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CALICE AHCAL 
ÅA highly granular hadron calorimeter for ILD 
     - Iron (or Tungsten) absorbers 
     - 3x3cm2 plastic scintillator tiles 
     - Readout by individual SiPMs 
     - 8 million channels (with endcaps), 50k PCBs 
        ĄReadout fully integrated into the layer 
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CALICE AHCAL 
ÅA highly granular hadron calorimeter for ILD 
     - Iron (or Tungsten) absorbers 
     - 3x3cm2 plastic scintillator tiles 
     - Readout by individual SiPMs 
     - 8 million channels (with endcaps), 50k PCBs 
        ĄReadout fully integrated into the layer 

ÅNew design 
     - Surface mount design SiPMs 
        Ą easy assembly, uniform response 
     - Positive experience at CERN SPS 2015 
     - Used in DESY test beam campaign 2016 MPPC: S13360-1325PE (HPK) 
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Test beam data analysis 
for CERN SPS 2015  

Å test beam campaigns in 2015 
at CERN SPS 

 * muon runs for MIP calibration 
 * electron runs for EM shower  
 * pion runs for hadronic shower 
ÅOngoing works 
Vdetailed study on amplitude 

and timing to electron and 
pion beam comparing with 
data and MC in Mokka and 
DD4HEP 

Vsimulations for time of hit are 
in good agreement with data 

realistic steel absorber structure 
with cooling system for test beam 

4 



CALICE AHCAL technological prototype 
Test beam campaigns in 2016 at DESY 

ÅToward full-scale ILD AHCAL, important tests are performed 
Å Integration of new electronics and DAQ, monitoring 
ÅTesting new AHCAL modules with surface mount tiles 

- using EUDAQ1.6 for run control and data taking 
- BIF (Beam InterFace) module to record beam timestamp 
- AHCAL online monitoring within DQM4HEP framework  
- latest surface mount type SiPMs and tiles on HBU4 
- data taking with power-pulsing operation 
- common running with pixel telescope 

May              : first test of BIF with beam, power-pulsing 
July-August : 15 layer small stack, power-pulsing 
October       : common running with telescope 
December   : collect more beam data  
                        with telescope 5 



AHCAL test beam in May 2016 at DESY 
ÅWe had 2 weeks of beam time at DESY. 
-  many tests for BIF, DAQ, monitoring and new SMD module 
üBIF successfully integrated and tested with beam 
üstable response under power-pulsing operation 
 

Å Correct correlations are 
blue and red lines in the 
main diagonals. 

Å black lines come from  
additional particles in 
the same BX interval. 
Å beam structure 

(1MHz) of DESY TB 
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AHCAL test beam in May 2016 at DESY 
ÅWe had 2 weeks of beam time at DESY TB22, 2nd-14th of May. 
-  many tests for BIF, DAQ, monitoring and new SMD module 
üBIF successfully works with beam 
üstable response under power-pulsing operation 
 

Å running stably 
Åstable MIP response 

after 150 ˃ s (consistent 
with lab results)  
 

Time since switch on (˃s) 

7 



New small AHCAL prototype July 2016 

Å15 good, low-noise layers for electromagnetic shower 
 * 6 brand new HBU4 with new generation MPPCs (HPK) 
 * 9 older but still good HBU3  
Ådemonstrate response to 1-5 GeV electron 
                            power-pulsing performance for a calorimeter system 

stack 
MPP 
Munich 
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ÅWe had 2 weeks of beam time at DESY 
Åbefore the beam time, commissioning was done for all HBUs 
Åsetup: 15 layers of 1 HBU 
      * 6new HBU4_SMD + 1 HBU3_SMD + 8 HBU3 SensL in tile 
      * new interfaces for all layers for power-pulsing 
Å1st week: Calibration run 
      * integration of new HBUs and interfaces 
      * MIPs 
Å2nd week: EM showers run 
      * small steel absorber stack 
      * energy scans 1 -5 GeV 
      * 3.5 days for no power-pulsing  
      * 1 day for power-pulsing  with test beam mode 
      * 2.5 days for power-pulsing with nearly ILC time structure 

AHCAL test beam in July-August 2016 

EM shower 
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Online data quality monitoring 

ÅNew online monitoring (DQM4HEP) 
 - Developed by Remi Ete et al (Lyon, Gent)  
 - Framework for general use by any detector 
 - Adopted by Tom Coates (Sussex, UK) 
 - lcio format raw data 
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MIP calibration 
ÅQuality of new HBUs very good 
ÅAll 864 channels operational. 
Å863 show nice MIP spectrum 
Åonly 6 dead cells out of 1152 cells 

on old HBUs 

MIP distribution 

red    6 new modules with latest SMD MPPC 
blue  8 older modules with SensL SiPM 
black 1 module with older SMD MPPC 

summary of MIP response in ADC unit  
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AHCAL response to electron beam 

CALICE AHCAL 
work in progress 

CALICE AHCAL 
work in progress 

CALICE AHCAL 
work in progress 

energy spectrum for 1-5 GeV 

longitudinal shower shapes 1-5 GeV electron 
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ÅBeautiful energy spectrums 
ÅClear EM shower development 
Åsame behavior with 
 no power-pulsing 
 power-pulsing with test beam mode 
 power-pulsing with ILC timing structure 
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AHCAL test beam in October 2016 
ÅCommon running with other detector system 
ÅAHCAL runs with EUDET pixel telescope in synchronization  
Åobserved correlations 
     - timestamp of telescope trigger ς AHCAL hit time (in BXID) 
     - telescope hit position vs. AHCAL tile 
Å next TB is scheduled in 12th-18th of December 2016 (coming soon!) 
    - much more statistics 

correlation on hit position 
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