
                                                
                                          

hBy

t 0

νμ106        interacting in the rock 
and in the SAND volume
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The results are stored in the same rootfile as before, in a separate directory, following the same 
structure.
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Time Calibration: Single Cells Histograms & 
Fit 
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νμ106        interacting in the rock 
and in the SAND volume
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Cosmic μ with GEANT4
Very simple model:
• Box of Standard Rock, 60 m thick
    (52% O, 27% Ca, 12% C, 9% Mg, 
     density 2.65 g/cm3)
• Box of air 10 m thick
• 106  muons generated on top of the rock box 

⏤ Generated 
⏤ Pass through the rock

E [GeV]

Events surviving 16965 1.7%

MIPs (pμ > 300 MeV) 16583 1.7%

pμ > 1 GeV 15983 1.6%

Straight tracks (pμ > 6 GeV) 12228 1.2%
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Cosmic μ simulation with GEANT4
• Simplified model of the hall (a cube of air
    of 10 × 10 × 10 m3 embedded in the rock)
• Red box representing the SAND:
    cube 4.5 × 4.5 × 4.5 m3 inside the air cube

• Generated 106 events on a surface of 
    50 × 50 m2

• 95 events on SAND volume (~ 10-4)
• Rescaling the muon flux at the surface
     (~ 0.02 μ/(s cm2))  ~ 40 – 50 ⇒ μ/s on ECAL

• To collect cosmics we need data out of the spill

Next step:  Interface with Edepsim and SAND geometry 
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Conclusions
 

● Preliminary Algorithms for Energy and Time Calibration 
Event selection; 

● Fit results, canvases and histograms saved in organized 
files dividing Endcap and Barrels and Modules;
 

Next steps:

Conclusions

 

● Implement iteration algorithm for the time residual 
minimization; 

● More Simulated Data;
● Cosmic ray integration;
● Energy Scale Calibration Factor Strategy;
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Thank you



SPARE



25
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Cosmic μ with GEANT4
Very simple model:
• Box of Standard Rock, 60 m thick
    (52% O, 27% Ca, 12% C, 9% Mg, 
     density 2.65 g/cm3)
• Box of air 10 m thick
• Muons generated on top of the rock box 

[a.u.]

[MeV]

(from EXPACS 4.18)

ϑ

[a.u.] (arXiv:1606.06907) 
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