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Outline

• Introduction to MIP Calibration 

• Overview MIP Calibration 

• Preparation procedure 

➡ RootTreeGenerator 

➡ Pedestal Extraction 

• The Extraction_MIP software package 

➡ Filling Histograms 

➡ Fitting Histograms 

• Hands-on exercise: From a RunX.slcio to a mip_fits.tsv 
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Introduction to MIP Calibration
What, Why and in Which Context?
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• MIP Calibration: Extract the MIP-constant for each 
AHCAL channel 

➡ MIP-constant: Most probable energy deposition 
for a minimum-ionizing particle for the individual 
channel 

➡ One of the calibration constants to translate: 

          Analogue to Digital Counts (ADC)          MIP 
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Introduction to MIP Calibration
What, Why and in Which Context?
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• MIP Calibration: Extract the MIP-constant for each 
AHCAL channel 

➡ MIP-constant: Most probable energy deposition 
for a minimum-ionizing particle for the individual 
channel 

➡ One of the calibration constants to translate: 

          Analogue to Digital Counts (ADC)          MIP 

➡ Enable a statement about the energy deposition of 
particles through the calorimeter in the units of MIP
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Introduction to MIP Calibration
From ADC to MIP
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• Formula to do the ADC to MIP conversion for the individual channels:

Hit amplitude in MIP

Hit amplitude in ADC

From: https://bib-pubdb1.desy.de/record/301691/files/main_print.pdf
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Introduction to MIP Calibration
From ADC to MIP

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Pedestal offset in ADC (individual memory-cells)

• Formula to do the ADC to MIP conversion for the individual channels:

From: https://bib-pubdb1.desy.de/record/301691/files/main_print.pdf
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Introduction to MIP Calibration
From ADC to MIP
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SiPM Gain

• Formula to do the ADC to MIP conversion for the individual channels:

From: https://bib-pubdb1.desy.de/record/301691/files/main_print.pdf
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Introduction to MIP Calibration
From ADC to MIP
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Intercalibration Factor

• Formula to do the ADC to MIP conversion for the individual channels:

From: https://bib-pubdb1.desy.de/record/301691/files/main_print.pdf
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Introduction to MIP Calibration
From ADC to MIP
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Inverse of SiPM pixel saturation function

• Formula to do the ADC to MIP conversion for the individual channels:

From: https://bib-pubdb1.desy.de/record/301691/files/main_print.pdf



4

Introduction to MIP Calibration
From ADC to MIP
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Light-yield: Most probable triggered SiPM pixels for a MIP

• Formula to do the ADC to MIP conversion for the individual channels:

From: https://bib-pubdb1.desy.de/record/301691/files/main_print.pdf
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Introduction to MIP Calibration
From ADC to MIP
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MIP Constant: Most probable 
energy deposition for a MIP in ADC

• Formula to do the ADC to MIP conversion for the individual channels:

From: https://bib-pubdb1.desy.de/record/301691/files/main_print.pdf
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Introduction to MIP Calibration
Where to Find the Constants: DataBase and SteeringFile

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

This talk
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Introduction to MIP Calibration
Where to Find the Constants: DataBase and SteeringFile
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See Olin’s talk
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Introduction to MIP Calibration
Where to Find the Constants: DataBase and SteeringFile
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See Yuji’s talk
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Introduction to MIP Calibration
Where to Find the Constants: DataBase and SteeringFile
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See Lorenz’s talk
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One of the Old MIP Calibrations
Schematic of Procedure
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One of the Old MIP Calibrations
Schematic of Procedure
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Problems:  

• Different versions of routines, hardcoded parts 
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One of the Old MIP Calibrations
Schematic of Procedure

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Problems:  

• Different versions of routines, hardcoded parts 

• Reconstruction with mapping, afterwards translation back to Chip/Channel
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Overview MIP Calibration
Schematic of Procedure

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Raw RunX.slcio file: 
- nHits 
- hit energy 
- ChipIDs, channels 
- … 

EUDAQ

RunX.root file: 
- nHits 
- hit energy 
- ChipIDs, 

channels 
- … 

Extra
ctio

n

_Pedestal

pedestal_offsets.tsv file: 
- List with pedestal 

offsets and errors for 
channels 

Extraction
_MIP

mip_fits.tsv file: 
- List with final MIP 

constants, fit 
parameters and 
errors for channels  

RootTreeGenerator 
processor

EventBuilding
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Overview MIP Calibration
Schematic of Procedure
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Raw RunX.slcio file: 
- nHits 
- hit energy 
- ChipIDs, channels 
- … 

EUDAQ

RunX.root file: 
- nHits 
- hit energy 
- ChipIDs, 

channels 
- … 

Extra
ctio

n

_Pedestal

pedestal_offsets.tsv file: 
- List with pedestal 

offsets and errors for 
channels 

Extraction
_MIP

mip_fits.tsv file: 
- List with final MIP 

constants, fit 
parameters and 
errors for channels  

RootTreeGenerator 
processor

EventBuilding
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Step 1: Steering - RootTreeGenerator
From RunX.slcio to RunX.root

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Goal: Convert the RunX.slcio file (stored on pnfs) to a RunX.root file for further processing: 

• Event building already done by EUDAQ (latest software feature, no processor required!) 

➡ Sorting parameters like hits, ADC, ChipID, Channel, etc. according to events 

• Generation of a root-tree structure (mytree) with the RootTreeGeneratorEUDAQ2016 

Execute: ./myMarlin steering_mip_calib.xml
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Step 1: Steering - RootTreeGenerator
From RunX.slcio to RunX.root
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Execute: ./myMarlin steering_mip_calib.xml

Linking latest CaliceSoft libraries 
(pre-release v04-11), initialize ILCsoft 
and setting Marlin parameters

Goal: Convert the RunX.slcio file (stored on pnfs) to a RunX.root file for further processing: 

• Event building already done by EUDAQ (latest software feature, no processor required!) 

➡ Sorting parameters like hits, ADC, ChipID, Channel, etc. according to events 

• Generation of a root-tree structure (mytree) with the RootTreeGeneratorEUDAQ2016 
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From RunX.slcio to RunX.root
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Execute: ./myMarlin steering_mip_calib.xml

The steering file for the 
RootTree generation

Step 1: Steering - RootTreeGenerator

Goal: Convert the RunX.slcio file (stored on pnfs) to a RunX.root file for further processing: 

• Event building already done by EUDAQ (latest software feature, no processor required!) 

➡ Sorting parameters like hits, ADC, ChipID, Channel, etc. according to events 

• Generation of a root-tree structure (mytree) with the RootTreeGeneratorEUDAQ2016 
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From RunX.slcio to RunX.root
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Step 1: Steering - RootTreeGenerator

Steering file for running the 
processor: 

• Global: Input RunX.slcio 
file 
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From RunX.slcio to RunX.root
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Steering file for running the 
processor: 

• Global: Input RunX.slcio 
file 

• RootTreeGeneratorEUDAQ
2016 

Step 1: Steering - RootTreeGenerator
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From RunX.slcio to RunX.root
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Steering file for running the 
processor: 

• Global: Input RunX.slcio 
file 

• RootTreeGeneratorEUDAQ
2016 

➡ Input Collection: 
EUDAQDataScCAL 

Step 1: Steering - RootTreeGenerator
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From RunX.slcio to RunX.root
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Steering file for running the 
processor: 

• Global: Input RunX.slcio 
file 

• RootTreeGeneratorEUDAQ
2016 

➡ Input Collection: 
EUDAQDataScCAL 

➡ Output path RunX.root 

Step 1: Steering - RootTreeGenerator
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From RunX.slcio to RunX.root

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Steering file for running the 
processor: 

• Global: Input RunX.slcio 
file 

• RootTreeGeneratorEUDAQ
2016 

➡ Input Collection: 
EUDAQDataScCAL 

➡ Output path RunX.root 

➡ Prefix for the tree entries 

Step 1: Steering - RootTreeGenerator



9

From RunX.slcio to RunX.root

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Steering file for running the 
processor: 

• Global: Input RunX.slcio 
file 

• RootTreeGeneratorEUDAQ
2016 

➡ Input Collection: 
EUDAQDataScCAL 

➡ Output path RunX.root 

➡ Prefix for the tree entries 

• ProgressHandler 

Step 1: Steering - RootTreeGenerator
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From RunX.slcio to RunX.root

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Output RunX.root tree: 

• Showing the basic 
parameters for all 
events/hits 

Step 1: Steering - RootTreeGenerator
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From RunX.slcio to RunX.root
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Output RunX.root tree: 

• Showing the basic 
parameters for all 
events/hits 

Step 1: Steering - RootTreeGenerator
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From RunX.slcio to RunX.root
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Output RunX.root tree: 

• Showing the basic 
parameters for all 
events/hits 

Step 1: Steering - RootTreeGenerator
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From RunX.slcio to RunX.root

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Output RunX.root tree: 

• Showing the basic 
parameters for all 
events/hits 

Step 1: Steering - RootTreeGenerator
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Overview MIP Calibration
Schematic of Procedure
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Raw RunX.slcio file: 
- nHits 
- hit energy 
- ChipIDs, channels 
- … 

EUDAQ

RunX.root file: 
- nHits 
- hit energy 
- ChipIDs, 

channels 
- … 

Extra
ctio

n

_Pedestal

pedestal_offsets.tsv file: 
- List with pedestal 

offsets and errors for 
channels 

Extraction
_MIP

mip_fits.tsv file: 
- List with final MIP 

constants, fit 
parameters and 
errors for channels  

RootTreeGenerator 
processor

EventBuilding
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Step 2: Pedestal Extraction
From RunX.root to pedestal_offsets_in.tsv
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• Software package: Extraction_Pedestal set up by Eldwan and Olin 

• Can be found in: /afs/desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware 

• Used for pedestal extraction for MIP calibration (AT), as well as gain calibration (ET) 

http://desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware
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Step 2: Pedestal Extraction
From RunX.root to pedestal_offsets_in.tsv

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Software package: Extraction_Pedestal set up by Eldwan and Olin 

• Can be found in: /afs/desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware 

• Used for pedestal extraction for MIP calibration (AT), as well as gain calibration (ET) 

Execute: ./pedestal_memcell [INPUT FILE] [OUTPUT FOLDER] [MODE 0(HG/LG) or 1(HG/TDC)] [TRIGGER 1(AT) or 0(ET)]

Execute: ./pedestal_memcell Run60300.root /afs/desy.de/group/flc/pool/heucheld/workspace/mip_calib/tb_cern_may18/ 1 1

In this example:

http://desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware
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Step 2: Pedestal Extraction
What is happening?
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• Based on two main functions: 

➡ MakePedestalHistograms() 

➡ Read in mytree  

➡ Loops over events, nhits to fill histograms 

➡ Create histograms for each triggered ChipID channels (extract pedestal and width for 
channel) and channel memory cells (extract the memory cells offset) 

➡ Fill ADC values of hits 
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Step 2: Pedestal Extraction
What is happening?

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Based on two main functions: 

➡ MakePedestalHistograms() 

➡ Read in mytree  

➡ Loops over events, nhits to fill histograms 

➡ Create histograms for each triggered ChipID channels (extract pedestal and width for 
channel) and channel memory cells (extract the memory cells offset) 

➡ Fill ADC values of hits 

➡ Result: Map with ChipID, vector with 36 histograms for channels and 16 histograms each for 
memory cells filled with corresponding ADC values
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Step 2: Pedestal Extraction
What is happening?

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Based on two main functions: 

➡ ExtractATPedestals() 

➡ Loop over all histograms (channels, individual memorycells) 

➡ Two conditions for pedestal extraction: 

1. nEntries > 100 

2. TSpectrum::GetNPeaks() > 0 

➡ If histo does not pass this: pedestal, pedestal width = 0 

➡ Else: GetMean and GetWidth as pedestal and pedestal width 

➡ Before: 2x Re-iteration by SetRangeUser(Mean - 3 * RMS, Mean + 3 * 
RMS) 
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Step 2: Pedestal Extraction
What is happening?

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Based on two main functions: 

➡ ExtractATPedestals() 

➡ Loop over all histograms (channels, individual memorycells) 

➡ Two conditions for pedestal extraction: 

1. nEntries > 100 

2. TSpectrum::GetNPeaks() > 0 

➡ If histo does not pass this: pedestal, pedestal width = 0 

➡ Else: GetMean and GetWidth as pedestal and pedestal width 

➡ Before: 2x Re-iteration by SetRangeUser(Mean - 3 * RMS, Mean + 3 * 
RMS) 

➡ Calculate pedestal_offset for each memory cell of the channel 

➡ Save results in list
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Step 2: Pedestal Extraction
From RunX.root to pedestal_offsets_in.tsv
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Output pedestal_offsets_in.tsv file: 

➡ ChipID 

➡ Channel # 

➡ Pedestal position all  

➡ Pedestal position all error 

➡ Pedestal offset memory cell

Output Plots_comp.root file: 

➡ All pedestal spectra: ChipID, Channel, 
MemCell
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Step 2: Pedestal Extraction
From RunX.root to pedestal_offsets_in.tsv

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Output pedestal_offsets_in.tsv file: 

➡ ChipID 

➡ Channel # 

➡ Pedestal position all  

➡ Pedestal position all error 

➡ Pedestal offset memory cell

Output Plots_comp.root file: 

➡ All pedestal spectra: ChipID, Channel, 
MemCell

➡  This list normally contains a lot of 0 for a single run, since not all channels survived the 
statistics condition; not used in further MIP calibration
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Overview MIP Calibration
Schematic of Procedure

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Raw RunX.slcio file: 
- nHits 
- hit energy 
- ChipIDs, channels 
- … 

EUDAQ

RunX.root file: 
- nHits 
- hit energy 
- ChipIDs, 

channels 
- … 

Extra
ctio

n

_Pedestal

pedestal_offsets.tsv file: 
- List with pedestal 

offsets and errors for 
channels 

Extraction
_MIP

mip_fits.tsv file: 
- List with final MIP 

constants, fit 
parameters and 
errors for channels  

RootTreeGenerator 
processor

EventBuilding
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Step 3: MIP Constant Extraction
The Extraction_MIP Software Package

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Software package: Extraction_MIP set up by Eldwan and me 

• Can be found in: /afs/desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware 

• Used for the MIP constant extraction with errors for ChipID, channel 

Execute: ./mip_extractor [INPUT ROOT FILE] [INPUT PEDESTAL FILE] [OUTPUT FOLDER] 

Execute: ./mip_extractor Run60300.root  pedestal_offsets_in.tsv  /afs/desy.de/group/flc/pool/heucheld/workspace/mip_calib/
tb_cern_may18/

In this example:

http://desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware
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Step 3: MIP Constant Extraction
Filling Histograms

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Based on two main functions: 

➡ MakeHistograms() 

➡ Read in mytree and pedestal_offsets_in.tsv 

➡ Loops over events and nhits to fill histograms 

➡ Create 36 histograms for each channel of a triggered Chip according to ChipID 

➡ Memory cell-wise pedestal subtraction on ADC values, depending in which memory 
cell the hit was saved 

➡ Fill ADC value into histogram 
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Step 3: MIP Constant Extraction
Filling Histograms

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Based on two main functions: 

➡ MakeHistograms() 

➡ Read in mytree and pedestal_offsets_in.tsv 

➡ Loops over events and nhits to fill histograms 

➡ Create 36 histograms for each channel of a triggered Chip according to ChipID 

➡ Memory cell-wise pedestal subtraction on ADC values, depending in which memory 
cell the hit was saved 

➡ Fill ADC value into histogram 

➡ Result: Map with ChipID, vector with 36 histograms for channels filled with memory cell-wise 
pedestal subtracted ADC values
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Step 3: MIP Constant Extraction
Fitting Histograms

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Based on two main functions: 

➡ FitHistograms() 

➡ Loop over all histograms for channels 

➡ Statistical rejection of channels with histogram entries < 1000  

➡ Each histogram fitted with 3-step Landau convoluted Gaussian-fit
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Step 3: MIP Constant Extraction
Fitting Histograms

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Based on two main functions: 

➡ FitHistograms() 

➡ Loop over all histograms for channels 

➡ Statistical rejection of channels with histogram entries < 1000  

➡ Each histogram fitted with 3-step Landau convoluted Gaussian-fit 

➡ 1. Only with free area (integral)-parameter, others fixed, larger range, start parameters 

➡ 2. Release other fit parameters (landau width, mpv and gauss width), adapt and set limits 

➡ 3.  Apply corrected fit range (+/- 0.3*max), if necessary correct gaussian and landau width 
parameters and set parameter limits for last fit 
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Step 3: MIP Constant Extraction
Fitting Histograms

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Based on two main functions: 

➡ FitHistograms() 

➡ Loop over all histograms for channels 

➡ Statistical rejection of channels with histogram entries < 1000  

➡ Each histogram fitted with 3-step Landau convoluted Gaussian-fit 

➡ 1. Only with free area (integral)-parameter, others fixed, larger range, start parameters 

➡ 2. Release other fit parameters (landau width, mpv and gauss width), adapt and set limits 

➡ 3.  Apply corrected fit range (+/- 0.3*max), if necessary correct gaussian and landau width 
parameters and set parameter limits for last fit 

➡ Return: MPV, MPV error, other fit function parameters, Chi2, Ndf 

➡ Quality condition: If Chi2/Ndf < 2 = good fit, else: bad fit 

➡ Save all fitted spectra, result list with good and bad fits
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Step 3: MIP Constant Extraction
Fitting Histograms

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

Last iteration fit (adapted range)

First iteration fit (large range)
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Step 3: MIP Constant Extraction
Results

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Output:  

➡ mip_fits.tsv with the good fit results: Chi2/Ndf < 2 
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Step 3: MIP Constant Extraction
Results

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Output:  

➡ mip_fits.tsv with the good fit results: Chi2/Ndf < 2 

➡ mip_fits_bad.tsv with bad fit result: Ch2/Ndf > 2 
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Step 3: MIP Constant Extraction
Results

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Output:  

➡ mip_fits.tsv with the good fit results: Chi2/Ndf < 2 

➡ mip_fits_bad.tsv with bad fit result: Ch2/Ndf > 2 

➡ fitted_mip_spectra.root with fitted spectra for all channels nHits>=1000
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Summary
MIP Calibration

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Far more automatized and less hard-coded Pedestal Extraction/MIP calibration package developed 

➡ No back and forth mapping 

➡ Easy steering of .slcio file and directly addressing only ChipID and channel 

➡ Only 3 commands in shell for full MIP and pedestal constants extraction! 

➡ MIP calibration output: Two lists with good and bad fits and corresponding results, fitted spectra 

➡ Big thank you to Eldwan! 

➡ Documentation on Confluence to be done! 
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Summary
MIP Calibration

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Far more automatized and less hard-coded Pedestal Extraction/MIP calibration package developed 

➡ No back and forth mapping 

➡ Easy steering of .slcio file and directly addressing only ChipID and channel 

➡ Only 3 commands in shell for full MIP and pedestal constants extraction! 

➡ MIP calibration output: Two lists with good and bad fits and corresponding results, fitted spectra 

➡ Big thank you to Eldwan! 

➡ Documentation on Confluence to be done! 

• Software (ready) for performing MIP calibration for May/June muon runs of test beam 

• First: implementing fit for pedestal extraction instead of mean, rms 

➡ All .slcio files of muon scan, big .root file, mip constant extraction of all channels passing cuts! 

➡ Crosscheck and upload to data base
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Hands-on Exercise
Perform a MIP Calibration

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

• Your task: Perform a MIP calibration for a specific muon run of the May 2018 testbeam campaign! 

➡ The files can be found here: /pnfs/desy.de/calice/tb-cern/native/cernAhcalMay2018/slcio/Muon/40GeV/ 

➡ Use the different software packages to extract the MIP constants saved in the mip_fits.tsv file 

• A few advices: 

➡ Check in the FLC wiki good/bad run list if it was a good run with a high number of events first! 

➡ In the may 2018 testbeam campaign at SPS only the 38 big AHCAL-layers were installed 

➡ Of course not all ~22000 channels can be calibrated with this single muon run (single beam position); The 
statistics- and the fit quality-cut in the software will automatically select the appropriate channels illuminated by the 
muon beam (only one run, due to time reasons) 

➡ Everything you need for step 1 can be found here: https://stash.desy.de/projects/CALICE/repos/calice_tutorial/
browse/MIP_Calibration ; Do a git clone to your local! 

➡ Software packages for step 2 and 3 are located here: /afs/desy.de/group/flc/hcal/calice_soft/pre-v04-11/
flchcalsoftware

https://stash.desy.de/projects/CALICE/repos/calice_tutorial/browse/MIP_Calibration
https://stash.desy.de/projects/CALICE/repos/calice_tutorial/browse/MIP_Calibration
http://desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware
http://desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware
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Hands-on Exercise
Perform a MIP Calibration - Guideline

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  

git clone https://stash.desy.de/scm/calice/calice_tutorial.git
First clone the calice_tutorial folder to your local machine:

./myMarlin steering_mip_calib_may2018.xml
Chose a RunX from the pnfs and good/bad run list an modify the steering file input and output, then:

cd  /afs/desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware/myInstall/bin
Now you should have the RunX.root (root tree) file. Check it in TBrowser, then:

./pedestal_memcell path/to/RunX.root path/to/your/output/folder/ 1 1
Now you are in the flcahcalsoftware environment, first do the pedestal extraction for AT

./mip_extractor path/to/RunX.root path/to/pedest_offsets_in.tsv /path/to/your/output/folder/
Check the outcome for the pedestal_offsets_in.tsv file, then do the MIP constant extraction:

After finishing investigate the mip_fits.tsv, mip_fits_bad.tsv file and the fitted_mip_spectra.root 
and check the number of good/bad channels.

http://desy.de/group/flc/hcal/calice_soft/pre-v04-11/flchcalsoftware/myInstall/bin


Thank you!
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Backup
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Pedestal Extraction Details
Mode Selection to Fill Histograms
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Pedestal Extraction Details
Calculation of PedestalAll and PedestalOffsets:
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MIP Extraction Details
Landau-Gauss-Fit, last iteration
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MIP Extraction Details
Landau-Gauss-Fit, illustration different fit iterations

| MIP Calibration |  Daniel Heuchel, 8. August, 2018 |  



Landau-Gauss vs. Vavilov
MIP check - Run 60247 - All channels, Hits
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