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Overview - Software Workflow
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• Rely on ILCSoft
• Software chain build with future linear collider experiment in mind  

- validation of simulations
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• Rely on ILCSoft
• Software chain build with future linear collider experiment in mind  

- validation of simulations
• Data and simulation are processed by the same pipeline
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Test Beam Campaign at CERN / SPS
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• CERN / SPS H2 beam line (9.5. - 23.5.18)

• Installation of 38 layers, nearly 22,000 channels

• Technical Objectives:  
- prove concept of scalable scintillator on tile design  
- reliable operation of large prototype

• Scientific Objectives: 
- energy linearity 
- hit time analysis 
- shower profiles
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Run Program
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• Muon: 
- 40GeV and 120GeV scans with movable stage  
- at least 5000 hits per channel for time calibration  
    and to cross-check MIP calibration

• Electrons: 
- 10GeV - 100GeV

• Hadrons: 
- 10GeV - 160GeV

• LED runs for gain calibration

• Running with and without power pulsing
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Monitoring
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• Labview:  
- first impressions on data completeness 
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Monitoring
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LED RunPower Pulsing On
• Labview

• Temperature Monitoring: 
- temperature decrease for power pulsing  
- temperature increase for LED runs
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Monitoring
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• Labview

• Temperature Monitoring

• EUDAQ Monitors: 
- wire chamber hit maps 
- AHCAL hit maps 
- low level plots
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Monitoring
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• Labview

• Temperature Monitoring

• EUDAQ Monitors

• DQM4HEP: 
- online monitor 
- hit maps, temperature, … 
- more to be implemented
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Monitoring
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• Labview 

• Temperature Monitoring

• EUDAQ Monitors

• DQM4HEP

• Quasi-Online Monitor: 
- fast reconstruction of files (even while data taking) 
- access to full root tree  
- easy GUI Access to many plots as: 
       number of hits distributions, energy distributions, 
       hit maps, shower variables, time distribution, …
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• Labview 

• Temperature Monitoring

• EUDAQ Monitors

• DQM4HEP

• Quasi-Online Monitor

• Event Display: 
- easy to use GUI 
- based on CED (C event display, ilcsoft) 
- runs on reconstructed slcio files 
- energy or time color scheme possible 

Monitoring
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Muon Beam
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• Hits per event peak at 38 for muons
• ~1% two muon events
• High efficiency, low noise

CALICE 
work in progress

CALICE 
work in progress
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Beam Composition - Electron Beam
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Beam Composition - Electron Beam
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ADC

Energy Reconstruction

15

• First step:  
- determine pedestal  
- what is the signal of a MIP?

• Calibration done in commissioning phase at DESY 
using low energetic electrons

• Cross-check calibration with CERN data

ADC (LED)

Pedestal 

MIP Calibration

ADC (Muons)

Gain Extraction HG / LG

Saturation CorrMIP Temp Corr

Gain Temp Corr

Energy [MIP]

Time

Signal
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Detector check

> Goal : Monitor the gain during running period

> Use of the full integrated LED calibration system :

 Checks during detector commissioning 

 Check after transfer into the beam area

 Checks on a daily basis by doing a Pedestal/LED run

1.6 x 0.8 mm² (0603)

Energy Reconstruction
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• Second step:  
- High gain / low gain inter-calibration

• Two amplification modes to enhance dynamic range 
while maintaining good low energy resolution

• High gain: calibration done during commissioning  
Low gain: currently, approximate values

ADC (LED)

Pedestal 

MIP Calibration

ADC (Muons)

Gain Extraction HG / LG

Saturation CorrMIP Temp Corr

Gain Temp Corr

Energy [MIP]

ADC
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Energy Reconstruction
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• Further corrections:  
- Account for SiPM Effects

• Saturation correction: simple exponential model  
- only important for high energy depositions

• Temperature dependence of gain (MIP): not yet used  
- temperature compensation:  
   adjust SiPM voltage with temperature change  
—> only residual corrections needed (if at all)

ADC (LED)

Pedestal 

MIP Calibration

ADC (Muons)

Gain Extraction HG / LG

Saturation CorrMIP Temp Corr

Gain Temp Corr

Energy [MIP]

Temperature dependence on Gain and MIP  
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• results of 2016 TB campaign   
• resolution of a HV adjustment by power board ~37mV/DAC 
• dDAC/dT (dV/dT) MPPC (HPK) DAC/0.84  ̊C on HBU4 
       (SiPM (SensL) DAC/2.4  ̊C  on HBU3) 
 
MPPC  
dMIP/dV is ~1.1%/DAC  Æ dMIP/dT ~1.3%/  ̊C 
dGain/dT ~ -0.7%/  ̊C 
dGain/dV  ~ 0.6%/DAC 

dMIP/dV is ~1.1%/DAC 
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Energy Reconstruction
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Hadron Beams
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• Preliminary energy 
reconstruction

• Only basic muon rejection
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Timing
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• Complex time structure of hadronic showers: 
Slow neutrons from hadronic processes produce late 
energy depositions

• Previous measurements:  
T3B parasitic to physics prototype

• Now: Timing capabilities in whole prototype

• Readout ASIC (SPIROC 2E) has two timing modes: 
- test beam mode: ~1.2ns / TDC  
- ILC mode (80ps / TDC) possible 
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Figure 4.13: Pictures of the test beam setup of the T3B experiment together with the
CALICE tungsten AHCAL (left) and the CALICE steel SDHCAL (right). The position
of the scintillator cells of T3B is indicated by a blue strip.

steel absorber stack of the CALICE SDHCAL (see Figure 4.13). Table 4.3 gives an
overview over the characteristics and di↵erences of the five phases of the T3B test beam
programme. This will be relevant for the calibration and analysis of the T3B data.
At its first test beam phase, the AHCAL consisted of 30 layers and was extended to
its full length of 38 layers later for the SPS periods. The SDHCAL consisted of 50
steel absorber and 40 active layers. Expressing this in terms of the nuclear interaction
length of the respective calorimeter which determines the penetration depth of hadronic
showers, one obtains 4.0 ⁄I and 5.1 ⁄I respectively for the AHCAL and 6.5 ⁄I for the
SDHCAL. Since T3B was positioned behind the respective calorimeters, it was located
at di↵erent depths, both geometrically and in terms of ⁄I . We will investigate the
e↵ects of this in detail in Section 6.2.2.

Silicon photomultiplier have the disadvantage of being very sensitive to changes in the
ambient temperature and the bias voltage applied (see Section 3.3). Due to technical
reasons and seasonal changes both parameters changed significantly during the five test
beam phases (see Table 4.3). The calibration procedure applied to the T3B data has to
take these test beam specific conditions into account to minimize the e↵ect of detector
systematics on the analysis results.

The majority of the T3B data that was acquired together with the CALICE AHCAL was
taken in CALICE sync mode. This allows for an o✏ine combination of the two otherwise
independent data sets and the usage of otherwise inaccessible trigger information. Table
4.3 shows the signal channels recorded by the T3B DAQ for the various test beam
phases. 15 channels were occupied by the 15 T3B cells whereas one channel always
recorded the scintillator coincidence to enable the distinction between true particle
triggers and fake trigger events. Due to the lack of a fifth PS6403 oscilloscope for the
early T3B test beam phases, the signal of the Cerenkov counters could not be recorded,
which prevents T3B a priori from identifying particles of di↵erent types. Via data
synchronization, T3B can access this information event-by-event from the CALICE

T3B behind physics prototype
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Time Calibration
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• Muon scan used for calibration

• Trigger scintillator for time reference is managed by beam 
interface board (BIF)

• Time calibration procedure established

• Two slopes per chip,  
fit with per mille precision needed 

• Offset for each memory cell (16 per channel) 
700’000 calibration constants

• Corrections missing: 
- time walk 
- non-linearity
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Time Reconstruction

• Preliminary time reconstruction: 
- time calibration not complete  
- corrections missing

• Readout ASIC shows problems for high rates 
- hopefully recoverable; analysis ongoing

• Late energy depositions visible

• Outlook: investigate complex time structure of 
hadronic showers Hit Time [ns]
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10 GeV Pions
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Summary
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• Successful test beam campaign at CERN

• Detector prototype is in good shape: 
- reliable operation  
- few dead channels, low noise

• Full software chain from raw to  
reconstructed data available 

• First look into data looks promising

• Many analyses to follow…


